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Abstract:

The increasing application of single-phase axial flux induction motors with a permanent capacitor and
their low efficiency has led to the importance of optimization of this type of motors. In this paper, by
introducing the classical algorithms of design of this type of motors, which consists of finding the
dimensions of different parts of the motor and calculation of electrical parameters such as resistance
and reactance, and capacitor, by introducing the proposed equivalent circuit in the permanent state to
reduce the air gap of the motor, introduces the structure of optimization algorithms and then uses a
genetic algorithm and improved particle swarm algorithm to optimize the design of the axial flux
motor to increase efficiency, increase power factor and reduce core volume. For this purpose, a single-
phase axial flux induction motor with a permanent capacitor that has considerable application in
ventilation systems is investigated, and using design formulas and with the help of a circuit equivalent
to the proposed permanent state, as well as using Intelligent methods such as genetic algorithm and
improved particle swarm algorithm, engine optimization to increase maximum efficiency and the
results are drawn in the form of torque-speed and efficiency-speed diagrams and compared with each
other. Finally, the designed motor is simulated by the finite element method to verify the design
algorithm, the steady-state model, the proposed optimization algorithm, and the test results.
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Figure (1): The Conventional machine structures

a) With one air gap, b) with two air gaps, c) with a few air gaps, d) combination of axial flux and radial flux
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Figure (2): The conventional structures for the reduction of air gap in the axial flux machine, a) bear like structure, b) two bearing structure

3903 0)Lal (lgioe 225 9)lpe 4 (559700 L0 Ml (sloygige e o Bl Dlalllas (o) 0 b

o ol bl o slgiiny 48k o (5970 LS LUl slaygise [Al 6 IF] azlie 5o 6 an (slaygise 3,90 0
Dyden Sk o Bl (SHle Dbl el o ygige 95 (nl 10 Holiwl 9 5589, m Syerme S ,d Jolaal wdla (59
Jobiiady 05l ol Td (alosls [Jislo 4 azgi b gige ol opisle ,51 o 8,5 snusl olss sod |, Lol JISS! oy
2550 D1 S5 b Sed aiz (e )l QU (slasise [A] gz se 50 g ypme il g5 0 e 5l b RelS
U.EDT Doy ol b cnl ouds slgriny a8 b 9o (AFPM) "6)5"" 5L s pndlise (slo,gige jo a8 )b Sy (5,950 L
oy g e sLad Jdl g s5ise (o (i el 355 Agiay a5 Sl 5o 050 Lyial L e ol gz SO
Bebien Ol (JEa rals

ot 5Ll S5 5555, 99 51 45 0u 4l 055, 99 (590 5L QM H5ge (b eSS [N 5 [V T a2 e 5o
)yLA.M:‘ 9 )939) O Sy 63).»4 RS u.CL: 0)959) 9o )tl.>Lu.a )‘ oolaul (g..o.” -y Ji..)) Sl 00 J.:.i»..: 04 P
.Q}L»Ga Loe | S>eS u‘l‘?'“ alold (gjlwosly Qlio‘ 9 0

Jilos sl 55y 99 5 ,5tiel 55 (S0 0ud @365 iy b b b (gy97me S (2l sige S DIV] a2 e 0
SlSe Jozs il g a8 o 5l (6970 (g9 LSl cpl 5l eolaiul b (G -Y SE) Cnl oals slgain (SG S adis
dyo j5ige Colo Caz gl olse Bran ;0 Al jo 5wl dalys 268 ol ez 5 5850 (g 0nl 2 epdle by oo RS
D9l se (197

Joe onl el oo sleiin jige 5l Y aix o Guilisl Giales slie sl Joe (g, So VTG DY el o
Saxin glodsy o gilw Jos Ojgymo Jdo 4 Jlo nl b el (6 5Y0 Ce o 5 B0 Glilo (LB sl Jow b annlis (o
slaed Giulidl cow £9090 (pl a5 Conl a4y 558 (6w 4 bogy o ol o alons i il (Sgume Lol o (g5le Juw wiilen)
B9 oo Slawlows loy Do Lioli8l ioren 5 b yrie

ond b g Julow 5 4 yes o ol edd SOl oolitul b s gm0 ,LE wils uabliie (ys S jgige o VY] gz ye 4o
3 Oeigred 35 13 esliiul 990 033l IB Chx W slaygise sl SRl Glae 4 WIg e Joe Gl ol
g aly> (5 7S anze 5 YL Ll hls selad Lo @ils blise slaysige b anylie

A 50 b bl I3y Joily S¥olae Jo alaaly (5550 Sl QW1 jgi5e Joo gm0 Julos VA] g2 s o
O yg0ds a5 ouds gzl Pl JguSle Solinl guSe 4l S¥olas 1 Sl jgige 5l Jow cpl il oo &1 gLl 51 23
Ly ol 0ad 45,8 15 55 CBIyiSy ©ypmer slinl 5 450y, SBOE 3 e JEx i igdisn o il
syl )b b cds ol sl bl 5l as anl co cawsas Sl gige (sl uiliS 9ol ¢ puiile  cuboline (65,5 dlns
dingr b 0 mizmen Jow opl [V-] 5 VAl oo olul 09 o solitul (sam 90 Julow Jo 0 e o ,Slas

(9



@bl Jbgl sl - oy 2 5 S3lw e iy (b

Jelos olol (b ol el a8 S 18 w0500 (B sl ygos3 o eolitul Cga (5)9me (L Sl sla,gige
adss hlog jo aige (Sasily a3 2 SO B85 (s 0 (rioren g laatals 55l slacgemme (550 JomSle SV olae (SIS
Lol (S5 sl

Stator Cores Stator Windings
Squirrel Cage, (AL S Rotor Cores

<
(h
Y] 5gitst 90 3 59995 99 (@« [N ygilewl S5 g 5979, 30 (Al (g 920 JLi H9i g0 wuzr b ylis L :(Y) S

Figure (3): The new construction machine structures, a) two rotors and one stator, b) two rotors and two stators
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Figure (4): The classic design algorithm used for single-phase axial flux induction motor with permanent capacitor

(M) 515 Jod & (o2 )5 b o 1Y

03l quw bk laie cpl adlioe 559700 )L y9ige (b Sla bl n ers 5| (S (B ShBay (215 a8 o
S5 Glgiee S ety el s o A DBl (5557 LS slagedle po el Kyl ol (esSas 5 9530
immledior Olo 225 JS0 Ty 398 Sl 90w pai Bl el (Db sae SG (Sl jhabay ()15 S cs

D
A=—2 \
D, o
D.
K. =—i v
° D, ™

J]o..\g.‘ Oeile gl Ky Cand 50 YAYY e o ”J.,..?QS Lol (Bl s Dy g >l had D, Ll cpl yo
.0)51 Cewdo < [OA ‘) kS’Lo'” 9 f"'ib u..JoL».uo

0519 (S S (65185 ,5b u juo -V Y
o oetle sl 5 Froe s BY e ee e byt 5 S (KU sleratle sl MV b oy a8 (605
Syes Sl i 1) 555 he Jlaie oy oo 6570 Sl slo wile 15 08,5 o LI B e e B 0 5

039 (ewablizo (5,185 )b o o -Y-Y
b b Bay bl .l b S, gl alp alold Lagie JLo Jx lan Ba) oipg mbline (6,58 wupd

®Y)



@bl Jbgl sl - oy 2 5 S3lw e iy (b

(Be) awr (L JB> 5 By alais [l JBs a4 aisly Bay 0gid glidl o)ly gundlise jlae 5l clewd un a5 alil
U ‘/f& 05J> ).) o).>9 ‘s.a....‘aL».’.A LS)LA? )la 09.“‘50 ul?u.)‘ \/& Lu \/Y‘ U"" Bc 9 \//\ J..SLA? Bt LS’L‘L” 6[.@)5_!5.& )\) w‘
sl 3555 Gy HLo slagmils ;o jemo ladas ‘51:'>|.> Sad Cand aSol Ldoas Iv] oo)fsa ol s +/#

09,0.7 ul.?:u‘ )—A—M.A-A—' ‘) Ba\/ )LMLA u‘ysa u= 409*4‘59 ‘Dl.?D‘ ).vu_‘>‘) 4.;5.6,) 9 )—‘-éﬁ L.S)L"" S aw‘ Pow o

eilo (2955 Yol —F-Y
Slaile jo pumled oo dnla | (j Al 5o el (29,5 Aolre o SO Sl Glapile (Hhb g9, alads aS st 5!
il o Cases p5 Laily, 5l (29,5 Aol ( Jgons S

S=mV], )
27

\ :Ef(pPKWTph )

@, =FIPP=B, | )

(T copo Ky acdad o 5 )l @p (il 3 T is09,9 (L 1) 6099 569 Vi B olaws M Ll cpl jo a8
Cassts bl S b a5 L 0y e ol petle (5 9me Job | 5 o oS 1 6, slacosls sla T,

D? - D?
¢, =B x———~ *)
P max 2P
51D sl o398 Larlg o el IS (gm0 4L ] pile ¥olee 28l g el laas Slaws P bl ol 4 a8
25 S 4 opsme sLh mtle oz aolee aslsl 4o (VY] sgi eolizul 1= Po =P 1 ploy s p = Pot D
av 2

N7

S= §n3KWBaVA(x +1)°(L—1)D’n, )

bl 5 (S 650 curd i 4 By g A el 4l p ye0 ce G980 S N bl opl o oS
:Q)BT Cawdy ) .E.gj) )l |) [ Uj )JQLQA U‘ﬁ" < aS A c}is

_ 2m | T, N
(m/2)(D, -Dy)
i @)

B = 2 2
(m/4)(D; - D7)

395l (g3l Sloaslono ~B-F
L] s 5 IS8 @ lgicn ) s3se 15 B alne 3o 8

32P,,
D =3 . > QED)
V2K, B, A(A+1)* (A —1)nncos ¢

1T oo Cawdes 5 D90 [YY] 5o g3l Jgbo
A

nD.
L =232 4+0.7—)(A+1 X
= ( ] 4P)( ) OY)

s
2 IS8 4 sl bl s (fe analxe gl ol Hglial Glagole 5l g5 Ol B Jg k) (nl yo oS
il oais SSYE] x> o yo

(oY)



FY-2A VA9 Gl ez 9 Joz osleds /o205l Jlo /5, Caiio [0 dieign sl g, 4yl

T B
b, =b, =— (D, +D,)(1- 2™ o)
0 =bg =55 (D, + D))
o S3IYO] am e 1o 5 US4 slalal, Lt aihe Gos arloe gl ool Hgilind Ui slaws S, alal, ol o a5
Cew]
A A 1+K
hy, = 1+21)= ) v
2‘]Sl(cu 2‘]Sl<cu |‘<D
)9.7[......4‘ 63.7 G’,a.c Ml}m 6‘).' .)9.;..:(5;7 c\.d)f).laa)-) ’/f ‘05&9 9 ol od.s.al.; e (j"bﬁ""’)” u.uj.a l(cu 4.‘44‘) u.!‘ ).) as
v wlo
dc,=L,-h,—h;—h, %)

UL.».AJG | 6‘)‘3 u-.’.‘)-‘l*-’ A 6‘4“5-;}5'5 JS.M; 6‘)“) [EYHRVO D¢ o oolawl )yL.J 6‘)-.’ 6)"5.0 ‘_g)l.z..i‘.‘ )L‘I:}Lw as l?uT )|

g0 dewle 5y Ojg0d Gl o |y balass (>, 5SS o ,e Plas gliil 0429 pac

b, = D, —S,by, (8)
) Sl
] 5 IS8 @ a5 ol [VE] a0 jo sladal, e alold Jsb aule sl
6560
=(3.06—-————)x10°° VP
9=( Dy + 2280) L

Y] T e sty s abasl, 51 o Slaws e bl oo e (S o 90 Slos
_ (1-AV%)Y,
P 444 x @, xK, xP

AY)

] P SOOI JUPISUUH DU E PR N 4
() Ml oo e 28,5 s 0 1) (oS 5 ool gy oo Gt oS S 0l Il (e s 518 eslio 512
3 ol Joop a4 azg LSl Vg ) (o (g0 a5 35800 iy ol (ST (e j90 SlaaS D900

ol [Y8] x> o
POUt
—__out (\A)
LRV cos ¢
I
liogn = —L’phl 0%
1+ (5)?
a
S _ Imph (Y )
m .
‘]S
4S
d, = o V)
T

Loph 9 590 % 69955 S 0Lz I <ol oo Sla3 d, ol g pow ghaie mhaw colus S Llg, (pl jo a5

)959) 60‘34‘ ul.uwl:u -vy-¥
LYV] 000 5929 55 JSS 4y slacadsase ois, slo, L slaws ol gl

(oY)



@bl Jbgl sl - oy 2 5 S3lw e iy (b

el TSz sS 5 T 5l xSl sl
S, #S,,5,-S, #£3P
S, S, #+P,+2P, 45P
b sy o Ses 5l 5ol Sl
S, S, #+1 42, (+P+1),(+P+2)
o el (50,05 oo ygilinl 5 555, (651 Slacend Slas (o)LL aS 0 S Az g gadge (nl 4 Wl 5, ol 8L (sl
I NPT PESPE IR
Lx§ xb, =LxS,xb,, (YY)
oS )0 sl g9, (B il Gl by el 2l ailass Gl By eig; Ll slaws S, akaly ol jo a5

to, to,

laabl glys by o (glaiized U5 s Laailais i oo oolitl ,5ig, sl o 65lse (6 ks Lo a5 LT 5|

D505 Ao 535 Dot lgi oo |y aslais )15 5 Al e Plas gLl 0429 pac

nD_. —Sb
B oi = ——ol 2 ap)
3 82
D9 o0 dmmla g alaly 5l oo )BT el 4 089, b >
" =10 XCOSQ (Y0)
| S
T 2 (%)
I, 2mTthWm
2mT K ,
(=, V)
S,
ol oo Cowddy o alaly 5l udd IS Coliwe
|
Scage = YA)
Jr
Dg0d dmle pj alal, 5l 5659, Ll Gee Gl oo (o B Heboss
S
hy, = = )
b,
ilios Cowdy i abal) 5l plesl dil> o b >
S
| =] x—2 )
end r X P
el 35 IS5 5 sl il el
I
Send = —end (Y‘\ )
Jr
il oo sty iy Ll 3l 959, Jobo g g0 Bes Sl 539, 0lyr JB I adal,y cpl o a8
dc, =0.95xdc, (YY)
L, :dcz+h20+h21+h22 Y)

Y] sl ot ools (las 559, 5 yglinl olul g o) Lo cwaia S5 (8) S 50

()9



FY-2A VA9 Gl ez 9 Joz osleds /o205l Jlo /5, Caiio [0 dieign sl g, 4yl

b bye
——f = B S —
[ bn T =
by
hy, by
by by,
(<) ()

[¥] 59595 (& «yoibaw! (AN Gl yluid 5 (i JSib :(B) S
Figure (5): The geometrical shape and a) stator grooves, b) rotor grooves [3]
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Table (1): The designed dimensions of a 6-pole and 560 watts AFIM with permanent capacitor
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Figure (6): The winding dimensions
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Figure (7): d-q equivalent circuit of single-phase axial flux induction machine
a) Equivalent circuit of single-phase induction machine b) b-axis equivalent circuit c) g-axis equivalent circuit
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Figure (8): Equivalent circuit of the proposed single-phase axial flux induction motor in steady state

Table (2): The parameters calculated for the 6-pole and 560 watts AFIM with permanent capacitor
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Figure (9): The flowchart of the performance of the genetic algorithm

Table (3): The values related to the genetic algorithm operators
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Figure (10): The proposed flowchart in the improve particle swarm optimization algorithm (IPSO)
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Table (4): The values of the parameters used in the improve particle swarm optimization algorithm
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Table (5): The limitations and parameters of single-phase axial flux induction motor based on genetic algorithm and IPSO
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Table (6): The results of optimization parameters of a 6-pole and 560 watts AFIM with permanent capacitor
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Figure (11): The comparison of efficiency-speed curves in classical and optimal designs of AFIM
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Figure (12): The comparison of torque-speed curves in classical and optimal designs of AFIM
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Figure (12): Changes in the value of the cost function during the implementation of genetic and IPSO algorithms
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Figure (14): Two-dimensional model meshing is drawn
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Figure (15): The magnetic flux density diagram of the two-dimensional model
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