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Ultrasonic Contact Impedance (UCI) accuracy, 

 measurement deviation and repeatability explained 

 

Many producers talk about the UCI accuracy and how accurate the probes are, but this creates even greater confusion among 

the users when it comes to the technique itself.  

So why is the probe accuracy an inaccurate statement? The probe accuracy refers to “how accurate the technology and its 

components” are but does not define what multi-point accuracy the probe can deliver. Even more important is that the UCI 

method is strongly influenced by other parameters, such as operator’s experience or handling. For the UCI method the two other 

parameters are of much greater significance for the user, when it comes to device performance: measurement deviation and 

repeatability.  

So how these two parameters are described and what do they really mean?  

According to DIN 50159 and A1038 the measurement deviation is defined as follows: 

𝐸 =
𝐻 − 𝐻

𝐻
∙ 100 % 

(E – measurement deviation, �̅� – Average value of n measurements, H – reference value i.e. test block) 

In other words: it describes how the average value deviates from the reference value.  

The repeatability of UCI also denoted as coefficient of variation is defined in DIN 50159 and describes the relative difference 

between the highest and the lowest hardness value with respect to the average: 

𝑟 =
𝐻𝑚𝑎𝑥 − 𝐻𝑚𝑖𝑛

�̅�
∙ 100 % 

(r-repeatability, Hmin and Hmax – the lowest and the highest hardness values respectively, �̅�- average value)  

In other words: it describes how far the measurement values are scattered from each other.  

So what are the numbers I should pay attention to?  

Let the following Table 1 be a quick guideline.  

Scale 
Max. measurement deviation (E) in % DIN 50159 & ASTM A1038 Repeatability % 

<250 HV 250 -500 HV 500 – 800 HV >800 HV ≤ 250 HV > 250 HV 
DIN ASTM DIN ASTM DIN ASTM DIN ASTM DIN DIN 

HV 0.1 5 6 6 7 7 8 8 9 8 6 

HV 0.3 5 6 6 7 7 8 8 9 8 6 

HV 0.8 4 6 4 7 5 8 6 9 8 6 

HV 1 4 5 4 5 5 7 6 7 8 6 

HV 5 4 5 4 5 4 7 4 7 5 5 

HV 10 4 5 4 5 4 7 4 7 5 5 

Table 1. The summary of maximum tolerable errors for measurement deviation and repeatability from DIN 50159 and ASTM A1038. The values 

are adopted from DIN 50159 and ASTM A1038.  
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Why there are different values for different scales and hardness ranges ? 

The UCI method uses a vibrating rod (with Vickers diamond at the tip) to measure the indentation depth. The indenter vibrates 

with a specific frequency (f0), which changes upon the indentation (fi) or better to say as the response to the contact area between 

the diamond and the material. The greater the indentation the higher the frequency change. Typically, the indentation depth 

varies between 5 m and 35 m. 

It is correct to say that the greater frequency changes can be measured more accurately, indicating: the higher the contact with 

the diamond (i.e. higher indentation depth) the lower the uncertainty of the measurement. 

Higher tolerance values for lower HV scales and harder material ranges are based on the fact that for the low HV scales such as 

HV 0.1- HV 0.8 the low force is applied, leading to lower material penetration by the intender.  

This combined with other measurement uncertainties such as different than 90° angle of the probe or wobbly hand of the operator 

can contribute additionally to a greater measurement deviation. This effect is even more pronounced for harder materials, 

whereby the penetration depth is even lower. In other words: the highest accuracy is expected for soft materials measured with 

HV 10 scale whereas hard materials measured with the low force are more prone to errors.  

Does the calibration certificate include all necessary values ? 

Yes, UCI probes from Proceq comply to both DIN 50159 and ASTM A1038.  Measurement deviation and repeatability are 

specified on each certificate delivered with each UCI probe.  

 

Fig.1. Example of UCI certificate issued by Proceq.  

Disclaimer: 

This document shows only a fraction of the information described in DIN 50159 and ASTM A1038. Proceq AG has done everything in its power to translate accurately the sections of the 

DIN 50159 Standard. For an authorized translation of the DIN 50159 standard or more information the interested readers are encouraged to read the full version of standards DIN 50159 

and ASTM A1038 available at www.beuth.de and www.astm.org. 

http://www.beuth.de/
http://www.astm.org/

