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Abstract 

 

In the field of higher quality management systems, such as automotive IATF 16949, aeronautics EN9100 or railway 

standards IRIS, unambiguous identification throughout the production process is one of the fundamental principles on 
which production philosophies are based. This paper deals with an attempt to influence the measurement results of a 

reference piece using different marking methods. Parameters were evaluated under the same environmental conditions of 

an accredited laboratory for the 4 tracers, and are thus suitable for statistical comparison. To understand the process and 

its limitations, an analysis of the measurement system (Cg/Cgk) was performed and a clear limit was established beyond 

which single-label methods are no longer applicable. 
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1. Introduction 

 

Regarding higher quality management systems, such as the automotive IATF 16949, aviation EN9100 or railway 

ISO/TS 22163:2017 standards, unambiguous identification throughout the production process is one of the basic 
principles on which production philosophies are based. For example, aviation standard EN9100:2018 in clause 8.4.2 

Identification and traceability literally states that "The organisation shall control the unique identification of the outputs 

when traceability is a requirement, and shall retain the documented information necessary to enable traceability." Finished 

products are most often identified by a code, enabling traceability often back to the specific melt of the semi-finished 

material and material inputs. For obvious reasons, this code is only assigned to the product after the final release of the 

product towards the customer and after verification that the product meets the specifications defined in the technical 

documentation. [1], [2] 

This presents manufacturing companies with a difficult dilemma - how to appropriately identify and temporarily identify 

parts during production.  [3] 

(a) Products with loss of identification can be treated as non-conforming products according to higher standards with all 

the consequences until the contrary is clearly proven. This is a requirement that the marking be of sufficient quality and 

durability 

(b) The marking must not affect or distort the characteristics of the products and intermediate products 
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2. Experimental analysis 

 

Within the accredited metrology laboratory L-1718 of the Regional Institute of Technology at the Faculty of 

Mechanical Engineering, University of West Bohemia in Pilsen, a comprehensive analysis was carried out to investigate 

the influence of commonly used markers and markers on the outputs of high-precision shape using a Taylor Hobson 

Talyrond 585 L device. All measurements were subject to DIN ISO 1101 environmental conditions, i.e. a temperature of 

20 °C ± 1 °C in a vibration-neutral environment, a filter of 15 waves/circumference LSC or 2.5 mm LSS, 5 rpm or 5 mm/s 

and a standard scanning arm with a 3 mm diameter ball. [7], [8] 

 

 
 

Fig. 1. Talyrond 585 Lt 

 

 A precision polished standard a cylinder with a diameter and height of 50mm was chosen as the test body. This etalon 

was first tempered in the laboratory to ambient temperature for 12 hours and then carefully cleaned using an ultrasonic 

cleaner by machine and then manually cleaned using isopropyl alcohol. [5], [6] 

  

 
                              

Fig. 2 Marker line evaluation 
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3. Marker layer analysis results 

 

As part of the statistical verification of the results, the individual experiments were repeated at least 25 times and the 

resulting data were used to verify the normality of the results and to determine the mean or standard deviation of the 

results. [4] 

 

• Green colour  alcohol marker for DVD KORES   => 1µm 

• Industrial lacquer MARKER 9100 by Centropen   => 3µm 

• Thin lacquer marker Paint marker   => 2µm 

• Red WHITEBOARD marker Centropen   => beyond the machine's resolution 

 

a) Following the standard definition of Cg/Cgk meter eligibility according to IATF 16949, namely that a gauge or etalon 

is only eligible if it is 20 times more accurate than the identified parameter, it is then conventionally correct and acceptable 

within the supply chain to use verified marking methods in downstream cases: 

Prescribed technical specification values: 

• Green colour  alcohol marker for DVD KORES  => 0,02mm 

• Industrial lacquer MARKER 9100 by Centropen  => 0,06mm 

• Thin lacquer marker Paint marker   => 0,04mm 

• Red WHITEBOARD marker Centropen   => an inconclusive result 

 

b) Following the standard definition of the so-called "golden rule of metrology", namely that a gauge or etalon is only 

eligible if it is 10 times more accurate than the identified parameter, it is then conventionally correct and acceptable within 

the supply chain to use verified marking methods in downstream cases: 

• Green colour  alcohol marker for DVD KORES   => 0,01mm 

• Industrial lacquer MARKER 9100 by Centropen   => 0,03mm 

• Thin lacquer Paint marker   => 0,02mm 

• Red WHITEBOARD marker Centropen   => beyond the machine's resolution 

 

4. Result confirmation 

 

Finally, due to the focus of this article on the aerospace and automotive industry, the VDA5 methodology was chosen 

as the evaluation methodology. Considering the lengthy calculations and the need for a considerable amount of data (MSA 
I + II analysis was also performed as part of the validation calculations), the supporting tool Yarvyn was used.  

 

 
 

Fig. 3. Yarvyn output with marked uncertainties of interest 

 

In the case of the variants: green alcohol marker / MARKER 9100 / thin varnish marker - the influence and 

experimentally verified substantial increase of the A-type uncertainty components, namely: uEvo, uBias, uCal, uAv, has 

been unequivocally proven, thus leading to the degradation of the entire measuring system, including its accuracy, which 

drops by up to 3 orders of magnitude. [10], [9] 
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5. Conclusion 

 

The motivation for this document was to consider the effectiveness of the growing trend of 100% identification in 

relation to measurement accuracy. Researchers in an accredited laboratory have addressed the question of how the 

commonly used method of marking products can affect the reliability of dimensional inspection results and thus the 

inspection itself. A standard 50 mm diameter standard cylinder was chosen as the test object. To obtain reliable results, it 

was first necessary to obtain data from a real inspection. Statistically processed data from repeated roundness 

measurements on a high precision Taylor Hobson roundness tester were used. The parameters were measured under the 

same environmental conditions for 4 different commonly used markers. Due to the identical input conditions, it was also 

possible to compare the data afterwards. In order to understand the process and its limitations, an analysis of the 

measurement system was carried out according to the VDA5 methodology and an evaluation of the individual effects on 

the uB type uncertainty and thus on the overall uc uncertainty. As can be seen from the results at a glance, an inappropriate 

way of marking a part before inspection can degrade the reliability of the measurement by hundreds of percent. This was 

most evident in the Marker 9100, where the measurement uncertainty increased to an extreme.  This article is part of a 

comprehensive study of the effect of the human factor on the accuracy and reliability of results. The individual sub-

experiments performed in 2021 and planned for 2022 will be published in a comprehensive method manual on shop-floor 
metrology. 
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