
* *

Direct acceleration feedback control of a washing machine during spinning process
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Abstract

The market of the horizontal axis washing machine (drum washing machine) has been growing drastically
in Korea by about 80% annually since 2000. As market grows fast, the customerTs demands concerning
quality becomes more strict and various. Imbalance sensing is a key technology to reduce the NVH problem
in a washing machine, because the laundry is time-variant and uncontrollable source of imbalance, which can
cause more than 200kgf exciting force. In this paper, imbalance-sensing methods are briefly reviewed, new
acceleration sensing circuits are examined, and finally the control algorithm of spinning process is proposed
and validated.
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Fig. 1 Sensor position in a washing machine

Table 1 Comparison of vibration measurement
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Direct method Indirect method
Displacement
(LVDT, cable, mechanical
switch)

Basket rotation speed
(Rotatry encoder,
Odometer)

Acceleration
(Piezo film, capacitor,
MEMS accelerometer)

Driving torque
(Current, control input)
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Table 2 Comparison of MEMS accelerometers
available in the market

Sensor MAS0000 ADXL000 00MX

Supplier Mitsubishi
Analog
Device

MemsIC

Sensing
Principle

Capacitance Strain
Heat

transfer

Advantage
Temperature
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resolution

Low
price
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Fig. 2 Hardware configuration
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Fig. 3 Comparison of sensor signal with commercial
instrument: Spin dry profile (up) and detail view (down)
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Fig. 4 Spin dry stages
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Fig. 5 Block diagram of spin dry control

Table 3 Spin strategies
Stage A

(Low rpm)
RPM tracking

(Reduce load unbalance)
Stage B

(Mid spin)
RPM tracking

Acceleration thread-hold
Stage C

(High spin)
Acceleration feedback control

(Time compensation)
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Fig. 6 (1) Tub acceleration characteristics according
to rotational speed, (2) Frame vibration without control

(3) Frame vibration with control
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Fig.6 (2)~(3)
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