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ABSTRACT  

Equipment and methods for microfabrication and micro measurements are under constant development. There 

are a multitude of possibilities to connect and control equipment for control and measurements adapted with 

the development of Industry 4.0. Using the terms Internet of Things, 3D printing, virtual reality, augmented 

reality, collaborative robots, microfabrication, etc. and related applications are common in daily research and 

innovation activity. This paper presents the construction of a mechatronic system and the measurement 

procedures used in the working mode. Experimental results and their interpretation as well as the final 

conclusions of this paper are presented. The mechatronic system is intended for use in the main fields such 

as automotive, aeronautics, robotics, agriculture and others.  

 

REZUMAT 

Echipamentele și metodele pentru microfabricație și micromăsurări sunt în continuă dezvoltare. Există o 

multitudine de posibilități de a conecta și de a controla echipamente pentru control și măsurări adaptate o dată 

cu dezvoltarea Industriei 4.0. Utilizarea termenilor Internet of Things, printare 3D, realitate virtuală, realitate 

augmentată, roboți colaborativi, microfabricație, etc. și a aplicațiilor aferente sunt comune în activitatea zilnică 

de cercetare și inovare. Această lucrare prezintă construcția unui sistem mecatronic și procedurile de 

măsurare utilizate în modul de lucru. Sunt prezentate rezultate experimentale și interpretarea acestora precum 

și concluziile finale ale acestei lucrări. Sistemul mecatronic este destinat utilizării în principalele domenii, cum 

ar fi cel auto, aeronautic, agricultură, robotică și altele.   

 

INTRODUCTION 

  In the research activity in the field of mechatronics, a precise method of measurement is necessary in 

order to carry out conclusive tests. The development of manufacturing processes is correlated with the four 

identified industrial revolutions: the first industrial revolution took place at the end of the 18 th century and the 

beginning of the 19th century; the second industrial revolution begun at the end of the 19th century; the third 

industrial revolution begun in the second half of the 20th century; and the fourth industrial revolution begins 

with the 3rd millennium (Vinitha K. et al., 2020). 

The mechatronic system presented in this paper is intended for the improvement of mechanical 

microfabrication (Brousseau et al., 2010; Razali et al., 2013; Quaglia G. et al., 2020) techniques, namely: 

micro-milling, micro-drilling, micro-turning, micro-rectification, micro-polishing, micro-polishing and water jet 

abrasive micro-machining, etc. Also, the mechatronic system is intended to improve microforming techniques: 

microforging, microextrusion, microstamping and microhydroforming, microforming (Xu J. et al., 2021; Raja P. 

et al., 2021), etc. 

Globally, there is an ongoing concern for microfabrication, especially for its manufacturing 

methods/processes. One of the most popular microfabrication processes is microforming. 

Recently, in Europe, the concept of micro-nano manufacturing technologies (MNMT) was used due to 

the difficulty to delimit the fields of micro technologies and nano technologies. An example is The Center of 

Micro/Nano Manufacturing Technology (MNMT-Dublin - https://www.mnmt-dublin.org/) and INCDMTM 

laboratories (www.incdmtm.ro) used in the daily research and innovation activity (Gheorghe et al., 2022). 

The paper aims to present a mechatronic system (Ivanov D., 2021) that is intended for use in the 

laboratory and in the industrial environment and improves the quality of positioning and measurement in the 

https://www.mnmt-dublin.org/
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field of mems correlated with the reduction of working time. The approach to the measurement systems and 

the procedures used is, lately, built on Industry 4.0 (Oztemel et al., 2020; Zheng et al., 2021; Ghobakhloo M., 

2020) and IoT (Kiran D.R., 2017) concepts in order to control the mechatronic system from distance and watch 

the measurement process through virtual reality applications, augmented reality (Tan et al., 2022) or robots or 

collaborative robots (Böckmann et al., 2021; Patange et al., 2022). An important aspect of various industries' 

approaches to data use is data protection and cyber security (Martin et al., 2017). 

 

MATERIALS AND METHODS 

   The mechatronic system is based based on a hexapod platform with controller (Gauthier et al., 2011) 

presented in Figure 1 and uses for measurements a transducer with (Figure 3, position 4) and a renishaw 

probe (Figure 5, position 2) with a ruby ball stylus.  

 

 
Fig. 1 - Mechatronic system used in the laboratory for complex analysis applied in industry 

1-Motion platform with six degrees of freedom; 2- Kinematic controller; 3-Connection plugs for controller and motion platform 

 

The main characteristics motion platform are: ±7 mm travel range in X and Y, and ±5 mm in Z; ±7° 

rotation range in θX, θY, and ±8° in θZ; 10 N load capacity, center mounted.  

The main characteristics motion platform are: ±7 mm travel range in X and Y, and ±5 mm in Z; ±7° 

rotation range in θX, θY, and ±8° in θZ; 10 N load capacity, center mounted.  

The Renishaw probe have a 10 cm feeler and it has a force of 0.07–0.08 N. 

The transducer has 10 mm measurement range and 1 µm resolution. 

For analysis and interpretation regarding the microgeometry topography of the structures surfaces 

(Garcia et al., 2020) for the measured parts analysed in presented paper is used Atomic Force Microscope 

from INCDMTM CERTIM Laboratory and presented in Figure 2. The movement accuracy is at the 

nanometer level and allows the system to amplify the displacement > 2000 times. 

 
Fig. 2 - AFM Microscope, NTEGRA Probe NanoLaboratory NT – MDT 

1 – base unit; 2 – measurement head; 3 – vibrations isolation system; 4 – optical system visualization 
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Following the scanning of 50 × 50 µm surfaces, different topographic parameters could be analysed 

(roughness, surface asymmetry, flattening coefficient), which provide information related to the surface quality 

of the measured part. In this way it was possible to characterize in detail the structure of the surfaces. 

The determined topographic parameters (roughness-Ra, maximum height-hmax, height in 10 points-

Rz, asymmetry of the surface-Ssk, flattening coefficient-Ska) following the AFM study provide information 

related to the analysed surfaces. 

The asymmetry index Rsk evaluates the degree of asymmetry of a distribution and characterizes, 

together with the flattening index Ska, the shape of the distribution (illustrated as a histogram). The Ssk 

asymmetry index is negative or positive as the survey distribution is asymmetric to the left or to the right, 

respectively. A symmetrical distribution, such as the normal distribution, has zero asymmetry. 

The flattening coefficient Ska is part of the indices of appreciation of the shape of a distribution. A high 

flattening index shows a distribution with large “tails” (far from average categories are present), while a low 

flattening index shows a distribution in which fewer far from average categories are present. In the case of a 

distribution close to the normal distribution, the flattening coefficient is around 3. Based on this result, the 

excess E is defined as the difference between the flattening coefficient and three. For E> 0, the distribution is 

called leptokurtic (the height of the curve is higher compared to normal), and for E <0, it is called platykurtic 

(the curve is flattened). If E = 0, the distribution is mesokurtic. Excessively large data sets tend to have a 

distinct peak near the mean. Low excess data sets tend to have a flat maximum near the average rather than 

a sharp peak. A uniform distribution would be the extreme case. 

 The method for measurement with mechatronic system using the transducer and renishaw probe with 

stylus is using the contact point by positioning the with motion platform and controller. The measurement are 

made in 4 point and repeated 10 times for each measurement point. The relation used for result determine is: 

𝒚 =
∑ 𝒑𝒊

𝟏𝟎
𝒊=𝟏

𝟏𝟎
  [mm]      (1) 

 

The measurement procedure for mechatronic system is presented in the next 5 figures and we can 

see the contact point realized. The measurement can be done in industry like automotive, agriculture, 

aeronautical etc. 

In Figure 3 is presented the mechatronic system and linear transducer in the active measurement of 

a cylindrical probe. 

In Figure 4 is presented the mechatronic system and linear transducer in the active measurement of 
a automotive industry probe. 

 

  
Fig. 3 - Measurement process with mechatronic 

system and transducer – view 1 
1- drive motor for movement and positioning platform;  

2- movement and positioning platform;  

3 - measured part; 4- linear transducer 

Fig. 4 - Measurement process with mechatronic system 
and transducer – view 2 

1-movement and positioning platform; 2- linear transducer; 

 3-measured part 
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In Figure 5 is presented the mechatronic system and stylus probe in the active measurement of a 3D 

prototyped probe made of plastic material powder. 

 

 
Fig. 5 - Measurement process with mechatronic system and probe stylus – view 1  

1-Movement and positioning platform; 2- 3D stylus probe; 3- 3D printed plastic probe for measurement 

 
In Figure 6 is presented the mechatronic system and stylus probe in the active measurement of a 3D 

prototyped probe made of metal material powder. 

 

 
 

Fig. 6 - Measurement process with mechatronic system probe stylus – view 2 
1-Movement and positioning platform; 2- 3D stylus probe; 3- 3D printed metal probe for measurement 
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In Figure 7 is presented the mechatronic system and stylus probe in the active measurement of automotive 
industry probe. 

 
Fig. 7 - Measurement process with mechatronic system probe stylus – view 3  

1-Movement and positioning platform; 2- 3D stylus probe; 3- Measured part 

 

RESULTS 

 The results for analysis and interpretation on the microgeometry topography of the structures 

surfaces for the measured parts analysed are presented in Table 1 and Figures 8-10, which present the 

values of the main topographic parameters determined experimentally and their calculated average value for 

the measured part.  

   
(a) the scanned 2D surface (b) determined 

topographical parameters 
(c) the scanned surface transformed into 3D 

 
(d) the average profile in the X direction 

 
(e) the average profile in the X direction 

 
Fig. 8 - Surface analysis of area 1 on the part measured using AFM 
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(a) the scanned 2D surface (b) determined topographical 
parameters 

(c) the scanned surface transformed into 3D 

 
(d) the average profile in the X direction 

 
(e) the average profile in the X direction 

Fig. 9 - Surface analysis of area 2 on the part measured using AFM 

 

  
 

(a) the scanned 2D surface (b) determined topographical 
parameters 

(c) the scanned surface transformed into 3D 

 
(d) the average profile in the X direction 

 
(e) the average profile in the X direction 

 
Fig. 10 - Surface analysis of area 3 on the part measured using AFM 
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Table 1 presents the results of the surface analysis of measured piece. 

Table 1 

The average of the selected parameters for 3 measured areas  

Analysed zone  Ra (nm) hmax (nm) Ssk Ska 

Area 1 99.95 358.25 0.21 -1.44 

Area 2 55.87 288.82 -0.27 -0.84 

Area 3 46.87 305.48 0.66 -0.01 

Average calculated value  67.56 317.52 0.20 -0.76 

 

The results of measurement tests are presented in Table 2.  

Table 2 

Measurement 4 points 10 times 

Number of 
measurement 

Point 1 
[μm] 

Point 2 
[μm] 

Point 3 
[μm] 

Point 4 
[μm] 

1 596 700 801 898 

2 603 696 802 900 

3 600 696 801 905 

4 602 698 798 904 

5 604 703 796 896 

6 603 705 797 898 

7 600 705 797 900 

8 595 697 800 899 

9 597 700 801 904 

10 601 702 800 902 

𝒚 =
∑ 𝒑𝒊

𝟏𝟎
𝒊=𝟏

𝟏𝟎
 600.10 700.20 799.30 900.60 

 

According to Table 2, for the set of 10 measurements performed on 4 contact points, there is a similar 

variation for repetability. For point 1, there is a variation between 595 μm and 604 μm resulting 𝒚 = 𝟔𝟎𝟎. 𝟏𝟎 𝒚 

μm. For point 2, there is a variation between 696 μm and 705 μm resulting 𝒚 = 𝟕𝟎𝟎. 𝟐𝟎 𝒚 μm. For point 3, there 

is a variation between 796 μm and 802 μm resulting 𝒚 = 𝟕𝟗𝟗. 𝟑𝟎 𝒚 μm. For point 4, there is a variation between 

896 μm and 902 μm resulting 𝒚 = 𝟕𝟗𝟗. 𝟑𝟎 𝒚 μm. 
 

 

 

CONCLUSIONS 

 In conclusion, considering all the measurements and analysis presented and prepared as a result of the 

experimental research carried out in the metrologically certified laboratories of the National Institute for 

Research-Development in Mechatronics and Measurement Technique in Bucharest, the mechatronic system 

is validated for metrological and industrial use in technical fields of automotive, agricultural, aeronautics, 

robotics etc. and in all manufacturing industries.  

Future research and concept development, starting from the presented mechatronic system, are 

highlighted below: 

• Research on the development of a virtual application for mechatronic system; 

• Research for improved protection of the human operator;  

• Research to improve the speed and stability of the mechatronic system; 

• Research on the mapping of the workspace so that we can accurately identify, at any time, the position 

of the analysed parts at a defined time. 
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