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Abstract  
This study covers the calculation of a multi-channel adaptive information and measurement system for 
measuring steam flow to a turbine using the ITABAR probe. The reliability, stability and efficiency of the 
information system are evaluated, and its accuracy characteristics are determined. The work provides a 
basis for the design of such an information and measurement system based on the developed schematic 
diagrams and calculations of the characteristics of the analog-to-digital converter and power that will meet 
the defined accuracy and reliability. The study also covers the implementation of this system for displaying 
parameters for the purpose of process control. All necessary engineering calculations will support the 
proposed design. 
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1. Introduction

One of the main characteristics of modern information and measurement systems (IMS) is their 
reliability. It is reliability that determines the ability of the system to operate continuously and 
without errors in critical environments, such as nuclear power plants or other facilities with 
increased safety requirements. To achieve this, various technical solutions are used, one of which is 
to duplicate the functions of individual units and components. The duplication method allows to 
guarantee the system's operability even when one or more components fail. Thanks to this approach, 
the system can continue to perform its functions without interrupting the process or significantly 
deteriorating technical indicators, which further helps to prevent emergencies. 

In modern information systems, the task of duplicating sensors that monitor critical parameters, 
such as steam flow to the turbine, which is an integral part of the power process at a nuclear power 
plant, becomes especially important. The sensors based on ITABAR probe technology used in this 
study provide high measurement accuracy due to their well-thought-out design and minimal 
pressure losses in the pipeline. However, it is possible to increase the reliability of the system by 
duplicating them: this allows for a backup for measurements in the event of a malfunction of one of 
the sensors, which makes the system more resistant to failure and more efficient in long-term 
operation. The methodology for ensuring reliability through redundancy has been carefully 
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considered, using differential equations to model possible transitions between system states, which 
makes it possible to accurately predict the system's operation under certain conditions. 

The Itabar probe receives and averages dynamic and static pressures at four points distributed 
across the pipeline cross-section [1-4]. Therefore, the asymmetry of the flow profile has only a minor 
effect on the measurement result, making it possible to obtain accurate measurement results even 
with short free areas. The following free areas are typical: 

• diameters after 90° rotation; 
• diameters after two turns in the same plane; 
• diameters after narrowing or expanding the pipeline; 

Low installation costs. To install an Itabar probe, all that is required is a simple socket through 
which the probe can be inserted into the pipeline. The spigot is attached with a welded seam with a 
length of approximately 100 mm, depending on the type of probe. The probe is much smaller and 
lighter than a diaphragm. This results in significant savings in working time and labor costs. The 
detachable version of the Itabar probe is particularly advantageous in this regard. The savings in 
installation tools compared to a diaphragm reach 25% for small pipe diameters and more than 70% 
for large ones [5]. 

Lower pressure loss and thus lower energy costs. The hydraulically advantageous shape of the 
Itabar probe creates virtually no flow line constriction and thus creates the lowest residual pressure 
loss compared to other primary flow measuring devices. The pressure loss on the Itabar probe is no 
more than 15% of the measured differential pressure value. This is quite a good value compared to 
the pressure loss at the diaphragm, which is typically 60% of the measured differential pressure 
Figure 1. 

 

 
Figure 1: Effect of Itabar probe and diaphragm on flow. 

1.1. Itabar probe for flow measurement  

The principle of measurement is based on Bernoulli's law, which states that the sum of the energy 
due to the pressure in the pipe, the potential energy and the kinetic energy at each point in the pipe 
at any given time remains constant if we consider a stationary flow and neglect friction [6] Figure 2. 
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Figure 2: The effect of the Itabar probe on the flow shape (1 - linear flow, 2 - obstacle flow). 
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If you place a body in a uniform flow, the flow condenses just before the obstacle and is at the so-
called pressure point (S2) in absolute rest. The total pressure of the flow can be measured at this 
point: 



DynStat PPP +=  (2) 

The Itabar probe measures the average value of the total pressure using four holes on a 
streamlined surface. The holes on the back of the probe are subject to static pressure only. The 
difference between these two values serves as a measure of the flow velocity of the body. 

.StatPPP +=   (3) 

Using the law of constancy, the flow rate can be calculated from the velocity and cross-sectional 
area: 
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Using the law of constancy, we can calculate the flow rate through the speed and cross-sectional 
area: 
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In this way, the pressure drop is proportional to the square of the flow and is related to it through 
a certain probe shape-dependent coefficient DO, determined empirically. The precise calculation of 
the differential pressure created by the Itabar probe required for calibration is carried out at the 
factory using modern computing tools. The discrepancy with the manually calculated value is not so 
great, so the differential pressure value is quite accurate and can be used for the subsequent selection 
of a differential pressure transmitter, etc. 

2. Microprocessor-based heat calculation 

2.1. Calculation based on available heat sources 

Basic dimensions and connection layout. The device is designed for mounting on the dashboard or 
panel board and can be built into separate cutouts in the panel or into open strips. Taking into 
account the available heat sources, make sure that the temperature between 0 and 50°C is maintained 
[7] Figure 3. 

• Housing, connection 
• Protection class (IP20 DIN 40050) 
• Installation (control panel, panel) 
• Connection (screw clamps) 
• Dimensions (HxWxD) (144x72x220 mm) 
• Weight (approx. 1.5 kg) 

Limit values of errors: 

1. basic heat error  
• -  
• - 3K< T<100 1.5% 

2. limit value of the temperature measurement error: 

•  -  
•  -  
• limit values of the flow measurement error ± 0.5%. 

 



 Table 1 
Technical characteristics of the devices 

Entrances 
Temperature measurement IMS in accordance with DIN IEC 751, in 

two- or four-wire versions from 0 to 200° Temperature sensor 
Temperature range 

 3K< T<100  
Flow measurement  

Input signal 0...20 mA or 4...20 mA 
Input impedance 250 Ohms 

Output 
Thermal energy, current 0...20 mA or 4...20 mA 

Area  
Maximum resistance 500 Ohms 

Pulse duration  
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Figure 3: Multi-channel steam flow recording system (1 - flow sensor, 2 - valve block, 3 - ITARBAR-
Sondo IBR-20, 4 - 2AR1600, 5 - temperature sensor, 6 - absolute pressure sensor). 
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Figure 4: Process flow diagram of steam metering before the turbine (1 - computer-corrector (used 
for processing and storing information, as well as for generating and issuing control and reporting 
information); 2 - 3 - differential pressure sensor Sapphire 22-DD; 4 - 5 - three-way valve blocks; 6 - 
temperature sensor TTR or Pt-100; 7 - absolute pressure sensor Sapphire 22-AD; 8 - ITABAR probe; 
9 - uninterruptible power supply unit). 



Depending on the required flow measurement limit, from 1 to 3 differential pressure sensors and, 
accordingly, three-way valve blocks are used Figure 4.  

IMS is understood as systems designed to automatically obtain quantitative information directly 
from the object under study by measuring and controlling, processing this information and issuing 
it in the form of a set of named numbers and statements, graphs, etc. reflecting the state of the object 
Figure 5. 
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Figure 5: A typical structural diagram (PC - Primary Converter IMS - Information and Measuring 
Systems). 

2.2. Development of an information control model for reactor power control 

To create an IMS, it is necessary to clearly understand what information will be served by this system. 
It is important to know how much information about the monitored system X is provided by the 
observation of system Y [8] Figure 6. 

 

PC TDGU ADC MMS 
 

Figure 6: Block diagram of a single channel. (PC - Primary Converter  TDGU - Temperature 
Difference Generation Unit ADC - Analog to Digital Converter MMS - Management of Measuring 
Systems). 

The ITABAR type sensor is designed to measure the flow of liquid and gaseous media in pipelines 
from 15 mm to 12,000 mm. 

• Output signal range 4 20 mA. 
• Input impedance of the channel converter, Rinc 250 Ohm. 
• The controlled parameter is the steam flow to the turbine. 

2.3.  Calculation of parameters of a multichannel information and measurement 
system of a nuclear power plant 

2.3.1. Calculation of the ADC bit depth 

To calculate the ADC bit depth and subsequent calculations, you need to introduce a concept [9]: 
The range of expected values of D 

5
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where maxX  and minX are the maximum and minimum power values corresponding to the 

maximum and minimum current of the detector.  
Basic reduced channel error  



multadddev +=  (7) 

when measuring any quantity, it is impossible to obtain a signal free of distortion. The causes of 
these distortions can be different. 

In measuring technology, the reduced error is used to estimate the reduced error, which consists 
of the additive error - independent of the value of the converted quantity, and the multiplicative 
error - proportional to the current value of the converted quantity. The reduced error of the 
measuring channel is defined by the following expression: 

ADCleddvbsensdev ++++=  (8) 

Where: sens - sensor error, sens = 1 %, vb  - error of the valve block, vb  = 1 %, dd  - error of 

the flow sensor Sapphire 22-DD, dd = 1 % - 0.25 %, le . - communication line error, we accept  le  

= 0.1%, ADC - error of the analog-to-digital converter, ADC  = 1 %. 

Then:  

1 1 1 0,1 1% 4,1о о о о о
о о о о о+ + + + =  (9) 

As a result add  = 2.05, mul  = 2.05. 

The ADC is designed to convert an analog signal into a digital signal. The ADC bit depth is 
determined taking into account the principle of uniform quantization of the dynamic range [10]: 
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where q  is the quantization value of the signal, max2 Ix =  - maximum current value,  min1 Ix =  - 

minimum current value. 
Quantization error: 

q
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but on the other hand 
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Let's prologarithmize on the basis of 7: 
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Thus, to ensure that the channel accuracy is not lower than the accuracy class of the sensor, it 
is necessary to use an ADC with a bit depth of six. 

2.3.2. Calculation of the characteristics of reliability, reliability and efficiency of 
multichannel AIS functioning 

To calculate the reliability characteristics, it is necessary to determine the equivalent number of 
graduations of a measuring device operating in the range of 4 20 ma [11].  
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The probability of registering a signal from Dexp. 5 using a channel from Dexp. e2 : 
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Probability of registering a signal with Dexp. 5 by a system of n measuring channels. 
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Table 2 
Probability of signal registration 

 n 1 2 3 4 5 6 7 8 

 0,454 0,702 0,837 0,911 0,951 0,974 0,986 0,992 

 
To calculate reliability characteristics, it is necessary to determine the failure rate. Failure rate of 

information channel elements DD (technical documentation) [12]: DDT  = 15000 hours, ADCT  =10000 

hours. 
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CPI Failure Rate: 
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where ant = 7 is the operating time on an autonomous power source. 

The reliability of the system for the nth number of PKI is determined by the formula [13]: 

( )nNN 0
PP =  (20) 

Table 3 
System reliability 

N 1 2 3 4 5 6 7 8 

NP  0,999 0,998 0,997 0,996 0,995 0,994 0,993 0,992 

CD
P



 

Figure 7: Validity (red curve), reliability (blue curve) and efficiency (purple curve). 

Efficiency for the n-th number of sensors Figure 7: 
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Let's enter the data into the table 4: 

Table 4 
Efficiency for n number of sensors 

N 1 2 3 4 5 6 7 8 

effW  
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By analyzing the obtained dependencies in a graph-analytical way, we will determine the optimal 
number of CPI, optn  = 8. 

2.3.3. Calculation of the energy characteristics of a multichannel IMS 

This Figure 8 presents the scheme of a multi-channel Information and Measurement System (IMS). 
The diagram illustrates the flow and interaction between different components of the system. 

• PC : Primary Converter, which initiates the process by converting the primary input. 
• L : Leadership, managing the direction and control of the data flow. 
• MT : Measuring Transducer, responsible for translating and processing measurements. 
• MMS : Management of Measuring Systems, overseeing the system and ensuring accuracy 

and reliability. 

This scheme highlights the importance of each component's role in optimizing the energy 
characteristics of the IMS, contributing to enhanced system reliability through functional 
duplication. 

 

PC L МТ ММS 

 
Figure 8: Scheme of a multi-channel IMS (PC - Primary Converter L - Leadership MT - Measuring 
Transducer MMS - Management of Measuring Systems). 



The primary converter in our scheme is Sapphire 22-DD. Sapphire contains an amplifier. An 
approximate calculation of the signal coming from the strain gauge of the sapphire to the amplifier 
showed that the signal value is 0.3 µA. From the primary converter, the signal is fed to the secondary 
converter. The secondary transducer and the MMS are technologically made in the same case and 
are microprocessor-based heat meters of the 2AP1600 type. In the primary converter, the signal is 
amplified (3 10-7) to the level perceived by the MMS (4  20 mA). The input resistance is equal to Rinb. 
=250 Ohms [14]. 

Let's use Ohm's law to determine the voltage: 

57 105.7103250IRU −− === V (22) 

Signal Power Value is: 

625 105.1102105.7IUP −−− === W (23) 

The signal energy Es will be determined from the formula: 
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where 2
DD 10%1 −== , 2

u 105t −   cycle time for a given system.  

2.3.4. Construction of the accuracy characteristic of a multichannel IMS 

Accuracy - the number of divisions of the instrument scale that can be obtained. With the advent of 
digital computing, it is possible to quickly switch from one measurement limit to another. It is 
important to estimate the relative error of the instrument range [15]. 
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Since the error (accuracy class) of the sensor is equal to  = 1 %, the relative error 
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Given that 041.0muladd =+= , we can see that  [16]: 
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The obtained data are presented in Table 5. 

Table 5 
Function A=f(x) 

x 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1 

A 4,149 7,092 9,288 10,99 12,35 13,45 14,37 15,15 15.82 16,40 

The Figure 9 illustrates the accuracy characteristic of the system. The graph depicts the 
relationship between the variable x and the accuracy function A(x), shown in red. The curve 
demonstrates how accuracy improves with changes in x, which is critical for assessing the efficiency 



of function duplication in enhancing device reliability. Each vertical line represents key evaluation 
points important for understanding system performance within the specified range. 

 

Figure 9: Accuracy characteristic. 

3. Increase the reliability of the device when duplicating the functions 
of individual nodes 

Monitoring the operation of both individual components and the device as a whole determines the 
efficiency of its operation and maintenance. Therefore, it is important to rely on an effective 
diagnostic system. Reliable operation of the operating parameter monitoring tool is influenced not 
only by the reliability of individual components, but also by the way they are combined in the 
measuring device. Since the distribution laws for the equipment life cycle and recovery time in the 
event of a failure are subject to an exponential distribution, the method of differential equations can 
be used to estimate the reliability of the process of determining a critical operating parameter based 
on the graph of states of the system under study in which it can be in during failures and recoveries, 
and statistical data on the average uptime or recovery time [17, 18].  

In particularly important cases, to prevent abnormal situations, duplication of individual 
monitoring functions by several sensors is used. Let's consider how this technique affects the 
reliability of the measuring unit as a whole. We assume that: - failed objects are immediately restored, 
there are no restrictions on the number of restorations.  

To build the corresponding system of differential equations, consider the state graph of the 
redundant measuring system, which reflects the possible directions of transitions from one state to 
another. The logical scheme of interaction of the duplicated system of refrigerant flow sensors is 
shown in Figure 10. 

 
Figure 10:  State graph of duplicate sensors. 



The system can be in two states: "Agent 1 flow sensor is activated" or "Agent 2 flow sensor is 
activated". Each of the transitions corresponds to a transition intensity value:       l = 1/T to failure 
and m = 1/T to recovery. Based on the state graph, we form the equation:  

• on the left side of each equation is the time derivative of the probability of the system being 
in the jth state at time t; 

• the number of terms on the right-hand side is equal to the number of connections that affect 
this state; 

• each such term is equal to the product of the transition intensity and the probability of the 
initial state (the one from which the arrow leaves in the state graph). The sign of the product 
is positive if the arrow enters the state under consideration and negative if it leaves it; 

• the number of equations is equal to the number of system states.  

The system of differentiations for the values of the intensity coefficients inverse to the operating 

time and downtime 
i

i T
1

l =  before failure and 
iT

1
m =  before recovery is constructed according to the 

given logical scheme: 
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which is supplemented by a condition: 

1)t(p)t(p 21 =+  (31) 

The probability that both or one of the two sensors will be in good working order 

))t(p1)(t(p))t(p1)(t(p)t(P 1221 −+−=  (32) 

To find a solution to system (29-30) and calculate (32), we constructed the corresponding S-model 
in MATLAB SMULNK, which is shown in Figure 11. 

 

Figure 11:  S-model for finding a solution to the probabilistic model and assessing the reliability of 
a node with duplicate blocks. 



The change of )t(p1 , )t(p2  and )t(P  with the time of operation of the detector is shown in 

Figure 12 in yellow, blue and red colors, respectively. 

 

Figure 12: Changes in the probabilities of )t(p1 , )t(p2 for each of the sensors in standalone mode 

and )t(P  when they are used in parallel.  

The change in the detector operating time is shown in Figure 12. It uses yellow, blue, and red 
colors. Each color represents a change in probability over time.  

Conclusions 

The calculation of a multichannel adaptive information and measuring system for measuring steam 
flow into a turbine using the ITABAR probe is investigated. 

1. Increase reliability through duplication: Duplication of key functions of individual nodes 
provides increased fault tolerance. This allows the system to continue to function even if one 
component fails, which is important for mission-critical applications such as steam flow 
measurement in turbines. 

2. Optimization of component interaction: By optimally designing the interaction between 
duplicate components, it is possible to achieve not only increased reliability, but also a 
reduction in the overall workload of each individual component. This can also have a positive 
impact on the life of the system as a whole. 

3. Using the S-model: A modeling tool such as the S-model allows for a more accurate 
assessment of system reliability by simulating a variety of failure and recovery scenarios. 
This creates an opportunity to improve the system during the design phase, reducing the risk 
of real-world failures. 

4. Adaptive capabilities: An adaptive system architecture can automatically reroute data flows 
in the event of a component failure. This makes the system more flexible and able to maintain 
high measurement accuracy under any conditions. 

5. Economic aspects: While the initial cost of duplicating components may be higher, the long-
term savings from reduced downtime and maintenance can be a significant benefit. 
Investments in reliability can provide significant cost savings in the future. 

6. Improving the overall quality of the system: Implementing duplication of functions as a 
standard approach can improve the overall quality and efficiency of the system so that it can 
meet higher standards of reliability and safety. 
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