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Abstract

Different accelerations, larger or smaller than Earth’s gravity, can influence the materials solidification process.
In order to study these effects in metallic alloys and semiconductors, a research centrifuge was developed at the Associated
Laboratory of Sensors and Materials of the National Institute of Space Research (LABAS / INPE). The equipment aims
to study the materials solidification both under high accelerations and also at the launching conditions of the VSB-30
sounding rocket, which reaches 180 RPM (revolutions per minute) during upward flight. This launcher was used to perform
microgravity experiments in previous laboratory work. This paper presents the design, the component fabrication and
the centrifuge assembly.
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DESENVOLVIMENTO E CONSTRUCAO DE UMA CENTRIFUGA PARA
SOLIDIFICACAO DE MATERIAIS EM ALTAS ACELERACOES

Resumo

Diferentes aceleracoes, maiores ou menores que a gravidade terrestre, podem influenciar no processo de
solidificacdo dos materiais. A fim de estudar esses efeitos em ligas metalicas e semicondutores, foi desenvolvida uma
centrifuga para pesquisas, no Laboratério Associado de Sensores e Materiais do Instituto Nacional de Pesquisas Espaciais
(LABAS/INPE). O equipamento tem como objetivo de estudar a solidificacao de materiais em altas aceleragcées e também
sob as condi¢bes simuladas do lancamento do foguete VSB-30, que atinge cerca de 180 RPM (rotagées por minuto) durante
o voo ascendente. Este veiculo foi utilizado pelo LABAS para realizacdo de experimentos de solidificacdo de materiais
em ambiente de microgravidade. O trabalho tem por objetivo de apresentar o projeto, a fabricacdo de componentes e
a montagem da centrifuga.
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| INTRODUCTION

The solidification of metals and their alloys depends
on many different factors, in general, these terms are related
to the processes of nucleation and growth; and both can be
directly or indirectly affected by gravity force. The action of
acceleration can change the heat and mass transfer during
the material solidification process; and due to the action of
Coriolis acceleration in the fluid (liquid material) that affects
the stability of the thermal and constitutional flow [1-4].

These effects may change the microstructure and properties
of the material [4,5].

The study of materials solidified in centrifuges
improves the understanding how the accelerations, bigger
than the Earth’s gravity, influence on materials processing.
Large centrifuges are expensive and hardly available for
crystal growth and solidification experiments [2,6-11].
To overcome this difficulty, a small centrifuge was designed
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and built at Associated Laboratory of Sensors and Materials
of the National Institute of Space Research (LABAS/INPE),
which provides an acceleration ranging from | to 10 times
the Earth gravity [I1].

The objective of this work is to report the development
and construction of LABAS/INPE centrifuge; and the two
possible experiments that this equipment does.

2 PROJECT AND MANUFACTURE OF THE
CENTRIFUGE

The development of the equipment was based on the
concept developed by An et al. [2] and the requirements of
the laboratory, as follows: (i) geometric and safety restrictions;
(i) demand for studies and research; and (jii) the availability of
materials and manufacturing methods. The centrifuge design
was divided in two applications: materials solidification and
simulation of sounding rocket rotation.

The centrifuge is composed of a metal structure in
which the rotating system, the transmission joint with rotary
electric contact, and the arm metal are installed; this set is
called a base and is common for both applications, Figure |a.

The metal structure was designed in CAD software,
and manufactured with welded ASTM A36 steel bars; before
the fabrication, was simulated per finite elements (Figure 1b)
the deformation supported by the structure in the local
of greatest request, the results presented deformation
the 10?2 order, with safety factor 1.5, so the design was
considered adequate for the application [12].

The centrifuge rotating system provides the necessary
condition to have accelerations bigger than the Earth’s gravity;
the W22 electric motor (220/380 V, | HP) and the CFW-08
frequency inverter, manufactured by WEG® [13,14], were
used, due to better accuracy in speed control, number of
poles and to low levels of noise and vibration.

The centrifuge transmission joint with rotary electric
contact has the objective to connecting the motor and the
arm, transmitting the rotation, with minimum loss. Other
point is, accomplish the electrical contact with the experiment
fixed on the arm. This machined part is subjected mainly a
compressive load. Due to this, was chosen ductile materials
for the parts, aluminum AA 6351-T6 and PVC (polyvinyl
chloride), the second used only for electrical insulation
of the contact rings, without performing any structural
function [2,11].

The arm is manufactured with a rectangular bar
aluminum AA 6351-T6 and has dimensions specific to each
application.

3 EXPERIMENTS CONFIGURATIONS
3.1 Materials Solidification in High Acceleration

The equipment used in this experiment consists in
a resistive electrical furnace fixed to .5 m aluminum arm,
for this, it is used a steel hinge, which has two bearings and
supports a weight up to 45 kg. Due to the positioning of
the furnace, displaced from motor shaft, a weight balance
of arm was made, steel counterweights were installed on
the other side the arm (opposed the furnace), Figure 2a.
This set-up of fixing the furnace (Figure 2b) allows to
measure the gravity level on the solidification sample because
the furnace is automatically aligned to the resultant force
during the rotation [ I].

The drawing of the furnace is shown on Figure 3a.
It comprises a tubular furnace made of stainless steel, with
| 10 mm of diameter, 200 mm of length and weighting 9.6 kg.
The processing chamber of the materials is a ceramic tube with
20 mm diameter, running through the whole furnace length;
the upper 120 mm part of the ceramic tube is evolved by a
shielded nickel-chromium resistance (28 (2 - 300 W), the space
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Figure 1. (a) Description of the base centrifuge: (1) metal structure, (2) rotating system, and (3) transmission joint with rotary electric contact;

and (b) Simulation in finite elements.
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Figure 2. (a) High acceleration test equipment; (b) the furnace is attached to the aluminum arm by a steel hinge.
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Figure 3. (a) Drawing of the furnace; and (b) the temperature profile of the furnace in the two conditions imposed.
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between the walls of the tube is filled with quartz fiber which is
employed as thermal insulation. This furnace was designed to
reach temperatures up to 1000°C. It is connected to a power
module (NOVUS - model SSR-4840) which is controlled by a
temperature controller (NOVUS - model N2000).

The Figure 3b show the temperature profile of furnace
for two situations: (i) static, and (ii) with rotation of 60 RPM;
with control temperature (Tset) of 200°C and 300°C. It is
possible to observe in this graph the thermal stability of the
furnace in the two conditions imposed.

3.2 Simulation of Rotations During the Upward
Flight of VSB-30

This experiment aims to investigate if the rotations
during the upward flight of the VSB-30 sounding rocket
(180 RPM) influenced the solidification process of the eutectic
alloys tested during the flight the Maracati Il Mission [15-18],

Figure 4. Equipment for the simulation of rotations.
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which is part of the Brazilian Space Agency (AEB) microgravity
program.

In the rotation simulations, the furnace system
developed by An et al. was fixed on the same platform used
during the VSB-30 flight, and was fixed in an aluminum arm
of 0.5 min the centrifuge base, Figure 4. In this configuration
the centrifuge generate rotations conditions up to 180 RPM
(maximum rotation of 1000 RPM) during the solidification
process, this is the rotation the VSB-30 in the upward flight;
all experiments parameters will be the same as used during
Maracati Il Mission [16-18].

4 CONCLUSION

The centrifuge for materials processing in high
accelerations, provided by LABAS/INPE, was developed for
complement the studies of the influence of gravity on the
solidification of metallic alloys, is ready to be used by the
group or other researchers that are interested in processing
materials in macrogravity environments. Whit this, the
laboratory is a few one to have this technology available
to the researchers in Brazil. As for the scientific findings,
the group started the comparison the alloys grown (PbSn
and PbTe eutectics alloys) in macrogravity, microgravity
and normal gravity, the results will be published elsewhere.
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