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Vacuum cleaner

The major parts of a vacuum cleaner are molded. The vacuum cleaner works in
multi-load conditions. Therefore, the designer needs to optimize the structure and
injection molding conditions simultaneously. Here, the main factor of design is
the rib shape and thickness. The greater the rib thickness, the greater the stiffness
of the structure. However, it causes an increase in weight. On the other hand, the
lower the rib thickness, the greater the increase in the injection pressure.
However, the weight will be reduced. Therefore, the designer needs to optimize
the rib shape and thickness for structure stiffness and injection molding. In order
to solve this problem, we propose an optimization method using D.O.E and a
response surface model, which is a multi-objective optimization method using
the multi-objective genetic algorithm.
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Fig. 1 Handle of upright vacuum cleaner
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Pressure at VJP switchover
= 82.36[MPa]

[MPa]

I82.36

61.77

lﬂ.w

20.59

0.0000

(b) Moldflow analysis model
Fig. 3 CAE analysis model
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Table 1 Level of each design variables
Lev. zi(mm) | xy(mm) | zg(mm)| x,(mm)| z;(mm)
-1 0.8 20 75 130 185
0 1.0 25 80 135 190
1 1.2 30 85 140 195
mm=Z A$HeF

9 FA= 0.8~1.2 mm, riby] A= 7|EH £5
[e)

t}. Handle-up, handle-low F 79| #&& ¢

ok

b 2] rib

S e AR 3L 4 4709 wAE 7 4
Aelx ] AlE A WFE A4 & 5 AP AYS A

Hrt.

7y Bgol HA3l 718 A A WSt ARl AV Heg
Ao 27t o Aol AusiAE A7 ik

Table 13} Zo] Ztzte] Q1Ape) tha) 3972 A8l AEA
£ £017] 913l Table 29} HgEE A-8si9om ofu
of AY 3= F 183]o|tk. o] & Zzte] BFo A& F
323]9] CAE @4 HQsit.

e

e Am

2.3 A 5x% 3 M =A

B dAFodxe 7AE gol AMEHI e
HG-0760D Grade® 483t Fx2& tiet A%
HAa3E WPt

271¢] Part®] T8 A 8-S BAll HASkslr] Sfal o
3 o] 23} stk

32

Table 2 Design of experiments

Run z(mm) | zo(mm) | z(mm) | z,(mm) | z;(mm)
1 0.8 20 75 130 185
= : 25 80 135 190
3 1.2 30 %5 20 o5
4 0.8 20 80 140 190
> : > 85 130 195
6 1.2 30 75 e s
7 0.8 25 75 140 195
° ! 30 80 130 185
9 12 20 85 135 190
10 0.8 30 85 130 190
= : 20 75 135 195
12 1.2 25 80 140 185
13 0.8 25 85 135 185
- : 30 75 140 190
15 1.2 20 80 130 195
16 0.8 30 80 135 195
7 : 20 85 140 185
18 1.2 25 75 130 190
Minimize F,; .
Minimize Fo e v/ Pswitchover
Subject to
siress <S0MPa
Episplacemen < 5-0mm
0.8<x,<12
20<x, <30
75<x, <85
130<x, <140
185 < x; <195 "

(x, ~ x; unit : mm)
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Table 3 Test result

Von mises| Max Pressure at
Run Weight stress disp. | V/P Switchover [MPa]
[e] (MPa) [mm] | Handle-up | Handle-low
1 122.11 46.55 4.92 87.62 82.03
2 125.81 46.50 4.93 87.14 81.88
3 129.20 54.59 4.93 87.52 82.00
4 122.21 49.19 493 87.52 82.43
5 125.84 45.98 4.97 87.26 81.97
6 129.04 50.30 4.89 87.36 82.02
7 122.55 51.53 5.00 87.61 82.46
8 125.68 46.40 4.92 87.16 82.28
9 128.82 46.25 4.85 87.37 82.06
10 122.41 45.93 4.99 87.70 82.42
11 125.57 45.36 4.92 87.08 81.96
12 129.10 52.36 4.87 87.40 82.05
13 122.43 4521 4.94 87.71 82.23
14 125.79 54.69 4.94 87.19 81.90
15 128.85 47.32 4.89 87.51 84.06
16 122.50 54.21 5.01 87.63 82.53
17 125.47 50.70 4.86 87.03 82.02
18 129.10 48.60 491 87.51 81.94
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Table 4 R* of approximate models

Weight

Pressure
(handle-low)

Pressure
(handle-up)

Von-mises

Disp.
stress P

1

0.99 0.99 1.0 0.99
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Table 5 Solution of NSGA-II

Table 6 Analysis result

z,(mm) | z,(mm) | z5(mm) | z,(mm) | z;(mm) Structural analysis Injection analysis
Handle-up 1.0 20.0 80.1 136.4 186.3 . Von mises . Pressure at
Weight Max disp. .
Handlelow | 1.0 | 300 | 850 | 1359 | 1950 (] stress (o] V/P Switchover [MPa]
[MPa] Handle-up | Handle-low
125.6 46.7 4.9 82.9 78.6
87.6
87.5 Table 7 Change of objective functions
87.4 - Pressure at
o W[el]g t V/P Switchover [MPa]
% 87.3 . Handle-up | Handle-low
g Initial design 129.3 88.1 81.9
g Optimized design 125.6 82.9 78.6
B a7 L % Change -2.9% -5.9% -4.0%
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