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Abstract

The Italian Transmission Company (TERNA) since 
several years has been trying to implement an in-
tegrated on-line diagnostic system of their substa-
tion apparatus in order to reduce maintenance time 
and increase the life time of their asset. To imple-
ment this system, TERNA needed to obtain some 
signifi cant parameter data from the various substa-
tion apparatus: the main desired goal of the system 
is to generate alarm signals if preset thresholds are 
passed and predict faults before a long outage oc-

curs. The system should also be able to act as the 
most important tool to manage condition base 
and preventive maintenance in HV substations. 

ISA has developed this system in coopera-
tion with TERNA. This paper deals with the 
development, the installation in   Terna’s 
380 kV Lacchiarella  substation, in Milano re-
gion and the results achieved by EDS system. 

1.  Introduction

The development is based 
upon a new concept of on-
line diagnostic system that has 
the goal to reduce the main-
tenance cost and increase the 
substation apparatus lifespan.

Purpose of the line diagnostic 
system is to highlight malfunc-
tions before these can cause an 
outage of the substation. In order 
to achieve this goal it is neces-
sary to set up a continuous moni-
toring system of the fi eld appa-
ratus: any further maintenance 
with dedicated instruments 
can be programmed depend-
ing on the information received. 

A pivotal design criterion of the 

system is that the collection of 
monitoring devices must not 
lower the overall system reli-
ability. As a consequence of 
this design criterion, the actual 
manufacturing follows guide-
lines of extreme reliability for 
the components used and of 
minimal connection to the con-
trolled system.  Moreover, if one 
component of EDS system fails, 
it doesn’t disturb the system.

The architectural work that was 
the base for the development 
has been the following one:
.  Decide which devices had to 
be considered for the continuous 
monitoring;
.   Decide which parameters of 

these devices had to be monitored;
. Decide the diagnostic crite-
ria to be applied to the mea-
surements that should cause 
an alarm to the supervisor.

There are four devices that can 
be monitored by our system 
units; they are:
- Circuit Breaker, that includes: CB 
unit and I2T unit,
- Current Transformer (CT unit),
- Voltage Transformer (VT unit),
- Surge Arrester (SA unit).

In the following paragraphs are 
explained the measured param-
eters of each unit, and the alarm 
criteria applied by the feeder 
unit.
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2.  EDS connection scheme

The following is the overall connection scheme of 
the system. There are:
. Measure units connected to the monitored devi-
ces;
. Data from these units (via direct wiring connec-
tions) go to a remote unit, that perform the analog 
to digital conversion;
. Remote units are connected (via fi ber optics) to 
the Feeder unit, where these data are analyzed by 
the diagnostic criteria;
. Feeder units send their alarm messages (via 

ETHERNET) to the Substation Monitoring System, 
via a Monitoring Recording Events interface. 

Each remote unit is timing synchronized with GPS 
clock.

The physical construction of the EDS system devi-
ces is designed to be mounted and fi t to a variety 
of devices installed in substations, and can be 
mounted in existing or new enclosures.

CENTRAL SCADA

LOCAL SCADA

EDS - SURGE ARRESTORS 
MONITORING UNIT

EDS - PT/VT
MONITORING UNIT

EDS - CT
MONITORING
UNIT

IP OR DEDICATED NETWORKIP OR DEDICATED NETWORK

EDS - CENTRAL UNIT

EDS - CIRCUIT BREAKER 
MONITORING UNIT

STATION LAN

EDS - I2t 
MONITORING 
UNIT  

Fig. 1 -  EDS system description
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Fig. 2 -  EDS schematic block

3. EDS project in 380 kV TERNA substation

The continuous on line monitoring system deve-
loped by ISA for the Italian Transmission Company 
(TERNA) aims to monitor relevant parameters in or-
der to reduce maintenance time and prevent long 
outages. The system was fi rst installed in the 380 kV 
substation located in Lacchiarella, Northern Italy. 
The following paragraphs deal with the system de-

scription, the expectations and the goals achieved 
by EDS monitoring system.
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Fig. 3 -  SCADA monitor: 380 kV section of Lacchiarella substation 

3.1 System description: moni-
tored devices and parameters

EDS on line continuous monitor-
ing system comprises the follow-
ing units:
. Feeder units
. Remote units:
.. Circuit breaker unit;
.. I2T circuit breaker unit;
.. Current transformer unit;
.. Surge arrester unit;
.. Voltage transformer unit.

The EDS target is to perform 
timely surveys and  rise alarms 
of threatening issues. The moni-
tored parameters are:

- Trend of SF6 Gas leakage 

in circuit breakers and Current 
Transformers;
- Value of the total peak cur-

rent and of the 3rd harmonic 
current of surge arresters;
-  PT’s secondary voltages;
- Gas dissolved in Transformers 
oil;
- Device temperature and in-
put/output temperature of 
Transformer air cooler.

The signals are monitored by 
transducers in the less invasive 
possible way. 
The purpose is to keep the moni-
tored apparatus reliability con-

stant and to reduce the outage 
time of the devices to install EDS 
system.

The system commissioned in 380 
kV Lacchiarella substation is cur-
rently perfectly and completely 
working and is monitoring the 
following substation apparatus:
. 7 circuit breakers; 
. 6 Transformers with SF6;
. 12 Transformers; 
. 12 surge arresters.
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3.2  Feeder Unit

Each feeder units is connect to 
up to 5 remote units and it is time 
synchronized with GPS clock 
(like the remote units). Signals 
acquired by the feeder units are 
computed to generate alarms, 
trends, measurements for the 
substation monitoring system. 
The fi bres coming from the vari-
ous remote units are connected 

to a fi bre selector placed in the 
feeder unit. In the feeder unit is 
placed also the computing unit, 
that manages also the communi-
cation protocol with the substa-
tion monitoring system.

Each remote units and feeder 
units as well, have their fi rm-
ware and setting parameters. 
By means of a dedicated line on 
the feeder unit, separate from 

the interface to the substation 
monitoring system, but using 
the same physical connections to 
send request to remote unit and 
receiving signals information, it 
will also be possible to modify 
parameters of remote units or 
measuring units, and also to up-
grade their fi rmware without the 
need of physically go in the fi eld.

Fig. 4 -  EDS monitoring unit

3.2.1  Inputs from the remote 
units 

The feeder unit collects the mea-
sures from the remote units, by 
means of optical fi bres. The feed-
er unit reads the measurements 
at specifi c times from the remote 
units. 
The measure polling period is 
programmable for each type of 
unit. At confi rmation of the suc-
cessful measure transmission, 
the remote unit deletes the mea-
surement from the local memo-
ry; otherwise it repeats the trans-
mission of the measure.

3.2.2  Software of the feeder 
unit

The operating system of the 
feeder unit is based on the Win-
dows CE platform, therefore the 
software will be developed with 
Microsoft programming tools. 
The basic characteristics are:
- Execution of the monitoring of 
the various remote units,
- Storage of the results in daily/
weekly/yearly database that can 
be simply consulted,
- Trend analysis of the SF6 den-
sity (for circuit breakers and cur-
rent transformers),
- Possibility to modify the thresh-

old parameters,
- Possibility to remotely confi g-
ure thresholds, zeroing measure-
ments and so on,
- Remote interrogation from an-
other PC via static IP (with pass-
word),
- Transmission of the measure-
ments and the alarms to the sub-
station monitoring system.
Thanks to this approach, chang-
ing the alarm criteria can be 
easily performed, to adapt the 
system to the various types of 
substation devices and analysis 
criteria.
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3.3  Circuit breaker Unit (CB 
Unit)

The CB unit acquires 3 analogue 
signals and 13 digital signals (ba-
sic unit). 
The analogue signals serve to 
measure the SF6 density coming 
from transducers.
The digital signals acquired by CB 
units are: 6 CB open command 
signals, 1 close command signals 

of the circuit breaker, 3 auxiliary 
contacts matching CB position 
(open CB), 3 auxiliary contacts 
not matching CB position (close 
CB).

When an Open or Close com-
mand is generated from the 
substation control system, it is 
also acquired by the CB unit. The 
command signals trigger the 
CB unit, that records all digital 

signals, and measures the corre-
sponding timing. All measures, 
identifi ed by the trigger channel 
and measured channel, are sent 
to the feeder unit for subsequent 
processing.
Optionally, it is possible to have 
four more analogue measure-
ments: 3 for CB coil current pro-
fi le analysis, one to monitor the 
subsystem battery. 

Fig. 5 -  Circuit breaker monitoring unit and installation 

The monitored parameters of 
380 kV Terna substation circuit 
breakers are:
- Opening and closing time (by 
auxiliary contacts already avail-
able on the circuit breakers);
- Bouncing time (by auxiliary 
contacts already available on the 
circuit breakers);
- Amount of interrupted cur-

rents (by current transformers 
already available in substation); 
- SF6 Density trend. In case of 
gas leakage, EDS will be able to 
predict in advance when alarm 

will start to report the minimum 
density gas.

The alarm criteria generated by 
the analysis of signals from the 
CB unit are the followings:
- Time between the open com-
mand and the contact not match-
ing the CB position(one or three 
measures, depending on single-
phase or three-phase open);
- Delay between the close con-
tact and the contact matching 
the CB position(three measures);
- Trigger spread time (three-

phase open command);
- Open pole discrepancy (none or 
one measure, depending on sin-
gle-phase or three-phase open);
- Close pole discrepancy (none or 
one measure, depending on sin-
gle-phase or three-phase open).

For each type of timing there is 
a defi ned tolerance. The feeder 
unit checks the values against 
the tolerances and, if surpassed, 
an alarm message is sent to the 
MRE system.
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Fig. 6 -  Opening/Close time of circuit breaker 

The following graphics shows the display of a circuit breaker with a relevant issue (in red the alarming 
Closing time) which may result in a fault, if a repairing action is not taken promptly.

Fig. 7 -  Circuit breaker alarm 
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3.4 I2T circuit breaker Unit 
(I2T Unit)

The I2T unit is acquires 3 analogue 
signals and 2 digital signals.

The analogue signals acquired 
by I2T units are current measure-
ments, taken from the CT second-
ary. By this signals is it possible to 
compute the energy dissipated 
in every CB operation.
The unit is continuously ready to 
measure the current. The mea-
surement is started by the feeder 
unit, that issues a measurement 
command when it recognizes 
an Open command from the CB 
unit. On the measured currents, 

the I2T unit performs the follow-
ing functions:
- It verifi es if the current is greater 
than the programmed threshold;
- It detects the maximum inter-
rupted current, taking in account 
the current values correspond-
ing to the arcing, that is the pro-
grammed duration before the 
current extinction: this is the pa-
rameter transmitted to the feed-
er unit.

The digital signals acquired by I2T 
units are the positions of feeder 
disconnectors: by means of these 
signals is it possible to under-
stand on which bus-bar the feed-
er is inserted.

The current peak for each inter-
ruption is used to:
- Compute the corresponding I2T;
- Add up the measured value to 
the cumulated total, and refresh 
it.
The cumulated total is checked 
against the programmed thresh-
old value, and the alarm is gen-
erated when the threshold is 
surpassed. It is possible set a 
number of thresholds.

When the device is installed, the 
operator can program the cumu-
lated I2T value at the moment of 
installation.

3.5  Current Transformer Unit 
(CT Unit)

The CT unit is acquires 3 ana-
logue signals, that are the mea-
surement of SF6 gas density. The 
measurement is started by the 
feeder unit.

The monitored parameter of 
transformers with SF6 gas is:
- SF6 Density trend. In case of 

gas leakage, EDS will be able to 
predict in advance when alarm 
will start to report the minimum 
density gas.
The feeder unit computes the 
density speed of variation (not 
only the density), as per the fol-
lowing algorithm. 
- RAPID VARIATION, FAULT: 
The density measurement is 
performed at a fast pace (for in-
stance 10 s); then it is performed 

an average over a programmable 
number of measures.
- SLOW VARIATION. The den-
sity measurement is performed 
once a day, overnight, when the 
temperature is more stable, at 
the programmed time. The de-
rivative is calculated on the aver-
age of a programmable number 
of values, as a diff erence of the 
readings over two or more days.

Fig. 8 -  SF6 density sensor, Sensor installation and CT monitoring unit 
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In both instances, if the average varies of a value greater than the fault thresholds (programmable), the 
corresponding event is immediately raised.

Fig. 9 -  SF6 gas leakage trend

Fig. 10 -  CT monitoring unit and example of installation
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3.6  Surge Arrester Unit (SA 
Unit)                               

The monitored parameters of 
ZnO surge arresters (according 
IEC  60099-5 A1) are: 
- the peak value of the total 

current;

- the  RMS value of 3rd harmon-

ic current;
- the number of discharges.

The analogue signals acquired 

by ISA units are made of a central 
unit and of two peripheral units. 
Each unit includes: 
- 1 low current measurement: 
this allows testing the quality of 
ZnO, as per the method outlined 
by IEC standards 60099-5 A1 ED. 
1.0  Section 6: Diagnostic indica-
tors of metal-oxide surge arrest-
ers in service ( method B1). Mea-
surements performed are the 
peak of  the total current and the 
rms value of the third harmonic 

component.
- 1 high current measuring, that 
measures the current peak and 
time of occurrence when the ar-
rester is operating.
Units sense the current crossing 
the arrester ground connection.
The central unit receives the 
measurements from the periph-
eral units and converts them for 
the feeder unit.

Fig. 11 -  Phase A  SA unit, Phase B( central position) and Phase C  SA unit 

The low current measurement 
is started by the feeder unit at a 
low pace. The high current mea-
surement is polled by the feeder 
unit at high pace.
For the low current measure-
ments, the peak and third 
harmonic values are checked 
against the programmed thresh-
olds. The feeder unit raises an 
alarm when the maximum pro-

grammed threshold is surpassed. 
Two diff erent alarm thresholds 
are defi ned: one for the funda-
mental current and the other one 
for the 3rd harmonic current. The 
measure of the fundamental cur-
rent is stored together with that 
of 3rd harmonic, to complete the 
event information.

For the high current measure-

ments, the feeder unit counts 
the total number of discharges, 
along with the timing of the 
various events, and passes to the 
MRE this information along with 
the current peak value.

The following is an example of 
the display, showing data about 
the SA monitored parameters.
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Fig. 12 -  SCADA monitor: surge arresters measurements 

Fig. 13 -  Example of installation
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3.7  Voltage Transformer 
Unit (PT Unit)

The PT unit acquires 3 voltage 
signals. Purpose of this unit is to 
provide an accurate measure of 
the PT secondary voltage: the 
MRE will detect the faulty PT by 
comparing the measurements of 
the other PT measuring the same 
voltage in the plant.

 The monitored parameter of po-
tential transformers is:
- PT’s secondary voltage: the 
measurement is compared with 
the measurements taken simul-
taneously on other PT’s of the 
same substation, thanks to a 
proper Synchronized Voltage 
Comparison Algorithm.

Upon a synchronization signal 

( GPS synchronizer) from the 
feeder unit, the PT unit computes 
true rms values of the voltages, 
and transmits them to the feeder 
unit. In this way it’s possible to 
get measurements coming from 
diff erent PT units performed at 
the same time. 
The algorithm for the monitor-
ing of the PT has the purpose 
of highlighting anomalies in the 
transformer, despite the line volt-
age variations and the unavoid-
able measurement errors. The 
algorithm needs the measure-
ments coming from at least three 
PT’s connected to the same phase. 
These measures (every 4 hours) 
are synchronized by an IRIG-B de-
vice.
The algorithm operates on the dif-
ferences between measurements, 
and locates the PT with the mini-
mum voltage output, having a dif-
ference with respect to the others 
that is beyond the pre-set limit.

Fig. 14 -  PT monitoring unit

Fig. 15 -  PT monitoring unit and example of installation
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The following are examples of PT measurements data displaying: 

Fig. 16 -  SCADA monitor: PT’s secondary voltage measurements 

Fig. 17 -  Substation local computer display : PT’s continuous secondary voltage monitoring 
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3.8  Transformers/Autotransformers and reactors ( future development) 

The monitored parameters of transformers/autotransformers and reactors are:
- Loose gases and gas humidity;
- Temperature and input/output temperature of air heaters;
- Currents;
- Load Tap Changer Number of operations;
- Operating time of fans and pumps. 

Fig. 18 - Example of installation

3.9 First results

- The EDS system reported an increasing  of the peak value of the total current and of 
the  RMS value of 3rd harmonic current of a surge arrester 6 hours before the fault eventually occurred.  
Thanks to the alarm, promptly sent to the operation center, the arising fault was seen, understood and 
repaired. EDS system allowed to minimize the outage of the substation. If not predicted by EDS, the fault 
may have caused a long outage, causing a widespread electrical ineffi  ciency.

Fig. 19 - Lacchiarella substation – fi rst relevant data: prediction of fault of surge arrester, phase 8, on 
March 5th 2010. 
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3.9.1  Lacchiarella installation results

Terna – Italian Transmission Company expected to 
get from EDS system the following improvements:
- Timely surveys and  alarms of threatening issues.
-Supplementary information about the fault causes.
- Condition base maintenance improvement.
The fi rst results of Lacchiarella substation project 
are more than satisfying:
- The data gathering of a growing number of HV de-
vices from various manufacturers allows to extend 
the knowledge of specifi c devices behaviors. 
- Thanks to the information provided by the EDS 
continuous monitoring system, maintenance plans 

can be optimized as well as available resources can 
be better managed on a real maintenance require-
ment basis.
- The timely data analysis allows a considerable im-
provement of HV devices reliability and a far better 
resources management.
- More useful information are available to opera-
tors, who can quickly and easily understand the 
cause of the fault and minimize the outage time. 
- The continuous on line monitoring of HV devices 
performances from various manufacturers allows 
a better evaluation between purchase cost and 
maintenance cost of substation apparatus. 

The on-line monitoring system is very fl exible as 
the remote units are not dependent from the de-
vices manufacturer and the feeder central unit can 
handle diff erent protocols.

The proposed ISA on-line diagnostic system allows 
to monitor a variety of substation devices (existing 
and new) with reduced impact with the existing 
circuit in order to have a condition based mainte-

nance reducing the outage time, the related cost 
and increase the devices lifespan.

TERNA will soon add to the monitored devices 
Transformers/Autotransformers and reactors in 
Lacchiarella pilot project. The maintenance plans 
are now managed according to the real needs of 
the monitored devices, thus saving time, energy, 
eff orts.

4.  Conclusions and future developements
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6.  Acronym

CB: Circuit Breaker
CT: Current Transformer
M.U.: Monitoring Unit
R.T.U.: Remote Terminal Unit
SA: Surge Arrester
VT: Voltage Transformer


