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HIGH SPEED ROTATING DISC TYPE GENERATOR FOR HIGH MAGNETIC FIELD
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Kazuo Bessho, Sotoshi Yamada and Norio Miura

Abstract — A high magnetic field generator based on

a new idea is described in this paper. The principle
of the generator is different from those of previously
published or tested. The fundamental principle of
generating a high magnetic field is that the magnetic
flux induced by an electromagnet with an iron core is
concentrated by eddy currents on a rotating conductive
dise and is compressed to high magnetic flux density
on the hole surrounded with four discs. The energy for MAGNET
concentrating a magnetic flux is fed from the kinetic
energy of rotating discs. Therefore, the generator |is
non-destructive and has only a relatively small
electric source., The high magnetic field has a long icm

pulse duration. Bo* 1T valklu
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Fig.1 Conducting plate moving between magnetic poles
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INTRODUCTION
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Recently, the progress of material science has
required the technical developements of producing
extreme physical conditions, The high magnetic field,
one of the extreme conditions, is very important and
attracts much attention because it is closely related
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to nuclear fusion and plasma physics. S NIRRT S '**’r’
Various high magnetic field generators have been 1. 5cm “HHH ,f’ *.h,ff
used such as superconducting magnets and various 0
kinds of pulse magnects which are made of normal 2.5¢cn}
metals. These generators, however, are expensive and B
are not easy to handle. For example, the former magnet Y. bcml I Hagneelc Flux
. . Outside the Flacs
needs the refrigeration system and the latter magnets * | ,
. . B . Ly . ‘- — “ .
usually use considerably large capacitor  bank e e

Moreover, usually pulse magnets have the pulse with
less than one m-sec and some of them are destructive
so that they are not so convenient for engineering
purposes.

The new generator proposed by the authors uses a

Fig.2 Flux density induced by eddy currents

relatively small scale electric source which is div J=0,

convenient for wvarious engineering demands. The Jezw |Eet Vit ot B

central idea is that the magnetic flux is compressed Eem-grad ¢ , (1)
by the rotating metal discs which push the £flux into rot H,=J .

the space surrounded by these discs. In other words, Bo=pll,

the discs act as a liner of the flux compression '

me thod. Our generator can be operated non- where, J : eddy current density,

destructively at room temperatures and no  large

. . induced electromotive force,
electric energy source 1s needed.

applied flux density,
induced flux density,
velocity of plate,
conductivity,

scalar potential,
permeability,
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EDDY CURRENTS IN A CONDUCTIVE PLATE MOVING
BETWEEN MACNETIC POLES AND ITS EFFECT

aF B BB aE =u

We consider the conductive plate moving between
magnetic poles in Fig.1. The steady-state flux passes
through a conductive plate as a plate does noCt move,
But when a conductive plate is moving at velocity V,
the flux passing cthrough a plate decreases in
proportion to velocity. The plate 1s perfectly
shielded from a magnetic flux at an infinite high
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illustrated in Fig.2(2). The eddy currents in a plate
are induced by an applied flux densicy (Bo=1.0T) and
due to eddy currents the induced flux weakens the

speed. e applied one. The flux density outside a plate
The eddy current problem as shown in Fig.l can increases because the induced flux is added to the

be analyzed [rom Maxwell's equatL?nsiEq.l). ) applied one. The 1induced flux increases with the

As we assume that . :u?ductlve plate 8 very thickness of a conductive plate and the velocity of
thin, the field problem in Fig.! can be considered to the plate, Behind the contour of a magnet, the induced
be a two-dimensional one. The calculated results are flux rises in the same direction as cthe applied one

but becomes weak at a high speed.
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Fig.4 Principal configuration of the geneérator

mentioned in the last section can be confirmed by the
test equipment.

The high magnetic field generator under
consideration is based on the above theory., The
generator has an air hole surrounded by four votating
discs in Fig.4. The flux applied by an electromagnet
is concentrated in the air hole and high magnetic
field can be generated.

It should be noticed that the eddy currents
induced on the discs produce a considerable braking
force. When the flux is compressed by the discs, the
reacting force on the rotating discs acts as a braking
force. Therefore, it 1s necessary to make large discs
to keep enough moment of inertia.

Figure 5 shows the time process of concentrating
a magnetic flux on the device, The rotating disc 1is
driven by an induction motor. After the discs are
disconnected from the motor, an exciting current i 1is
supplied to an electromagnet at the time €91 and the
flux 9y is generated between magnetic poles. The flux
1 is concentrated by eddy currents induced in the
disc and the high magnetic flux density By is
generated in the hole. The braking force F by eddy
currents acts on the discs and the rotating speed of
the discs decreases rapidly. The braking force
indicates the maximum force F when the rotating speed
becomes Vmin at the time ty. The magnetic screening
effect of conductive disc and the concentration of
flux become weaker at the rotating speed under the
speed Vpin. The magnetic flux density in the hole
decreases rapidly and becomes By, as the rotating of
discs stops. The exciting current is cut down at che
time tg and the process is finished at the time tg.
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Fig.5 Process of concentrating a flux on the device

{a) Exciting current and induced flux

(b} Velocity on the circumference of discs

{¢) Braking Force acting on discs

{d) Magnetic flux density in the hole

Fig.6 Experimental apparatus

Electromagnet
Cross section ; 5 x S cm , exciting turn number ;

659 x 2 turn,  exciting current ; 100 A,
Disc

Material ; copper, diameter ; 70 cm,

2 cm, mass ; 197 kg, inertia ; 5.9 kg m>
max. rotating speed ; 3600 rpm,

thickness ;

As the magnectic screening effect and
concentration of flux become weak between t, and ¢t3,
the magnetic reluctance and the leakage flux decreases
respectively and the flux increases from ¢; to ¢yn.
dim and By are the same that are generacted by an
electromagnet without disc.
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Fig.7 Magnetic flux density (experiment)
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Pig.B Flux distribution (calculation)

EXPERIMENTAL AND CALCULATION

Figure 6 shows the experimental equipment with a
rotating disc and an electromagnet. The magnetic
screening effect and the path of a magnetic flux
during disc rotation were investigated and che data
for designing the advanced equipment could Dbe
obtained.

Figure 7 shows the magnetic flux densities
(vector) on the plane perpendicular to the rotating
direction. For comparison, wvectors 1in two  cases

(rotating speed N=1000 rpm and O rpm) are 1llustrated
by solid and dotted line. The computed flux
distribution is shown in Fig.8. In this calculation,
we assume that the high speed rotating disc 18
equivalent to the perfect mwagnetic shield (a
diamagnetic material) and the two-dimensional! problem
can be considered.

Figure 9 shows the flux distribution in the case
when magnetic flux 1is concentrated into the slit
between two rotating discs, as 1s done by
superconductors. The more narrow slit results in the
increase of the leakage flux and the flux density does
not become higher in proportion to a/b. The increase
of the flux density in the slit is concerned with not
only a/b, but also other parameters, such as a gap
length ¢, dimensions of exciting windings and discs,
and magnetomotive force in particular. The
concentration hole is built up by two slots crossing
each other on the advanced equipment. The magnetic
concentration ratio is defined as,

0 a\t
-"““E‘L“"('g) . (2)

i

wvhere k (k<1.0) is leakage factor.
It is very important to design the optimum shape
in order to minimize the leakage flux,
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Fig.9 Flux concentration in the slit (caleulation)
a= 10 cm, b= 2 cm, ¢= | cm, d= 2 cm

CONCLUSION

The results of the experiment are summerized as
follows,

(1) The magnectic screening and concentrating effects
of a disc were observed at a velocity of a conductive
disc (copper) higher than 9 m/s.

{2) The braking force acting on the disc shows the
maximum value at 9 m/s and decreases with increasing
velocity,

(3) The heating of a disc due to eddy currents loss is
not so serious because the disc has a relatively
large thermal capacity and is air-cooled.

As the flux distribution is asymmetric on the
both sides of a disc, the magnetic force acts
perpendicularly on the disc. Figures 8 and 9 suggest
that the magnetic pressure in the direction of axis is
not so strong and may not be 8o serious in the
machnical design of the equipment. The radial
component of the magnetic force acting on the disc 1is
the strongest and may cause the mechnical problem.

Jt is confirmed in the results that the maximum
concentration ratio o expressed in Eq.2 may  be
approximately 15 - 20. We consider that it may be
possible to generate a magnetic field up to 20 - 30 T
on the advanced equipment based on the new idea.

The principle can be applied to an alternating
high field generator with 50 or 60 Hz by the use of an
alternate electromagnet. This is one of the special
extension of the new principle.
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