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The Effect of Electromagnetic Vibration on Eutectic S1 Size
in Hypoeutectic Al-Si alloys

Jung-Pyung Choi’, Eui-Pak Yoon and Tae-Woon Nam*

Abstract

In this study, the electromagnetic vibration is adopted for modifying eutectic Si phase and reducing its size. The higher the
current density and frequency of electromagnetic vibration(EMV), the finer the size of eutectic Si phase. The tensile strength and
elongation of EMVed alloy were highly improved. Measured twin probability of EMVed alloy at a frequency of 1000 Hz was
approximately six times as high as that of the normal alloy. The mechanism for the increase in twin density due to EMV during
solidification could be supposed from the fact that the preferential growth along <112> in silicon was suppressed by preventing Si
atom from attaching to the growing interface of Si phase and by changing the solid/liquid interfacial energy of silicon. According

to the result of UTS test, because of modification of eutectic Si, UTS and elongation are highly increased.
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Table 1. Chemical composition of A356 alloy (wt%)

Alloying Si Fe Cu Mn Mg Zn Ti Al
elements

Composition 5, .08 0.04 0.00< 035 0.01 0.15 Bal.
(wt%)
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Fig. 1. Photograph and schematic draw of a magnetic field
control system.
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Fig. 2. The schematic sketch of the experimental device (a)
inside of the yoke (b) mullite tube configuration
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Fig. 4. Microstructures of A356 alloy varies with frequency at
1.0SE6A/m®. (a) and (b) : OM and SEM with 60Hz, (¢)
and (d) ;: OM and SEM with 200Hz, (¢) and (f) : OM
and SEM with 300Hz

Fig. 3. Microstructure of A356 as-cast : (a) Optical Micro-
scope(OM), (b) Scanning Electron Microscope (8 L)
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Fig. 6. Size of the eutectic Si with frequency and current
density.

55 34 si) 7t oA BN A%
Fo2 Yok S-S & 4 Uk web o
NS BE Fo57) FolaSE A HeA A
HAE el Qes & 4 Q5 B FAE
9] s vd 4 st 7 sk S| 7 A
39 & % 9o

200 10
7 _
180 " .
J [ ] L &
160 - ® 418
Moy L,
1204 16 8
) 4 & [~
S 100- . g
o ®
= 80 {4 &
> ] °
60 - L
. &
0l o n UTS | 12
i +« Elongation
208
0 T T T T ' ! ' T ' ! 0
0 200 400 600 800 1000

Frequency {Hz)

Fig. 7. Variation of the mechanical properties with frequency.

Fig. 8. Fracture surface with frequency at 1.05E6A/m’. (a):
60Hz, (b): 200Hz, (c): 300Hz, (d): 500Hz, (e): 700Hz,
(f): 1000Hz
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Table 2. Measured diffraction angle (26), peak separation, twinning probability(o) and average twin spacing of alloys

Peak separation Average twin
201, 26, 204, 426, Voo g am)
Normal 47.34 56.2 69.36 0 0 0 0
500Hz 47.44 56.24 69.46 -0.06 0.0093 1G7.5 67.4
1000Hz 47.7 56.46 69.52 -0.1 0.015 66.7 41.8
Sr - - - - - 30

(23)
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