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Abstract. During the last decade the rules for distribution 
networks, especially low voltage networks, are changing 
because an increasing number of decentralized power 
plants have been connected to these networks. 
Decentralized power plants used for the integration of 
renewable, volatile energy sources usually operate with 
inverters and are useable for network-connection as well 
as for islanded operation.  
In order to guarantee the safe functionality of the 
implemented protection devices in a building installation 
(overcurrent protection devices) the fault loop impedance 
ZFL has to be small enough to get a sufficient fault 
current, this means that in case of a fault the protection 
devices trip in the required time. 
Especially in islanded operations and a too low short 
circuit power of the stand-alone inverter - compared with 
the high short circuit power of the distribution network - 
questions regarding the requirements considering the 
fault loop impedance for the safe functionality of 
protection measures occur. 

Hence a representative inverter system for decentralized 
power generation (PV, inverter, battery and load) has 
been analysed in the laboratory to study the behaviour of 
a typical low voltage network configurations.  
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1. Introduction 
Nowadays the measurement of fault loop 
impedances is used to determine the occurring 
tripping current respectively the loop impedance. 
The commonly established and proved loop 
impedance measurement is based on the assumption 
of pure sinusoidal waveforms and a sufficient short 
circuit power provided by linear sources (e.g. 
generators in the distribution network). In the case 
of nonlinear sources (e.g. inverters) this common 
used method to determine the fault loop impedance 
is not defined and may fail. Therefore the usability 
of currently appropriated test equipment 
measurement systems as well as methods in 
connection with the use of nonlinear sources is 

presented and limits of the applicability are shown 
[1]. 

 

2. Parallel and Islanded Network 
Operation  

For a reliable and safe operation of electrical 
equipment in low-voltage network systems, the 
behaviour of the inverter in normal operating 
condition and in case of a fault has to be taken into 
account.  

The following two typical network configurations 
have to be considered regarding the implementation 
of inverters in electrical installations (see Figure 1):  

1) Electrical energy supply through the public, 
distribution network (transformer) and a 
distributed generation unit (inverter) - parallel 
operation (Figure 1, blue line)  

2) Electrical energy supply only by means of 
distributed generation unit (inverter) - islanded 
network operation (Figure 1, red line)  

 

 

Figure 1. Fault loop impedance of a distributed 
generation unit (inverter system) in case of  
1) parallel operation (ZNetwork, blue line) or  
2) islanded operation (ZIsland, red line) of a distributed 
generation unit (inverter system) 

 

In Figure 1 the loop impedance ZNetwork includes the 
transformer impedance, the distribution line 
impedance and the conductor impedance of the 
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electric installation. The necessary tripping current 
is provided by the centralized distribution network 
(blue line). 

The loop impedance ZIsland includes the impedance 
of the stand-alone inverter and the conductor 
impedance of the electric installation (red line) – 
see Figure 1. The necessary tripping current is 
provided by the inverter.  

Usually the too low short-circuit power of the 
stand-alone inverter leads to problems regarding the 
safe functionality of standardised protection 
measures. In islanded networks the low short-
circuit current provided by the inverter  and the load 
depending fault impedance can lead to a 
malfunction of the overcurrent protection devices in 
case of a fault. Therefore the impedance behavior of 
the inverter is determining and has to be 
investigated. 

 

3. Standardized Fault Loop Impedance 
Measuring Method 

The functionality of the protection measures during 
a fault e.g. between phase and neutral conductor is 
necessary to fulfil the tripping condition, which is 
defined for low voltage systems with a nominal 
voltage of 230/400 V as follows [2], [3]. 

   (1) 

  (2) 

∙ ∙  (3) 

 

IA … Tripping current in A 
UN … Nominal voltage in V 
m … Tripping factor (> 1), dimensionless, based 

on the I-t-characteristic of the protection 
device 

IN … Nominal current of the overcurrent 
protective device in A 

ZFL … Fault loop impedance, determined by 
measurement or by calculation in Ω 

 

Figure 2. Standardized method for fault loop impedance 
measurement 

 

The method for measuring the fault loop impedance 
through a voltage drop considering CENELEC HD 
384.6.61 (in Austria implemented by 
ÖVE/ÖNORM E 8001-6-61 [3], [5]) is depicted in 
Figure 2 principally. 

The voltage is measured with and without the 
variable resistive load R; the fault loop impedance 
can be calculated by equation (4). 

 (4) 

U1 … Voltage measured with open switch 
(S open) in V 

U2 … Voltage measured with closed switch 
(S closed) in V 

IR … Tripping current of the overcurrent 
protection device in A 

 

4. Measurement Results 

With two different laboratory test setups, (A) and 
B), selected network configurations and the 
influence on the fault loop impedance ZFL have 
been analysed, using a representative stand-alone 
inverter (nominal load of 5 kW) and a 
representative network-connected inverter (nominal 
load of 1,2 kW), see Figure 3 and Figure 5.  

The influence of the load, the characteristic of the 
protection devices (miniature circuit breakers - 
MCBs, residual current devices - RCDs) the 
installation and the battery capacity on the fault 
loop impedance of a low voltage system is shown 
in the following. 

The fault loop impedances have been measured 
with two commercially available loop impedance 
measurement systems (LIMS) to analyse and 
demonstrate the influence on the fault loop 
impedance. 

A. Laboratory test setup A – stand-alone inverter 

The laboratory test setup A consists of a stand-
alone inverter and a resistive load as shown in 
Figure 3.  
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Figure 3. Laboratory test setup A – fault loop impedance 
measurements in an islanded network consisting of a 
stand-alone inverter and a resistive load 

 

In the first stage the stand-alone inverter is supplied 
by a battery with 48 V and 60 Ah. In a second stage 
the battery capacity has been increased to 250 Ah. 
The measurements are starting at 0 kW (no-load) 
afterwards the resistive load is increasing with 
1 kW steps up to 16 kW (overload). At each load 
level the fault loop impedance is measured with the 
two mentioned loop impedance measurement 
systems (LIMS). 

Due to the specific measurement methods (different 
test currents) of the used fault loop impedance 
devices, the ZFL values measured with LIMS 1 are 
always significantly higher compared to the values 
from LIMS 2, shown in Figure 4 and Figure 6.  

The stand-alone inverter is able to supply a load 
with 16 kW for only a few seconds before the 
internal overcurrent protection of the inverter 
reacts.  

 
Figure 4. Fault loop impedance ZFL - laboratory test 
setup A (network configuration supplied by the stand-
alone inverter) 

Figure 4 shows that in islanded networks the fault 
loop impedance ZFL is strongly depending on the 
load. For further analysis the results are separated 
into groups considering the load levels no-load 
(0 kW), nominal load (1 – 5 kW) and overload  
(5 – 16 kW) of the stand-alone inverter. 

 

1) No-load (0 kW): 
In the case of no-load the results can be 
summarized as follows: 
LIMS 1 
‐ ZFL_LIMS_1 takes a value of about 3,60 Ω 
LIMS 2 
‐ ZFL_LIMS_2 takes a value of 3,15 Ω 
 

2) Nominal load (1 kW  – 5 kW): 
In the case of nominal load the results can be 
summarized as follows: 
LIMS 1 
‐ ZFL is decreasing with increasing load 
‐ battery capacity has no influence on ZFL 
LIMS 2 
‐ ZFL is almost constant 
‐ battery capacity has no influence on ZFL 
 
The above described results show, that in general 
the load level and the battery capacity have just a 
small influence on the fault loop impedance ZFL. 
 
3) Overload (5 kW  – 16 kW): 
At overload the battery capacity has a greater 
influence on ZFL. Using a battery with a capacity of 
60 Ah ZFL is increasing until 12 kW, but if a battery 
with a capacity of 250 Ah is used, ZFL is almost 
constant measured with LIMS 1 and the measured 
values of LIMS 2 are slightly increasing.  
From a load with 13 to 16 kW it is obvious, that ZFL 
is strongly decreasing 
As can be seen in general the course of the fault 
loop impedance ZFL strongly depends on the 
occurring load as shown in Figure 4. But the value 
range of the measured loop impedances ZFL 
between 5 kW and 12 kW is smaller, if a battery 
with higher capacity (250 Ah) is used. As already 
mentioned the used measurement device has also an 
effect on the obtained values of ZFL. 
 
B. Laboratory test setup B – stand-alone and 

network connected inverter 

In the laboratory test setup B a second source - a 
network connected inverter - has been implemented 
into the network as shown in Figure 5. The 
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measurements are starting at no-load again and 
further the resistive load is increased by 1 kW steps 
up to 16 kW. At each load the fault loop impedance 
is measured with the two LIMS.  

 

Figure 5. Laboratory test setup B – fault loop impedance 
measurements in an islanded network consisting of a 
stand-alone inverter, a network connected inverter and a 
resistive load 

 

To show the influence of installed protection 
devices (MCBs and RCDs) on the fault loop 
impedance, ZFL was measured with protection 
devices (Measurement 1 and 3) and without 
protection devices (Measurement 2 and 4) and the 
results are shown in Figure 6. 

 
Figure 6. Fault loop impedance ZFL for laboratory test 
setup B (network configuration supplied by the stand-
alone and the network connected inverter) 
Measurement 1 and 3:  with protection devices 

(MCBs and RCDs) 
Measurement 2 and 4:  without protection devices 

(MCBs and RCDs) 

As Figure 6 shows there is almost a small 
difference between the values of the measurements 
with and without protection devices. Only at no-
load condition a difference between measurement 3 
(with protection devices) and 4 (without protection 
devices) can be seen, depending on the special 
electronic metering. 

The implemented network connected inverter has 
the same effect on the fault loop impedance as a 
battery with greater capacity (250 Ah). From 2 kW 
to 14 kW the difference of the fault loop impedance 
ZFL, measured with the two LIMS, is very small. At 
higher load levels ZFL is strongly decreasing 
depending on the functionality of the inverter in 
case of overload.  

The difference between laboratory test setup A 
(stand-alone inverter, Figure 3) and test setup B 
(stand-alone and network connected inverter, 
Figure 5) becomes appeared in a smaller ZFL at no 
load (the difference is about 1 Ω with LIMS 1 and 
about 2 Ω with LIMS 2). 
 

5. Comparison of Measured and 
Calculated Fault Loop Impedances 

Figure 7 shows the calculated and measured short-
circuit current considering laboratory test setup B 
(Figure 5). Within the first 50 milliseconds of the 
short-circuit the measured value for the short-circuit 
current of test setup B (stand-alone and network 
connected inverter) is about 80 A. According to 
equation (1) and the ZFL values at no-load the short-
circuit current for test setup B can be calculated as 
follows: 

LIMS 1 – measurement 1: 

ZFL at no-load (0 kW) = 2,58 Ω 
	

, 	 	
89,15	   (5) 

 
LIMS 2 – measurement 3: 

ZFL at no-load (0 kW) = 1,35 Ω 
	

, 	 	
170,37	   (6) 

 

According to equation (5) and (6) a smaller ZFL (as 
obtained in test setup B with a stand-alone and a 
network connected inverter, with protection 
devices) leads to a greater short-circuit current, but 
in case of a short-circuit the voltage is decreasing to 
zero. Hence the network-connected inverter is 
switching off because of the missing reference 
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voltage and therefore the short-circuit current 
depends only on the behaviour of the stand-alone 
inverter like in laboratory test setup A. 

For this reason the short-circuit current is almost 
the same for test setup B (stand-alone and network 
connected inverter) and test setup A (stand-alone 
inverter). 

 
Figure 7. Calculated and measured load current in 
consideration of the measured values of ZFL_LIMS1 
(measurement 1, with protection devices) and 
ZFL_LIMS2 (measurement 3, with protection devices)  

 

6. Conclusion 

On the one hand the occuring load has a great 
influence on the fault loop impedance ZFL. 
Especially between no-load, nominal load and high 
overload a difference between the values of ZFL can 
be seen. 

On the other hand the capacity of the battery, which 
provides the energy for the stand-alone inverter has 
an significant influence on ZFL at overload. A 
greater battery capacity leads to higher short-circuit 
currens provided by the inverter.  

The same effect can be shown with an additional 
implemented network connected inverter (see 
Figure 6).  

The results in Figure 6 show further that protection 
devices like MCBs and RCDs have almost no 
influence on ZFL. Only selected loop impedance 
metering devices show a higher fault loop 
impedance if a 30 mA RCD is used in the low 

voltage system because of the high impedance of 
the RCD. 

The obvious characteristic with an additional 
network connected inverter is the smaller fault loop 
impedance at no-load. According to equation (5) 
and (6) a smaller ZFL leads to a higher short-circuit 
current. But due to the characteristic of the network 
connected inverter it is switching off during a short-
circuit because of the missing reference voltage. 
Therefore the short-circuit current depends primary 
on the behaviour of the stand-alone inverter. 

The shown influences on ZFL (measured with 
commonly available LIMS) lead to the fact, that the 
measurement results of usually preferred loop 
impedance measurement systems and equation (1) 
according to [2] cannot be used to calculate the 
short-circuit current. Therefore the functionality of 
overcurrent protection devices in islanded networks 
supplied by nonlinear sources (e.g. inverter) can not 
be verified by today used measurement methods 
and equipment for the fault loop impedance.  
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