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Calibration & Type Testing

• Calibration
– The comparison of two methods, one of which is an 

accepted standard, using measurement uncertainty of 
the methods to define that comparison (It obtains the 
standard by Traceability)

• Type testing (sometimes called Conformance testing, 
conformity assessment or compliance testing.) 
– It is testing or other activities that determine whether a 

meter complies with the requirements of a specification, 
technical standard, contract, or regulation. 

– For example whether a meter performance conforms to 
OIML R117 standard.



Difference

• The major differences between the two 

are: 

– Calibration of a meter implies an operation 

on each produced meter under some 

defined “ideal” flow conditions. 

– Type testing implies that the conditions may 

be varied from “ideal” and the testing will be 

carried out on a representative sample.



Uncertainty & Reality

• We seem to be  “staggering” towards 
claiming  values of better than 0.1% total 
measurement uncertainty even for meters 
that are not proved on site.

• Even with the “Gorilla in the room” We go 
ahead and continue these claims without 
any realistic local substantiation.

• Even Proved systems on site struggle to 
achieve better than 0.1%



How Can  a Meter Achieve 

This??

• The meter has now to be “very good”, an emotive 
term that implies: 
– It has to be able to withstand the vagaries of many 

installation variations without a change in performance, or 
at least a defined acceptable change. (Type testing may 
be one method to confirm this?),

• The installation should be well controlled and defined 

• The meter must have a well-defined range related 
performance. (Linearity) 

• The base value of the meter has to be within a known 
tolerance, and this tolerance has to be valid over the 
range of operation of the meter. 
– This base value must have a relevance to the meter in 

operation.



Calibration

• The first issue is we need to know in some definitive terms the base 
calibration of the meter.

• There are meters that are not necessarily calibrated for example Orifice 
plates-ISO 5167, but the meter uncertainty will not be 0.1% and it is 
achieved by detailed manufacture and check measurement (another form of 
calibration, at least traceability?) 

Figure 1 Meter Factor Variation of 12" USMs
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How Does calibration 

Help with Linearity?
• In the case of the meters shown the linearity is 

determined as a function of Reynolds number.

• Under other circumstances it may be pressure, 
temperature, fluid properties (mixtures) that define 
the linearity.

• Calibrations hopes to remove these issues such 
that on site they will perform to the required 
specification.
– We come back to the start, how well does the 

calibration transpose into practice?

– Can Type testing help us understand the probability 
that this will be the case?



Comments on Type 

Testing

• Type testing has a number of clear 
advantages:
– It gives the manufacturer an opportunity to 

demonstrate under independent scrutiny the 
performance of the meter.

– It gives the user a chance to compare the 
operation of different meters under similar 
conditions

– It shows the relationship to standards 
(Contractual)

– It can do this with a “reasonable” financial outlay.

– But we must consider……….



Comments on Type Testing

• Batch Sampling or Sample size
– The use of “super” meters

– Need clear picture of how representative a meter is of 
the general population of meters of this design

– Determining sample size is a very important issue 
because samples that are too large may waste time, 
resources and money.

• Meter Sizes
– Currently there is no clear indication as to the number 

of meters and sizes required for testing

– If every size had to be tested, in the most common 
sizes this would lead to testing a minimum of 10 
meters



Comments on Type Testing

• Design Variations

– Often a change in design with size

– Sometimes with application i.e. LNG

• Proving

– One of the standbys of Custody Transfer

– We have no real type testing procedure to 

determine the quality of a meter with proving.

– Difficult to work out but should be viable.



Comments on Type Testing

• Installation
– Needed essentially for non-proved systems

– There are standards but really Gas, e.g.  OIML 
R137 and ISO 17089 

– Difficult to define what type of installation is 
representative.

• Flow Induced

• Mechanical (Vibration etc)

• Temperature/pressure 

– Also have to consider position, for example the 
axial position of a meter may need to be 
investigated.
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Comments on Type Testing

• Completing the Picture:

– There are also other issues to be tackled such 

as:

• Environment, Electrical and Mechanical 

Performance, 

• Type Test Approval Organizations and Calibration 

Facilities and Software are other major issues, 

• These are not within the remit of this paper, but 

need to be considered as part of the full type 

testing criteria.



CALIBRATION, TYPE TESTING AND 

PROVING- THE RELATIONSHIP.

• “Meter proving is the physical testing of 
the performance of a liquid meter in a 
liquid service. The main purpose of the 
test is to assure accuracy”

• There is no doubt that it does a lot to 
remove the “Gorilla in the Room”

• In theory it also means that we can do 
without calibration and perform all the 
functions in the field but……….



CALIBRATION, TYPE TESTING AND 

PROVING- THE RELATIONSHIP..

• The responsibility for the end performance of 
the meter transfers from the manufacturer to 
the end user (unless maybe he pays for it!!)
– Extended Commissioning

– Consultancy

• The end user has to have access to the 
meter operation, understand it and do the 
testing.

• It also becomes a major logistical exercise in 
time, organisation and man power to 
complete the operation.



CALIBRATION, TYPE TESTING AND 

PROVING- THE RELATIONSHIP.METER No. 3211        

Turb.Met. 
Tag. No. 

Turb.Met.
Flow 

Range 

Factory 
K-Factor 

Calibrat. 
Flow 

Range 

Calibration 
Meter 

Factor  MF 

Viscosity 
(cst) 

MF fact. 
deviat. 

due to 
viscosity 
% 

Density 
(kg/m3) 

 Range 

         

FT 3211 486-4088 652.501 3160 1.00460 9.2600    1 

  652.501 2376 1.00530 9.2000 61.28  1 

  652.501 1598 1.00625 9.6900 5.78  1 

  652.501 1191 1.00720 9.2500 4.96  1 

  652.501 793 1.00895 9.6900 3.53  1 

Average    1.00646 9.42    

FT 3211 486-4088 652.501 3177 1.00490 14.11  861.60 2 

  652.501 2383 1.00480 14.56  862.00 2 

  652.501 1603 1.00540 14.61  862.00 2 

  652.501 1189 1.00630 14.70  862.00 2 

  652.501 797 1.00780 14.69  862.00 2 

Average    1.00608 14.6400    

FT 3211 486-4088 652.501 3205 1.00510 18.53  862.50 3 

  652.501 2431 1.00530 17.81  858.70 3 

  652.501 1588 1.00630 17.93  858.70 3 

  652.501 1187 1.00680 18.04  859.10 3 

  652.501 798 1.00880 18.14  859.00 3 

Average    1.00646 18.09    

FT 3211 486-4088 652.501 3205 1.00460 22.47  875.60 4 

  652.501 2431 1.00540 20.81  874.60 4 

  652.501 1600     4 

  652.501 1200     4 

  652.501 800     4 

Average    1.00500 21.64    

FT 3211 486-4088 652.501 3200     5 

  652.501 2400     5 

  652.501 1606 1.00770 25.53  884.10 5 

  652.501 1207 1.00900 26.12  884.80 5 

  652.501 820 1.01140 26.02  884.70 5 

Average    1.00937 25.89    

 

This is nearly 9 months into 

the data collection, and as 

can be seen still not a 

complete picture!!!!



On Site Calibration-Final 

Thoughts

• On site the metrology, standards, independence 
and controls necessarily become strained and 
loose compared to a calibration facility, and so the 
reality is that what has been gained by proving can 
start to be eroded. 

• The issue therefore is really a question of balance, 
proving can definitely give greater confidence in 
the performance.

– It must be controlled

– it should be the responsibility of manufacturers to 
provide a meter that ready for proving.



FINALE- HOW SHOULD THE 

PIECES FIT TOGETHER

• Calibration should ensure that the meter 

“under ideal conditions” meets:

– A meter must have a defined reference.

– The specification over the proposed range of 

operation of the meter 

– Is corrected in a stable way to ensure the best 

possible performance on site.



FINALE- HOW SHOULD THE 

PIECES FIT TOGETHER

• Type Testing should 

– Define that the meter type meets specification 

under ideal conditions 

– Defines the limits to be expected in the 

operation of the meter when used outside of 

the ideal conditions. 



FINALE- HOW SHOULD THE 

PIECES FIT TOGETHER

• Proving is the icing on the cake;

– It ensures that when transferred from the ideal 

conditions the meter either meets 

performance

– Allows it to be modified in a minor way to 

correct it to meet the performance. 

• Proving should not be used to solve 

the inadequacies of a meter or its 

calibration.


