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TUNNING PROCEDURE FOR PASIVE VIBRATION ABSORBER
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Abstract: In this paper we shall briefly describe the design  and tuning method of a passive absorber which is applied to vibration reduction on the milling machine. Method is based on experimental measurements and it can be easily employed for different milling machine without modification. This is low cost solution due to simple design without expensive parts such as hydraulically or electrical components.
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1. INTRODUCTION

Elimination of self-excited vibration arising in the machine tool – cutting process system is an important practical problem (Bodnar, A. 1998). 

The overdimensioning of the construction of the milling machine is one of the possible solution of this problem, but it leads to stiffer construction what shifts the value of its natural frequency into the region where they cannot be reached by frequency which is determined by entering of the tool cutting edge into processing. However, this demand is in the collision with the demands for the construction being as light as possible. An additional drawback of this procedure is its practical impossibility of applying it on the finished machine because undesirable vibrations are observed only at the trial test of the prototype as the additional change of the design is exceptional expensive and long-lasting procedure.

It is possible to reduce the amplitude of self-excited and forced vibrations by means of an build-in absorber (Pajor et. al., 1999) without a considerable increase of the machine mass. There are two general kinds of absorber used for vibration reduction: passive and active absorbers.


The passive absorber consists of the weight with mass and damping device for damping generation. Such an absorber is a cheap one but it can damp the vibrations only in the vicinity of the one frequency for which it is designed (Hartog, 1956).


The active absorber can damp undesirable vibrations on a wide spectrum of vibrations but due to the need of an actuator, controlling device and measuring part, hence it is much more expensive choice variant (Hartog, 1956).


There is only one dominant frequency in the frequency characteristic of milling machine, so it is possible to improve the dynamic behavior of milling machine (AG CNC 434 – INAS in this case) considerably by employment of a passive absorber designed for damping of vibrations on the dominant frequency.

2. DESCRIPTION OF THE PASSIVE ABSORBER TUNING PROCEDURE
2.1. Natural  Vibration Identification

It is possible to determine the frequency characteristic out of the mathematical model of tool device which is obtained by theoretical analysis or by experimental identification. In this case the advantage is given to experimental identification because of two main reasons: the reliability and the simplicity of the procedure. Namely, for theoretical analysis it would be necessary to obtain mathematical model. This is a very complex and error sensitive procedure.

The experimental identification  requires expensive measurement equipment but the results obtained by measurement are reliable and the procedure itself it is simple and short one.

For measuring of the vibrations on the tested milling machine were used piezoaccelometers which were connected to the frequency analyzer.

By measuring vibrations on the different spots of the milling machine, it was found out that the highest vibrations appear along the vertical carrier due to which the working table and the tool holder vibrate with the same frequency at the phase-shift of 180 [o]. This is shown in the Fig. 1. The frequency spectrum is measured in x direction at the working table. Excitation is obtained by processing at the constant depth and feed rate where the speed of the tool was changed continually from minimum to maximum speed.
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Fig. 1. Milling machine vibration spectrum.

2.2. Passive absorber design

The passive absorber consists of a mass and a spring. The natural undamped frequency (n and the damped natural frequency (d are given as follows (Kuo, 1987),(Deur et. al., 1998):
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where

( 
-
relative coefficient of damping ratio

d
-
damping coefficient

In this particular case the mass of the passive absorber weight should be about 10% of the mass of the part whose vibrations are damped. Therefore the passive absorber operative frequency is obtained by means of spring stiffness. The experimental model of the passive absorber, mounted on the milling machine tool table, is shown in Fig. 2.
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Fig. 2. The experimental model of the passive absorber on the 

machine tool table of the AG 434–INAS milling machine.

The construction enables the uncomplicated exchange of the absorber weight mass and the spring stiffness. The weight mass is varied by adding/removing extra weights, and the spring stiffness is varied by lifting/lowering of the weights.

The vibration measurement results are shown in Fig. 3. 
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Fig. 3. The vibration spectrum of the milling machine construction and the passive absorber.

2.3. Fine Tuning of Passive absorber

It is apparent that by utilizing  the simple passive absorber the machine tool table vibrations are significantly reduced on the passive absorber operative frequency, and thereby the change in the dynamic behavior of the damped system is obtained. This change is manifested as the appearance of undesirable vibrations, Fig. 3, at frequencies close to the former characteristic frequencies. 

In order to examine dynamics of the tested pair (working table/passive absorber) the mathematical modeling was performed by MATLAB/SYMULINK. The examined pair is approximated by dynamic system with two masses and two springs. The influence of damping between the absorber and working table is shown on Fig. 4. a) and b). By solid line it is shown the behavior of the system without absorber, while dotted line presents the behavior of the absorber and broken line presents the behavior of the system with built-in absorber.

According to the results of simulations it is obvious that by the increase of damping ratio can reduce efficiently the influence of unwonted vibrations at the lateral frequencies. Unfortunately, the increase of damping leads to reduction of damping of vibrations on the frequency at which the absorber is designed. Therefore additional experiments are needed to determine optimal damping ratio which will provide satisfactory vibration reduction at booth cases: designed frequency and lateral frequencies. Required damping of the passive absorber which is built-in in milling machine  (not shown) is obtained by friction of certain level. The optimal damping is provided by interactive experiments with vibration measurement. In such a way the usage of hydraulically components which would increase costs of passive absorber realization is avoided. 
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Fig. 4. The vibration spectrum of the simulation model of the milling machine construction and the passive absorber with:

d=175 Nm/s,  d=1750 Nm/s.

3. CONCLUSION

Due to the high amplitude level of vibrations at the end of the working table absorber efficiency is provided. By placing passive absorber at the lower side of the working table the working space of the milling machine is unchanged.


On the basis of this simple procedure the passive absorber which is build-in in milling machine AG 434 – INAS is realized, It can be ordered as optional equipment which enables rough production regimes at acceptable vibration level.
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