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ANNEX C
Calculation of deviation and uncertainty for Key comparison in the field of force measurements in force values:  50; 100; 500; 1000 kN

1. Symbols used:
 d    –  relative deviation of measurement;
Xi     –  result of a single measurement, at mV/V;

  – average value of 12 measurements for each measured force value with rotations of the comparison standard by 60° around the axis of force application (cycles 4 - 15), аt mV/V;

  –  average value of 3 measurements for each measurement point without rotation of the comparison standard (cycles 1 - 3), аt mV/V;
 XPA  – measurements  А  carried  out  in  the pilot-laboratory  before  measurements  in  the participating laboratory, аt mV/V;
 XPB – measurements В carried out in the pilot-laboratory after the measurements in the participating laboratory, аt mV/V;
 XP  – average values of measurements XPA and  XPB  in mV/V obtained within one measuring cycle, аt mV/V;
 X ′ L  – measurements carried out in the participating laboratory, аt mV/V;
 XL  – measurements carried out in the participating laboratory considering the corrections, аt mV/V;
Δcorr – time adjustment, аt mV/V;
 t1      – time between measurements carried out by the pilot (measurements А) and measurements carried out by the participating laboratory;
t2      – time between measurements carried out by the participant and measurements carried out by the pilot (measurements В);
CTC225    – TC225.2 readings' correction value, аt mV/V;
XTC225,P    –  the  average value of TC225.2 readings in mV/V set from the calibrator Interface CX-0404, which are obtained in the participating laboratory before the beginning of the force measurements and after them;
XTC225,L   –   the  average value of TC225.2 readings in mV/V set from the calibrator Interface CX-0404, which are obtained in the pilot-laboratory before the beginning of the force measurements and after them;
w1    –  relative standard uncertainty of force realized by the pilot-laboratory's machines;
w2   – relative standard uncertainty of average value of readings of the comparison standard at different positions of the comparison standard relative to the axis of application of force (cycles 1 - 15);
w3   – relative standard uncertainty of average value of the comparison standard readings at the same position of the comparison standard relative to the axis of application of force (at 0°) on measuring (cycles 1, 2, 3);
w4    – relative standard uncertainty of the TC225.2 resolution;
w5 – relative standard uncertainty associated with temperature changes in the operating temperature range during measurements;
wstab – relative standard uncertainty associated with the stability of comparison standard;  
wPA  –  relative expanded uncertainty of XPA;
wPB  –  relative expanded uncertainty of XPB;
wP   –  relative expanded uncertainty of XP;
wL   –  relative expanded uncertainty of XL;
Wd   –  relative expanded uncertainty of the deviation determination.

    2. Calculation of the relative deviation d


    The average value   for each measured value of the force  being compared is calculated using the formula:
	
                                                      
	(1)


     with
     Xi -  result of a single measurement, аt mV/V, obtained on the force-reproducing machines of the pilot laboratory and the participating laboratories;

     The relative deviation d is calculated using the formula:
	
                                               
	(2)


      with
       XL  – measurements carried out in the participating laboratory considering the corrections, аt mV/V;
        XP  – average value of XPA and XPB measurements obtained during one measurement cycle in the pilot laboratory, аt mV/V, calculated using the formula:
	
                                                   
	(3)


      with
       XPA  – measurements  А  carried  out  in  the pilot-laboratory  before  measurements  in  the participating laboratory, аt mV/V;
       XPB – measurements В carried out in the pilot-laboratory after the measurements in the participating laboratory, аt mV/V
       If time intervals between measurements of one cycle (measurements А → participating laboratory measurements → measurements В) are different, the time correction of the pilot's values XP  are calculated by the following formula:
	

	(4)


       with
	
                                             
	(5)


        t1 – time between measurements carried out by the pilot (measurements А) and measurements carried out by the participating laboratory;
        t2  –   time between measurements carried out by the participant and measurements carried out by the pilot (measurements В)
	

	(6)



        It is important to consider the correction CTC225 related to the correction of TC225.2 readings, which is calculated by:
	

	(7)


       with 
      XTC225,P    –  the  average value of TC225.2 readings at mV/V set from the calibrator Interface CX-0404, which are obtained in the participating laboratory before the beginning of the force measurements and after them;
       XTC225,L   –   the  average value of TC225.2 readings аt mV/V set from the calibrator Interface CX-0404, which are obtained in the pilot-laboratory before the beginning of the force measurements and after them;

Each participating laboratory calibrates TC225.2 amplifiers before and after measurements using the Interface CX-0404 calibrator at the following points: 0 mV/V, 0.04 mV/V, 0.08 mV/V, 0.20 mV/V, 0.40 mV/V, 0.80 mV/V, 1.20 mV/V, 1.60 mV/V, 2.00 mV/V, and 2.40 mV/V.
Further the correction is implemented as follows:
	

	(8)


       with
       X ′ L  – measurements carried out in the participating laboratory, mV/V.

              3. The list and the calculations of the main components of the uncertainty of the deviation determination.

      3.1  Components of the uncertainty budget
The relative standard uncertainty of force realized by the pilot-laboratory's machines  w1 is calculated by:
	  w1=1·10-5
	(9)



      The relative standard uncertainty w2 of the average value of the comparison standard readings associated with the repeatability of the measurement results (cycles 4 - 15) is calculated by:
	

	(10)


      The relative standard uncertainty w3 of the average value of the readings of the comparison standard, with its position relative to the axis of force application (cycles 1 - 3) is calculated by:
	

	(11)


      with
	
      
	(12)



      with Xi – a result of measurements in mV/V measuring cycles 1, 2, 3.


      The deflection of each measurement is the difference between the measurement result obtained under load and the result of measurement at zero load. Thus, the relative standard uncertainty w4 of the TC 225.2 resolution is described by two rectangular distributions of probabilities, each of which is  , where  r = 0,000 01 mV/V, and is calculated by:
	

	(13)


      The relative standard uncertainty related w5 to the temperature change in the measurement stream is described by a rectangular distribution of probabilities  is calculated by:
	

	(14)


       with
              K - temperature dependence coefficient (determined in the pilot laboratory for each comparison standard by conducting measurements for each compared value of force at the following different temperatures: 18 ℃, 20 ℃, 22 ℃); 
ΔT – a range of temperature change during the measurements (ΔT = 0,2 °С).

The relative standard uncertainty wstab associated with the stability of the transported standard is calculated by:
	
      
	(15)



        3.2   The relative expanded uncertainty, Wd, of determining the deviation d is calculated by:
	
      , при k=2
	(16)


         with
         wL     –  relative expanded uncertainty of XL  is calculated by
	
      
	(17)



         wP     –  relative expanded uncertainty of XP  is calculated by
	
      
	(18)



         wPA   –  relative expanded uncertainty of XPA is calculated by
	
  
	(17)



         wPB   –  relative expanded uncertainty of XPB is calculated by
	
                                                          
	(18)



            4. Traceability to KCRV
            The results of comparison 912/RU/24 for forces of 500 kN and 1000 kN can be traced back to the key comparison CCM.F.K3, since VNIIM participated in the CCM.F.K3 comparisons. Results of the key comparisons CCM.F.K3:

	500 kN
	1000 kN

	Deviation of VNIM from KCRV, 
ррm
	Expanded 
uncertainty,
ррm
	Deviation of VNIM from KCRV, 
ррm
	Expanded 
uncertainty,
ррm

	8,8
	20,7
	3,9
	22,4


              
          To ensure traceability of the results of comparisons 912/RU/24 to the KCRV for 50 kN and 100 kN forces, in-house comparisons of the pilot laboratory's standards were conducted. As part of this work, measurements were conducted in accordance with OIML111-1 (p. 62 C3.2) on the EU-100 direct loading standard rig, which participated in the CCM.F.K3 key comparisons. Based on the measurement results, the deviation from the KCRV and the expanded uncertainty of the 50 kN and 100 kN force measurement sets included in the EU-100 were determined:

	50 kN
	100 kN

	Deviation of VNIM from KCRV, 
ррm
	Expanded 
uncertainty,
ррm
	Deviation of VNIM from KCRV, 
ррm
	Expanded 
uncertainty,
ррm

	-5,7
	25
	11,2
	21,7



          In order to link the results of comparisons, it is necessary to adjust the results of comparison 912/RU/24 for the value of deviations with the corresponding uncertainty of the pilot laboratory.
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