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Abstraet—In this paper, an analytical method of an
orthogonal-core type parametric induction motor is
proposed, based on a reluctance network model of the
stator. The model is derived by a similar technigue
applied to an orthogonal-core transformer, Using this
model the parametric oscillation characteristic of the
motor, without a rotor, is computed, The simulation
results agree well with the experiments, 1t is obvious
that the analytical model of the stator presented here
is.proper for analysis of the motor and that, by use of
this model and suitable analytical model of the rotor,
the motor characteristics can be analyzed.

Index Terms — Nonlinear magnetics, orthogonal-core,
parametric motor, reluctance network analysis.

1. INTRODUCTION

Nonlinear magnetic deviees, e.f. an orthogonal-core
transformer [1)-{3] and parametric motor [4], have many
applications because the devices have various attractive
features, However, quantitative analysis of the devices is
not easy because the flux distribution is generally intri-
cate due to magnetic saturation. TFor optimum design of
the devices, it is necessary to calculate the behavior char-

acteristics from the properties of the core material and .

core dimensions.
Recently, the authors proposed ‘an analytical method
for the orthogonal-core transformer by use of a reluctance

network {1]-[3]. This method is very accuracy, fast and-

easy. So, in this paper, this method is applied to the
analysis of an orthogonal-core type parametric induction
motor-as a nonlinéar. magnetic device.

I1. Basic OPERATION OF PARAMETRIC MOTOR

Fig. 1 shows a schemnatic diagram of an orthogonal-core
type parametric induction motor [4]. In the figure, the
stator is constructed from two C-cores A, Ay of identical
shape and a toroidal core B. A; and A, are the primary
and sccondary magnetic circuits for excitation and are
90 degrees relative to each other in space, N| and Ny
are the primary and secondary windings. B is a common
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Fig. 1. Schematic diagram of the parametric induction: otor.
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Fig. 2. Observed waveforms of generated voltage 3.

magnetic cireuit for generating a rotating field. D is a
rotor and C is a tuning capacitor,

When AC voltage e, is applied to.the primary circuit,
parametric oscillation is caused by magnetic saturation
of the stator core and AC voltage ey is generated in the
secondary circuit. Fig. 2 shows the observed waveforms

of e9. As the phase difference between e; and e, is almost

90 degrees, the motor acts as a 2-phase induction motor
[4). 4, and 3 are the primary and secondary currents.

Fig. 3 shows the dimensions of the stator core, and Tig,
4 illustrates the flux flows in the stator, In the Fig. 4, ¢;
and ¢ are the primary and secondary fluxes, respectively.
The flux distribution in the stator core is intricate due
to its peculiar magnetic circuit and nonlinear magnetic
property. Thus the quantitative analysis of the motor is
not easy .

Fig. 3. Dimensions of the stator core.
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Fig. 4, Flux flow in the stator core.
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Fig. 5. Explanation for ohtaining the reluctance network,
I, ANALYTICAL METHOD

In past work, the authors proposed -an analytical
method for an orthogonal-core transformer. This is a
nonlinear magnetic device, based on a reluctance network
modet [1],[3). In this paper, the reluctance network anal-
ysis is applied to the parametric motor, To evaluate the
reluctance network model, the core has been divided into
some rectangular prism-elements [1},[3). Fig. 5(a) and (b)
show the division of the stator and the assumed magnetic

“circuit of each element. In Fig. 5(b); the reluctances and
inductances express the magnetic saturation and hystere-
sis of the core. F is the MMF of the reluctance and I is
the MMF of the inductance.. The character of the reluc-
tances and inductances are determined by the dimensions

X, Y and Z of the element, and nonlinear property of the

mateual as follows:

F= Z{Q’l \{d)Y %Qnm(%)m} : (l)
= Lty (P @

where a1, am, B1, fn ale unique constants for core ma-
terial and m, © are the odd numbers of m, n > 3 [3].
By connecting the magnetic cireuits of the elements ad-
joining each other, the reluctance network model can be
obtained,

The toroidal core is expressed, approxnnately The di-
vision 1ecta,ngular prism elements into shadowed rectan-
gular prism elements shown in Fig.6(a )
ferential flux-flow of the toroidal core-is considered, the
magnetic circuits of some elements are connected in par-
allel. The axial sectional area of the shadowed elements
are decided by the actual sectional area of the toreidal
core. In addition, in Fig. 6(b) the magnetic circuits for

As the circum--
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Fig. 6. Division of the toroidal core,

the shadowed areas ignored in Fig, 6(a) are added to the
reluctance network,

IV. REsuLTs AND DISCuUSsION

Using the reluctance network model: of the stator ob-
tained, we compute the parametric oscillation character-
istics of the motor without rotor. :

Fig. 7 shows schemalic of a circuit for analysis [2]. Fig.
7(a) shows the reluctance network model for the stator
with MMFs due to the windings. The MMF is assumed to
be concentrated, ignoring the spatial distribution. Using
this reluctance network, the primary and secondary fluxes
¢y, o from the MMFs Nyi, /2, Nyiz /2 are calculated. Fig.
7(b) is the external electric circuits of the motor. R is the
resistance to stabilize the parametric ascillation. r; and
r2 are the primary and secondary winding resistances,

By use of SPICE, one of the general circuit simulator,
we can compute the cireuit coupling the reluctance net-
work of the stator with external electric circuits. The
dimensions and materials of the stator core are shown in
Table I. It is necessary to take account of the magnetic

- anisotropy includirg the laninated direction. Figs. 8 and

9 show the B-H curve and Wj-B,, characteristic of the
core material. In the figure, catalog data {5] is used as
measured data,

Fig. 10 shows the observed and calculated waveforms
of e; and Fig. 11 shows the F\-E; characteristics. As
can be seen on the figures, good agreement is obtained
between the simulation and experimental results.

V. CONCLUSION

of the stator ;of the parametric

-And by use

The analytical model
motor proposed here appears to be proper.
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(a) Reluctance network model of the motor without rotor.
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Fig. 7. Circuits for analysis.

TABLE 1
Dimensions of the core and number ol turns in the windings.
Core | Dimensions {mm| | a=24.8, b=40.4, k=25.6, d=85.0
Grain orienled silican steel strip
AlLA2 Material with thickness of 0.18 mm
Core Dimensions [mm] | Do=100.4, Di=70.0, H=28.8
Grain oriented silicon steel strip
B Material with thickness of 0.18 mm
Winding [tumns) N1=200, N2=200
Winding resistances (2] | Primary : 0.676, Secondary : 0,676
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Fig. 8. B-H curve of the core material.
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TFig. 9. W;-By, characleristics of the core material.
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Fig. 10. Observed and simulated waveforms of generated voltage ez.
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Fig. 11. BB, chavacteristics,

of this model and sujtable analytical model of the rotor,
analysis of the motor characteristics is possible.
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