CEFC 2004, Seoul, Korea, June 6 - 9, 2004

Characteristic Analysis based on Analytical Method in Non-Contact Magnet Gear

Young-Kyoun Kim', Jung-Pyo Hong', Senior Member, [EEE, and Kyung-Ho Ha’
: 'Dept. of Electrical Eng. Changwon National University, #9, Sarim-dong, Changwon, Kyungnam, Korea
Electrical Steel Research Group, Technical Research Laboratories, POSCO, #1, Goedong, Nam-gu, Pohang, Gyesongbuk, Korea

E-mail: ensigma@thitel net, jphona(@sarim.changwon.ac.kr, and khhat@iposco.coke

Abstract - This paper proposes the analysis method for finding

characteristics of non-contact magnet gears by using the Biot-Sarvart law.

The permanent magnet of the magnet gear is changed into the equivalent
magnetization sorface corrent, such as current-carrying cirewit. Then, the
flux density is calculated by the Blot-Sarvart law from the current in a
closed cireult. The proposed method is more easy and simply than the 3-
dimenslanal Finite Element Method to calculate the characteristic of the
magnet gear. The analysis results are compared with experiments.

[NSTRUCTION

Conventional gear systems raise dust due to contact. Some
special pear mechanisms, however, ought to keep the
workplaces wvery clean such as in semiconductor
manufacturing. Therefore, a no-contact gear mechanism is
demanded for the reason. A no-confact magnet gear using
permanent magnets could be an attractive transmission
mechanism for conveyor systems because it does not make
any dust. It consists of driven and driving skewed permanent
magnets, like the helical type gear shape. Two axes of upper
and lower magnets intersect each other perpendicularly and
the no-contact magnet gear has a small air-gap.

It is necessary to investigate the influence of important
parameters on the performance of the magnet gear [1]. The
popular method for 3-D electromagmetic problems s 3-D
Finite Element Method, The methed is still powerful, but has
some disadvantages. One of them takes a lot of time to solve
the electromagnetic field. Consequently, a simpler method is
required to amalyze the 3-D electromagnetic field and
characteristic of the magnet gear. In this paper. the simpler
micthod based on Biot-Sarvart law is proposad w solve the 2-D
clectromagnetic prablem [2]. From the propossd method,
charpeteristics of the magnet pear are caleulated very easily,
accurately, and simply.

AMNALYSIS METHOO AND RESULTS

The permanent magnets of the magnet pear are changed into
the equivalent magnetization surface cument density, such as
current-carrying circuit, Then the permanent magnet is like a
rectangular sheet with a lineal circumferential current density,
The Aux density is calewlaed by usiog the Biot-Sarvart law,
Finally, the Lorentz force to find the magnetic torgue from the
calculated flux density is used.

Stepl) Mesh peneration of permanent magnet

Step?) Calculation of equivalent magnetization current in
each element

Stepd) Selection of elements and determination of the flux
density at a selected point caused by 2ll source elements that
carry a magnetization cuerent by applying the Biot-Sarvart law
a3 follows:

ﬂr§=M[ﬂ”“ﬁ-] (1)
4 R

Step4) calculation of the force by the Lorentz force from the
flux density, the magnetization current, which is expressed as;

dF = Idi =48 ()

Step5) repeat from Step 3 to Step 5 for all elements

From the above procedures, the total torque of the magnet
gear is obtained by the sum of torque acting on each element.

Fig. 1 shows the analysis model of the non-contact magnet
gear. The permanent magnet has 6-poles and its skew angle is
45(deg.). Fig. 2 shows the comparison of the flux density
around the air-gap in the magnet gear according 1o the analvsis
methods. The magnetic torque measured is 3.5(kzf.cm), which
is similar to the caleulated torque of 3.6(kef.cm).

Shafi

Driving axis ;
Fig. 1 Configuration of magnet gear composed of two permanent magneis
with skew [upper: passive gear, lower: running gear)
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Fig. 2 Comparigzon of flux density in airgap according 1o analyhis methods
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