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Abstract 

 
This article deals with the determination of deviations measurement in mechanical testing laboratories. The main problem 
is in calculation of these measurement deviations in acceptable time and creation of the record of this process. Most 
measurements contain multiple deviations, which are affecting the overall result. The process of application developing 
for automatic calculation measurement errors with calculating details is described in this article. The application is focused 
on usage of various types of measurements (tensile tests, compression and impact tests, hardness and cyclic testing, etc.). 
It should be performed independently on the measuring machine. This solution is compared with other potential methods 
of combined measurement deviations calculating. 
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1. Introduction 

 

Measurement deviations occur on all measuring instruments and equipment used in the measurement process. Most types 

of measurements use more than one device to determine the result. For this reason, the measurement result affects every 

device used in the measurement process. The resulting values are displayed on the devices but without corresponding 

measurement deviations. These deviations shall be calculated on the basis of the measured values and results of equipment 

calibration. [1] The detailed procedure for each measurement is described below. These procedures and methods of 

verification are newly required as one of the conditions for accreditation of measuring laboratories. This condition has to 

describe the calculation with manual verification, but in practice this method is very time consuming. For these reasons, 

an automated process has been developed that covers all steps from the measuring instrument, through the calculation of 

measurement variations to determine the resulting value. The main reasons for this software development were multiple 

factors. In particular, the fulfilment of laboratory accreditation conditions and the acceleration of the deviation calculation 

process. 70% of machine errors are caused by temperature conditions of the measuring machine and its surroundings. [9] 

The ILAC Mutual Recognition Arrangement (ILAC MRA) provides significant technical underpinning to the calibration, 

testing, medical testing and inspection results and provision of proficiency testing programs of the accredited conformity 

assessment bodies that in turn delivers confidence in the acceptance of results. In this way the ILAC MRA promotes 

international trade and the free-trade goal of “accredited once, accepted everywhere” can be realized. [6] 

There are many kinds of mechanical tests. The procedure of the measurement deviation described above may be used for 

all these tests. The laboratory used for this process has measuring devices and instruments for measuring: 
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• Tensile test 

• Compression test 

• Impact test 

• Hardness and cyclic tests 

 

Other types of measurements not listed here can be supplemented with the same calculation principle. 

 

  
Fig. 1. Resonant pulsator (Zwick Roell HFP 50) – left, Hammer for impact test (Zwick Roell) – center, Universal tensile 

testing machine (Zwick Roell Z250 - right) 

 

 

2. Measuring process and verification 

 

A general description of the whole process is shown in Figure 2. The initial measurement is carried out in the same way 

as before. Depending on the type of measurement, measurements are performed in parallel or in series. Serial 

measurements are used for measurements where the result of one measurement affects the following measurements. The 

results of the individual measurements are the input of the software for determination of measurement deviation. After 

selecting the measurement type and entering the input values (output from the device), the software performs the 

calculation (example described in chapter 1.1 Tested sample). Machine information is managed in the software and stored 

in an external database. Each machine has its own valid calibration certificate. Alternatively, one machine can contain 

multiple calibration sheets for different machine measuring ranges. The software automatically selects the correct values 

from the calibration sheets and applies them to the measurement deviation calculations. The resulting measurement 

deviation is composed of individual deviations of the measuring devices and interpreted as a combined measurement 

deviation.  

 

All information that this software works with is recorded in the log file. This file always contains information about the 

given measurement (identification number, type of measurement, input values, continuous results, values from calibration 

certificates, output values). This information can be further stored as history in an external database or exported to a single 

file. 
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Fig. 2. Diagram of process 

The stored information in the database can then be used to trace the results or in the case of a laboratory audit. An option 

is to export to an external file, which in many cases is required as additional information to the measurement. Microsoft 

SQL database was used in this process, but it is not essential for description of this principle. The database contains tables 

with values from machine calibration sheets. An example of a shredder calibration sheet is shown in Figure 3. 

 

 
Fig. 3. Example of calibrating sheet 
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2.1. Tested sample 

 

Test sample ID - 2 was selected from the measurement results below (see Table 1) for an exemplary measurement 

uncertainty workflow and for the validation with usage of the specialized software. Other samples are counted in the same 

way. The term uncertainty is considered here as a measurement deviation. [2], [3], [4] 

 

ID Material 
bo 

[mm] 

t 

[mm] 

Rm 

[MPa] 

Rp0,2 

[MPa] 

A50 

[%] 

2 ENAW 7005 – 22/01/2018 12.3 1.6 185 113 19.3 

3 ENAW 7005 – 02/10/2018 12.3 1.75 199 127 13 

4 ENAW 7020T6 – 31/07/2018 12.2 1.6 375 328 15 

5 ENAW 7020T6 – 06/11/2018 12.15 1.55 377 330 11,6 

6 ENAW 7005 12.6 1.8 243 213 9.3 

 

Table 1. Measurement results 

 

 

Input parameters for the calculation of the uncertainty bounds are the average diameter of the test sample t [mm] and 

the measured value Rm [MPa] (1). The output is a combined measurement uncertainty consisting of these two 

uncertainties. 

 

𝑅 = 185 𝑀𝑃𝑎; 𝑡 = 1.6 𝑚𝑚 

 

(1) 

𝑆0 = 𝜋 ∙ 𝑟2; (𝑟 =
𝑡

2
) (2) 

𝑆0 = 𝜋 ∙ 0,82 = 2,01 

 

(2) 

𝐹𝑚 = 𝑅 ∙ 𝑆 = 185 ∙ 2.01 = 𝟑𝟕𝟏. 𝟖𝟓 𝑵  
 

(3) 

  

The uncertainties of the measurement of the pressure limit and the diameter of the measured sample are inputs for the 

overall calculation (2). These values must be read from the calibration sheets (strength limit) and caliper (diameter of the 

test sample) for further calculation (3). Combined measurement uncertainty describes the formula below. 

 

  

𝑢(𝑅𝑚) = √(𝑢(𝐹𝑚))2 + (𝑢(𝑆0))2  
 

 

(4) 

U(Fm) is the value from calibration sheet of tensile machine and u(S) is the value from calibration sheet of caliper. The 

uncertainty of measurement is subtracted, based on the specified value of Fm = 371.85 N. The uncertainty is taken for the 

next higher limit of the machine scale (specifically 1kN). The standard uncertainty reading is UFm = 0.0046 for F = 1kN. 

For the overall uncertainty (4), it is necessary to obtain an expanded measurement uncertainty which is the product of the 

standard measurement uncertainty and the inverse of the coefficient k, which corresponds to a coverage probability of 

approximately 95%, which for normal distribution corresponds to the coefficient k = 2. [5], [7] 

 

 

𝑢(𝐹𝑚) =
𝑈𝐹𝑚 ∙ 100

𝐹 ∙ 𝑘
=

0.0046 ∙ 100

2
= 𝟎. 𝟐𝟑%  

 
(5) 

 

The expanded measurement uncertainty of the tensile machine is 0.23%. For measuring the diameter of the test sample, 

a caliper was used, where the uncertainty of measurement for the interval 0 - 150 mm is set to u = 0.03 mm according to 

the calibration certificate. The measured sample has a diameter of 1.6 mm. 

 

 

𝑢(𝑆0) =
𝑈𝑆0 ∙ 100

𝑡 ∙ 𝑘
=

0.03 ∙ 100

1.6 ∙ 2
= 0.9375%  

 

(6) 
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The expanded measurement uncertainty (6) with a caliper is 0.9375%. All the necessary measurement uncertainties are 

now available to determine the resulting combined measurement uncertainty (7). 

 

𝑢(𝑅𝑚) = √(𝑢(𝐹𝑚))2 + (𝑢(𝑆0))2 =  √0.232 + 0.93752 =̇ 0.9653%  
 

(7) 

𝑢(𝑅𝑚) ∙ 𝑅 ∙ 𝑘

100
= 3.57 

 

(8) 

𝑹𝒎 = 𝟏𝟖𝟓 ± 𝟑. 𝟓𝟕 𝑴𝑷𝒂 

 
(9) 

 

 

Tensile strength of 185 MPa is measured with an uncertainty of 3.57 MPa (9) at 95% confidence level (k = 2) (8). 

 
 

2.2. Verification with software 

 

The input parameters are the same as in the previous case. Calculation software was developed for mentioned types of 

mechanical tests in the introduction chapter. 

 

 
 

Fig. 4. User interface of verification sofware 

By selecting the appropriate test, you can enter the input parameters and start the calculation. After entering the input 

parameters, the load F is calculated, with which the corresponding values can be read from the calibration sheets. The 

value u(S) is valid for the entire interval 0 - 150 mm. After completing the values from the calibration sheets, it is possible 

to continue the calculation using the Finish button. Then the result is displayed in the section "Calculation outputs" and 

the whole calculation record is stored in the output log - see status bar. The output file contains the complete calculation 

record and is archived in the set location. 

 

Computing software was written in C# .NET language using Micosoft SQL database for calibration sheets management. 

Based on procedures and flowchart (both in this article), this software can be created using other development languages 

or software packages. [8] 
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3. Conclusion 

 

This paper describes the methodology of measurement deviation calculation including software solution. On the basis of 

this methodology it is possible to automate the individual phases and thus significantly speed up the method of calculation 

of measurement deviations. The original problem was in processing the measured values with their deviations in an 

acceptable time. Previous calculations were solved using formulas in Excel. This software solution greatly accelerated 

the overall calculation process and provides additional benefits (eg automatic reading of calibration sheets values, 

logging). The overall solution also minimizes user errors. Another acceleration and future improvement of the complete 

process would be automatic reading of values directly from the measuring instruments. This interface (if not part of the 

measuring machine) would have to send the measured values to a PC with this software. Then the process would continue 

in the same way and would be fully automated. Due to the variety of measuring instruments, it would be necessary to 

develop an interface between the devices and this software. 
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