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Characteristics Analysis of a Synchronous Reluctance Motor
according to the Flux Barrier Variation
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Dept. of Electrical Eng., Hanyang University

Abstract - The rib in synchronous reluctance
motor(SynRM), which has segment type rotor, is
mechanical weak point. To make up for the weak
point, a web has inserted in the flux barrier.
However, the inductance in the g-axis is increased
and then the motor performance has been decreased
because of the inserted web.
This paper presents a model, which has permanent
magnets on the both side of the web, to decrease the
inductance in the q-axis. The finite element method is
applied to analyze the characteristics,
L. B
578 dgea AEIN(SynRM)E 3 Ax e EF
2zg olg dHuA BELIJ BAsE AEVIEA
AR FEHE7S YT 349 HHAw F=2E 7L
A AR Ty} APEe g T FAZL &
o] 7twateh. B8 BHEA ABr= ELAV d&F
¢ Qgdae] Zo nHaA Ho AFrY e F
A% A4 Heg ARy F2E HAH gtd A4
Hao A48 g8 A7E 477 A= ioh1[2]
2718 deeA AEv|Y £33 98 AYEA
AL~ L) AR vi(EFH, L/L)E Z2el bla
s st ol A G3& Fi 2% g39f 9
dadA & d AYE2E U7 dsAe dE Agol
#A F ZUE ot %EPP 83, ¢% JEE2E A4
g3 s ¢& ALE AA o o dW¥
(segment type) AR F=9 F78 FYH 2~ HAFI
F 9UES 7143 es a3 E 98E = H(nb)
o] Az} lth o] Y& ¢F A&l BE 5 v §
2E 848 Han 228 ¢F9 °“2]‘E*7} Z7+8}
71] Hoz dyds e °”21‘é* Hl7} #adld HE
] Aol ATt wakd do EG HostE Aol
@7ﬂ°ﬂ Z8% a4t g :LEi‘Jr ec Az g F
A4 9 F dE TAC A1, 24 A g 7}
A dAgol dsld FEHoz Yol HAtE £ 9
= BAEE A3 Atk wad, o3 EAEE B
37 9el &R (flux barrier)ol $(web)& A4St
Helrl dF=EAd 3] a8, 48 AJEeEA 714
A S 4 F e vl ¢F ALY F2E FA4
w2 A& F7h2 A ¢39 A2l Tl €
Aol wrART wekd, g2 E& Has e ’é_2ﬂ7}
s34 :131‘—} o] dA & %017%] H8 1473 A
2EE A& F g2l dE 7171]’—‘1°1 AR $AE 7t
A3 gl
E E=RAAE A&3Yd %?Z}’ﬂ A4edste] §lef
EEE ¢& 3L T4 F dE AR HAAE A
ottt} Aty Feo AT I &% &4 (Finite
Element Method)& ©l&3td &z d& 3} ¢&9 Y™

T g-axis

d-axis

2.1 3= 3 AlgY

= °M AE 2l ©Ey HARE R F
714 %Ei%lé AF71E 29 19 JehiA a9l
AR Y AR o ¥ Basty) A HAA
A&Ad 9L AYsHy, 94 B3 B2 ¢ A
£& AN 8 AVHQY E5EFY THEHC
2 %&4 *% x}é“—*c}’éi Wl J7AEE AU

E 1& o A8l Ag7le A4=d Aol
e 43 u]]:’- WA4F EE25E 200 A4 33H
7}] £ 3¢ E%f’l‘:} o FAA 9 ARASAEE 99
Zo| wel APY FE Adsor gk B =Fd4A ¥
ol grAde Araddrrt 24z 01(T], 03[T]
A A F4& WAt

22 E23, oEn £7| ol

AE719 A% B7HA) -6‘3.??} 3 ol E9H9 95
718 dYeia AFrld 29 29 HlARE 01%
st ohgo EL I dE4 0] fEHT

E 1L #4 2de NEAHA AF

%

qE 43 w4
eI 220 W
Ar 3 phases
25 4 poles
AEdol 50 mm
3 Ao} 0.32 mm
Yo & 0.3 mm
el 5 0.6 mm
o3 AN Aeole | T

- 927 -



3P .
Te = -2—'5' (Ld_ Lq)ld g 0))
Ly
I~
PF=—-A1—— v
Ly
T +1

q
A7, iy, i A2 4, & AFolx, Ly, L 242t
d23t ¢ze) ddE2olt 4 ()# (@AM Eea:
d99s A dge AU vl AL 9
g,
2 =R AUd2 A% Agds HE ANsT ¥
EEP-L

23 gatessAol A

$713 2Id: 4579 FRaLdNE A% )
METEEE BAS2 e APENe B2y 3
Hozye =233 tes 2o (4]

1,0 ,64 d 04
e o) v 5 ()l =

A7M, Ae AZ|HEIEE, he AFYUE, M, M,
€242 Ry 3 PPz AR Aol #4
UAE 17 AtesE Uy, 4 @ aie ¥4
G5E HFWSZ S Galerkin W& A8 T
He 9% 4 Ao,

3

1 &, N, ON, 0N, ON, ~
/SF.;( % B oy oy Awltdy=

120N, . ON,
/s Jo N, dzdy+ /S (Mt~ Me T Ydsdy (@)
(] = 172: 3)

714, N2 a2 JAgsolt (4) Je2ry 3
vel e g 84 PEe S o] RHEET

(S A}e= {J}* + { T} )

Aq71A, [S]°& 84 €9 ASF PE, (Jie 9Y AR
dxel A5 98, (J, v SHAAFAFTEA sI3e
98 7F PPk
FaasdAdy BFAFNE HAY A 4 3N
AT ARE g¥oz 3= AFY A4L APsA

28
d‘Q

Va
JXhy

] wh B8
JXda Ve

Is L

a9 2 F71% e AFUe AN A sojAx

W 2 EEAME FEEVL FE 45, ¢ IFE 4
doz HRd A4E NPAD 23 ¢F A2
ARe g0l o

24 FE4342 0|38 AHEHA HM

£ =AM 7% d¥da AFre Hyrt 71§
Ee st 48 AYHY L vAe JHE= 29
AL HE APy A% dEH ¢F9) AYd2E
FE2L2HNE o]t I e FE AE Y 4§
IAEE Fite AL o 2o

A:N/ BdS= N(A,— 4,)! ®)

714, A, 4, €59 AVHE TEH, NS W,
& dAYe HZZolh A(6)E olfstd F& Z49
HANAEE AFAFE 53 A4 dE2TH ¢ HuA
&& AN ARd HAX4A 949U dFH ¢F9 AF
2N JYR2E g AF o] ¥ £ Utk

Ld=i\.—:, Lq=—/}: )

A AFY @3te] G2 JHEPA EAIFML dF A
FUA% Al ¢F AFE d@erooz 4P, ¢ AF
A7t A dF AF EF Y(zero)2 2 3o AP
e & AFE dero)Z 357 wWE mAxE &
Aol ¢} % o3 (Cross magnetization)& FA| §Hc},

3. sil4 =}

9] FFe ITFANE A3 Ay APIe
o] LAz $3E ot Il YeEAITH

a9 304 Be Foz EAY REo A£YUES) =
o} Z3ldge] A3t vehte e itk § 3
o dFA4o] e A% AN FAFAEAdsd ue}
el Fele UAT HHAe] & RE) v &Y
=7 A3 =& A& ¢ & Atk 27 3904 g9 =
£9%7t 204[TIZ E3HASE el oefr] 9
FEol] FFANE ALY 2L ¢F ARE IINY F
ASE FUE £ AUAT Y9 Fo] AR BF$ g7
Ao ARANLE & dF0E2N 2 AHE d&
F e AeE Alg €

aY 4v F7AAe e B9 FFAL] 01[T),
03[TIY 759 Afwsle U dEn ¢35 AYP2
EAFA, 3§ 55 d9d2 A, 19 62 Agd29
HE 72} Jehdi i

Oy 494 B £ ARo] dF9 dgeare A W
A7t gley, ¢9 dY"hEE 4FANY AFA S
715l wel a3 =77 FAP o2 A JTFAA o]

a9 3 A&5WUE ¥

- 928 -



& A& A2 98 AHeR RTHAA A%l 7
2% $0E 5 AUk

a3 5ME AFIH 1 [4]1Q By Ao dgEs 2
& 7hAled, 97 A4o] gie ASEct Al 65 [mH]
AR 7 392, 99 A0 2 (A€ 298 3% &
¢} wWslr} vjuisio

g 6ehA %i% 15 [A]‘d %% A J¥Ea wE
045 2718 RS FU¥ + Ux, ARY A& %l?‘]"}
%A%ljlq%?} % 731—0113 QgEx vt FHEASE ¢

o4 2del A g FAHY #3089
57 42+ 1 [A4], 15 [4], 2 [A]4] A% dis) ¥ 24]
VR ot

P I
L7 N NS L ~ %~ PMless Ld
H - - PMless Lg
E=h S ~a- 01T}
00 o e —v—0.1[T}ig
-e- 03T
ot . <m0l |-
E.m.n..,;..,:...; L d
8 10 F g v - o
T 120 \ o ‘\‘\‘\‘ .
2 »
£ wod \ . .
84 .
wl Ny
wl. . TR . o
. .
[ 1 2 3 4 M
Currant (A]

I 4. AT dste] A dE 3 oFe AHE2

T[T PMiess]

~u- 0,41}
A .

Curmet {A}

oy 5 dfdstd aig L~

50 AR
Letae
484 /7!-/. . &\t:\.‘\;
4 . \‘\A\‘
404 ‘/ e d S A,
:/ ; %Q:\k
5 AEd - E - t..é'\\‘\
I § iy
’ /" e PMioss
254 / ‘. e
zou...i. : 40
15 ’ +
1 2 3 H 5
Curront [A}

E 2 84 23 dolg

ge) | 1[A] 115 [4]] 2 [4]

PMless| 252.87 | 236.31 | 209.67
LylmB) 01[T] | 25287 | 23635 | 209.7
03[T1] 25249 | 23609 | 2096
PMlessi 60.97 50.76 45,39
L,imH}[01[T] | 5881 | 4931 | 4428
03(T1| 5408 | 4614 | 4188

Ly~ L, PMless 191.90 | 185.55 | 164.28
01[T]| 19405 | 187.04 | 16542

(mH} [03(T]| 19841 | 18995 | 167.73
L, PMless! 4.14 4.66 462
T- [0A(TT] 429 | 479 | 4™
9 T03[T1| 466 | 511 | 501

4.4 B

2 =g Aod RdolM 9 ¥& 4449 o
AN Ao Ad ¢F ALo] Fadtd dYHx
Ao} QlEE L BlE ANE £ USE & 5 AUt T
F 47A4E .1”513}7] Asf &gl GE WHE
7td Ao dg FAH4A o Y& JAE, A7 |
§g 7k7 2def g A7t Ye¥ oz ARdEn

2R =2
2 Q7E FRFEUFAT YEATFALAL o
g AQes +AAFI

B 3 82 8]

1] °1% %, “7FA8 MoWE B8 dEYe A5 44 9
BEEEY 49, 0g AVgs =84, 45284, pp. 30-52,
2003, 2

[2] D.A.Staton, T.J.EMiller, S.E.Wood, "Maximising the sali-
ency ratio of the synchronous reluctance motor.”, IEE
Proceedings-B,Vol. 140, No.4, pp 248-259 July 1993

{3} M.J. Kamper, AF. Volschenk, "Effect of rotor dimensio-
ns and cross magnetisation on Ld and Lq inductances
of reluctance synchronous machine with cageless flux
barrier rotor”, IEE Proc.-Electr, Power Appl, Vol. 141,
No.4, pp 213-220, July 194

[4] Ju Lee, Hyung-Woo Lee, Yon-Do Chun, Myoungho Sun
woo, and Jung-Pyo Hong, "The Performance Prediction
of Controlled-PMLSM in Various Design Schemes by
FEM”, IEEE Transaction on Magnetics, Vol.36, No.4, pp.
1902-1905 July 2000

- 929 -



