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Optimum Design of Washing Machine Flange using Design of Experiment
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Abstract

To meet demand of big capacity and high speed rotation for washing machine, more stress from bending
and twisting are complexly loaded onto the shaft supporting the horizontal drum, causing problems in fracture
strength and fatigue life. Shafting system is mainly divided into flange and shaft. Flange is located between
the drum and shaft, transferring power from the shaft to drum, and acting as a supporter of the back of the
drum. Because section of flange has various design factors according to configuration of flange, the optimum
conditions can’t be easily determined. Using a design of experiment (DOE), this study was performed
investigating the interaction effect between factors as well as the main effect of the each design factor under
bending and twist and proposed optimum condition using center composition method among response surface
derived from regression equation of simulation-based DOE.
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Table 1 Design factor and level of type 1

A o] W WA P4 WS ok AN Fi(m) | F2(m) | H(m) | T(m)
B4 deln A A itk BPFE A -1 0 | 30 | 20 | 4
A 3 2k ole nAgtsY F= Utk uAFFE A + 30 50 30 7
23] ol e g oeieH oA 283}
717} BR8] AgAdo] Hol. Table 2 Orthogonal arrays of type [
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7229 9424 A94A Bl o) 54 e e S
< AAsa 4 @) 2o 4 50 50 20 4
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Ho(d)<0 k=1,2,- 8 50 50 30 4
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Table 3 Design factor and level of type Il




Table 4 Orthogonal arrays of type II

AEALEE o] 83

Experiment F1 2 F3 H T
No.
1 30 30 30 20 4
2 50 30 30 20 4
3 30 50 30 20 4
4 50 50 30 20 4
5 30 30 50 20 4
6 50 30 50 20 4
7 30 50 50 20 4
8 50 50 50 20 4
9 30 30 30 30 4
10 50 30 30 30 4
11 30 50 30 30 4
12 50 50 30 30 4
13 30 30 50 30 4
14 50 30 50 30 4
15 30 50 50 30 4
16 50 50 50 30 4
17 30 30 30 20 7
18 50 30 30 20 7
19 30 50 30 20 7
20 50 50 30 20 7
21 30 30 50 20 7
22 50 30 50 20 7
23 30 50 50 20 7
24 50 50 50 20 7
25 30 30 30 30 7
26 50 30 30 30 7
27 30 50 30 30 7
28 50 50 30 30 7
29 30 30 50 30 7
30 50 30 50 30 7
31 30 50 50 30 7
32 50 50 50 30 7
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Fig. 5 Normal probability plot of section type 1
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R Surface Reg ion: STRESS, AREA versus F1, F2 H, T
Response Surface Regression: STRESS versus Fi, F2, H, T
The analysis was done using coded units.
Estisated Ragression Coefficients for STRESS
Tera Coef SE Coef P
Constant 126.805 0.9260 137. Eﬁﬁ 0.00
Fl ~1.206 10523 -1.146 DR
0.51
0.00

F2 060 1BA 053 0
H 5067 1.0573 -24.678
T -5.38 162 -14.590 0.00

$=515% R-Sa=9%.9% A-Saladj) - B.5x

Analysis of Variance for STRESS

Source OF SeqSS Adj S5 Ad) XS 3 P
Regression 4 21684,2 21684.2 5471.04 205,68 0.000
Linear 4 21884.2 21884.2 5471.04 205.88 0.000
Residal Error 26 630.9 6309 26.57
Lack-of-Fit 20 639 609 UD . .
Pure Error [ 0.0 0.0 0.00
Totat PV 2571

Fig. 12 Response surface regression of section type |

el Ft F2 H T
o 50.0 50.0 300 70
Cur 130.0 130.0} 130.01 17.01
10000 o 30.0 30.0 2.0 40
STRESS ! \\
Minimum - ~.
v = A7.8737 \ .
d=1,0000 S
e
AREA g e .
Minimum e /
y= 14850 -
d = 1.0000 ) L

Fig. 13 Optimum design values of section type I

Response Surface Regression: STRESS, AREA versus FLLF2 F3, #. T
Response Surface Regression: STRESS versus F1, F2. F3, H. T

Tre analysls was done using coded wnits.

Esttaated Regression Coefticlents for STRESS

Coat SE Coet i P
Cmsnm 41,7724 020707 1%2.437 0.000
0.¥D 0.04% -10.48 0.000
-28373 0.0M% -g.182 0.000
FS -0.18% 0.004% 5249 0.000
-5.018) 0.03(% -169.234 0.000
1 -3.1854 0.04% -51.125 0.00
Fl+F1 0.028 0.0497 0.420 0.679
FauF2 D.20x 0.0890 4588 0.00
F3F3 0.0070 0.0437 0.4 0.889
HeH 07263 0.0497t 1452 0.000
ToT D415 0.04970 8.30 0.0
F1+FR2 0.0t 0.04067 0.1z 0.68¢
Fl+F3 00188 0.04067 D.48% 0.649
FIsH 0.053% 0.0467 1.317 0.200
Fl-T 0,0157 0.04367 0.37 0.713
F2+F3 0.0084 D.D4067 0.207 0.8
FooH 0.4183 0.0067 10,284 0.000
FeeT D.2521  0.04067 6.4¢45 0.000
E3H .08 0.04067 0651 0.515
F31 0,00/ 0.04067 0.1% 0.847
HeT 0.217 0.04067 6.189 0.000
$«0.2301 A-Sa-100.0x R-Saladi) = 99.9x

Analysis of varlance for STRESS

Source. DF SeaSS Ad) SS AdI NS F P

Regression A BO.E 2M.06 1740 Z218.17 0.0
Linear 5 #1258 z:g.ss 42.513 878,54 0.00
Sanse 5 B2 2 5% %5 000
Interaction 10 ?.W 9.9 0% 8.8 0.00

Resldml Error 22 .18 1.6 0.08

Total L Bz

Fig. 14 Response surface regression of section type II

F F2 & H T
Ootine -\, 50.0 50.0 50,0 30.0 7.0000
Cor| [309144] 0B (02l (6306 [45/83)
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Miium ~ N
y = 433875 e : 2
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¥ = 14000 - R4
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Fig. 15 Optimum design values of section type II
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Table 5 Comparison of optimum design values

Stress

Type Fl F2 F3 H T | Length | (pay

(om) | (mm) { (mm) | (om) | (mm) | (mm) Area

(mm)

T);pe 30 30 30 7 118 ‘:Z:s/

Eq. Y=126.895-25.967*H-15.353*T

Type 43.4/

1 399 | 403 | 40 | 264 | 46 | 2003 1400
Y=41.7724-0.367T%F1-2.8379*F2-0.1835*F3

Eq. -5.918%H-3.1854*T+0.2032*F2*F2+0.7253*H*H
+0.4165*T*T+0.4183*F2*H+0.2621*F2*T

+0.2517*H*T
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