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ABSTRACT 

To assess the integral EMC performance of intelligent 

Ring Main Units, we have developed a new testing 

procedure. During this procedure, the RMU is subjected 

to a number of circumstances that could occur in practice. 

We tested the RMUs during normal operating conditions  

and during short circuit conditions In all circumstances, 

we did not observe any failures in the Ring Main Unit 

systems and subsystems due to EMC issues.  

INTRODUCTION 

Utilities increasingly use equipment for measurement and 

control within their distribution grids. In particular, the 

Ring Main Unit (RMU), the workhorse of the distribution 

grid, is increasingly equipped with these kinds of systems. 

This is done to gain more knowledge of what is happening 

within the grid’s capillaries and to be able to switch loads 

from a distance at a level that was previously impossible. 

The usage of electronic equipment in RMUs however 

poses a problem with regards to electromagnetic 

compatibility (EMC). Although all distinct subsystems are 

EMC tested and certified, the Ring Main Unit system as a 

whole is not. In particular under extreme EMC conditions 

such as short circuits within the grid, this begs the question 

whether such a system will behave in an expected manner. 

 

Alliander, the largest distribution system operator in the 

Netherlands, changes part of its Ring Main Unit (RMU) 

population with so-called intelligent versions of those 

units. The function of these Ring Main Units is to 

transform the voltage level from medium voltage (10/20 

kV) to low voltage (0.4 kV). In the past, RMUs consisted 

of a MV switch, an MV/LV-transformer and an LV-rack. 

The typical rating of a power transformer inside the RMU 

is 400 kVA to 1 MVA. The network topology in the 

current situation is such that a number of RMUs is 

connected in series to a substation, this MV ring consists 

of typically 10-20 RMUs. The MV ring is protected by a 

protection relay and MV circuit breaker at the substation. 

 

In the modern grid, power flows are increasingly directed 

“upstream” (from the lower voltage levels to higher 

voltage levels) [1]. To decrease customer outage and to be 

able to perform localised switching actions within the MV-

ring, Alliander has decided to change a percentage of its 

RMUs into intelligent RMUs (iRMUs). These iRMUs are 

placed at strategic locations within the medium voltage 

(MV) grid (at the 10 kV or 20 kV-level). This allows the 

DNO to control power flows in this network at a lower 

level and to monitor power flows in more detail. The 

iRMUs are outfitted with secondary equipment that makes 

it possible to operate the installed circuit breaker or load 

switch directly from the central control room or 

automatically by a protection relay. The secondary 

equipment also allows the operator to takes measurements 

of loading conditions within the MV-ring, something that 

was not possible before. Alliander operates two distinct 

iRMU designs, from two suppliers.  

 

Each respective component within the iRMU is certified to 

conform to their particular EMC-standards. It would be 

undesirable if the secondary systems would lose their 

expected capabilities to monitor and control when these 

circumstances would occur. 

INTELLIGENT RMU SYSTEM DESIGN 

The iRMU consists of a number of subsystems. Figure 1  

gives a schematic overview of the main subsystems inside 

the iRMU. The main subsystems in the iRMU are: 

1. The MV load switch. In practice, this can both be 

a circuit breaker (which is able to interrupt a short  

circuit current) or a load breaking switch (which  

is able to interrupt a nominal loading current, but 

not a short circuit current); 

2. The MV/LV transformer (Ydn5), where the 

transformer neutral point is connected to the 

grounding system of the iRMU; 

3. The LV distribution rack; 

4. Secondary systems for measurement and control 

of the MV installation; 

5. The Remote Terminal Unit (RTU); 

6. The grounding system. 

 

Both iRMU systems that we used in the EMC-test were 

equipped with a load breaking switch (with a current rating 

of 630 A) instead of a circuit breaker in the busbar 

connections (the bays of the switchgear that are connected 

to the external cables). A circuit breaker is able to switch 

a short circuit current, a load breaking switch is not. This 

meant that when we applied a short circuit current going 

through the system during the test, external circuit 
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breakers were used to interrupt the short circuit currents. 

The transformer bay is equipped with a circuit breaker. 

Figure 2 gives an example of the setup of the RTU and MV 

switchgear in one of the two iRMU designs. 

 

The two iRMU designs differ slightly in setup. In one 

design the RTU is placed next to the MV switchgear, while 

in the other design the RTU is placed on the side of the 

RMU inside a metal enclosure that is accessible from the 

outside of the RMU (see Figure 1). Another relevant 

difference between the designs is the design of the 

grounding system. In the first design, there was no metallic 

reinforcement present in the ceiling of the cabinet. In the 

second design, there was metallic reinforcement present, 

which can be connected or disconnected from the iRMU’s 

grounding system. 

EXPECTED EMC COUPLING 

EMC-literature makes a distinction between three aspects 

that make up an EMC-environment: the source, the 

coupling path and the victim [2]. 

Electromagnetic transients are the main source of possible 

electromagnetic interference in the systems under study. 

These transients occur due to a number of causes, but in 

this research project switching phenomena close to the 

cabinet are the main cause of transients. 

In the systems that we consider, the relevant part of the 

frequency spectrum of transients is in the order of kilohertz 

to megahertz. The coupling can therefore be expected to 

occur through conduction. Due to cable impedance, 

higher-frequency transients occurring elsewhere within 

the network will decay relatively fast with distance to the 

cabinet. 

The victim systems are the secondary systems installed in 

the iRMU. These systems are coupled to the rest of the 

iRMU through secondary wiring. 

TEST SETUP 

To determine the EMC capabilities of the complete iRMU 

system, we have set up a test procedure to test the EMC 

capabilities under several load and short circuit conditions. 

We have carried out these test procedures for both iRMU 

designs. In particular, attention was given to the design of 

the grounding system within the RMU and the influence it 

has on the EMC performance of the iRMU. During the 

tests, we used both the circuit breakers of the testing 

facility as well as the iRMU load switch, which was 

operated by a remote connection to the central control 

room of the DSO. 

 

Figure 3 gives an overview of the general set-up of the 

measurement setup. Besides the iRMU under test, there 

were three auxiliary circuit breakers (Aux1, Aux2 and 

Aux3) installed. A cable drum that consists of 

approximately 140 meters 3x240Al XLPE-cable was 

included in the setup. The outer auxiliary circuit breakers 

(Aux1 and Aux3) were connected to the input and output 

terminals of the test facility. It was possible to operate the 

load switches Cs2 and Cs3 through a specially configured 

online interface of the DSO. 

The extra cable length after the RMU was installed to be 

able to simulate short circuits at a distance from the RMU. 

The cable provides a surge impedance, which can cause 

extra transients in the system. These transients might lead 

to more severe disturbances of the secondary systems 

inside the RMU. 

 
Figure 1: Schematic overview of the intelligent RMU design. 

The placement of the RTU is different between the two tested 

designs. In design (1), the RTU is placed left of the MV Load 

switch, while in design (2) the RTU is placed in a separated 

part of the cabinet. 

 
Figure 2: An example of one of the two iRMU designs. The 

photo shows the RTU (top left corner) and the MV load switch 

on the right. The load switch contains four bays, of which 

three are in use. The leftmost bay is the transformer bay 

(which includes current transformers for protection and 

measurement). The second bay to the left contains the 

incoming cables (without current transformers). The third bay 

to the left contains the outgoing cables, with current 

transformers for measurement. 
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To test the influence of a load on the LV-side of the RMU, 

a 63 A three-phase heater was installed during the testing 

of the second iRMU type. 

 

The tests have been performed in a high-power laboratory 

for practical and economic reasons. The test circuit is 

therefore not optimized to provide continuous current and 

voltage. A purpose-build relay was necessary to provide a 

continuous power source for the secondary systems. 

During normal operation of the RMU, the RTU is fed 

through the LV distribution rack, which in turn is fed by 

the MV/LV transformer. For backup purposes, the RTU 

has a battery system that can power the RTU for a short 

time. During the test duties, the LV distribution rack is 

only energized when there is a test voltage present, this is 

on the scale of seconds. To simulate normal operating 

conditions, we used a purpose-built relay that externally 

fed the RTU when no voltage is present on the LV 

distribution rack and automatically switched to feeding by 

the LV distribution rack when it was energized. This way, 

the RTU did not have to operate in battery-fed mode 

during the test. 

 

The above mentioned setup was used to carry out a number 

of different test duties in accordance to IEC 62271-100. 

 A voltage withstand test 

The system is not connected to the second busbar. 

This test is carried out to ensure that all 

connections are in order and the system is ready 

for further testing under load. 

 A cable charging current test (capacitive load) 

We chose the load such that only the capacitive 

loading current of the cable will flow through the 

system. 

 A load test at nominal current (inductive load) 

The load is chosen such that the nominal current 

of the load switch (630 A) will flow through the 

                                                           

1 Pass or fail of the test is defined by the continuation of 

system integrity before, during and after test execution. 

system. 

 Terminal fault test at 30% ISC (T30) 

A fault current of 30% of the nominal short circuit 

current of the system. The circuit breaker will 

perform an open-close-open breaking sequence.  

 Terminal fault test at 100% ISC (T100) 

A fault current of 100% of the nominal short 

circuit current of the system. The circuit breaker 

will perform an open-close-open breaking 

sequence. 

 Short-time withstand current and peak withstand 

current test (STC) 

A test at the nominal short circuit current of the 

system, with no voltage present. In the final STC-

tests, a three-phase short circuit was placed 

between the iRMU and the cable drum. 

RESULTS 

The tables below present the outcomes of the above 

mentioned test duties. Due to time constraints, we were not 

able to perform the full test duty cycle for the first RMU 

type. 

A. iRMU type 1 
Table 1: Cable charging current test (100% IC) 

Vph-ph 

(kV) 

I 

(A) 

Breaker Remark Result1 

10.5 31.5 Cs3 (CO2) With cable Pass 

 
Table 2: Load test at nominal current (630 A) 

Vph-ph 

(kV) 

I 

(A) 

Breaker Remark Result 

6.1 223 Aux1 With cable Pass 

10.4 565 Aux1 With cable Pass 

 
 

 

 

2 Close-open 

 

Figure 3: A schematic overview of the test set-up. Besides the intelligent RMU (in the frame), three auxiliary circuit breakers and a cable 

drum consisting of 140 m 3x240Al XLPE-cable were installed. For clarity the LV-side in the iRMU is not shown in this diagram. 
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Table 3: STC circuit 

Vph-

ph 

(kV) 

IRMS(kA) Breaker Duration 

(ms) 

Result 

- 6.5 MB3 236 Pass 

- 11.2 MB 236 Pass 

- 14.4 MB 1030 Pass 

B. iRMU type 2 
Table 4: Cable charging current test (100% IC) 

Vph-ph 

(kV) 

I 

(A) 

Breaker Remark Result4 

10.5 31.5 AUX1 (CO) Roof 

grounded 

Pass 

10.5 31.5 AUX1 (CO) Roof 

grounded 

Pass 

10.5 31.5 Cs3 (CO) Roof 

earthed 

Pass 

10.5 31.5 Cs3 (CO) Roof 

floating 

Pass 

 
Table 5: Load test at nominal current (630 A) 

Vph-ph 

(kV) 

I 

(A) 

Breaker Remark Result 

10.5 600 AUX1 (CO) - Pass 

10.5 595 Cs3 (O5) - Pass 

10.5 679 Cs2 (O) - Pass 

 
Table 6: T30 circuit 

Vph-ph 

(kV) 

I 

(kA) 

Breaker Remark Result 

10.5 2.0 Aux1 (OCO6) W/O cable Pass 

5.2 2.0 Aux1 (OCO) With cable Pass 

5.2 2.0 Aux1 (OCO) W/O cable Pass 

10.4 4.1 Aux1 (OCO) With cable Pass 

10.4 4.1 Aux3 (OCO) With cable Pass 

 
Table 7: T100 circuit 

Vph-ph 

(kV) 

I 

(kA) 

Breaker Remark Result 

5.4 8.7 Aux1 (OCO) W/O cable Pass 

10.1 16.4 Aux1 (OCO) W/O cable 

Arc 

extinction 

attempt 

Pass 

 

During one of the T100-tests, an arc extinction attempt 

occurred (albeit not on purpose), which led to a short high 

frequency burst. This phenomenon did not lead to 

malfunctions in the secondary systems of the iRMU. 

                                                           

3 Master Breaker of the test laboratory 

4 Pass or fail of the test is defined by the continuation of 

system integrity before, during and after test execution. 

 
Figure 4: Voltage traces across the load switch  of the arc 

extinction attempt during the T100 test duty. 

Table 8: STC circuit 

Vph-ph 

(kV) 

IRMS(kA) Breaker Duration 

(ms) 

Result 

- 5.9 MB 203 Pass 

- 9.1 MB 202 Pass 

- 12.9 MB 203 Pass 

- 17.7 MB 407 Pass 

 

In all cases, we observed no malfunctions of the secondary 

systems due to the electromagnetic transients that were 

caused by switching phenomena. 

 

During the test of iRMU type 1, we observed that the relay 

that protects the power supply of the RTU was switched 

off. Using a root-cause analysis, we determined that this 

was caused by inrush currents to the power transformer. 

This occurred during the first tests, because the 

transformer core was new and not yet magnetised 

beforehand. For the test of the second iRMU, we 

magnetised the transformer core before the test duties. We 

did not observe switching of this relay during the second 

test.   

 

The roof in iRMU type 2 is made out of reinforced 

concrete. We tested the influence of having the metallic 

reinforcement of the roof connected to the grounding 

system (‘roof grounded’) or not (‘roof floating’) to the 

EMC performance of the system. We did not observe a 

difference in EMC performance between these states of the 

system. 

5 Open 

6 Open-close-open 
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FUTURE STEPS AND RECOMMENDATIONS 

During the tests, we decided to keep the amount of 

electrical wiring going in to the iRMUs to a minimum, to 

minimize the possible sources of disturbance. We have 

therefore chosen not to include direct (electric) field 

measurements inside the cabinet during testing. In a future 

development of the test procedure, one can to choose to 

include these measurement to get an indication of the field 

strengths that are encountered. 

 

During the tests, only iRMUs were available that were 

equipped with a load switch instead of a circuit breaker. In 

a future test, the inclusion of a circuit breaker would allow 

us to perform more tests, including switching of short 

circuit currents inside the iRMU. 

 

We monitored the secondary systems of the iRMU using 

the standard online portal of the network operator. This 

portal does not receive all messages from the RTU due to 

bandwidth constraints. In a future development of the test, 

one could choose to monitor the signals coming out the 

RTU during the test with a higher sampling rate. 

 

Including a lightning impulse test in the test sequence can 

be an interesting addition to observe the impact of  wave 

forms in this frequency spectrum on the secondary systems 

within the iRMU. 

 

Based on the experiences during the tests, we can give the 

following recommendations for future testing: 

 Try to emulate the environment of the iRMU as 

good as possible. In our case, we included a 

significant cable length to simulate reflections of 

transients that also occur in practice. 

 A well-designed grounding system in the RMU 

deserves special attention. 

CONCLUSIONS 

Given the increasing need for measurement and control at 

lower levels in the power grid, the reliable operation of 

secondary systems in Ring Main Units becoming 

increasingly important. By the tests that we have carried 

out, we have shown that it is possible to perform an 

integral test of EMC performance of intelligent Ring Main 

Unit systems. In all cases, we did not observe any failures 

of the (secondary) systems inside the RMU due to EMC 

issues. 

 

For future development of the integral testing procedure, 

we suggest the following steps: 

 Include electromagnetic field measurements 

inside the iRMU to assess the levels that are 

encountered by the systems inside; 

 Increase the readout rate of the secondary systems 

during the testing. 

 For switching of short circuit currents within the 

iRMU, the integration of the test object within the 

test facility becomes more important. These tests 

have to be coordinated with the laboratory at an 

early stage. 
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