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Abstract: In this article, the results of applying the parameters of normalizing converters in practical processes are presented. During the research, the output signals of normalizing converters for input signals in the ranges of 0…5 mA, 4…20 mA, and 0…10 V were analysed. Their interrelation, linearity, and resistance to electromagnetic interference were analysed. The experiments were conducted in two directions. In the first direction, the linearity and stability of two output signals obtained from three input signals in the ranges of 0…10 V, 0…5 mA, and 4…20 mA were studied. In the second direction, the process of branching the input current in the range of 0…5 mA into output signals through four normalising converters was analysed. In addition, the process of branching the input voltage in the range of 0…10 V into output signals through four normalising converters was also studied. According to the results, the normalising converters make it possible to ensure the stability of input signals against electromagnetic interference and maintain their linearity. This makes it possible to apply the experimental results in practical processes.
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INTRODUCTION
It is known that normalising converters ensure the interrelation between the signals from primary sensors and those entering secondary equipment. Normalising converters ensure the stability of transmission parameters by standartising the signals generated by primary sensors [1]. In this case, they are distinguished by their ability to maintain the linearity of signals from primary sensors up to 98 %. In this process, the normalising converters maintain stability against electromagnetic interference and ensure linearity [2, 3]. This, of course, requires the development of protection modules for the input signals within the output range. Through this, the experimental results demonstrate the the stability of normalising converters in the transmission process and against electromagnetic interference. Studies show that optimized normalising converters reduce nonlinearity errors. This ensures the overall accuracy of laboratory measurements [4, 5]. Normalising converters with intelligent calibration algorithms standardise the system’s input and output signals. This make it possible to linearise it in accordance with the process. In this process, normalising converters perform the function of reducing mutual interferences in complex measurement processes within multichannel sensor systems. In intelligent sensor systems, microcontrollers and real-time calibration modules are used. This ensures the stability of input and output signal normalisation in multichannel sensor systems [6, 7]. In microelectronic amplifiers, the parameters of stability against electromagnetic interference are modelled. Its results expand the accuracy and dynamic range of output signals in measurement systems. Normalising converters are analysed though input signal algorithms. In this case, normalising converters with low power consumption and low sensitivity to electromagnetic interference are used in microelectromechanical systems [8, 9]. This process makes it possible to analyse input and output signals in real-time though an intelligent normalising converters module within a protective environment. In addition, the normalisation of input signals makes it possible to ensure the linearity of input signals [10, 11]. The experimental analysis of normalising converters makes it possible not only to improve their linearity and stability but also to parameters of sensor systems.


METHODS
In this study, an experimental analysis of normalising converters was carried out. In our experiment, the parameters of normalising converters that convert primary sensor input signals into various physical quantities were analysed. In this case, the experiment considers normalising converters that convert input signals in the ranges of 0…10 V, and 4…20 mA into output ranges of 4…20 mA and 0…10 V.
In this process, our experiments were conducted in two directions. In the first direction, a voltage signal is supplied through the first input source of the multichannel system, while current signals are supplied through the second and third sources. Each of the output current signals from these normalising converters is converted into input signals of the same type and value when entering the measuring devise (MD). As a result, the measuring devise (MD) generates two different quantities of voltage and current signals from the three input signals. Through this, the interrelation among various elements within the system is achieved by the normalising converters. Another important function of normalising converters is to ensure the protective environment of the controller, which serves as the central element of the measurement system.
Fig. 1 shows a system with three input channels and two output channels. In this setup, a 0…10 V voltage from the first input source, a 0…5 mA current from the second source, and a 4…20 mA current from the third source are sequentially supplied to three normalising converters. Though the normalising converters, all input signals are converted into 4…20 mA current signals of the same type and value. Here, the measuring device (MD) collects and analyses the three standardised input signals, converting them into two output current signals of the same type and value 4…20 mA. Through the normalising converters, the input signals are converted into the ranges of 4…20 mA and 0…1 V. in this way, the input signals from three different sources are standardized to the 4…20 mA range through the measuring device (MD). In this case, the measuring device (MD) produces two output signals a 0…10 V voltage and a 4…20 mA current from the three input signals.
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FIGURE 1. Source of a system with three input channels and two output channels
Here: SS-signal sources (sensors); SC-signal consumers (measurement or control devices); NC-normalising converters; MD-measurement and control system.

In the second direction, a single input current signal is branched into four outputs, consisting of three current signals and one voltage signal. In addition, experiments were conducted using a system where a single input voltage signal is branched into four outputs, consisting of three current signals and one voltage signal. A separate normalising converter was connected to each branch. Their output signals were recorded through a voltmeter and an ammeter. This method makes it possible to transmit primary sensor signals stably to several control or measuring devices.
In Fig. 2, an input current of 0…5 mA from the signal source is transmitted in parallel to all converters. In this case, the outputs of three networks are converted into current signals within the 4…20 mA range, and one network is converted into a voltage signal within the 0…10 V range.
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FIGURE 2. Source of a system in which a single input current signal is branched into three output 
current and one voltage signals
In Fig. 3, an input voltage signal of 0…10 V from the signal source is applied. This input voltage signal is transmitted in parallel to four networks. In this case, the outputs of three networks are converted into 4…20 mA current signals, while one network remains unchanged within its 0…10 V range. In this circuit, a single voltage signal is sent in parallel to all converters. The signal type of one network within them remains unchanged.
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FIGURE 3. Source of a system in which a single input voltage signal is branched into three output 
current and one voltage signals
During the experiment, the connection was made to the function generator through normalising converters as shown in Fig. 4. Input current and voltage signals of various magnitudes were applied. Its normalized values were recorded as output signals through the readings of the voltmeter and ammeter. In this case, the graph of the linear relationship between the input and output signals is plotted using a constant voltage.
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FIGURE 4. Schematic diagram of the experiment
Here: V-voltmeter measuring alternating voltage; A-ammeter measuring direct current; FG-function generator

RESULTS AND DISCUSSIONS
In the course of the study, an experimental analysis of the linearity and stability parameters of the output signals of normalising converters was carried out.
The experiment was conducted in two directions. First direction. A voltage of 0…10 V was applied from the first input source of the three input channels shown in Fig. 1. A 0…5 mA current signal from the second source and a 4…20 mA current signal from the third source were sequentially transmitted to three normalising converters. All inputs were converted into current signals within the 4…20 mA range through the normalising converters. The measuring and converting device transformed the three normalized input signals into two output current signals within the 4…20 mA range. The input signals were converted into the 4…20 mA and 0…1 V ranges through the normalising converters. In this case, the measuring and converting device produced two types of output signals from the three input signals: 0…1 V voltage and 4…20 mA current. According to its graphical analysis, the linearity of the output signals within the 4…20 mA and 0…10 V ranges was ensured through the input in the 0…10 V range (Fig. 5).
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FIGURE 5. Graph of the linear relationship between the 0…10 V input and the signals within the 
4…20 mA and 0…10 V ranges
This made it possible to ensure the protective environment of the controller, which is the central element of the measuring system. In this process, the normalising converters not only standardised the signals but also provided a protective environment.
Second direction. A 0…5 mA current signal from the signal source shown in Fig. 2 was transmitted in parallel to all converters as the input. In this case, the outputs of three networks were converted into current signals within the 4…20 mA range. Only one network was converted into a voltage signal within the 0…10 V range. According to its graphical analysis, the input current signal within the 0…5 mA range was converted into a 4…20 mA current signal through three networks. Through one network, it was converted into an output voltage signal within the 0…10 V range (Fig. 6).
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FIGURE 6. Graph of the conversion of the 0…5 mA input signal into the output 4…20 mA and 0…10 V voltage signals
In Fig. 3, an input voltage signal of 0…10 V was applied from the signal source. This input voltage signal is transmitted in parallel to four networks. In this case, the outputs of three networks were converted into 4…20 mA current signals. One network retained the voltage signal unchanged within the 0…10 V range. In this circuit, a single voltage signal was sent in parallel to all converters. The signal type of one of the networks remained unchanged. According to its graphical analysis, the input voltage signal within the 0…10 V range was converted accordingly. Through three networks, it was linearly converted into output signals within the 4…20 mA and 0…10 V range (Fig. 7).
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FIGURE 7. Graph of the conversion of the 0…10 V input signal into the output 4…20 mA and 0…10 V signals
A separate normalising converter was connected for each network. Their output signals were recorded using a voltmeter and an ammeter. Linearity and stability of the signals were ensured even in the branched systems. This process enabled the transmission of signals from multiple sensors in real-time within multichannel systems.
Overall, the conducted experiments demonstrated that the normalising converters ensured high linearity between the input and output physical quantities. Furthermore, they standardised signals in multichannel systems and ensured a protective environment for the controller, which is the central element of the system.
CONCLUSION
In this study, an experimental analysis of the linearity and stability parameters of normalising converter’s outputs was carried out. The experiments were conducted in two directions. According to the results, three inputs in the ranges of 0…10 V, 0…5 mA, and 4…20 mA were converted into two outputs in the ranges of 4…20 mA and 0…10 V through normalising converters. This conversion process ensures stability in measurement systems.
In the second direction of the study, the process of transmitting inputs to four converters through parallel networks in real-time mode was analysed. In this case, the input signal in the 0…10 V range was converted into a current signal in the 4…20 mA range across three networks. Only in one network was the voltage left unchanged, demonstrating the system’s adaptability. In the next stage, a 0…10 V voltage signal was applied as the input. This input voltage signal is transmitted in parallel to four networks. In this case, the outputs in three networks were converted into 4…20 mA current signals, while in only one network the signal remained unchanged in the 0…10 V range.
Overall, the conducted experiments demonstrated the linearity and stability of multichannel input and output signals of the normalising converters. In addition, it ensured the protective environment of the controller, which serves as the central element of the system.
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