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Abstract— Force transducers are very vital in various 

engineering applications and have applications in various 

applications like thrust measurement, weighing scales, 

cutting force measurement, and material testing machines. 

Calibration of force transducers is a concern and there is 

need of discussion of well documented procedure for 

calibration of force transducers, which will enable the 

readers to have better understanding of the calibration 

procedure of force transducers. The paper presents the 

calibration procedure according to the standard ISO 376-

2011, with details of different factors contributing to the 

uncertainty of measurement of force transducers. 

Calculations of relative uncertainty due to different factors 

have been discussed with suitable example. The paper 

further discusses the comparison of the different relative 

uncertainty factors in case of analogue and digital force 

transducers.                               
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Symbols: 

- wrep  relative uncertainty due to repeatability (%) 

- wint relative uncertainty due to interpolation (%) 

- wzer relative uncertainty due to zero offset (%) 

- wres relative uncertainty due to hysteresis (%) 

- wrpr relative uncertainty due to reproducibility (%) 

- wres relative uncertainty due to resolution (%) 

- wc (tra) relative combined standard uncertainty (%) 

- W (tra)  relative expanded uncertainty (%) at k = 2 

- W uncertainty of measurement (%) 

- k     coverage factor 

I. INTRODUCTION 

The force measurement is very important in different 

engineering and industrial applications and its precise 

measurement is very important for critical investigation of 

different measurements. There are force transducers 

available from mN to MN capacity and they have different 

shapes. The main component of the force transducer is a 

sensing element and the force transducers are of different 

types and broadly categorised into analogue and digital type. 

The sensing element of the force transducer is exposed to 

the external force applied and the deflection of the sensing 

element is the source to get the force transducer 

metrologically characterized
[1-4]

.  

The analogue force transducers employs dial 

gauge, vibrating reed or micro meter for sensing the 

deflection of the sensing element of the force transducer 

directly. The deflection of the sensing element directly used 

for metrological characterization of the force transducer. 

The different factors pertaining to the uncertainty of 

measurement of the force transducer are computed directly. 

Such force transducers offers ease of operation as well as 

are very easy to be used. The poor resolution and coarser are 

the major limitations of such force transducers. Still, such 

force transducers are widely used
[5-6].

 

The digital force transducers are in use of early 

1960s, since inception of strain gauges and are very 

convenient to use. Such force transducers offers the ease of 

application and measurement of force from distant. Digital 

force transducers include strain gauged, micro electro-

mechanical (MEMS), tuning fork type, piezoresistive force 

transducers etc. For precision applications, digital force 

transducers are used over large scales. Most of the precision 

and ultra precision force transducers fall under this category. 

The major advantage of digital force transducers includes 

relative improved uncertainty of measurement with good 

resolution. Such force transducers offers the ease of 

application of force in ascending as well as descending order 

in comparison to only ascending forces
[7].

 

II. METROLOGICAL CHARACTERIZATION OF FORCE 

TRANSDUCERS: CALIBRATION PROCEDURE 

The force transducers (analogue or digital) are being 

calibrated according to widely accepted calibration 

procedures in guidelines of standards like ISO 376, IS 4169 

and ASTM E 74, EURAMET 2010 etc. Most widely 

accepted guidelines through the globe are on the basis of 

ISO 376. Recently, the standard has been revised in 2011 

and the standard guidelines are known as ISO 376-2011
[8].

 

The calibration procedure according to the standard ISO 

376-2011 and computation of different factors is as follow
[8-

9]
: 

The calibration procedure adopted consists of following 

series:  

- The digital indicator is switched on and kept about 1-2 

hour for thermal stabilization.  

- The force transducer is subjected to three preloading for 

rated capacity of the force transducer.  

- The force transducer is subjected to two series of 

calibration series in ascending order at the initial 

position, say 0
o
 and observations are taken at 10 % 

incremental forces and waiting time for taking 

observations is kept minimum 30 seconds.  

- The force transducer is rotated to a position 120
o
 and 

preloaded once to its nominal capacity. The force 

transducer is now subjected to a calibration series in 

ascending and then descending order.  

- Again, the force transducer is rotated to a position, 240
o
 

and preloaded once. The force transducer is subjected to 

a calibration series in ascending and then in descending 

order.  

The different factors pertaining to the uncertainty 

of measurement of the force transducer are listed below. The 

factors have been mentioned earlier somewhere else 
[10]

.  
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Fig. 1: A Schematic Calibration Procedure 

1) Relative contribution of uncertainty due to repeatability 

(%) 

2) Relative contribution of uncertainty due to 

reproducibility (%) 

3) Relative contribution of uncertainty due to zero offset 

(%) 

4) Relative contribution of uncertainty due to resolution 

(%) 

5) Relative contribution of uncertainty due to reversibility 

(%) 

6) Relative contribution of uncertainty due to interpolation 

(%) 

7) Relative contribution of uncertainty of measurement of 

force applied (%) 

The different factors mentioned above are 

discussed below for better understanding. The uncertainty of 

measurement of force transducer has been computed using 

equations (1-5). 

A. Relative Uncertainty due to Repeatability (rep) 

The relative uncertainty due to repeatability is computed 

from the series of calibration forces in ascending order at the 

same position. If there are two observations X and Y, for a 

nominal force at the same position of two calibration series 

in ascending order respectively, the relative uncertainty due 

to repeatability may be computed as follow: 

    
 

rep

Maximum X : Y Minimum X : Y
 100 %

Average X : Y
w

 
  

  

(1) 

B. Relative Uncertainty due to Reproducibility (rpr) 

The relative uncertainty due to reproducibility is computed 

from the series of calibration forces in ascending order at the 

different positions. If for a given force, three calibration 

series in ascending order are taken at different positions and 

X, Y and Z are the observations respectively, the relative 

uncertainty due to reproducibility is as follow: 

    
 

rpr

Maximum X : Y : Z Minimum X : Y : Z
 100 %

Average X : Y : Z
w

 
  

  

                                                                                            

(2) 

C. Relative Uncertainty due to Zero Offset (zer) 

The relative uncertainty due to zero offset is computed from 

the remaining value obtained after the calibration series is 

over e.g. if a calibration series has been over at any position 

(unloading of forces after loading of forces in pre-defined 

sequence), the remaining output value (X’) at no force is 

zero offset. The relative uncertainty due to zero offset is 

computed by taking all calibration series in to account (if 

series have maximum output for full load capacity is X, Y 

and Z, while X’, Y’ and Z’ are the zero offset for those 

calibration series respectively).  

 

 
zer

Maximum X’: Y’: Z’
 100 %

Average X : Y : Z at rated capacity of force transducer
w

 
  

 

                                                                                            (3) 

D. Relative Uncertainty due to Resolution (res) 

The relative uncertainty due to resolution is evaluated by 

dividing the resolution of the digital indicator or indicating 

device to the average value indicated by digital indicator at 

the given force step.  

res

Resolution of digital indicator
 100 %

Average value at the given force step
w

 
  

            

(4) 

E. Relative Uncertainty due to Reversibility (hys) 

The relative uncertainty due to reversibility is computed by 

findings the deviation of a calibration series in ascending to 

that of the descending order e.g. for a force calibration 

series, X’ is the output for a given force for a specific force 

applied in ascending order, while X” is the output for the 

same force value in descending order, the relative 

uncertainty due to reversibility is as follow:  

 
hys

X’ X”
 100 %

X’
w

 
  

 

                      (5) 

F. Relative Uncertainty due to Interpolation (int) 

The relative uncertainty contribution due to interpolation is 

only taken into account for instruments classified for 

interpolation (digital instruments like strain gauged force 

transducer). In-house developed software has been used for 

present investigation to calculate the relative uncertainty due 

to interpolation. The software is based on a least square 

polynomial fitting program. 

G. Relative Uncertainty of Measurement of Force Applied 

(cmc) 

The factor pertains to the calibration and measurement 

capability of the force transducer. This is the contribution of 

the uncertainty of measurement associated with the applied 

force by the force standard or calibration machine. This 

factor is very critical in classification of the force 

transducer.  

The uncertainty of measurement of the force 

transducer is evaluated by computing the relative 

uncertainty due to the factors mentioned above depending 

upon their applicability to the calibration procedure used, as 

follow (Equations 6-8): 

  2 2 2 2 2 2 ( ) ( ) ( ) ( ) ( ) ( )cW tra w rep w rpr w zer w res w hys w int        

                                                                                            
(6) 

  . ( )cW tra k W tra
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Table 1: Contribution of Different Factors to the 

Uncertainty of Measurement of Force Transducer
[8]

 

Table 2 discusses the suitability of different factors 

contributing to the uncertainty of measurement of force 

transducer in case of analogue and digital force transducers.  

Sl. 

No. 
Factor 

Force 

Transducer 

Force 

Transducer 

Analogue Digital 

1 Repeatability √ √ 

2 Reproducibility √ √ 

3 Resolution √ √ 

4 Zero Offset √ √ 

5 Interpolation √ √ 

6 Reversibility √ √ 

Table 2: Suitability of Different Factors Contributing to the 

Uncertainty of Measurement of Force Transducers 

III. CONCLUSIONS 

The paper discusses the intensively the procedure adopted 

for the metrological characterization or calibration of the 

force transducers. The different factors are mentioned 

briefly. The discussion has been made about the 

computation of the different factors contributing to the 

uncertainty of measurement of the force transducers. The 

paper further discusses the type of contribution for each of 

factors.  

The paper summarizes the suitability of different 

factors as the case may be of analogue or digital force 

transducers.  
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