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Abstract 
 
Background/Objectives:This paper explains the insulation resistance detection technology to secure electrical safety as there is 

possibility of electricity disaster in the case of insulation failure in DC power line of photovoltaic power generation facilities. 
Methods/Statistical analysis:An algorithm was developed to measure and calculate insulation performance of each power line by using 
an asymmetric high resistance circuit for voltage size generated in a live condition. It calculates total insulation resistance including DC 
power facilities by using an asymmetric voltage measurement circuit, and then insulation resistance of each (+)/( -) power line by using a 
symmetric voltage measurement circuit. A failure location can be assumed based on the ratio of calculated insulation between (+) and (-) 
power lines. 
Findings:In the case of DC power facilities, realtime monitoring of insulation condition is not possible as leakage current cannot be 
measured by using ZCT. Currently, the megger is used for measurement in a power-off condition. However, test in a live condition can 

detect photovoltaic panel failure or insulation condition of power lines. In this paper, we developed an algorithm for insulation 
performance by using an asymmetric high resistance detection circuit as well as technology to detect failure location of string based on 
the characteristics of photovoltaic power facilities. Accordingly, we suggested methods to secure electrical safety with real time 
monitoring of DC power facilities and testing equipment. 
Improvements/Applications:The future development of insulation monitoring equipment in a live condition and state diagnosis device 
using the DC power line insulation performance algorithm will contribute to electrical safety of DC power facilities. 
 

Keywords: DC Power Line, Insulation Resistance, Electrical Safety, Asymmetric Detection Circuit, Ground fault, Photovoltaic Facilities. 

 

1. Introduction 

The domestic photovoltaic market is rapidly expanding with the 
policy support of the government. The size of the domestic market 
is a mere 5% of the global market, but it has grown at an annual 
rate of 145.3% for recent five years with policy support as shown 
in the table 1. Currently, approximately 200 companies are 
participating in the market, and the number of companies is large 

compared to the market size especially in module including solar 
cell as well as system installation/operation, making competition 
more intense. Likewise, the photovoltaic power generation 
facilities are in an expanding market, but its safety foundation is 

not strong enough[1]. Likewise, new and renewable energy will be 
rapidly expanded following the “renewable energy 3020” policy 

by the government, and there are ongoing studies on increased 
supply and improved performance of existing new and renewable 
energy. Moreover, active enforcement of the Renewable Portfolio 
Standard(RPS) has constantly increased the number of 
photovoltaic power facilities, leading to a growing number of fire 
incidents every year. The number of fire incidents is increasing 
following an increase in photovoltaic facility installation, and the 
main causes of fire are assumed to be deterioration of facilities 

installed at an early stage and insulation destruction in DC power 
lines, which highlights the necessity of insulation condition 
monitoring on DC power lines [2-3].  

Table 1: New/Renewable Energy Supply Ratio in Total Electricity Production under the Second Basic Plan 

                                                                                            (Unit : MWh) 

Classification 2008 2010 2015 2020 2030 

Solar heat 30(0.5) 40(0.5) 63(0.5) 342(0.2) 1,885(5.7) 

Photovoltaic 59(0.9) 138(1.8) 313(2.7) 552(3.2) 1,364(4.1) 

Sum 89(1.4) 178(2.3) 376(3.2) 894(3.4) 3,249(9.8) 

 
In addition, when it comes to the risk of electric shock from DC 

power exceeding DC 60V, AC and DC powers have similar 
impact on human body although their electric shock current values 
are different as shown in IEC60479-1. Thus, it verifies that an 
insulation performance test is required to prevent electric shock 

from DC power as well as electricity incidents due to leakage 

current[4-6]. 

Accordingly, we designed insulation performance detection 
circuits of photovoltaic facilities and suggested an insulation 
performance calculation algorithm. It is judged that the suggested 
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algorithm can be used for insulation performance verification of 
photovoltaic facilities and enhanced electrical safety. 

2. Development of Insulation Performance 

Measurement Algorithm 

For existing insulation resistance measurement, a megger is used 
to apply DC test voltage. A megger applies DC test voltage to an 

insulation measurement target, detects the current (leakage 
current) inside a measuring device, and converts it into test 
voltage/current for measurement[7].    

AC and DC powers are mixed in most new and renewable power 
generation facilities, and while insulation resistance (or leakage 
current) of AC power is measured in a live or blackout condition 
according to existing regulations, that of DC power line is 
measured after separating power line from the energy source. In 

the case of photovoltaic facilities, there are some cases where a 
megger cannot apply test voltage as voltage is being output while 
electricity is generated during the daytime[8-10].  

In this paper, we developed an algorithm to measure voltage and 
calculate insulation performance of each power line by using an 
asymmetric high resistance circuit for voltage size generated in a 
live condition. 

The asymmetric high resistance voltage measurement circuit is as 

displayed in the figures 1~3, and the measurement is in three steps 

 

Figure 1: Schematic of detection circuit for STEP 1 

STEP1 : In a circuit like Figure 1, if the insulation resistance 

between each (+)/(-) power line and GND is     
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  and GND is same as 

formula (1). 
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Figure 2:. Schematic of detection circuit for STEP2 

STEP2 : In a circuit like Figure2, as the resistance 
             

  and GND is          
  the resistance 
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And the voltage   between    
  and GND can be displayed as 

formula (5). 
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Therefore, the voltage    that is applied to    can be calculated as 

formula (6). 
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Figure 3:. Schematic of detection circuit for STEP3 

STEP3 : In a circuit like Figure3, the resistance    between    
  

and GND is same as formula (7). 
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The resistance              
  and GND is formula (8),  
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and the voltage    between    
  and GND can be calculated as 

formula (9). 
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Therefore, the voltage     that is applied to    is displayed as 

formula (10). 
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The voltage   between    

  and GND is same as formula (11),  

    
  

     
                                           (11) 

and accordingly, the voltage     that is applied to    is calculated 
as (12). 

     
  

     
     

  

     
 

  

     
                                  (12) 

The method to calculate insulation resistance by using the voltage 
calculated throughout step 1 to 3 is to detect     at step 1,     at 

step 2, and calculate         . 

After calculating back to     
        

  which is the value of 

        , calculate total insulation resistance (    ). 

Calculate insulation resistance of each power line,     
  and     

  

by using the ratio of    and      to the total insulation resistance 

(    ) at step 3. 

Figure 4 displays voltage detection characteristics of    and 
         to the total insulation resistance, and Figure 5 shows 

characteristic curve of     and     on the     
  /     

  ratio at step 

3. Figure 4 explains that voltage detection characteristic of the 
total insulation resistance value is not redundant, while Figure 5 
describes that each characteristic can be classified by insulation 
characteristics of (+) and (-) power lines. 

 

Figure4:      and         characteristic curve depending on total 

insulation resistance value (    ) 

 

Figure 5:      and     characteristic curve on     
 /     

 ratio 

In addition, it is possible to assume the location of power line 
defect as GND has a similar characteristic of moving following 

the ratio of      
  and     

  at the time of insulation abnormality, 
since GND is in a floating state depending on photovoltaic facility 

characteristics 

3. Performance Verification of the Developed 

Algorithm 

In order to verify the algorithm to detect insulation performance of 
photovoltaic facilities, we made an asymmetric high resistance 
detection circuit as shown in Figure 6 with switches for 
measurement throughout step 1 to 3. Moreover, mock tests with 
insulation defects were carried out for measurement, using a single 
photovoltaic panel of 50V output as shown in Figure 7. 

 

Figure 6: Insulation Performance Detection Circuit 

 

Figure 7: Photovoltaic Facility for Performance Verification 

As a result of performance verification, the 50V output voltage 
was measured per different insulation condition as displayed in 
Figure 8, confirming values similar as algorithm analysis. 

 

(a) Total insulation resistance 

 
(b) Insulation resistance ratio of (+)/(-) power line 

Figure 8: Performance Verification Result 

4. Results and Discussion 

We confirmed that insulation performance of photovoltaic 
facilities can be measured in a live condition with performance 
verification through mock test on the algorithm suggested by this 
paper and the asymmetric high resistance measurement circuit. It 
was revealed that safety and accuracy of switching circuits to 
implement circuits from step 1 to 3 are important factors when 
designing an insulation resistance detection circuit since real 
photovoltaic facilities have diverse output voltage from 50V to 

1000V.  
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Moreover, it should be considered to apply an insulation resistance 
calculation method to apply pulse voltage to a closed loop 
between insulation resistance of a monitored circuit and the 
ground, and measure applied voltage of detection resistance 

following changes of insulation resistance, in order to check 
insulation performance in a condition without output of voltage. 

5 .Conclusion 

In this paper, we suggested an asymmetric high resistance 
measurement algorithm to measure insulation resistance of 

photovoltaic facilities. As a result of verifying characteristics of 
insulation performance detection by making detection circuits 
with the suggested algorithm applied, we confirmed effective 
characteristics.  

It is possible to check insulation condition of photovoltaic 
facilities on the inspection site by using a measuring device to 
which the developed algorithm applied. Moreover, it is judged that 
remote monitoring system can be developed by adopting a 

realtime monitoring device with better durability to secure 
electrical safety of photovoltaic facilities.  

In addition, it is also possible to prevent accidents by monitoring 
insulation conditions of DC and AC with existing technologies, 
which can enhance facility efficiency. 
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