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AbstrAct
Purpose: of this paper: This paper described the analysis of the issue of monitoring and diagnostics of surface 
of narrow crystallizer’s desks. There is described the development and the achieved laboratory results based 
on laser object surface scanning. The diagnostic system which is currently creating will be part of management 
systems to support service life of crystallizer as a part of continuous steel casting device. The emergence 
of weariness is caused by many factors, influences and processes that act and run directly on the device, its 
individual parts, through its operation. These effects result in changes in the device surface’s properties and its 
components and are the primary cause of technical failures that affect both, the efficiency of the process, and 
also the life of the individual parts.
Design/methodology/approach: The focus of the used solution is increasing of advantages of the continuous steel 
casting device, which can be achieved only by management system’s that will minimize undesirable influences on 
the technological process. Among the significant side effects affecting the efficiency of the process of the continuous 
steel casting device belong wear of the crystallizer which is causing disturbance and operation disruption.
Findings: There was created a methodology for evaluation of crystallizer’s desks and suggested a laboratory 
device for that purpose.
Research limitations/implications: Another solution will be focused on developing of diagnostics device into 
the operational conditions.
Practical implications: These problems are solved with cooperation with regional metallurgical companies. 
Gained results will be applied into the operational conditions.
Originality/value: In the frame of solution was created a catalogue of defects of crystallizer’s desks and 
methodology of evaluation of crystallizer’s desks states.
Keywords: Crystallizer; Defect; Diagnostics; Wearing; Modelling; Life time; Artificial neural network

Reference to this paper should be given in the following way: 
J. David, P. Švec, R. Frischer, Diagnostics of surface of narrow crystallizer’s desks, Journal of Achievements in 
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1. Crystallizers plates’ quality
 

The main presumption of quality production in the continuous 
steel casting device is perfect thermal crystallizers work. Blanks 
defects (i.e. uneven chemical composition, internal and external 
cracks, surface defects like sealed powder nests, longitudinal 

grooves in the casting crust, excessive oscillatory wrinkles, shape 
defects, etc.) have their root cause in the crystallizer. 

Especially undesirable are cracks in blank casting crust 
caused by ferrostatic pressure, temperature stress, the friction in 
the crystallizer, and other mechanical stresses that can lead to 
rupture and break out. 

1.  crystallizers plates’ quality

Thermal stress in the blank crust is caused by uneven 
shrinkage and uneven cooling. 

Dangerous is also the influence crystallizer’s shape changes, 
induced by thermal and mechanical stress, which affects the 
reduction in heat dissipation because of excessive gaps between 
the casting crust and the wall of crystallizer. 

Quality of the production and production safety in terms of 
the outbreak is related both the casting technology, and also with 
the construction and adjustment of the casting device. Both 
aspects are still subject to frequent development and 
improvements. The complexity of processes in continuous steel 
casting devices  almost forbid generalization and transferability of 
results from one device to another, even on the same casting 
device (crystallizer) are quite different conditions in different 
formats or casting of different steel grades. 

The modern trend of increasing casting speeds, puts high 
demands on the crystallizers. The dimensional stability is 
required, wear resistance and high thermal conductivity. 
Crystallizers ingot is exposed to extreme cyclical, thermal and 
mechanical stress. In crystallizers ingot is a high temperature 
difference between outer and inner surface, which is due to the 
large heat flux density. This creates thermal stress and plastic 
deformation, which are undesirable in terms of operation. 
Crystallizers are scrapped basically for two reasons, due to loss of 
taper wear, and also due to permanent deformation of the 
crystallizer’s wall. The greatest distortions are in surface of the 
liquid steel and closely below it. 
 
 

2. Crystallizers diagnostics 
 
 
2.1. Experimental research 
 

Experimental research of crystallizer is complex because of 
the high temperatures and the danger arising from the presence of 
liquid steel in close proximity to cooling water. Construction 
equipment adjustments before experiments are costly and can 
delay production. Experimental research must always take place 
in conjunction with production company and experimental 
workplace, which must conform to the priorities of production. In 
addition to experimental research has its irreplaceable position 
also mathematical modeling (finite element method, etc.). 

The material which is intended for the crystallizers production 
is copper, usually a small amount of alloy additives in it. These 
additives increase the surface hardness and wear resistance, also is 
achieved increased recrystallization temperature. Alloying 
elements are most often W, Ag, Cr, Zr, Co and Be. 

Alloying elements cause:  
 Slows down plates wearing caused by casting crust and its 

abrasion effect supported with casting powder, increase 
recrystallization temperature, increase modulus of elasticity of 
the material, yield strength, material strength, prolong 
crystallizers enclosure life time. 

 Lower the coefficient of thermal conductivity. 
The influence of alloying additives to thermal material 

expansion coefficient is minimal. From the above it can be 
deduced, that the solution of plastic deformation of the 
crystallizer’s desks (see Fig. 1) is not only in selection of board 

material. The technical solution is a very challenging 
interdisciplinary problem, which includes disciplines like 
construction, elasticity / rigidity, thermal engineering, material 
engineering, experimental methods and numerical methods. 
 

 
 

 
 

Fig. 1. Wearing of the crystallizer’s enclosure 
 

When designing a solution the subsequent apriori knowledge 
were used.  
 Generally it is accepted, that low profile crystallizers attend to 

quicker wear due to higher casting speeds. 
 Also bent crystallizers has a lower lifetime, which is due to 

mostly eccentric  impact of casting flow into the crystallizer 
and due to higher mechanical abrasion in lower crystallizers 
levels. 

 Crystallizers with lower profiles distort itselves less than 
crystallizers with large profiles. Crystallizers with rectangle 
profile distorted less then crystallizers with square profile. 

 If in continuous casting device is wear greater than 1.5 to 
2.0 mm in lower level and by block 0.7 mm, in dependence on 
assortment come in to corner breach and so non qualitative 
products. 

 In lower crystallizers levels the low temperatures and pressure 
don't let the same conditions when hydrodynamic pasting is 
involved. In present time we are not able to make perfect 
image about slag behavior in this area. In some places attend 
to dry friction between solid materials. When the copper 
surface of the crystallizer smoother then surface of solidified 
steel crust, then is very probable, that small pieces of slag 
proceed with the steel in its digressive movement. Before the 
material get out from crystallizer, its surfaces temperature can 
come down as low as the slug is acting as a solid material 
even in the border between liquid and solid stage. On the 
boundary of solid slug and crystallizers copper surface attend 
to erosion of copper surface. 
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The time to replace crystallizer is deduced from its inner 
surface or from clearances or geometry of desks. 

The maintenance documentation handover was a part of the 
introduction to service life of continuous steel casting device in 
Arcelor Mittal Inc. company in Ostrava. In this documentation is 
presented the way of the maintenance, including term of repairs 
and description of defects limits, like maximum depth of the crack 
in crystallizer’s plate. According to current instructions repairing 
squad and maintenance staffs are managed. With regard to 
incessantness increasing product quality, implementing new, high 
demand steel grades, the current maintenance rule is insufficient.  

In other words, it is necessary to have evaluating system with 
competent analytics methods, whereby is possible to search 
connections between qualitative parameters of the product (blanks 
or milled track) and production parameters of continuous steel 
casting device (chemical composition of the casted steel, casting 
speed, steel temperature and so on) and parameters of the 
crystallizers plates life time (presence of the specific defects on 
the plates). 

 
 

2.2. The catalogue of defects of the 
crystallizer’s plates and methodology of their 
evaluation 
 

The main task when creating the catalogue was to determine 
and map the most common defects in crystallizer’s plates. Plates 
defects appear on the plates on narrow as well as on wide plates 
(see Fig. 2). In the catalogue, the defects were divided into surface 
defects, subsurface and shape. The most frequently occurring is 
surface plates defect. In the catalogue, there is described for each 
defect: 
 Location of the defect on the plate (by form of drawing), 
 Characteristics of defects, 
 Probable cause of defects, 

 Possible preventive measures of the defects, 
 Defect removal options (in the maintenance or restoration of 

the plates).  
Further it is additional information, including photos of each 

defect. Sample of the catalogue is shown in Figure 3. 
 

 
 

Fig. 2. presentation of the defect on the crystallizers desk 
 
In design methodology it is described quantitative evaluation 

of defects in crystallizer’s plates, while there is also stated current 
state of defects evaluation. Defects discussed in the Catalogue 
specified by occurrence (location) in the form of drawings and 
photographs. The report to the methodology for evaluation of 
defects is further presented in the form of the table in which the 
parameters are specified as the maximum length, width and depth 
of defects, the total number of defects on the plate, or the segment 
plates. In the proposed methodology are given formulas for the 
calculation of the quality "Q" of the plate, with the use of 
monitored parameters. Currently we are planning to verify the 
proposed methodology of defects in operating conditions of 
maintenance of Arcelor Mittal Ostrava a.s. 

 

 
 

Fig. 3. The demonstration from the defect catalogue [4] 

2.2.  the catalogue of defects of 
the crystallizer’s plates and 
methodology of their evaluation

2.3. Development of methodology of narrow 
crystallizer’s plate verification 
 

In terms of scientific-research activities made done in the 
laboratories of the Department of automation and computing 
metallurgy, VSB-TU Ostrava, developed a method to verify the 
quality of the crystallizers plate surface based on laser-distance 
sensor. The stated aim is the design of the methods and operating 
equipment for visualization and evaluation of the surface of the 
narrow crystallizer’s plate in time, when the crystallizer is 
decomposed to single plates. Mostly are discarded the narrow 
plates, the aim of the analysis is to map the surface quality of the 
plates at the end of the life time and by this way obtain 
completing information into the developed system. 

By manual measurement it is not possible to capture and 
measure all the dimensional changes compared to the original 
state of the plate. Design methods took place in several stages. 
 
 
2.4. Diagnostic device 
 

Diagnostic device is based on laser distance sensor 
OptoNCDT 1302/200 which used special triangular measurement, 
interconnected with PC through the multifunction A/D card NI 
PCI 6221. 
 
Laser sensor OptoNCDT 1302/200 

 
The sensor (see Fig. 4) from Micro Epsilon company with 

measurement range of 200 mm were chose to laboratory testing 
and to confirm proposed method, can achieve resolution of 
500 m with sampling speed of 750Hz. 

Its other technical parameters are as follows: 
Starting measuring distance [mm] 60 
Middle range [mm] 160 
The end of the measurement [mm] 260 
Linearity [ m] 500 
 % FSO  0,25 
Resolution 40 
Static noise % FSO 0,02 
Dynamic resolution in 750 Hz [ m] 100 
 
 

 
Fig. 4. Laser distance sensor OptoNCDT 1302/200 

Diagnostics measurement through the NI PCI 6221 I/O card 
 
Data acquisition card presented in (Fig. 5) has a PCI bus 

interface and it is relatively powerful device, suitable to capturing 
analog quantities or binary signals. This card is capable to 
generate digital signals too [3]. Card is mentioned to work with 
cooperation with Windows OS and Matlab and LabView 
environment. 
 

 
 

Fig. 5. Data acquisition card NI PCI 6221 (37 - pin) 
 

Technical specifications of the card: 
 16bit, 250 ks/s, 16 analo inputs 
 two 16 - bitové analog outputs (833ks/s); 
 10 digital I/O lines, 32b counter, digital trigering; 
 37 - pin  D - Sub connector. 

 

Main PC has these parameters:  
 Powerful mainboard with PCI slot; 
 Processor AMD Athlon II  4000 
 1 GB RAM; 
 SSD main memory 40GB; 
 Operating system Windows XP SP2. 

 

 
 

Fig. 6. Block diagram in the Simulink environment 
 

To be able to scan surface of the material (crystallizer, metal) 
with NI PCI 6221 card, we had to correctly set the program 
Matlab and then measurements were taken. (Fig. 6) is a 
composition of blocks and connections used for measuring the 
proposed laboratory diagnostic system. 

It was also necessary to choose parameters: of measuring 
mode between synchronous and asynchronous, the very type of 
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card or other measuring devices installed, set the number of 
samples captured per second, setting the block size of input type, 
measurement channel selection and the possibility of setting the 
output of the block.  

To measure, the following settings were chosen with the 
following parameters: asynchronous signal at a frequency of 
scanning 10,000 samples per second from the connected channel 
AI8, the measurement time 8 seconds and a normal type of 
measurement. These parameters have been set in the window with 
the Simulink block diagram. 

Measurements were performed, which can be seen in the 
Scope block. File with the time course of values was inserted into 
the block simout with graphic rendering during the measurement. 
 
 

2.5. Diagnostics system components testing 
 

The solution base and therefore the proposal were to verify 
the diagnostic possibilities of laser sensors and assess its 
suitability. For this purpose it was created simple mechanical 
device for scanning the metal surface (Fig. 7).  
 

 
 
Fig. 7. Laboratory model of laser distance sensor placed on  
metal ingot 
 

With such proposed equipment experiments were made to 
verify possibility of basic components of diagnostics system. 
There were sampled metal materials at various conditions.  
On Fig. 8 and Fig. 9 samples of the experiments are presented. 
On Figs. 10 and 11. Are graphical results samples presented. 
 

 
 

Fig. 8. Metal ingot at its surfaces is glued two stripes. One of 
these stripes has slightly higher than the other 

 
 

Fig. 9. Metal ingot with another type of artificial defect 
 
 

 
 

Fig. 10. Captured signal on the surface of the metal ingot 
 

 
 

Fig. 11. Sample of the measurement result 
 
Conversion of measured data to the text file 
 

Consequently was measuring system complete with function 
to save captured data into the text file (Fig. 12). 

2.5.  Diagnostics system components 
testing

 
 

Fig. 12. Software for saving captured data into the text file 
 
 
2.6. Laboratory version of the diagnostics 
device 
 

Based on obtained data were created new laboratory 
diagnostics device Fig. 13, Fig. 14, Fig. 15 ensuring automated 
shift of the laser sensor in X axis and automated shift of the 
measured sample in Y axis. At the same time software application 
to visualize captured data were created [3]. 
 

 
 

Fig. 13. Laboratory model of the diagnostics system 
 

 
 

Fig. 14. Laboratory model of the diagnostics system 

An application can display single captured points as in 
discrete so as in continuous shape and figure profile of the sample 
on selected coordinate. 

On that model it will be further linked the defect detection and 
its classification. 
 

 
 

Fig. 15. Visualization of the surface in discrete form 
 
 
2.7 Prototype of the diagnostic device 
 

In present time it is developed a prototype of the automated 
robotic device with linear traversing (Fig. 16). This device can use 
all above mentioned components of the diagnostics system 
(sensor, data acquisition card, application). Main contribution is 
in increasing of measured objects and also utilization versatility. 
Now, we are testing this system on narrow plates of the 
crystallizer. 
 

 
 
Fig. 16. Prototype of the diagnostics device for quality evaluation 
of narrow plates of the crystallizer 
 
 
3. Conclusion 
 

This paper presented part of the results of experimental grant 
project, which concern the area of primary cooling system in 
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of narrow plates of the crystallizer 
 
 
3. Conclusion 
 

This paper presented part of the results of experimental grant 
project, which concern the area of primary cooling system in 

3.  conclusions

2.6.  Laboratory version of the 
diagnostics device

2.7.  Prototype of the diagnostic 
device
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continuous steel casting device, concretely surface quality of 
crystallizer’s plates. There were presented partial results of 
suggested catalogue of crystallizer’s plates defects and 
methodology of evaluating its quality. In the frame of this article 
development of laboratory diagnostics system to monitoring 
narrow plates of the crystallizer were also presented. In the end of 
this paper is showed a prototype of this diagnostic device intended 
to operational purposes. 
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