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Abstract

The structural unbalance mass and laundry are the important sources of the severe vibrations of automatic
washing machines. In this paper, a mathematical model is developed for the dynamic analysis of the vertical
axis automatic washing machines of pulsator-type. In the model, the rigid body motion of tub assembly is
represented by six degrees of freedom and the dynamics of automatic hydraulic balancer is represented by one
degree of freedom. The fundamental elastic modes of the tub shell and four suspension bars are also taken
into account in the mathematical model, based on analytical and experimental modal analysis results. The 12
degrees of freedom equations of motion are derived by using the Lagrange’s equations and the present
dynamic model is evaluated by comparing the numerical simulation results with experimentally measured
data.
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this study
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Fig. 3 Schematics of the sub-systems of washing
machine

Fig. 4 Kinematics of the unbalance mass (U) and the
hydraulic balancing mass (HB)
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Table 1 Driving frequencies

Driving parts Washing course Spin and spray course
Motor shaft 29.83 Hz (1760 rpm) 29.83 Hz (1760 rpm)
Motor driving shaft 11.83 Hz (710 rpm) 11.83 Hz (710 rpm)
Flange shaft unit 2 Hz (120 rpm) 11.83 Hz (710 rpm)
Pulsator unit 2 Hz (120 rpm) 11.83 Hz (710 rpm)

Table 2 Natural frequencies of the sub-systems

Natural frequency (Hz)
Sub-structures Method
Ist mode 2nd mode
Tub Experiment 70.0 80.0
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Fig. 5 Kinematics of the tub shell subject to the rigid-
body and elastic motions
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Fig. 6 Kinematics of the suspension bar # 1 subject to
the rigid-body and elastic motions
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Table 3 Geometric and inertia properties of the sub-structures of washing machine

Tub and die motor ﬂarl?;:I;;;?ingni ¢ Pulsator unit Motor

Mass (kg) 6.985 6.780 4.085 4358

X (m) 0 0 0 0.098

Mass center y (m) 0 0 0 0.098
z (m) 0.087 0.207 0.017 -0.128

I, (kg-m?) 0.299 0.378 0.019 0.009

Mzsfsl.nm;;?:"‘ 1, (kg m’) 0.318 0.402 0.019 0.010
1, (kg- m?%) 0.355 0.408 0.038 0.010
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Fig. 9 Comparison of the dynamic responses obtained by simulation and measurement when Q = 7.768 Hz
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Fig. 11 The operation profile dependence of the dynamic response measured at the lower point of the tub
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