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ABSTRACT

The article discussed aim to introduce readers to the problem matter in connection with the changes
taking place within the area related to the issue of metrology in the Armed Forces of the Polish
Republic. The article depicts the current situation along with the changes, which took place over
the recent years, in the structures of Military Metrology, and it presents the major directions of
its development, with particular emphasis on the automation of the calibration process.
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INTRODUCTION

At the time of very dynamic technological development, as is taking place
currently, the handling of military armament and equipment constitutes vast and
complicated issue. One of the key elements ensuring appropriate exploitation of
equipment is measurement and monitoring of the crucial parameters. Military Me-
trology is closely related to a given type of armament being used by the Armed
Forces of the Polish Republic. As an institution, its task is to ensure appropriate
functioning of military technology used by the Armed Forces. The changes taking
place in all areas of technology all the more rapidly enforce continuous changes
also in the structure of Military Metrology. The major directions of development
can be described as:

- quantitative;
- qualitative;
- technological.

QUANTITATIVE DEVELOPMENT

Together with the technological development of armaments, there is also
being recorded the growth in the quantity of measuring devices used. From year to
year, we observe increased importance of appropriate measurements. During the times
of great geographical explorations, the sailing ships, which were capable of reaching
practically just any place there is on earth, in order to function intact, required just
the compass, sextant, and possibly, a few other simple measuring devices. Nowadays,
even small sailing units of the Navy are equipped with several hundred measuring
devices. In order to make possible the management of such enormous quantity of
data, there are being implemented integrated measuring systems. These systems
are there to collect the data from the sensors scattered around the entire ship and
to make it available, following relevant processing is done, in information centres.
Changes in the quantity of devices being used in the military units over the recent
years can be featured on the example of the devices calibrated by the 1st Military
Centre of Metrology (fig. 1).
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Fig. 1. List of calibrations performed in the 1st Military Centre of Metrology
in the years 2013-2018

As can be seen from the presented diagram, the quantity of measuring de-
vices subject to metrological handling is constantly growing. In the coming years,
this tendency most probably shall either be preserved or on a rise. In order to meet
these challenges, Military Metrology takes steps in order to increase its capabilities
and to increase its operation efficiency. Increased efficiency can be achieved through
increased staff numbers. Second element of this equation constitutes increased
operation efficiency. In most cases, the calibration of a device is about making com-
parisons of indications of device undergoing verification with the indications of
template. These indications are compared and verified by a qualified technician.
The method of increasing operation efficiency is the implementation of automated
measurements. Currently, in the Centres of Metrology, there are already in operation
automated measurement systems. As an example, may serve here the calibration
with the use of MET/Cal software. The application of this software in conjunction with
appropriate equipment enables for performing calibration in either semi-automated
form or completely automated form.

The fig. 2 shows the system for semi-automatic calibration of multimeter
with the aid of calibrator. Person doing the calibration according to a specific proce-
dure just follows the commands displayed on the monitor screen. He or she puts down
the results of the measurement, changes the settings of device and cable connec-
tions. The determination of measurement points and the operation of the standard
is done automatically, through the programme. In this case, there is no need for
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making calculations and for determination, whether the admissible error condition
is fulfilled. A real enhancement of efficiency resulting from the introduction of
semi-automatic procedures of measurements depends on a given type of operated
instrument. In case of digital multimeters, the time of calibration has been reduced
fourfold from eight hours to just two hours.

Fig. 2. Set for performing semi-automated calibration

Yet another step is the implementation of fully-automated calibration. The fig. 3.
features the system for automatic calibration of multimeter with the use of calibrator
making use of cable connections switch. In this case, the prerequisite is the option
of remote control of calibrator, multimeter undergoing verification, and cable switch.
MET/CAL software, through its commands, controls all elements of the system,
saves and analyses the results of all measurements. Technician is needed just for
making the initial connection of the system, and for starting off the entire procedure.
Calibration with the use of automatic procedure also lasts for two hours, however
a single qualified employee can operate two sets, which substantially increases
efficiency. Currently, in Military Metrology the greatest use is made of the following
software: MET/CAL and CalPro, as well as own software applications devised for
the needs of specific measurement systems.

From year to year, the number of measuring instruments undergoing metro-
logical control using automatic or semi-automatic measuring systems is constantly in-
creasing. This phenomenon can be observed on the example of data from the 1st Military
Center of Metrology. In 2004, the first procedures using the MET/CAL software
were created. Currently, 1170 different types of electric measuring instruments are
calibrated in the Center. Almost half of them are supported in automatic or semi-
automatic systems.
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Fig. 3. Set for performing automated calibration

Over the last fifteen years, automated measuring procedures for 519 types
of electrical measuring devices have been developed, which accounts for 44% of all
types of instruments serviced in 1st Military Center of Metrology. Due to the simpli-
fication of the calibration process and a significant reduction in the time of its exe-
cution, work on the development of further methods and procedures continues.

W manual
M semi-automatic

W automatic

Fig. 4. Percentage set of measurement procedures used in 1st Military Center of Metrology

Not all instruments are suitable for use in automated systems. This is due to
both technical reasons and the lack of profitability of using such methods. The graph
(fig. 5) shows which basic instrument groups have been included in the automation.
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Fig. 5. The percentage of instruments in automated calibration systems

As you can see in fig. 5. In some groups of instruments, such as e.g. digital
multimeters, automation is performed for practically every instrument. Currently,
work is underway on new methods that allow both to improve the efficiency of cur-
rent solutions and to enable the extension of automation to further groups of in-
struments.

Also, do not forget about the quality of the obtained measurement results.
Shortening the calibration time should not lead to an increase in their uncertainty.
In order to check the impact of automation on the repeatability and quality of the re-
sults, an experiment was performed involving the calibration of the same digital
multimeter in different conditions and comparison of the obtained effects. The ob-
ject of the research was the FLUKE 8808 multimeter numbered 2636012. Calibra-
tion was performed using the automatic procedure PPM-07.10.01-1-2015-1WOM-
-FLUKE_8808_5520A taking into account individual measurements and a series of five
and ten measurements. The second method was manual calibration using a spread-
sheet in variants with one measurement and a series of ten measurements. As a result
of the experiment absolute errors obtained by all methods were calculated. For 20V,
200 Vand 1000 V DC ranges, the results are shown in fig. 6.

As you can see from the graphs during the calibration with different methods,
the results obtained are very similar to each other. The value of the measured error
is changed by a maximum of 8% of the limit value. The obtained absolute error values
confirm that in the case of the multimeter under investigation, the automation of
the calibration process does not adversely affect the quality of the obtained results.
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Measurement error in manual and automatic DC voltage calibration 20 V range
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Fig. 6. The results of the experiment of a digital multimeter calibrated by various methods

The quantitative change also constitutes increased quantity of measuring
devices operated on the spot at the user’s place. In order to increase the quantity of
the operated devices and to reduce the time of their stay outside of military unit,

1(216) 2019 51



Maciej Klebba

the devices are calibrated on the spot of their exploitation. For the purpose of per-
formance of these tasks there are used mobile groups of staff and Mobile Metrological
Laboratories.
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Fig. 7. Mobile Metrological Laboratory inside view

Mobile metrological laboratory RLM TRANSMET is destined for external
metrological control of devices and measurement systems of radio-electronic and
electric magnitudes, involving pressure and temperature, as well as keys and dy-
namometric tools in places of their exploitation. It enables for making repairs and
adjustments of measuring devices at user’s place and the performance of training
course in metrological protection [8].

RLM TRANSMET set is formed of a container-type metrological laboratory
situated on sub-container semitrailer NS34P made by WIELTON and of a tractor
unit with 4-man booth. RLM is constructed on the basis of a standard 40 container.
The container houses three compartments: man lock, user compartment, and tech-
nical compartment. The user compartment houses four work stands: one repair
stand, and three measurement stands (one for verification and calibration of devices,
for measuring pressure and temperature or dynamometric tools, as well as two stands
for verifying and calibrating radio-electronic devices) [8].

This type of solution enables for arrival directly to military unit and for
carrying out the metrological service on the spot in a significantly reduced time.
Right now, the Military Metrology commands two mobile laboratories, and the con-
struction of following ones is being planned in the near future.
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Fig. 8. Mobile Metrological Laboratory

QUALITATIVE DEVELOPMENT

In order to increase the repeatability and reliability of measurements per-
formed by the Military Centres of Metrology, there have been implemented in them
quality management systems. System is based, predominantly, on the provisions of
the standard PN/EN ISO/IEC 17025 [7]. As per the decision of the Minister of National
Defense, all institutions performing calibration of measuring devices for the Armed
Forces of the Polish Republic must hold the certificate of Military Centre of Metrology
[2]. As at today, there are six Centres of Metrology and seven metrological laboratories
certified. The implementation of management system, most of all, causes enhanced
repeatability of performed measurements, and it enables for making comparisons
and mutual recognition of results of measurements between the certified institutions.
For some types of devices such as, for example, breathalysers, due to legal reasons,
military institution certificate proves to be insufficient. Breathalyser, according to
the provisions binding currently must be subjected to metrological operation by
laboratory holding the accreditation of the Polish Centre of Accreditation or of
some other recognized certifying body. To make breathalysers serviceable under
the military metrology, 3 WOM in Ole$nica has applied to PCA for accreditation in
the scope of analysing breath, which it obtained in the year 2015.
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Fig. 9. Certificate 3 of the Military Centre of Metrology issued by the PCA

The systems of quality in all military metrology institutions are continuously
developed and perfected. This resulted in the acquisition by all Centres of Metrology
of PCA certificates in various areas of measurement. This tendency is maintained and
the acquisition of accreditations in following measurement areas is just a matter
of time.

TECHNOLOGICAL DEVELOPMENT

Rapid pace of technological development, which begun at the turn of XIX and
XX century is going on still today. Basic research aroused the interest of metrologists
in the early 70s, when it was stated that Josephson’s quantum effect, discovered a few
years earlier, and based on tunneling of electrons of superconductor through po-
tential barrier, can be applied for constructing incredibly precise and stable model
of electric tension [1, 3]. Discovery of quantum Hall effect (QHE) by Klaus von Klitzing
in 1980 let for the construction of equally accurate and stable quantum model of re-
sistance (also requiring cryogenic temperatures), which has enhanced the conviction
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of strict relationship of basic research with the practice of metrology at the highest
level [4, 5]. The technology of time measurement developed for the needs of the satel-
lite navigation is currently the subject of implementation in industry, thus constituting
one of the priority topics of research carried out under the European Programme of
Research in Metrology.

Technological development is best seen on the example of the sources of
time and frequency. Generators are used as frequency sources. From the simplest
of LC generators through generators with quartz resonators, as far as sources using
atom resonators. Right now, there are under way the tests aimed at acquisition of new
types of frequency standards and on perfecting the already existing ones. The latest
achievements in this area are, among others; caesium fountains, hydrogen masers
and optical standards. LC generators are devices of lowest parameters and they
have smallish range of applications as frequency standards. A newer solution with
much better user parameters are quartz generators. A substantial enhancement of
parameters we achieve through additional stabilisation of the frequency of quartz
elements. Reduced influence of temperature on the template frequency is realised
through the two fundamental technologies. The first one is the compensation by
using structures made from resistors, thermistors, and capacity diode. The second
one uses digital system containing CA transducer, memory and sensors.
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Fig. 10. Comparison of the thermal characteristics of generators of two different types:
a) simple; b) thermostatic

Fig. 10 shows the benefits resulting from the application of various methods
of reducing of the influence of the changes of surroundings’ temperature on the quartz
generators’ frequency. Depending on the applied technical solution and range of work
temperature for generators with compensation of temperature changes of frequency,
we can obtain stability which would be better than the one achieved in simple quartz
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generators from 10 to 20 times, and in thermostatic generators even up to 1000 times

[6]. Right now, the OCXO generators achieve daily stability at the level of 5-10-1%,
Another solution enhancing the stability of frequency is the application of atom

standards. First atom clock was constructed in 1955. It was the crowning of 20-year

long time period of research carried out by several scientific laboratories, such as

NBL (USA), LPMO (FRA), NPL (GB). Currently, among the main time sources we name:

— rubidium frequency standards;

- methane frequency standards;

— cesium atomic clocks;

- hydrogen masers;

- cesium fountains;

— atomic clocks of the new generation.

Atom clocks constitute currently the most precise sources of time used in
the world. The precision of atom standards is nowadays 1-10-12/year. Atom caesium
standards are commonly used as sources of standard signals on board of navigation
satellites. Significant improvement of exploitation parameters let for enhancement
of lifespan of satellite from a dozen or so months to approximately ten years. In
the latest versions of satellites, rubidium standards are becoming to be used. Work
on development of the standards with ever greater stability has been going on con-
stantly for many years. The token of development can be the comparison of stand-
ards used over the years by NIST for creating USA time scale. In 1950, NIST was
using the NBS1 standard of the accuracy of 5-:10-11, whereas in 2016 the NIST-F2
standard was characterized by the accuracy of 1.5:10-16 in relation to the UTC
scale. The standards of new generation in the OCXO area constitute the solution
based on sapphire resonators (FEMTO 2017). In the area of standards characterised
by highest consistency of frequency tend to prevail the hydrogen masers, caesium
fountains, and opto-electric standards. Hydrogen masers are available in mass pro-
duction, whereas the remaining ones are produced individually.

In the tab. 1, there are featured the various types of frequency templates
along with the comparison of their parameters.

As can be seen from the above table, the accuracy (stability) of standards,
depending on a given type and on the applied ever more modern solutions, is rising
considerably. The development of new technologies and measurement techniques is not
solely restricted to frequency measurements. Dynamic development of measurement
techniques covers practically every single area of technology and physical quantity.
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Tab. 1. Comparison of parameters of different frequency standards [5]

Types of frequency standard Accuracy Typical area of applications

Simple quartz oscillators SXO, XO 1E-5-1E-4 Computer clocks

Temperature Compensated Quartz

Oscillators TCXO, DTCXO 1E-6 Frequency source in radio devices
Mikkroprocesor Temperature . .
Compensated Quartz Oscillators 1E-8-1E-7 Clocks in systems with spectrum

MCXO scattering

Navigation systems, frequency

Ovenized Quartz Oscillators 0CXO 1E-8 standards, radar systems

Rubidium atomic standard 1E-9 Radar systems, satellite clocks
Caesium atomic standard 1E-12-1E-11 Frequen.cy standards, satellite
clocks, time scale clock
Hydrogen maser 1E-14 Satellite clocks, time scale clock
Cesium Fountain 1E-16 Time scale clock
CONCLUSIONS

Changes that are taking place, both, in the Armed Forces of the Polish Republic,
and in the contemporary measurement technique determine the necessity of con-
tinuous development of Military Metrology. In the article there have been presented
the three fundamental directions of development. The quantitative direction is realised
in continuous way in every single Centre of Metrology, and in the remaining institu-
tions providing services for the benefit of the Armed Forces of the Polish Republic.
The issues in connection with the qualitative development have been initiated by
the Military Centre of Metrology and are continuously being implemented. The techno-
logical development is determined by the changes occurring in the measurement
techniques. In this case, the only solution is to follow on day-to-day basis the changes
that occur, both, in military techniques, and in the world’s measurement technique.
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AUTOMATYZACJA PROCESU KALIBRAC]JI
JAKO JEDEN Z KIERUNKOW ROZWOJU
METROLOGII WOJSKOWE]

STRESZCZENIE

Artykut jest wprowadzeniem w zagadnienia zwigzane z metrologig w Sitach Zbrojnych Rzeczy-
pospolitej Polskiej. Przedstawiono w nim aktualng sytuacje metrologii wojskowej wraz ze zmia-
nami, jakie zaszly w ostatnich latach. Zaprezentowano takze gtéwne kierunki jej rozwoju, ze
szczeg6lnym uwzglednieniem automatyzacji procesu kalibracji.

Stowa kluczowe:

automatyzacja, zabezpieczenie metrologiczne, rozwoj technologiczny, system zarzadzania.
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