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      Abstract.  
 When smelting steels, in order to maintain quality, it is necessary to carry out analytical control of the alloy 
before cooling the steel.  The control will confirm, that its’ chemical composition corresponds to what is expected for 
this steel grade.  
 It is necessary to carry out analytical control in as little time as possible due to the high costs of maintaining 
the melt temperature and with maximum accuracy, due to the large influence of the chemical composition of alloys on 
their further operational characteristics.  
 When working in such conditions, there is a high risk of disruption of the technological process due to the 
influence of the human factor, not to mention the risks to the health of workers.  
 The need to quickly obtain high-precision laboratory analyses in production conditions led to the creation of 
automated systems for analytical control of the chemical compositions of metals. In such systems, the analysis of metal 
samples, previously carried out by trained personnel in laboratory conditions, is performed by automation in the 
conditions of the melting shop.  
 However, most of these systems analyze metal samples, which are selected and prepared in the process of 
manual labour. The influence of the human factor is appearing during the procedures for taking a metal sample. It also 
is destroying the preparation process and analysis; it leads to errors in the operation of automated analytical control 
systems.  
 The article considers the technology of automation of analytical control of the chemical composition of metal 
on the example of the automated container laboratory "Thermo Techno Engineering", including analyzes of the stages 
of its work, offers solutions to improve the reliability of such automated systems by robotizing those stages of analysis 
where the human factor can lead to a malfunction of the automated analytical control system. The proposed solutions 
will also make it possible to avoid manual input of information and ensure traceability of samples and the technological 
process at all stages. The work was organized in the frame of the joint project of KIAM, MSTU Stankin and IINET 
RSUH. 

 
Keywords: analytical control and the human factor in metallurgy; project of a robotic complex for sampling and 
analysis of melts, automation in analytical production control, algorithms for robotic sampling in metallurgy.  
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1. Robotization problems of analytical control of the melts chemical compositions in metallurgy  

Modern production processes in any field of production cannot be imagined without various steels alloys, the 
performance characteristics of which are known and predictable for each steel grade. However, such production creates 
quite extreme conditions for both personnel and devices [1]. Various companies solve the issue of protecting equipment 
by placing it in containers [2]. However, most of these systems analyze metal samples, which are selected and prepared 
in the process of manual labour. The influence of the human factor is appearing during the procedures for taking a metal 
sample. It also is destroying the preparation process and analysis; it leads to errors in the operation of automated 
analytical control systems. Suggests method for step-by-step robotization of these processes, justifies the need to 
develop appropriate algorithms and technical means. When smelting steels, in order to maintain product quality, it is 
necessary to conduct analytical control of the initial sample of the alloy [13] before cooling the melt (according to the 
standard [14]), which will confirm, that the chemical composition corresponds to what is expected for this steel grade. 
Analysis of the chemical composition of metals and alloys is an integral part of many technological processes used in 
various industries. The study makes it possible to determine the presence of impurities and inclusions in the sample, as 
well as to predict the performance characteristics of the finished product. It is necessary to carry out analytical control 
in as little time as possible due to the high costs of maintaining the melt temperature and with maximum accuracy, due 
to the large influence of the chemical composition of alloys on their further operational characteristics [14]. Steel with 
an excess content of carbon, nickel, cobalt or any other chemical element in its composition will differ in its strength, 
hardness, viscosity, abrasive or corrosion resistance or other performance characteristics and will not meet the 
requirements imposed on the grade of steel, that had to be cast after melting. Moreover, the process of sampling the 
molten metal and sample preparation is carried out in conditions far from laboratory, sampling takes place near a 
melting furnace with liquid metal, the temperature of which can be from +1,375 to +1,530 °C, depending on the grade 
of steel being smelted. In the air environment of foundries, in addition to dust, a large amount of carbon monoxide, 
carbon dioxide and sulfur dioxide, nitrogen and its oxides, hydrogen and other aggressive substances are released [1]. 
When working in such conditions, there is a high risk of disruption of the technological process due to the influence of 
the human factor, not to mention the risk to the health of workers. After sampling and sample preparation, the sample 
must be cooled, prepared and delivered to the laboratory for spectral analysis. The delivery of samples to the laboratory 
for analytical control, like other processes, should take place in the shortest possible time due to the high cost of 
maintaining the melt temperature. Even when using automated sample delivery systems to the laboratory, such as 
pneumatic transportation systems, the standards for the time for which analytical control of the sample should be 
performed encourage laboratory staff to work in a hurry, which often leads to analysis errors due to the influence of the 
human factor. The need to quickly obtain high-precision laboratory analyses in production conditions led to the creation 
of automated metal analysis systems. In such systems, the analysis of metals, previously carried out by trained 
personnel in laboratory conditions, is performed by automation in the conditions of the melting shop. This reduces the 
influence of the human factor, reduces the required number of highly qualified personnel in production, allows for the 
necessary metal analyses in a smelter and reduces the number of people who must work in conditions harmful to health. 
To date, the most common solution to this problem is to place an automated analytical control system in production, 
which is installed in a transportable, protected container with internal condition control, which can monitor the 
implementation of analysis procedures during the process. Such automated container systems are being developed by 
such companies as HERZOG [2], Thermo Techno Engineering [3], ARL [4], Flsmidth [16] and others.  
 
2. Review of existing Technologies of automated systems for analytical control of the metal chemical 

composition  

Let's consider the technology of automation of the metal analytical control on the example of the automated container 

laboratory "Thermo Techno Engineering" [3] (Fig.1). In this system, metal analysis is carried out by the method of 

spectrometric atomic emission spectral analysis. In this method, devices with photovoltaic spectrum registration are 

used to study the sample. The registered samples are entered through a window on the outer wall of the container and 

processed in fully automatic mode at each stage of their progress, including preparation of the sample surface for 

analysis, assessment of the quality of the prepared surface, analysis of chemical composition, transmission of the results 

to the specified addressees, preservation of the analysis results, labelling and sorting of samples after analysis.  
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Fig.1. Generalized composition of the Thermo Techno Engineering automated container laboratory [11]. 

 1 – registration module for samples, 2 – manipulation robot, 3 – sample preparation unit, 4 – spectral analysis unit, 

5 – vision system, 6 – sample storage unit.  
 

3. The process of analytical control is the main stages  

 

 
 

Fig.2. Procedure for sampling metal melts for further analysis [8].  
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3.1. Sampling of metal melts 
 

For fast and high-quality sampling of metal melts (Fig.2.) it is convenient to use disposable submersible samplers in 

various metallurgical units. After using the sampler, a sample is obtained in the form of a cylinder with the correct 

geometry: a circle with a diameter of 35 mm or an oval of 35x40mm (depending on the sampler model) and a height of 

6, 8, 10 or 12mm (also depending on the model). The samples obtained do not have external and internal defects (pores, 

shells, cracks, etc.), and have good convergence for further spectral analysis (Fig.3.).  
 

 
 

Fig.3. Sample for spectral analysis after separation from the sampler [9].  
 

3.2. Cooling and pre-sample preparation 
 

Before transferring the sample to the automated container laboratory of analytical control, it is necessary to carry out 

preliminary sample preparation consisting in cooling the sample to 50 °C and cutting off the sample gate. It is important 

not to disrupt the technological process of cooling the sample, if the cooling process is disrupted, the sample metal may 

experience overfilling, which negatively affects the accuracy of the analysis results. It is equally important to observe 

the technological process of cutting off the sample gate, an incorrectly cut off gate may prevent the capture of the 

sample by the manipulator of an automated container laboratory (Fig.4). 
 

 
 

Fig.4. A sample for spectral analysis and a cut-off gate after preliminary sample preparation [9].  
 

3.3. Sample registration 
 

When transferring a sample to an automated container laboratory for analytical control, it is necessary to register the 

sample. When registering a sample, it is important for the operator to observe the temperature characteristics of the 

recorded sample, since too hot a sample can lead to disturbances in the process of preparing the sample surface for 

analysis. However, the human factor at this stage is regulated by the sample temperature control system. (Fig.5.)  
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Fig.5. Registration module for samples. [10]  
 

3.4. Preparation of the sample for spectral analysis 
 

After registering the sample, the manipulator of the automated container laboratory positions the sample on the vise 

of the milling machine for subsequent removal of oxide and slag from the sample surface by milling (fig. 6).  
 

 
Fig.6. Capture of a sample by a manipulator of an automated container laboratory. [10] 

 

3.5. Visual analysis of the sample with the search for the most suitable sample surfaces for spectral analysis 
 

 After milling, the manipulator of the automated container laboratory positions the sample in the working area of the 

vision system for subsequent assessment of surface quality and search for the most suitable surfaces for spectral 

analysis of the sample (Fig.7, Fig.8).  
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Fig.7. Visual analysis of the sample by the technical 

vision system [10]. 

Fig.8. Selection of the most suitable part of the sample 

surface by the vision system for further analysis [10]. 

 

3.6. Spectral analysis of the sample and archiving of the analysis results 
 

The manipulator positions the sample on an automatic spectrometer stand, in such a way that spectral analysis is 

performed on the most suitable sample surfaces for analysis. The results of the analysis are displayed on the user 

interface and archived (Fig.9).  
 

 
 

Fig.9. Spectral analysis of the sample [10].  
 

3.7. Laser marking of the examined sample and sorting 
 

A marker is applied to the sample containing the information necessary for further identification of the sample 

(Fig.10). The examined and labeled sample is placed in the appropriate compartment of the analyzed samples storage 

store (Fig.11).  
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Fig.10. Labeled sample [10]. Fig.11. Sorting of samples after examination [10]. 

 

4. Algorithmization of the process of analytical control of melts  

The entire process of analytical quality control of metal from sampling to archiving of the analysis results can be 

represented in the form of several successive stages, some of which are partially or fully automated (fig.12).  
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Fig.12. General algorithm of sample analysis.  
 

 

Figure 12 shows the sequence of analytical control operations:  
Step 1 - The sampling stage is not automated, performed by a person in extreme human conditions; 
Step 2 - The stage of sample withdrawal is not automated, performed by a person, often performed with violations 

due to the influence of the human factor;  
Step 3 - The cooling stage of the sample for analysis is not automated, performed by a human, and is often 

performed with violations due to the influence of the human factor;  
Step 4 - The stage of cutting the sample gate is not automated, is performed by a human, is often performed with 

violations due to the influence of the human factor;  
Step 5 - The stage of sample delivery to an automated analytical control laboratory, if necessary, is partially 

automated through the use of pneumatic delivery systems;  
Step 6 - The stage of sample registration is partially automated, the influence of the human factor is excluded by 

automatic systems controls, the algorithm of which is shown in the block diagram (Fig.13); 
Step 7 - The stage of sample analysis in the container laboratory is fully automated by the analytical control system;    
Step 8 - The stage of sample sorting and archiving analyzed samples is fully automated. 

 

Fig.13. Flowchart for sample registration in an express laboratory. 
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5. Conclusion 

During the analysis of the stages (steps) of analytical control, it was revealed, that most errors in the analysis of 

samples occur due to the human factor at the stage of sampling, cooling and stumping of the gate (Fig. 14).  
 

 
Fig.14. Sampling and sample preparation process.  

 

Steps 1, 3 and 4 of stages are sufficiently formalized for automation without the use of complex sensor systems, 

automation of stage 2 will require the use of technical vision and tactile sensing systems to work with objects without 

clear positioning. To increase the reliability of the automated analytical control system, it is necessary to eliminate the 

influence of the human factor at these stages by automating using a group of mobile and manipulative robots designed 

to work together in extreme high temperature conditions based on developments [5],[6],[7]. This will make it possible 

to avoid manual input of information, ensure remote control of samples and the technological process at all stages [7] 

and increase the accuracy of the results of analytical control of the chemical composition of alloys. The detailed 

description of the stages of sample analysis presented in the paper is the first step in formalizing this process for its 

further complete robotization.  
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