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1. Introduction

Four poles active magnetic bearings (AMB) have been discussed in the literature for more than ten years [2] [3]; and
the magnetic poles flux distribution, analyzed per finite elements method (FEM) for the comparison between the type A
[4] and type B [5] AMB already known. Now, the magnetic core bearing reluctance variation under balanced and
unbalanced currents can be combined, simultaneously with mechanical offsets to the centered position; and then, may be
simulated by FEM. ldentifying what type of active magnetic bearings produces stronger forces to center the motor axis,
such as mechanical bearings do, improves efficiency to the control magnetic fields at reduced inductances and electrical
currents can be simulated and calculated. Finally, the consideration of S. J. Salon [6] that some calculation methods may
not be “completely reliable” is the object of investigation of this work, which compares the simulated method results with
actual laboratory static and dynamic measurements of on AMB type A and type B prototypes, .

2. Study objective

In this study, FEM is used to estimate the magnetic forces applied to a type A and B active magnetic bearing. The
geometries were carefully selected, in order to allow the comparison between the simulated FEM values with the actual
forces applied to two prototypes, with architectures corresponding to type A and type B AMB, with same geometries, in
a laboratory. Two methods were choosen, one static, measuring forces with bias current and another dynamic, with the
motor running applying unbalanced weight to the axis of the motor. The values obtained by the simulation and the
laboratory tests are the subjects of analysis.

Both architectures employ two pairs of
proximity sensors, aligned with the axis x and
y in order to provide the feedback control with
the dynamic position of the motor axis at any
time.

Prototype construction:

Section A, area is half of the area of section
Ag; the number of windings of the coils on
Type B AMB (nB) teeth have twice the
fodepdafiediiben Interconnected loop number of windings of coils in Type A AMB

Fig. 1 - Eight teeth AMB Fig. 2 - Four teeth AMB teeth (2xnA). (Figs 4 and 5 AMB

Protot .
The type A AMB (Fig. 1) consists | The type B AMB (Fig. 2) consists of ypes-) .
of eight electromagnets arranged in | four ~ electromagnets,  disposed | | N€ electrical currents fed to the AMB coils on
pairs, two sets disposed horizontally | horizontally (x,x') and vertically| POth Prototypes are Io +ix(t), andl, £ i, (),
(x,x") and two vertically (y,y").|(y,y") . The four interconnected vv_here I_0 is the bias current, while the
The four independent magnetic flux | magnetic flux loops controls the differential currents i, and i, control the
loops controls the AMB position. | AMB position. rotor position.

The resultant forces [1] £, £, f and f;?, canbe expressed interms of 1, £ i (t) and I, + iy (©)

The number of coils nA - nB; the cross sections areas in the ferromagnetic material A, - Ag; and the air magnetic permeability
1o and nominal lengths h of the air gaps, which are the same for both AMB prototypes (type A and B -Fig. 1 and Fig. 2) [2] allow
the calculation of the magnetic forces (1) (2).




fit = kgx + ki'iy kg = poAnglg/h? fxb = k;l;x + klbix kzli) = Zl'lo‘élbnlz)l(?/h3
where @ where )
f' = kpy + ki'iy kit = uoAanilo/h? fib = kby + kPi, kP = 2pugAynil,/h?
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FEM AMB Type A (Figs. 7 to 11) and AMB Type B (Figs. 12 to 16) simulations are run for different offset positions
and same conditions are applied to the prototype, for static forces applies to the axis Y measurements. Dynamic tests will
be shown with the motor spinning and unbalanced masses applied to the motor wheel (Fig. 3).
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