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1. Purpose  
Classification of Groups and Subgroups 

This specific guidance lays down the specific requirements for calibration of 

pressure/vacuum indicating devices under mechanical discipline. This part of the 

document thus amplifies the specific requirements for calibration of pressure/vacuum 

indicating devices and supplements the requirements of ISO/IEC 17025:2017. 

2. Scope  
The subgroups for pressure/vacuum indicating devices are as follows; 

i. Mechanical Pressure/Vacuum Gauges (Dial Gauges) 

ii. Digital Pressure/Vacuum Gauges 

iii. Pressure/Vacuum Transmitters 

iv. Manometers 

v. Absolute Pressure Gauges 

vi. Absolute Pressure Transmitters 

vii. Pressure Switches 

 

 Following table can be referred to carry out calibration of pressure/vacuum indicating 

devices in lab, on site and in mobile labs.  

 

Sl. Description 
Relevant 
Standard/ 
Reference 

Permanent 
Facility 

Site Facility 
Mobile 
Facility 

1 
Precision Pressure 
Calibrator with pump 
(digital and Analog)  

OIML R-101 OIML 
R-97 (Barometer) 
EURAMET Cg-17/ 

DKD R-6-1 
 

√ √ √ 

2 
Pressure transducer with 
digital pressure indicator  

√ √ √ 

3 
Pressure transducer with 
Voltage, current or 
frequency output  

√ √ √ 

4 

Pressure transmitters with 
Voltage (5 V,10V….) , 
Current (4-20mA,0-
20mA,…) Frequency  
Digital format 
(RS232,……..)  

√ √ √ 
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5 
Industrial Pressure 
gauges with analog/digital 
indication.  

√ √ √ 

6 Barometers/Manometers √ √ √ 

7 
Oxygen Pressure 
gauges*  

√* X X 

8 Pressure Switches  √ √ √ 

9 
Magnahelic Gauge, Pirani 
Gauge  

√ √ √ 

10 Vacuum Gauge  
ISO 3567/ISO 

27893 DKD R-6-2 
√ √ √ 
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3.  References  
 

 OIML R 101 :1991 Indicating and recording pressure gauges, vacuum gauges 

and pressure- Vacuum gauges with elastic sensing elements (ordinary 

instruments)  

 EURAMET Cg-17, Version 4.0 (04/2019) “Guidelines on the calibration of 

Electromechanical Manometers”  

 DKD R-6-1 (2014) Guidelines on Calibration of Pressure Gauge  

 DKD R-6-2 Parts 1 to 5 (2018) Guidelines on Calibration of measuring devices for 

Vacuum  

 ISO 3567:2011 Vacuum Gauges- Calibration by direct comparison with a 

reference gauge  

 ISO 27893:2011Vacuum Technology-Vacuum Gauges-Evaluation of results of 

calibrations by direct comparison with reference gauge  

 OIML R-97:1990 Barometers (International Recommendation) 

 

* Special separate arrangements shall be required when calibrating oxygen 

pressure gauge.  

 

Note 1: Onsite and Mobile calibration with Dead weight testers as a master is not 

recommended.  

Note 2: This technical requirement is based on the above-mentioned guidelines. Lab 

may follow any relevant standard however care shall be taken to follow the requirements 

in totality. 
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4.  Terms and Definitions 
 

Pressure Gauge  

A Gauge to measure and indicate pressure greater than ambient using ambient pressure 

as the datum point  

 

Pressure Switch  

A pressure switch is a form of switch that closes an electrical contact when a certain set 

pressure has been reached on its input. The switch may be designed to make contact 

either on pressure rise or on pressure fall.  

 

Atmospheric Pressure  

Atmospheric pressure is the pressure created by atmosphere around the earth on earth 

surface. This is generally 1.0 bar at sea level.  

 

Gauge Pressure  

Gauge pressure is zero reference at atmospheric pressure which is measured above 

atmospheric pressure  

   

Absolute Pressure  

Absolute pressure is zero reference against a perfect vacuum. It is equal to gauge 

pressure+ atmospheric pressure. 

 

Vacuum (Negative Pressure) 

Vacuum is zero reference at atmospheric pressure which is measured below 

atmospheric pressure 

 

Differential Pressure  

It is the difference in pressure between two points where two different quantities of 

pressure are applied.   

 

Vacuum Gauge  
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A gauge to measure and indicate pressure less than ambient using ambient pressure as 

the datum point  

 

Compound Gauge  

A gauge to measure and indicate pressure greater than and less than ambient using 

ambient pressure as datum point.  

 

Differential Gauge  

A gauge having two connections and a means to measure and indicate the difference 

between the two pressures.  

 

 

Barometer  

A gauge to measure and indicate Atmospheric pressure.  

 

Pressure Transducer  

Converts the measured pressure into analog electrical signal proportional to the applied 

pressure.  

 

Pressure Transmitter  

Pressure transmitter is a unit that consists of a pressure transducer and a module for 

conditioning and amplifying the transducer signal.  

 

Digital Pressure Gauge or Manometer  

It is a complete measuring instrument that measures and indicates the unit of pressure 

proportional to the applied pressure.  

 

Dead Weight Pressure Tester (Also called as Dead weight piston gauge or 

Pressure balance)  

One of the fundamental methods used – Force/ unit area of the piston. Consists of an 

accurately machined piston of known weight which is inserted into a closed fitting 

cylinder (clearance between the piston and cylinder will be few microns), both of known 

cross sectional area. Weights of known mass loaded on one end the piston and the fluid 
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pressure applied to the other end of the piston until enough force is developed to lift the 

piston-weight combination, When piston is floating freely within the cylinder (between 

limit stops), piston is in equilibrium with the unknown system pressure. So the applied 

pressure is equal to the ratio of force due to the weight-piston and the area of cross 

section of the piston cylinder.  
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5. Selection of Reference standards for calibration 
 

a. Make sure that the reference equipment used for calibration of pressure gauges 

or electro manometer should be such that, at least its accuracy including uncertainty is 

better than 1/3 of the accuracy class of the device under calibration. Efforts should be 

made to use even better reference equipment than 1/3 of the accuracy class if available. 

 

b. Following equipment can be used as reference standards for calibration of 

pressure/vacuum devices 

i. Pneumatic Dead Wt. Testers – Accuracy 0.005% to 0.05% of Rdg. 

ii. Vacuum/Absolute Dead Wt. Testers – Accuracy 0.005% to 0.05% of Rdg. 

iii. Hydraulic Dead Wt. Testers – Accuracy 0.006% to 0.05% of Rdg 

iv. Pneumatic/Hydraulic Pressure Controllers- Accuracy 0.008% to 0.1% of 

Rdg  

v. Digital Pressure Indicators- Accuracy 0.01% to 0.1% of FS 

vi. Digital Vacuum Indicators- Accuracy 0.01% to 0.1% of FS 

vii. Digital Absolute Pressure Indicators- Accuracy 0.01% to 0.1% of FS 

viii. Dial Pressure/Vacuum Gauges-Accuracy 0.05% to 0.2% of FS 

Note1: Dead Weight Testers cannot used for onsite/mobile calibration because of 

limitations of information on local gravity, availability of required environment parameters 

at site/mobile 

Note 2: All other standards can be used at lab, site and mobile calibrations. 
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6. Environment Conditions 
 

6.1. A Laboratory may be offering calibration services under different categories:  

i.  Permanent laboratory service  

ii.  Onsite service  

iii.  Mobile service  

Following requirements of Accommodation and environment shall be followed by 

laboratories carrying out calibrations at lab, on site, and mobile facilities as required. 

 

6.2. Accommodation and environmental conditions adversely affect the results of 

calibration and measurement accuracy unless they are controlled and monitored. 

Hence, they play a very important role. The influencing parameters may be one or 

more of the following i.e. temperature, relative humidity, atmospheric pressure, 

vibration, acoustic noise, dust particle, air currents/draft, illumination (wherever 

applicable), voltage fluctuations, electrical earthing and direct sunlight etc., 

depending on the nature of calibration services provided. The variables described 

above can play a major factor on calibration results.  

 

6.3.  The main difference between the permanent laboratory, onsite and mobile 

calibration services have to do with environmental conditions only. Since the 

onsite calibration relies on where the service is provided, it affects the results of 

calibration. The laboratories are advised to follow the requirement of 

accommodation and environment depending on the types of services provided as 

recommended:  

 By the manufacturers of the reference equipment  

 By the manufacturers of the Unit under calibration  

 As specified in the National/ International Standards or guidelines followed 

for the calibration  

 

6.4. The environmental monitoring equipment used should also meet the requirement 

of manufacturers’ recommendations and specifications as per the relevant 

standards followed. If, accommodation and environmental conditions are not 
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specified either by manufacturer or by National / International 

standards/guidelines, the laboratory shall follow the below recommendations; 

 

6.5. Vibration  

The calibration area shall be free from vibrations generated by central air-conditioning 

plants, vehicular traffic and other sources to ensure consistent and uniform operational 

conditions. The laboratory shall take all special/ protective precautions like mounting of 

sensitive apparatus on vibration free tables and pillars etc., isolated from the floor, if 

necessary.  

 

6.6. Acoustic Noise  

Acoustic noise level in the laboratory shall be maintained to facilitate proper performance 

of calibration work. Noise level shall be maintained less than 60 dBA, wherever it affects 

adversely the required accuracy of measurement.  

 

6.7. Illumination 

The calibration area shall have adequate level of illumination and wherever permissible 

fluorescent lighting is preferred to avoid localized heating and temperature drift. The 

recommended level of illumination is 250 to 500 lux on the working table.  

 

6.8. Environmental Conditions and Monitoring  

The environmental conditions for the activity of the laboratory shall be such as not to 

adversely affect the required accuracy of measurement. Facilities shall be provided 

whenever necessary for recording temperature, humidity values prevailing during 

calibration. The atmospheric conditions maintained in the laboratory during calibration 

shall be reported in the calibration report/ certificate.  

 Temperature (18 to 28) ⁰C - Preferably (23±1.5) ⁰C 

 Humidity (35 to 75) % RH 

 Atmospheric pressure noting can be required in case Dead Wt. Tester is 

used as reference for Air Buoyancy calculations and during calibration for 

vacuum and absolute pressure devices. 
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Note: Temperature measurement instrument shall have uncertainty 0.5 °C and 3% RH 

or better at k=2. Barometric pressure indicating instrument (if used) shall have 

uncertainty 2 mbar or better at k=2 

 

6.9. Special Requirements of Laboratory  

 

6.9.1. The calibration laboratory shall make arrangements for regulated and 

uninterrupted power supply of proper rating. The recommended voltage regulation 

level is ± 2% or better, and Frequency variation ± 2.5Hz or better on the 

calibration bench.  

 

6.9.2. The reference standards shall be maintained at temperatures specified for their 

maintenance in order to ensure their conformance to the required level of 

operation.  

 

6.9.3. The laboratory shall take adequate measures against dust and external air 

pressure.  

 

6.10. Safety Precautions  

Relevant fire extinguishing equipment for possible fire hazards, shall be available in the 

corridors or convenient places in the laboratory. Adequate safety measures against 

electrical, chemical fire hazards must be available at the work place. Laboratory rooms/ 

areas where highly inflammable.  

 

 

6.11.   Other Important Points  

6.11.1 Entry to the Calibration Area: As far as possible, only the staff engaged in the 

calibration activity shall be permitted entry inside the calibration area.  

 

6.11.2 Space in Calibration Area: The calibration Laboratory shall ensure adequate 

space for calibration activity without adversely affecting the results.  

 

6.11 Local Gravity “g” 
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When laboratory is using Dead Wt. Tester as reference standard then local gravity “g” 

plays important role during Pressure measurements. Therefore, it is important to know 

the local gravity “g” at the laboratory location. Following information can be used to know 

the local gravity:  

It is very important to establish the gravitational value of the laboratory since it is one of 

the major quantities during realization of force. The effect of not doing this could be a 

variation in force produced by the weight perhaps 0.5% of the force. It is therefore 

recommended that; the Pressure calibration laboratory establishes local value of gravity 

(g) and use weights that have been calibrated at that gravitational constant.  

 

For measurement uncertainty of applied force, ‘g’ value shall be known. For realization of 

applied force more than 0.01%, ‘g’ value shall be calculated using the formula given 

below. For applied force better than 0.005%, ‘g’ value shall be measured by appropriate 

authority.  

 

6.12 Validation of local ‘g’ and its uncertainty  

Formula for calculation of Acceleration due to gravity  

g= 9807 (1+A sin²L-B sin²2L)-3.086 x 10-6 H m.s-2 

Where, A = 0.005 302 4, B = 0.000 005 8, L = latitude, H = height in meter above sea 

level 
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6.13 To validate this calculated ‘g’ value the simple steps given below can be 

followed:  

 Find out the actual ‘g’ value of NMI from the certificate issued by them or  

 

 Find out the actual ‘g’ value of NMI by any other source.  

 

 From the maps click on the location of NMI, find out latitude and height 

above sea level. (you can know the ‘g’ value).  

 Calculate the ‘g’ value using the above formula with these latitude and 

height. The difference between the calculated value of ‘g’ and the actual 

value of the NMI should be within 20 to 30 ppm.  

 Now, go to the maps and click on location of the lab and find out the latitude 

and height of the place as per the location (you can know the ‘g’ value also).  

 Calculate the ‘g’ value for this latitude and height. The value obtained should 

be within 20 to 30 ppm.  

 Then this value can be taken as ‘g’ value of the lab and uncertainty of ‘g’ can 

be assumed to be within ± 50 ppm.  

 

6.14.  Estimation of Air Buoyancy  

Air density should be known to sufficient accuracy depending on the required uncertainty  

of the applied force. 

The most accurate air density calculation formula is given by CIPM  

 

6.14.1 The CIPM formula for Air Density 

Committee International for Poids and Measures (CIPM) recommended that the following 

 equation be    

used to determine, ra, the density of moist air: 

                                       

Where:  
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p = pressure; 

Ma = molar mass of dry air; 

Z = compressibility; 

R = molar gas constant; 

T = thermodynamic temperature using ITS-90; 

xv = mole fraction of water vapor; and    Mv = molar mass of water. 

 

This formula became known as the CIPM-81 equation. Since its publication in 1981, there have been several 

changes made to the recommended value of the constants used. The formula is now referred to as the “1981/91  

equation for the determination of the density of moist air” or just the “1981/91 equation” after the 1991  

Consultative Committee for Mass (CCM) meeting amended several of the constants used in the formula. 

 

6.14.2 The constants: 

Molar mass of dry air, Ma 

The molar mass of dry air, Ma, can be calculated, using xCO2 as the mole fraction of carbon dioxide, as follows: 

                                    

                

 

Mole fraction of water vapor, xv 

The mole fraction of water vapor, xv, which is a function of the relative humidity, hr, or dew-point temperature, tr,  

an enhancement factor, f, and the moist air saturation vapor pressure, psv, is given as follows: 
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Where: hr = relative humidity expressed as a fraction; 

p = pressure; 

t = temperature in degrees Celsius; 

psv(t) = saturation vapour pressure of moist air; and 

tr = dew-point temperature. 

The moist air saturation vapor pressure, psv, can be calculated as follows: 

                                          

Where A, B, C, D are the vapor pressure constant parameters at saturation. The recommended values are as 

 follows: 

                  

 

Enhancement factor, f 

The enhancement factor, f, is a function of three constants (a, b, g) and the temperature, t, in degrees Celsius.  

This  factor can be calculated as follows: 
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The compressibility factor, Z 

The compressibility factor, Z, can be calculated using the following equation: 

 

                   

                  

Note: However- large data calculations are required which can be a limitation in normal conditions. 

 

6.14.3 Approximation formula for air density 
 
The most accurate formula of air density is the CIPM formula (1981/91)  
However, an approximate formula may also be used for normal environment conditions i.e. 

in the range 900 hPa < p < 1100 hPa, 10 °C < t < 30 °C and hr < 80 %. 
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Air density of the applied force by measuring temperature, RH & barometric pressure.  

Approximation formula  

ρa = 0.34848p -0.009*h*e^(0.061*t) 

        273.15+t  

Where, Pressure (p) in mbar, temperature (t) inº C and humidity (h) in % Equation 

Equation has a relative uncertainty of 2x 10–4 in the range 900 hPa < p < 1100 hPa, 10 
°C < t < 30 °C  
and hr < 80 %. 
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7. Traceability Requirements 
 

7.1. The reference standards used for calibration must be traceable to the SI system 

of units by way of unbroken chain of calibrations. Each step for the same with a 

declared measurement uncertainty.  

7.2. The reference standards used should be calibrated on its entire range and 

preferably at nine or more points equally divided over the range. 

7.3. The primary/secondary standard used for calibration of reference should have TUR 

ratio of 1:3 i.e. accuracy of primary/secondary standard used should be at least 3 

times better than the required accuracy of the reference standard under calibration.  

Note: For high accuracy standards sometimes 3 times higher accurate 

primary/secondary standard may not be available, in such cases proper correction 

factors for all the uncertainty influences should be taken into account. 

 

8. Calibration Methods 
 

Pressure/Vacuum gauges can be calibrated with one of the following methods:  

8.1. Using Dead weight tester by calculating the actual pressure generated with the 

help of area of the piston, local ‘g’ and   applied known mass while comparing.  

8.2. Using Dead weight tester by comparison method using the nominal pressure 

values mentioned on the pressure weights of the Dead weight tester.  

8.3.    By comparison method using Digital Pressure/Vacuum Calibrators.  

8.4. By comparison method using a Digital /analog pressure/vacuum gauge and 

pressure generating system.  
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9. Calibration Procedures 
 

9.1.  There can be two possibilities for realizing the calibration readings  

 Method I: Reading as per set on DUC and read the standard 

 Method II: Reading as per set on standard and read the DUC 

Method i) is more suitable in case of comparison calibration using Digital 

Pressure/Vacuum instruments as standards as the least counts of standards are better 

than DUC. 

Method ii) is more suitable in case of Dead Weight Testers are used as standard for 

calibration 

 

9.2.   Recommended calibration sequences based on their accuracy: 

 

Calibratio
n 
Sequence 

Measureme
nt 
uncertainty 
aimed in % 
of the span 
(*) 

Number of 
measureme
nt points 
with zero 
up/down 

No of 
pressur
e 
loading
s 

Load 
change 
+waitin
g time 
sec (**) 

Waitin
g time 
at 
upper 
limit of 
range 
point 
minute
s (***) 

Number of 
measureme
nt series 
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 1 1/1 

 

* Reference to span is used to allow the sequence to be selected from the table as 

the accuracy specifications of pressure indicating  

   instruments given by manufacturers is usually related to measurement of span  

 

** One has to wait in any case until steady state conditions are reached to note 

proper readings 
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*** For Bourdon tube type pressure gauges waiting time of 5 minutes is to be 

observed, For quasi-Static calibrations (piezo electric  

     principle) waiting time is reduced as per table. 

 

 

9.3 Calibration of Industrial Pressure Gauges by using Dead Weight Tester and 

calculating the actual pressure generated at each point  

After noting down the applied mass, temperature at the calibration point of the steps and 

series as per the above referred table the pressure generated to balance the UUT can 

be calculated using the pressure formula given below:  

  Equation to calculate the Generated Pressure from a Dead Weight Tester:  

 

 

 

Where,  

g =  

 

Local      Acceleration due to gravity in m/s
2

 

ρ
a
=  Density of Air in kg/m 

3 

 

ρ
m

=  Density of mass in kg/m 
3 

 

ρ
m1

=  Density of mass of PCU in kg/m 
3 

 

A
0 

=  Effective area of the Piston Cylinder Assembly (PCU) at reference 

temperature and zero pressure in m
2

 

λ =  Pressure distortion co-efficient of Piston Cylinder Assembly (PCU) 

in /pa  

α=  Linear thermal expansion coefficient of the piston in/ °C  

σ =  Surface tension of the oil in N/m  

c =  Circumference of emergent piston in m  

ρ
f = 

 Density of Hydraulic Fluid in kg/m
3 

 

p =  Applied Nominal Pressure in pa 
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Note 1: In case of Pressure generated from a pneumatic dead weight tester, Fluid head 

correction factor (ρ
f
.g.Δh) may be considered negligible and pressure distortion 

correction (1+ λ∗ p) may be considered negligible if not reported in the certificate  

Note 2: In case of absolute pressure measurements either the reference standard used 

is calibrated in absolute pressure mode, or if not, then atmospheric pressure indicated 

should be added to the generated pressure. The uncertainty component of atmospheric 

pressure measuring device should also be included while estimating the measurement 

uncertainty of calibration. 

 

9.4 Calibration of Industrial pressure gauges by using Dead Weight Tester and 

Reference Pressure Value 

 

Check the calibration certificate of the Dead weight tester whether pressure value is 

given for standard ‘g’ value 9.80665m/s
2 

or local ‘g’ value (corrected to the lab ‘g’ value). 

If the pressure values mentioned is for standard ‘g’ value then convert them to the local 

‘g’ value using the following equation for accurate measurements.  

Also add the uncertainty components of temperature and ‘g’ value in terms of pressure to 

the uncertainty given in the certificate.  

 

The pressure corrected to the local ‘g’ value and temperature at which calibration is 

performed using the following equation. 

 

 

 

Where, ‘t’ is the temperature during calibration and gravity 'g
L 

' 

local acceleration due to 

gravity (g’ value of the lab) and 'α' is the linear thermal expansion coefficient of the 

Piston / °C.  

After noting down the applied pressure at each calibration point of the steps and series 

as per the above referred table error and uncertainties are estimated.  
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9.5 Uncertainty components of the calibration to be considered but not limited 

to:  

 Applied pressure uncertainty (after all corrections and its related 

uncertainties if required) (u1)  

 Uncertainties associated with DUC  

 Repeatability (u2) 

 Reproducibility (u3) - Optional  

 Resolution (u4)  

 Zero error (u5)  

 Hysteresis (u6)  

Equation for combined uncertainty calculation:  

u
c 

= √ (u
1

2

+ u
2

2

+ u
3

2

+ u
4

2

+ u
5

2

+ u
6

2

) 

Expanded uncertainty U = k x u
c 
 

where, k= coverage factor corresponding to the effective degree of freedom. 

 

 

9.6  Calibration of Pressure Gauges using Digital Pressure Calibrator or 

Reference Pressure Gauge and Pressure Generating Pump  

After noting down the applied pressure at each calibration point of the steps and series 

as per the above referred table error and uncertainties are estimated.  

 

9.7 Uncertainty components of the calibration to be considered but not limited 

to  

 Applied pressure as per the calibration certificate of digital pressure 

calibrator (u1)  

Uncertainties associated with DUC  

 Repeatability (u2) 

 Reproducibility (u3) -Optional  

 Resolution (u4)  

 Zero error (u5)  

 Hysteresis (u6)  
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(If Digital multi meter when used to record values in units other than pressure the 

associated uncertainty u
7
 should also be added to the above) 

Equation for combined uncertainty calculation  

u
c 

= √ (u
1

2

+ u
2

2

+ u
3

2

+ u
4

2

+ u
5

2

+ u
6

2

)  

Expanded uncertainty U = k x u
c 
 

Where, k= coverage factor corresponding to the effective degree of freedom. 

Note: for calibration of vacuum parameter similar steps (7.1 to 7.7) as given above 

can be used. 

 

9.8 Evaluation of CMC  

CMC value is not the same as expanded uncertainty reported in the calibration 

Certificate/Report. CMC values exclude the uncertainties which are attributed to the UUT 

(Unit Under Test/Calibration).  

For the purpose of CMC evaluation, the following components should be considered.  

  Uncertainty of the applied pressure.  

 Repeatability from 3 cycles (up and down 6 readings) at five equally 

distributed points, over the range to be calibrated (10% to 100 %).  

 Uncertainty due to resolution of DUC 50% contribution to be taken. 

 Uncertainty due to input and output electrical voltage or current 

measurements ($ -normally in pressure transducers or Transmitters).  

 $ Optional if there is pressure display provided and shall be covered in the 

resolution. 

 

10. Calibration Intervals 

Calibration intervals for the reference standards should be in line with respective 

standards/guidelines 

11. Legal Aspects 
Calibration of Pressure/Vacuum gauge done by any accredited laboratories is meant for 

scientific and industrial purpose only. However, if used for commercial trading, additional 

recognition/ approval shall be complied as required by Dept. of Legal metrology, 

Regulatory bodies, etc. This should be clearly mentioned in the calibration certificate 

issued to the customer. 
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12. Sample Scope  
 

An illustrative example: Correct presentation of scope 

 

Sl  Parameter*

/ Device 

under 

calibration  

Master 

equipmen

t used  

Range(s) of 

measurement  

Calibration and Measurement 

Capability **  

Remarks
+

/ Method 

used  Claimed 

by Lab 

Observed 

by 

Assessor 

Recommend

ed by 

Assessor 

1 Pressure 

Indicating 

Devices  

 

Dead 

Weight 

tester / 

Pressure 

Balance 

of 

uncertaint

y 0.006 %  

600 kPa to 

6000 kPa  

 

0.1 % rdg  

 

0.08 % 

rdg  

 

0.1 % rdg  

 

By 

comparis

on 

method 

as per 

Euramet 

cg-17  

 

2 Vacuum 

Gauge  

 

Digital 

Pressure 

Indicator  

With 

uncertaint

y of 0.05 

%  

--900 mbar to 

0 mbar  

 

0.2 mbar  

 

0.15 mbar  

 

0.2 mbar  

 

By 

comparis

on 

method 

as per 

ISO 

27893  

 

 

13.  Example Uncertainty Calculation 
 

11.1 Device under calibration – Digital Pressure Gauge – 0 to 500 bar – Accuracy 

-0.03% FS 

11.2    Master used- Pressure Controller- 0 to 600 bar- 0.01% Rdg 
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Readings Taken 

 

Step Scale of 

Master 

Readings on DUC 

  Bar bar bar bar bar 

  P(act.) M1 M2 M3 M4 

1 0.000 0.00 0.00 0.00 0.00 

2 50.000 50.01 50.00 50.00 50.01 

3 100.000 100.01 100.01 100.01 100.01 

4 150.000 150.01 150.01 150.01 150.01 

5 200.000 200.02 200.01 200.01 200.01 

6 250.000 250.02 250.01 250.02 250.01 

7 300.000 300.02 300.02 300.02 300.02 

8 400.000 400.03 400.02 400.02 400.02 

9 500.000 500.02 500.02 500.02 500.02 

Pressure readings Calculations 

 

Step Average Deviation Repeatability Hysteresis Expanded 

  Read-Miw-bar bar bar bar Uncertainty 

  ((M1+M3)/2+ 

(M2+M4)/2)/2 

Miw - 

P(act) 

Max (M3-M1), 

(M4-M2) 

Max (M2-M1), 

(M4-M3 

U bar 

1 0.000 0.000 0.000 0.000 0.0011 

2 50.005 0.005 0.010 0.010 0.010 

3 100.010 0.010 0.000 0.000 0.010 

4 150.010 0.010 0.000 0.000 0.015 

5 200.013 0.013 0.010 0.010 0.022 

6 250.015 0.015 0.000 0.010 0.026 

7 300.020 0.020 0.000 0.000 0.030 

8 400.023 0.023 0.010 0.010 0.041 

9 500.020 0.020 0.000 0.000 0.050 

Uncertainty Budget 
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  Reading    

Point 1 2 3 4 5 6 7 8 9 

 All units 

psi 0.000 50.000 100.000 150.000 200.000 250.000 300.000 400.000 500.000 

ur                   

P ind. Res 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 

Estimate/10 0.0010 0.0010 0.0010 0.0010 0.0010 0.0010 0.0010 0.0010 0.0010 

Probability Rect. Rect. Rect. Rect. Rect. Rect. Rect. Rect. Rect. 

Divisor-√3 1.732 1.732 1.732 1.732 1.732 1.732 1.732 1.732 1.732 

Std uncert. 0.000577 0.000577 0.000577 0.000577 0.000577 0.000577 0.000577 0.000577 0.000577 

us                   

P std. 0.00000 0.00500 0.01000 0.01500 0.02000 0.02500 0.03000 0.04000 0.05000 

Estimate/1 0.00000 0.00500 0.01000 0.01500 0.02000 0.02500 0.03000 0.04000 0.05000 

Probability Normal Normal Normal Normal Normal Normal Normal Normal Normal 

Divisor-2 2.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000 

Std uncert. 0.000000 0.002500 0.005000 0.007500 0.010000 0.012500 0.015000 0.020000 0.025000 

uf0                   

Zero dev. 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

Estimate/2 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

Probability Rect. Rect. Rect. Rect. Rect. Rect. Rect. Rect. Rect. 

Divisor-√3 1.732 1.732 1.732 1.732 1.732 1.732 1.732 1.732 1.732 

Std uncert. 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 

ub'                   
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Repeatabl. 0.000 0.010 0.000 0.000 0.010 0.000 0.000 0.010 0.000 

Estimate/2 0.0000 0.0050 0.0000 0.0000 0.0050 0.0000 0.0000 0.0050 0.0000 

Probability Rect. Rect. Rect. Rect. Rect. Rect. Rect. Rect. Rect. 

Divisor-√3 1.732 1.732 1.732 1.732 1.732 1.732 1.732 1.732 1.732 

Std uncert. 0.000000 0.002887 0.000000 0.000000 0.002887 0.000000 0.000000 0.002887 0.000000 

uh                   

Hysteresis 0.000 0.010 0.000 0.000 0.010 0.010 0.000 0.010 0.000 

Estimate/2 0.0000 0.0050 0.0000 0.0000 0.0050 0.0050 0.0000 0.0050 0.0000 

Probability Rect. Rect. Rect. Rect. Rect. Rect. Rect. Rect. Rect. 

Divisor-√3 1.732 1.732 1.732 1.732 1.732 1.732 1.732 1.732 1.732 

Std uncert. 0.000000 0.002887 0.000000 0.000000 0.002887 0.002887 0.000000 0.002887 0.000000 

Combined 

u 0.00058 0.005 0.005 0.008 0.011 0.013 0.015 0.020 0.025 

Exp U- k=2  0.0011 0.010 0.010 0.015 0.022 0.026 0.030 0.041 0.050 

V effective ∞ 31.1 ∞ ∞ 788.4 ∞ ∞ 10014.88 ∞ 
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