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ABSTRACT 

 
This paper presents the calculation of inrush current of a test distribution system. Here the damping reactor 

with 0.5% impedance and detuned reactor with 6% impedance are selected for the inrush current calculation 
along with inrush frequency. Then, the simulation results of these two reactor types are shown using capacitor 
size 2000 MVAR. A comparison between the calculated result and simulated result is done for the calculation of 
the percentage of error. 
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Introduction 

 
At present a significant amount of electric energy produced by power plants is lost during transmission and 

distribution to consumers. Generation, transmission and distribution are the main parts of the power system. The 
electricity is generated in the power station, which is installed with generators, control and instrumentation 
equipments, switchgears and other associated plants and equipments (Hannan et al., 2005, Salam et al. 2010). 
Transmission lines are required to transport the bulk electricity from the power stations to various locations to 
enhance supply reliability as well as to achieve effective utilization of power (Hannan et al., 2009). 
Transmission of electricity is usually at high voltage so as to reduce transmission losses, substations equipped 
with transformers are required to step down electricity from high voltages to low voltages to suit the 
requirements of the various categories of consumers such as commercial, industrial and domestic (Sallehhudin 
et al., 2009, Hannan et al., 2011, Ghani et al. 2012). At present the transmission system in Malaysia is at 
voltages of 66kV, 132kV, 275kV. Electrical energy is distributed to consumers via distribution system. The 
distribution system represents the final linkage between the consumers and the power stations and the 
distribution process starts at the termination of the transmission lines at distribution substations domestic 
(Hannan et al., 2012, Ghani et al. 2012, Subiyanto et al., 2011). The voltage is then stepped down by step down 
transformers to supply to the load centers via the distribution network. The distribution voltages used in 
Malaysia are 33 kV, 11 kV and 415/240. 

This paper deals with the test distribution system that was given as project based learning (PBL) task. 
Methodologies and a real time simulation of the given task has been developed for audit base case load flow and 
short circuit and electromagnetic transient analysis. In the simulation, protection scheme reduce the system 
losses, improve the protection of the proposed network system, analyze the inrush current and frequency and 
maintain the reliability of the power system (Hannan et al., 2004, Benmouyal  et al. 1999, Yorkshire Electricity, 
Verma et al., 1979).      

 
Test Distribution System: 

 
A distribution system comprises of network operating at medium voltage (MV) and low voltage (LV) levels 

that obtains power from the transmission network or the grid (Hannan et al., 2006, Hannan et al., 2009). In some 
cases, the distribution network may also have embedded generators connected to it. Most customers are 
connected to the distribution network at MV or LV levels. In this project, the distribution network is connected 
to the grid with some loads being supplied by a remote mini-hydro (Mhydro) generating unit (Hannan et al., 
2012, Subiyanto et al., 2011). The following sections describe a distribution network and to complete the project 
tasks, it will be necessary for modeling the network and obtain the correct load flow and short-circuit results. 

The commercial software named ETAP Power System (Electrical Transient Analyzer Program) is used 
because it is one of the widely used software for industrial power system. In addition to that, it has the capability 
of designing a power distribution system and also it is suitable in performing load flow and short circuit analysis. 
The PSCAD/EMTDC software has also been considered for the purpose of capacitor switching study. 
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PSCAD/EMTDC is a powerful and flexible graphical user interface, which is completely integrated to 
schematically construct a circuit, run simulation, analyze the results, and manage the data with a graphical 
environment and view the results directly during simulation. It is one of the most powerful and intuitive CAD 
software packages available. UKM has license for both software package. 

To get a converged load flow solution, correct parameters which have to be determined. Several parameters 
are not available in the data book and assumptions are made with respect to the transformer, circuit breaker and 
cable. The assumption for the cable is based on approximation of the resistance and reactance of the cable. The 
assumption on rating values of fuse and circuit breakers are based on calculation. The method in determining the 
size of circuit breakers is explained in the following section. Several transformer rating is lower than the load 
capacity and therefore the transformer rating must be increased to the size of the commercial transformer.  

 
Method of Calculating Inrush Current: 

 
There are two consideration of inrush limiting reactor such as damping reactor and detuned reactor as 

shown in Fig. 1 and 2. The damping reactor with 0.5% impedance and detuned reactor with 6% impedance are 
selected, respectively. The inrush current and frequency of the damping and detuned reactors are calculated as 
follows:- 

 

 
 
Fig. 1: Grounded Limiting Reactor 

 

 
 
Fig. 2: Ungrounded Limiting Reactor 

 
In capacitor switching, capacitor inrush current and frequency are calculated based on the formula below.  
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CB is the bank capacitance in microfarads, LS is the system inductance in micro henries.  
Damping reactor impedance and detuned reactor impedance is calculated as follows; 
i. Damping reactor with 0.5% impedance 
Capacitor Size = 2000MVAR 
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            CB  =                                                     

   

               =                                                            

              =157.84μF                                                                      XL = 0.10085 

                         Xc =  = 20.17                                                 2πfLB=0.10085 

                                                                                                         LB = 321µH 

             Inrush Current =                       Inrush Frequency =  

                                     =                                   =  

                                     = 6.298 kA                                                = 707 kHz 
  
ii. Detuned reactor with 6% impedance 
 

              CB    =                                                      

                   =                                                                

                 = 157.84μF                                                                     XL = 1.2102 

             Xc   =  = 20.17                                                  2πfL= 1.2102 

                                                                                                             LB = 3852µH 

Inrush Current =                               Inrush Frequency =  

                         =                                                      =  

                         = 1.817 kA                                                                  = 204 kHz 
 

Grounded Capacitor Bank : 
 
i. Damping reactor with 0.5% impedance 
ii. Detuned reactor with 6% impedance 
Fig.3 and 4 show the simulation results of the inrush current with the given limiting reactor. Simulation 

result of damping reactor for inrush current by using capacitor size 2000 MVAR is shown at Figure 3. 
 

 
 
 
 
 
 
 
 
 
 

Fig. 3: Inrush current using damping reactor with 0.5% impedance 
 
Fig.3 shows that the inrush current is about 6.5 kA for damped reactor. However it is reduced to 2.0 kA 

using the detuned reactor. Calculation for Inrush current and Inrush frequency are shown at below. When using 
damping reactor 0.5 % impedance, the inrush current happened was greater than inrush current of using detuned 
reactor 6% impedance. This is because magnitude of the transient current is more a function of the size of the 
bank being switched than the amount of capacitance already on line. This is also suggested that, in the case of 
unequal bank sizes, the largest banks should be the first to be energized. Finally, switching in last those banks 
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which have the largest inductance between them and the other banks will generally result in lower transient 
current magnitudes. There are some errors happened between the calculation result and simulation result, but the 
percentage of error is within of acceptable range that is about 0.99% until 2.98% for damping reactor with 0.5% 
impedance and 10.47% until 25.48% for detuned reactor with 6% impedance.  

Example: Capacitor Size = 2000MVAR 
 

CB =                                                       

       =                                                                         

        =157.84μF                                                                               XL = 0.10085 

  Xc =  = 20.17              

  LB = 321µH                                                                                  2πfL =0.10085 

Inrush Current =                               Inrush Frequency =  

          =                                                     =  

          = 6.298kA                                                                    = 707kHz 
Simulation result for inrush current for detuned reactor with 6% impedance is shown at Figure 4. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4: Inrush current using detuned reactor with 6% impedance 
 
Inrush current and frequency calculating method are as follows; 
For Example; Capacitor Size = 2000MVAR 
 

CB=                                                       

   

=                                                                           

 
=157.84μF                                                                                  XL = 1.2102 
 

Xc =  = 20.17                                                       LB = 3852µH 

                                                                                                   XLB = 2πfL=1.2102 

Inrush Current =                                                 Inrush Frequency =  

                         =                                                                       =  

                                    = 1.817 kA                                                                   = 204 kHz 
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Table 1 shows the inrush current and frequency, limiting reactor size and percentage of error. The 
simulation results of the inrush current and frequency are compared with the calculated value.  
 
Table 1: Inrush Current Magnitude and Frequency 

Setting Simulation Calculation Error 
Capacitor Size 
(MVAR) 

Inrush Limiting 
Reactor, % 

Inrush 
Current, kA 

Inrush 
Frequency, Hz 

Inrush 
Current, kA 

Inrush 
Frequency, Hz 

Percentage, % 

2 0.5 6.4858 707 6.298 707 2.98 
4 0.5 12.4686 707 12.594 707 0.99 
6 0.5 18.4514 707 18.891 707 2.32 
       
2 6.0 2.2800 204 1.817 204 25.48 
4 6.0 4.0155 204 3.635 204 10.47 
6 6.0 6.0460 204 5.453 204 10.87 

 
Ungrounded Capacitor Bank: 

 
Simulation result of ungrounded limiting reactor for damping reactor and detuned reactor with given 

impedance are shown in Fig.5 and 6 assuming the capacitor size is 2000MVAR. It is found that inrush current 
using damped reactor with 0.5% impedance is almost 3 times than that using detuned reactor with 6% of 
impedance as shown in Table 2. 

 

 
 

Fig. 5: Inrush current using damping reactor with 0.5% impedance 
 

 
 

Fig. 6: Inrush current using detuned reactor with 6% impedance 
 
Table 2: Inrush current magnitude and frequency for ungrounded capacitor bank  

Capacitor Size (MVAR) Inrush Limiting Reactor, % Inrush Current, kA Inrush Frequency, Hz 
2 0.5 6.4858 707 
4 0.5 12.4686 707 
6 0.5 18.4514 707 
    
2 6.0 2.2800 204 
4 6.0 4.0155 204 
6 6.0 6.0460 204 

 
Conclusion: 

 
In this paper, the inrush current and inrush frequency of a test distribution system is calculated for damped 

reactor with 0.5% impedance and detuned reactor with 6% of impedance. Simulation is also done for these two 
reactors to calculate the same value using the capacitor size is 2000MVAR. It is found that inrush current using 
damped reactor with 0.5% impedance is almost 3 times than that using detuned reactor with 6% of impedance.  
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