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The Shape Optimal Design of Shaft Serration Using Design of Experiment
and Finite Element Method
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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. Shaft and flange connected by inserting shaft
serration into flange on the process of die casting. When the system is operating, the gap is formed between serration and
flange. But, Serration has various design factors and the optimal values can’t be easily determined. Using a design of
experiment (DOE) based on the FEM (Finite Element Method), this study was performed investigating the interaction
effect between the various design factors as well as the main effect of the each design factor under bending, twist and
vibration and proposed optimum design using box-behnken method among response surface derived from regression
equation of simulation-based DOE.

Key Words : Design of experiment (2 ¥ 7] 8 §), Response surface method (48 ¥ ¥ ), Center composition method
(A A H), Main effect (52 3}), Interaction effect (3. & 3})
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Fig. 2 Design factor and nomenclature

Table 1 Design factor and level

(mm) DS1 DS2 TNO
-1 30 40 30
+1 35 45 40

Table 2 Orthogonal arrays
Experiment DS1 DS2 TNO
No.
1 30 40 30
2 35 40 30
3 30 45 30
4 35 45 30
5 30 40 40
6 35 40 40
7 30 45 40
8 35 45 40
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Fig. 4 Result of ANSYS for factor analysis (1~4)
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Table 3 Result of correlation and regression analysis

Predictor | Response Correlation Regression
coefficient equation
SS =8.30-
CL SS 0.86 0.0122CLA40.000
232CL**2
SS =695.3-
SITA SS 0.73 22.22SITA+0.180
ISITA**2
SF=1797-
CL SF 0.86 0.01006CLA+0.00
0080CL**2
SF =2174-
SITA SF 0.73 6.8168ITA+0.055
34SITA**2
SF sS 099 58 =
13.90+3.215SF
SITA=
CL SITA 0.92 48.64+0.06094C
L
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Fig. 10 Result of response surface optimize

Table 4 Optimum design values of shaft

DS1 DS2 TNO SS CL
Result

(mm) | (mm) | (mm) | (MPa) | (mm)
Value 30 43.8 36 45.1 496.8
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