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APRESENTAÇÃO

A obra “Engenharia na Prática: Importância Teórica e Tecnológica” contempla 
vinte e oito capítulos com pesquisas relacionadas a diversos temas da engenharia. 

Os estudos refletem a teoria obtida em livros, normas, artigos na prática, 
verificando sua aplicabilidade.

O desenvolvimento de novos materiais e a utilização de novas tecnologias 
partem de estudos já realizados, o que garante desenvolvimento nas diversas áreas 
da engenharia, gerando novas alternativas. 

O estudo sobre o comportamento de materiais permite o aperfeiçoamento 
de materiais já existentes e proporciona uma otimização na execução de novos 
projetos. 

O uso de energia limpa também é um tema muito abordado, tendo em vista a 
necessidade de otimização de recursos naturais.

Esperamos que esta obra proporcione uma leitura agradável e contribua para 
a geração de novos estudos, contribuindo para o desenvolvimento tecnológico.

Franciele Braga Machado Tullio
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ABSTRACT: This work presents the 
development of a magnetic suspension for the 
calibration device of Schenberg Detector. This 
device should rotate a composite quadrupole 
mass at a speed of 96,000 RPM, therefore 
belongs to the high-speed machines category. 
A hybrid bearing that combines a radial passive 
magnetic bearing with an axial sliding bearing 
(magnetic  passive and sliding bearing) was 
proposed. A reduced physical prototype was 
built and tested. Although the prototype has 
been tested at speeds close to 12,0000 as first 
test, the pivot responsible for the sliding part 
of the suspension presented some wear in the 
contact point. To decrease wearing an axial 
magnetic suspension system was added. The 
suspension was tested again and no sign of 
wear on the pivot was detected.
KEYWORDS: Magnetic suspension, Passive 
and sliding suspension

1 | 	INTRODUCTION
This work presents the development 

of a magnetic suspension for the calibration 
device of the gravitational wave detector 
“Mario Schenberg”, as can be seen in Aguiar 

et al (2008), such calibration device is a 
rotation, not cylindrical mass (quadrupole 
moment different from zero), that must rotate 
at  half of Schenberg working frequency which 
is 3.2 kHz (96.000 rpm). This detector is a 
development of the Graviton Group which is 
a research Brazilian group dedicated to the 
study of Gravitational Waves. The detection of 
gravitational waves came after a long road of 
experiments planned in 2010, in 2016 finally 
the detection was made. Gravitational waves 
got a very strong evidence with the PSR 
B1913+16 (also known as PSR J1915+1606, 
PSR 1913+16, and the Hulse–Taylor binary 
after its discoverers) is a pulsar (a radiating 
neutron star) which together with another 
neutron star thus forming a binary star system. 
PSR 1913+16 was the first binary pulsar to be 
discovered and its orbital period is decreasing 
with time due to the emission of gravitational 
waves. The first attempts for gravitational 
wave detection start in the early sixties with the 
resonant mass gravitational wave detection 
Aguiar et al. (2006) e Frajuca et al. (2004).  

The Brazilian efforts towards the 
detection of gravitational waves are centered 
on the Schenberg detector. In the Schenberg 
detector, six sensors are connected to the 
surface of the sphere, arranged according 
to the half dodecahedron distribution. These 
transducers are located as if they were in the 
center of six pentagons connected in a surface 
corresponding to half dodecahedron. Each 
transducer amplifies the motion occurring 
on the region of the sphere in which it is 
connected. The already amplified movement 
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excites the membrane of one resonant cavity. In the resonant cavity microwaves are 
pumped, which generate the electronic signal that will return taking all the information 
of the OG’s. Intensity and direction of the OGs can be obtained from the analysis 
of the output signal of these 6 transducers according to Ribeiro et Al. (2004) and 
Andrade et al. (2004).

To reach the resonant cavities, first the microwaves are conducted from the 
outside of the dewar (thermo flask where every antenna system is contained) by 
cabling to microstrip antennas. These antennas, located in front of the parametric 
transducers, conduct the microwaves into the resonant cavity and another set 
of antennas pick up the returned signal. The Brazilian efforts on the field can 
be summarized in Frajuca et al. (2002,2005,2006,2008,2018), Aguiar et al. 
(2002,2004,2005,2012), Magalhaes et. al (1995,1997) and Bortoli et. al (2010,2019).

This paper is part of a larger project aimed at obtaining guidelines for the 
project of a high-speed machine. The construction of such a device involves studies 
related to:

a.	 Protection structure: to ensure protection against the risks inherent in 
high speeds and at the same time eliminate aerodynamic drag, it must be 
provided the operation inside a vacuum chamber shielded with ballistic 
materials;

b.	 Bearing: after careful comparative studies among several types of bea-
rings presented in the literature, the hybrid passive magnetic bearing mo-
del with permanent magnets was adopted;

c.	 Rotor design: in order to withstand the high centrifugal load resulting from 
the high-speed rotations, a system has been proposed for coating the 
rotating object with a composite of carbon fiber and epoxy resin;

d.	 Drive: it was proposed the direct drive of the rotor with a variable re-
luctance motor (VRM) controlled by an electronic system and advanced 
control algorithm;

e.	 Rotor Dynamics: important guidelines have been proposed to avoid, or at 
least mitigate, the vibrations that cause instabilities in the rotor and often 
prevent the attainment of high speeds.   
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Figure 1.  Schematic illustration of the high-speed machine with indication of its main 
parts.

This device should rotate a composite quadrupole mass at a speed of 96,000 
rpm, and therefore belongs to the high-speed machines category. A hybrid bearing 
that combines a radial passive magnetic bearing with an axial sliding bearing 
(magnetic passive and sliding bearing) was proposed. A reduced physical prototype 
was built and tested. Although the prototype has been tested at speeds close to 
12,000 rpm as can be seen in Fig. 2 and Fig. 3, it was the first test.

Figure 2.  The magnetic passive and sliding bearing.
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Figure 3.  Reduced prototype outline.

2 | 	THE SLIDING PART OF THE MAGNETIC SUSPENSION
At the end of the rotor shaft a pivot is mounted to compensates any small 

difference in the magnetic field of the magnets, as can be seen in Fig.4.

Figure 4.  Hybrid bearing sketch constructed.

3 | 	THE PROTOTYPE OPERATION
The prototype rotor consists of the axle, flywheel and core (rotor) of the 

engine. The motor core and the two neodymium magnets were coupled to the shaft 
by means of interference fit.  The maximum speed reached in the experiments was 
11,700 rpm. The arrangement can be seen in Fig. 5.
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Figure 5.  Photograph of the experimental arrangement.

4 | 	THE PIVOTS
After about 10 hours undergoing experiments at different rotations and loading 

conditions, the pivots presented extremely low wear, less than 0.1 mm. No influence 
of this wear on the performance of the system was perceived. The wear can be seen 
in Fig. 6.

Figure 6.  Images obtained on the profile projector: (a) Pivot before the test; (b) Pivot 
after the test.

5 | 	THE NEW EXPERIMENT
A new experiment was designed with a new pivot mounting that can be seen 

in Fig. 7, the pivot is more robust and mounted in the support and not in the shaft. 
To decrease axial effort on the pivot a magnetic repulsion due to a magnet arranged 
close to a moving metal surface is implemented, as can be seen in Fig. 8, the central 
disk in the rotor shaft is located between two neodymium magnets located in the 
two supports closer to the central disk. The two neodymium were placed in the two 
aluminum plates placed around the central disk of the shaft.  Figure 8 Shows the final 
test of the new experiment where the rotation reaches 8,112 rpm.
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Figure 7.  The new pivot mounting.

Figure 8.  The new experimental setup.

Figure 9. Final test on the new experimental setup.



 
Engenharia na Prática: Importância Teórica e Tecnológica Capítulo 25 279

6 | 	COMMENTS AND CONCLUSIONS
The vibration and vibration vibrations with the Vaibro® warning device 

(VaibroSmartCH1® mod. / ICP  Accelerometer 106 mv / unit) and software support. 
ISO 2372, VDI-2056 and ISO 1940 standards.

 The velocity (V) tests with the PDCG-M and with predictive techniques of 
vibrational analysis and thermography were satisfactory and it was possible to reach 
the desired goal at the beginning of the project. The PDCG-M, due to precision 
machining and precision machining techniques, achieved a speed of 8,112 rpm with: 
60V voltage, 220 mA amperage, 15 mm interaction distance (di), nylon 6 pivot and 
lithium + graphite powder as a lubricant to reduce friction.

 The pivots were retrieved from the experiment and no sign of wear was 
detected in the pivots of the new experiment showing that the repulsion system 
worked as planned.

ACKNOWLEDGEMENTS
C. Frajuca thanks research grant #2013/26258-4 from Fundacao de Amparo 

a Pesquisa do Estado de Sao Paulo (FAPESP) and grant 309098/2017-3 from 
Conselho Nacional de Desenvolvimento Cientıfico e Tecnologico (CNPq). 

REFERENCES
Aguiar, O. D. et al., 2002. The status of the Brazilian spherical detector. Brazilian Journal of 
Physics, Vol. 32, 866.

Aguiar, O. D. et al., 2004. The Brazilian spherical detector: progress and plans. Class. 
Quantum Grav., Vol. 21, 459.

Aguiar, O. D., et al., 2005.The Brazilian gravitational wave detector Mario Schenberg: 
progress and plans. Class. Quantum Grav. Vol. 22, 209.

Aguiar, O.D. et al., 2006. The Brazilian gravitational wave detector Mario Schenberg: 
status report Journal Class. Quantum Grav, Vol. 23, 239.

Aguiar, O.D. et al., 2008. The Schenberg spherical gravitational wave detector: the first 
commissioning runs”. Classical and Quantum Classic, Vol. 25, No. 11, 114042.

Aguiar, O. D., et al., 2012. Status Report of the Schenberg gravitational wave antenna. 
Journal of Physics: Conference Series, Vol. 363, 012003.

Andrade, L. A. et al., 2004. Ultra-low phase noise 10 GHz oscillator to pump the parametric 
transducers of the Mario Schenberg gravitational wave detector. Class. Quantum Grav, 
Vol. 21, 1215.

Bortoli, F. S. et al.  2010. A physical criterion for validating the method used to design 
mechanical impedance matchers for Mario Schenberg’s transducers. Journal of Physics: 
Conference Series, Vol. 228, 012011.

Bortoli, F. S. et al., 2016. On the massive antenna suspension system in the Brazilian 
gravitational wave detector Schenberg. Brazilian Journal of Physics, Vol. 46, 308.

about:blank
about:blank


 
Engenharia na Prática: Importância Teórica e Tecnológica Capítulo 25 280

Bortoli, F. S. et al., 2019. On the cabling seismic isolation for the microwave transducers of 
the Schenberg detector. Brazilian Journal of Physics, Vol. 49, 133.

Frajuca, C. et al. 2002. Transducers for the Brazilian gravitational wave detector ‘Mario 
Schenberg’. Class. Quantum Grav., Vol. 19, 1961.

Frajuca, C. et al., 2004. A noise model for the Brazilian gravitational wave detector ‘Mario 
Schenberg’. Class. Quantum Grav., Vol. 21 1107.

Frajuca, C., Bortoli, F. S., Magalhaes, N. S., 2005. Resonant transducers for spherical 
gravitational wave detectors.  Brazilian Journal of Physics, Vol. 35, 1201.

Frajuca, C., Bortoli, F. S., Magalhaes, N. S., 2006. Studying a new shape for mechanical 
impedance matchers in Mario Schenberg transducers.  Journal of Physics: Conference 
Series, Vol. 32, 319.

Frajuca, C., Magalhaes, N. S., Horiguti, A. M., 2008. Study of six mechanical impedance 
matchers on a spherical gravitational wave detector. Journal of Physics: Conference Series, 
Vol. 122, 012029.

Frajuca, C. et al., 2018. Optimization of a composite quadrupole mass at high-speed 
rotation. Journal of the Brazilian Society of Mechanical Sciences and Engineering, Vol. 40 319.

Magalhaes N S et al., 1995. Determination of astrophysical parameters from the spherical 
gravitational wave detector data. MNRAS, Vol. 274, 670.

Magalhaes N S et al., 1997. A geometrical method for location of gravitation wave sources. 
Astrophysical Journal, Vol. 475, 462.

Ribeiro, K. L. et al., 2004. Tests with superconducting re-entrant cavities for transducer 
applications in gravitational wave detectors. Class. Quantum Grav., Vol. 21, 1225.



 
Engenharia na Prática: Importância Teórica e Tecnológica 329Índice Remissivo

ÍNDICE REMISSIVO

A
Alumínio  29, 31, 32, 34, 35, 215, 216, 225
Arco  16, 17, 18, 19, 20, 21, 22, 23, 24, 26, 28
Arduino  103, 104, 107, 108, 109, 110, 111, 112
C
Coleta Seletiva  79, 80, 81, 83, 86, 87, 88
Conhecimento Organizacional  48, 50, 52

D
Desempenho Térmico  89

E
Educação Ambiental  79, 80, 83, 86, 87, 88
Eletrônica  103, 112, 192, 314, 339
EMG  103, 104, 106, 107, 108, 111, 112, 113
Energia  16, 17, 18, 126, 141, 142, 149, 151, 172, 260, 262, 265, 270, 271, 272, 
274, 276
Energia Cinética  16, 17, 18

F
Fator  61, 67, 68
Fator de Recuperação  61, 63, 65, 67, 68

G
Gestão do Conhecimento  36, 48, 49, 50, 51, 59, 60
Gestão do Conhecimento em IFES  48

I
Injeção de Polímeros  61, 62, 67
ISO/IEC 29110  36, 37, 40, 41

M
Mão Mecânica  103, 107, 110
MPS.Br  36, 37, 38, 39, 42, 43, 44, 46, 47

N
Nióbio  29, 30, 31, 32, 34, 35

P
Planejamento Desenvolvimento Institucional  48
Planejamento Estratégico  48, 49, 51, 59, 60, 267
Potencial  16, 17, 18, 37, 104, 111, 112, 135, 136, 151, 170, 172, 173, 174, 181, 227, 
262, 263, 269, 284, 330, 332, 333, 336, 337, 338



 
Engenharia na Prática: Importância Teórica e Tecnológica Capítulo 28 330

Propriedades Mecânicas  29, 30, 31, 32, 33, 34, 35, 188, 193, 215, 216, 217, 224, 
296, 300
Prótese  103, 104, 107, 108, 110, 111, 112, 113

R
Reciclagem  80, 84, 87, 88, 298, 315
Refino de Grão  29
Resíduos Sólidos  79, 80, 81, 88, 298, 313, 314
Resistência Térmica Equivalente  89

S
Simulação Numérica  61
Solidificação Unidirecional  29, 32, 33, 214, 218
Sustentabilidade  80, 181, 260, 298, 316
T
Telhados Verdes  89
Tiro  16, 17, 22, 24, 26, 27, 28

V
Variáveis Térmicas  29, 32, 33, 35, 214, 215, 217, 224, 225








