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2. Hengelo 380 kV open air substation 
In an earlier study [3,4] for SEP - the Dutch Electricity 
Generation Board - we recommended to construct the kiosks 
in the field as EMC cabinets. All cables enter a kiosk 
through a single metal wall, in Hengelo the bottom. A 
single large entry plate connects the shield or armor of all 
cables over 360 degrees to the bottom wall. The entry plate 
is split up in 7 X 6 feedthroughs, which accepted a group of 
up to five cables. The entry plate is connected to the 
grounding grid of the substation under the kiosk. Inside the 
kiosk the cable shields are again grounded to the equipment 
racks. 

The junction box at each part of HV equipment in the 
field is also carried out as EMC cabinet. Glands connect the 
cable shields or armor there. No special EMC provisions 
were made between HV equipment and kiosks; the cable 
were buried in sand. Between the kiosks and the control 
building the cables were laid in a concrete conduit. 

The CM currents through the cables at a kiosk are 
measured either at the action of a pantograph disconnector 
switch or, more frequently, at the discharge of a HV 
capacitor. A 1:2 transformer connected the capacitor source 
to the HV grid near the kiosk. Both sources produced 
similar CM currents in the cables; the capacitor discharge 
resulted in a more reproducible current. As an example, 
Fig. 1 shows the CM current through a single cable, 
measured during pantograph action at the outside and the 
inside of the kiosk. 
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Fig. 1. Common mode current in ampere through a cable during actions of 
a disconnector switch in the Hengelo 380 kV substation, (a) outside the 
kiosk, (b) inside the kiosk. 
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Fig. 2. The amplitude of the sum of the CM current through groups of 
cable at the outside (upper part) and inside (lower part) of the kiosk. 
Note the difference in scale of the ordinate. 

We tested the quality of the cable connection at the entry 
plate. In Fig. 2 we compare the total CM current amplitude 
for each cable group outside and inside the kiosk. The ratio 
of the amplitudes is a factor 200 or larger. A more detailed 
analysis showed no correlation between the waveshape and 
amplitude measured outside and inside the kiosk. We 
expected a better quality of the entry plate than indicated by 
the measurements. A coupling path for interference around 
the bottom was indeed found. 

The contribution by the cabling itself to the interference 
voltage at the inputs of the electronic equipment, can be 
calculated from the transfer impedance Z

1 
of the cables 

which was measured separately. The cables between the HV 
equipment and the kiosks as well as the cable mounting 
inside the kiosk contributed certainly less than 100 V. As 
the final major source for interference we identified the 
mounting of the signal cables in the HV equipment. 



3. Meeden 380 kV GIS substation 
The HV equipment and cabling was installed by the 
manufacturer. All cables had a shield of corrugated copper 
foil; high quality connectors provided a good contact 
between shields and equipment racks in the control room. 
Different metal walls of a rack served different cable 
bundles; we would have preferred a single panel for all 
bundles together. 

The measurements were performed during the final check 
of the installation. In Fig. 3 we present the CM current 
through a cable of a current transformer during the action of 
a disconnector switch. We also measured the interference 
voltages inside the rack at the end of the cable. The values 
obtained were lower than the contracted limits. · 

4. Geertruidenberg 380 kV open air substation 
Earlier we measured the CM currents in the 
Geertruidenberg substation [4,5], which was built in 1969. 
In Fig. 4 we show the CM current through a cable of a 
disconnector switch measured outside the kiosk. The armor 
or shields of the cables were grounded inside the kiosk to a 
grounding rail, as was practice at that time. The CM 
interference voltage at the inputs of the equipment was 
mainly due to this grounding procedure, and was about an 
order of magnitude larger than found in Sect. 2 . 
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Fig. 3. The CM current (in ampere) through the cable of a current 
transfonner during the action of a diconnector switch in the Meeden 
substation. 
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Fig. 4 . The CM current through the cable of a disconnecto r switch in the 
Geertruidenberg 380 kV substation. 

S. Conclusions 
The CM currents through cables can be measured at the 
cable entry in a kiosk or a control building, or a j unction 
box. A comparison of the measurements and EM field 
calculations would be possible in principle, if the cable paths 
are known. 

The CM interference voltage at the terminals of the 
control equipment is determined by 1) the CM currents, 2) 
the transfer impedance Zr of the cable, and 3) the 
impedances at the input and output of the equipment 
connected to the cable. Important is also 4) the finishing of 
the cable connections at both ends, or more specifically the 
local Z1 between kiosk entry and the equipment terminals. 

The interference due to power frequency short circuit 
currents, due to actions of circuits breakers or disconnect 
switches, or due to lightning can be treated is very much the 
same way. 

When CM currents and Z/ s are known, the quality of a 
cable, of the connector and of the cable mounting can be 
adapted to the requirements set by the equipment 
specifications. It is however questionable whether EMC 
quality should be relaxed since more and more normal 
'consumer electronics' is being used in or near substations. 
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