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a b s t r a c t

Water pumps used in drum-type washing machines to save water are likely to make the
washing process noisier than the one without those because the water pumps attached
usually onto cabinet structure work as additional vibration and noise sources. In order to
either counteract such vibration and noise problems by stiffness design of the cabinet
structure or classify the water pumps from the view point of an acceptance test,
characterization of the water pumps as excitation sources would be essential. In this
paper, several methods to characterize a water pump as an excitation source are
investigated. Measurements by traditional methods of blocked force and/or free velocity
for a water pump of 35 W are presented. Two methods of vibration power suggested
rather recently are reviewed. Then, another method of the vibration power is proposed.
Estimations of the vibration power for the water pump operating on a beam structure are
obtained and discussed comparatively.

& 2014 Elsevier Ltd. All rights reserved.

1. Introduction

According to the requirement on product noise labeling conducted for home appliances in Europe, the noise level of
drum-type washing machines will be also labeled soon [1]. Noise of drum-type washing machines is induced mostly by
movement of water and clothes during washing, spinning of drum and operation of water pump. The water pump, attached
onto cabinet structure of the washing machine in order to make the washing process more water-saving, works as an
additional vibration and noise source. The primary step toward counteraction with such structural noise problem would be
characterization of the water pump as a vibration source.

In this paper, characterizations of a water pump of 35W as a vibration source are investigated. First, measurements of
blocked force and/or free velocity of the water pump, which are rather conventional approach, are presented. Then, two
rather recent methods of vibration power are reviewed and the another new method is proposed. Estimations of the
vibration power for the water pump operating on a simple beam structure are presented for comparative investigations.

2. Conventional characteristics of a water pump as vibration source

A vibration source has been conventionally characterized by blocked forces and/or free velocities, measurements of
which for a water pump of 35 W used in a drum-type washing machine are presented in this section.
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Fig. 1. Experimental set-up for measurement of blocked forces on inertia bed.
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Fig. 2. Blocked forces at a point on inertia bed in x, y, and z directions. (a) Blocked forces in x, y, and z directions in time domain. (b) Blocked force in x
direction in frequency domain. (c) Blocked force in y direction in frequency domain. (d) Blocked force in z direction in frequency domain.
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