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ABSTRACT 

Weak short-circuit current capability of a distribution 

network can cause multiple adverse effects on voltage 
quality and electrical safety at a customer connection 

point. “Balancer” is a novel and cost-effective solution to 

solve/avoid these problems in weak distribution networks. 

This paper presents the results of a series of laboratory 

test conducted on a prototype device and simulated 

benefits on various network configurations. The 

conclusion of the paper is that there are significant 

benefits gained in voltage quality in certain conditions. 

INTRODUCTION 

All over the world, there are many weak distribution 

networks, which are prone to different adverse and 

unwanted phenomena. In the context of this paper, 

weakness of the network means high series impedance of 

the feeding grid when looked from some nodes of the 

network. Power quality is one challenge in weak 

distribution networks. Large amounts of highly 

unbalanced loads (or production), loads with large current 

level fluctuations and loads (or production) with high 

levels of harmonic current components might cause 

voltage unbalance, voltage flicker and distorted waveform 
of network voltage, respectively. Another possible 

problem in weak networks is the insufficient ability to feed 

high enough fault current in order to enable the proper 

operation of the protection devices. All of the 

aforementioned problems are typically fixed by renovating 

the lines and transformers, but in this paper, alternative 

option is presented: a “balancer” device. The balancer, in 

essence, is a passive device based on conventional 

transformer type technology. The device comprises of 

interconnected star winding, which in essence balances the 

load along phases via phase-interconnected windings. 

Similar devices have been used in same applications with 
promising results [1,2]. This paper introduces this novel 

approach in terms of modelling method description, 

laboratory tests and simple simulations 

LABORATORY TEST SETUP 

Testing the Balancer prototype was made in AC Microgrid 

laboratory, which is located in Tampere University. The 

original purpose of the AC MicroGrid laboratory is to 

function as a benchmarking and functionality testing 

platform for home energy management (HEM) and home 

automation algorithms and devices. The laboratory 
comprises of two-stage 7-channel switchboard capable of 

remotely controlling 1 or 3-phase devices up to currents of 

16A × 3 per device. 1st stage of the control contactors is 

controlled by dSPACE computer which is meant to 

simulate the normal electricity usage of, for example, a 

household or a small LV network. 2nd stage of the control 

contactors is controlled with HEM-computer over Z-wave 

interface which is meant to represent the control actions 

performed by the home automation device [3]. 

Figure 1 describes the setup designed to measure the 

impact of the “Ensto Phase Balancer 16 A” to network 

currents and voltages. Principal idea of all the test is to 
generate a predefined loading state to the laboratory with 

configurable resistive load and with network emulator 

resistors and measure the impact of the Balancer to the 

given state. The impact will be measured in terms of 

voltage unbalance and phase current. 

The measurement device used in the tests is BMI-Dranetz 

PX5 Power Quality meter with Fluke i1000s AC current 

probes capable of measuring currents up to 1 kA. The PQ 

meter is capable of measuring phase voltages and currents 

(waveform and RMS), voltage and current harmonics 

(DFT up to 25th harmonic), Flicker indices (Pst and Plt) 
and transient behavior. 

 

 
Figure 1: Laboratory setup. Ensto Phase Balancer can be 

found in the lower left corner of the figure. 
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Figure 2: General layout for laboratory tests 

LABORATORY TESTS AND RESULTS 

Basic Functionality Tests 

Basic functionality tests are designed to test normal 

functionality of the Phase Balancer, that is, to even out the 

distribution of load along phases. The test is carried out by 

introducing non-symmetrical resistive load parallel to the 
balancer and measuring the effect of the balancer on 

network voltage unbalance and phase powers (as 

illustrated in figures 3 and 4, dashed vertical line marks the 

time that balancer was connected) 

The voltage unbalance is measured in terms of phase 

voltage unbalance ratio, which relates the maximum RMS 

voltage deviation to the mean voltage of all phases (IEEE 

112-1991 definition for phase voltage unbalance.) [4]: 

%PVUR =
Vphase−neutral,  maxΔ

Vphase−neutral,μ

× 100% 

 

 
Figure 3: Phase powers in basic functionality test 

 
Figure 4: Voltage unbalance in basic functionality test 

 

As can be seen, the balancer reduces significantly the 

voltage unbalance when connected parallel to a relatively 
high power single phase load. 

Short Circuit Current 

The purpose of the short circuit measurement test is to 

determine the effect of the Balancer on continuous single 
phase short circuit current. The test will be conducted by 

connecting a 100 ms short circuit to one of the ACµGrid 

channels and measuring the current fed to the fault location 

with and without Balancer connected. Fault current is 

measured with the PQ meter in transient measurement 

mode. 

 
Figure 5: Short circuit test setup 

 

The results of the test are collected in the table 4. As can 

be seen the balancer increases the single phase fault current 

in all cases ranging from 90% increase up to 160% 

increase. The results marked with * are calculated form ½ 

power line cycle measurement (in this case the balancer 

increased the fault current over the capabilities of the 

laboratory setup). 

 

Table 1: Short circuit test results 
Test # IFault [ARMS]  IFault [ARMS]  

w\ Balancer  
Fault current 
increase [%] 

1 44 89 103 
2 61 158 160 
3 82 155 90 
4 131 284* 117* 
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Flicker Mitigation Tests 

The purpose of flicker index measurement test is to 

determine the impact of the Balancer on power line flicker 

induced by switching of 1-phase loads. The test will be 

conducted by programming a predetermined load 

switching cycle to dSPACE-computer and by repeating the 
cycle with and without balancer connected. The flicker 

indices will be computed by the PQ meter from the 

measured line voltages downstream from network 

emulation resistors (the point of common coupling of the 

simulated customer whose appliances are causing the 

flicker). The calculation period of the short term flicker 

index (Pst) will be 10 minutes and the calculation period 

for long term flicker index (Plt) will be two hours. 

 

 
Figure 6: Load switching scheme in flicker mitigation 

test 

 

The programmed switching cycle is illustrated in figure 6. 

It consists of three individual devices: coffeemaker 
ventilation blower and utility water heater. The switching 

cycle is based on power measurements of real-life devices. 
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Figure 7: Load configuration in flicker mitigation test 

 
The switching cycle is reproduced in the laboratory setup 

with power resistors. The resistor are connected in parallel 

to the Balancer as illustrated in figure 7 an they are 

switched with contactors controlled by dSPACE 

computer. The coffeemaker and the ventilation blower are 

connected to L1 phase and the utility water heater is 

connected in open-delta configuration between L1-L2 and 
L2-L3. With assumed phase voltage of 230V 52 Ω resistor 

dissipates roughly 1 kW of power when connected single 

phase and 104 Ω when connected line-to-line dissipates 

roughly 1.5 kW, thus reproducing the measurement based 

switching cycle. 

 

 
Figure 8: Phase voltages in flicker mitigation test 

 

 
Figure 9: Phase currents in flicker mitigation test 

 

 
Figure 10: Short term flicker indices in flicker mitigation 

test 

 

Table 2: Long term flicker indices 

SEGMENT PHASE L1 PLT PHASE L2 PLT PHASE L3 PLT 

1 1.25 0.43 0.32 
2 0.57 0.38 0.24 
3 1.25 0.44 0.32 
4 0.58 0.37 0.21 

 

The flicker test results are depicted in figures 8 through 10, 

and the calculated long term flicker indices in table 2. The 

figure consists of four time segments in which the 1st and 

3rd represent the situation where the balancer is off and in 

2nd and 4th time segments the balancer is on. As can be seen 

the balancer has a significant effect of the flicker induced 

by the switching of 1-phase devices (Flicker indices on 

phase 1) but virtually no impact on the flicker induced by 

the open-delta connected utility water heater. 

BALANCER IMPEDANCE CHARACTERI-

ZATION 

Balancer is, in essence, an interconnected-star grounding 
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transformer, which can be characterized with its neutral 

impedance. In order to generate a calculation model for the 

balancer a characterization short circuit test was 

conducted. In this test, one of the balancer’s input phases 
was disconnected from main supply and short-circuited 

with neutral conductor. The test setup is depicted in figure 

11. 

Balancer

L1

L2

L3

N

ZGrid

 
Figure 11: Characterization test setup 

 

The neutral impedance is defined as the relation between 
neutral voltage and neutral current:  

ZN
̅̅̅̅ =

V̅N

IN̅

=  
V̅1,N + V̅2,N + V̅3,N

IN̅

 

The short circuit test yields the neutral impedance ZN=0.4600 + 
0.002j Ω 

SHORT CIRCUIT CURRENT SIMULATIONS 

In order to generally estimate the balancers impact on any 

installation, a calculation model was built on OpenDSS [5] 

power system simulation software to estimate the 

balancer’s impact on single phase short circuit current. The 

improvement in short circuit current is an excellent metric 

to evaluate the general impact of the balancer on network 

voltage quality, since it effectively describes the electrical 

“strength” of the installation. 

 
Figure 12: Simulated system 

 

 

The figure 12 depicts the simulated system. In the system, 

balancer is connect in a location that is electrically between 

a fault location (this is for example a customer premises) 
and an ideal grid. The impedance between the ideal grid 

and balancer (ZGrid) is effectively the Thevenin impedance 

at the installation location, and the impedance between the 

fault location and balancer (RDownstream) is the line 

impedance of the cabling that connect customer to grid. 

The system is in essence a model of a low voltage 

distribution system with TN-C or TN-C-S grounding 

system. 

 

Figure 13: System's short circuit current without balancer 

installed 
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Figure 14: Systems short circuit current with balancer 

installed 

 
Figure 15: Relative increase in systems single phase short 

circuit current 

 

The results of the simulation are depicted in figures 13 

through 15. Figure 13 depicts the simulated short circuit 
currents without the balancer installed and Figure 14 with 

balancer installed. In the figures y-axis is the simulated 

short circuit current and x-axis the network impedance. 

Different plots represent the current varying with 

downstream impedance. 

The figure 15 shows the relative increase in the short 
circuit current (i.e. difference between figures 13 and 14) 

It can be seen that the best relative performance is 

archieved when the grid impedance is high and the 

downstream impedance in turn low. This means that the 

balancer should be installed relatively close to the location 

where increase in network voltage quality is desired. The 

balancer can effectively decrease the apparent impedance 

of the feeding grid, but can do relatively little to the 

impedance between it and the customer premises. 

CONCLUSIONS 

This paper has presented the laboratory measurements 

conducted in the Tampere University’s AC Microgrid 

laboratory for Ensto Phase Current Balancer. The device 

can be said to have beneficial and significant effect on the 

voltage unbalance, flicker and single phase short circuit 

current. 

The device was characterized with a short circuit test in 

order generate a simple calculation model to estimate the 

balancers impact in arbitrary network conditions. The 

results of the simulation is the relative impact on single 
phase short circuit current. This information can be used 

for example to determine the best installation location for 

a balancer in a network. 

Simulations in this paper are still indicative of the 

balancers performance, and as such should not be used as 

a basis for example network protection design. Future 

work will focus on validating the simulation results with 

field tests. 
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