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ABSTRACT

The rotating of rotatory unit with its structural unbalance mass and laundry is making the main vibration
problem in a vertical axis washing machine. For reducing vibration problem total washing system hung on
the case by its suspension system which is constitute of spring, damper and suspension bar and hydraulic
balancer is attached at the upper rim of spin basket. In this paper, we make the dynamic model of washing
system of its rigid body motions by 6 degree of freedoms. Hydraulic balancer is modeled by one degree of
freedom like auto ball balancer. Elastic motions of washing system have found by method of analytic, ex—
perimental and FEM. And we consider first bending mode of each suspension bar and first circumferential
mode of assy tub. So, the total washing system is modeled by 12 degree of freedoms. Equations of motion
for total washing system have derived, and we perform the dynamic simulation tests.
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Fig.3 Rigid body and elastic motion of assy tub

Table 1. Driving frequencies of washing machine

Z(nz)

Inertia Frame

Fig.2 Relation between inertia frame and moving coordinate at
center of assy tub bottom part
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Fig.4 Relation between inertia frame and moving coordinate at end
of suspension bar and elastic motion of suspension bar

Table 2. Natural frequencies of washing machine

o Natural Frequency (Hz)
D;m"g Washing Course Spin and Spray Course Sub-Structures Method
arts Lst 2nd
Assy Tub Experiment 70.0 80.0
Motor shaft 29.83 Hz (1760 rpm) 29.83 Hz (1760 rpm) FEM 68.2 86.3
Basket Experiment 99.0 246
- askel
M"“’S:lgg‘”“g 11.83 Hz (710 rpm) 11.83 Hz (710 rpm) FEM 99.4 200
Axial Theory 1940 5820
Experiment 88.5 260
F 'a"f:ifhaﬂ 2 Hz (120 rpm) 11.83 Hz (710 rpm) per —
Bar | Bend iy | 5260 197.15
ing The g(;y inne
Pulsator unit 2 Hz (120 rpm) 11.83 Hz (710 rpm) (T=1008) FF‘;Z‘:’ 111.65 304.24
Table 3. Geometric and Inertia Properties
. Basket & .
Tub & Die Motor Flange Shaft Unit Pulsator Unit Motor
Mass (kg) 6.985 6.780 4.085 4.358
Mass x (m) 0 ) 0 0.098
v (m) 0 0 0 0.008
Center z{m) 0.087 0.207 0.017 -0.128
L (kg ) 0399 0378 0.019 0.009
MOL [ 1,(kg-m) 0318 0.402 0.019 0.010
1, (kg-mz) 0.355 0.408 0.038 0.010
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Fig 8. Time response of x(t), (£), y(£), £(f) and x-y plane motion with elastic motions of assy tub and suspension bars.



