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Abstract 

Fluidity of alloys are typically carried out in a spiral test mould. Due to the variation of the 
results, several attempts have been made to optimise the test procedure. Pouring basin has 
been updated by addition of a stopper and using a defined quantity of melt to be poured. 
However, one of the discussed issues ofthe spiral test mould is its fixed size cavity where the 
liquid is transferred. Therefore, a mould was introduced by Camp bell in which a single 
runner bar was used to feed different thickness sections. In this study, this mould design was 
used to investigate the effect of temperature (700oC, 7250C and 750oC) and modification (Ti 
grain retlnement and Sr) on the tluidity of A356 alloy. The results were compared with the 
simulation (SolidCast) to optimise the characteristics of the alloy. 

Introduction 

Aluminium-Silicon alloys are mainly preferred in several applications due to their high 
strength/low density ratios. The simplest and economical way of producing parts from this 
alloy group is casting. One of the limiting factor of casting methods is the fluidity of the 
liquid metal. The metallurgical factors include composition, microstructure, moditication, 
super heat, melt cleanliness and surface tension. Ravi [I] has reviewed many ofthese factors. 
Many of the researches [2-9] have focused on the microstructure where castability was 
considered as a function of feedability parameters such as eutectic ratio, dendrite arm spacing 
etc. Campbell [10] has detlned tlve feeding mechanisms which depended upon soliditlcation 
conditions. Typically, pure metals and eutectic alloys have the highest fluidity in a binary 
alloy systems as shown in Figure I. 
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Figure 1: (a) a simple binary alloy with eutectic reaction, (b) fluidity with composition at 
zero super heat, ( c) fluidity with composition certain super heat [10] 
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In addition, dendrite coherency (particularly secondary dendrite arm spacing), phases that are 
fonned (eutectic ratio and/or intermetallics) and porosity play significant role on the fluidity 
of the A356. Therefore, the intluence of Sr moditication and grain refinement has been 
widely studied [2, 4,7, Ill. 

In this study, the aim was targeted to investigate the eftect of surface tension on the fluidity 
by means of using ditkrent section thickness mould. 

Experimental work 

Commercially available A356 alloy was used in this work. The composition of the alloy is 
given in Table I. 

Table 1: A356 composition used in the experiments 

Three difterent pouring temperatures were selected: 700, 725 and 750°C. The alloy was cast 
in three various composition: as-received, Ti-grain refined and Sr-moditied. The fluidity tests 
were carried out in the revised mould design where the dimension is given in Figure 2. 
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Figure 2: Dimension of the fluidity mould used in the experiments 

The moulds were produced by sand moulding with CO2 hardened AFS60 sands. The same 
experimental conditions were input to SolidCast simulation program and the results were 
compared with the casting trials. The basic assumptions used in the software were made 
according to the casting trial; such as, filling time was selected as 5 seconds. The flow was 
stopped after 609°C and the critical fraction ofliquid (CFL) was set to 0.6. 

Results 

The fluidity test results were measured in millimetres and summarised in Figures 3-5. 
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Figure 3: Fluidity length at 700°C according to section thickness 
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Figure 4: Fluidity length at 725°C according to section thickness 
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Figure 5: Fluidity length at 750°C according to section thickness 

Some of the selected images that show the comparison of actual castings with the simulation 
is given in Figures 6-8. 

(a) Cb) 

Figure 6: Fluidity test results of Ti-grain refined A356 at 700°C (a) casting, (b) simulation 
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Figure 7: Fluidity test results of Ti-grain refined and Sr-modified A356 at 700°C (a) casting, 
(b) simulation 

108 



Ca) 
(b) 

Figure 8: Fluidity test results ofas-received A356 at 725°C Ca) casting, (b) simulation 

All the castings that were produced under different conditions (i.e. 700, 725, 750 and as
received, Ti grain refined and Sr modified) were all subjected to metallographical 
examination in order to investigate the effect of microstructure on the tluidity. For simplicity, 
only few of the selected micrographs are given in Figure 9-11. 

(c) (d) 

Fignre 9: Sample cast at 700°C in as-received condition (a) 0.5 mm section, (b) I mm 
section, (c) 5 mm section, (d) 8 mm section 
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Figure 10: Sample cast at 700°C with Ti grain refined (a) 0.5 mm section, (b) I mm section, 
( c) 5 mm section, (d) 8 mm section 

(c) (cl) 

Figure 10: Sample cast at 700°C with Ti grain refined and Sr modified (a) 0.5 mm section, 
(b) I mm section, (c) 5 mm section, (d) 8 mm section 
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Discussion 

As seen from Figures 3 to 5, in all of the tests, regardless of the microstructure (as-received, 
Ti grain refined or Sr modified) and casting temperature (700, 725, 750°C), 6 mm and 8 mm 
sections were all filled to the maximum which is 500 mm. On the other hand, 0.5 mm section 
was the lowest tluidity length with an average around 35 mm. 

When the castings were made at 700°C, the fluidity length of as-received alloy and Ti-grain 
refined was quite close to each other at all section thicknesses. However, the fluidity was 
significantly increased when the alloy was modified with Sr; particularly at 2, 4 and 5mm 
sections. When the casting temperature was increased to 725 and 750°C, this apparent effect 
of Sr modification was less pronounced. 

Kwon [4] had used a similar mould design but used 8 channels with same cross sectional 
areas. The dimension were 5x3x2. Tt was suggested that for A356 alloy, the grain refinement 
had increased fluidity even at lower melt temperatures. However, no such results were found 
in this work when the same cross sections were compared. As Ravi [I] concluded in their 
review, the influence of grain refinement on fluidity is remains trivial. 

As expected, when the melt temperature was increased, the tluidity at all ditferent sections of 
the mould was increased. However, there were no effect of the critical solid fraction over the 
experimental works conducted in this study. By Ti grain refinement, the dendritic coherency 
would have been delayed [3, 9], and as a results, feedability would be increased considerably. 
However, the tluidity lengths were not that ditferent for the castings in the as-received and 
Ti-grain retined conditions. The establishment ofthe planer growth and tine eutectic structure 
by the addition of Sr was not as dramatic as expected for the thin sections. This may possibly 
be due to the effect of the melt cleanliness. It has been shown that the presence of oxide 
inclusions have noticeable etfect over the tluidity [4, 8, 11, 12]. 

Conclusion 

The fluidity of A356 increases with grain refinement and further increases with additional Sr 
modification. 
Fluidity of A356 in sand moulds varies with section thickness and it is highest after 5 mm 
and it decreased exponentially down to 0.5 mm thickness. 
Simulation results are in good agreement with the experimental work for the modi tied 
fluidity tests for A356. 
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