
Liquid flowmeters

Impact of Operators on  
the Calibration Result
A detailed description of the measurement process allows a realistic calculation of the measurement 
uncertainty. Influence quantities, whether unknown or not taken into account, can have a significant in-
fluence on the result. The following article describes the difficulty to estimate influence quantities from 
the area of heat metering with two examples.
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Normally measurement results 
are comparable, when meas-
ured using a metrological 

traceable basis. This requires infor-
mation about the »quality« and the 
general validity (traceability) of the 
measurements. In praxis, the infor-
mation can be found in a measure-
ment analysis of the specific measure-
ment process, where all metrological 
relevant influence quantities must be 
considered in the mathematic model 
of the measurement process [1]. With 
the Gaussian error propagation and 
the estimation of the measurement 
uncertainty of the influence quanti-
ties, a standard measurement uncer-
tainty of the measurement process can 
be calculated. 

Validation of liquid flow reference 
standard  measurement systems

In the area of flow measurement,  
the volume or mass of a flowing liquid 
is measured using reference volumes 
or gravimetric weighing systems [2]. 
The »quality« of the reference meas-
urement systems for example, can be 
determined with a measurement un-
certainty calculation. Figure 1 shows a 
liquid flow reference calibration system 
with the gravimetric principle using a 
weighing system and a liquid flow di-
verter to be able to measure in flying 
start stop mode [3] 

Calibration of the master meter

The frequent calibration of the volu-
metric master meters of Heatmeter 
Service GmbH, Essen/Germany, was 
historically a manual procedure. The 
flow rates for calibration of the three 
reference meters in the calibration rig 
were programmed manually for each 
different meter in the calibration rigs. 
Afterwards, the calibration result was 
used for a correction of the systematic 
measurement error. The calibration 
took place during the working day. 

Figure 2 shows the calibration results 
of a calibration rig for the smallest ref-
erence meter for flowrates from 6 to 
64 l/h. Different colours were used to 
show the different systematic meas-
urement errors. It is clear that the ran-
dom error in figure 2 is bigger than in 
figure 3. 

Figure 3 shows actual calibration 
results with a fully atomized calibra-
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Figure 2. Calibration results of a manually operated gravimetric calibration 
rig of reference meter 1

Figure 3. Calibration results of an automatically operated gravimetric cali-
bration rig of reference meter 1

195,74 kg

Meter under test

195.74 kg

Figure 1. Gravimetric weighing System
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tion procedure. The measurements of 
the transfer standards started Friday at 
3 pm and finished on Monday before 
9 am. This time interval allows making 
several measurements for each cali-
bration point. An interruption of the 
operators is therefore not necessary 
anymore. 

Table 1 shows quantitative values to 
determine the measurement repeat-
ability with the experimental stand-
ard deviation of the single value for the 
specific flow rates for the manual oper-
ated and automatic operated system. 

It is easy to see that the values are 
smaller when the calibration rig is op-
erated automatically, which reduces 
the measurement uncertainty of the 
calibration rig.

Smaller measurement 
 uncertainty by validation of the 
reference flow meters
The validation of the »quality« of 
liquid flow reference measurement 
systems can be done by comparing 
with other calibration rigs [3]. In the 
measuring section where normally 
the meter under test is calibrated,  
a reference flowmeter for compari-
son is mounted. The meter is cali-
brated under constant operation 
conditions such as medium tem-
perature. static pressure in the pipe, 
calibration mass or volume, meas-
urement time and output condi-
tions of the reference flowmeter at 
different flow rates. The laboratories, 
which take part, have to calibrate 

the flow meter without knowing  
the original calibration error curve 
and without knowing the results of 
the other laboratories. Of course, 
this procedure can be used for an  
internal check of the calibration 
facilities, in case more than one  
calibration rig is available in the labo-
ratory. 

The precise knowledge of the meas-
urement results at a specific calibra-
tion rig allows identification of none 
visible systematic measurement er-
rors, when the reference flowmeter 
is selected according to the require-
ments of the measurement uncertainty 
of the calibration. The reference flow 
meter has to be selected making sure 
that local influence quantities on the 
measurement result are reduced to a 
minimum, if the scale of the calibration 
rig has to be compared.

Additionally the flow meter should 
have small quantitative values for  
repeatability and reproducibility to re-
duce the measurement uncertainty of 
the comparison [4;5]. 

Figures 5 and 6 show measure-
ment results of a long-term inter-
nal comparison of the WSG Heat-
meter Service GmbH in Essen/
Germany. The Flowmeter used for 
the comparison is an electromagnetic  
flowmeter (EMF) with a ceramic 
liner and special adapted inlet and 
outlet sections. This reduces the  
influence of disturbances of pressure  
and temperature differences and of 
flow disturbances in front of the meter 
on the measurement result. Figure 4 
shows the reference meter which was 
used for the comparison. 

The calibrations performed, were for 
the pulse output signal at four techni-
cally identical gravimetric calibration 
rigs, at flow rates from 6 to 1,500 l/h 
with a water temperature of 55 °C. The 
calibration rigs use for internal regula-
tion flow meters of the same physical 
measurement principle and technical 
realisation. Figure 5 shows the calibra-
tion results of the internal comparison. 
The operator performed the calibra-
tions manually. The systematic meas-
urement error, measured at the differ-
ent calibration rigs, is shown in four 
different colours. 

Figure 6 shows the measurement 
results of the different calibration rigs 
after the calibration procedure was 
fully atomised. 

Table 2 shows quantitative values to 
determine the measurement repeat-

Figure 4. Electromagnetic flowmeter with inlet and outlet section for com-
parisons

Flow rate in l/h Experimental standard Experimental standard  
 deviation in % of m.v. (k = 1) deviation in % of m.v. (k = 1) 
 manual calibration automatic calibration

5 0.13 0.05
7.5 0.08 0.04
10 0.09 0.04
15 0.04 0.03
20 0.05 0.01
25 0.06 0.02
32 0.09 0.02
45 0.07 0.02
64 0.05 0.02

Table 1. Experimental standard deviation of the single value as a function of 
the flowrate
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ability with the experimental stand-
ard deviation of the single value for 
the specific flow rates for the manual 
operated and automatic operated sys-
tem.

Summary

The measurement results show that a 
fully automated measurement process 
instead of a manually operated process 

can reduce the quantitative value of 
the repeatability which ultimately re-
duces the measurement uncertainty 
of the calibration rig.  The difference 
between both random errors of the 
calibrations is »influence of operator« 
and should be considered in the meas-
urement uncertainty calculation of the 
calibration rig, which does not happen 
very often in praxis. Of course, it is dif-
ficult to estimate this influence quan-
tity on site. The individual influence 
of the operators is, against all descrip-
tions of the measurement processes, 
obviously responsible for an increasing 
value of the measurement uncertainty.
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Figure 5. Systematic measurement error of the reference flowmeter at four 
different manually operated calibration rigs

Figure 6. Systematic measurement error of the reference flowmeter at four 
different automatically operated calibration rigs

Flow rate in l/h Experimental standard Experimental standard  
  deviation in % of m.v. (k = 1) deviation in % of m.v. (k = 1) 
  manual calibration automatic calibration

 6 0.47 0.19
 10 0.32 0.21
 64 0.12 0.03
 66 0.05 0.04
 100 0.05 0.04
 800 0.06 0.04
 801 0.04 0.02
 1,000 0.07 0.02
 1,500 0.07 0.06

Table 2. Experimental standard deviation of the single value as a function of 
the flowrate
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