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Sažetak 
 
Upotreba prijenosnih etalona sile neophodna je u raznim industrijskim aplikacijama poput vaga, 
mjerenja zakretnog momenta, mjerenja sile i strojeva za ispitivanje materijala. U radu je prikazan 
postupak umjeravanja prema standardu ISO 376: 2012, s pojedinostima o različitim faktorima 
koji pridonose nesigurnosti mjerenja prijenosnog etalona sile. U radu se dalje raspravlja o 
dugoročnoj stabilnosti, u razdoblju od jedanaest godina, prijenosnog etalona kapaciteta od 0 kN 
do 100 kN. Prijenosni etalon kalibriran je pomoću referentnih etalona sile različitih kapaciteta i 
koristi se za održavanje sljedivosti mjerenja sile. Analiza otkriva da se odstupanje prosječnih 
vrijednosti karakteristika mijenjalo u vremenskom razdoblju od jedanaest godina kada su vršena 
umjeravanja. Rasprava koja slijedi identificira vjerojatne izvore odstupanja. 
 
Ključne riječi: prijenosni etaloni sile, sljedivost sile, etaloni sile 
 
 
Abstract 

The use of force transducers is necessary in various applications like weighing scales, torque 
measurement, cutting force measurement and material testing machines. The paper presents the 
calibration procedure according to the standard ISO 376:2012, with details of different factors 
contributing to the uncertainty of measurement of force transducers. The paper further discusses 
the long-term stability, over a period of eleven years, of a force transducer with capacities ranging 
from 0 kN to 100 kN.  The force transducer has been calibrated using force standards machines of 
various capacities and is used to maintain the traceability of force measurements. The study 
reveals that the deviation of the average values of force transducer characteristics has been 
slightly varying over the time period of eleven years when the calibrations were conducted.  The 
discussion that follows identifies the probable sources of the deviations. 
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1. INTRODUCTION 

The Laboratory for Testing Mechanical Properties of the Faculty of Mechanical 
Engineering and Naval Architecture (FSB-LIMS) is the holder of the national standard for 
force in Republic of Croatia in the measuring range from 10 kN to 500 kN with a measuring 
capacity of 0.05%. The laboratory is responsible for maintaining the measuring 
traceability of force for the Republic of Croatia, which means that it is at the very top of 
the metrological chain through which the traceability of force measurements to the 
primary standards is achieved. 

The measurement of a physical quantity needs the establishment of a metrological chain, 
the starting point of which is the primary standard of the quantity in question. This 
standard must be transferable to secondary standards and finally to work standards 
having the required metrological characteristics [1-3]. Force proving instrument (force 
transducer) is to be used either to calibrate industrial force transducer or to measure 
forces directly, such as the one inserted in the tensile testing machines. Those force 
transducers must be traceable to the national force standard machines which have 
recognized calibration measurement capabilities (CMC) [4]. In all measurements and 
applications, there will be an uncertainty estimation for the measured parameter. For 
force measurements, the devices utilized to conduct the measurements must be traceable 
to a realization of the SI unit of the forces, within this claimed uncertainty [5-7]. 

The force transducers or load cells are directly used for the measurement of force in 
production process, weighing systems, material testing systems, safety engineering, in 
optimal design works, etc.; and for the check of force measuring systems by using them as 
transfer standards. In order to make reliable and accurate measurements with these 
systems, accurate calibration of the force transducers is necessary [8-11].  In figure 1 a 
100 kN force transducer is shown from the manufacturer HBM. 

 

 

Figure 1. HBM Z4A -100 kN force transducer 

 

This paper presents an observation of the long-term stability of these precision force 
transducers. The calibration of the force transducers has been carried out according to 
the standard guidelines like ISO 376:2012 [11].  



 

2.  CALIBRATION PROCEDURE OF TRANSMISSION FORCE STANDARDS 

 

The force transducers are calibrated using force standards machines and are used to 
maintain the traceability of force measurements; from the force standard machines, to the 
force calibrating machines, and finally to industrial users [12]. The metrological 
performance of any force transducer may be summarized in terms of uncertainty of 
measurement.  This may be derived from comparing the force transducer under test to 
the standard, whose uncertainty is known and traceable to national and international 
standards. When a force transducer is calibrated, it is necessary to indicate the quality of 
results in terms of relative uncertainty due to repeatability, zero offset, resolution, 
interpolation, reproducibility, uncertainty of measurement, and so on [12].  With the 
development and improvement of portable standards, there is a change in their accuracy 
and measurement uncertainty which also causes modification of the standards for 
calibration of transmission standards in in terms of tightening the criteria for the 
classification of transmission standards. 

Table 1 gives the values of the criteria for the classification of transmission standards 
according to international standard ISO 376:2012. 

 

Table 1. Force transmission standard classification [13] 

 

Calibration is a set of activities that, under certain conditions, establish a relationship 
between the values shown by the measuring instrument or measuring system or the 
values they represent specialized measure or reference material and associated values 
realized with standards [14]. The calibration procedure according to ISO 376:2012 
consists of the following series of actions: 

• 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 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 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 and preloaded once.  
The force transducer is subjected to a calibration series in ascending and then in 
descending order as it is shown on the Figure 2 [13,15]. 

 

 

Figure 2. Calibration procedure and series as per ISO 376:2012 [13] 

 

The standard transfer used for the implementation of the experiment was a German 
manufacture red transducer HBM Z4A, ser no. 052830060, with a measuring range from 
0 to 100 kN, class 00. The device was used as a transmission force standard in for the 
measuring range from 10 to 100 kN and calibrated from 2008 to 2013 in the German 
Physikalisch-Technische Bundesanstalt (PTB), then 2017 in Turkish TUBITAK National 
Metrology Institute (UME) and 2019 in National Physical Laboratory (NPL) in Great 
Britain. 

 

 

 

 

 

 

 

 

2 RESULTS AND DISCUSION  

 

Calculated error values were observed to determine the total measurement uncertainty 
and accordingly the device classes. Calibrations were monitored through the years 2008, 
2009, 2011, 2013 (PTB), 2017 (UME) and 2019 (NPL).  
Repeatable conditions are conditions that include the same measurement procedure, the 
same operator, the same measurement system, the same operating conditions, the same 
location, and the repetition of measurements in very short time interval. The ability of a 
measuring system to give the same output value at repeated application of the same value 
of the input quantity is defined as repeatability. Figure 3 and 4 shows the trend of Relative 
repeatability error (b’) values without rotation position of force transducer in range from 
10 to 100 kN sorted by calibration years and for the compression and tension modes. 



 

Figure 3. Relative repeatability error values without rotation for compression mode 

 

 

Figure 4. Relative repeatability error values without rotation for tension mode 

 

The repeatability of the standard has a small change with respect to time and is 
approximately constant in the measuring range from 20 % to 90 % of the nominal 
capacity. The results show that it is slightly higher when applying a tensile load. the 
repeatability is within the permissible deviation limits but differs significantly depending 
on the direction of the load. At compressive loads it is approximately constant up to 90 % 
of the rated force while at tensile loads it is significantly higher in the range from up to 50 
% of the rated force and then takes a constant value. It is shown that the value in 2019 is 
the best and the reason lies in the fact that the calibration was performed on the force 
standard of extended measurement uncertainty of 1x10-5 while the rest were performed 
on the force standards of extended measurement uncertainty of 2x10-5. 

After the rotation of the device given by the ISO 376:2012 standard, the results of the 
Relative repeatability error (b) values with the rotation position of the force transducer 
from 10 to 100 kN were calculated and shown in Figures 5 and 6. 
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Figure 5. Relative repeatability error values with rotation for compression mode 

 

 

Figure 6. Relative repeatability error values with rotation for tension mode 

 

When calibrating, the obtained data are the result of measurements. Since each 
measurement is accompanied by errors that occur during the measurement, the obtained 
data or measurement results will be closest to the curve where the curve will not pass 
through all points.  

The interpolation error is determined by a polynomial of characteristic degree, which 
determines the dependence of the output data on the force. From this value it can be 
estimated how well the points interpolated by the polynomial approximate the actual 
calibration results. Figure 7 and 8 show the Relative interpolation error (fc) for the 
determined calibration years. 
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Figure 7. Relative interpolation error for compression mode 

 

 

Figure 8. Relative interpolation error for tension mode 

The relative interpolation error is slightly higher in the measuring range from 10 % to 40 
% in both the compressive and tensile direction. The results show that it did not change 
significantly over time periods.  

The reversibility (hysteresis) error refers to the difference between the read signal values 
in the load direction and in the discharge direction for each calibration point. The Relative 
hysteresis error (v) is calculated for adjacent measurement series where one is increasing 
and the other is decreasing. Hysteresis means that the output values will not be equal in 
ascending and descending series.  

The relative hysteresis error is calculated from the difference of these two series for the 
positions of the standard of 120 and 240. The figures 9 and 10 show the gained relative 
reversibility errors. 
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Figure 9. Relative hysteresis error for compression mode 

 

 

Figure 10. Relative hysteresis error for tension mode 

 

Hysteresis measurements showed that the characteristics of the transfer standard did not 
change significantly. It is increased in the measuring range from 10 % to 40 % of the 
nominal capacity, and after it is approximately constant. These measurements showed a 
smaller influence of the primary standard. 
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3 CONCLUSION 

 

Force transfer standards are very important in maintaining the measurement traceability 
for the value of forces and especially in interlaboratory comparisons of primary force 
standards or force transfer standards from the primary to the reference force standard. 
Based on the monitoring of certain characteristics of the transfer standard of nominal 
force 100 kN in a period of eleven years, the following can be concluded about long-term 
stability: 

• Transmission transfer force standard Z4A - 100 kN has a splendid long-term stability. 
Some changes in characteristics over eleven years are noticeable in relative 
repeatability and reproducibility, while in interpolation error and hysteresis 
measurement they are less. 

• Changes in the characteristics of transfer standard were noticed in the measuring 
range from 10 % to 40 % of the nominal capacity. Therefore, this standard should be 
used in the measuring range from 40 % to 100 % of the nominal capacity when 
transferring the force value from the primary to the reference force standards. 

• For some characteristics, a difference was manifested depending on the direction of 
the load (tension-compression). Therefore, when using the standard, the 
measurement direction must be taken into account and additional checks must be 
performed. 

• The measuring capacity of the primary standard on which it is calibrated also affects 
the measuring ability of transmission capability of the standard. With the standard 
Z4A - 100 kN, this influence is visible on the reproducibility characteristics when the 
calibration was performed on the primary standard of a measuring capacity 1x10-5. 
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