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Abstract 

Pressure gauge calibration using air pressure 

gauge as an intermediary is presented in this paper. The 

standard pressure gauge is calibrated in the working 

standard commonly used in the industry. The calibration 

method of DKD-R 6-1 is employed, where the error margin 

in measuring the pressure of the pressure gauge does not 

exceed the accuracy set by the factory manufacturers 

throughout the measurement range (±0.5% of span). At 

least seven variables are determined. It is found that the 

value of expanded uncertainty is significantly affected by 

some certain variables, such as the uncertainty of the 

calibration standard ( ), the uncertainty of UUC resolution 

( ) and the uncertainty of hysteresis ( ). Furthermore, 

it is also found that some uncertainties can be referred and 

ignored in practical use, as they do not affect the expanded 

uncertainty. For example, the uncertainty of the local 

gravity ( ), the uncertainty of the height difference 

between the STD and UUC ( ), the uncertainty of the zero 

point ( ) and the uncertainty of repeatability ( ). The 

experimental results of the UUC studied in this paper show 

that  the maximum error of measurement is +0.0037 kg/cm2 

at 0.5 kg/cm2, which is in the range of accuracy specified by 

the manufacturer (±0.5% of span = ± 0.02 kg/cm2).  

Moreover, when combining the maximum error of 

measurement obtained from the experiment with the 

expanded uncertainty ( )  = ± 0.0132 kg/cm2, it is also 

found that the result is still in the accuracy specified by the 

manufacturer. Therefore, a calibration certificate of UUC 

can be issued for UUC utilization. 

 
Keywords: Pressure Instrumentation, Calibration of Pressure 
Gauge, Expanded uncertainty 
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Guideline DKD-R 
6-1 Calibration of Pressure Gauges[2] 

 
2.                
2.1  [3] 

 1 Pacal (Pa)  1  (N) 
 1  (m2)  

 1 N 1 kg 1m·s-2  
(base unit) 

F m gl  
gl  

 
 

 

    

MM

 
 
 

1  1] 

   

2

2 2 ( )lm gF kg m s Np Pascal Pa
A A m m

          (1) 

 
p  pressure  Pascal ; Pa 
F   force   Newton ; N 
m  mass ; kg 
A   area ;  m2  
gn  standard gravity (9.80665 m/s2) 
gl   local gravity    
    (9.783228 m/s2)   
g0,0    
      9.7803184 m/s2 
 

 
 2 [1] 

 
Atmospheric Pressure (patm) 

± 5% 
Gauge Pressure (pg) 

 
Negative Gauge Pressure (pN) 

 
Vacuum Pressure (pv) 

 
Zero Absolute Pressure (p0) 

 
Absolute Pressure (pabs) 

 
Differential Pressure (pd, ) 

 
                                                                        (2) 

 
 

 (local gravity)  International 
Association of Geodesy (IAG)   
50 ppm  (part per million ; 1/106) 

 
                     

                                                                                      (3) 2 2 6
, 0,0 1 21 sin sin 2 3.086 10hg g h

29.783228 /lg m s

29.80665 /ng m s

2
0,0 9.7803184 /g m s

abs g atmp p p
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         latitude   
       h, ( )
         
        9.7803184 m/s2 
        ; m 
       0.0053024 
       0.0000059 

Latitude  
13° 44´ 50´´ N = 13+(44/60)+(50/60×60)                      

= 13.74721888°N     1° = 60´ ;  1´ = 60´´ 
Longitude 100° 31’ 31’’      

 
 h = 2 m 

(3) local gravity 
  

 
 
 
       =   9.783228   m/s2 
 

2.2     

      (Mechanical deformation instrument) 
 

 
 

3  
 

Bourdon tube) 
C  

C 
(mechanical amplifier)  

 

2.3  [4] 
 

 
 

4   
 

 
. - kg/cm2 

- kgf/cm2 
 kgf/cm2 -

 kgf/cm2  (
kg/cm2 f ; force  

. Division interval scale 
kg/cm2 

. Resolution 
DKD-R 6-1 

   

 

Resolution division/2 = 0.005/2 = 0.0025 kg/cm2  
UUC  Resolution division/5 = 0.05/5  

= 0.01 kg/cm2 
. 

 
. “TO BE READ WITH DIAL VERTICAL” 

         

,hg

0,0g

h

1

2

2
6

13.7,2 2

1 0.0053024sin 13.747218
9.7803184 3.086 10 2

0.0000059sin 27.494436
g
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USE HORIZONTAL) 

 
. MODEL 62-075 

 
. “ C” 

 
. Class 

±0.25% 
± 0.25% of span    = ± 0.25% of 20 psi 

= ± (0.25×20)/100 =  ± 0.05 psi 
. pointer stop) 

0 6 0 bar 
0 bar 

5 bar  
 

 
 

 
 
 

 
 

 

. 
Vacuum gauge) 

InHg 0.1 InHg
ACCURACY GRADE 3A ±0.25% of SPAN 

SPAN = MAX Range – Min Range = (-30 InHg) – (0 InHg)      
= -30 InHg ; 
± 0.25% of SPAN = ± 0.25% of 30 InHg  = ± (0.25×30)/100         
= ± 0.075 InHg 
 

 
 

 
 
. Compound gauge 

 
 

 
 

Compound gauge 
 

. Dual Scale Gauge 
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kg/cm2   
28.3 psi  

 

 
 

 
 
. 

mmH2O  
 

 
 

 
 

. 

 
. Retard gauge 

0-80% 

 
 

 
 

 

 

 
 

 Retard gauge [1] 
 

.  
pressure transducer

 
(resolution) = 0.1 kPa 
kPa kPa 

correction) = +0.2 kPa  DKD-R 6-1 

kPa 

a = r/2 
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half-width of rectangular 
distribution)

uncertainty due to 
resolution  of UUC) 

0.1 0.028
2 3 2 3p

au res kPa  

 

 
 

13  
 

2.4   
(traceability system) 

ISO 9000 

primary 
standard SI unit (unbroken chain) 

forward/reverse traceability 
14 

SI Unit  
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3.   
3.1  [5] 
3.1.1 Accuracy class UUC 0-4 kg/cm2 class 0.5 

DKD-R 
6-1 sequence B  0.1…..0.6 % of span 

 pre-loadings 2 

sequence A 
.0, , , , , , , kg/cm2

 UUC class 0.5      
± % of span = ± 0.5% of 4 kg/cm2 = ± (0.5×4)/100         
= ± 0..02 kg/cm2      
3.1.2  UUC 

UUC 
UUC 

– kg/cm2 class 0.1% of span = ± 0.1% of  4 kg/cm2  
= ± (0.1×4)/100 = ±0..004 kg/cm2 STD UUC 
0.02/0.004 = 5  
  

 
 

 
 

3.1. UUC   
-  UUC  

 
-    

 
- STD UUC ;              
     = - 0.068 m 
-    

°C,  RH 49.19 %, 1007.05 mbar 
-   pre-load  

SI Unit (mass, length, time)   

Pressure Balance  

Dead Weight Tester 

Test Gauge 

Pressure Gauge 

Primary standard 

Secondary standard 

National standard 

Working standard 

Pressure Instruments 
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    pre-load  
-   pre-load UUC  
     
-    
     
-    
      
-    
     
      
     pressure transducer  
      
-   “0”  
     
     
-    
     

 
  B 

 

UUC 

Reading 

[kg/cm2] 

STD Input Applied 

Resolution 0.0025 [kg/cm2] 

M1 M2 M3 M4 

up down up down 

0.0 0.0025 0.0025 0.0025 0.0025 
0.5 0.5025 0.4925 0.4925 0.4975 
1.0 1.0025 0.9925 1.0050 0.9950 
1.5 1.5050 1.4925 1.5025 1.4950 
2.0 2.0075 1.9925 2.0025 1.9950 
2.5 2.5050 2.4925 2.5025 2.4950 
3.0 3.0050 2.9950 3.0025 2.9975 
3.5 3.5025 3.4950 3.5025 3.4975 
4.0 4.0025 3.9975 4.0025 3.9975 

 
3.2  [6] 

4.0 kg/cm2 
3.2.1  Uncertainty of Standard Gauge 
 

( )
3s

accuracy pu                                          (4) 

 
20.004 0.0023 /

3su kg cm
 

Uncertainty of Resolution :  
UUC 

STD 
 STD UUC UUC 

UUC  
 
 

3res
resolutionu                                                (5) 

 
UUC  DKD-R 6-1 

 UUC interval scale division = 0.05 kg/cm2 
UUC 

 (  

interval scale / 5 = 0.05/5 = 0.01 kg/cm2 

 

20.01 0.006 /
3resu kg cm  

Uncertainty of acceleration due to gravity  :  
  

ppm 
.783228 m/s2 ppm = 9.783228 × 50 × 10-6;   

U(g) = 0.0004892 m/s2 
 

1 ( )
3gh au U g h                                     (6) 

 
1 1.2 0.0004892 ( 0.068)
3ghu  

 
52.304 10ghu Pa

 
 

 
5 5 22.304 10 (1.019716 10 ) /ghu kg cm

 

 
9 20.2349 10 0 /ghu kg cm

 

 
(  

 
Uncertainty of difference in altitude :    

STD UUC         
-0.068 m  

; U(h) = ± 0.005 m 
 

1 ( )
3h a lu g U h                                     (7) 
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1 1.2 9.783228 0.005 0.03389
3hu Pa

  
 

5 20.03389 (1.019716 10 ) /hu kg cm
 

 
  

5 20.034558 10 0 /hu kg cm
 

3.2.5  Uncertainty of Hysteresis :  
 

2, 1,0 1, 1,0 4, 3,0 3, 3,01

2 3
j j j j

hys

x x x x x x x x
u

n
  (8) 

 
n  cycle cycle series        
M1 series , M1 M2 cycle , M1 M4 cycle     

n = 2  j  kg/cm2 (  
2, jx    j  series (M2) 
1,0x

   0  series  (M1) 
1, jx    j  series (M1) 
4, jx    j  series (M4) 
3,0x    0  series  (M3) 
3, jx    j  series (M3) 

2,9 1,0( )x x   = (3.9975 – 0.0025) = 3.9950  kg/cm2 
1,9 1,0( )x x   = (4.0025 – 0.0025) = 4.0000  kg/cm2 
4,9 3,0( )x x   = (3.9975 – 0.0025) = 3.9950  kg/cm2 
3,9 3,0( )x x   = (4.0025 – 0.0025) = 4.0000  kg/cm2 

 
1 3.9950 4.0000 3.9950 4.0000

2 2 3hysu  

 
3 21.4433 10 /hysu kg cm  

3.2.6 Uncertainty of Zero deviation 
 

2,0 1,0 4,0 3,0,

2 3zero

Max x x x x
u                 (9) 

 
2,0 1,0( )x x   = (0.0025 – 0.0025) = 0.0000  kg/cm2 
4,0 3,0( )x x   = (0.0025 – 0.0025) = 0.0000  kg/cm2 

20.0000 /zerou kg cm  
3.2.7 Uncertainty of Repeatability 
 

       3, 3,0 1, 1,0
( , ) 2 3

j j
a up j

x x x x
u                       (10) 

 
3,9 3,0( )x x   = (4.0025 – 0.0025) = 4.0000  kg/cm2 
1,9 1,0( )x x   = (4.0025 – 0.0025) = 4.0000  kg/cm2 

      
2

( ,9)

4.0000 4.0000
0 /

2 3a upu kg cm  

 

       
4, 4,0 2, 2,0

( , ) 2 3
j j

a down j

x x x x
u                       (11) 

 
4,9 4,0( )x x  = (3.9975 – 0.0025) = 3.9950  kg/cm2 
2,9 2,0( )x x  = (3.9975 – 0.0025) = 3.9950  kg/cm2 

 

       
2

( ,9)

3.9950 3.9950
0 /

2 3a downu kg cm  

 

     
2

( ) ( , ) ( , ), 0.0000 /a max a up j a down ju Max U U kg cm
 

3.2.8 Combined Uncertainty  (
% , normal distribution) 

 

                                                                      
       (12) 

 
2 2 2 2 3 2 2 20.0023 0.006 (0) (0) (1.4433 10 ) (0) (0)cu  

 
3 26.58164 10 /cu kg cm  

   Expanded Uncertainty  
normal distribution DKD-R 6-1 coverage factor ; 

K = 2  % 
                                                            

     
 

exp 2 cU u                                                 (13) 
 

3 2
exp 2 (6.58164 10 ) 0.0132 /U kg cm

  

 
 (limiting values for uncertainty 

statements  DKD-R 6-1  
B  0.04% of span                  

                                = ± 0.0016 kg/cm2   
 

2   
              B (with Hysteresis) ; kg/cm2 
 

UUC STD (avg) Error Error+Uncer Error-Uncer 

0.0 0.00250 -0.0025 +0.0107 -0.0157 
0.5 0.49625 +0.0037 +0.0170 -0.0095 
1.0 0.99875 +0.0012 +0.0145 -0.0120 
1.5 1.49875 +0.0012 +0.0145 -0.0120 
2.0 1.99938 +0.0006 +0.0138 -0.0126 
2.5 2.49875 +0.0013 +0.0145 -0.0119 
3.0 3.00000 0.0000 +0.0132 -0.0132 
3.5 3.49938 +0.0006 +0.0138 -0.0126 
4.0 4.00000 0.0000 +0.0132 -0.0132 

2 2 2 2 2 2 2
c s res gh h hys zero au u u u u u u u
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16   
 

 
 

UUC  
STD DKD-R 6-1 

 
 
5  
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