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3. Reference and working standards 

The calibration is carried out by direct comparison of the measurement values of the 
calibration item with those of the reference or working standard which has been directly or 
indirectly traced back to a national standard. 

The reference standards used are pressure gauges of long-time stability as, for example, 
pressure balances and liquid-level manometers, or less long-term stable electrical pressure 
gauges (see Annex F, p.49). They are calibrated at regular intervals and provided with a 
calibration certificate stating the expanded measurement uncertainty under standard 
conditions (among other things, standard or local acceleration due to gravity, 20°C, 1 bar). 
The reference standard is subject to surveillance and documentation by the accreditation 
body. If the calibration does not take place under standard conditions, corrections are to be 
applied to the pressure calculation. The measurement uncertainties to be attributed to these 
corrections due to influence quantities are to be taken into account as further contributions in 
the uncertainty budget1. 

When calculating the measurement uncertainty of the standards used, all relevant influence 
quantities are to be taken into account. In case of indicating pressure gauges that are used as 
standards, the resolution has to be considered a second time when calculating the 
measurement uncertainty. 

The working standards documented in the quality manual of the laboratory are calibrated in 
an accredited laboratory and provided with a calibration certificate stating the expanded 
uncertainty at the time of calibration. The working standard is subject to surveillance by the 
accreditation body. Depending on their type, the working standards may vary considerably. 

 
Recommendation: 
The measurement uncertainty attributed to the measurement values of the reference or working standard should 
not exceed 1/3 of the aspired uncertainty

2
 which will presumably be attributed to the measurement values of the 

calibration item. 

  

                                                
1
  The term uncertainty budget continues to be accepted.  

2
  The measurement uncertainty aimed at is the uncertainty which can be achieved when specified calibration efforts are 

made (uncertainty of the values of the standard, number of measurement series, etc.). It may be equal to or greater than 
the best measurement capability. 
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Table 1: Calibration sequences 

Sequence Desired 
measure-

ment 
uncertainty  

in %  

of the 
measure-

ment span 

Minimum 
number of 
measure-

ment points  

Number  

of pre-
loadings 

Load change 
+  

waiting time  

Waiting time 
at upper limit 

of the 
measure-

ment range  

Number of 
measurement 

series 

 (*) with zero 
point 

up/down 

 (**) 
 

seconds 

(***) 
 

minutes 

 
 

up 

 
 

down 

        
A < 0.1 9 3 > 30 2 2 2 

B 0.1 ... 0,6 9 2 > 30 2 2 1 

C > 0.6 5 1 > 30 2 1 1 

 
(*) The reference to the measurement span was chosen in order to allow the selection of 

the sequence (necessary calibration effort) from the table, since the accuracy 
specifications provided by the manufacturers are usually related to the measurement 
span. In case of measuring devices for which specifications of the measurement value 
or assembled specifications are stated, Table 1 is to be applied, using the specification 
limit (e.g. of the measurement span). 

 
(**) In any case, one has to wait until steady state conditions (sufficiently stable indication of 

the standard and the calibration item) are reached. 
 
(***) For Bourdon tube pressure gauges, a waiting time of 5 minutes is to be observed. The 

waiting times can be reduced for quasi-static calibrations (piezoelectric sensor 
principle). 

 
Note: 
The calibration of items with a measurement range greater than 2500 bar basically requires the application of 
calibration sequence A. If clamping effects are observed, the calibration is to be repeated with a second clamping. 
Calibration items that are calibrated with positive and negative gauge pressure should at least be calibrated at two 
points in the negative range (e.g. at -1 bar and -0.5 bar); the remaining measurement points should be calibrated 
in the positive range. 
 
If several references are required to carry out a calibration, the pressure at the calibration item must be kept 
constant when changing the reference. If this is not practicable (e.g. change of the mounting position, second 
clamping), a complete new calibration sequence has to be carried out. 
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8. Measurement uncertainty 

8.1 Definition [VIM 2.26] 

The measurement uncertainty is a non-negative parameter characterizing the dispersion of 
the values being attributed to the measurand, based on the information used. 

8.2 Pocedure 

8.2.1 Model of measurement [VIM 2.48] 

The determination of the measurement uncertainty is generally carried out according to the 
procedure described in the document DAkkS-DKD-3[18]. This document uses the following 
terms and calculation rules on condition that no correlations between the input quantities are 
to be allowed for: 
 

Model function    

Standard 
uncertainty 

 Standard uncertainty attributed to 
the input/influence quantity 

 

  Sensitivity coefficient 
 

  Contribution to the standard 
uncertainty attributed to the output 
quantity due to the standard 

uncertainty of the input 

quantity   

 

  Standard uncertainty attributed to 
the output quantity 

 

Expanded uncertainty  Expanded uncertainty  

  Coverage factor  
for a measurand of largely normal 

distribution and a coverage 
probability of approximately 95% 

 

If relative measurement uncertainties are used, the variables u, U are replaced by the 
variables w, W. 

With complex models, the calculation rule rapidly leads to an analytical determination of the 
sensitivity coefficients which is no longer manageable. As a result, there will be a shift toward 
a software-based numerical determination of the sensitivity coefficients. 
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If the values are more likely to be found in the middle or at the edge of the 
interval, then it is reasonable to assume a triangular or U-shaped distribution. 

 

Table 2: Other type B distribution shapes 

 

Shape of distribution Standard uncertainty 

  

normal  

triangular  

U-shaped  

etc.  

  

k

U
u

6

a
u

2

a
u
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- Figure 5, lower details). 

Note: 
The use of pressure-dependent specification limits is not common practice. However, in pressure measurements 
with the calibrated device in the upper part of the measurement range, it allows the statement of smaller 
measurement uncertainties. 
 

For calibration items with a nominal parameter (e.g. 2 mV/V) balanced by the manufacturer, 
the specification limits can alternatively be determined from the associated parameter 
tolerance. In this case, however, it always has to be checked whether the values of the 
transmission coefficients determined during calibration, including their associated 
measurement uncertainties and their systematic deviations from the single-figure indication of 
the parameter, do not exceed the specification limits. 

 

8.6 Relevant influence quantities of the calibration item for the uncertainty budget 

8.6.1 Resolution r 

8.6.1.1 Analogue indicating devices  

The resolution of the indicating device is obtained from the ratio of the pointer width to the 
centre distance of two adjacent graduation lines (scale interval). 1/2, 1/5 or 1/10 is 
recommended as ratio. If the ratio shall be 1/10 (i.e. the estimable fraction of a scale interval), 
the scale spacing must be 2.5 mm or greater (cf. also DIN 43790). 

Note: 

The best estimate of an analogue indicating device is determined by visual interpolation. The smallest estimable 

fraction of a scale interval is the interpolation component r by which the measurement values can be distinguished. 

The variation interval for the best estimate x thus is  and with the width of the rectangular 

distribution . 

8.6.1.2 Digital indicating devices 

The resolution corresponds to the digital step, provided that the indication does not vary by 
more than one digital step when there is no load on the pressure gauge. 

Note: 

For the determination of the uncertainty contribution, half the value of the resolution a = r/2 is assigned to the half-

width of the rectangular distribution. 

8.6.1.3 Fluctuation of readings 

If the reading fluctuates by more than the previously determined value of the resolution with 
the pressure gauge not being loaded, the resolution r is to be taken as half the span of the 
fluctuation, additionally added with a digital step. 

8.6.2 Zero deviation f0 

The zero point (unloaded pressure gauge usually at atmospheric pressure) can be set prior to 
each measurement cycle consisting of an increasing and a decreasing series; it has to be 
recorded prior to and after each measurement cycle. The reading is to be carried out with the 
instrument being completely relieved. 

In the case of pressure gauges for excess pressure whose initial measuring range is different 
from the atmospheric pressure (e.g. -1 bar to 9 bar), the drift has to be determined at the zero 
point. 

a x r a x r
2 2a r
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The representation of related parameters can be carried out in a form typical for the type of 
equipment (related to the measurement span, related to the measurement value). 

Figure 4: Visualisation of the calibration result for a Bourdon tube pressure gauge or an 
electrical pressure gauge  

 
 
 

To support a statement of conformity, the results can also be represented in standardized 
form (specification limit = 100%). The specification limit can either be specified by the 
customer, or the one provided by the manufacturer can be adopted.  
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9.3 Limiting values for uncertainty statements 

The measurement uncertainty and the error span are calculated according to Section 8. This 
is valid for all the calibration sequences (A, B, C).  
 
Regardless of the result of the calibration, however, the measurement uncertainty is stated 
for cal. sequence B not smaller than 0.04% of measurement span 
and for cal. sequence C not smaller than 0.30% of measurement span. 
 
For the indication of an error span in a conformity statement according to DAkkS-DKD-5, the 
value must be given 
for cal. sequence  B not smaller than 0.06% of measurement span 
and for cal. sequence  C not smaller than 0.60% of measurement span. 
 
The measurement uncertainty and the error span for the calibration sequence A remain 
unaffected by these limiting values. They are indicated as actually calculated. 
 
In case of measuring devices for which specifications of the measurement value or combined 
specifications are stated, the limiting values are to be applied using the specification limit at 
the upper limit of the measurement range. 

  



http://www.bipm.org/en/publications/guides/vim.html
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DAkkS, 1st edition (reissue) 
(English title: How to create a calibration certificate; not yet available in English) 

 

Measurement uncertainty 

[13] JCGM 100:2008 Evaluation of measurement data -- 
Guide to the Expression of Uncertainty in Measurement (GUM)            
(identical with ISO/IEC Guide 98-3:2008) 
http://www.bipm.org/en/publications/guides/gum.html 

[14] JCGM 101:2008 Evaluation of measurement data -- 
Supplement 1 to the "Guide to the expression of uncertainty in 
measurement" -- Propagation of distributions using a Monte 
Carlo method (identical with ISO/IEC Guide 98-3:2008/Suppl 
1:2008) 
http://www.bipm.org/en/publications/guides/gum.html 

[15] JCGM 104:2009 Evaluation of measurement data -- 
An introduction to the "Guide to the expression of uncertainty in 
measurement" and related documents                                                     
(identical with ISO/IEC Guide 98-1:2009) 
http://www.bipm.org/en/publications/guides/gum.html 

[16] EA-4/02:1999 Expression of the Uncertainty of Measurement in Calibration -- 
including supplement 1 and 2 
European co-operation for Accreditation 
http://www.european-
accreditation.org/content/publications/pub.htm 

[17] DIN V ENV 
13005:1999 

Leitfaden zur Angabe der Unsicherheit beim Messen 
Beuth Verlag Berlin 
(English title: Guide to the expression of uncertainty in measurement) 

[18] DAkkS-DKD-3:2010 Angabe der Messunsicherheit bei Kalibrierungen 
1. Neuauflage, Deutsche Akkreditierungsstelle GmbH 
http://www.dakks.de/doc_kalibrier 

[19] DAkkS-DKD-3-
E1:2010 

Angabe der Messunsicherheit bei Kalibrierungen, Ergänzung 1,           
Beispiele, 1. Neuauflage, Deutsche Akkreditierungsstelle GmbH  
http://www.dakks.de/doc_kalibrier 

[20] DAkkS-
DKD-3-E2:2010 

Angabe der Messunsicherheit bei Kalibrierungen, Ergänzung 2,       
Beispiele, 1. Neuauflage, Deutsche Akkreditierungsstelle GmbH 
http://www.dakks.de/doc_kalibrier 

[21] DIN 1319-3:1996 Grundlagen der Messtechnik 
Teil 3: Auswertung von Messungen einer einzelnen Messgröße,             
Messunsicherheit 
Beuth Verlag Berlin 
(English title: Fundamentals of metrology - Part 3: Evaluation of 

measurements of a single measurand, measurement uncertainty) 

[22] DIN 1319-4:1999 Grundlagen der Messtechnik 
Teil 4: Auswertung von Messungen, Messunsicherheit 
Beuth Verlag Berlin 
(English title: Fundamentals of metrology - Part 4: Evaluation of 
measurements; uncertainty of measurement) 

http://www.bipm.org/en/publications/guides/gum.html
http://www.bipm.org/en/publications/guides/gum.html
http://www.bipm.org/en/publications/guides/gum.html
http://www.european-accreditation.org/content/publications/pub.htm
http://www.european-accreditation.org/content/publications/pub.htm
http://www.dakks.de/doc_kalibrier
http://www.dakks.de/doc_kalibrier
http://www.dakks.de/doc_kalibrier
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Figure D2: Visualisation of the error spans 
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Annex E (informative) Measurement uncertainties of reference and working 
standards  

 
Table E1: Typical measurement uncertainties which can be attributed to the values of the 

reference standards. 

Pressure scale 
Typical value of the expanded uncertainty  

U (k = 2) 
related to the measurement value 

  
10-9 mbar ... 10-6 mbar 10 % ... 6 % 
10-6 mbar ... 10-2 mbar 4 % ... 1 % 
10-2 mbar ... 10 mbar 0.5 % ... 0.3 % 
10 mbar ... 50 mbar 0.03 % 

50 mbar ... 1 bar 0.01 % 
1 bar ... 700 bar 0.008 % 

700 bar ... 2000 bar 0.012 % 
2000 bar ... 10000 bar 0.07 % 

 
 

 

Table E2: Typical measurement uncertainties which can be attributed to the values of the 
working standards. 

Working standard 
Typical value of the expanded uncertainty  

U (k = 2) 
related to the measurement span 

  
quartz sensors, quartz spiral gauges  0.01 % 
piezoresistive pressure transmitters 0.03 % 

thin-film pressure transducers, pressure strain 
gauges 

0.05 % 

capacitive pressure transducers, Bourdon tube 
pressure gauges cl. 0.1 

0.10 % 

 

  




