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JIBUrynu 3  TOCTIHHUMM ~ MarHiTaMd  HIUPOKO
BUKOPHCTOBYIOTBCS B TPOMHCIIOBOCTI 4epe3 iX BHCOKY
eQEeKTUBHICTh 1 HEBENHKI po3Mipu. J[BUTYHU 3 THIIOBUM
aKCiaJlbLHUM MarHiTHUM TOTOKOM TPEJCTaBJSIIOTh HOBE
MOKOJIIHHSL JIBUTYHIB 3 TMOCTIHHMM MarHiToM 1 BOHH
31e0LIBIIOr0 BUKOPHCTOBYIOTHCSL MK pyIIiiHAa cuia
eNIEKTPUYHHAX TPAHCIOPTHUX 3acoliB. Bmepmie came B
mii poOOTI 3ampOMOHOBAHO PIBHAHHS, TIOB'SA3aHI 3
PO3pOOKOI0 OJHOTrO OE3MMa30BOr0 IBUTYHA 3 THIIOBHUM
PEBEPCUBHMM  aKCIaJIbLHUM  MAarHiTHUM  ITIOTOKOM.
3anpornoHoBaHi PiBHSAHHS BHKOPHCTOBYBAJHCS IS TOTO,
mo0 onTuMi3yBaTd  (QYHKI[IO METH EHEepreTHYHOI
KoHLeHTpalii.  OCKUIBKM Il  JABUTYHH  IIUPOKO
BUKOPDHCTOBYIOTBCS B €IEKTPUYHUX  TPAHCIOPTHHX
3ac00ax, CIBBIJHOIIEHHSA MOTYKHICTB/00'€EM € [ificHO
BaxuTuBUM. J[yxe OaxkaHOl0 € Oijblla MOTYXKHICTh Y
MEHIIIOMY PO3Mipi, TOMY PO3POOJIAIOTHCS TPAHCIOPTHI
3aCc00H 3 TAKOIO XapaKTEPUCTHKOIO.

I'eneTnuHMit Ta IMyHHHH aJIrOpUTM
BUKOPDHCTOBYBAJIHCS JUIi TOrO, MO0 ONTHMIi3yBaTu
¢yHK1iro Metn. Cxema nporecy 1 TeXHOJIOTis ONTHMI3aril
€ Ti & caMi uig 000X MeTomiB. Y MiICYMKOBIH 4acThHI
po0OTH TIPENCTABICHO PE3YIBTATH JOCIIPKEHHS, 8 TAKOX
MOPIBHSHO MIBHUIKICTB 1 pe3yJbTaTH ABOX MeToxiB. Ha ix
OCHOBI MOYXHa CTBEp/KYBaTH, IO IMYHHHH aJTOPUTM €
Ha0araTto KpammyM, HDK TEHETHMYHUH alNroputM B
OINTHMi3amii IbOro BHAY IBHTI'YHIB. IMyHHHI alroputm
BiIOYBAETHCSI BIIHOCHO IIBUIIE 1 Ma€ Kpalll pe3yIbTaTh
mono ontumizamii QyHKIIT MeTH, HDK TEeHeTHYHHH
QJITOPUTM.
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Permanent magnets motors are widely used in the industry
due to their high efficiency and their small sizes. Axial flux
permanent magnet motors are new generation of permanent
magnet motors and they are mainly used as propulsion of
electrical vehicles. First in this paper, eguations which are
related to design of one typical slot less bidirectional axial flux
motor have been proposed. These equations have been used in
order to optimize key parameters of motor with two
optimization methods: genetic algorithm and immune
algorithm. Finally results have been presented and one can see
that immune algorithm is better than genetic algorithm in
optimization of this kind of motor.

Keywords — axial flux permanent magnet,
algorithm (CSA), genetic agorithm (GA)
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[. Introduction

Axia flux permanent magnet motors are one of the
most important elements of eectrica vehicles industry.
So optimization of these motors have key role in the
optimization of electrical vehicles. Permanent magnet
motors mainly are categorized in two main branches of
axial flux permanent motors (AFPM) and Radia flux
permanent magnet motors [2]. In the axial flux permanent
magnet motor, flux path is parallel with the shaft and it is
the main difference of this kind of motors with the
conventional motors. Axial flux motors have single facial,
two facial and multi facial constructions [2], [4]. Among
these various kinds, two facial constructions have the best
performance and so are the most popular constructions.
Also, axia flux motors are separated in two dotted and
dot less categories. Slot less category has some
advantages over dotted category. For example in the dot
less category, flux distortion, core loss, tooth distortion
and vibration have been omitted [1].

In this paper, equations for designing one typical two
facial and dot less axial flux permanent magnet motor
have been proposed. After that, immune and genetic
algorithms have been used for optimization of the
introduced motor. The goa function for these motors is
power destiny. Because these motors are used in the
electrical vehicles and in the eectrica vehicles the most
important parameters is power per volume [4]. The more
power per volume, the better motor we have. Note that
this kind of motor typically has high efficiency and
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choosing efficiency as goal function is not rational. By
comparing results of these two methods, we found out
that immune algorithm is better in optimization of axial
flux permanent magnet motors.

I1. Axial flux permanent magnet motors

Axia flux permanent magnet motors have single
facial, two facial and multi facial constructions. Fig 1
shows these different constructions for slotted motors.

Fig. 1. Different constructions of dotted motor

Slot less motors have similar construction. The only
different isthat in this motor thereisno dot and so in this
kind of motor we do not have teeth torque. Construction
of Slot less motors has been showed in the Fig 2.

e —y g e

Fig. 2. Sot lessaxial flux motor

Fig 3 shows stator of one typical axial flux permanent
magnet. If the current flows from down to up, the force to
therotor will be from theleft.

Fig .3. Torque productionin axial flux motors

Fig 4 shows torque versus relative radius for this kind
of motors. As it can be seen, if Kp=0.58 nominal torque
of motor is close to the maximum torque. It is useful
because with this graph designer can estimate maximum
speed of his desired motor and he can use this speed in his
calculation.

Fig. 4. Torque versus reative radius graph

For calculation of flux destiny in different places of
the motor, we have used a non-linear reluctance model
which is presented in the Fig (5). This Fig (5) shows
refuctance model for each pole. R, isreluctance of stator's
yoke ,R; is reluctance of the teeth, Rsis hol€'s reluctance
and finally Ry is the sum of air gap's reluctances.

Fig. 5. Magnetic circuit model

In general, when leskage inductance and series
resistance are negligible, output power will be calculated
from equation (1).

o
Pour = n?[ e(t) i(t) dt = mEnEp;lpi )
o

Wheren is efficiency, m isthe number of phases, T is
period of current and Ey is amplitude of EMF. K, is
obtained from the following formula:

1 fe{ﬂ:‘{ﬂ el r .o
=7 ) Ty 2t =7, FOFO

Where fi(t) and fgt) are normaized functions of
current and voltage, respectively.
Eqx is obtained from the following formula:

E;IR = E‘n"r_EIF:Bg g{l —A:]DI;: (3)
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Where K, is a parameter which is depended on the
distribution of windings. Also, Ny, is the number of turns
per phase, f is the rotor frequency, P is the pole divided
by two, D, is the outer diameter of machine, By is the flux
density in the air gap and D; is the inner diameter of the
Stator.

For more accurate result, coefficient of current
waveform has been defined as follow.

O

Ii’i“i&

Where |, has been defined as bellow:
_ 1+4 D,
T = A X ®)
With combination of equation (1),(3) and (5), one can
obtain:
+4
B..= E;@;@Kﬁ.ﬁﬂi{l A? ]( JD- (6)
; » 2

Ut T 9

Where D, isthe outer diameter and can be obtained from
the following formula:
ZI._'_J
D. = Four
8 7
HKHKAB?;I‘E(I—A]G-'_A) )
Total outer diameter of stator can be obtained by
equation (8).

Dipe =D, +2UH,, (8)
Where W, is defined as following equation:
| >
D, — |p?— (%ji]
N ) nurs (9)

Wy, = >
In the above equation, K, is the accumulation factor,
Jis the current density and Dy is the average diameter of
stator.
Total axia length (L) is defined as bellow:
L,=L1, +2L, +2g (10)
Where L, is the length of rotor, g is the length of air
gap and L the length of stator plusthe height of windings
from the dator.
L, = Ly + 2W, (11)
In the equation (11), L isthethickness of stator yoke and

can be obtained from the following formula
_ Bymay,Dy(1 + 1)

L. =
£ 4p B, 12)

L, can be obtained from the equation (13).
Ly =Ly + Loy (13)

Where L is the thickness of rotor's yoke and can be
obtained from the equation (12).
B,mD (1+4)
L,=——"— (14)
i 8pB.,
B, istheflux destiny in the surface of magnet and Ly,
is the thickness of magnet. L, can be calcul ated from the

equation 15.
Lop =

0 (g4
(15)

Where q, is the relative permeability of magnet, B; is
the remnant flux density, K; is the shape factor and Kq is
the flux leakage factor.

[ll. Optimization process

The flowchart of optimization process has been
proposed in the Fig 6. Equations which have been
proposed in the previous pages, is used in the different
parts of optimization process.

Fig. 6. Flowchart of optimization process

In this paper, motor has been optimized with two
optimization methods. The immune and genetic
algorithms are employed in order to optimize the goal
function power dengity. We have compared results of two
methods on the end of the paper. In our process
optimization, our goal fﬁnction is defined as bellow:
P, = out W .
Thi L, (") (16)
Every optimization process has its own limitations. In
designing such a mator, designer cannot choose any value
for every parameter. In other word, designer has aligt of
limitations and all of parameters are not free. For
example, designer cannot choose flux density more than
about 1.2T. Because if he set flux density more than this
number, motor can be saturated and it can causes many
problems such as increase in loss. In this paper, we have
employed real constraints which designer faces when he
designs axial flux permanent magnet motors. Table (1)
shows these constraints.
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Table 1
Constraints of the optimization

Vaue parameter
75KW Nominal power
6 Number of poles
3 Number of phases
19T Flux dengity in the rotor
yoke
197 Flux dengity in the stator
yoke
90% Efficiency
50HZ Frequency
MA
6 (17) Current density
1.2T Magnet' s remnant flux

V. Reaults

The results of two methods have been proposed in the
table 2. Asit can be seen, in the immune algorithm, value
of the goal function is 3.5% more than the goal function
in the immune agorithm. Also, immune algorithm is
much faster than genetic algorithm. In the immune
algorithm, goal function has been optimized after 50
irritations, while in the genetic agorithm the goal
function has been optimized after 200 generation. These
explanations also are shown inthe Fig 7 and Fig 8.

Table 2
Results of optimizations
Parameters GA CSA
Do 0.51 0.5
D; 0.371 0.367
A (ampere per 10502 10230
meter)
Dg 0.42 0.4
B, 0.53 0.51
Bcs 1.193 1.199
B. 1.011 1.0603
B 1.194 1.1959
B, 1.19% 1.1985
a(m) 0.000101 0.0001007
P density(W per 1.99 2.06
cm3)

Fig .7. Genetic algorithmresults

Fig. 8. Immune algorithmresults

Conclusion

In this paper, one typical axial flux permanent magnet
motor has been optimized by two different methods.
Since axial flux permanent magnet motors are widely has
been used in the dectrical vehicles, we defined power
density (power per volume) as our goal function. Results
of two methods show that in optimizing such a motor,
immune agorithm is better dueto its better answer and its
higher speed.
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