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OVERVOLTAGE PROTECTI ON OF TRANSFORMERS
AND HIGH VOLTAGE NET WORKS BY SURGE
ARRESTER

PROTECTIA LA SUPRATENSIUNI A 5
TRANSFORMATOARELOR SI RETELELOR DE INALTA
TENSIUNE PRIN DESCARCATOR

Alina VIISOREANU-RACHITEANU?, Alexandru-Marius VIISOREANU?

Abstract: The paper presents the main elements of surge arresters used for the
protection of the transformer and the high voltage network against overvoltages. A
comparison is made between the characteristics of the main types of the surge
arresters, both in terms of the constructive elements and in terms of the technical and
functional characteristics of these surge arresters. Following this analysis, it is
highlighted why there is a tendency to replace one model of surge arrester with the
other model which is more efficient.

Keywords: overvoltage, surge arrester, transformer, high voltage network,
protection.

Rezumat: fn lucrare se prezintd principalele elemente ale descarcdtorului
pentru protectia transformatorului si a retelei de inaltd tensiune impotriva
supratensiunilor. Se face o comparatie intre caracteristicile principalelor tipuri de
descarcatoare, atdt in ceea ce priveste elementele constructive, cat si in ceea ce
priveste caracteristicile tehnice §i functionale ale acestor descircdtoare. In urma
acestei analize se evidentiaza de ce apare tendinta de inlocuire a unui model de
descarcator cu celalalt care este mai performant.

Cuvinte cheie: supratensiune, descarcator,transformator, retea de inalta
tensiune, protectie.

1. Introduction

Phase-to-earth or phase-to-phase overvoltages occurring in electrical
networks due to atmospheric discharges of a microsecond duration represent
the lightning overvoltage.

! Drd. Dep. Inginerie Electricd, Universitatea POLITEHNICA din Bucuresti, Romania, e-
mail: alina.rachiteanu92@yahoo.com
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Electrical installations operate at a utilization voltage as defined in
IEC 60038.[1] This involves a dielectric stress through the electric field to
which the insulating material is subjected, this stress being produced by the
amplitude value of the nominal voltage. When a overvoltage occurs in an
installation, the electrical field created by it exceeds the value produced by
the amplitude of the nominal voltage and there is a risk of breakdown the
insulation.The problem that arises is how the insulation of electrical
equipment and installations can be sized to withstand the demands of
atmospheric or switching overvoltages. Overvoltages, depending on their
type, have amplitude values in a very wide range. Excessive oversizing of
the insulation of equipment and installations is not economical and also
impossible to achieve for the whole range of overvoltages, especially those
of atmospheric origin. Electrical demands require the coordination of
insulation by the defining elements, namely the overvoltage factor, the type
of atmospheric overvoltage, the level of protection and the voltage
withstand.

2. Protection of electrical installations against lightning
overvoltage waves

The equipment in the transformer substations must be protected
against lightning strikes, but also against overvoltage waves propagating on
the high voltage lines.

The protection measures used for direct lightning strikes are the use
of lightning rods, and for protection against overvoltage waves propagating
on the lines is the surge arrester.

The level of protection provided by the surge arrester depends on the
distance from the equipment to be protected, its location upstream or
downstream, the performance of the surge arrester, the configuration of the
station and the characteristics of the high voltage line.

In particular, the protection of the transformer is achieved by
mounting the surge arrester on its tank or by connecting it to the high
voltage terminal by a shortest possible connection. [2]

Defects observed in the operation of transformers are caused by
lightning overvoltages that can lead to: bypasses or punctures of insulators
or resin housing, loss of secondary voltage or current, massive oil leaks,
rupture of the bellows of sealed transformers and the presence of oil leaks,
heating of the joints of the primary circuits through which the transformers
are connected to the installation.
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Transformer faults caused by overvoltage waves can be classified as

follows: [3]

Electrical subsystem:

modification of the parameters or bypassing the high voltage
connection;

modification of the parameters or piercing the capacitive
divider;

modification of the parameters or penetration of the induction
coil;

piercing or bypassing the high voltage primary winding;
piercing or bypassing the low voltage secondary winding;
wear or breakage of secondary terminals;

modification of the parameters or bypassing the earthing
terminal;

Magnetic subsystem:

wear of the magnetic core;

Isolation subsystem:

modification of the parameters of the support insulators;
modification of the parameters of the secondary terminal
insulators;

modification of the parameters or bypassing the electrical
insulation paper;

modification of the parameters of the electrical insulating oil;

Mechanical reinforcement subsystem:

piercing or interrupting the tank;
modification of the parameters of the secondary terminal box;

Diagnosis and protection subsystem:

piercing or bypassing the protective spark gaps;
wear or modification of the parameters of the earthing switch;
fire.

The protection of electrical installations against lightning overvoltage
waves propagating on overhead power lines shall comply with the level of
insulation withstand. The level of insulation retention or coordination of the
insulation is the choice of the insulating distance so that the electrical grid
operates with a minimum risk of defect [2].

The type of protective measures used shall be determined on the
basis of the nominal voltage of the network, the keraunic index of the area
where the installation is located and the operating mode of the network.
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It is also possible to determine the keraunic index of the installation
area of the surge arresters, which is the number of stormy days with
electrical discharges during a year, according to weather data over a period
of 10 years or more. [4]

In an power station up to and including 400 kV, the protection
scheme shall be applied so that there is a safety margin between the
maximum voltage for each equipment in the station and the lightning pulse
withstand voltage.

3. Surge arresters - importance and defects

Surge arresters (or lightning arrester or surge diverter) for high
voltage electrical networks are classified into two categories:

- Surge arrester with metal oxide without priming spark gaps
(Fig. 1.a);

- Silicon carbide surge arrester with priming spark gaps and
shunt resistors (variable resistance) (Fig. 1.b).

CA —_————

N I
f_]
-

=

=

]

a. b.

Figure 1. Types of surge arresters [5]

The differences between the two types of surge arresters, from a
constructive point of view, are the following:

- Variable resistance surge arresters have columns of spark
gaps, their number depending strictly on the rated voltage of the network,
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and high value shunt resistors that ensure the distribution of the overvoltage
evenly on the priming spark gaps.

- Metal oxide surge arrester is formed by putting several disks
made of metallic oxide in series (90% ZnO Bi203 - bismuth trioxide);

3.1. Surge arrester with variable resistance and shunt resistors

The variable resistance surge arrester reduces the value of the
overvoltages by the non-linear resistors, voltage dependent, to a value equal
to the protection level.

The main components of the variable resistance surge arrester are the
spark gaps and nonlinear resistors. The spark gaps ensure, in normal
operating mode, the galvanic separation of the variable resistors from the
phase conductor in order to limit the current absorbed by the surge arrester
to a negligible value relative to the nominal current of the main current path.
In turn, the spark gaps are of several types, classic spark gaps and spark gaps
with force extinguishing (self-blowing, magnetic blowing, etc.) [6].
Nonlinear resistors are made of silicon carbide (SiC) or metal oxide (ZnO
90% Bi203 - bismuth trioxide). Nonlinear resistors ensure a low residual
voltage value in the overvoltage discharge process. The utilization voltage
may vary over time, and for this reason, a continuous operating voltage Uc,
representing that value of the voltage which can be applied to the surge
arrester for a period of time in which it does not intervene.

The construction of a variable resistance surge arrester and the
principle electrical scheme are shown in Fig. 2. The active part of the surge
arrester is formed by the spark gaps 1 and the variable resistors in series 2.
These are composed of several silicon carbide disks, of special construction
and of suitable composition [7]. The entire construction is protected by the
porcelain case 3, and the metal front covers 4 have the role of sealing the
construction and at the same time have the role of connection terminals.

The shunt resistors, R;, Ry, R3, Ry, are an integral part of the silicon
carbide surge arrester with priming spark gaps and have a very high value,
ensuring that the overvoltage is distributed evenly on the surge arrester's
priming spark gaps.

Defects of the variable resistance surge arrester (Tab.1) occur during
operation and therefore it is advisable to carry out periodic checks such as
measuring the priming voltage at industrial frequency and measuring the
conduction current.
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Figure 2. Construction of variable resistance surge arrester (a)
and principle electrical scheme (b) [7]

Table 1. The main defects that can occur during operation at variable resistance
surge arresters [6]

Variable resistance surge arresters

Common faults that may occur

No. - . Repair of the defect
during operation
1 Increase .Of _the cgnc_juctlon current over Checking / replacing the surge arrester;
the permissible limits
2 Interrup_tmg network or ground The damaged links are restored;
connections
Reduction of the priming voltage at the
3 industrial frequency below the Checking / replacing the surge arrester;
permissible limits
4 Moving the distribution rings Bring the reinforcement to the position
provided by the supplier;
5 Case cracks Replace the defective surge arrester with
a suitable one;
6 The defect of the insulating case The damaged surface is covered with
coating electropaste;
. The case is cleaned and treated with
7 Intense case pollution

silicone grease;
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Following these measurements, the following defects can be seen:[6]

- Moisture in the surge arrester due to tightness indicates values
below the permissible limit of the priming voltage at industrial frequency;

- Wrong sizing of the spark gaps, the interruption of the shunting
resistors or the unequal distribution of potentials show values above the
permissible limit of the priming voltage at industrial frequency;

- Due to the mechanical shocks, the chain of non-linear shunting
resistors can be interrupted, thus values under the permissible limit of the
conduction currents will be observed at measurements;

- Short circuiting elements in the surge arrester, such as shunt
resistors or spark gaps, indicate high values of conduction currents.

3.2 Metal oxides surge arrester

The metal oxide surge arrester by the non-linear voltage-current
characteristic limits the overvoltage.

The initial concept regarding the role of the surge arresters was the
protection against atmospheric discharges. With the development of the
thermal capacity, the surge arresters have the nominal withstand voltage
higher than the voltage level caused by the grounding of a phase, and the
protective voltage belongs to the level of the switching and atmospheric
overvoltages.

The installation of the surge arresters in the electrical networks is
done between the neutral of the transformer and the ground, between the
overhead power line and the ground (in the transformer stations), at the
connection of an overhead power line with a transformer station or at the
cable connection of an electric motor [8].

This model of surge arrester is made up of a column of resistors with
non-linear resistance with a coefficient of nonlinearity much higher in
comparison with the resistors of silicon carbide. The coefficient of
nonlinearity thus determined the elimination of the spark gaps from the
surge arrester structure. The overvoltage discharge is done in a very short
time, in matter of nanoseconds.

Fig. 3 shows the section of the sealing device and the protection of
the surge arrester [7].

The hermetic closure of the porcelain tire 6 is ensured by the force
exerted by the sealing plate 2 on the flange 4 and the rubber ring gasket 3.
Overvoltage protection is achieved by the sealing plate 2. As a result of the
surge arrester, the ionized gas accumulated in the case, is released through
the ventilation channel 1.
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Figure 3. The sealing and protection device
of the metal oxide surge arrester [7]

The main advantages of metal oxide surge arresters are the following:

- From a constructive point of view, they have a smaller dimensions
and high reliability by giving up the spark gaps and the shunt resistors;

- The voltage-time protection feature of the surge arresters is stable;

- The degree of protection is about 20% lower than in the case of
classical construction technology.

Due to these qualities, this type of surge arrester will gradually
replace the surge arresters with spark gaps.

The main parameters that are taken into account when choosing the
metal oxide surge arresters are the following:

- Continuous operating voltage of the surge arrester Uc;

- The amplitude and duration of the temporary overvoltages in the
network;

- The level of protection provided at the switching and lightning
impulse waves;

- Withstand levels of protective equipment;

- The absorption capacity of the discharged energy;

- Pressure limiter class.

An important aspect is the grounding of the surge arresters with
conductor or grouding plate having a minimum cross-section of 16 mm>.

One of the auxiliary equipments that is mounted on the ground
connection of the surge arrester is the electric discharge meter. It counts the
number of operations of the surge arrester. The minimum starting current of
the metering is 200 A at a lightning pulse wave of 8/20 us. One of the
important functions of the electric discharge meter is the measurement of the
residual leakage current to the ground. [8]
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Maintenance of metal oxide surge arresters during operation is very
important so that it can avoid defects or damages presented below in Table 2.

Table 2. The main defects that can occur during operation
at the metal oxide surge arresters[6]

Metal oxide surge arresters

Common faults that may occur

No. during operation

Repair of the defect

Increase of resistive component or
1 total current and its components
(peak value and 3™ harmonic)

Replacing the surge arrester;

Deterioration of porcelain insulators
2 or external insulation of composite Replacing the surge arrester;
material (breaking or occurring
corrosion or electric arc traces, etc.)

Insulation blackening at the top of Verification of the assembly of the
3 the insulators or at the top element | distribution rings and compliance with the
in the case of multi-element surge manufacturer's installation instructions
arresters
4 Loose connections to the live part or Restore of the damaged links
to the ground
Damage due to breakage, cracking
or damping of insulators at the base | Replacing damaged insulators or cleaning
5 S .
of the surge arrester, with wires or | deposits from the base of the surge arrester
vegetation

The figure below gives an example of a defect by breaking the
porcelain casing, which appeared as a result of aging and overloading of the
surge arrester. Thus, the defect is repaired by replacing the surge arrester.

Y

b 5
a

Figure 4. Cracking of the metal oxide surge arrester case [10]



https://www.inmr.com/wp-content/uploads/2016/07/Screen-Shot-2016-07-08-at-16.18.41.png

94 Alina Viisoreanu-Réchiteanu, Alexandru-Marius Viisoreanu

Following the checks of the surge arresters with metallic oxides,
values can be ascertained above the permissible limit of the resistive
component and the total conduction current.

The most common causes that increase the value of the resistive
component and the total conduction current are [6]:

- Electric overload of the surge arrester;

- Moisture due to tightness of the surge arrester;

- Deterioration of the support insulators;

- The effects of pollution on the external insulation of the surge
arrester.

According to the operating requirements of the surge arrester, their
failure rate is 0.005% / year.

4. Results and analysis

Electrical utilities are considering upgrading power stations and lines
by replacing protective and also other equipment. So, surge arresters that
have exceeded their service life are replaced with metal oxide surge arresters
(MOSA). Beneficiaries are rigorous in choosing the surge arrester and check
the test reports issued by the manufacturer. These test reports ussualy refer
to a series of test done as per IEC 60099-4 standard:[11]

- Insulation withstand test on the arrester housing;

- Residual voltage test

- Accelerated ageing test and Operating duty tests

- Long duration current impulse withstand test

- Internal partial discharge tests

- Radio interference voltage (RIV) test

- Verification of the power frequency voltage versus time
characteristic

- Rated (High) short-circuit current test (65 kA)

- Reduced short-circuit current tests (25 kA, 12 kA) and low short-
circuit current test (600A)

- Bending and Seal leakage test.
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5. Conclusions

Surge arresters for the protection of electrical networks and of the
main consumers connected to these networks are essential elements of an
energy system. They must ensure the operational safety of these networks
for a relatively long time and also comply with the norms or regulations
elaborated by the main beneficiary of these networks.

Initially, these surge arresters were designed to protect electrical
networks against overvoltages of atmospheric origin but also against single
or multiple reflections of overvoltage waves at points where the electrical
network changes its characteristic impedance. At present, these surge
arresters also have a sufficiently high thermal capacity so that they can
withstand the internal switching overvoltages.

In the absence of the surge arrester, the overvoltage at the network
terminals can reach much higher values, even doubling its value in the most
unfavorable situations [9].
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FROM CONCEPT TO REALITY:
ELECTRONIC REGISTRATION OF DEFECTIONS

DE LA CONCEPT LA REALITATE:
REGISTRUL ELECTRONIC DE DEFECTIUNI

Ing. Valentin STOIAN?, Ing. Darius COSTAN?, Ing. Marius CORNOIU?®

Abstract: The purpose of this paper is to present the work platform used to
manage the faults that have appeared in all the work points (hydroelectric plants,
pumping stations, dams, administrative offices) within the company Hidroelectrica SA.
It all started from a simple concept of registering the faults in a centralized database
directly from the affected unit. For this purpose, a client-server web application was
developed. The client part has been installed in every work place of the company, and
due to the algorithms and interfaces implemented, the failures are transmitted directly
to the servers that host the application and the database. Also, a well-determined
informational flow has been developed that follows the progress of the failure, with
specific statuses, from registration to remediation.

Keywords: electronic register, fault registration, automation

Rezumat: Scopul acestei lucrari este de a prezenta platforma de lucru
utilizatd pentru gestionarea defectiunilor apdarute in toate punctele de lucru
(hidrocentrale, statii de pompare, baraje, sedii administrative) din cadrul companiei
Hidroelectrica SA. Totul a pornit de la un simplu concept de fnregistrare a
defectiunilor intr-o baza de date centralizata direct de la unitatea afectata. Pentru
acest deziderat, a fost dezvoltatd o aplicatie web de tipul client-server. Partea de
client a fost instalata in fiecare punct de lucru al companiei, iar datorita algoritmilor
si interfetelor implementate, defectiunile se transmit direct catre serverele care
gadzduiesc aplicatia si baza de date. De asemenea, a fost dezvoltat un flux
informational bine determinat care urmareste progresul defectiunii, cu statusuri
specifice, de la inregistrare pana la remedierea acesteia.

Cuvinte cheie: registru electronic, inregistrare defectiuni, automatizare
1. Introduction

The digitalization era has attracted new operating standards, which
has forced the adaptation of the working mode to these new standards. Thus,
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the company Hidroelectrica is in a continuous process of development,
integration and adaptation to the new standards. The Electronic Failure
Registry is a web platform designed for recording, directing, tracking
progress, recording solutions and storing all information in a centralized
database for all the malfunctions that appear in the company's work points.
The application aims to make the transition from the classic paper registers
present in the control rooms of the hydroelectric plants to a single register, in
electronic format, for the entire company.

Before the application was implemented at all work points, the
defects that appeared were recorded in a physical, paper register. From the
physical register, the defects were transmitted by telephone to the
hydropower dispatcher who in turn wrote it down in a paper register. Also
on the phone, the shift chief announces the head of the boiler, respectively
the head of section regarding the malfunction. Further, the dispatcher
transmitted the defect to the maintenance service that issued the repair order
to the company Hidroserv that provides the repair and repair services. It was
a heavy flow, with many possibilities to mistake some information about the
failure due to the transmission and reception by telephone. In other
situations, some less significant flaws were even forgotten because it was
not a rigorous record of theirs.

All these situations have given rise to a concept of having a
centralized work platform consisting of a client-server web application and a
database, meant to simplify the heavy flow, to eliminate the situations of
transmitting impatient data regarding and to offer the possibility of tracking
the progress of the failure with the response time of each compartment
involved. The concept remained not only at the level of theoretical approach,
but became a reality. The whole concept was conceived, developed,
developed, implemented and processed by the authors of the present work,
and today the company benefits from a well-organized, clearly structured
work platform, with an easy and transparent information flow, for managing
the failures.

2. Functional description of the application

The application was developed in JavaScript and HTML (CSS) for
the frontend and PHP for the backend side, where it is connected to the
Apache 2.4 web server. For the information management system, a relational
database MySQL developed by Oracle was used. Currently, the operating
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system used on the machine hosting the application is Ubuntu Server 18.04.4
LTS.

All the computers within the company received access to the client

application, so a unitary solution for reporting a failure in each location was
implemented.

2.1. Informational flow

In order to determine the major differences between the old and the
current information flow, we made a block diagram.

Head of Power Plant
Head of Department

l

Phone transmission

i

Power Plant 1 Hydropower
Employee (records . Phone . | Dispatcher (records
the fault on a paper transmission ™| the fault on another

register) paper register)
Report
+ Phone transmission
Solve
. Place ( Maintenance
HIDROSERV SA J‘ order L Department

Figure 1. Old informational flow

As can be seen from the two diagrams, before the application
appeared, the flow was a heavy, slow one, with many possibilities to make
mistakes or to transmit inconsistent data. With the implementation of the
application, all the data and status of a failure are concentrated in a single
platform, from registration to remediation.
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2.2. Failure registration
When a failure occurs at one of the company's work points, the shift

manager has the attribution to record the failure in the application. It will
complete the defect addition form as in the figure presented below:

Adaugare Defectiune

26-02-2020/11:10 192.168.58.128

SH HATEG v 2499

CHE RETEZAT v 1-24-01

HIDROAGREGAT 1 CHE RETEZAT 1-24-01-01-0001 24-30068

Grup ulei sub presiune

Pierderi ulei la rezervorul tampon

loncescu Florin / Sef CHE

Campurile marcate cu * sunt obligatoril

Figure 3. Registration of a new fault

After completing this form, the tour manager has the opportunity to
preview the final format of the failure before the actual registration.

Va rugam validati defectiunea

Sucursala  Unitatea  Data Inregistrare Defectiune Instalatia Afectata Echipament Afectat Descriere Consemneaza Defectiunea Valideaza Editare Stergere
SHHATEG CHE RETEZAT 26-02-2020 11:10 HIDROAGREGAT 1 CHE RETEZAT GRUP ULEI SUB PRESIUNE Q lencescu Florin / Sef CHE v T g

Copyright ® HIDROELECTRICA 2018
Figure 4. Fault preview

« If the fault data are correctly recorded, then press the validate
button to complete the registration process.
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* If you want to edit the previously completed content, the edit button
will be activated, which will allow you to modify the add defect form.

« If you want to cancel the addition process, the delete button will be
activated.

When the failure is validated, it will be published on the main page
of the platform, initially marked with @l color and unresolved status:

Registru De Defectiuni 2020

1362 defectiuni inregistrate dintre care: 52 nerezolvate, 871 in curs, 338 remediate

Sodulomd [SSCE  moisde  Meniwrizrest HR0
T 5L 1 SHESTATA  CHEBADM)  JCIMOINN  HIDADNGREGATLOHEBMCAU BELEU SAOTECTE B IS X X X
Bem rmive.  Digaoz it

Figure 5. Main page of the application

2.3. Direction of failure

During this stage, the head of the operating unit / service of the
administrative unit has the task of directing the failure of the competent
department in order to solve it as efficiently as possible:

Equipment Maintenance Service;

UCCH (Tracking the Behavior of Water Construction) Service;
Monitoring and Diagnosis Service

IT service

Heritage Management Service

After completing this form, the status of the defect will change to
sent to Monitoring and Diagnosis (according to the example above) and will
be orange.
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Se adreseaza catre...*

O Mentenanta O UCCH @ Monitorizare si Diagnoza O STIC O Utilitati
Emitere da in ved dierii N
Durata estimata pentru lucrare (ore sau zile
2 ore

Cine Emite Referatul (Nume si Prenume)*
Stefan Cocea

REFERAT COMANDA m

Campurile marcate cu * sunt obligatorii.
Copyright & HIDROELECTRICA 2018

Figure 6. Fault correction form

2.4. Taking over the failure

When the defect has been addressed, the designated person from the
concerned department will take over the defect by filling in the following

form:

Executant Lucrare de Remediere*

Forte Proprii
Responsabil de urmarirea lucrarii (Nume Prenume i Functia)
Burca Mihai inginer birou MD

Tip lucrare
Mentenanta Corectiva

PRELUARE DEFECT m

Gampurile marcate cu * sunt obligatori.
Gopyright © HIDROELEGTRICA 2018

Figure 7. Fault pickup form
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Thus, after completing the required fields, the failure will be taken
over by the service designated at the previous stage and its status will
become pending ... written in yellow. At this moment it is known that the
approved department has taken the organizational measures for the
intervention, and the failure will be remedied.

If the malfunction is notified by the Maintenance Department or
UCCH, a standard notification form must be issued to the Hydroserv Repair
Section for intervention. This form is automatically generated from the
application and is printed.

2.5. Finding the fault

This is done on the spot by the personnel responsible for performing
the remediation work.

The findings on the failure are recorded in the application, thus
keeping the data regarding the causes of the failure.

If staff delegated by the department to which the defect is addressed
finds that it cannot intervene to remedy it, then the defect will be redirected
to the head of the department with the motivation and request to be sent to
another department for intervention. In this case, the status of the defect will
be redirected ... The head of the section will reiterate the procedure for
directing the failure to another department in order to solve it.

Sursa de alimentare este arsa, circuitul este intrerupt.

Alin lonescu / ing. Birou Monitorizare si Diagnoza

Salicit sectiei de exploatare redirectionarea defectiunii spre depar | de M. Echip astfel incat sa poata fi trimisa
comanda de executie la Hidroserv pentru interventie si remediere.

Redirectionare

CONSTATARE DEFECT m

Figure 8. Fault finding form
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