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This paper presents a multidisciplinary design optimization (MDO) method for permanent magnet (PM) machines with soft
magnetic composite (SMC) cores. Then a robust multiobjective optimization approach based on MDO is presented for these PM-SMC
motors to achieve high manufacturing quality in batch production. The MDO analysis process mainly includes electromagnetic and
thermal analyses. Finally, to demonstrate the effectiveness of the proposed method, a PM transverse flux machine with SMC core is
investigated to minimize the material cost and maximize the output power under several constraints from multidisciplinary design. As
shown, the proposed method can increase the reliability of all Pareto schemes significantly. And this obtained robust Pareto solutions
will benefit the batch production of PM-SMC motors.

Index Terms—Finite element analysis, optimization, permanent magnet machines, soft magnetic materials, thermal analysis.

. INTRODUCTION

RECENTLY, a relatively new type of material called as soft
magneticcomposite (SMC) material has been introduced
to design and fabricate the stator cores for several kinds of
permanent magnet (PM) motors, such as transverse flux
machine (TFM) and claw pole motor, due to the unique
characteristics of this kind of material. SMC is made of
ferromagnetic powder particles surrounded by an electrical
insulating film. Compared with traditional silicon steel sheets,
motor cores made of SMC material have several advantages,
the most important one is that SMC cores are isotropic both
mechanically and magnetically, so they are suitable for the

design of 3-D flux path [1]-[4]. @ﬁ% L L e

As a new material, SMC cores have unique magnetic e
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Fig. 1. Prototype of a PM TFM, (a) PM rotor, (b) 3 stack SMC stator
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characteristic and manufacturing method, multidisciplinary £ "
design optimization (MDO) is needed to get the best ©
performances of PM-SMC motors, especially the thermal
analysis. Meanwhile, there are two important issues in the —F7.32gcm’ ||
batch production of them, which have to be considered to :2:7-169’”“:
improve the industrial application. One is the robust design 059 g/em
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against noise factors in manufacturing process [5], [6], and the
other is the presentation of Pareto solution for multiobjective
requirements. This work presents a robust and multiobjective
approach for the MDO of PM-SMC motors to improve their
quality in the batch production.
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Fig. 2. B-H curves with respect to different SMC density values
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I1.PM-SMC MOTORS T
Fig.1 shows a PM TFM designed to deliver an output power ///// \
640 W a rated speed 1800 rev/min.It has 20 poles in the PM — ; e T |
. ; ; Motor type an imension Materia
rotor; and there are 60 SMC teeth in the stator. The stator is topology design design selection

made of SMC SOMALOY 500 [1], [2].

As the SMC core is compressed by module, core’s density
is a noise factor in the manufacturing process. It is directly
related to the B-H curves of that core. Fig. 2 illustrates three . ;

L. . . Electromagnetic Thermal Mechanical
magnetization curves with respect to three density values model model model
respectively for a kind of SMC core [5]. From this figure, it
can be found that there are significant differences of B-H data  Fig.3. Multidisciplinary design framework for PM-SMC motors
between different density values.
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Fig. 4. lllustrations of electromagnetic field analysis
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Fig.5. Thermal network model for PM-SMC TFM

I11. DESIGN EXAMPLE

Fig. 3 shows the multidisciplinary analysis framework of
PM-SMC motors. Fig. 4 shows an illustration of the
electromagnetic field analysis for a TFM shown in Fig. 1. Fig.
5 shows the thermal network model for the thermal analysis of
this TFM. The thermal resistances of conduction in the
following sections are defined: rotor yoke (R,), magnets (Rp),
air gap (R,g), stator yoke (Rres), stator side discs (Rgez), stator
teeth (Rre3), and copper wire (Ry). Mode details can be found
in [1] and [2].

The deterministic multiobjective optimization model for
this TFM can be defined as (1)

f. (x)=Cost
min : { ()

f2 (X): - Pout
st: g,(x)=0.795-7 <0,
g,(x) =640 —Pou <0, D

g;(x) = sf =0.7 <0,

g,(x)= T,y —65<0,

95(X) = Teo —65<0.
where objectives are material cost and output power, # is
efficiency, sf is slot factor, Tpy and T are temperature rises

in PM and winding. And the robust multiobjective model can
be defined based on a technique called design for six-sgima.

min:  {f, (x)], k=1,2}
st 49, (X)]+60l9,(x)]<0,i=1...,5

The mean (x) and standard deviation (o) terms are calculated
by using Monte Carlo method with sample size 10000. 6 is the
sigma level requied by the manufacturing quality.
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IV. RESULTS AND DISCUSSION

Fig.6 shows the Pareto solutions obatined by the
deterministic model (1). Compared to the Pareto curve
obtained from non-MDO design optimiation, It can be seen
that the MDO curve is lower than the non-MDO curve, which
means that for the same output power, the cost required by
MDO method is larger than the other one. Fig. 7 shows the
probability of failure (POF) curve for both Pareto solutions. It
is found that the mean POF of MDO method (19%) is smaller
than that of the non-MDO one (41%). Furthermore, if model
(2) is optimized by the proposed method, all POFs are almost
0, which means the probability of products are almost 1.
Therefor, the proposed method will benefit the batch
production of PM-SMC motors
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Fig.6. Pareto solutions for non-MDO and MDO method
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Fig.7. POFs of Pareto solutions for non-MDO and MDO method
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