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Abstract

An electrostatic levitation furnace for microgravity experiments has been developed and transferred to the International
Space Station (ISS). This electrostatic levitation method utilizes Coulomb force between a charged sample and surrounding
electrodes for sample position control. On the ground experiment, amount of charge accumulated on the sample surface has
to be 109 to 1010 C to levitate it against gravity. In microgravity, it was found that a sample can be stably handled even though
the amount of surface charge is 1013C. When the control parameters are properly chosen, the position stability of the sample
during heating can be maintained better than +100 um. This stability is good enough to precisely measure the sample
temperature by a pyrometer as well as to measure the sample volume by an image analysis.
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Fig. 2 ISS-ELF Sample cartridge.
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Fig. 3 ISS-ELF position control diagram. Abbreviations
in the figure stand for; ER (Electrode), BL (Back
light), IVS (Intelligent vision system), LD
(Laser diode), respectively.
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Fig. 4 A molten alumina sample levitated in the ISS-
ELF. Electrodes and coordination (X,Y,Z) for
sample position control are indicated in the
figure.

Fig. 5 A magnified sample (stain-less sphere). This
black and white image is used for image
analysis. Coordination of ISS-ELF (X, Y, Z) and
that of image analysis (a,b) are indicated in the

figure.
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Fig. 6 Time-position (Y direction) data during sample
insertion.
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Fig. 7 Time-position (Y) history during insertion of a
Gd203 sample. Sample charge is estimated by
equation (4).
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Table 1 Estimated surface charge of the samples
levitated in the ISS-ELF.

M
Sample ass Charge (x 10'12C)
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SUS 32.2 10 - 50
7r 20 - 28 6-10
Al2Os3 15-17 2-20
40wt%Er203-
10-11 10
CaAl204
Gd203 15-20 0.45-3
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Fig. 8 Position stability of levitated sample in the ISS-
ELF at room temperature. Position displacements
are obtained from image analysis.
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Fig. 9 Position and temperature of 40 wt% Er2Os-
CaAl204 sample levitated and heated in ISS-
ELF.
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fluctuation of 40 wt% Ers03-CaAl204
sample around cooling time period.
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Fig. 11 Position and temperature of Al:0s sample
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