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ABSTRACT 

This paper, in the first part, depicts the actual need of 
sensors in the French distribution network for Smart Grid 
applications. Several sensors from different 
manufacturers were selected in order to carry out 
functional and laboratory tests. The second part gives the 
basic principles of the sensors. The third part of the 
document details the tests carried out on these sensors. 

INTRODUCTION 

Compared to electricity transmission systems, existing 
power measurements in the French distribution networks 
are relatively limited. These assessments are restricted to 
current and voltage measurements, done by conventional 
current and voltage transformers (CTs and VTs), at the 
medium voltage (MV) feeders, located in the primary 
substations. At a minimum, fault detection systems can 
be found which work by acquiring current and voltage 
(for location) measurements throughout the MV network. 
Least of all, French LV network is not equipped for 
power measurements for Smart Grid applications. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The development in renewable energies and their 
insertion in the MV and LV grids induce some challenges 
for utilities. It is well known that a large scale 
introduction of renewable energy sources need to keep 
continuously the power balance between generation and 
consumption and the control of voltage profiles within a 
range of permitted values. So implementing MV and LV 
sensors throughout the network is now necessary to 
acquire current and voltage measurements and enable 
active/reactive power calculations. This implementation 
represents a real technical and economic challenge for the 
French DSO ERDF. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2 summarizes the need for instrumentation and the 
specific sites where measurements should be done: 
primary substation, MV/LV substations and generator 
connecting nodes. 
 
From a technical viewpoint, even if they are reliable 
devices, CTs and VTs used today in primary substations 
are not suitable for Smart Grid applications which need 
accurate, reliable and easy-to-install equipment. For this, 
electronic sensors based on non-conventional principles 
seem more appropriate. Furthermore, sensors have to 
remain obviously the cheapest possible in order to enable 
a large deployment on the network. 
 
Since electronic sensors are not largely deployed today 
on utilities’ distribution networks, a real outcome of 
experience is thus not available. So installing these 
equipment require adequate safeguard in order to 
maintain security and network functioning. It is the 
reason why ERDF is leading a complete validation of 
these sensors based on complementary studies before 
allowing a large deployment on its networks. 
 
In order to evaluate the performance of electronic 
sensors, ERDF, with support of EDF R&D, carried out 
investigation tests on several sensors. These have been 
selected according to ERDF specifications and needs. 
 
Section 2 gives the basic principles of sensors, which 
were selected for evaluation tests. Section 3 details 
briefly sensor manufacturers and their product and gives 
the list of tests carried out. The last section gives 
information on field experimentation and primary 
measurements. 

Figure 1: Present state of measurements in the 
French distribution network 

Figure 2: Instrumentations required on MV network 
for monitoring purposes 
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BASIC PRINCIPLES OF ELECTRONIC 
SENSORS 

CTs and VTs are based on electrical transformer principle 
using a magnetic core. There are now other methods 
available, based on non-conventional principles, to 
measure current and voltage levels. The following 
chapter will present only principles of sensors tested in 
this study. 

Capacitive divider 
A divider is built using passive components to divide the 
primary voltage to the secondary voltage. Such one is the 
capacitive divider where capacitors are used to divide the 
voltage to be measured. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The primary voltage can be retrieved through the 
following equation: 
 
 
 

Resistive divider 
The same principle of a capacitive divider applies here 
but with resistors: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The primary voltage can be retrieved through the 
following equation: 
 
 

Rogowski coil 
Rogowski coil is based on an air core coil. The secondary 
winding is homogeneously wound on a toroidal non-
magnetic core, which is placed around the conductor 
whose currents are to be measured. This sensor does not 
show saturation and hysteresis effects. The schematic 
representation of a Rogowski coil is given in Figure 5: 
 
 
 
 
 
 
 
 
 
 
 
 

 
The Rogowski coil has a secondary voltage output 
proportional to the time derivative of the primary current. 
For that purpose, the output signal has to be integrated in 
order to determine the primary current: 
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Hall Effect sensor 
Hall Effect current sensor uses a magnetic core but a 
semiconductor wafer (Hall element) is placed in its gap 
and requires a power supply (i0).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The current i0 is related to Hall Effect voltage VH and 
Hall constant kH as given below: 
 
 
 
The induction B is related to the current to be measured 
by Ampere’s law. Therefore Hall Effect voltage is 
directly proportional to the current to be measured. 

Figure 3: Principle of a capacitive divider sensor 

Figure 4: Principle of a resistive divider sensor 

Figure 5: Principle of a Rogowski coil current sensor 

Figure 6: Principle of a Hall Effect current sensor 

VH 
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PRESENTATION OF SENSORS AND 
TESTING FACILITIES 

Tested sensors 
Four different sensors from different manufacturers were 
selected for evaluation tests. Due to confidential reasons, 
the name of the products and that of the manufacturers 
are not disclosed. 
 
Sensor1 
Sensor1 is a MV capacitive divider voltage sensor with 
an accuracy class 0,5. It is meant to be installed in a 
MV/LV secondary substation inside the switchgear near 
the MV cable compartment. 
Sensor1 has integrated electronic-based temperature 
adjustment system which corrects capacitor values 
according to ambient temperature for better accuracy. 
Therefore it needs LV DC as power supply for 
functioning. The Sensor1 has a RJ45 termination for 
acquiring measurements and power supply. 
 
Sensor2 
Sensor2 is a MV resistive divider voltage sensor with an 
accuracy class 0,5. It is meant to be installed in a T 
connector inside the swithgear. 
Sensor2 is a passive sensor which means it doesn’t need 
any external power supply. Its output connector is a BNC 
coaxial cable, which can be directly linked to an 
oscilloscope for measurements. 
 
Sensor3 
Sensor3 is a 3-phase Rogowski coil current sensor with 
an accuracy class 1. Theses coils can be installed around 
the MV cables either from the switchgear or distribution 
transformers. 
In general, Rogowski coils need power supply for the 
electronic system which calculates current from voltage 
output by integration. Sensor3 needs 230V AC 3-phase 
power supply. Three Rogowski coils are connected to a 
module which calculates current and sends by Wi-Fi the 
measurements to a data concentrator. This device, 
connected to a PC, provides measurements acquisition 
through a licensed software from the manufacturer. 
 
Sensor4 
Sensor4 has two sensors integrated, one for the 
measurement of the line current by CT and the other for 
the fault current measurement by a Hall effect sensor. 
This sensor is only installed on the MV overhead lines. 
Sensor4 is automatically powered inductively by the line 
current and is a class 1 current sensor. Sensor4 is 
connected to an aggregator by Wi-Fi which collects 
measurements from the sensor. The aggregator provides 
GPRS or Ethernet-based communications so that the 
measurements are displayed on the manufacturer’s online 
secured server. 

Testing facilities and list of tests 
 
Testing facility 1: Concept Grid 
EDF R&D has created Concept Grid on its "Les 
Renardières" site in the south of Paris a unique 
experimental platform to support and anticipate the 
evolution of electrical systems. This facility operates 
under medium and low voltage and allows a wide range 
of experiments making Concept Grid a first rate tool for 
preparing tomorrow’s networks. Its unique design places 
it mid-way between laboratory tests and experiments in 
the field. Concept Grid makes it possible to conduct, in 
complete safety, complex testing campaigns that would 
be impossible to perform on a real network. 
 

 
 
 
 
List of test 1: Functional tests 
Concept Grid is a unique testing facility where sensors 
could be installed as they would be on a real network. It 
is therefore only functional tests were carried out in 
Concept Grid. The tests were: 
- Installation: this step consists of installing sensors in 
Concept Grid in order to observe restrictions in a real 
network conditions. 
- Primary measurements: this consists of measuring 
voltage or current with installed sensors and comparing 
them with pre-installed CTs and VTs that are already 
implemented in ERDF network and have same accuracy 
class as the sensors. 
 
Testing facility 2: High voltage power laboratory of 
EDF R&D Les Renardières 
 
List of tests 2: Unitary laboratory tests 
 
The tests carried out were traditional unitary lab tests: 
- Accuracy test before short-circuit (SC): the aim of this 
test is to evaluate accuracy class of the sensors before SC 
and it is carried out at -15, 20 and 40°C. The applied 
voltages are 80, 100 and 120% of nominal voltage. 
- SC test: the SC, for a voltage sensor, is done on the 
secondary side for 60s with the primary MV side 
powered. For a current sensor, 12,5 kA current is applied 
for 1s on the conductor which carries the sensor. 

Figure 7: Air view of Concept Grid 
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- Accuracy test after SC: this consists of evaluating the 
effect of SC on sensors’ accuracy. 
- Lightning test: the goal is to observe the dielectric 
strength of the sensors. Therefore a standard 1,2/50 µs – 
125 kV wave is applied on the primary of the sensors. 
- AC voltage test: this test consists of applying a voltage 
of 50 kV during 60s on the primary side of the sensor in 
order to observe its dielectric strength. 
 - Final accuracy test: this test consists of evaluating 
accuracy after all the tests in order to observe the final 
accuracy of the sensor. 
- Internal arc test (voltage sensor only): this test consists 
of creating a fault inside the sensor and to observe the 
electric arc if there are any metallic parts projected. 
- Fault current test (current sensor only): this test consists 
of applying high currents (1000 and 1500 amps) in order 
to evaluate accuracy of current sensors at higher currents. 

EXPERIMENTAL RESULTS FROM 
INVESTIGATION TESTS 

The measurements in numerical values are not given due 
to confidential reasons as far as the manufacturers are 
concerned. 

Functional tests in Concept Grid 
Sensor1 from manufacturer M1 
Field installation: Sensor1 was installed in a MV 
switching unit as shown below: 
 

 
 
 
Sensor1 was not solely installed; it was mounted on a 
cross-shape accessory with a PLC device. This extension 
is advertised by the manufacturer as a « smart » 
accessory. The installation required power cut-off. 
 
Primary measurements: First measurements of Sensor1 
were carried out and compared to a pre-installed VT 
(class 0,5).  
Sensor1 was installed on the phase 2 of the switching unit 
as shown on the Figure 8. Comparing phase 2 
measurement of the VT and that of the Sensor1, it was 
observed both of them are seemingly close. It is 
important to mention this test is not an accuracy test but a 
comparative analysis of measurements from a traditional 
VT and sensor. 

Sensor2 from manufacturer M2 
Field installation: Sensor2 was installed inside a MV 
switchgear in a secondary substation as shown below: 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Sensor2 was directly screwed with power cut-off to a T-
connector of a MV switchgear on the phase 2. It is 
important to mention all the connectors in ERDF network 
are elbow-type connectors. Hopefully, one of the 
switchgears in Concept Grid had T-connectors so it was 
easy to install Sensor2 by screwing. Otherwise the full 
connector should have been changed. 
 
Primary measurements: First measurements of Sensor2 
were carried out and compared to a pre-installed VT 
(class 0,5). 
It was observed Sensor2 has similar performance of a VT 
because both values were close. 
 
Sensor3 from manufacturer M3 
Field installation: Sensor3 was installed inside a MV 
switchgear around the power cable as shown below: 
 

 
 
 
 
Sensor3, as it is a Rogowski coil sensor, was simply 
installed around the MV cable. The installation was quick 
and simple. The power for the electronic module was 
provided by the LV switchboard. The sensors were 
installed with power cut-off, not due to the sensors, but in 
order to comply with safety rules applied to switchgears. 
The door of the switchgear can only be removed after 
power cut-off. 
  

Figure 8: Field installation of Sensor1 

PLC device Sensor1 

Figure 9: Field installation of Sensor2 

Figure 10: Field installation of Sensor3 

Sensor2 
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Primary measurements: First measurements of Sensor3 
were carried out and compared to a pre-installed CT 
(class 1).  
It was observed values of Sensor3 below 5 amps are less 
accurate when comparing with CT values. It is important 
to mention it is difficult to achieve an accuracy of 1% at 5 
amps for any sensing unit. Measurements are more 
accurate when the input current is above 15 amps. 
 
Sensor4 from manufacturer M4 
Field installation: Sensor4 was installed outdoor around 
MV overhead lines as shown below: 
 

 
 
 
 
Sensor4 were installed on the 3 phases of the overhead 
lines near an electric pole in Concept Grid. The sensors 
were installed with a power cut-off because they were 
mounted physically by a technician. The sensors can also 
be installed without power cur-off with a hotstick. The 
sensors were placed 3-4 meters away from the pole in 
order to avoid electromagnetic disturbance in the Wi-Fi 
communications between sensors and the aggregator. 
The data were transferred from the aggregator to M4’s 
server through GPRS communications with a 3G SIM 
data card. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Primary measurements: First measurements of Sensor4 
were carried out and compared to a pre-installed CT 
(class 1).  
It was observed Sensor4 values are accurate and close to 
those of the CT. 
 

CONCLUSION 

Several sensors were tested in Concept Grid testing 
facility and high voltage power laboratory of EDF R&D. 
This is the first time ERDF, with EDF R&D support, 
carried out such kinds of tests, functional and unitary. It 
is important to mention different technologies were tested 
in order to get a clear view of sensing principles and their 
advantages and drawbacks. From functional tests in 
Concept Grid we learnt more about installation of these 
sensors in a real network. From unitary tests, the good 
performance and limitations of these sensors were 
observed.  
 
These tests will nurture the technical specification that 
ERDF, with the support of EDF R&D, is preparing for 
smart secondary substation. The tests and their methods 
will help ERDF defining future qualifications of sensors. 
 
In 2014, investigations tests were carried out on selected 
MV sensors. In 2015, other MV sensors will be tested. In 
addition, LV and non electrical sensors will also be 
evaluated, same as in 2014, by functional and laboratory 
tests. 

Figure 11: Field installation of Sensor4 


