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Selected Methods for Improving Power Reliability

Abstract. The article discusses the problem of the widespread use of devices that require increased quality electric power supply. An example of a
practical division of electricity receipts into several categories is shown. Methods of increasing the reliability of power supply are described and the

most commonly used technical solutions for this purpose are discussed.

Streszczenie. W artykule oméwiono problem powszechnego wystepowania urzgdzen, ktére wymagajg zasilania o podwyzszonej jakosci dostaw
energii elektrycznej. Pokazano przykiad praktycznego podziatu odbioréw energii elektrycznej na kilka kategorii. Opisano metody zwigkszenia
niezawodno$ci zasilania oraz oméwiono najczesciej stosowane w tym celu rozwigzania techniczne. Wybrane metody poprawy niezawodnosci

zasilania
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Introduction

There are many types of electricity receivers that require
continuous and almost ideal power supply. Despite the fact
that the degree of power supply reliability in the power
system is very high, IT equipment, data processing and
transmission equipment, precise control units and control of
long-term industrial processes are sensitive to various types
of interference that may occur in the power grid. The scale
of the problem is also shown by the fact that the
requirements for the power quality are important for
different receivers: on the one hand, it can be medical
equipment, and on the other, ordinary LED lighting [1].
Phenomena disrupting energy supply not only cause
deterioration of power quality in the sense defined by ISO
9000 series standards but also affect the durability of
devices, their lifetime and reliability. Poor power quality also
has an adverse effect on the quality of products
manufactured with sensitive devices. An example may be
the quality of the produced light, errors in data transmission
or the quality of the surface worked in the milling process.
For correct operation of the described devices, it is
necessary to use guaranteed electric power supply
systems, both AC and DC [2-4].

Different requirements as to the reliability of the power
supply resulted in the development of recipients'
classification. The main division concerns two groups:
industrial recipients and municipal recipients. It has been
assumed that there are three categories of recipients in the
group of industrial recipients:

e Category | - with the highest requirements (highest
reliability of power supply). These are devices
whose failure may cause a threat to human life or
very serious material losses.

e Category Il - with increased requirements
regarding the quality and reliability of power
supply. These are devices whose failure causes
losses in production.

e Category lll - with no special requirements. These
are other devices not classified in categories | or Il.

When designing the power system for devices of
category |, it is necessary to take into account the detailed
requirements of individual devices and, without using a
relatively adequate back-up power supply system, which
must be independent of the basic power supply. In the case
of the third category, sometimes the back-up systems are
also used, but only when it is economically justified. The
described division results from project findings and it is not
directly related to the applicable law. It should be noted that
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the categorization of devices is very often related to the
structure of the external power grid and distribution network
inside the plant.

In practice, the technical capabilities of the local electricity
supplier (distribution company) are very important and
decisive.

Municipal recipients, i.e. recipients supplied from public
distribution networks usually with a voltage of up to 1kV, are
non-industrial recipients with public facilities (residential
buildings, banks and hospital buildings with some
exceptions, offices, railway facilities, aviation objects,
commercial facilities, etc.). This group is sometimes also
divided into three or four categories.

In category | with the highest priority power supply, the
recipients require uninterruptible power supply or have
devices in the case of which the power supply must be
reliable. The applied solutions consist in using
uninterruptible power supply from a back-up source, e.g.
power generator adapted for long-lasting work. This solution
is used for hospital operating rooms, banking computer
systems, etc.

In category Il with a high priority supply power, breaks
should not exceed 1 second. For this purpose, for example,
two independent power lines from the energy system are
used. Entities belonging to this group are: hospitals, radio
stations, railway stations and equipment, airports, etc.

In category Ill with a medium power supply priority,
breaks should not exceed several seconds. The solutions
applied mainly concern emergency lighting as well as
numerically controlled elements and devices. The problem
is solved by power generators. The energy consumers in
this group are, for example, large residential buildings, large
office buildings, and sometimes road infrastructure
elements.

In the last IV category there are no additional requirements
as to the reliability of power supply. Relatively long power
interruptions lasting even many minutes are allowed.
Typical objects in this category are single-family houses in
rural areas, houses in sparse urban buildings, blocks of flats
etc. Most often, these objects are powered by a single
radial line.

The presented division, similarly as in the case of industrial
recipients, is not legally defined, but it rather results from
design practice and distribution companies [5].

Increased reliability of power supply
Increasing the reliability of power supply can be
obtained through various financial investments, with the
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increase in reliability being determined by the exponential
function.

This makes it necessary to choose a reasonable
investment, which should be determined by considering the
required parameters, which include:

e The power of the source and the maximum time to
deliver energy.

e Switchover time, i.e. the time from the moment of
voltage decay on the basic source until the load is supplied
from the back-up source. Yet, this time is often extended by
the time of decreasing the power quality and the time of
returning to the appropriate minimum level of power quality.
o Efficiency of the applied solution.

¢ Maintenance cost both during work and stand-by.

Table 1. Backup power supply devices and their parameters

An ideal alternative source of back-up power should meet
the following requirements:

¢ Unlimited source of energy, i.e. high power.

¢ Unlimited working time.

e Zero changeover time.

e Low operating costs during operation.

e Zero operating costs while waiting.

Unfortunately, practical solutions do not have such
parameters. Table 1 presents the most common practical
solutions for back-up power supply and their features.

Type of supply Source power Changeover time Instalation costs
Additional po;vr?(; ling from the Unlimited From miliseconds to seconds Very high

Power generator Nearly unlimited

From a few seconds to a few

minuted (rarely less than a second) From medium to high

Usually low, Rarely medium,

From a few seconds to nearly

Batteries : . Low or medium
Occasionally high. seamless
Uninterruptible power supply From low to high. Rarely low. From less than a second to nearly From medium to high
(UPS) seamless
According to Table 1, recipients with increased complex technological processes, UPS uninterruptible

requirements for energy quality and reliability of its supply
should be supplied from at least two power lines. Such a
power supply requires the use of ATS automatics -
automatic switching on of the reserve. This solution is the
most expensive, but at the same time provides unlimited
power supplies. An alternative to using power from the
second power line is the use of a power generator. In this
case, the investment costs are much lower than those
related to the construction of the power line but the
delivered power drops significantly. The time required to
start the unit can also be extended. This solution also
requires ATS automation and complex automation to
control the operation of the unit. The use of the generator
may be the third route of energy supply in the case of
particularly demanding customers (two power lines and
generator), such a solution greatly increases the reliability
of energy supplies but increases the possibility of extending
the total time of reserve power supply [6].

Industrialclient

Category Il
- recipients
with high
requirements

=
Y

Category |
- recipients with
the highest
requirements

ATS Mainswitchboard

Category IlI
- recipients
with low
requrements

Power
line
1}

Y

ATS Generator

Fig.1. The power supply system of a customer with increased
requirements for reliability

In case of recipients using important IT systems, local
computer networks, microprocessor devices controlling
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power supplies are used. They provide an almost reliable
power supply, with low power, in a relatively long time with
a very short switching time of the power source. UPS
devices in the internal structure have ASS automatics. Fig.
1 shows an example of a customer supply system with
increased requirements for power reliability [7-9].

Two-sided power supply

The two-sided power supply from the power grid is
implemented from two independent main power points, so-
called MSP (main supply point). It can be implemented
using high voltage (HV) networks, medium voltage (MV)
networks and sometimes even low voltage (LV) networks.

Generators

There are four groups of power generators:
¢ In the first group there are generators that are switched
on manually after power supply decay. The power of these
generators is from several dozen KW to several MW. The
time of readiness for loading depends on the power and
ranges from 5-15 seconds for small devices up to 3-4
minutes for the largest devices.
e In the second group there are devices with powers
similar to those of the first group, but these are devices
equipped with electronics enabling automatic start. This
solution significantly shortens the time of preparing the
device for load.
e In the third group there are devices equipped with a
flywheel (constantly rotating mass). The second
characteristic feature of these devices is equipping them
with the most frequently controlled electronic clutch.
Aggregates of this group work according to the following
algorithm: an electric motor powered from the basic power
line continuously drives the flywheel on the common shaft
with an electric generator. However, the generator does not
work because it is disconnected by the clutch. In the event
of a failure, the clutch is switched and the generator starts
producing energy. During the nominal operation of the
generator, the drive is carried out by combustion engines. In
the group of these devices there are those in which the
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generator operates in the idle state and after the supply
voltage decays, the generator goes into the rated operating
state. The spinning mass provides the necessary energy for
a period of time from the power supply failure until the
generator's generator drive is fully started.

e In the fourth group there are devices of similar
construction to those from the third group, with the
generator working in them continuously supplying selected
important devices. At the moment of the power supply
decay, the generator load is increased by attaching
additional receivers.

Batteries

In industrial practice, two types of systems are used in
which the batteries work [10]:
¢ In the normal operating condition of the supply network,
the batteries are constantly recharged. In the event of a
failure of the basic power supply, the battery is switched on.
This system is used to power the so-called own needs, e.g.
telephone switchboard, power supply for DC receivers, as
well as receivers that can be powered by both direct and
alternating current, e.g. emergency lighting.
¢ In the second system there is a much larger rectifier that
simultaneously recharges the batteries and supplies the
load. It is only in the event of an emergency that the energy
consumption from the batteries is started. The system of
such work has features characteristic for uninterruptible
power supplies.

Uninterruptible Power Supply (UPS)

Uninterruptible Power Supply UPS units are intended for
supplying loads with the highest quality requirements, and
especially for power supply continuity [11-14]. In industrial
practice there are three basic types of UPS:

e Passive readiness (VFD class sometimes referred to as
off-line).
e Double conversion (VFI class sometimes referred to as
on-line).
e Interactive line (class VI sometimes referred to as
hybrid).

Off-line systems charge the battery during normal
operation of the basic power supply. At the moment of the
failure of the basic power supply, the inverter is started,
which draws energy from the batteries providing the
necessary power supply to the receivers (Fig. 2). In off-line
power supplies, the primary power source is the power grid.
The backup power source is batteries, or less often their
sets. In simplified terms, it can be said that the off-line
power supply "does nothing" until a power failure occurs.
This failure does not have to involve a power failure. It may
also be a change in amplitude or frequency. The operation
of the switch (6 fig. 2) depends on the electronic logic used.
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Fig.2. Block diagram of UPS, off-line type (standby)
(1 - surge suppressor, 2 - filter, 3 - battery charging system,
4 - battery, 5 - DC/AC converter, 6 - switch)
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The relatively long time of switching paths from primary
to standby is a fundamental disadvantage of VFD (off-line)
power supplies.

On-line systems are based on a complete idea from
separating the receiver from the power grid (Fig. 3). The
energy taken from the network is used only for charging the
battery. The power supply is supplied from the energy
accumulated in the battery through the inverter.

Jéi::
A,

Fig.3. Block diagram of UPS, on-line type without bypass
(1 - battery charging system, 2 - battery, 3 - DC/AC converter)
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On-line UPS can be implemented using two paths
similar to off-line devices (Figure 4)
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Fig.4. UPS scheme, on-line with bypass (1 - surge suppressor, 2 -
filter, 3 - battery charging system, 4 - battery, 5 - DC/AC converter,
6 - switch)

Theoretically, a completely smooth and imperceptible
transition of the receiver from the basic power supply to the
standby power supply is the key advantage of the VFI (on-
line) power supplies. The second advantageous feature of
this type of power supplies is the possibility of the receiver
working with the frequency of the supply voltage other than
the frequency of charging the battery system.

Linear interactive UPSs work in such a way that during
normal operation of the basic power part of the energy is
consumed permanently recharging the battery. At the same
time, some of the battery energy continuously goes to the
receiver. In this solution, there is a constant power backup
for the primary energy backup (Fig.5 and Fig. 6).
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Fig.5. Block diagram of UPS, hybrid type (1 - surge suppressor,
2 - filter, 3 - battery charging system, 4 - battery, 5 - DC/DC
converter, 6 - transformer, 7 - DC/AC converter)

The main part of the solution shown in Fig.5. is a
transformer with three windings (6). Two of them constitute
a classical network transformer and the third winding placed
on the primary side has a control and intervention role. In its
circuit there is a battery and DC/AC converter or an
electronic system that works in one direction as an inverter
and in the opposite direction as a rectifier. This winding is
used to introduce corrective energy in the moments of loss
of basic power supply or energy reception when there is too
much of it. In the event of a power failure, the auxiliary
winding takes over the whole task of supplying energy.
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In the situation of power supply of devices that do not
allow disturbances in the shape and frequency of power
supply, systems similar to the solution proposed in Fig. 6
are used.
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Fig.6. Block diagram of UPS, hybrid type (1 - surge suppressor,
2 - filter, 3 - battery charging system, 4 - battery, 5 - DC/DC
converter, 6 - semiconductor driver, 7 - DC/AC converter
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The inverter (5 -Fig.6) in the state of waiting for power
failures does not work. It is launched when it is detected.
The battery charging system (3 -Fig.6.) is small because it
works only for the needs of the battery. This type of power
supply does not show or has a very low switching time.

The last group of devices used to improve the reliability
of power supply are non-conventional devices. We include
devices using super capacitors, flywheels and
superconducting magnetic energy storage (SMES) [15].
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