1
2

Problems of the metrological assurance of instruments measuring the vibrations parameters  in the Russian Federation

Smirnov V., 

D.I. Mendeleyev  Institute for Metrology, Gosstandard of Russia, 

head of laboratory for shock, vibration & variable pressure measurements  

Dear colleagues!

It would be desirable to hope that, considering the problems, which have been accumulated in Russia for the last 10 - 15 years in the field of metrological assurance of instruments measuring  the vibrations parameters, it is possible to determine the list of problems, which decision will be interesting for the metrological services of the  COOMET member-states. On the other hand, the present experts can have the other opinion on these or other problems, and some themes can be suggested for discussion. And, certainly, after sharing our opinions it will be possible to make the plan of our joint activity.

The state system of metrological assurance of instruments measuring the vibrations parameters practically did not change in Russia for the last 20 years. The State primary standard of the vibrations parameters is kept in St.-Petersburg (VNIIM - D.I. Mendeleyev Institute for Metrology), besides, 17 State services of legal metrology of Russia transfer (calibrate) the units of the vibrations parameters to working measuring instruments. Most of the measuring instruments are calibrated in the leading metrological centres, such as ROSTEST-Moscow, TEST - St.-Petersburg, CSMiC of Nizhni Novgorod. We consider that in the nearest future it won’t be necessary to increase the number of working standards in the State services of legal metrology in our country, which would transfer the units of the vibrations parameters from the State standard to working measuring instruments, even if there is an increase of the number of measuring working instruments of  vibrations parameters to be calibrated. However, it is required to introduce new calibration vibration setups for transfer of the units. Therefore, our first problem consists in technical re-equipment of the State services of legal metrology. Today only several services of legal metrology in the country possess modern calibration equipment. The session the Scientific and Technical Commission of Gosstandart of Russia has take a decision about  necessity of re-equipment, and the first steps have been already made in this direction. But what kind of updated calibration vibration setups? 

In our opinion, the modern calibration vibration setups should incorporate one or several vibration shakers (depending on the reproduced frequency range and amplitude ranges) and at least two standard vibrometers.  One of them should be a laser vibrometer for determination of the sensitivity of a vibration transducers to be calibrated in the limited frequency range (no more than 1000 Hz). The second vibrometer built-in should be equipped with a standard high-frequency piezoelectric  transduse (mounted resonance frequency not less than 70 kHz). Thus, it becomes possible to determine the sensitivity of vibration transducers to be calibrated at low frequencies by the interference method with a high accuracy (uncertainty no more than 0,5 %), and the amplitude - frequency characteristic - by the secondary method, i.e. by the comparison method with the second built-in standard vibrometer in the frequency range up to 15 - 20 kHz. Besides, to improve the effectiveness of the busiest services of legal metrology it is required to automatize the calibration vibration setups. Setting of the operations modes of setups, reading of the information its processing should be carried out by means of a PC. Thus, to decrease the cost, it is recommended to refuse from application of expensive multifunctional measuring devices (universal generators or the frequency measurements), and to apply A/D or  D/A converters with an appropriate software for control of vibration shakers, reading and processing of the information. Increase of the effectiveness of calibration and improvement of the accuracy of calibration vibration setups will enable us to satisfy the demands of industry in quantity and quality of calibration even at a sharp increase of the number of working measurement instruments. Most likely, no more than ten of  such the calibration vibration setups for the State services of legal metrology in the country. The others State services of legal metrology can be satisfied with calibration vibration setups without laser vibrometers with built - in standard vibrometers (Type 8305 transduser, " Bruel(Kjaer ", 2270 " Endevco " etc.).

This approach (application of laser vibrometers in calibration vibration setups of the State services of legal metrology) should result in necessity of the partial decentralization of reproduction of the units of vibrations parameters. And this process has been already gathering strength in the country in spite of the fact that now the units are formally transferred from the State standard of vibration parameters to the calibration vibration setups. I.e. according to the written standards the centralized reproduction of vibration parameters is carried out, though the transfer of the units vibration parameters (vibration displacement, vibration velocity, vibration acceleration) is not necessary for the calibration vibration setups with laser vibrometers. It is know that the unit sizes of the vibration parameters (vibration displacement, vibration velocity, vibration acceleration) are determined by means of a laser vibrometer the units of length and time, which accuracy requirements are relatively small for measurement of the vibration parameters. In our opinion, the re-equipment of the State services of legal metrology  (and probably the services of legal metrology of the leading enterprises in the country in the given field of measurement) and the actual partial decentralization of reproduction of the units of vibration parameters will have only a good impact on the improvement of the system of  metrological assurance of the instruments measuring the vibrations parameters. First of all, the accuracy of determination of the metrological characteristics of working measuring instruments should be improved due to reduction of the number of stages in the transfer of the unit sizes from a standard instrument to a working one.

However, the partial decentralization is only possible under precise regulation of

· the rules of investigation of the metrological characteristics of the calibration vibration setups with laser vibrometers,  

· the comparison procedures with similar standard measuring instruments and, first of all, with a State standard, which basic functional purpose consists in the assurance and maintenance of traceability in the country. 

I.e. it is required to develop the written standards for the methods and instruments for determination of the metrological  characteristics of calibration vibration setups with laser vibrometers. Certainly, it is necessary to take  standards ISO 16063-1 and ISO 16063-11 as the basis in development of this written standard. It is advisable, in our opinion, to discuss in this document in detail the methods and instruments for determination of both the basic metrological characteristics of measuring instruments to be calibrated (including the attributed  uncertainty), and the influencing factors (such as, transverse sensitivity of transducers, deformation sensitivity, sensitivity to rotational movement etc.). The order and periodicity of investigations of the metrological characteristics of the calibration vibration setups and comparisons with similar setups should be determined here, too. This approach will save the State services of legal metrology from mistakes in calibration of working measuring instruments, which can occur in operation of the precision equipment. And the periodic comparisons will allow us to ensure the uniformity of vibration parameter measurements in the country under condition of the partial decentralization.

Simultaneously with the decision of the above problems, it is necessary to improve the highest link of the system of assurance the uniformity of the vibration parameter measurements. The following tasks should be fulfilled therewith:

· modernization of the State primary standard so that its metrological characteristics in ranges and uncertainty should correspond to the best foreign analogues (in our opinion, today it is the PTB primary standard);

· for the assurance of the traceability under condition of the partial decentralization of reproduction of the units of vibration parameters, it is necessary to develop the instruments for comparison with the standard setups, which are available in the State services of legal metrology and in the services of legal metrology of the companies in the country (they it can be special portable laser vibrometer or precision high-stability piezoelectric vibrometer);

· the review of the existing basic written standards (on the verification hierarchical scheme, the methods and instruments for determination of the metrological  characteristics of standard vibration setups, etc.) and development of new documents (regulating, for example, the order of comparison of the standard vibration setups).

In addition to the above problems, the practical work on the assurance of the measurement uniformity of the vibration parameters puts also others tasks before the metrologists of the country, which are less global, but also very important, in our opinion. Here are some of them.

The development of the methods and instruments for periodic calibration of the vibration transducers without their dismounting (CWD), and also the portable calibration vibration instruments. This problem is connected with increase of the number of developed and used vibration diagnostic instruments of working machines and mechanisms. It is especially sharp for calibration of the vibration diagnostic instruments, which are applied on the sites, far from the services of legal metrology and their periodic calibration demands for large expenses (for example, oil or nature gas transfer station). Today this procedure is carried out with the help of small calibration vibration setups  (Type VCV - 131), on which the sensitivity of transducers is determined only in three frequency points. The amplitude - frequency characteristic is not determined and, hence, it is impossible to find out whether the uncertainty of a vibration measurement system has changed in the service band or not. At different times several variants of the solution of this problem were suggested, but the development of quantity-produced CWD instruments (or instruments measuring the vibration parameters adapted for CWD) was not realized and the appropriate written standards were not presented. Now the complexity of this problem also consists in increasing of the number of instrument measuring the vibration parameters with built-in electronics - preamplifiers (Type ICP), and the methods of sensitivity determination by electrical excitation are not applicable for them. 

Not less interesting, in our opinion, is the problem of calibration of the vibration measurement systems and vibration diagnostic information systems. Now the calibration of such systems is carried out rather simply. The whole system is considered as a vibrometer, in which the input influence is rendered on the usual vibration transducer, and the information about the vibration parameters is reflected an PC monitor. And the calibration is carried out according to the written standards on the methods and instruments for vibrometer calibration. Is it necessary to change this calibration procedure or not? Even if there is a program of information processing in a vibrometer (for example, digital), it is incorporated inside the processing block and is practically inaccessible without its opening. The situation is a little bit different in vibration measurement and vibration diagnostics information systems. The program of information processing can be changed by any competent programmer. Up to what limits can it be changed without subsequent calibration? And if there is an opportunity of correction of the amplitude-frequency or phase-frequency characteristics of transducers in the program? I.e. there are a lot of questions and now it is not possible to give our unequivocal answer to all of them, therefore it is actual to continue the work on development of the calibration methods and instruments for vibration measurement systems and vibration diagnostic information systems.

To finish the brief review, it would be desirable to note the following. It is possible that the above problems in the system of metrological assurance of instruments measuring vibrations parameters exist not only in Russia, but also in the other COOMET member-states, especially in those states, which were formed on the territory of the former Soviet Union. I think such problems do not exist at all or exist on much smaller scale in Germany and in Slovakia. Therefore, planning the further joint work in frameworks of COOMET, it is necessary, at first, to determine what we need as a regional organization? As far as we know, the State standards with laser interferometer are available in four COOMET member-states (Germany, Russia, Slovakia and the Ukraine). The information is absent about the standards of Romania and Korea now. Three of them took part in the international key comparison and some of them more than once (for example, Germany in the frameworks of EUROMET). Some of the CIS and COOMET member-states traditionally calibrate their reference instruments in Russia. Is it advisable to begin the activity with the circular comparison? I don’t think so. Firstly, the comparisons are recommended to for carry out between the incorporated laser vibrometer setups, and secondly, three of the above four states have already had their comparisons. May it is better to organize bilateral or tripartite comparisons of the Ukraine standard with one of the standards from those three states (Germany, Russia and Slovakia)? Also, attention should be paid, in our opinion, to the development and the introduction in the metrological practice of the methods and instruments for the periodic calibration of the vibration transducers without their dismounting and the calibration the vibration measurement systems and vibration diagnostic information systems. It must be especially interesting for those states, which transport gas and oil on their territory. 

And last the thing. When solving the above problems, it is possible to carry out cooperation with any state both on the bilateral and multilateral basis in case of mutual interest. Thank you very much for your attention.   

