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ABSTRACT 

Computer science is the interdisciplinary science focused on developing methods based on 

computational techniques for solving complicated problems in the research and computing fields. 

Computer science is now an independent science, with its own methods and objects of research, 

which are based on mathematical regularities. Computer tools allow the problems to be solved 

both by analytical methods and simulation methods. Regardless of the method used, the solving 

of any problem includes several steps such as problem analysis, elaboration of the mathematical 

model of the problem and elaboration of the algorithm which enables the development of the 

application software. The paper presents a software application based on the LabVIEW 

programming environment which implements the mathematical model on calculating the size of 

reactors, realize the automatic report with the results, and send an email at predefined addresses.  
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1. INTRODUCTION 

Computer science is the interdisciplinary 

science focused on developing methods 

based on computational techniques for 

solving complicated problems in the 

research and computing fields. Computer 

science first appeared as a branch of applied 

mathematics, while the first problems it 

addressed were also purely mathematical, 

and it used a large number of complex 

calculations to solve them. Computer 

science is now an independent science, with 

its own methods and objects of research, 

which are based on mathematical 

regularities [1-3]. 

Each of the multiple software packages 

(EPLAN, OrCAD, PSpice, AUTOCAD, 

CATIA, MathCAD, LabVIEW, MATLAB, 

SIMULINK) for the various types of 

CAD/CAM systems has its own capacity 

and particularity and is generally designed 

for certain markets and a specific group of 

users. For example, there is mechanical, 

electrical and architectural CAD/CAM 
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software for users in the respective fields [4-

7]. 

Computer tools use both analytical methods 

and simulation methods to solve problems. 

Regardless of the method used, problem 

solving consists of several steps, each of 

them being equally important [8]. 

 Problem analysis. The content of the 

problem is being analyzed during 

this stage, by determining the set of 

initial data, the result to be achieved, 

the relations between the original 

data and the results. This stage also 

sets additional restrictions on the 

data and results. 

 Elaboration of the mathematical 

model of the problem. During this 

stage, mathematical structures are 

used to represent the initial data. The 

result is obtained from the original 

data by using the relations which are 

based on the mathematical language. 

There are two types of mathematical 

models, depending on the problem: 

the simulation model, when the 

relations are recurrent, and the 

analytical model, where the relations 

allow the result to be calculated 

directly. If necessary, the division of 

problems into sub-problems, and the 

elaboration of separate mathematical 

models for each of them are also 

carried out during this stage. 

 Elaboration of the algorithm. The 

algorithm for problem solving based 

on computational techniques consists 

of the set of instructions necessary 

for solving the problem, defined as a 

preset configuration (pseudo code, 

flowchart, etc.), as well as the 

sequence of their execution (the 

steps of the algorithm). In addition to 

defining sub-algorithms, the 

algorithm also determines the 

method and conditions of the call for 

sub-problems resulting from the 

division of the problem. 

The software application which solves the 

problems related to the sizing of the reactors 

is implemented by carrying out the steps 

above following the general rules for design 

of the reactors [9-18].  

The paper presents a software application 

based on the LabVIEW programming 

environment which implements the 

mathematical model on calculating the size 

of reactors, realise the automatic report with 

the results, and send an email at predefined 

addresses. 

The paper is an extension of work of [19] 

and is structured as follows: section 2 

presents the general information relating to 

the mathematical simulation of reactors, and 

in section 3 presents the proposed software 

implementation solution for calculating the 

size of reactors. Section 4 presents a 

practical example of using the developed 

software, and the conclusions and ideas for 

subsequent developments are presented in 

section 5. 
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2. REACTORS MATHEMATICAL 

MODELING 

The elements of an electric circuit or of a 

power system featuring a single inductance, 

i.e. an inductance reactance under 

electromagnetic quasi-stationary conditions 

are defined as reactors or inductors. 

They were integrated into the power system 

in order to achieve an exchange of reactive 

power to the system, by generating a voltage 

drop when an alternating current or a time 

varying current passes through the system 

[15].  

The following relation defines the AC 

voltage drop generated by the reactor, 

assuming that the winding resistance is 

neglected and considering the quasi-

stationary conditions: 

ILfUb  2
                                 (1) 

Assuming that the inductance L of the 

reactor is constant, the voltage drop is 

proportional to virtual current I and 

frequency f. 

The reactive power of the reactor is: 

Lf

U
Q b




2

2

                                          (2) 

The reactive power varies proportionally by 

the square of the voltage at the terminals of 

the reactor if the inductance L is assumed as 

constant. In the case of iron core reactors, 

the saturation of the ferromagnetic core 

occurs when the voltage increases; 

inductance L decreases, resulting in a faster 

increase in reactive power according to the 

voltage at the terminals than by the square of 

the voltage rating. 

The reactance or high-voltage limiting 

reactors are designed to limit the rating of 

the short-circuit current in high-power 

electrical circuits, maintaining the voltage at 

the set level during normal operation. In 

medium voltage installations, the short-

circuit currents can reach very high values 

and due to the relatively low distance 

between phases, the resulting 

electrodynamic stresses can be significant. 

High short-circuit currents are generated 

especially in the case of power supply of 

wire lines because their inductance is about 

four times lower than that of overhead 

power lines. High short-circuit power leads 

to uneconomic solutions. 

The reduction of the short-circuit current 

and, implicitly, of the stresses determined by 

it leads to the option for circuit elements 

with smaller sections, less oversized 

equipment as opposed to normal operating 

duty. Practical methods for limiting short-

circuit currents are based on increasing the 

inductance between the source and the fault 

location. The increase in the inductance 

leads, on the other hand, to greater power 

and energy losses as well as to additional 

voltage drops under normal operating duty. 

As a result, solutions have been found which 

determined a different behavior of the 

elements limiting the fault currents, under 
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normal operating duty in contrast to the 

short-circuit duty. 

The increase in the circuit inductance can be 

achieved by choosing generators and/or 

transformers with higher short-circuit 

inductance or by the input of additional 

inductances called reactance. The solution to 

use generators and/or transformers with 

higher short-circuits inductance results in 

significant additional losses and relatively 

high voltage drops, therefore it is not 

recommended and in practice it is hardly 

used. 

The decision to use reactance is taken 

according to a technical-economic 

calculation as two basic variants, namely: 

- The variant without reactance, with high 

short-circuit power, high-performance 

equipment, large sections of cables and 

other paths of current, but with low specific 

power consumption (energy loss); 

The variant with reactance, with lower 

short-circuit power, lower performance and 

more inexpensive equipment, smaller 

sections of cables but with higher specific 

power consumption. The reactors used in 

core circuits are built with no iron core to 

avoid saturation and, as a result, to maintain 

a constant inductance under short-circuit 

duty. The existence of the core would 

require, on the one hand, extremely large 

sized coils which won’t reach saturation 

under short circuit duty and, on the other 

hand, under normal operating duty, the 

magnetization of the core would lead to an 

increased inductance and additional power 

loss and voltage drops.  

The construction of reactors with the 

dimensions in Figure 1 corresponds to a 

technical-economical optimum, achieving a 

minimum volume of the windings for a 

specified inductance value. 

 

Fig. 1: Optimum dimensions of reactors 

The construction of reactors must meet the 

following main requirements: 

 - To provide adequate mechanical 

stability to electrodynamic forces produced 

by sudden maximum permissible short-

circuit current; 

 - To ensure a good transmission of 

the heat generated in the reactor during 

operation under long-term duty so that the 

rating of the conductor temperature is below 

the maximum permissible rating determined 

by the insulation class; the heat generated by 

the short-circuit current during the transitory 

regime must not result in a temperature 

exceeding the permissible rating according 

to the insulation class and the type of the 

material; 
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 - To provide adequate insulation 

between turns – between the terminals and 

to earth – at the maximum voltage resulting 

at the reactor terminals under transitory 

regime. 

The stages of the reactor sizing: 

 Calculation of reactor pre-sizing 

Determination of the inductance of the 

reactor: 

 Hk
h

d
wL L

m 



1

4

2
2
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          (3) 

Where:  

- μ0 = 4π • 10-7 [H / m], the vacuum 

 permeability; 

- w – the number of turns which fill 

 the entire space of the winding; 

- dm = ½ (dE + di) [m] – average 

 diameter of the winding;  

- dE [m] – outer  diameter of the 

 winding; 

- di [m] – inner diameter of the 

 winding;  

- h [m] – height of the coil (size in the 

 axial direction of the winding);  

- kL - a coefficient which depends on 

 the geometry of the winding and is 

 specified in nomograms from [15-

 17]  according to ratios: h/dm and 

 b/dm; 

- b = ½ (dE - di) [m] – is the thickness 

 of the winding (size in radial 

 direction). 

Given the horizontal size of the uninsulated 

conductor no, vertical size of the uninsulated 

conductor nv and the thickness of the 

insulation Δiz summed for both sides of the 

conductor, the following parameters can be 

determined: 

- Horizontal size of the insulated 

 conductor – ino; 

]mm[iznoino 
                    (4)

 

- Vertical size of the insulated 

 conductor – inv;  

]mm[iznvinv 
         (5)

 

Determining the number of turns on the flat 

coil “n” by the formula: 

]flat/turns[
izno

b
n




        (6)
 

Determining the number of flat coils Ng by 

the formula: 

 
]flat[

kvinvR

RkvR
Ng






1

2




        (7)

 

Where ΔR is the thickness of the reactor and 

ΔR1 is the thickness of the winding.  

Determining the inductance of the 

equivalent coil Lc is based on the formula: 
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Where: 

- N – the number of paralleled 

 conductors; 

- kv – distance between vertical flat 

 coils; 

- g – section of elementary turns; 

- ko – width of cooling ducts; 

- ko1 = Δiz +ko/n; 

- Ln – inductance of the coil to which 

 an increase is applied. 

 Heat exchange 

The heat exchange by radiation plays a 

greater part in cooling the windings of dry 

reactors compared to a winding located in an 

oil tank. The amount of heat radiated per 

unit time by the unit area is denoted by the 

relationship [15]: 

)TT(.grad amb
441210155  

        (9)
 

Where T is the absolute temperature of the 

winding surface, and Tamb is the absolute 

ambient temperature (both expressed in 

Kelvin). 

In simplified form, the calculation of the 

quantity of heat transmitted by convection 

by the unit surface per unit time is denoted 

by the formula: 

)tt(q ambconcon 
       (10)

 

Where t and tamb are the temperature of the 

cooled surface and the ambient temperature, 

in °C and αcon is the convection efficiency. 

The following analytical expression of the 

function αcon =f (hbob, Δ, ϑ) will result from 

the combination of the previous relations: 

4
4

bob

con
h







        (11)
 

Where the values of the quantities are 

expressed as : ϑ [°C], hbob [m], and Δ [cm]. 

 The permissible current density in 

the windings 

The permissible current densities, calculated 

according to the relation (12) combined with 

(11) with radial thickness b = 0.010; 0.015; 

0.020; 0.025 and 0.030 m, for copper 

cylindrical windings with class insulation A 

(ci = 115.7; ϑ = 60°C), F (ci = 130.5; ϑ = 

100°C) and H (ci = 139.7033; ϑ = 125°C), 

and for aluminum cylindrical windings with 

class insulation A (ci = 183.2; ϑ = 60°C), F 

(ci = 205.74; ϑ = 100°C) and H (ci = 

219.834; ϑ = 125°C). 

bkc
j

si

con






1010



       (12) 

 Calculation of losses under 

stationary regime 
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The determination of losses under rated load 

is based on the relation: 

[Watt]j
M

)]([kIRkP 2
20ss 


 2012

 (13)
 

Where: 

- ks – coefficient of additional losses; 

- 20 – resistivity of the material at 

 20°C: for copper 

 ]m[    6
20 10

58

1
 and for 

 aluminum

 ]m[
.

   6
20 10

236

1
;  

-  – temperature coefficient of 

 electrical resistance for copper 

 







 

C0

5 1
10428

 

and for 

 aluminum 







 

C0

5 1
10408 ; 

-  – reference temperature: for 

 insulation classes A, E and B:  = 

 75°C and for insulation classes F and 

 H:  = 115°C;  

- M – mass of active winding 

 conductor [kg]; 

-  – material density  = 8.9·103 

 [kg/m3];  

- j – current density. 

Table 1: The admissible values of the 

heats ϑ and the temperatures  ( = ϑ + 

40) for the windings of the reactor 

Insulation Class ϑ [°C]  [°C] 

A 60 100 

E 75 115 

B 80 120 

F 100 140 

H 12 165 

 

 Short-time rated current operation 

The operation of the reactor under short-

time rated current Isc is adequate if the 

following inequality is met: 

21 TT 
                    (14)

 

]C[tjaT sc
32 101 

  
                                                      (15)

 

Where: 

- T1 is the temperature rating 

 determined by calculation;  

- T2 is the standard rating of the 

 maximum permissible average 

 temperature given in Table 2;
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Table 2: the maximum permissible average temperature of the “T2” of the winding 

Insulation Class the maximum permissible average temperature of the “T2” of the winding 

 The winding of Cu The winding of Cu 

A 180 180 

E 25 200 

B, F or H 350 200 

 

-  [°C] – maximum admissible initial 

temperature a rated winding according to 

insulation class; 

- a – coefficient given in the Table 3, 

according to parameter ½ ( + T2);

 

Table 3: The factor “a” depending on the parameter “½ ( + T2)” 

½ ( + T2) 
The factor “a” depending on the parameter “½ ( + T2)” 

The winding of Cu The winding of Cu 

140 7.14 16.3 

160 7.80 17.40 

180 8.20 18.3 

200 8.59  

220 8.99  

240 9.38  

 

- jsc – the short-term nominal current 

density; 

- t – the duration of the short-term 

nominal current in seconds according to 

international standards [9]. 

3. APPLICATION SOFTWARE FOR 

REACTOR SIZING CALCULATION 

A development environment is an 

application software with a user-friendly 

graphical interface, consisting of a set of 

programs which allow the programmer to 

write programs by combining all the steps 

necessary for creating a program, such as 

editing the source code, compiling, 

debugging, testing and generation of 

documentation. 

LabVIEW is a complete system for 

scientific programming, and includes 

extended possibilities for analysis, useful for 

a wide range of applications. LabVIEW 

offers a multitude of integrated functions 

and additional modules designed specifically 

for measurement analysis and signal 
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processing. With these tools, we can analyze 

the measurements as we perform them, we 

can extract and process data, and we can fit 

the applications with the ability to make 

decisions based on the results of 

measurements. By using these functions, it 

is no longer necessary for us to write our 

own algorithm for converting raw data into 

useful information [8]. 

A software application in the LabVIEW 

programming environment contains two 

main windows: 

- The panel represents the graphical user 

interface, the window that the user will be 

able to see when he accesses the developed 

application. Through the elements on the 

panel, the application receives the input data 

and then displays the output data resulting 

from running the application. 

- The diagram is the window where the 

programmer describes the algorithm based 

on which the application will perform the 

calculations and reasoning necessary for the 

processing of information. In most cases, 

after the programmer has developed an 

application and delivered it to a user, the 

latter no longer has access to the diagram.  

Figure 3 shows the software block diagram 

of the software application for calculation of 

the reactors sizing. LabVIEW MathScript 

RT Module adds math-oriented, textual 

programming to LabVIEW. The MathScript 

Node offers an intuitive means of combining 

graphical and textual code within LabVIEW, 

both of which are currently used in a number 

of science, engineering and technology 

programs and industries for simulation and 

analysis. 

 



International Journal of Engineering Technology and Scientific Innovation  

ISSN: 2456-1851 

Volume:03, Issue:04 "July-August 2018" 

 

www.ijetsi.org                              Copyright © IJETSI 2018, All right reserved Page 149 

 

 

Fig. 3: The software block diagram of the software application  

for calculation of reactor sizing 
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Figure 4 and 5 shows the software interface 

the software block diagram of the client 

write into MySQL Database with insulation 

material, insulation class, temperature, radial 

thickness and the picture of the nomograms 

of certain parameters for calculation of the 

reactors sizing. 

 

 

Fig. 4: The software interface of the client write into MySQL Database 
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Fig. 5: The software block diagram of the client write into MySQL Database 

Figure 6 shows the structure of the 

developed database for the picture of the 

nomograms with certain parameters for 

calculation of the reactors sizing in MySQL 

Workbench.
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Fig. 6: The structure of the MySQL Database 

The software automatically creates the 

report to an excel file with the calculated 

parameters necessary for calculation of 

reactor sizing and picture of the nomograms 

with certain parameters which are inserted 

automatically by the client read database 

application software (see Figure 7). 
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Fig. 7: The client read from MySQL Database and create automatic report 

Based on the fact that LabVIEW offers support for ActiveX automation as a server as well as 

support for ActiveX Containers, and ActiveX Events (ActiveX is an extension of a previous 

technology called OLE) the application program automatically generates warning emails with 

alarm reports, to default email addresses when the winding temperature exceeds the alarm 

threshold. Figure 8 shows the software block diagram of the send report email. 

 

Fig. 8: The software block diagram of the send report email 
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4. EXAMPLE OF CALCULATION 

The reactor with the nominal data, line 

voltage Ul = 20 kV, single phase reactive 

power Q = 75 kVAR, frequency f = 50 Hz, 

and the calculated parameters from the step 

1, phase voltage Uf = 11.547 kV, single 

phase inductance Xn = 1778 ohm, 

impedance L = 5.66 H, phase nominal 

current In = 6.5 A. 

 

 

Fig. 9: Software interface – step 1 
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Fig. 10: Software interface – step 2 

 

Fig. 11: Software interface – step 3 
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Fig. 12: Software interface – step 4 

 

Fig. 13: Software interface – step 5 
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5. CONCLUSION 

This paper presents the application software 

which implements the mathematical model 

on reactor sizing calculation. The software is 

modular with a user friendly interface and 

presents the general advantages of modern 

software. Among them it suffices to mention 

the automatic generation of a report in Excel 

format and the possibility of creating a 

record of the calculated models.  

The presented software application is based 

on the LabVIEW programming environment 

which implements the mathematical model 

on calculating the size of reactors, realize 

the automatic report with the results, and 

send an email at predefined addresses. 

The developed software is a useful tool for 

the designing activity of expert engineers by 

decreasing the duration of calculation and by 

excluding altogether miscalculations in 

mathematical relations. In the future, the 

research will be broadened in order to 

achieve complementary modules for other 

elements and physical processes that are 

suitable to be modeled. 
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