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Rotor Design on Torque Ripple Reduction for a Synchronous Reluctance Motor
with Concentrated Winding using Response Surface Methodology

FoER - E W
(Jung Min Park - Jung Ho Lee)

Abstract - This paper deals with the optimum rotor design solution on torque ripple reduction for a SynRM with
concentrated winding using response surface methodology (RSM). The RSM has been achieved to use the experimental
design method in combination with finite element method (FEM)and well adapted to make analytical model for a complex
problem considering a lot of interaction of design variables. Comparisons are given with characteristics of a SynRM
according to flux barrier number, flux barrier width variation, respectively.
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Table 2 The Level of design variables(5 Flux Barrier number)
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Table 3 Experimental Results Using central composite design

4 AANF |
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Table 1 Analysis of variance [mm] | (mm] | [mm] |[mm}| (Nm) | (Nm) | (%)
NETCRELT - 1 | 26332253 | 2253 [2.674] 01879 | 02260 | 83.2
2 | e of| Sum of | L BEAE 2 |2677|1870 | 1.870 [2633] 01634 | 02261 | 723
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@3 ZA ¥ (Mean of squares due to regression: MSg) 25 | 2718 | 2253 | 1.653 |2674) 0.1618 | 0.2303 | 702
o4z 9% HFAT(Mean of squares due fo 26 (26771870 | 1.870 [2.633] 0.1634 | 02261 | 723
) _ 27 {2718 1653 | 1653 [2596| 01536 | 02221 | 69.1
residual errors: MSg)
28 [ 2633 | 2253 | 1.653 [2674] 01847 | 02255 | 818
29 2677 1870|1870 [2711] 01832 | 02278 | 80.4
3. Xzt 30 |2677] 1870 1.870 [2553] 0.1726 | 02299 | 751
' 31 2718|2253 ] 2253 [25096] 01709 | 02297 | 744

£ 25 5709 A& ddew FUWAAYECCD)
o 9F AANGe] WA dehiol, E 29 HANEE w
oz fRasdde FHM Ea IES ARG 2
=gt YFAAY SynRM®| E3 2F L A 9
ol SHSEA AANSG E3 IEY BAS 2% o

L1I:AS ], L2AE392, L3A 793, L4AH4 794
T eak—pear: Deak-peak Torque (Nm),

T verage: average Torque (Nm)

]}imﬂe: Tpeak—peak / Taverage (%)

= Eolel £3 2| E o s WX} MA 625



BRBFRNEE 55B8% 123 2006%F 128

%3S %29 HANSGE BHoE FBRLANS 5
@ wMszhe Yehdt E 3014 UEd 2adEe S8
syez Fadth old# 4YHA ARE o §5d 27

tha e
§'= 0.72254—0.04715L1 +0.01261 22 +0.01362L3 (10)
+0.00533L4 +.....+0.00189L2L4 — 0.00681 L34

A71H, EZ ES 2AYOE @ ofE YFUFSY &

Fuso] 0@ RSMel 4ol oA 13 HABY E:

A BRG] dugor AgsEd 1% HARFelE 2
43 Qs date 2aQuAY, 25FA ARAN
4, AE2 A% (Simplex design)el AHEEB, 23 27
58 2437 AL 34F QFAS +2 Ul
FauA Y, 35EA YRANY, FAGHA, FAAY

(rotatable design), 3] %47 & (rotatable central composite
design), Box-Behnken A& WS AM4-3t1n 9ot
¥ 4t ¥HENS Y AFAE BAEY F;=4973
Fuateo0) =2372& 237 dEd ZE A5 6710
Uetle FEe) 7H4e 7z RP=0978% R =0958
Z WUE 58%E A mdl A (1008 d9Ho H
AteE RS JEh, 2 AEAFA 93 ATE I
59 FAHL F FTAITE o8¢ A WF FAY

¥ tfo mo o

i3 4 2L4E4 (ANOVA)

Table 4 Analysis of variance

29 (Aex| A | FoAF
Source | (DF) | (SS) (MS)

34 14 ]0.072406| 0.005172 | 49.73 | 0.978 | 0.958
22t 16 10.001666| 0.000104
% | 30 {0.07407

a9 2= A ZEEE RAFEG.
a3y 29 HASEES o4 AYEAE e Aok
® 27 AN&7IY CADHY A A 8 (pre-processor) 2 ol
o|El & AAgirh
@ dARSEE Eagd S 94%s F
& ZJUZ o F AAUSFE QYA _
F HAANS B9 dAe A9zt MdA W oig A
A3 HAGEE AASE HEE A Fojor MAUSH
o] 2% whg 54 miofo] 4l
@ AANs W9 dALe AYAYYY FAHATEAAE
(CCD)ell HE&stey HAMA) A BHE AL
® =& Y Z o] Wizle] w2 Wstd IHA F4s
A o, {3 22 e Y3 MAAE AYS v 9
glokdtE olgi o) WED B dFdME TR F4W
3to] W2 CADSIYE S st AAAg AYE e ==
aWe AdA 2P Xt HAANE @5eo)
® 449 W9l wel FEAE o839 ojzl diolg
E 382 o]RAE B3l vgIARIYS QAT
@ AAAGGANA 78l EGEAT g HF s}
ReA I
SYes: A& £F FIHAZUCL
»No: F AAGE S 3

A

A% AEe, 2

o

626

Initral Value(CAD file, Pre processor data)
Model of state of the art
@— flux barrier number(ry=3
slot=6
Goat: Torque nipple reduction

Design variables selection
2 g lpr s}
k=r1

The range establishment of
main design variables
T

a ]
Design of expenments
{Central composite design{CCD)]

@‘I FE Analvsis Routine ]

= Change the fluy
a9 - - barrier number
E 3’ Point varable coordinate Change r=ral
G E with regard to flux bamier wicth
58 TND
a8~ - - N .
7 [ Automatic CAD file drawing | | Flux barrier | Yes
23 number(r} = 3
o k3
s
v E
=
=]

Optumal Torque ripple

3 .
[ Torque ripple calculated 1}

@
Oy 2 84 58X
Fig. 2 The flow chart of design procedure

39 38 65%F Edo Ui 2] 2Ed 3 MdAE B
do] dAojtl, 11y 4ollM HAE RAANY HAH MAL JF
A SynRMe EAZZL 7|E9 AeE FdrdE ¢
AT x7] 29(1098%)9 ZAEdE o (2] zA&%
W £7} 5700l Ll1o] 2.757[mm]l, L27} 1.870[mm], L3°]
1.870(mm], L47} 2.633[mm]Yd o =23 4%} F 304 =2
Z A4Y ¥FAEA SynRMe Ex8EL J4r g

RSM3#} FEAE ¢]43&t dARSs 7 532 @ EA
o g A oS A10)& T3k, A8z 2(9)
of Ao EAFSF Adxdoziy HHIS Y3
Axg ® 590 JeEhiAdch E 5o0A JEbd R Zo] A&
Ay o weld HE E3E Zvsln EYZT e AR
AL & F 3tk 53] HY¥rde 7] EYROL HT E
3 402335 Nm)eo] Zvlstn vide] Ea8]Z(638 %)
A @ RAE ¢ F AUtk

N B

Optimized Design

1% 3 652 SynRMoll st =7 2E 3 A3 24
Fig. 3 Configurations of optimized and initial design for 6 slots



xi}ial model) &-stot (3 number of flux barrier)
/T, w=.l09.8% T mx’ " 'T s -106 &%

¥ ¥ L
-160 -130 -1:!0 -130 -120 -110 -1:)0 -90
Mechanical(deg)

aE 4 £E52(59 M Ao
Fig. 4 Result of Torque analysis

= 5 =8 Ha}
Table 5 Optimized results

45 FE3% HZH gk
MAWSo] war H2 s (FEA) (FEA) (RSM)
HYoEa | EFYE | EF9E

%71 | L1 | 3456 (mm) 0.2013
29 (12| 3471 (mm) (Nm)

A L1| 3514 (mm) | 0.2075
s : . N
o | 3500 (mm) |y | 1087 (%) |1066 (%)

109.8 (%)} 111 (%)

Ay
a4l L1} 3317 (mm)
A4 1121 2.001 (mm) (zéorfz 98.7 (%) | 98.1 (%)

29 | 13| 3140 (mm)

[o)
5;:‘: L1 2757 (mm)

| L2] 1870 (mm) | 02335
= % 8 (¢
(;2 I3] 1870 (mm) | (Nm) 642 (%) | 638 ©o)
) L4} 2633 (mm)

6.8 =

E =ge 3% WM SynRMe A&l e} a3
&g 7247171 98] RSME o]€% 3 AHAA Pie
A slgct wE AASE 94 A5z PG4 u=

£ CAD#U S A4stn 4AY AYL e Tade A
A Zaade Edetel AANNE wEANT 274A=
28 Alzkste] A4 Azl A9 RSME SynRM
3 o2 s171e A4 AAE As HH43 @ Phos we

CEE R
zAtel 2
P ATE AgAARI AdE A7 AL =
2age) Ade) ¢ AF2A, BARAA A=Y
Yo,

Trans. KIEE. Vol. 558, No. 12, DEC, 2006

m

2z 4

[11Y. K. Kim, Y. S. Jo, J] .P Hong “Approach to the
shape optimization of racetrack type high
temperature superconducting magnet using response
surface methodology” ,Cryogenics, Vol4l, No 1, pp39—~
47, 2001

{21 S. J. Park, S. J. Jeon, J. H. Lee, "Optimum design
criteria for a synchronous reluctance motor with
concentrated winding using response surface
methodology”, The 15th Conference on the
Computation of Electromagnetic Fields CH_B_20,
2006.

[3]1 S. B. Kwon, S. J. Park, J. H. Lee, “Optimum design
criteria based on the rated watt of a synchronous
reluctance motor using a coupled FEM & SUMT”,
IEEE Transactions on Magnetics, Vol. 41, No. 10,
pp. 3970~3972, 10. 2005.

[4] Raymond H. Myers and Douglas C. Montgomery,
"Response Surface Methodology”, Process and Product
and Optimization Using Design Experiments, JOHN
WILEY & SONS, 1995.

[5] Al1Khuri and J.A.Comell, Response Surface: Design
and Analyzes, New York: Marcel Dekker, 1996.

ur M F (& F ¥)
19799 49 2294, 20059 dojsta
AZ1gets 4. @4 §F WEd ZU]%’-
i T e
Tel : 042-821-1626
E-mail ' robinpjm@naver.com

0I E S (&
968 849 21¢¥4¥. 1993 3 T
71887 £49. 19953 5 cﬂ?z}% Z47\

%5‘4 }“d(“‘—‘”) 19993 94¥ ~2000
g 29 gy 24 AdAgATA
Ad 979, 200048 3¢ ~2¥ =Y€EE
s A7 AG7AAL 2002d 39~
A4 TEPLUSn AV FEY 2aS
Tel : 042-821-1098

E-mail : limotor@hanbat.ac.kr

Home page : www.motorlovelab.com

WS EMYS o223 HFAM E7| YA MEv|e] 23 2| E Mo 3t WX M 627



