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Rotor Design on Torque Ripple Reduction for a Synchronous Reluctance Motor
with Concentrated Winding using Response Surface Methodology
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Abstract - This paper deals with the optimum rotor design

i ‘ ; L. = Ly =L o v oLy =L _ {n=2
solution on torque ripple reduction for a SynRM with p=Leon Ly r-2 k=(n-1) r-n (=2, (1)

k=r—1

concentrated winding using response surface methodology (RSM).
The RSM has been achieved to use the experimental design
method in combination with finite element method (FEMJand 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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2.3 /X3
<E 2> MAH£o| MR (5 flux barrier )

N 2A dEe He
A A o ) 0 1 5
Ll 2.586 2.633 2.677 2.718 2.757
L2 1.534 1.653 1.87 2.253 2.382
L3 1.534 1.653 1.87 2.253 2.382
L4 2553 2.596 2.633. . 2.674 2711
<E 3> SHHBMAZYES ol A8 I}
Lilmm] | L2[mm} | L3[mm] | L4lmm] | Toca/Tave
1 2.633 2.253 2.253 2674 83.2
2 2.677 1.87 1.87 2.633 72.3
3 2.677 1.87 1.87 2.633 72.3
4 2.718 1.6563 1.653 2.674 685
5 CQI5T b 18T 1 18T L 2633 638
6 2.718 2.253 2.253 2.674 71.0
7 2.633 1.653 1.653 2.674 79.5
8 2677 1.534 1.87 2.633 69.7
26 2677 1.87 1.87 2.633 72.3
27 2.718 1.653 1.653 2.596 69.1
28 2.633 2.253 1.653 2.674 81.8
29 | 2677 1.87 1.87 2.711 80.4
30 2677 1.87 1.87 2.553 75.1
31 2.718 2.253 2.253 2.596 74.4

L1 24 A, L2 zb4 492 L3 A4 483 L4 244 Fel4
T pea: peak-peak Torque (Nm), T av. : average Torque (Nm)
T ripple: T peak / T ave (%)

CHE 4> BAHAM (ANOVA)

ael AFE AFY
B A g
Source of | Degree of Sum of Fy
o Mean Square
Variation Freedom Squares
34 14 0.072406 0.005172 49.73
A 16 0.001666 0.000104
% 30 0.07407
Initial Value(CAD file, Pre processor data)
Model of state of the art
Rux barrier number(1)=3
sfot=6
Goal: Torque ripple cednction
;Q—-———-——-—-—————
Design vanables selection
g lgr--)
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b, 4
l l Design of expenments )
= [Central composite design{CCDY} Clinnge the fivs
D ¢ 3 N
El g Pount vanable coardinate Climge bm:‘: :.‘:‘,ﬂllbn
ZE with regard to flux basiier width
EE T
’% 5 |_Automatic CAD file drawing | | Plux basrier | Yes
=% oomber{r) Z &
5T Automatic Remesh
2= FE Analysiz Routine
Bz

L___Torque ripple caloulated |
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(boundary condition) & WA Fi=ch AordEl Mg
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y=0.72254 —0.04715L1 + 0.01261L2 + 0.01362L3 ©)
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dolct. 27 4014 RefE RAY HA 4AE FF I SynRM
o E3gE2 rIEY 24ER RdEGE o IAT 27 2H109.
8%)9 ABoE o At

24 g =7} 57llel 3t Llo| 2.757[mm], L27F 1.87(mm], L3°] 1.
87(mm), L47} 2.633[mm]¥ o 29 49 K 344 RAFE AANH
%4 SynRM9| Ex2lZL HA7t FoH63.8%).

ot 1
G-slot(Initial model) i
e GerlOH(3 nber of flux baryicr) ¢

- 6-slot($ numiber o fhux barvies’ |
-+ 6510t (S urmber of fux bast iery H
2 4

§ H " Gustit G wumber of thix bartie
H 7T, =106 6%

3 6-stot {faitial mod=l)
. AT e 60.8%

I o et SR D e o

AW AT 160 150 140 130 130 A0 100 90
Mechanicnlideg)

g 4 E32|E9 A A}
3.4 B

Aoz AWM WEE CADFUE A4stn HA g
St Zzads 44 Zeadel Eded AANE VEA
2/ MAZRE AAste] HHe MAge] A¥sch RSMe
SynRM= O 71719 HH 2A% 8 $& Spoz naAwdl
4 & ok

[ 2 2 #]

[1] YKXKim, 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

[2] S. ]. Park, S. J. Jeon, J. H. Lee, "Optimum design criteria for
a synchronous reluctance motor with concentrated winding using
response surface methodology”, Journal of Applied Physics, in
press. 2006.

[3] 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. 397073972, 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,

- 670 -



