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Abstract 

The article presents the concept of a system to control the gas nitriding 
process containing an interactive module for predicting the results of the process 
on the basis of mathematical model of growth kinetics of the nitrided layer. The 
concept of the system is based on comparing the current values of process 
parameters: temperature, the composition of nitriding atmosphere, and the 
current value of the nitrogen potential (which is determined based on the signal 
from the hydrogen sensor) with a pre-established algorithm of changes in 
process parameters. According to the developed concept, if there are  
differences, the control system selects one of two options: 
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• Changing the flow rate of the components of a nitriding atmosphere, in the 
range of possible changes for a given stand to nitriding, to achieve  
a predetermined potential value, or 

• Setting a new algorithm for changes in temperature and nitrogen potential. 
Selecting one of these options by the system will depend on obtaining the 

slightest difference between on-line calculated result of a process on the basis of 
mathematical model (for both options) and the assumed result, i.e. the nitrided 
layer thickness and profile of hardness change. 

1.  Introduction 

The issues of effective design of the processes of the formation of material 
properties in the direction of multifunctional properties constitute one of the 
most modern world trends in the area of materials research. For this purpose, 
mathematical apparatus is being used more frequently and more widely and 
analytical and numerical mathematical models are being included together with 
methods of computer intelligence. These tools serve to support the design of 
surface treatment processes; among these, the gas nitriding process is of a great 
significance. In the recent years, it has been distinguished by a dynamically 
growing range of applications, mainly in the automotive and military industries, 
as well as in the civil aircraft industry. At the same time, requirements are 
increasing, concerning the specific characteristics of mechanical, chemical, and 
operational nitrided machine parts and tools. These growing requirements, in 
combination with an absolute condition of obtaining in a repeatable manner a 
complex layer structure, have served to stimulate research aimed at widening the 
spectrum of available process control methods [1–12]. This includes the tests 
covered by the present paper and concerning the development of methods to 
assist the process planning and development of control systems. In particular, 
the article presents the concept of an operating system to the control of gas 
nitriding process containing interactive module for predicting the results of the 
process on the basis of a mathematical model of the growth kinetics of nitrided 
layer wherein the input parameters are the current values of the process 
parameters: temperature, the composition of nitriding atmosphere, and the 
current value of the nitriding potential. 

2.  Control System 

2.1. General concept 

Regarding the nitriding process control systems used at present, attempts 
have been made to obtain increasingly precise methods to determine the 
composition of the nitriding atmosphere. The sensors used in the latest solutions 




























