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Real Time Measurement and Evaluation of Washer
Extractor Vibrations

Radim Halamj Martin Fusek FrantiSek Fojtik& Tomas Kot

Abstract: This paper shows some interesting results fromatiittn measurement of a
washing unit realized on an industrial washer-ettna The six inductive
displacement transducers were used in the measutevith respect to the number of
degrees of freedom. There were measured three ngaskcles with various fillings:
weights, jeans and cotton diapers. The used measutemethod is accurate and
makes possible relatively easy and cheap realtapture of the current position of
vibrated constructional parts.
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1. Introduction

Vibrations of constructional parts appear oftencpeally in all branches of the
machine industry. In many cases it is desirable nteasure the maximal
displacement magnitude under real service conditiGor the solution of this task
an optical method or accelerometers are usuallg.uSke ESPI method and the
digital image correlation method are the most papuoiethods [1]. It is well known,
that accelerometers are suitable for higher fregiesnof vibrations [2] and in this
case the evaluation of measurement is complicatatiebnecessity of displacement
record integration to get time dependence of dcsptents. There is also
methodology using sufficient number of axial dig@ment transducers [3]. The last
possibility has been applied in this paper to tligration measurement of an
industrial washer-extractor. Results of realizedegiments show good repeatability
and robustness of the method for future application

2. Description of M easurement M ethod

On the basis of commission for 3D motion measuré¢nenwashing unit of a
industrial washer-extractor. The main task was ioalit extraction speed
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determination with absolute maximum of displacenienhe cases of three types of
filling: weighting, jeans and cotton diapers. Theed methodology has been
described and verified by authors in the previcasep [3].

At least six displacement transducers are necessacgpture position of a
rigid body. For illustration of the main ideas wancconsider the arrangement of six
displacement transducers shown at the Fig. 1. &inemngement makes possible the
spatial motion measurement by the idea of captuting position of three
perpendicular planes which are coupled with theyli8l

For the evaluation of measurement the distanggsand yg between
transducers have to be known (Fig. 1). When chgoairlocation of sensors, the
emphasis was on the applicability for various typesdustrial washing machines.
Three sensors were placed at the head of the nedwn vertically and one from
its side.
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Fig. 1. Arrangement of six displacement transducers fenthration measurement.

The inductive standard displacement transducerse wased in the
measurement. Three light-weight aluminium-baseydflars have been mounted to
the washing unit to create measuring places orethegpendicular planes (Fig.2).
Whole washing cycle including starting and run-ofitdrum was measured. Data
have been recorded and evaluated using LabVIEW 20ftvare. Two independent
virtual instruments have been created for thespqags.



Fig. 2. A photo from the measurement.

3. Main Results

All measurements were evaluated in terms of maxindeftections. They were also

created space motion animations of washing uniefmh measurement. The Jeans
regime was measured twice.

The largest deflection 36.8 mm has been achievélaeisecond mode Jeans 1
(Table 1). From the comparison of measurementssJéaand Jeans 2 is obvious
good repeatability for the type of washing (fillidg.5 kg).

Table 1. Selected results

M easur ement Max. deflection [mm] Point number
weighting 18.2 5
jeans 1 36.5 8
jeans 2 36.8 8
cotton diapers 35.8 9

Washing unit surveyed points correspond to poimtghe front and the rear
face of the sphere. The result is a table whicts lthe coordinates of points
considered, the maximum deflection and the cormedipg number of the record.
The actual time in seconds can be converted bylidiyithe sampling frequency. In
the case of the "weights" measurement the maximeffeaion was therefore



established at point 5 on the rear face of the waits of the value of 18.2 mm, and
attime t = 1181s = 9min50s (Fig.3).
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Fig. 3.Evaluation of the maximal deflection for the weght¢gime.

It should be noted that the initial decrease ishirgg unit as a result of filling
water in the relative deviation is also includedhe time record. This observation is
not evident for the weighting regime, see Fig.4.

The trajectory of point D in the spin cycle obseh®y measuring the Jeansl
is given in Fig.5, where the absolute coordinatesused.
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Fig. 4.Comprison of the deflection in the point D in tvagimes.
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Fig. 5. Evaluation of steady state (point D, 900 revolufi@r minute).



4, Conclusions

This paper describes the vibration measuremenhefcurrent position of rigid
mechanical parts or structures, which come fromidiea of six axial displacement
transducers usage. The methodology does not depemde the type of used
displacement transducers. It is possible to usedata inductive, optical or
ultrasonic transducers. The benefit of the propasethod is the fact that there is
the only one simplification made in the evaluatipmocedure. The constructional
part is considered as a rigid body. The method apgdied for the measurement of
spatial motion of the washing unit of the indudtreasher-extractor [4]. The
interesting near future application will be optiatibn of dampers and development
of active damping systems.
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