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All flow meters – whether Coriolis, electro-magnetic, vortex, 
ultrasonic or thermal – require periodic recalibration and 
verification. The frequency of these operations depends on 

the stringency of the quality and safety requirements applicable to 
the meters and to the overall system. The plant maintenance sched-
ule usually defines the calibration intervals, depending on how and 
where the meter is used. Calibration can, for example, rectify the 
mechanical changes that can occur as a sensor ages or correct the 
drift in the electronic signal analyser.

Calibration lingo defined

When determining accuracy, calibration is but one link in a chain 
of quality control measures governed by internationally recognised 
standards. Equally important is measurement uncertainty, trace-
ability, accreditation and verification. Let’s take a closer look at each 
in turn. 

Purpose

In simple terms, the purpose of a calibration is to ascertain whether 
deviations are present. Calibration occurs first in the factory after 
manufacturing and then again after the device has been in operation 
for some time. Calibration then allows for the correction of either 
condition, thus restoring accuracy. 

When calibrating a flow meter, the measured value displayed on 
the device is compared to the ‘true’ reference value from a calibra-
tion rig. The process further involves documenting the measurement 
deviation (aka. measurement accuracy), calculating the measurement 
uncertainty and creating a calibration log or certificate. Calibrations 
are conducted under precisely specified reference conditions; no 
technical intervention in the device is required.

Measurement uncertainty

Uncertainty is the most important quality criterion in any comparison 
between calibration facilities. The uncertainty percentage expresses 
the possibility that errors could have occurred during the calibration 
process – thus, the smaller the figure of uncertainty the better. Good 
uncertainty ratings will appear suspect to experienced quality auditors 
unless they are derived from accepted standards or were obtained 
through accredited calibration laboratories. 

Accreditation

Accreditation refers to the formal recognition of a body’s technical 
competence in performing specific services, such as calibration. Only 
authorised organisations such as a country’s metrology board, can 
issue accreditation. 

Accreditation takes a testing or calibration laboratory far 
beyond the basic analysis of measured results and comparative 
measurements into the realms of expertise that forms the basis for 
transparency, trust and comparability. This expertise focuses on the 
following areas:
•	 Personnel,	in	terms	of	specialist	knowledge,	practical	experience	

and continuous in-service training.
•	 Technical	infrastructure,	as	determined	by	the	criteria	for	decision-

taking processes, the requisite facilities and methods applied.
•	 Organisational	structure,	with	reference	to	independence,	impar-

tiality and quality management.

Accreditation, therefore, is a confidence-inspiring measure that 
enables authorities, industry and society to ascertain whether the 
organisations responsible for testing, inspection and certification, 
reliably discharge their duties. Accreditation is based on extensive 
international standards.
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High measuring accuracy under ideal reference operating conditions is not everything. What is of crucial importance though, is that the 

devices do what they are supposed to do in everyday practical circumstances… and that is why calibration is accuracy’s best friend. 
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Traceability

Traceability means an unbroken ‘chain’ of comparisons extending 
back from the device that is being tested to the testing equipment 
and finally to the hierarchically highest national standard of a country.

The lowest level is the meter under test. One level up is the calibra-
tion facility itself with the working standards used for the comparison. 
The next level up is the internal reference standards, meaning the 
in-house calibrators that are used to recalibrate the equipment peri-
odically in accordance with specified values; these results must also 
be documented in a calibration log. Continuing to the next level, we 
find the accredited calibration laboratories responsible for periodically 
recalibrating the company’s in-house calibrators.

The national standard is located on the highest level of the trace-
ability hierarchy. The national bodies that see to the implementation 
and monitoring of these standards, issue accreditation to the calibra-
tion laboratories, followed by periodic audits.

Verification

Verification simply confirms that a flow meter is operating according 
to the manufacturer’s specifications. Due to the cost implications 
of recalibration – especially if in-situ or on-site calibration is not an 
option – verification can be used to prolong the intervals between 
calibrations. For example, the author’s company has produced a de-
vice, FieldCheck - a tester/simulator for testing all the major functions 
of flow meters on site. FieldCheck can check the entire electronics 
chain of a magmeter, for example. Device parameters can also be 
tested, for example coil current rise time, electrode integrity in the 
filled measuring tube, etc.

It is, however, important to note that a tester or simulator – irre-
spective of type or make – cannot be a substitute for proper calibration 
on a calibration rig.

Calibration methods

Volume or mass comparison can be used in calibrating flow meters. 
The fluid flowing through the meter is measured either volumetri-
cally with the aid of calibrated vessels, or determined gravimetrically 
with weighing scales, and compared with the reading shown by the 
'device under test'. 

Volumetric method

A container of precisely known capacity is used for volumetric com-
parison. This container can have a scale for reading the volume, or it 
can be fitted with one or more limit switches that start, stop or divert 
the flow of fluid. 

Gravimetric method

Softened water from a tank of adequate capacity is circulated through 
the 'device under test' until the system settles to the desired measur-
ing range. Once this status has been achieved, a flow diverter switches 
reproducibly at a very high speed and the diverted quantity of fluid 
flows to the weighing tank. An electronic switch is tripped at the same 
time to start a frequency or pulse counter. As soon as the desired 
quantity of water is in the tank, the flow diverter switches back to its 
initial position and the switch for the frequency counter is 

Accuracy is the one test no flow meter can afford to fail. 

Why? Because accuracy equals money!
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closed. The results obtained by the weighing tank and the frequency 
counter are subsequently compared; if a discrepancy is found, the 
'device under test' is adjusted so as to minimise it (adjustment of 
the calibration factor).

Master-Slave method

The accuracy attainable by some flow meter designs is almost com-
parable to that of the calibration facilities and laboratory layouts on 
which they are calibrated. Measuring uncertainties better than ±0,1% 
are achievable by modern magmeters and, even more significantly, 
by Coriolis mass flow meters. On account of this performance, they 
are often employed as secondary standards for gauging less accu-
rate flow meters. If reference meters showing sufficient long-term 
stability and precision are available, they can be utilised in master-
slave calibration configurations. The ‘master’ consists of specially 
synchronised mass flow meters or electromagnetic flow meters. The 
reference Signal for the ‘device under test’ is the mean value from 
the masters, set up for the nominal diameter of the ‘device under 
test’. The tolerance bandwidth is ±0,1%.

Calibration rigs

The overseas calibration facilities of the author’s company combine 
25 years of experience in the construction of calibration systems using 
cutting-edge metrology and automation technology. Instruments with 
a pipe diameter ranging from as little as 1 mm to as large as 2 m (DN 
1 to 2 000) can all be accommodated on the company’s accredited 
traceable calibration rigs. The company has at its disposal the world’s 
most	accurate	production	calibration	facility	–	the	PremiumCal	flow	
calibration rig that boasts the following ‘world’s best’ measurement 
accuracies (ie measurement uncertainty values):
•	 Standard	weights	(for	testing	scales):	±	0,0016%
•	 Calibration	rig:	±	0,015%	(gravimetric),	±	0,021%	(volumetric)	
•	 Traceable	accuracy	of	the	devices	under	test:	±	0,05%

To put the above figures into a more colourful context, consider the 
following example - the calibration rig’s gravimetric deviation of  
± 0,015% from the reference value amounts to about the contents of 
one champagne glass in one thousand litres of water!

As an international player, it goes without saying that all this 
company’s flow calibration facilities are accredited by different na-
tional authorities – including for example SAS, A2LA and CNAS – in 
accordance with ISO/IEC 17025. 

Unparalleled field accuracy

As mentioned earlier, it is of crucial importance that a flow meter 
delivers accurate readings not only in a laboratory environment, but 
more importantly in the field. After all, only field accuracy truly reflects 
‘practical precision’. Engineers at the company represented by the 

author use the Finite Element Method (FEM) to calculate the geometry 
and physical parameters of the measuring tube to determine the most 
suitable method to neutralise pressure and temperature preload once 
installed. The secondary containment, the sensor’s protective hous-
ing, is specially designed to dissipate pipe-borne stresses and strains 
effectively and reliably. This optimised design and the high oscillatory 
frequency of the measuring tubes protect the meters against plant 
vibrations, ensuring optimum field accuracy.

Conclusion

In South Africa, this company offers flow calibration services at their 
workshop in Gauteng as well as on site throughout South Africa and 
even Africa. Calibration testing at the workshop can accommodate 
flow meters with a pipe diameter of DN 150, while on-site calibration 
can be done on pipe diameters of up to DN 200. Larger flow meters are 
sent to the company’s state-of-the-art European calibration centres. In 
addition to calibration, a local team of experts perform flow, pressure 
and temperature verifications on site. The team is also available to 
advise the correct positioning and installation of flow meters – crucial 
factors that could influence a device’s accuracy.
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