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In this research, a multi-objective optimal design of a scroll compressor lower
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Accented 3 April 5015 selected. The sensitivity of the design parameters was induced through a
ceep P parameter analysis, and the thickness was determined to be the most sensitive
parameter to stress and deflection. All of the design parameters regarding the
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mass are sensitive factors. It was formulated for the problem about stress and
deflection to be caused by the axial load. The sensitivity of the design variables
was determined using an orthogonal array for the parameter analysis. Using the
central composite and D-optimal designs, a second polynomial approximation of
the objective and constraint functions was formulated and the accuracy was
verified through an R-square. These functions were applied to the optimal design
program (NSGA-II). Through a CAE analysis, the effectiveness of the central
composite and D-optimal designs was determined.
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(When F, = 2000N)
22< x,<26,
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1.5<x,;<2.0

Fig. 1 Lower frame model

Fig. 2 Mesh structure of the lower frame
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Table 1 Level of each design parameters
Lev. X X2 X3
1 22 31 1.5
2 24 33 1.75
3 26 35 2.0
Table 2 L11 Orthogonal array
Design variables [mm] Mass Stress | Deflection
X1 X X3 (kg] [MPa] [mm]
22 33 1.75 0.179 222.8 0.160
24 33 1.75 0.186 226.3 0.161
26 33 1.75 0.191 2283 0.161
24 31 1.75 0.191 220.6 0.149
24 33 1.75 0.186 226.3 0.161
24 35 1.75 0.179 231.9 0.173
24 33 1.50 0.181 3327 0.224
24 33 1.75 0.179 222.8 0.160
24 33 2.00 0.186 226.3 0.161
22 33 1.75 0.191 2283 0.161
24 33 1.75 0.191 220.6 0.149
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360 Table 3 CCD & results
3401 Design variables [mm] Mass Stress Deflection
320 1
= | = o | kel | [MPa] | [mm]
300 1
é@ 250 | 23 32 1.625 0.183 272.7 0.181
< 20 25 32 1.625 0.189 277.0 0.181
8 2401 23 34 1.625 0.178 278.7 0.193
wnn
0] " — 25 34 1.625 0.184 284.5 0.195
200 1 23 32 1.875 0.188 193.4 0.137
180 1 25 32 1.875 0.193 194.6 0.136
T3 7 2 3 1 2 3 23 | 34 | 1875 | oast | 1972 | 0146
X1 *2 x3 25 34 1.875 0.188 199.9 0.146
() Sensitivity for stress
22 33 1.750 0.179 222.7 0.160
0.24
26 33 1.750 0.191 279.4 0.161
022 1 24 31 1.750 0.191 220.6 0.149
T 020 24 34 1.750 0.183 2295 0.167
§ 24 33 1.500 0.181 3327 0.224
§ 0181 24 33 | 2000 | 0.190 174.8 0.127
E’ 016 e—e— / 24 33 1.750 0.186 226.4 0.161
0.14 4
Table 4 D-optimal & results
012 1 2 3 1 2 3 41 2 3 Design variables [mm] Mass Stress | Deflection
x] x2 x3 x; x2 X3 [ke] [MPa] [mm]
(b) Sensitivity for deflection 2206 | 3485 | 1501 | 0169 | 322.9 0231
0.194 2267 | 3244 | 2000 | 0.188 177.9 0.126
0.192 2467 | 3149 | 2.000 | 0.196 | 1764 0.120
0.190 2246 | 3194 | 2.000 | 0.188 180.1 0.124
o188 23.66 | 3146 | 2.000 | 0.193 178.0 0.121
an
% 0.186 | 2278 | 32.81 | 2.000 | 0.187 | 1803 0.128
=N 2588 | 3229 | 1.500 | 0.188 | 3349 0219
oo | 2265 | 3425 | 1503 | 0173 | 3313 0.229
o150 2591 | 3122 | 2.000 | 0201 172.1 0.118
- 2578 | 3414 | 1525 | 0.184 | 3314 0.226
17 2 3 1 2 3 1 2 3 2598 | 3127 | 1.501 0.191 329.4 0.211
x] x2 X3
() Sensitivity for mass 2252 | 3420 | 2,000 | 0.179 | 1825 0.138
Fig. 3 Parameter analysis resuls 2258 | 3447 | 1500 | 0.172 | 3333 0.231
2241 | 3249 | 2.000 | 0.186 | 179.0 0.126
o ) 2452 | 3467 | 1.500 | 0.178 | 3398 0.236
4. IS I3 2ARY
k
) n=2+2k+ n D
4.1 SMNEHAE(CCD)
FATAAGH I AA 9| SPUE Box & Wilsono 2| 43 Q484 ANSYSZZ AL o] 391 A5 42
3 Ate wolty & AF Sl AAWESTL Q] B4 O g R M8 . AA 2102 e 2 Yy € © 34
sto] o} 2o < VARG T FZ9 st 718l slA Adsiath A4 A
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Table 4° YERT & =RoAE SAEFE A3 517] 9
o otk Mol EA st olE FATEAGH T D-H A
o) W s T3 H e ARt v stk sl
4.3 HESEH DG (RSM)
HHEEH {2 BRSS9} 7 o] ARlE ke #AE I
ofshed) AHRET B AToA o)} gdte] mEle Agsidn)
FATAAGHE B3 4 FA, 58, Wo] B golg
£ ol g3l whe FHS AAEe de Axe ggy 2gl
F,.s = 0.00085173+0.00784x, +0.00365x,
+0.02799x, —0.00009983x, X,
—0.00009755x,x, —0.00295x, x,
(R* = 99.81%)
F pofection = 0-49769+0.0119x, +0.02673x,
~0.97177x; —0.00025x, x,
~0.00032x,x, +0.22335x,x,
(R* = 99.85%)
Gress = 4988.53133 —285.50468x, +25.25351x,
—1841.32618x; + 6.11405x, x,
—0.34275x,x, +434.17891x;,x,
(R* = 97.76%)
D-HAAYHEE T A2 A, &8, ¥y #Hd HolEHE
o] g3te] W EHES AAEtY A A= o 2k
F,. =—0.3545+0.01963x, +0.00426x,
+0.27882x, —0.00035x, x,
—0.00011x,x, —0.07511x,x,
(R* = 99.63%)
F potection = —0.44725 +0.02758x, +0.03289x,

—0.23654x; —0.00056x, x,
—0.0004x,x, +0.0148x,x,
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(R = 99.96%)
~3165.37 +80.56991x, +161.4185x,
+23.00381x, —1.64069x,x,
—2.41666x,x, —94.3028x,x,

G

stress

R = 99.92%)
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Fig. 4 Accuracy of RSM (CCD) about mass, deflection and stress



JungHwan Kim, Jongsoo Lee

0.20 4
g
= 019
E
2
% 0.18 >
é
0.17
0.17 0.18 0.19 0.20
Actual
(a) Accuracy of RSM - Mass
0.24
E
8,022
]
L
g 0.20 |
o)
5 018
0.16 |
g
§ 0.14
0.12
0.12 0.14 0.16 0.18 0.20 0.22 0.24
Actual
(b) Accuracy of RSM - Deflection
340
320 -
<
% 300 o
g 280 1
£ 260 4
S
% 240 1
§ 220 1
7A 200 |
180 1
180 200 220 240 260 280 300 320 340
Actual

(c) Accuracy of RSM - Stress

Fig. 5 Accuracy of RSM (D-optimal) about mass, deflection and
stress
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Table 5 Comparison of NSGA-II and CAE

NSGA-II CAE (CCD)
Mass Deflection Mass Deflection
[kg] [mm] [kg] [mm]
1 0.187 0.113 0.188 0.113
2 0.185 0.119 0.185 0.124
3 0.182 0.124 0.181 0.130
Table 6 Comparison of NSGA-II and CAE
NSGA-II CAE (D-optimal)
Mass Deflection Mass Deflection
(kgl [mm] [kgl [mm]
1 0.191 0.113 0.188 0.111
2 0.186 0.124 0.185 0.128
0.185 0.127 0.181 0.129
6.d &
£ AT 5 OB 958 /K 238 Az SRy
3 o Ze S AT A Ay B4 SAREAY
A D-HAA G & v o2 R HS AR, S §F
SHHES Bl H A B AL EoR HA3 HAE s
A3 0.2 271 el ol vl Bskeh. SATAADE)
74 Fig. 49} Fig. 5914 Hol5 W] HuA 0= a4 gho] vie}
el 2 H9l S9n D-ARAGE A 89 FRAHs
ARAAN Y ghol RIS S AL A T 4 Yk EF
AF 7 24l E S AHAA gt vl & B AH A
S AZol Hls) D-HAA Y] 2248 2%= T T Ajs}
e AL BlsyT
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