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ABSTRACT: The work aims to study the mechanical characteristics of the inner package of circular cabinet air condi-
tioner under static load based on the finite element software, and carry out multi-objective optimization design. A
three-dimensional model was established by CREO and a finite element model was established by ANSYS Workbench to
carry out static analysis on the inner package of circular cabinet air conditioner. The multi-objective optimization model
was established with the thickness of 5 ribs and 2 side walls of the upper cushion as design variables and the mass of the
upper cushion, maximum deformation and maximum equivalent stress of the package as the objective functions. Based on
OSF experiment design method and Kriging model, multi-objective optimization design was carried out by mul-

ti-objective genetic algorithm. The maximum deformation of the package before optimization was 1.511 3 mm, and the
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maximum equivalent stress was 0.327 6 MPa. After optimization, the thickness of the ribs and side walls of the package

decreased significantly, the mass of the upper cushion decreased by 27%, and the overall strength did not decrease significantly.

The multi-objective optimization design method established is reasonable and the Kriging model has high accuracy. On the basis

of ensuring the cushioning protection effect, the lightweight design is realized and the packaging cost is reduced.

KEY WORDS: finite element analysis; multi-objective optimization; Kriging model; optimal space filling design
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Fig.1 Geometric model of circular
cabinet air conditioner package
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Fig.2 Finite element model of circular
cabinet air conditioner package
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Tab.2 Simulation results
4% K 7N/ mm B KAERN F1/MPa BB B /mm RipEE TR RGN
60 0.32591 1.995 3 232215 61 448 652
50 0.340 73 1.866 5 244 346 68 340 664
40 0.328 41 1.710 7 266 613 81710 914
30 0.327 18 1.549 7 327 434 119 372 1 064
25 0.327 59 1.5113 405 138 168 785 1313
20 0.325 16 1.512 4 566 384 276 824 1620
15 0.326 64 1.489 6 1013 393 579 124 3148
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Fig.4 Comparison of simulation results
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Fig.5 Stacking simulation analysis
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2.1 REBEST

B2 nide i) 5 A AR EE | PIIBE IR AR

#itas g, WK 7, FIJH ANSYS SCDM fidext |27
T RIS R o BB KEERON )« e K SR IE
Ko b7 vhael S BT A R B A R AR, IR AR R RT
B8 B R 45, o TR AR 22 ot S P AR A
Y, 855 HAARNLEE el RS . HERS BT 42, &%
THAS 1 AR e BORE W3R 3.

K7 Bt
Fig.7 Design variables

2.2 Rt

RS a W S PR W N IR S a R E R 22N
RE W) P07 TR A 5 P AR SR RE O i v A R 7 R
ORI SE T ) FRORSJEE IR AR R I 18 NI 1 T
U0 R T — A A TP A B A
A BT f TRt miias s g
T (OSF) UM Jrit, Eethzs g2 1k
ARL T S T SRR BT, 7EBEA BT A (] o 2 4y
BBt 28, I e 2 s ), fR i A
eI 5

R PR 2s ) L FE et Xk B2 vl 84 6 ik
WA AT IR T BB, 3t 45 AR, W
4.



212 fi % T # 2023 £ 7 A
*k3 SYEELEE
Tab.3 Range of control parameters
ey HreREL
APE AIRE 1 ARSI 2 ARSI 3 WA 4 WA 5 MUREIE 1 MUBEIE 2 LRTRR BORSR BOURATE
(Dyymm (Dyymm  (D;)mm  (Dyymm  (Dsymm  (Dg)mm  (D;)/mm (Pkg (P,)MPa i (Ps)/mm

WEME 144 153 300 168 190 25 25 2.34 0.3276 15113

wKRME 40 40 40 40 40 25 25 2 0.32 1.5

B/ME 20 20 20 20 20 15 15 — — —

x4 HERAWER
Tab.4 Test results of samples
75 D,/mm D,/mm D;/mm D,/mm Ds/mm D¢/mm P,/MPa Ps;/mm Pi/kg D;/mm

1 26.44 30.44 29.11 22.00 38.00 23.78 0.38 1.71 1.55 23.78
2 27.78 34.89 38.00 30.89 20.22 20.22 0.37 1.81 1.50 20.22
3 20.22 34.44 23.78 32.22 28.67 23.11 0.38 1.71 1.53 23.11
4 21.56 29.56 26.44 28.67 21.11 18.00 0.38 1.85 1.44 18.00
5 28.67 20.22 26.89 37.56 32.22 17.78 0.38 1.85 1.46 17.78
6 35.78 24.22 25.56 24.67 28.22 24.67 0.38 1.71 1.55 24.67
7 28.22 29.11 20.22 34.44 26.89 16.00 0.38 1.88 1.43 16.00
8 38.00 22.44 29.56 26.89 38.44 20.67 0.38 1.81 1.51 20.67
9 30.89 27.33 33.11 35.78 38.89 24.22 0.37 1.70 1.57 24.22
10 21.11 25.11 32.67 37.11 22.89 20.89 0.38 1.72 1.50 20.89
11 22.89 24.67 39.78 28.22 31.78 22.22 0.38 1.71 1.53 22.22
12 25.56 39.33 28.67 22.89 25.56 21.33 0.38 1.73 1.51 21.33
13 30.00 36.67 26.00 21.11 36.67 18.22 0.38 1.85 1.47 18.22
14 35.33 34.00 33.56 38.89 31.33 16.22 0.38 1.86 1.47 16.22
15 25.11 35.78 27.33 31.33 35.78 15.11 0.38 1.89 1.43 15.11
16 32.67 22.00 30.89 24.22 32.67 15.56 0.38 1.89 1.42 15.56
17 34.89 21.56 36.67 33.11 27.78 23.33 0.38 1.70 1.55 23.33
18 36.22 28.67 24.22 30.00 39.33 16.67 0.38 1.87 1.46 16.67
19 27.33 39.78 27.78 38.00 26.44 18.44 0.38 1.84 1.48 18.44
20 20.67 26.00 30.00 35.33 36.22 18.89 0.38 1.83 1.48 18.89
21 38.44 36.22 28.22 25.11 23.33 22.44 0.38 1.71 1.53 22.44
22 37.56 30.89 34.00 36.22 20.67 19.78 0.38 1.81 1.50 19.78
23 39.33 37.56 22.89 34.00 30.00 19.11 0.38 1.83 1.50 19.11
24 26.00 27.78 31.33 23.78 23.78 24.44 0.38 1.71 1.54 24.44
25 22.44 38.89 37.56 26.44 33.56 19.33 0.38 1.82 1.50 19.33
26 24.67 30.00 36.22 23.33 29.56 15.33 0.38 1.89 1.42 15.33
27 37.11 26.44 25.11 39.33 30.89 22.00 0.38 1.70 1.53 22.00
28 38.89 33.56 34.89 25.56 27.33 16.44 0.38 1.87 1.46 16.44
29 23.33 20.67 30.44 20.67 30.44 19.56 0.38 1.83 1.46 19.56
30 23.78 32.22 38.44 36.67 29.11 16.89 0.38 1.85 1.46 16.89
31 39.78 23.78 24.67 30.44 24.22 17.33 0.38 1.86 1.45 17.33
32 34.44 28.22 38.89 22.44 34.89 21.56 0.38 1.71 1.53 21.56
33 32.22 23.33 39.33 33.56 35.33 17.56 0.38 1.85 1.47 17.56
34 31.33 32.67 23.33 21.56 24.67 17.11 0.38 1.87 1.44 17.11
35 26.89 33.11 22.44 38.44 37.56 21.78 0.38 1.70 1.53 21.78
36 24.22 38.00 35.78 34.89 34.44 23.56 0.37 1.70 1.56 23.56
37 36.67 37.11 37.11 29.11 37.11 18.67 0.38 1.83 1.50 18.67
38 33.56 31.33 22.00 29.56 39.78 22.67 0.38 1.71 1.54 22.67
39 31.78 35.33 21.11 32.67 22.44 22.89 0.38 1.71 1.53 22.89
40 29.56 31.78 31.78 39.78 26.00 24.89 0.37 1.70 1.58 24.89
41 29.11 21.11 21.56 27.78 25.11 21.11 0.38 1.73 1.49 21.11
42 22.00 25.56 20.67 26.00 34.00 20.44 0.38 1.82 1.48 20.44
43 33.11 26.89 35.33 20.22 22.00 20.00 0.38 1.82 1.48 20.00
44 30.44 22.89 32.22 31.78 21.56 15.78 0.38 1.88 1.42 15.78
45 34.00 38.44 34.44 27.33 33.11 24.00 0.38 1.71 1.57 24.00
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Fig.8 Response surface model
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Fig.9 Sensitivity analysis of design variables
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Tab.5 Candidate point of optimization design

i 15 45, D,/mm D,/mm D;/mm D4y/mm Ds/mm D¢/mm D;/mm  Py/kg  Piy/mm P3;/MPa
1 34.98 30.29 39.03 39.63 29.54 23.67 23.67 1.72 1.69 0.37
2 34.98 30.29 38.97 39.63 23.41 23.79 23.79 1.72 1.70 0.37
3 33.15 36.39 34.47 38.51 25.80 23.38 23.38 1.70 1.69 0.37

BAFTE R /mm SE3L N J1/MPa
1.6999 Max 036874 Max
1511 0.32777
1.3222 0.2868
1.1333 0.24583
0.94441 0.204 86
0.75553 0.16389
0.566 65 0.12291
0.37777 0.081943
0.18889 0.040972
1.476 4E-5 Min 5.5243E-7 Min

a DAY E b RN T
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Fig.10 Stacking simulation analysis of optimized package
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Fig.11 Stacking test of optimized
circular cabinet air conditioner package
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Fig.12 Trampling test of optimized circular cabinet air conditioner package



Fa4E 13

INE 2, e BMEAPLEE s 3 2 H AR AL BET T 215 -

a fEALs

B 13

b BRI

UG [P A 235 g A

Fig.13 Structural inspection of circular cabinet air conditioner after test
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