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Calibrated hydrometric measuring instruments and impellers for determining the flow
velocity of water are essential tools for the whole of the water and energy supply
industry, for manufacturers of turbines, pumps and hydro-engineering installations, and
for the management, monitoring and maintenance of Switzerland’'s waterways.

By far the best known of these tools is the hydrometric impeller. In recent years an
increasing number of other instruments have been introduced, such as magnetic-
inductive gauges, instruments based on the principle of pressure differences and
acoustic current meter. Accurate measurements throughout the water supply industry
rely on the precise calibration of these instruments.

Degree of precision of the calibration

| would like now to go into more detail about the degree of precision of the calibration
and the corresponding margin of error. The main aspect here is the uncertainty of
measurement in calibration and the measuring instruments. The following parameters
are significant:

- reference velocity measurement comprising time and distance
- reception of signals

- consistency in repeated tests

- range of variation of the instruments

Diagram of the calibration laboratary in lttigen (Switzerland)
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Measuring the time

The same basis must be applied for all time measurements for all sections of the
installation. In Ittigen we use a quartz oscillator with a frequency of 10 MHz, giving an
accuracy of 1 us. The 10 MHz signal is transmitted to all data boards and cannot be
modified through the hardware or the software. The precision of the time
measurements is dependent on the precision of the quartz. Our installation is checked
every two years by the Swiss Federal Office of Metrology.

Measuring the path

Our installation is fitted with a polished measuring wheel with a circumference of 600
mm. This wheel is linked directly with an optical impulse emitter which emits 60,000
impulses. The path measurements thus have a precision of 0.01 mm. The distance
covered can therefore by described as a function of the revolutions of the measuring
wheel:
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N is the number of impulses emitted by the rotary encoder
Dm is the mean diameter of the measuring wheel [m]
k = 3000 is the precision of the rotary encoder

The uncertainty of the path measurement is therefore:
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Measuring the velocity

The speed at which the tow carriage moves is:
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Vv is the speed of the tow carriage [m/s]
L is the distance covered [m]
T is the time elapsing between the start and the finish of the measurement [s]



and the uncertainty measurement is;
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The factors which may lead to the uncertainty of measurements made by the reference
velocity gauge are therefore:

- uncertainty of the quartz

- greater variation in the mean diameter of the measuring wheel
- uncertainty of measurement of the diameter

- consistency in repeated distance measurements

- thermal expansion of the measuring wheel

- precision of the impulse emitter

Recording the signals
Impeller impulses

The accuracy with which the signals are recorded varies from one measuring
instrument to another. The impeller impulses are counted directly and the counter is
cantrolled directly through rapid etectronic components without using any software.
This means that the number of impeller impulses counted is transmitted directly and
does not represent a risk factor with regard to accuracy.

Analogue signal recording

The current or tension signal produced by a velocity gauge is transmitted to an A/D
transformer board. The margin of error of the boards is checked with a certified
calibrator. [n the case of the analogue broads it is not possible to estimate the relative
uncertainty of measurement. This factor is constant throughout the measuring range
and also has a 0 value.

Umax OF lnax = Vinax is therefore applicable,

This gives an overall uncertainty for the analogue boards of:
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Ho is the overall uncertainty of the installation.

Similarly, the following is applicable for measuring the current:
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The calibration results obtained are presented to the client in the form of an
accreditation certificate issued by the Swiss Accreditation Service, indicating the
precise uncertainty of measurement and taking into account all influential factors.

Variation between different instruments

With reference to the overall margin of error the possible variation between different
measuring instruments under different conditions (relating to varying use) must also be
taken into consideration. For this purpose we in lttigen have used our instaltations to
carry out thousands of partial measurements with various instruments. These test runs
have produced interesting results. On the basis of our experience and measurements it
is possible today to examine the long-term behaviour of hydrometric impellers and
other instruments for determining the flow velocity of water, as well as the degree of
variation between different instruments. In relation to the development of new
instruments it is particularly recommended that the degree of accuracy be tested by a
neutral body and a certificate of variation be obtained.

Final remarks

it is a well known fact that many minor or not so minor errors can occur when the flow
rate of rivers or the efficiency of hydroelectric power stations is measured, i.e. that the
whole uncertainty of measurements using hydrometric measuring instruments does not
depend solely on the accuracy of the instruments and their calibration. The
environment, which may be hostile, and all types of weathering can present many
problems. For this reason it is important to know at least the initial conditions under
which the measurements were made by using calibrated and precision-tested
measuring instruments.
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