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The Shape Optimization of Washing Machine Shaft for High-Speed Rotation
through Analysis of Static and Dynamic Characteristics

Eui Soo Kim®, Jung Min Lee” and Byung Min Kim"*

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. Also, Vibration occurs due to the frequency of the rotating parts. But, shaft has various design factors such
as diameter and distance between bearings according to configuration of shaft, the optimal values can’t be easily
determined. Using a design of experiment (DOE) based on the FEM (Finite Element Method), which has several
advantages such as less computing, high accuracy performance and usefulness, this study was performed investigating
the interaction effect between the various design factor as well as the main effect of the each design factor under bending,
twist and vibration and proposed optimum design using center composition method among response surface derived
from regression equation of simulation-based DOE.

Key Words : Design of experiment (-2 & 4] ), Response surface method (-8 X ¥ %), Center composition method
(FA T4 ), Main effect (A7}, Interaction effect (3 % & 3}), Natural frequency (352 B)
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Table 1 Design factor and level

(mm) | DI D2 L1 L2
-1 35 20 40 50
+1 45 30 60 70

Table 2 Orthogonal arrays

Experiment D1 D2 L1 L2
No.
1 35 20 40 50
2 45 20 40 50
3 35 30 40 50
4 45 30 40 50
5 35 20 60 50
6 45 20 60 50
7 35 30 60 50
8 45 30 60 50
9 35 20 40 70
10 45 20 40 70
11 35 30 40 70
12 45 30 40 70
13 35 20 60 70
14 45 20 60 70
15 35 30 60 70
16 45 30 60 70
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Fig. 13 Result of modal analysis of shaft

Table 3 Optimum design values of shaft

D1 D2 L1 L2 T
Result S 5. 48
(mm) | (mm) | (wm) | (mm) | (MPa)

Value | 39.5 25 50 ] 61.1 93.9
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