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THE MASTER'S THESES ON THE ESTIMATION
OF METROLOGICAL PROPERTIES OF MEASURING

INSTRUMENTS ON THE BASE OF THE EXPERIMENTAL
INVESTIGATIONS AND THE MATHEMATICAL MODELLING

The students of the Department of Automatic Control, Electronics and Computer Science are
preparing their master's theses in Measurement Systems Group of Institute of Automatic Control.
They include the experimental investigations in Institute laboratory of various measuring instru-
ments and also the mathematical modelling of primary devices of flowmeters and other instruments.
Some results of master's theses were published in Polish scientific newspapers and in international
conference proceedings. The measurement system for identification dynamic model of thermometers
by "in-situ" method was elaborated. The measurement system enables identification of dynamic
models of resistance thermometers by three methods: classical step-input method and two in-situ
(internal input) methods. The mathematical modelling of distorted velocity distributions enables the
investigation of errors of sampling flowmeters. On the base of the experimental data from rivers the
modelling investigations for sampling flowmeter used for open channel were made.

Key words: laboratory investigations, mathematical modelling, dynamic properties of ther-
mometers, education.

1. INTRODUCTION

The students of the Department of Automatic Control, Electronics and Computer
Science are preparing their master's theses also in the Measurement Systems Group of
Institute of Automatic Control [32]. A lot of these theses include the experimental
investigations of various measuring instruments in Institute laboratories and also the
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mathematical modelling of primary devices of flowmeters or other instruments.
Students of line automatic control and robotics were taking part in scientific camps

and in industrial practices in steel works, water-supply system and in Institute for
Meteorology and Water Control and Exploitation (Warszawa) as well in firm SONIX
(Warszawa) producing ultrasonic flowmeters. Some of them elaborated their masters'
theses on themes connected with these institutions. The second source of masters’ theses
was the need of development of flow measurement laboratory. For industrial measure-
ment laboratory the measurement system for identification dynamic model of ther-
mometers by "in-situ" method was elaborated.

2. FLOW MEASUREMENT LABORATORY

In the frame of the industrial measurement laboratory [20] are laboratories for flow,
temperature, pH, gas chromatography, strain, pressure and isotope radiation measure-
ments. The measuring installation in flow laboratory was build up with students' works.
This laboratory is for laboratory classes for students of two lines: 1) automatic control
and robotics, 2) electronics and telecommunication. The installation was made for this
minimal goal but in such way, that to enable its further development. Now it consists of
three measuring systems: 1) for air flow measurements, 2) for calibration of water
flowmeters, 3) for measuring data gathering and processing. The first installation
enables the measurement of flow-rate with help of orifice plate. The second installation
enables the calibration of water flowmeters according to [25]. The accuracy of
calibration depends on many factors, mainly on the value of flow-rate q and on the time
of filling the measuring tank t. The results of calculation according to equation (1) were
made for ∆t = 0,3 s and for ∆∆h = 1 mm and are shown in fig. 1. The relative uncer-
tainty of volume flow-rate q measurement can be calculated from:
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where: ∆∆h - uncertainty of difference of liquid level measurement, ∆t - uncertainty of
t measurement, 0,05% - uncertainty of calibration of measuring tank.

The further theses were connected with the construction of the diverter [23], ultra-
sonic flowmeter for pipes with small diameters [21], evaluating of the tracer method
[18] and evaluating of Coriolis flowmeter [4]. The air flow-rate measuring installation
was used for averaging impact tubes investigations [5, 7]. The system for measuring
data gathering and processing was based on the BITBUS interface and prepared with
DOS system [8]. Further works connected with evaluation of metrological properties of



this system [13, 27] were assumed in publications: [9, 12, 33].
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Fig. 1. Measurement possibilities of calibration system: a - error as a function of the time of filling
the measuring tank, b - time of filling the measuring tank as a function of flow-rate

3. LABORATORY INVESTIGATIONS OF METROLOGICAL PROPERTIES OF
CHOSEN METHODS OF FLOW PARAMETERS MEASUREMENT

The Coriolis flowmeter was checked for mass flow-rates of water to 11 t/h [4].
Endress-Hauser flowmeter was installed in adopted laboratory installation. The intrinsic
relative error declared by the producer was 0,25%, the span of 15 t/h. The flowmeter
was tested for mass flow-rates from 0,65 t/h to 11 t/h. For the span of flow-rates 3,3 t/h
to 11 t/h the relative error was changing from -0,07% to 0,11%, what fulfil data given
by the producer. For smallest flow-rates the relative errors were about 5% and
decreased for higher flow-rates. The Coriolis flowmeter is declared as independent from
velocity distribution distortion, but during laboratory investigations the influence of an
orifice plate placed just before the flowmeter was tested. The measurements were made
for flow-rate of 3 t/h for four orifice plates: two concentric orifices with cross-sectional
area of the hole to the pipe cross-sectional area m = 50% and 70%, and for segmental
orifices with m = 50% and 70%. The maximum error for segmental orifice was 2,5%
and for concentric orifice 0,6%. The results of these investigations were published in
[29].

Two kinds of tracer method: transit time method and dilution method were investi-
gated in laboratory of flow measurement [20] in the frame of work [18]. The laboratory
installation was equipped with open channel with half-circle cross-section, apparatus
for giving the tracer in dilution and in transit time method. The influence of the setting
of the electrode for the measuring error and the calibration curve was estimated. The
influence of the distance between the electrodes and between the place of injecting of the
tracer and the first electrode were investigated and optimal parameters were chosen.
The reference flow-rate was measured with volumetric method.



The averaging impact tube was tested in purpose to estimate the tube coefficient and
the influence of the cross-section shape of the tube for sensitivity factor [5, 7]. The flow
rate was measured with orifice plate. There were made four tubes with cross-section
shapes which are used by firms: Accutube, Honeywell, Presto and Veris [7]. For the
maximum flow-rate the output differential pressure signals from tubes were 429, 539,
376 and 368 Pa correspondingly. Also the influence of the position angle for sensitivity
was investigated. The results of laboratory investigations were published in [30]. In the
frame of [5] the value of the tube coefficient was estimated on the base of velocity
distribution shape estimation (with Prandtl formula and two other models).

Ultrasonic flowmeters are typical sampling flowmeters, for which the flow-rate can
be calculated on the base of velocity measurements in some segments in the flow area.
The possibility of testing of ultrasonic flowmeter with help of velocity area method was
investigated in the flow laboratory in the Institute of Meteorology and Water Control
and Exploitation in Warsaw [10]. The point velocity was measured with insertion
turbine meter, which was previously calibrated on the channels with stagnant water.
The flow-rate in the open channel was measured by the triangular overfall. Some results
of these investigations were published in [31].

In the frame of masters' thesis [17] the velocity distributions in the 200 mm diameter
pipe were investigated with impact tube in the laboratory of Industrial Institute of
Automatic Control and Measurement in Warsaw. The goal of the masters' thesis [21]
was to adopt the ultrasonic flowmeter of firm Ultraflux to the flow-rate measurement in
the pipe of small diameter in the students laboratory. In the next master' thesis [26] the
primary device of ultrasonic flowmeter simulator was constructed and on the base of
analysis of operation of the secondary device was tested.

4. IDENTIFICATION OF DYNAMIC MODEL OF THERMOMETERS

Investigation of dynamic properties of measuring instruments is very important,
especially in the Automation Control Department. Estimation of dynamic model of
measuring instrument is important not only for evaluation of his dynamic error, but the
measuring instrument is the part of automatic control system and its dynamic and
dynamics of the object influence on a controller choosing, control quality and stability
of the whole control system. Thermometers are good example of measuring instruments
for identification of dynamic properties [22].

Masters' theses [6, 11] concerned elaborating of the measuring system and investi-
gation of various methods of dynamic models of contact thermometer, especially
resistance thermometer (RTD) and thermocouples. Students investigated two base
methods of identification: classical method – the input temperature step response and
"in-situ" method. The second method can be used in the place of thermometer installing



- in real working conditions. The classic method demands simple measuring system and
the procedure of parameter (first or second order inertia or inertia with delay time) are
relatively simple. It is the laboratory method and it is the problem of extrapolation of
model parameters to real conditions in the place of sensor installation. The second
method does not have this weakness, because the identification is done on the object,
but the problem of identification is more complicated. The response of the sensor is
investigated against the changes of the power supplied directly to the sensor - with
additional hitting current. Two methods were investigated: loop current step response
(LCSR method) and using of multifrequency input binary signals (MBS method).

 In comparison with classic method the system for "in-situ" identification must
include not only hardware for the output signal acquisition, but also the equipment for
generation of variable current, which heats the sensor. It is more difficult to realise it
for thermocouples than for resistance sensors because the thermocouple resistance is
very small, and the heating current disturbs the measurement of thermocouple voltage.
The periodically switching on and switching off heating current is used. The heating is
switch off while the temperature is measured.

The MBS method is better than LCSR method because of use of binary bias signal,
which is easy to be generated and the power is concentrated in some first harmonics. In
this method the time of the identification experience is briefer but it allows more
accurate estimation of model parameters. In the fig. 2 are examples of signals during
experimental identification of resistance thermometer with simple construction.
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Fig. 2. The measuring data from 10 mm diameter thermometer during estimation of dynamic model
with help of "in-situ" method and MBS 3311 signals using



The fault of "in-situ" identification method is that instant of the dependency between
the medium and the sensor temperatures are estimated another model: between the
additional heating power and the sensor temperature. Detailed analyses showed, that for
simple sensor, which can be described with first order inertia, both models are
analogous, but for more complicated construction there is possible to conclude about
the input-output dynamic thermometer model on the base of model, which was
estimated with "in-situ" method.

5. ESTIMATION OF METROLOGICAL PROPERTIES OF SAMPLING
FLOWMETERS ON THE BASE OF THE MATHEMATICAL MODELLING

The mathematical modelling of distorted velocity distributions enables the investiga-
tion of errors of sampling flowmeters. Calculation procedure can be used for various
velocity sensors used in sampling flowmeters. One-path and multi-path ultrasonic
flowmeters were modelling in masters' theses [15, 17]. In [17] were used experimental
data taken from the 0,2 m pipe diameter. In [1, 15] some mathematical models of
distorted velocity distributions were used to calculate errors of flowmeters in the
conditions other than normal and the results were published in [2, 16].

The simulation of primary device of flowmeter with one point velocity measurement
was done in masters' thesis [14]. The influences of distorted velocity distribution on the
error of flow-rate measurement were investigated.

The most difficult and also most valuable is the mathematical modelling of sampling
flowmeter primary device for flow-rate measurement in open channels. Mathematical
modelling of one-path ultrasonic flowmeters for open channels were introduced in [35].
In masters' thesis [3] on the base of the experimental data from rivers the modelling
investigations for sampling flowmeters used for open channels were made and many
typical models of velocity profile in horizontal and vertical axis were checked on the
base of experimental data. Mathematical modelling of ultrasonic multi-path flowmeters
for open channels (for various flow conditions and various flow cross-section) is
introduced in [19, 28] and some results are published in [34].

6. CONCLUSIONS

Experimental investigations are very important in metrology; not only because of
estimation of measuring instrument characteristic, but also in purpose to know, how the
instrument performs in various conditions of measurement.

Sometimes physical modelling of real conditions of measuring instrument perform-
ance is very difficult (the dimensions of object, costs, long time of preparing installa-
tion, extreme measuring conditions) and in these situation the mathematical modelling is



very useful.
Investigations of static and dynamic properties of measuring instruments are very

important from metrological point of view. Dynamic properties are essential also for the
performance of closed control system, for example for its stability.

Some results of master's theses were published in Polish scientific newspapers [29,
31, 33] and in national [9, 12, 16, 30, 36, 37] and in international conference
proceedings [2, 34].
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