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FEA & Topology Optimization of Single-Phase Induction Motor
for Rotary Compressor
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Abstract - The oil circulation rate (OCR) of the rotary compressor is a crucial factor affecting the performance and
reliability of air-conditioning systems. In this paper, topology optimization of the single-phase induction motor of rotary
compressor is carried out for reducing the OCR. The nonlinear transient characteristic of single-phase induction motor
for rotary compressor is analyzed by using FLUX2D. The topology optimization for electromagnetic systems is developed

using the finite element method (FEM).

The topology optimization is applied to a single-phase induction motor for

reducing the OCR. For validation. optimized induction motors are manufactured and tested.
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Fig. 1 Rotary Compressor and
Oil Flow
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Fig. 5 Finite Element Analysis

1Y 5t #¥ad @qAAE dedd 23y 5
FLUX2D® 3509rpmell A Al¥a & F3f 4L FHA
(M20)3 BZAMSH)e] AFHRT ZoM Bas= =

rie

353



BRRWANE 50BE 7 2002% 78

A Uetd Aoz, 29 5 (WhHE 2 F 47 AR[AG
AL AF T A, B(E=a ), C(E=7E H &), DF
A AF7F A digh ANSYSe FLUX2D®} Eag
& vlz3ted el Aoltk ANSYSSF FLUX2D #A#9 9
A AAE 5%cA AAE 20% AEE JeEbgxY B3
of AF¥L w¥xdA JdEgdeE RS & £ Qv A
ANSYSZe @ fFEREY 78 ol AE FAZ 717
S1OSAIRE M Hasts) F oAt nde
4dE 5 Ui

322 DFEXtol o5t AR HMA

B ePo AL8E §E RHE 9oy @B we9
%A 29 63 2e 4 AF AYL AAA Db @)
of AHEE dd 9% P FLUX2DE B8 2vh

CurrentiA] ;
“ MainColl  Sub Col

t1 7 @B

/ t

ot

11

a6 AdydF o
Fig. 6 Profile of Input Current

2HE AAE /M G4REREY sy ZAvte
2r BE siYAtol 28H7] wWFe] AWA zglel Wizt
=29 HT e I E87HA7 avA aA g ge)
A B =RdAME GAT] Alade] AddnE Aurzd
o2 syl fste] 4Ese @& F7] F @ LUE MY
st 1 dAE FHE HWE AHgEsich

FARE A4 Lol 9@ gA) ARHLAAE £
Y5t HW oof A Wk A4 g dng A7) g

of #4435ty AHE dE ol 4A7 ¥k 1™ 694 Y
BRxoe] 99 ‘ﬁa HEL A oly] wiEe t, t2, t3, t4
o} 47bx) A97h wrEEA vednh 2 wmRelA Ag e
A7l AR LA dolr AFE 4742 A5l daiA
bz sy A 2 449 AHE FHS AFTAHJN A%
T TEAY B =T A" HT 8] dEdE B
71 Asted A ZHE AAste HdEsted Bk
A4AHLAAE AT A”A A v a9 M9
ol 1A (Stator)E #3tdrt. LA g A HAH
AANG 53 s 2FAAY A7) dyxelnt, a8 a

T4 2L 2V AR BRAE 80%0lEE o= Ao

2 gelseeh

I 8L tlef it A AHAMLAY HAseld, HF 10
iteration7h#A] FHE3= Foe F #4FE L}ﬂ"iﬂ_ A=
2% 89 AGHHEA At gH A old Aem Y

354

By e aad %_L 72 Ay ool el o
Y9k (oA A4 FFAAN A E Fobo] Y g&

(F71 eli =) %E} ?“’lﬁ R UL R P B B A RE B
o 271%& 01773 [J/m2lelAth. A=, 29 9o M9} o]
HExH oz BH s} FEI FL 045% YT AAsE A
B FAE 80%YE EHT oy A7 ouRAe ZaE
astapa A oe

20%A % F21 Holth

Oy 7 dAHS(DHXKY
Fig. 7 Design Variable (Stator)

O8 8 A= HAA A M)
Fig. 8 Result of Topology Optimization at t1

mmr
0.1765R S
| e
(REC7/ Y e
0175F% :
01742 LA ‘
! 325 55 775 i

Iteration

a8 9 S& g wslFEo|(t1)

Fig. 9 History of Objective Function at 1
23 102 tNFH wWhNe) SFHAFEA dARee
Zgstel verd Rojuk olie Zzte] Az AL 7}

a9 AEgMin0, Max:D)ES HT S WA Jegd 3ol
th. 19 109 HZ:AAAA 8401 7R Mol AAH (AR

1ol Al AREEE A7) Ul FHe ol



Ag mF S 2k d4g XE(EET 0
ey A7) ofyAe) dgE | Fe AL vl
o] Ax}rEE 7] oA #FALE HishstHA
OCRE Z017] Sside AdiH oz 27 A
FelloF fohe & o & vk

L

> o
o &

of off W 2 N

ot
{
h

— T .
- @ R RRS

i

a3 10 2
Fig. 10 Final Resuit of Topology Optimization of Stator

nkPEREFOEES

FPREE

323 3 X Xtol dist AL EHEHMAH

sldztell W@ AY AGUAAL] £ Fes aFgAte)
Mgk opRztA R gLl A quXE Adstete A
o® AFojgnk 123, & 231 F shies @AY 79
o] Bo%elate wres #olm ezl shue M4 AR A

48 02% Aolstgt.
9 11 2ol Fol A2 Wt °1—~ wel $14F %4

Aol A% Uehd Aotk g 1elA] A 84 PE
@ thgol ohuy] wiel 1 Az ghd WA A o
Oodrd Faw dd Fol Ae wWeh ge we 94
AqaAel F Aot As AdA@E de Yok oz @
| AR BEEASS

A AAEel mEe ol vl g},

(7h Eo| 2Us w

a8 11 EMAe 2t

(“t) ol g1 o
ENMHA 2HEZAD
Fig. 11 Final Result of Topology Optimization of Rotor

QoM A A gol AmAA o) wE Aahiel
FAAE Fol OCRE Zol7) slalr: ngxsh 370

o RERadA U L HHMA

Trans. KIEE. Vol. 50B, No. 7, JULY. 2002

#7449 Aol AZE TREC Basy mebd A4

HAAEA ANE ol &3l 2 129 o] AR IARE
& wire—cut® ©]-&3 HastQ i, 19 137 #Zo] ARt
A2g THES AAsIdY. 488 A H2E 2 @

Fe 3 AsA olE 77 sample 1, 2, 302t A A8t
At

a8 12 M2 HEE DX}

Fig. 12 New Stator

a2 13 M2 N EE B[ HA
Fig. 13 New Rotor

204 HEGE 7 483 REHE AZuA <
of da & FHEeA H48 Ang EdFa ok
MRTe LRTH 47 e HdEAS} MEEAE
k. 18l EER# OCRS #HZwlMe a g3 29
LR o

i

2
805
2

o

M Lo
g
o o

rJ&

Tt

tio

2 120 debd mAgAe 20 Rduc o @e
& wire-cutel Q&A@ wWASAY] @ RE
AAe] E&L F 200HY W 02%AE PadE

8 0.2%
F JERAYE ol 19 99 AAAH YA At
o FE AW dipolrt, AR v]E EAY | %Ol”"
S A 2eH 7E Ea9 wklg *’rﬁ]

__,

o} A

lo

xii;:zamm—im
bR 2ot ez ooE B o A

okﬂ
g:!‘

EAE A2AIEM 58S AT £ de ‘:%*3%
ol BrlHe Ae M &) gt Ao sadd
g HaYA Aol dYelM= AR(EER)Y 54 @



BRPGRE 50BE 75 200245 74

= A9 993 A=A 24 IS (OCR)L 7|&9 A
of wla] 30% #Arr At (F4AFE ANE 2 9

AEAor JFAHEAE T 28 45 £202%)
& HAisstdA HzdrMel OCRE AHAAOE H& F

z 2 MY 2o
Table 2 Experimental Results

AxgM H¥
Performance at 90Hz
Load Point |EER|OCR|RPM | Temp
231 | 243 1622118615259 | 1147

Y 9% 43¢, Rate(%)

MRT|LRT

1 1-01(131] 011 [ 018 |618(1.33|5254 | 1157

2102 {111} -0.19 | -0031621|1.02| 5254 } 116.2

131031891 -024-020)620)1.27) 5254 1158

4.4 &

=EdAE ZHE FzdAE 2d §5 ZH W
Ay AldAN T AR LEAE S FLUX2DE
o 3 a2 A Ade AP LAE W 25%0

&

2 g ug £Folrt. FLUX2DE S A Axsy
B de AF JEz 58 7 HAEAE Ag ANSYS

FHo Wolgd ¢9Y AF Y= #ES Fall W
At THAN AE YT FEL AT ANSYSE AR A
3 84 #HY e FHPsgoen 1 AAE FLUX2DZE =9
vlmatgth £3%, ANSYSE 2dd ¢ &3 a4 Rdg
ol &3t} mAAS AR I FY HHMAE Y3t
o Az 29 £8EOCRE MAdste WS AA
dgon, AFHoz nAPAY Y4 HHEAE T3 Ao
A HE Ans g ZHE AH Asted ¥ 5
AaH A Ao dist A5E shHch

AR

#dAe 2
AT 2001dE FEREAG (A AGoE
ZFd ANAARE 2 A2g A7Ade e AT
Lol 2)3te] o]2ojR AFZA, BARA 7
3

(11 K. Min, I. Hwang, “Oil Circulation Rate in Rotary
Compressor: Its Measurement and Factors Affecting
the Rate”, 2000 International Compressor Engineering
Conference, 2000

[2] Derek N. Dyck, David A. Lowther, "Automated
Design of Magnetic Devices by Optimizing Material
Distribution”, IEEE Transactions on Magnetics, vol.
32. no. 3, May 1996

[3] Jin—kyu Byun,
Optimization of Electrical Devices Using Mutual
Energy and Sensitivity”, INTERMAG 99, May 18-21,
Kyongju, Korea

(4] &A=, &5, “dAx7] Alzde A4 HHEA", ¢
FEAgEds =4, pp. 65-69, 2000

(5] S. Wang, J. Kang, “Shape Optimization of BLDC
Motor 3-D Using Finite Element Method”,
COMPUMAG 99, pp.788-789, 1999.

Song-yop Hahn, "Topology

g MY (E it #)

19579 108 19 A, 19824 grgdista
A&k 9. 1985 Wayne State
Univ. 71AIZ3 ZA (4}, 19834
Univ. of lowa 7|A-&&x }?3(“‘”)
1995d ~19981 #5337 & NN HE
W zEaa, 19999 ~ @A) ﬂ"#f—f—??la
A NAFsE Bug.

Phone: 062-970-2390.

Fax. 062-970-2384. E-mail: smwang@Kkjist.ac.kr

ZH GG (EH B

19743 7€ 22 A 19973 A3tupst
AN gsta &4, 19999 BERE 7| &9
714 Fsty E(AAL. 1999 ~d A #
Fyetried 71AdF s} A A,
Phone: 062-970-2429.

E-mail: jnkang@Xkjist.ac.kr




