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SOME RECENT DEVELOPMENTS IN NUCLEAR POWER FOR ELECTRICITY GENERATION

Abstract

The purpose of this article is to present some recent developments of nuclear power in the world.
major reactor types and their manufacturers. Emphasis is also given to the nuclear programmes of
nations of interest in this region. In addition, design features of the major components of the proposed
Daya Bay Station nuclear island will be discussed and highlighted.

Introduction

Industrial development and improvement in our way of life are highly dependent upon an abun-
dant supply of inexpensive energy. The total energy consumed annually by a nation is a measure
of the level of the national economy. Meeting this ever-growing need of power will require diverse
sources of energy. The present practical sources of energy are:

1) Fossil fuels; coal, gas and petroleum
2) Hydroelectric; river and tidal

3) Wind

4) Solar; thermal and photovoltaic

5) Geothermal

6) Nuclear fission

The contributions of wind and solar are interesting but rather limited and costly to become
a large percentage of the total energy production in the near future [1, 2]. Geothermal energy can be
a very economical source of energy of heat for direct use. However, it is not always available where
needed at an economical price {1]. The hydroelectric option is attractive in areas with large water
supply but is very geographically dependent. The reserves of crude oil and natural gas are limited
and it is argued that their use should be restricted for higher priority applications. This leaves coal
and nuclear fuels as the economical sources of energy produced on a large scale for many nations.

Since 1970, there is a growing commitment to nuclear power as a source of electricity genera-
tion among many nations. This trend is particularly apparent in the Southeast Asia. The world picture
of nuclear power is given in table [1] which lists the nuclear power capacities of the most advanced
nations as well as some nations of interest for comparison.

Reactor Types and Manufacturers

Fission occurs when a fissionable nucleus captures a neutron. Capture upsets the internal force
balance between neutrons and protons in the nuclcus. The nucleus splits into two lighter nuclei, and
an average of two or three neutrons is emitted. The resulting mass of products is less than that of the
original nucleus plus neutron. The difference in masses appears as energy in an amount determined
according to Einstein’s formula, E = mc2. If one of the neutrons emitted is captured by another
fissionable nucleus, a second fission occurs similar to the tirst. When the reaction becomes self-sustain-
ing so that one fission triggers at least one more fission, the phenomenon is termed a chain reaction.
The device in which this chain reaction is initiated, maintained, and controlled is called a nuclear
reactor.
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Many different power reactor concepts have been proposed and built in the last three decades.
The present article is limited for the most part to the following reactor classes that it appears will
constitute the preponderance of the world’s nuclear power capacity for the foreseeable future: (1)
pressurized-water reactors moderated and cooled by light water: (2) boiling-water reactors that utilize
light water as both coolant and moderator; (3) heavy-water (D,0) modernated. pressure tube reactors
that may use light or heavy water as coolant; (4) gas-cooled graphite moderated reactors; (5) fast
reactors cooled by sodium or by helium.

Regardless of their design differences, the reactor core is joined to the turbine/condenser system
by two or more parallel loops. For designs such as PWR, the reactor coolant is kept below saturation
temperature and a steam generator must be used to transport the heat generated by the reactor core
to the secondary system to generate steam for the turbine-generator set. If the reactor coolant is a
gas or a boiling liquid, the possibility exists of eliminating the steam generators and using a direct
cycle in which the reactor coolant and the working fluid are the same.

A list of the reactor vendors of all these types of reactors is given in Table 2. The table does
not include the Russian designs because the Soviets limit their PWR exports to the Eastern bloc
nations and the RBMK design is not available outside Russia. The PWR technology was originally
developed by the U.S. and later successfully transferred to France, Germany and Japan through
technology transfer programes. BWR technology transfer followed the same pattern. Heavy Water
Reactor is a ditferent technology developed by the Canadians and was exported to a few nations.
On the other hand, gas cooled reactors have been the primary design for the U.K. nuclear power
industry but contribute very little to the U.S. electricity supply. Except the French Super Phenix,
which was commissioned in 1983, the Fast Breeder Reactor is basically still in an experimental stage
among the world’s nations.

Nuclear Programme of Japan

With very smail fossil energy resources of its own, Japan has a much stronger need to expand
its nuclear power programme than a country such as the United States where there are other domestic
energy sources available. In 1982, nuclear power supplied 19.5% of the electricity generated and this
figure grew to 22.9% in 1984. It is projected that nuclear power will supply about 39% of the elec-
tricity generated by the year 2000 [4].

Japan is served by nine electric power companies and eight of these utilities already either operate
or are constructing nuclear power stations. The ninth, Hokuriku Electric, is planning to build its
first nuclear plant by 1988. In addition, the Japan Atomic Power Company is also involved in the
development of nuclear power and acts as an electricity wholesaler. Each of the utilities use only
one reactor type — four using PWR and four using BWR. In terms of megawatts on line, Tokyo Elec-
tric Power Company (Tepco) (7747 MW nuclear capacity) is the world’s largest investor-owned nuclear
utility. The nuclear capacities of the Japanese utilities are given in table 3 [4].

The recent rise in nuclear plant cost has both the Japanese government and industry concerned
and they are looking into ways of reducing the cost. These include standardized designs, reduced
construction periods and modified purchasing practices. Tepco reported that the major equipment
cost for its Kashiwazaki Kariwa Units 2 and 5 were [5% less that those of similar equipment for
Unit 1. On the other hand, Japan has seen, over recent years, an average of 54 months from start
of construction to commercial operation. The complete construction period of Kansai Electric’s
Takahama —3 took only about 50 months. The approach being used to cut construction times and
costs are more extensive use of prefabrication at the factory rather than at the site, using larger cranes,
automated on-site welding and more construction jobs in parallel.
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Table 1 Nuclear Power Capacities of Natiomns (1986)

Units Net MW(e)
U.S.A. 129 - 119,012
France 63 57,563
U.S.S.R. T4% 57,238
Japan 45 34,320
W. Germany . 27 28,016
Canada 22 15,026
Spain 17 14,483
United Kingdoms 42 14,388
Sweden 12 9,425
S. Korea 9 7,266
Taiwan 6 4,924
China 3 2,100

* Includes Chernobyl - 4

Table 2 Reactor Types and Vendors

Reactor types Vendors
1) Pressurized Water Reactor Westinghouse (usa)
(PWR) Combustion Engineering (USA)
Babcock & Wilcox (usa)
Framatome (France)
KWU (Germany)
Mitsubishi (Japan)
2) Boiling Water Reactor General Electric (Usa)
(BWR) Toshiba (Japan)
Hitachi (Japan)
ASEA/ATOM (Sweden)

Ansaldo Meccanico Nucleare (Italy)

3) Heavy Water Reactor AECL (Canada)
(CANDU)
4) Gas Cooled Reactor GEC (uUK)
(GCR) National Nuclear Corp (UK)
General Atomic (UsA)
5) Liquid Metal Fast Breeder Novatome (France)
Reactor (LMFBR) Westinghouse (UsA)
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It is true that the Japanese acquired the PWR and BWR technologies from Westinghouse and
General Electric, respectively, but the design and construction of nuclear power stations in Japan
has changed greatly in the past decade. In 1970, Japanese contribution to the nuclear power plants
was about 50%. To-date, this figure has grown to 98 — 100% [4]. The present goal is to develop,
the “Advanced PWR” (APWR) and “Advanced BWR” designs and to deploy these advanced reactors
in the 1990s. In fact, Japan has become the focus of the development of the most advanced Light
Water Reactor (LWR) designs.

The design work of the APWR is done jointly by Mitsubishi and attached Westinghouse with
the participation of the Japanese PWR utilities. The goals for the APWR include an output of 1350MW,
improved safety margins, lower fuel cycle costs, lower power density, better load following capability
and higher burnup (18 months between refueling). The work on the advanced BWR also started in
1981 and the development is carried out by General Electric, Toshiba and Hitachi, with the parti-
cipation of the Japanese BWR utilities and Japan Atomic Power Company. The ABWR would have
a number of changes which includes lower construction cost, improved load following capability,
easier repair and inspection procedures and reduced occupational exposure. In addition to the develop-
ment work on the advanced LWRs, Japan is also actively pursuing research in GCRs, Heavy water
reactors and LMFBRs.

Nuclear Programme of Taiwan

When people discuss nuclear power, it is sometimes easy to overlook Taiwan. In 1984, Taiwan
Power’s nuclear power plants supplied about 47.9% of Taiwan’s electricity [5]. Only France and
Belgium obtain a larger percentage of their electricity from nuclear power. In Taiwan there is only
one utility company, the state-owned Taiwan Power Company (Taipower), which currently operate
six light water reactors — four BWRs and two PWRs with a total capacity of 4884MW, Taipower does
its own construction management and was able to complete the first unit Chinshan-1 from initial con-
crete to fuel loading in 64 months. All six units were brought into commercial operation in a six and a
half years period. Because Taiwan power is able to generate nuclear electricity at a cost less than half
of those for oil-fired generation, the use of nuclear power to displace oil has allowed Taiwan to keep
the electricity rate down [5].

The development of Light Water Reactor engineering and service technology is being pursued
by Tai power in three areas [6] :

1. Establishing design review capability by cooperating with Belgatom and the Institute of Nuclear
Energy Research (INER).

2. Establishing architectural engineering capability by forming Pacific Engineering and Constructors
Ltd. (PECL) and Ebasco-CTCI jointly with Bechtel International and Ebasco of New York,
respectively.

3. Localization of nuclear component manufacturing.

Being deficient in fossil fuel resources, Taiwan has been committed to nuclear power and the
development of its nuclear programme is based on international technology transfer.
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'Nuclear Programme of China

Despite a relatively long military nuclear programme, China did not start its civilian nuclear
power industry until late 1970s when the “Four modernizations” campaign was launched. In China,
coal and water resources are relatively abundant but the geographic distribution of these resources
" is very uneven, i.c., major coal production centre in the north but industrial centres in the South-
* East. With a national electricity generation capacity of only 86.5GW, (about 86W/capita) [7] China’s
need to increase its electricity production is, indeed, a very urgent matter. China proposed that as
" many as 15 nuclear units be in operation or under construction by the end of 1990s These included
"1 unit at Qinshan, 2 units at Daya Bay, 2 — 4 units at Sunan, 2 units at Liaoning and 6 others {8].
. In 1986, the plan was drastically cut back to just Qinshan and Daya Bay, at least for the next five-
- year plan. The Qinshan plant is a domestically designed 300MW PWR with some imported com-
ponents. The Daya Bay project, a joint venture of China and Hong Kong, is a Framatome designed
twin-unit PWR plant (2 x 900MW) situated approximately 50km from Hong Kong. When the plant
_is completed in early 1990s, the electricity generated by the plant will be shared by Quandong Pro-
" vince and Hong Kong. Naturally, the Daya Bay plant will be a booster to the electricity deficient
Quandong Province which presently has a total capacity of only approximately 2100MW [7].

With regard to the future, it has been indicated by Chinese officials from time to time that
China would like to use the Qinshan unit 1 to scale up to a 600MW design which will be the standard-
ized design for eventual mass production [8]. Considering the present fragmented nature of the
electricity grids of China, this probably is a more sensible approach.

Nuclear Steam Supply System of Daya Bay Plant

The Nuclear Steam Supply System of the Daya Bay Plant comprises a 3-loop Pressurized Water
Reactor (PWR) with an output of 290SMWth [9]. The Reactor Coolant System (RCS) is made up
of the reactor vessel and three coolant loops each has a steam generator and a reactor coolant pump
as shown in Figure 1. The reactor vessel is the most important Reactor Coolant System component
which houses the fuel elements and the core support structures (reactor internals). The steam pressure
in 67.5 bars at the steam generator outlets.

The Reactor Coolant pumps (RC pumps) are of the vertical, centrifugal radial outlet type fitted
with a controlled leakage shaft seal arrangement, and are designed to pump reactor coolant through
the reactor vessel and the steam generators. Each RC pump is equipped with a flywheel to ensure
sufficient flow rate to maintain core cooling in the event of loss of pumping power.

Each loop of the RCS contains a vertically-mounted U-tube steam generator. The steam generators
generators consist of two integral sections: an evaporator section and a steam drum section. The
evaporator consists of a U-tube heat exchanger, while the steam drum section is located in the upper
part of the steam generator and houses moisture separating equipment. In the Framatome steam
generator, the high pressure, high temperature reactor coolant flows in the tubes and the low pressure
secondzry steam/water mixture flows on the shell side. Feedwater enters the steam generator through
a nozzle on the upper shell and is distributed by the feedwater ring into the downcomer annulus. The
feedwater mixes with the recirculation flow and enters the tube bundle near the tube sheet. Boiling
occurs as the flow rises through the tube bundle.
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The Framatome advanced fuel assembly (AFA) features a 17 x 17 square array as shown in
Figure 2. The nuclear fuel uranium dioxide is housed in the zircaloy cladded fuel rods which are
structurally bound together to constitute a fuel assembly. Control rods provide rapid neutron flux
control for power shaping and shutdown. For operation convenience, control rods are usually grouped
into many banks. During normal operation, all banks are withdrawn from the reactor core. The
movement of the control rod clusters is controlled by the Control Rod Drive Mechanisms (CRDM)
mounted on the reactor vessel head. If power to the CRDM is cut off either deliberately in reactor
trip or because of an accidential power failure, all control rod clusters instantly fall into the core
by gravity and shut down the reactor.

The Framatome nuclear island is equipped with Engineered Safety Features System to cope
with accidents. The function of Engineered Safety Features System is to assure core cooling and to
avoid the release of fission products from the containment to the environment following a loss-of-
coolant accident (LOCA) or steam line break. For redundancy, all Engineered Safety Features Systems
are arranged in two physically separated trains.

Conclusion

Since the economic well-being of a society is closely linked to the electricity generation, the
need for some nations, especially those developing ones, to upgrade their electricity production
capabilities are rightfully justified. Because of uneven distribution of resources, different nations use
different combinations of power systems to safisfy their needs. Based on the recent developments,
it is apparent that nuclear power will continue to be an increasingly important role in the energy mix
of this region in the foreseeable future.
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Table 3 Japanese Nuclear Utilities

Utilities
Chubu Electric Power Co.
Chugoku Electric Power Co.
Hokkaido Electric Power Co..

Japan Atomic Power Co.

Kansai Electric Power Co.
Kyushu Electric Power Co.
Shikoku Electric Power Co.
Tohoku Electric Power Co.

Tokyo Electric Power Co.

Type
BWR
BWR
PWR
PWR
BWR
GCR
PWR
PWR
PWR

BWR

BWR

1-7

MW(e)
2396
1230

1158

2670

7030
5110
1922

497

12015
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Figure 2. Advanced Fuel Assembly (AFA)
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NETWORK DEVELOPMENT IN KOWLOON AND THE NEW TERRITORIES

Introduction

The most people, Hong Kong conjures up an image of the harbour, with vast high rise develop-
ments on both Hong Kong Island and the Kowloon Peninsula. This is the picture of the territory
most familiar to the visitor. Indeed development of thc Kowloon Peninsula, together with the in-
dustrial areas to the east and thc west has over the last 20 years been intense, to the extent that
of 1.2 million electricity consumers, some 800,000 arc to be found in the area noted. Looked at
another way about 75% of the supplied load, or about 2200MW, is to be found in only 130 km? or
about 15% of the supply area. The growth in maximum demand over the past ten years has averaged
10% per annum, with a correspondingly high growth in unit sales of 9% per annum. With the con-
tinued economic growth and major developments in the new towns of the New Territories, as well
as the redevelopment of the established urban and industrial areas, increase of electrical demand is
expected to continue.

It is within such a setting that electricity consumers come to expect and demand a supply of
electricity that is adequate, rcliable and economic. Placing equal emphasis on these three require-
ments, a system of supply, a network has evolved, and this paper traces through part history, part
concept and part application of the equipment necessary to distribute electrical power.

As we approach the last years of the twentieth century, it is interesting to note that electricity,
as a commercial product, has been with us for over 100 ycars. In 1882, as a result of the effort and

. vision of Thomas Edison, Holborn Viaduct Power Station began supplying electricity in London,

and this was probably the first commercial power station in the world.

Within a similar historical time scale, in 1898, a mere 16 years after the opening of Holborn
Viaduct Power Station, electricity came to Guangdong. The Canton Electric and Fire Extinguishing
Company was founded in 1898 by a certain Fung Wa-chuen. (Perhaps the name of the company
reveals Fung’s desire to make money not only from clectricity, but also from its other less welcome
aspects). Despite the diversified nature of Fung's company, however, financial difficulties led him
to seck help from the Hong Kong based Shewan Tomes Company, a company for which Fung had
acted as compradore for many years. As a result the then recently established Shewan Tomes’ sub-
sidiary, China Light and Power Syndicate, took over the Canton Electric & Fire Extinguishing Com-
pany is 1900.

Thus China Light acquired the Canton Power Station and, at the same time, acquired land at

- Chatham Road in Kowloon where the company first produced electricity in 1903 with an installed

capacity of 225 kW.

The expansion of electricity usage in the Kowloon Peninsula and the New Territories has followed
the fortunes of the territory generally and in 1921 the first machine at Hok Un Power Station was
commissioned. The maximum load at this time was about [.4MW, and thc Hok Un site was to be
the scene of subsequent expansion of generating facilities for almost the next 50 years, ending with
the commissioning of the first 120MW set at Tsing Yi in 1969. At this point the maximum load
had risen to 700MW.

Supplying over 1.2 million consumers in Kowloon and the New Territories including several
of the outlying islands, with a peak load of 3200MW and also supplying power to Guangdong Prov-
ince, the area of the Pcople’s Republic of China immediately to the north of Hong Kong, requires
specific policies to interpret the ‘adequate’, the ‘reliable’ and the ‘economic’ parameters of supply.
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The need for an cconomic and reliable supply of electricity to support the continued growth
of Kowloon and the New Territorics is vital. From the generation point of view, this has been accom-
plished with the construction of Castle Peak ‘A’ Power Station, which was commissioned in 1982,
in addition to the two existing power stations at Tsing Yi and Hok Un. Castle Pcak ‘A’ Station houscs
4 X 360MW sets; the ‘B’ Station will ultimately house 4 X 680MW sets of which two are now in
operation. These units are all dual-fired (coal and oil) but presently operate on coal cnabling con-
sumers to benefit from the cheaper generation costs associated with the more stable coal market.

The Supply Network Concept
General

A supply network can be simply described as a means of transfcrring power from the point
of production to the point of use. In its simplest form it is a length of wire from a gencrator to a
load. This simple idea has been outgrown by urbanization and industrialization, which created the
need to transfer power in bulk from relatively remote gencration sites to the load centres and then
distribute the power within the centres themselves.

To accomplish this task economically and reliably, a more sophisticated approach to the supply
is required. Several voltage levels are used, together with a wide variety of plant and equipment, which
must be designed, engineered and operated safely and efficiently.

Electricity is a fundamental requirement of modern living. Lighting, cooking, radio, television,
air-conditioning — the list is long. At the touch of a button, people expect electrcity to be instantly
and safely available for their requirements.

Low Voltage Network

The low voltage supply, (346/200 volts) is designed as the fundamental means of affording
supply to the vast majority of consumers.

As the number of such supplies to consumers grows, there is a need to create a low voltage
network supplied from strategically located transformers. Many buildings are supplicd directly by
transformers located in a substation within the building. In the rural area low voltage overhead lines
will be found performing much the same function, and supplied from pole-mounted transformers.
Other commonly accepted loads, such as traffic lights and street lighting can be supplied from this
low voltage network.

Higher Voltage Distribution Networks

Low voltage networks can only supply localised areas, limited by geographical size and level of
demand. Once larger areas or greater power requirements are considercd, economics dictate the
need to introduce higher voltage levels into the network.

The next higher voltage level in use throughout the world is in the 10 kV/20 kV range. Obviously
the higher the voltage, the more power that can be handled, but at the same time the plant and cquip-
ment used must be compact to economise on the use of building space, and be readily available
in the market to be cost-effective. Within this 10 kV to 20 kV range, 11 kV is extremely common,

~and has been adopted as the high voltage distribution system in Hong Kong. Originally 6.6 kV was

widely used until the 1960’s since when it has been progressively replaced by 11 kV.

Certain areas have adopted a voltage level towards the higher end of this range — Singapore
for example has a 20 kV system. Had compact and relatively cost-cffective 20 kV equipment been
available in the 1960’s, a good case could possibly have been made for its introduction into Hong

"Kong.
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within Kowloon & the New Territories, and moving up the voltage scale, the next level in com-
mon use is 33 kV. At one time this voltage served as a true transmission voltage, supplying bulk
power to various load centres, for subsequent distribution at 6.6 kV or 11 kV. As demand built
up, transmission at 33 kV was superseded by 66 kV, and eventually 132 kV. Nevertheless, 33 kV
is still retained as a primary distribution voltage, though long term plans are now in hand for its
ultimate retirement. 66 kV has been largely superseded by 132 kV, and technology is now such that
direct transformation from 132 kV to 11 kV is economically viable, and in densely loaded urban
environments has significant advantages over other transformation ratios.

Thus we reached the situation where 33 kV, 11 kV and LV networks formed what one could
term the distribution system, with 132 kV forming the transmission system, i.e. bulk transfer of
electricity from the power stations to the major load centres.

Transmission Network

When the decision was taken in the late 1970’s to construct Castle Peak Power Stations to meet
the projected load growth, it was also recognised that a higher capacity transmission system able to
transfer larger amounts of power from Castle Peak to the load centres was needed. To minimise the
environmental impact of a multitude of 132 kV overhecad lines, and also for technical reasons, the
decision was made to construct this new transmission system at 400 kV.

Interconnection with Neighbouring Power Systems

With the growth of the power system in Hong Kong, significant benefit can be derived from
interconnection — reduction of spinning reserve, and inter-utility power transfers.

The CLP system was interconnected with Guangdong (Shenzhen) in 1977 by a SOMVA 66 kV
circuit. This was followed by two 132 kV interconnections also with Shenzhen, with a third 132 kV
circuit to Shekou recently commissioned, giving a total installed interconnection capacity with the
Guangdong Authorities of some 400MVA.

Further interconnection with Hong Kong Electric Company has been in service since 1981,
with the commissioning of 2 X 240MVA 132 kV submarine cable circuits.

Bulk Transmission System
400 kV System

There are four overhead circuits carrying power from the Castle Peak site with two circuits
per tower line. One pair of circuits forms a northern supply leg with the other pair forming a southern
supply leg, both linking up at Tsz Wan Shan to form a complete ring. The northern leg has inter-
mediate 400 kV substations at Yuen Long (Au Tau locality) and Tai Po (Hong Lok Yuen locality),
with the southern leg's intermediate substations located at Lei Muk Shue and Lai Chi Kok.

All of the 400 kV substations noted above are supplied by overhead lines i.e. no 400 kV cable
is used. This is done for economic reasons because as can be imagined, 400 kV cable is very expensive.

However, large 400 kV overhead lines cannot be brought to the actual load centres for physical and

amenity considerations, and thus in the case of Tai Wan Substation, located in the Hung Hom area,
400 kV supply is by means of underground cables. Figure 1 shows the geographical layout of the
system.
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Power is then deliered from these 400 kV substations to the respective load centres by under-
round cables at a lower voltage, one which is more cconomical for underground cables, i.e. 132 kV
¢ used. Consequently these major 400 kV substations house transformers which step down the voltage

rom 400 kV to 132 kV.
i3
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132 kV System

. To a certain extent the 132 kV system fulfills a similar transmission function, and power from
fsing Yi Power Station is delivered to the major 132 kV substations within the supply area.

: The 400 kV and 132 kV systems form the backbone of the transmission network, i.e. the means
f delivering large amounts of power from the relatively remote power stations at Tsing Yi and Castle
deak to the centres of population in urban Kowloon and the New Territories.

Sistributing the Power

: Having delivered power in bulk at 400 kV and 132 kV to the various population centres, there
emains the final problem of delivery to the consumers’ premises, and for convenience we may con-
.1der this as ‘distribution’, although various voltage levels are used.

Direct use of 132 kV System

- The modern practice is to use 132 kV also as a ‘distribution’ voltage whereby substations are
,upplled at 132 kV and transform directly down to 11 kV. These 132 kV substations are called
‘primary’ substations and are located as near as possible to the areas they supply. They are almost
zlways supplied by underground cables.

Use of 33 kV System

Before the advent of the 132 kV system, 33 kV was used in Hong Kong as a transmission voltage
carrying power to many parts of the urban area and the New Territories. The 11 kV distribution
>ystem was supplied by 33/11 kV transformers in a similar way as the modern 132/11 kV system.
33 kV is still in quite extensive use in the older urban areas such as Tsim Sha Tsui, East Kowloon
and the New Territories.

( Whilst it is not being actively extended it still has a role to play, pending its long term replace-
ment by direct 132/11 kV transformation. To maintain supply to this 33 kV system, therefore, it is
quite common to find transformers at major 132 kV substations stepping down to 33 kV and fccclmg,
thc 33 kV distribution system.

;l

11 kV System

7

{
|
! The 11 kV system is a major element of the distribution system, taking power from thc primary
SlletdthﬂS and supplying the many distribution substations. In the town area 11 kV circuits are
mstdlled underground but an extensive network of 11 kV overhead lines supplies the more rural

area.
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Typical System Designs

§ 400 kV System

The security of the network as a whole depends, initially, on the degree of security of the system
supplying it, i.e. the transmission system.

Thus, it is normal practice to find the highest degree of security applied to this system, reflecting
the large amount of power handled, and the consequent large number of consumers supplied by any
§ particular section of the extra-high-voltage (EHV) system.

Specific faults are catered for; circuit breaker faults, busbar faults and certain double circuit
outages are taken into account when considering the integrity of generation infeeds.

As an example of application of transmission security standards to the aspect of switchgear
- configurations, the 1% switch substation provides high security as shown in Figure 2.

: It can be seen that three switches are shared by two circuits, hence the 1% nomenclature, but

! the whole arrangement is secure from a busbar fault or a single circuit breaker fault and 1solat10n
for maintenance will not affect any supply. A very flexible operational arrangement is obtained
. at no higher cost than a conventional double busbar arrangement.

” 132 kV Direct Transformation

In addition to its albeit diminishing role as a true transmission voltage, 132 kV is now used
extensively as a ‘distribution’ voltage utilising 132/11 kV direct transformation, as previously noted.
8 132/11 kV substations based on a standardised design, and which will ultimately accommodate
“three 35SMVA 132/11 kV transformers, are planned to tap power from circuits emanating from bulk
.supply substations via 132 kV ring-main-units. For amenity reasons, the area transmission network
'is predominantly made up of underground cables and indoor substations equipped with metaiclad
.-switchgear. A typical 132 kV supply system is shown in Figure 3.

11 kV System

The high degree of dependence on electricity in a densely populated urban community has been,
and continues to be, one of the main preoccupations of the distribution design philosophy.

‘This has led, over the years, to an urban 11 kV system relying for its operation on the installation

‘of automatic circuit breakers at all distribution substations and an associated cable system using pilot

~wire protection. Figure 4 shows a typical system, fed from a primary substation. In this case four 11 kV'
~cables are connected into a ring system and the design is such that, in the event of any single cable
fault supplies to all substations fed from the ring will be maintained.

Each primary substation supplies several such blocks of load, and although each ring operates
mclependently, normally open interconnection between rings is mstalled where possible linking rings
Supplied from adjacent primary substations. Such interconnection is useful in transferring load be-

twecn primary substations for maintenance work. This is shown in Figure 5.
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LV System

Finally, back to our starting point, the LV system. Figure 6 shows how consumers occupying
a high rise building are supplied from an 11 kV/LV transformer located within the building.

From the central LV distribution board, located adjacent to the transformer, a series of rising
mains and lateral mains distribute the power throughout the building, ending with a supply to cach

“ individual consumer, not forgetting that vital piece of equipment yet to be mentioned — the energy.
. meter.

© Conclusion

This paper has described in outline the development of the distribution and transmission system

/in Kowloon and the New Territories. It is fairly typical of electricity supply practice throughout
- the world to solve the problem of supplying clectricity to densely populated urban areas. [t is hopcd
" that when next you see the power company digging trenches which disrupt the flow of traffic and
- using pneumatic drills which assault the senses, you will be in a position to understand some of the

problems that have to be solved, and some of the methods we employ to develop our networks to

B provide

‘adequate, reliable and economic’ means of electricity supply.
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SUPPLY TO GUANGDONG AND PROBLEMS ASSOCIATED WITH
INTERCONNECTION WITH GUANGDONG POWER SYSTEM

- Synopsis

This paper outlines the history of sales of electricity supply to the Guangdong Province by China
Light & Power Co., Ltd., the phased increase in capacity, some problems encountered and special
means of resolution. It also presents the planned development in larger scale interconnection in the
early 1990’s when the Daya Bay Nuclear Power Station comes into service.

7

Background -

: Following the adoption of the open-door policy in China in the late 70’s, the development
activities of the Guangdong Province have increased rapidly. Its growth in electricity demand has
outplaced its electricity generation development. Rotation of supply outages has been required.

The possibility of China Light & Power (CLP) supplying electricity to Guangdong Province
was first raised in 1978. Subsequent contacts between CLP and Guangdong General Power Company’
(GGPC) resulted in an agreement of the first phase of system interconnection, under which CLP
- would supply one million units per day at a transfer level of SOMW.

Following the completion of the initial phase of the interconnection project in a record time
of less than three months (including design, erection and commissioning), the interconnection net-
. work has been enhanced and expanded.

; Phased Development of the Interconnection Network

The interconnection was expanded to a capacity of 100MVA in 1981. It was later upgraded
to ISOMVA in 1983. To meet additional supply requirements, it was further expanded to the present

§ capacity of 270MVA. These developments are summarized in the following table: —

{

| Stage I 11 IT1 IV
Circuit No. 1 2% 2 3
! | Supply Point Fanling 66kV [Fanling 66kV | Tai Yuen 132kV |Ting Kok Rd
t | from CLP 132 kv
§
% In-feed Point Shenzhen Shenzhen Shenzhen Shenzhen
to GGPC . 110kV 110kvV 220kV 110kV
Commissioning 3/79 1/81 7/83 7/85
Date :
Gross
Interconnector 50MVA 100MVA 150MVA 270MVA
Capacity

* .The OHL {is of 132kV 100MVA design and operated at 66kV.
Table 1 — Phased Development of the CLP — GGPC Interconnection
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Since the tie-lines were established in different stages and connected to various voltage levels

B of the GGPC system, load balance between these circuits is difficult to achieve. As the result of the

even distribution of load among the three interconnecting circuits, the net maximum transfer
g:pacity is found to be about 230MW under normal operating conditions.

In July 1985, a contract was concluded between CLP and Merchants Steam Navigation Company
(CMSN) for supplying power to Shekou and the adjoining Che-wan area. A 132kV 120MVA OHL/
Submarine cable has been installed and scheduled to be commissioned before the end of 1986 to
deliver power to Shekou from CLP’s Yuen Long 132kV network. This circuit can serve as an a§1d1~
tional interconnector between CLP and GGPC via the Shekou — Shenzhen 110kV circuit if required
at a later date.

Fig. 1 shows the overall supply arrangement following the commissioning of the Shekou feeding

Sales of Electricity to GGPC

In line with the continuous increase of the interconnector capacity (as shown on Fig. 2), the total

sales to GGPC for the past seven years were generally in the upward trend as tabulated on Table 2
below and graphically shown on Fig. 2.

Year¥* Sales (GWh)

1979 158 April - Sept.
1980 310

1981 254

1982 239

1983 323

1984 641

1985 988

1986 830 Oct. - May

* Referring to financial year between Oct. and Sept.

Table 2 - Sales Record for Supply to GGPC

The GGPC electricity demand from CLP is very much affected by the amount of rainfall and
hence the availability of low cost hydro-electric power in Guangdong Province. This can be exem-

plified by the sales to GGPC in 1981 and 1982 when there was abundant rainfall in Guangdong
Province.

Problems Associated with the Operation of the Interconnectors

During the seven years of operation, several operational problems were encountered. Among
the

others, the problems on tie-line control, system protection, system oscillation and communica-

tion were of major concern and had required special means of resolution.
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Frequency and Tie-line Control

‘ Frequency and tie-line control was carried out in a rather crude manner in the first few months

of interconnection when the power transfer was at 50MW. System frequency was gon.trolled by the

- hydro-electric units through automatic regulators in the GGPC system whereas the tie-line flow signai

X was relayed back to CLP’s Tsing Yi Power Station (the largest CLP station at that time) for manual
" transfer regulation..

The CLP’s computerized Automatic Generation Control (AGC) system was commissioned
3 in t1ate 1979. Since then, CLP has been using the standard “Tie-line Bias Frequency Control” for
#  regulating .both the system frequency and tie-line transfer whereas GGPC continues to regulate
system frequency using their hydro units. In principle, both system frequency and tie-line transfer
should be able to be regulated at their scheduled values. However, due to the shortage of installed
generation capacity in the GGPC system, there have been difficulties during the GGPC’s high load
periods when the regulating capacity was used to meet the system demand. System frequency and
& tie-line transfer are practically regulated by scheduled load curtailment in the GGPC system. There-
§ fore, occasionally larger deviations of system frequency from 50Hz were recoreded.

Looking ahead, the situation should improve as more generation capacity is scheduled to be
3 installed in the GGPC system in the next few years. Furthermore, when GGPC commissions its new
. § system control centre in about two years’ time, a computer system will be available to execute the
- § standard “Tie-line Bias Frequency Control” for much better co-ordination with the CLP’s control
efforts.

l,’ Protection

A sound protection system is essential in maintaining a secure supply to the consumers and also
in preventing damages being incurred to the transmission and distribution plants. The protection
. equipment for the three circuits currently in use includes the following: —

’ Transformer — Differential protection as primary protection, supplemented by a distance protection

!/

34 to protect the HV winding.

R e

¢ Circuit — Duplicated distance protection with direct inter-tripping via voice frequency channel.

e

Back Up — IDMTL OC/EF and high set DTL OC/EF protection.

; Other than the above-mentioned conventional circuit protection, an under-frequency protection
scheme was also adopted to decouple the two systems in time of severe generation loss in either
1. system.

, Detailed studies revealed that, for some faults in the interconnected system, it might become
f"‘;iunstable and the two systems would oscillate with the centre of oscillation on the interconnection
~itransformer. Splitting the two systems was found to be the only practical means of preserving the
' {Tun-away systems. Out of step decoupling schemes were adopted to decouple the GGPC system at

{suitable decoupling points under such power swing conditions.

i
!
o
<
' /Dynamic Stability
i
i
]

i Similar to many other loosely interconnected power utilities of the world, CLP has experienced
tlow frequency power oscillations. After the commissioning of the Castle Peak Power Station and the
1

first stage of the 400kV network in March 1982, power oscillations of less than 10MW peak to peak
were observed on the GGPC interconnector.
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\ In early 1984, a number of incidents involving oscillations of greater magnitude occurred during
- the light load conditions, when the number of machines in the system was reduced and the transter

& through the interconnector was high. Preventive measures were developed and implemented as de-
¥ scribed below:—

(a) Short term measure — by reducing transfer to GGPC and keeping an extra oil-fired unit at Tsing

Yi Power Station overnight. Even though these measures eliminated the problem, they imposed
some financial penalty.

[

(b) Medium term measure — the gain of the Excitor Control System (ECS) for the Castle Peak ‘A’
(350MW) generators were reduced, without deteriorating the transient response of the machine.

This was proved to be a cost effective interim method to eliminate the dynamic instability
problem.

(c) Long term measure — installation of Power System Stabilizer (PSS) on all generating units at

Castle Peak Power Station was adopted as the permanent preventive measure to eliminate system
oscillations.

Communication

Good and reliable communication is essential to ensure safe, reliable and efficient system opera-
tion which includes the remote monitoring and control of the transmission plant at Shenzhen by
the CLP System Control Centre. Previously, communication between the control centres was effected
through a pilot cable owned by CLP and through the public telephone systems. Such arrangement
was found to be very unreliable. The pilot cables were often damaged due to construction works on
both sides of the border. Therefore, a microwave link between CLP and Shenzhen S/S was established
at the end of 1985. This microwave channel connects the GGPC Shenzhen — Guangzhou network
to complete the voice/signal connection between the two systems.

Mptual Benefits

The initial objective of the interconnection between CLP and GGPC was to make available
electric power to reduce the shortage of electricity in the GGPC system and in particular the Shenzhen
Special Economic Zone. As the tie between the two companies is strengthened, the interconnection
operation has resulted in benefits to both parties through the mutual support during difficulties
and needs of either party. In he last few years, there were emergency situations caused by sudden

trips of CLP generating units. In many of such occasions, GGPC back-fed the CLP system, offering
assistance for rapid recovery.

GGPC demand is generally low in the summer months but high in the winter months due to
the hydro power being more readily available in summer. This favourable supply pattern has resulted
in improvement in CLP’s system load factor and better utilization of generating plant.

Future Development

Guangdong Nuclear Power Project

In depth investigation had been carried out in 1981 on the feasibility of the development of

‘2 nuclear power station in Guangdong for supplying energy to Guangdong and Hong Kong. It was

concluded that it would be technically and economically feasible to accommodate 2 x 900MWe
PWR power station in the combined system.
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In order to facilitate the large import of nuclear power to the CLP system, the interconnection
network was proposed to be upgraded to 400kV. In the network design, the Nuclear Power Station
will be connected directly to Dongjiao Substation of the GGPC system by a 500kV 1800MVA over-
head line circuit and to Tai Po 400kV Substation of the CLP system by a 400kV 1800MVA over-
head line circuit. The Power Station will be further connected to Shenzhen Substation near the
 porder by a 400kV 1800MVA overhead line circuit which will be upratable to SO0kV. This Shen-
- zhen Substation will be in turn connected to GGPC’s Dongjiao Substation by a S00kV 1800MVA
E overhead line circuit and to CLP’s Yuen Long Substation by a 400kV 2 x 1800MVA overhead line
| double circuit. The 500kV and 400kV system will be interconnected at Shenzhen Substation and
~ at the Nuclear Power Station with 2 x 900MVA transformers equipped with on-load tap changers

at each location. The agreed nuclear transmission network is shown schematically in Fig. 3 and geo-
graphically in Fig. 4.

In line with the agreement, CLP is expected to receive 70% of the annual output from the nuclear
- power station. A seasonal energy sharing scheme will be operated, by which CLP will import more
of the nuclear output during the summer and less power during the winter period.

b

Pumped Storage Development

The load pattern of the CLP system is characterized by he low demand during the daily trough
period which is typically about 40% of the daily peak demand. Therefore, some base load plants

may have to be part loaded or even two shifted at night. In doing so, the utilization of the plant
: will be lowered.

T RIS T R

Ak i

A pumped storage scheme will be able to improve the situation, by utilitising the low cost coal/
: nuclear energy to pump water and sotre power in the upper reservoir in the form of potential energy.

. This stored energy can then be used to generate power during the peak load periods in place of the
, more expensive oil-fired generating plants.

A review by CLP and GGPC on the development of such project is currently being carried out.

" Conclusion
|t
i’ There has been significant expansion since the implementation of the first phase of the CLP-

GPC interconnection at 66kV level. At the moment the two systems are linked together via a total
-, capacity of 270MVA comprising two 132kV and one 66kV circuits.

t

Sales of‘ electricity to GGPC for the previous seven years have been in general increasing. They
‘ have been, to some extent, affected by the availability by hydro-electric power in Guangdong.

The difficulties associated with the tie-line power control were due to the shortage of installed

\capacity to meet consumer demand and the lack of modern control equipment in the GGPC system.
| The situation is expected to improve in the next few years.

It
” In order to maintain a satisfactory operating system, under normal and contingency conditions,
Jiicomprehensive system decoupling schemes are adopted to guard against power swing and under-
-frequency situation. : ‘

!
% Low frequency system osciallations between the CLP and GGPC systems were experienced.
After in-depth analysis, Power System Stabilizers have been installed on all Castle Peak generators.

f To futher improve the reliability of communication between CLP and GGPC, a microwave

link was installed between CLP and Shenzhen.

i
{

With the proposed introduction of the nuclear power station, the interconnection between the
Wo systems will be strengthened by three 400kV circuits each rated at 1800MVA.
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The Construction and Commissioning of the
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THE CONSTRUCTION AND COMMISSIONING OF THE GENERATING PLANT
AT CASTLE PEAK ‘B’ POWER STATION

Abstract

A description of the generating plant at the 4 x 677.5MW Castte Peak ‘B’, coal-fired, power
station is given. Two units are now in operation and the final unit is scheduled for completion by
1990. The contract strategy adopted is explained, highlighting the responsibilities for project manage-
ment, project engineering, erection and commissioning retained in-house by CLP and GEC’s contract
responsibilities for the design and supply of the total generating plant plus the provision of specialist
engineering services to assist CLP in the on site activities. The strategies adopted to tackle the con-

struction and commissioning are reviewed and the methods by which CLP and GEC worked together
to ensure the successful execution of the project are described.

Introduction

The Castle Peak ‘B’ power station, when completed in 1990, will comprise 4 X 677.5MW coal-

fired generating units. The projected total capital cost of the station is approximately HK$13.5
billion. The apportionment of this total figure by main cost centres is as fol '

lows: —
%
(i) Civil works (including land) 21
(i) Plant F.O.B. supply 44
(iii) Plant Freight and Insurance 3
(iv) Erection and Commissioning 9
(v) Project Management 6
(vi) Finapging; including interest during construction and exchange rate variation
provisions

17
o . 100%
The power station is owned by the Castle Peak Power Company Limited (CAPCO), in which
Exxon have a 60% holding and China Light and Power (CLP) 40%. CLP is responsible for the manage-
ment of the joint assets, through both the construction and operational phases.

GEC Turbine Generators Limited were awarded the contr
total power station plant. Babcock Power Limited
supply of the boilers and associated plant.

act for the design and supply of the
are the principle sub-contractor to GEC for the

The ‘B’ station is located on the same site as the 4 x 350MW Castle Peak ‘A’ station at T
Shek Kok on the western edge of the New Territories are
of the Pearl River estuary.

ap
a of Hong Kong, adjacent to the mouth

1978 | 1979 | 1980 | 1981 1982 | 1983 | 1984 1985 | 1986 | 1987 | 1988 [ 1989 | 1990
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Figure 1 : Programme for Castle Peak 'A' & 'B' Power Stationms
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Figure | shows in simplified form the programme of the major activities for both ‘A’ and ‘B’
station projects. It can be seen that the four ‘A’ station units entcred commercial service between
1982 and 1985. The .first ‘B’ st_ati_on_unit was commisﬁoned in late 1985 and the second unit is now
operational,‘ undergoing commissioning trials before it enters commercial service in January 1987.

The remaining two units are scheduled to enter commercial service in 1988 and 1990. On complction
the combined generating capubility of the ‘A’ and ‘B’ stations will excced 4,000MW, making this
one of the largest power generating facilities in the world.

The power stations feed into the CLP transmission system, which covers the Kowloon Peninsula
and New Territories areas of Hong Kong and which is interconnected with the adjacent Guangdong
power Company (GPC) and Hong Kong Electric (HEC) systems. The initial plans for the power
stations were drawn up in 1976/77 in order to meet the forecast growth in the demand for electricity
through the 19807s. These forccasts have proved correct, growth in demand having averaged some
10% p.a. Another key decision made at the planning stage was the adoption of coal as the primary
fuel. At that time all generation in Hong Kong was oil based. The subsequent movement in coal and
oil prices has resulted in the coal based generation from Castle Peak costing. on average to-date, less
than half the price of oil based generation. Thus in addition to the requirements to commission
, the units on schedule to meet demand growth, there have been strong incentives to advance the
4 programmes in order to provide coal based generation to replace existing oil bascd capacity. The
use of coal, however, introduces technical difficulties which had to be addressed regarding environ-
¥ mental pollution and coal storage and handling in Hong Kong’s extreme climatic conditions. The
¢ stations will consume over 8 million tonnes of coal per year, with up to 1 million tonnes being stored

* on site at any one time. Approximately 1 million tonnes of ash per year will be produced which
‘E has to be acceptably disposed. (Reference 1).

In view of the scale of the investment, its technical complexity and the demanding schedule.
E CLP’s project management team and the contractors have faced a challenging task in cnsuring that
%‘g the cost, operating performance and programme objectives are met. This paper reviews somec of
F the strategies adopted to meet these challenges on the ‘B’ station project, detailing certain of the
1_:'{ improvements made in the light of experience from the ‘A’ station project. Particular coverage is
‘ given to the plant erection and commissioning. The plant crection involves the assembly of, litcrally,
 tens of millions of components on a site 9,000 miles remote from the place of manufacture. The
Ez labour force employed, which peaked at 2,000 men, is essentially Cantonese speaking whereas all
{( relevant instructions and drawings are in English. Diverse erection skills have had to be developed,
L ranging from high pressure welding to computer control systems installation. In addition a permanent

' engineering $taff team has to be established and trained to be able to undertake the tong term opera-
i tion and maintenance of the plant.

Lo,
| Principle Features of the Power Plant
S ‘Operational Requirements

{

, To match the requirements of the power system, the Castle Peak geanerating plant has to be
lﬁcapable of operation in a wide variety of modes — base load, continuous load-following down to
approx. 30% output, with fast reserve pick up capabilities and daily two shifting (overnight shut-
idown) — and to be capable of rapid reloading following system load rejections. A paper was presented

at the recent CEPSI conference covering the operational requirements and the corresponding plant
lzengineering in some detail. (Reference 2).

|
|
|
|
)
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" plant Selection Philosophy

In specifying and selecting plnat, CLP’s objective was to procurce equipment with a proven
record to ensure high levels of reliability and availability, and which was capable of flexible opera-
tion to meet the system needs. High generating éfficiency over a broad operating range was also
desired, given the .extensive part load operation envisaged. An additionalrequirement was to minimise
operational manning levgls by providing adequate levels of reliable automatic control to facilitate
the flexible operating regime envisaged. Given the rapid rate of development in control technology it
was difficult to rigidly enforce the proven plant concept in this arca as this would have lead to the
selection of out of date and interior equipment. Discrete changes to incorporate state-of-the art
control equipment were accepted for ‘B’ station, but only after careful and cautious evaluation.

£ For example, the turbine automatic run up and loading system is based on microprocessor control,
" where previous systems have been hardwired electronics. However the hardware involved (DEC PDP
- 11/23 computer) is well proven and the ‘control concepts were not new, the novel feature being the
8 specific programming software. Particular emphasis was placed on works testing of such prototype
equipment to validated its integrity. (Reference 3).

'} Plant Description

'% Turbine Generator

The turbine is a 4 cylinder (high pressure (HP), intermediate pressurc (IP) and 2 X low pressure
£ (LP)), single reheat, 3000 r.p.m. tandem machine. Design MCR HP steam inlet conditions are 16.3
. MPa, 538°C and the IP inlet conditions are 4.1MPa, 538°C.

There are 4 H.P. and 4 I.P. stop and governor valve groups opcrated by an clectro-hydraulic
¢ governing system. To maximise part load efficiency and to improve operational flexibility, given
. throttle valve governing, the boiler and turbine plant. is designed for variable pressure operation.

Rt S50

PRdinadd

High operational flexibility/reliability and two-shift operation with very rapid run-up and load-
~ ing is achieved utilising a turbine design with: —

®  Disc and diaphragm construction which allows reduced rotor gland diameters.

-®  Short span rotors with two bearings for each rotor giving HP and IP rotors with critical speeds
above their operating range.

e g e NPT

@ Full double casing construction to minimise temperature gradients across the casting walls.

'®  Absence of partial arc admission which increases temperature changes and thermal stresses
in the high pressure rotor.

\:®  Highly symmetrical high temperature casings with well proportioned flanges to minimise thermal
distortion.

' High procure steam chest of simple, thermally fayvourable geometry.

; The generator is a 2 pole SOHz unit with an MCR rating of 677.5MW, 797MVA., terminal voltage
§23.5kV and direct cooling with water and hydrogen circuits.

The design is from a range 200 — 750MW which includes standard features: —

Robust stator and winding support structure provided to cope with any system faults and normal
service forces.

Hydrogen cooling system with fans at each end of the rotor plus four coolers, allowing symme-
! trical cooling flows and temperature rises.
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Single piece end brackets providing simple construction and fewer joint interfaces.

o Exciter and pilot exciter on common bedplate for delivery as module.

. o  Rotor windings of silver bearing copper which avoids copper shortening problems.

P IR M WY

L Tt

i e e AR

o Stator water cooling circuits feed and return located at one end leaving the terminals and phase

rings at the other for easier access.

There is a basic concept utilised by GEC for the CP‘B’ turbine generators — Engineering Stand-
ardisation, which has proved to be highly successful and is consistent with CLP’s proven plant select
tion philosophy:—

a) The use of a standard design to give high reliability and proven performance by designing stand-
ard cylinders which are used in large numbers over a wide range of turbine outputs and applica-
tions.

b) High reliability for the design is developed because the designer is allowed to concentrate his
research and development into a small number of designs and bring continuous improvements
to a soundly based design.

¢) In parallel with standardisation a module concept for major components has been developed
allowing, if there are no shipping restrictions, major components to be transported to site in
complete form.

d) Experience allows construction/commissioning to proceed with proven procedures which them-
selves become standardised as a result of this and similar projects throughout the world.

Boiler Feed Pumps

A 3 x 50% electrically driven boiler feed pump arrangement was selected on grounds of cost,
unit availability and operational simplicity and flexibility. Each pumpset comprises a single drive
motor, constant speed booster pump and a four stage pressure pump driven via a variable speed fluid
coupling (full load running speed approx. 6000 r.p.m.).

Steam Generating Plant

The boilers are of a natural circulation, two pass radiant design: They are capable of full load
operation burning coal and up to SOOMW buring oil. The high oil-firing capability was provided as
a contingency facility, to cover disruptions in coal supplies due to external factors or local factors
such as extreme typhoon weather conditions. Normally the station burns coal, using oil only for
light up and low load flame stabilisation. Total changeover from coal to oil can be achieved within
a few minutes. Coal is purchased from a wide variety of sources, the specification being as follows:—

Typical .
as received Acceptable range
Total moisture | 9.5% 7 to 20%
| Vo}gtile matter ' 27% 22 to 40% dmmg.
- Ash | 12.3% Up to 20%
Sulphur 0.58% 0.3% to 1.5%
Calorific value (J/g) 26,200 25,000 to 27,000
Ash initial deformation 1,150 min.
'Ha'rdgrove; index : : 44 min.
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Firing is via 42 circular dual coal/oil burners grouped in seven rows in an opposed firing layout

5 (4 front wall and 3 rear wall rows). There are seven coal pulverising ball mills (one per burner row),
six of which are required for full load with one standby mill.

A good balance of radiant and convective heat transfer is achieved by use of an appropriately

£ sized platen superheater above the furnace. This results in a ‘flat’ steam temperature characteristic

~ over a-broad load range. Full superheat and reheat temperatures can be maintained down to 50%

¥ joad when burning either coal or oil by use of the gas recirculation and superheater spray systems.

Electrostatic precipitators are used to reduce the dust outlet burden below the statutory _ljmitﬂ
ofllSmg/Nm3- ‘ o

3 Turbine Bypasses

54 sy
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BYPASS }) EXTRACTION PuMP
FEED PUMP
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Figure 2 Simplified schematic arrangement of HP and LP
bypasses

The HP bypass system allows steam to pass from the superheater outlet to the reheater inlet
| (Figure 2). In practice there are four, parallel, HP bypass lines each of which incorporates a modula-

 ting throttle valve with integral spray attemperation, through which superheater outlet steam is
- feduced to reheater inlet temperature and pressure conditions. The LP bypass system allows steam

' to pass from the reheater outlet direct to the condenser via two parallel paths, each again incorporat-

 ing a throttling and spray attemperation arrangement.

!

03 Operationally the bypass is used to accommodate mismatches between the rate of boiler steam

generation and turbine steam consumption, thereby preventing unacceptable excursions in boiler
pressure. Such mismatch conditions can arise as follows: —

12)  Load Rejection

When the power station becomes isolated from: the system due to, say, a transmission fault.

The turbine outpiit must drop instantaneously to house load (approx. 6%) while the boiler
response rate is much slower.

Unit Start Up

The bypass can be used to allow boiler firing to be increased in anticipation of the turbine

steam demand while ensuring correct matching of steam pressure and temperature conditions.
This facilitates fast start-up and loading.

<

Pressure shadowing

- -The bypass can ‘shadow’ the normal boiler pressure controls such that in the event of a control
upset, due to fault conditions, the bypass will intervene to regulate pressure.
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b)
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d)

e)

Control and Instrumentation

The operator controls for all four 677.5MW units are located in a common central control room.

For each unit there is an identical unit control panel, designed for single man operation — except
during start-up when two operators are required.

The automatic control systems provided to assist the operator and ensure safe and efficient

operation of the unit include:

Boiler Modulating and Sequence Controls
Microprocessor based distributed digital control system (DDC).

Turbine Governor

Modular electronic system providing all control and safety function of turbine primarily through
actuation of the turbine steam control valves.

Turbine Automatic Run-up and Loading Control

Microprocessor based system which controls rate of steam admission to maintain thermal stress-
ing of the plant within acceptable limits and which monitors vibrations, eccentricities and ex-
pansions to ensure the plant is not operated outside its design limits.

Turbovisory System

Measures the critical parameters of the turbine generator relating to its dynamic behaviour

and supplies data to the operator and the turbine auto control system to enable the machine
to be operated safely and efficiently.

Automatic Voltage Regulator (AVR)

The brushless excitation control system provides and automatically controls the DC field supply
to an exciter generator and thereby regulates the output of the main generator.

Burner Management System

Provides sequence control of the lighting up and shutting down of the burners and continuously
monitors the flames to ensure healthy combustion, automatically tripping burners if unhealthy.

In addition a computer based Data Acquisition System automatically monitors approximately
2,000 digital and analogue inputs for each unit, displaying information on 3 VDU’s located in
the United Control Desk via some 100 operator selectable graphical and tabular forecasts. Rou-
tine plant status logs are available via printouts, as are post incident and sequence of events
logs which are automatically triggered in the event of a plant fault to record the prevailing
conditions, thereby assisting in subsequent fault analysis.

The Project Management Strategy

There are diverse approaches adopted by different utilities to the assignment to contractors

of the various project responsibilities. These vary from the ‘turnkey’ approach, with a sinle contractor
responsible for the total project, — to the other extreme of the multi contract approach, involving
upto perhaps 500 separate contracts.

All power plant construction projects involve significant uncertainties and risks. Security of

both project costs and programme is enhanced by maximising the control of risks. For the Castle
Peak projects, this has been accomplished by, in the first place, CLP itself taking a direct, very active
inyolvement in Project Management, with as much work as sensibly possible done in-house.
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For responsibilities intended for contracting out to other parties, the strategy adopted has been
to minimise the number of contracts. The scope of each contract package has been devised to exciude
g any major risk areas which would be difficult for a single contractor to assess, and which would thus

-, result in higher prices to reflect greater contingencies built into contract prices. As a result, the Castle
+ peak projects each have of the order of 10 or thereabouts major contracts of relatively large scope.
- A detailed explanation of CLP’s projects strategy is given in reference (4).

A generally similar contract strategy has been adopted for both ‘A’ and ‘B’ projects, although
following ‘A’ Station experience, CLP has taken on some additional direct responsibilities to improve
control of construction costs. '

Responsibilities Contracted to Third Parties

Contractual relationships and responsibilities for Castle Peak ‘B’ Power Station are illustrated
on Figure 3.

ABBREVIATIONS

CASTLE PEAK B POWER STATION C APCO CASILE PEAX POWER COMPANY
COMIRACTUAL RELATIONSHIPS AMND RESPONSIBILITIES] L 6 M L ¢ MOUCHEL PaRTNERS

R M J M RORERT MATHEW JOHNSON MARSMaLt

B € | BRITISH ELECTRICITY INTERNATIONAL
e caprPco ESSO
1 40%.) ( OWNER) 160°1)
[ + PROJECT MANAGEMENT
« PROJECT ENGINEERING
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Figure 3 : Castle Peak 'B' Power Station - Assignment of
Responsibilities

Ra ity

‘All plant is s.uppli_ed FOB by GEC Turbine Generators Company, who are also responsible for the
detailed plant design and procurement and for the provision of specialist advisory engineers to assist
CLP in erection and commissioning.
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Detailed civil design responsibility has been contracted to a civil consuitant, L.G. Mouchel &
rtners.

Most of the workforce for erection is provided by Chung Wah Shipbuilding & Engineering Com-
bany under a labour call-off type of contract; however the supervision of all the workforce is directly

by CLP engineers.

) British Electricity International have contracted to provide support services from the resources
i of the Electricity Generating Board in the U.K. These services include: — works expediting and quality
»* control; compilation of GEC’s operating and maintenance manuals; the operator-training simulator;,
- and specialist engineering and commissioning assistance, as required.

‘ vRespOI'ISibilitieS retained ‘in-house’ by CLP -

CLP has the responsibility for the overall Project Management of engineering and construction
' of both the Castle Peak ‘A’ and ‘B’ Power Stations. The CLP Project Management team has addi-

tionally retained the direct responsibility for project engineering, the coordination of plant and civil
. design, the supervision and administration of the unit priced civil construction contracts, the erection
- of all plant, and the commissioning and setting to work of the plant.

An underlying factor in deciding the strategy to be followed for project execution is the belief
that CLP should take as much direct responsibility as possible for the expenditure; and this leads
to heavy inhouse involvement in the project execution.

In the 1520MW Tsing Yi power station project completed in the 1970’s, CLP undertook civil
design and the construction via an inhouse company. Plant erection and commissioning was also carried
out by CLP. This inhouse involvement proved successful in controlling costs and ensuring completion
to programme. On completion of the projects, the erection staff were redeployed into maintenance,
strengthening that aspect of the organisation and, at the same time, reducing the need for contractors
during annual overhaul.

However, in the civil construction area, there was no continuity of work and the workforce
had to be laid off. CLP did not take a very active role in plant engineering, the plant specification
being in broad terms only. This resulted in certain aspects of the plant not meeting CLP’s (unspecified)
operational needs and a limited understanding of the equipment. Both these factors were contributory
to the somewhat disappointing early performance of Tsing Yi. The conclusion drawn from the Tsing
Yi experience ‘was that inhouse involvement produces success, but the areas of involvement must be
considered carefully. ’

Subsequently experience has reinforced the view that the inhouse policy is correct. CLP now
undertakes the majority of its own project engineering work (design and specification etc.), project
management, plant erection and commissioning. This results in the plant being accurately specified
to meet operational requirements and the appreciation of the plant gained through the design, erection
and commissioning phases being retained in the company, producing long-term operation and main-
tenance benefits. It leads to more direct control of costs and programme. Further, cost savings can
result by the client accepting responsibility for risk areas which he is more competent to control
than the contractor.

Management of erection and commissioning
The risks to be addressed

The skill with which all erection and commissioning activities are performed directly impacts
on the technical quality of the finished plant and its operational performance over the lifetime of
the plant. Well engineered and designed plant will not perform as intended if it is not well constructed
and commissioned. The other two key project objectives of programme and capital cost, are also
highly dependent on the effective execution of the erection and commissioning phases of the project.
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Plant erection involves the site fabrication and assembly of literally millions of separately de-
- |ivered component parts. For ‘B’ Station a total of some 80,000,000 individual parts, comprising
" 400,000 separately identified items, will be assembled during erection on site, generally to a pre-
) determined sequence over a protracted period.

“The efficient execution of erection work to the desired high quality standards requires a wide
' range and depth of engineering, supervisor and tradesman skills and experience covering mechanical,
electrical and control/instrumentation disciplines. The mechanical work is diverse involving extensive
rigging; high pressure and low pressure pipework welding; plant welding; and assembly and alignment

of very large, precision machinery. ‘ '

Pre-start commissioning is a protracted exercise performed over many months to progressively
check out, start up and set in operation the plant and controls of the large number of supporting
_ systems leading hierarchically to the start up of the complete unit. Commissioning of plant there-

* fore requires a blend of experience and knowledge of both the engineering and operation of power
plant covering the whole range of mechanical, electrical and control plant. The sophistication of
some of the mechanical plant requires specialised commissioning knowledge and highly specialised
hardware and software expertise is also required when commissioning plant incorporating extensive
digital and analogue control equipment.

The overall programme for construction for Castle Peak has been short. The compression of the
overall programme duration exacerbates the difficulties caused by the general lack of space, since
contractors are obliged to work in close proximity to each other. Float periods usually planned between
the work of successive contractors in each area have had to be curtailed, leading to many potneital
physical interfaces and interference between contractors which unless anticipated and closely con-
trolled will lead to programme disruption and costly claims. A major consideration in CLP taking
direct responsibility for plant erection arises in this respect. It is usually considered imperative to
complete all civil construction before plant installation commences in the same area. However for
Castle Peak, in order to maintain programme, erection activities must frequently commence before
the civil works have been completed. No contractor responsible for erection would accept such inter-
ference without raising claims for extensions of time and costs with the added penalty of diverting
project management attention from the more constructive tasks of forward planning to avoid poten-
tial problems.

The 62 hectare site area of the Castle Peak stations is very small for a predominatly coal-fired
plant of 4350MW capacity. As a result, throughout the project, the site area available for construction
has been very restricted. Initially this was because construction had to follow on immediately behind
the progressive formation of the site. Then as operating units and fuel storage areas are progressively
handled over to the Operations Department, construction works are continuously squeezed into
smaller areas. This has placed additional importance on the orderly planning of material deliveries
to the work face and of ground prefabrication work to avoid disrpution of other erection activities.

Communications are a special problem in two respects. First, the language of all drawings and
instructions is English which very few of the 2000 erection workforce understand. The CLP bilingual
supervising engineers therefore have to act as English/Chinese interpreters in addition to all the normal
responsibilities of technical supervision. Second, all plant is designed and supplied from the U.K.
Rapid resolution of design queries, plant problems, etc. is clearly much more difficult from 9,000
miles distance.

The non-availability on site when needed for erection of even a small proportion of minor parts
can have a disproportionately disruptive effect on the progress of sequenced erection. The shortages
may.be due to unforeseen manufacturing problems, to oversight by the supplier during procurement,
to incorrect sequencing of delivery, to loss in despatch of shipping, to damage in shipping, etc.. The
problems are exacerbated when the construction site is remote from the point of supply, leading to
long shipping delays to rectify material shortages.

Experience with the first Castle Peak ‘A’ Station unit highlighted that, when the overall pro-

'b 8ramme is shortened, such that little float remains between planned delivery of materials to site and

its erection, the traditional manual planning and hard copy communications systems become too cum-

bersome and are unable to adequately anticipate impending problems, resulting in an unacceptable

level of disruption of erection due to late recognition of material shortages. Although the early ‘A’
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; Station units were commissioned to programme, opportunities to save erection costs in future were
"'recognised. An_interactive, computer based, planning, materials management and labour resource

4 managemen‘t system was adopted, which is described in (4.2.3) below.

& Erection Methods

i petermination of the Extent of Site Fabrication
) s
¥ At the outset of a project, before design and manufacture commence, it is important to deter-
mine the extent to which components are to be fabricated and assembled in the factory before ship-
ping to site. Factors influencing the optimum split between factory and site assembly are:—

The proportion of the overall programme timescale available for plant installation on site.
-~ The local availability of skilled tradesmen and supervision for site fabrication and assembly.
—  The relative costs of site versus factory construction.

— The logistical problems and relative costs of handling bulky and heavy components during
shipping and delivery to site.

Referring to 1.1 above, it can be seen that for the Castle Peak project the cost of plant freight
an insurance is approximately half the total plant erection cost. Containerised shipping offers con-
siderable economies and thus the strategy adopted for the large majority of plant restricted material
to container sized components for shipping and delivery to site resulting in a larger amount of site
fabrication and assembly than on many international power plant projects. There was adequate time
in the construction programme for the greater scope of site fabrication and it was established that
the costs of additional site fabrication for this site were not greater than for factory assembly. A
ctucial factors was the availability in Hong Kong of a core of skilled tradesmen, chargehands and
foremen with experience of power plant construction from the Tsing Yi project in conjunction with
CLP’s previous successful experience in training and developing the necessary level and range of
skills from the Hong Kong workforce in sufficient numbers to satisfy the peak erection workforce
| of about 2000.

A small proportion of components were shipped in sizes or weight exceeding container limits
where there were particular incentives to perform more shop fabrication or reduce site erection tasks.
These includé large pressure vessels such as boiler drum, feedwater heaters: bulky, machined fabrica-
. tions such as condenser shell sections, airheater components, etc.. In addition precision machinery
i plant which required factory assembly to confirm the accuracy of manufacture as part of the required

quality control standards, was, wherever practical, shipped as preassembled components thereby
avoiding factory dismantling and reassembly on site. Therefore high pressure and intermediate pressure
turbines were each shipped as factory assembled components on specially designed transport cradles.
-} Turbine control valves were also shipped as factory assembled components.

Within the constraints of container limits, plants specifications required the maximum possible
extent of factory assembly of components and shop. testing to minimse site erection work and to
ensure as many plant deficiencies as possible where found during works testing and corrected before

‘ S!lipping. For example, many turbine generator and boiler auxiliary system — such as various lubrica-
- ting oil systems, power oil system, various auxiliary cooling systems, burner supply system — were
each factory assembled on a common bedplate and pretested in the factory so that they merely
required positioning at site ready for external pipework and cabling connections. Instruments, trans-
mitter and control equipments were grouped and factory cabled into panels or racks local to the
. § Vvarious equipments.
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rganisation

Since'September 1982, a single CLP project management term has been responsible for the

: éngjneering and construction of both ‘A’ and ‘B’ Castle Peak Power Stations.

CASTLE PEAK A & O POWER STATION

PROJECT MAMAGEMENT ORGANISATION
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The project management organisation structure since early 1984, when the complete team
became based in offices on the Castle Peak site, which was effective during the peak period of erec-

~ tion/commissioning for unit B1 is illustrated in Figure 4.

From mid 1984 until late 1985, in order to conclude the last unit of ‘A’ Station, complete unit

- Bl and commence unit B2, it was necessary to progressively increase the erection workforce to a

peak of almost 2,000 man which was supervised by a CLP team of 105 Hong Kong Chinese erection

engineers and technicians responsible to the Erection Superintendent for technical, programme and
| cost objectives for their defined scope of the work.

As the workforce has reduced (see Figure 6 below), corresponding adjustements have been made

} to the number of erection supervisors but the organisational structure has been retained. Engineers
f released from erection duties during 1986 have been redeployed to maintenance duties in the Opera-

tions Department thereby retained the knowledge acquired during erection of the plant. With B2
completed, and the workforce reduced to about 1250, the size of the supervision team has reduced

 to 80 with further reductions planned during 1986 and 1987 to provide opportunities for the staff

toncerned to move to commissioning work to broaden their experience.

The specialist GEC and BPL erection and comiissioning advisors are integrated into the CLP
Organisation in ‘in-line” functions, reporting to CLP staff. For the first ‘B’ station unit, 22 erection
advisors were provided plus 18 commissioning engineers. Approximately half of these engineers
Were on site continuously through the build and commissioning, covering plant such as turbine genera-
tor, boiler feed pumps, boiler pressure parts welding and NDT, precipitators, 400kV SF¢ switchgear,
coal plant, boiler controls, turbine supervisory and protection systems. The other advisors were on
shorter term assignment to cover particular erection or commissioning activities of specialist items
Such as burner management, governor, sootblower compressors etc. These advisors fulfil essentially
three functions. Firstly, they provide assistance to the CLP team based on their detailed experience
and knowledge of the plant concerned. Secondly, they witness and check that the plant has been
Correctly assembled and commissioned to safeguard the post commissioning contract warranties.

stly, they act as a rapid communication link back to the UK organisations to explain and resolve
Problems which arise on site.

Printing sponsored by

FEDERAL ELECTRIC LIMITED
4 —11 ' SUPRERETECH i evamts 1o, orne

FED~SUPREMETECH LIMITED




As CLP’s in-house expertise has matured, the requirements for advisors from GEC have dimi-
L pished. For example on the third and fourth ‘B’ stat.ion units 'only 2 full time erection advisors will
=" pe on site, one for boiler and one for turbine, primarily to fulfil the second function described above.
i In addition to the advisory engineers integrated into the CLP team, GEC maintain their own
e independent site project management team, including Babc.ock.Power reprgsentatives, whose‘ pri_me
function is to ensure that close liaison with the client is maintained to facilitate the communication

and resolution of technical, commercial or material delivery problems as they arise.

© Ephancements to erection management control system for detailed planning, materials management
¥ and labour resource management

There is always scope for improving performance by better management of resources. The
, opportunity for a single team to erect and commission 8 large generating units in sequence over
© - a 10 year period has provided a unique opportunity to identify problem areas were there is scope for
¥ improvements and have sufficient time to develop solutions, overcoming the natural resistance to
" change and to obtain the benefits from the changes.

Resolution of the shortcomings of some of the previous systems required facilities able to quickly
store, process and disseminate very substantial quantities of information for subsequent easy retrieval.

§ Such requirements were by then well within the capabilities of available computer systems. Therefore,

during the latter stages of ‘A’ Station construction and for the ‘B’ Station, CLP has progressively

& introduce computer-based systems for planning and control of erection and commissioning activities.

In addition, CLP has, with the cooperation of GEC and BPL, developed computer-based integrated

E material management systems.

There are three major elements comprising the CLP erection management systems: —

(a) Time Management

— Its allocation between the 3,700 sequential/interfacing erection and commissioning activities
for each unit.

—  Monitoring of progress to programme.
—  Execution of adjustments to programme to overcome problems.

(b) Materials Management
— To establish availability of materials when needed for erection.

—  Managing their timely retrieval from store to the work place.
(Note: 80,000,000 uniquely identified site assembled parts on ‘B’ Station.)

(¢) Erection Cost Management
—  Allocation of workmen’s time to detailed work activities.

- —  Monitoring of manhours used at the detailed work package level.

—  Continuous measurement of productivity achieved.

The foregoing three elements of the management systems are normally considered separately,
but they are in fact closely interrlated and share much common information for data processing
(Fig. 5). They are computer-managed systems designed to quickly extract, from a massive and con-
tinuously updated data base, reports, work plans and questionnaires to meet the specific needs of all
the projects team, including field supervisors, section engineers and senior managers, at different
levels of detail and in different formats.
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Figure 5 : Erection Management Control System

As an example of the interrelated nature, time management is a schedule of plant erection
activities — but these cannot start until the associated materials are available on site. Therefore,
§ material delivery information has a significant effect on erection time schedules. The GEC despatch/
g shipping system is now computerised and all GEC data listing parts, together with progressively added
shipping details, is provided to CLP electronically by weekly computer tape transfer for immediate
updating of the CLP materials information data base. Similarly, the optimum erection workforce
manning levels are dependent on the planned schedule of work and also on the expected productivity
levels, — which are measured by reference to actual progress achieved and manhours expended.

The enhancements achieved by introduction of computer based erection management systems
are described in detail in a paper presented at the recent CEPSI conference (Reference 5).

WORKMEN
2000 _
]
I CASTLE PEAK 'B' POWER SIATION
SUMMATION OF
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Figure 6 : Total Erection Labour Profile

Figure 6 shows how the total erection labour level varies through the project. The reduction
in labour levels for the later units arises from three factors: —
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Non repetition of certain common station plant (e.g. coal handling, water treatment, etc.) on later
units.

o b) Reduced overlap between units (i.e. 10 months gap between Bl and B2, I2 months B2 to B3
and 24 months B3 to B4). :

38 ) Improved labour productivity as a result of greater experience and as a result of the improved

management of materials deliveries and labour resources via the system discribed above. "

Erection labour productivity has improved dramatically to the extent that the manhours now

¥ projected to complete erection of the ‘B’ station, with its much larger units and about 40% more

site ‘erection work, will be similar to those required to complete the ‘A’ station. This improvement
is further evidenced by the following comparison:

Unit Al A2 A3 A4 Bl B2 B3 B4

Comparative

manhours for g 9 9 9 9 o g g
the same scope 100%2 83% 65% 65% 71% 587% 497%*% A49%*

of work * Now budgeted

Figure 7 : Comparative Erection Labour Productivity

Documentation and Communications

GEC’s contract responsibilities include the preparation of erection and commissioning pro-
cedures and documentation. Where modular standardisation of the plant and auxiliary systems has
been utilised, then erection and commissioning procedures are also based on standardised and proven
techniques.

A variety of enhancements have been made to improve accessibility, accuracy and speed of
communications and documentation essential to erection and commissioning progress.

Modern communications systems provide the opportunity for transfer of details of site problems
back to the designers in the U.K. very rapidly making it possible to effect very rapid resolution of the
multitude of minor problems arising during erection and commissioning. Achievement of a tight
programme objective depends considerably on successfully solving problems as they arise during
erection, commissioning and initial operation of the unit. If delays arise before designers put forward
notification to resolve deficiencies, or supply of replacements for defective or damaged materials
is slow, then the backlog of problems grows to unmanageable proportions and will destroy the mo-
mentum of the work by unduly diverting attention of supervisors from current and future erection
tasks to expedite the backlog of old probiems.

Experience on ‘A’ Station highlighted a need to improve communication of data amongst the
erection team. Microfilming of every drawing the revision was implemented for ‘B’ Station with micro-
film copy and microfilm enlarger/printing facilities located conveniently for users distributed in
various site offices to permit easy reference to locate desired drawings with instant printing. (Note:
Some 50,000 drawings are involved).

In addition the drawings register and other widely used schedules and registers of data, for
example the status list of all site engineering/defect reports, are maintained on computer files with
direct on line enquiry access available at 25 terminals strategically located around to construction
site. This system is linked via the GEC site office terminal to the GEC UK computer. Updated in-
formation on progress in UK with the resupply of defective or damaged components, drawing updates

etc. is thus continuously available on site. -
. ) X Printing sponsored by
4 _ 14 FEDERAL ELECTRIC LIMITED
. SUPRENETECH eatstn ivns e ain
FED-SUPREMETECH LIMITED



,,Commissioning

For ‘B’ station, the Project Engineer is responsible for the engineering team and also for com-
;' missioning and initial operation of the plant. This reflects CLP’s view that commissioning is the
EN roving and conclusion of the engineering. This organisational strategy facilitates the rapid resolution
“of technical problem as they arise when the plant enters serivce.

For the first unit of ‘B’ station, the responsibilities for direction of the commissioning activities
_V.b_,.\‘were substantiately delegated to a Commission_ing Superintendent. (Fig. 4). For unit B2 the scale of
project engineering problems reduced, and the post of Commissioning Superintendent was deleted
‘B and the Project Engineer was directly responsible for executing commissioning activities.

. Further rationalisation of the commissioning team is planned for commissioning of units B3
¥ and B4 to reduce the dependency on commissioning secondes from British Electricity International
7 and better utilise the expertise acquired by CLP staff from the previous units.

Operations and Maintenance Training

Much of the equipment provided for the ‘B’ station was outside CLP’s previous experience.
Accordingly, considerable emphasis was placed on pre-operational training of the station staff. The
operations engineers were recruited 18 months before the first unit entered service. An extensive
- exercise was undertaken in reviewing and digesting the operating instructions supplied by GEC,
" which total some 11,000 pages of manuals. ‘Teach-in’ sessions in Hong Kong for the operators given
by the GEC and Babcock plant design engineers were organised. In the nine months before until Bl
entered service all operators receive extensive training on the unit simulator. The simulator comprises
an exact replica of a ‘B’ station unit control desk, linked to a computer which models the plant
dynamics on a real time basis. Facilities are provided for the training supervisor to inject a wide
spectrum of plant fault conditions into the model. The modelled behaviour has proved to be closely
representative of the actual plant. However, a small team of software engineers is employed full time
to update the model to further improve its accuracy. In addition to pre-operational training the
simulator is used for refresher training of the shift staff, particularly in emergency procedures covering
fault conditions rarely experienced on the actual plant.

The control equipment maintenace staff were sent on formal training courses at the relevant
manufactures works in Europe. These courses were timed to coincide with the works testing of the
equipment for the first unit which the CLP staff were thus able to witness.

Many operation and maintenance engineers were seconded into the commissioning organisation
and were thus able to acquire detailed familiarity with the plant before the station entered service.
Training courses were arranged on site conducted by the GEC supplied erection and commissioning
specialists.

Operational experience would indicate that the training efforts were highly successful and well
worthwhile. From the outset a high level of operator confidence and ability was evident. This was
an important factor in enabling the required on load commissioning exercises to proceed rapidly
following initial synchronising. Exercises such as full and partial load rejection tests, maximum ramp
and step load changing and two-shifting trials are generally more complex, operationally, than the
subsequent routine generation activities.

Conclusion

Classically, a successful project is one completed on time, to budget and providing the desired
performance. These objectives have to-date been achieved at Castle Peak.
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The current budget, given in 1.1 above, is infact significantly lower than the original estimates
made at the start of the project. The savings have arisen, principally, from the advancement of the
prgramme, reducing interest during construction up to the tume the plant commences generating
revenue, and from the low utilisation of the original contingency provisions due to the generally
smooth execution of the project and the satisfactory performance of civil and plant contractors and
the equipment itself.

The first unit was commissioned 4 months ahead of the contract programme established in
1981 and the subsequent units are currently 6 months ahead of schedule. This advance was made
possible Dy the fact that three critical civil contracts:— foundations, steelwork and superstructure,
were, following competitive tender, won by the same contractor, Kumagai Gumi. It was therefore
possible to eliminate the programme floats which had been provided between contract activities
and advance the whole civil programme. GEC were able to better their contractual delivery programme
so that advantage could be taken of the earlier civil completion to advance the commencement of
erection. The opportunities thus created have been consolidated by the flexibility available in erection
progress due to the client being responsible for this activity and by the enhancements described
above in material and labour management systems.

The basic indications of a power stations performance are generating efficiency and availability.
The contractual tests on the first unit demonstrated achievement of a better sent out efficiency than
the design figure of 37.8% (based on 35°C air inlet and 30°C cooling water temperature). Availability
is a longer term measure of the integrity and reliability of the plant. Over the four and half years
since the first 350MW ‘A’ station machine was commissioned, ‘A’ station has recorded an overall
availability (including deduction for planned maintenance outages) of 92.3%, a high figure by wotld
standards. Performance to-date of the ‘B’ station indicates that it will, at least, match this. A further
indication of the integrity of the plant is the speed with which it has been possible to achieve full
load generation during commissioning.

Unit Al A2 A3 A4 Bl B2

Days from first admission
of steam to the turbine

to achieving full load oil-firing) 13 8 9 - - =~
(coal-firing) 46 13 14 8 8 4

The strategies which have contributed to the achievement of objectives on this project include:

a)  Selection of proven plant and standardised designs wherever possible and the most careful atten-
tion in areas where this principle was not followed.

b) Appropriate delineation of risks between the client and contractors and the establishment of
close co-operation between the parties to ensure achievement of the joint objectives.

¢) In-house responsibility for erection and commissioning, supported by assistance from the plant
supply contractor, facilitating both the achievement of programme and cost objectives and
the transfer of expertise to the client.

d)  Attention to training of operations and maintenance personnel, which is complimented by (c)
above,
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VARIABLE SPEED DRIVES

[ntroduction

Nowadays variable-speed drives arc used successfully for all transport and production opcra-
~tions. The deliberated variation of the torque. acceleration, speed and shaft position of the drives
enables the often varied demands of modern, optimized production machine to be met. This includes,

for instance.
_ The flexible adaptation to changing work programs.

Precise, reproduciblec maintenance of speeds or torque in spite of load Huctuations or other
disturbance.

But variable-speed electric drives also comply optimally with the call for energy saving. They
exhibit the following propertics:

—  High efficiency of motors and power electronics, even at partial load.
- Exact matching to the momentary demand for power by the driven machine.
—  The ability to return energy to the supply system during braking.

For the wide variety of requirements specified for variable speed drives, we have now created
modular solutions, which are nevertheless flexibly adaptable. They difter in the type of motor used
(D.C. or three-phase A.C.) and the type of static converter circuitry. Every variant has a delinite
capability as regards:—

—  Maximum possible speed and power
- Maximum range of speed variation
—  Uniformity of the torque

~  Response of the control system

An overall view of some drive systems will be given, and every system is backed by a fully de-
veloped range of motors and converters. By adding further drive control functions specific to the
application, a single or multi-motor drive is obtained that exactly meets with the requirements of
the process involved and is matched to the rest of your installation.
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Review

D.C. Drives

The using of D.C. motors as variable speed drives has quite a long history (see Fig. 1, the WARD-
LEONARD Connection).
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_Fig. 1. THE WARD-LEONARD CONNECTION

But due to the progress made in component technology, advance in electronic sector. higher
production requirements and system efficiency the Ward-Leonard system is no longer used nowadays
€xcept in some very special occassions.

]
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The using of static converters for speed control of

lé Armature
Converter

D.C. motors are as shown in Fig. 2.

Field
Circuit

Fed via thyristor
converter or diode
bridge

Fig 2.1 D.C. DRIVES WITHOUT TORQUE REVERSAL

-K}- Armature

Converter

— % F |

Field
Circuit

Fed via double
converter

Fig. 2.2 D.C. DRIVES WITH FIELD REVERSAL
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Armature Circuit
fed via double
converter

Field Circuit

Fed via thyristor
converter or
diode bridge

3

Fig. 2.3 D.C. DRIVE WITH ARMATURE REVERSAL

These type of drive systems are widely used and appear as standard package for power range
from 1KW up to 800KW with input voltage of 380 — 415V/3 phase. and output power can be up
to 1000KW with input voltage of 440 — 500V/3 phase or up to 1 200KW with input voltage of 750V/
3 phase.

Under special design, the system can give an output power up to 6MW with output voltage of
1500v/D.C.
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Unidirectional Drives (D.C. Drives without Torque Reversal)

3 Phase

mE—-O
[-= el
L e

Fig. 3 show the configuration of a simple unidirectional drive. It consists of 2 tully-controlled
three-phase bridge connection with thyristors and the electronic pulse firing and regulator equipment,

l Line chokes

. [] U [] Semi conductor
fuses
AT lih
lref Y
Inax S é§
: I Dep o
- Inverter-
t v Limit 1
i '
‘ |
H , | |
" %G P Ve |
L
1 .l e L‘ -l = !/ /V
Oref JA 72 > v : v
Ramp Speed controller 1 Current control Pulsle
21 suppresion
o
s Tacho : {{‘orpng
monitor cct,
Stop
eking

- Fig.

3

UNIDIRECTIONAL DRIVE

=)

_—

Field

I Dep: Current Dependant
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Fig. 4 TWO-QUADRANTS OPERATION
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The drive unit operates as a rectifier and inverter, permitting either forward motoring and reverse
eneration (quadrants Tand IV) or reverse motoring and forward regeneration (quadrants I and 117).

reg

Four quadrant operation can be achieved by the folowing connections: ~

Fig. 5 shows the method of armature reversing. in this case motoring and braking in both direc-
tions are possible. Dead times is about 100ms — 300ms.

Torque
reversing Siz;

logic

Fig. 5 ARMATURE REVERSING
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Fig. 6 shows the method of FIELD REVERSING, but when the torque is reversed, there is
; a torqueless interval of 0.5 ..... 3 sec.

P

Torque

reversing X?
logic )

Double

N
convertor —{ﬁ—

Field

Fig. 6 FIELD REVERSAL
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' égenerative drives (D.C. Drives with Armaturc Reversal)

» In some applications when high speed reversing is required, the atorementioned connections
br four quadrants operation cannot be applied. The configuration of a regenerative drive is as shown

Fig. 7.1 shows the power section of the regenerative drive, which is similar to that of the uni-

- irecti(’“al drive, with the exception of using 6 additional anti-parallel thyristors for quadrants Il
Band 111 operations.

l —‘+ lfb-for I zero indication

& Ir,-for 1 controller

&
=1

L
| =
s
|
|

& l[ = = -
! )
K3 ] IS
’___/f‘ -
& — — oS
. L1
.« = l 53
‘ il = =} o
|
& i)

Lmo:lljtgg ‘ “ﬂﬂﬂ{g 5 Ll

ELECTRONIC
' POWER
SUPPLY

=== —
|
|

——

TRANSIENT SUPPRESSION CIRCUIT

AMI KMI
{KM2) ( AM2}
Fig. 7.1 Power Section of Regenerative Drive
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The control section of the regenerative drive is as shown in Fig. 7.2.

Rever-
in
logic

e Tref

B

Pulse A3
chungeover

X

)

ap

>

7 =

)
Pul
s:p;;ssion S :Z I

Speed Polarity Current
controller reverse controller
A
L
Tacho
7k L-.--mon_———f_; Regulator
itor block

Monitoring
circuit

L 2z

AM KM

Fig. 7.2 CONTROL CIRCUIT OF REGENERATIVE DRIVE
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' 1 by the torque speed diagram as shown in Fig. 8.

The possible modes of operation of a D.C. motor fed froma double converter can be illustrated

+ N
V/T/ ) T T T’// 2% ii
Power y Ugif ) Ii Lifi_a )
E N\ | )
len ! ]Ei ‘
/T //JT T T T///’ 7
:/25/% jz ZK {/732.//{7/; ?Power
Power U 1 U/'
1 _E‘_c » Iq dia | I4
iy -9
| e b (M D)

/l/ 4
y ///'/ : . . .
Ry Thyristor bridge in operation

A
AN
"

Fig. 8 Four-quadrant Operation
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AC Drives

The advantages of A.C. drives over D.C. drives is listed as following: —
‘Ruggedness of the A.C. motor

- Low power/weight and power/volume ratio

. Low-inertia rotor

-~ No maintenance duo to omission of commutator

—  Brushless machines enables very high output

~ Squirrel-cage induction motors are a particularly economic solution for drives operating in a
corrosive environment (same for in hazardous area).

And since the cage motor is the simplest and most rugged of the motors, the desire to use it
as a variable-speed drive has always be strong.

There are 2 possible converter system for use with the cage motor:
I.  The current-source inverter

2. The voltage-source inverter

The Current Source Inverters

These frequency converters are particularly well suited for individual drives, as shown in the
drawing the current source inverter consists of the following (See Fig. 9).

I. Gr - Line-commutated thyristor converter
2. LK -~ DCLink
3. Wr — Self-commutated static converter

(Normally working in the inverter mode)

4. ASM — Three phase induction motors
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The tncoming section consists, as in the case of D.C. drives, a six-phasc thyristor bridge in series
with @ 3-phase line-choke. The D.C. link uncouples the A.C. power supply from the 3-phase system
for the induction motor.

The inverter switches the controlled direct current behind the D.C. reactor cyclically through
the 3-phase of the induction motor. This converter is basically arranged as a 3-phase bridge with
six semi-conductor switching circuits which can be turned-off, in accordance with the phase sequence
turn-off principles.

The circuit shown in Fig 9 enables the motor to be operated in all four quadrants.

In contact to D.C. drives and to 3-phase motor fed via a voltage source inverter. The current
source inverters require no anti-parallel semi-conductor for carrying out a torque reversal and accepting
the associated regenerative power. The flow of energy is reversed by reversing the polarity of the
D.C. link voltage (as in the case of unidirection drives), with the current direction remaining unaltered.

~(Fig 10).

1d

o— S——
Pl B
MOTORING
Id

' ——— .
o—— B _&u(j]f&l—a—

o—| T

REGENERATIVE

Fig. 10.1 Voltage and Current Condition For
Motoring and Regenerative Operation

y

3

Fig. 10.2 Speed-torque Operating Range 0Of Current-Converter Drives
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The control diagram of the current source inverter is as shown in

11

Fig.
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The current source inverter appear as standard package for frequency range S -- 135Hz and
power range (power at motor shatt with inverter) from 15 to S00KW with input voltage of 380 --
415V/3 phase. and output power can be up to G60KW with input voltage ot S00V/3 phase or up
to 1120KW with input voltage ot 660/3 phase.

Under special design, the system can give an output power up to 15S00KW with output frequency
up to 135Hz.
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¥ The Voltage — Source Inverters

he system configuration of the voltage-source inverter is as shown in Fig. 12 which consists: —
y o o

. o - Diode Rectifier
9. LK — D.C. Link, with reactor and capacitor
3. Wr  — Force commutated inverter

4. ASM — Three phase induction motor

r__.____‘ =t

N 7

i
N |
=g
~
||
1
N
Sl
LA
1A
NN
™~
LA
k1
N

[ 1"—'—‘ /
1 - s M
} —= \ 3
3 [ 4

o ]

—

q 0 —J

O—r——]

Wr m Gr

Fig 12 Voltage - Source Inverter
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This system has the advantage that the converter almost always draws pure active power from
the mains.

The principal ‘according to which the inverter operate in simple, it operates as a change-over
switch which connect either to the positive or the negative of the D.C. link in order to gencrate
a variable frequency voltage source.

In order to generate from the constant D.C. Voltage an A.C. Voltage with amplitudes pro-
portional to the frequency, the inverter is controlled by means of Pulse width modulation. Thus it
is possible to obtain a good sinusoidal shape for the current. (Fig. 13)

;; FF”D:;FF'(FF“’";L
4 d LN ’
// ~/ \\\’\u // N
! / x" // —_ UJt
U / / i \\ \ X ~
N N Nad LA
1 N A
J _J _J UL ! J L)L ;Jt]*:j RN J L

Fig. 13 Pulse Width Modulation

Printing sponsored by

FEDERAL ELECTRIC LIMITED

SUHRERTETECH vt ow, o,
519 FED~SUPREMETECH LIMITED




The system shown enables the motor to be operated in two quadrants only (quadrant 1 and
quadrant 1l i.e. motoring in both direction). Fig. 14.

+M

Fig. 14 Duty Diagram of Voltage-Source
Inverter with Single Converter

The voltage source inverter can also be possible for four-quadrants operation by means of using
double converter in the Rectifier section Fig. 15.

NA

W
2

&
* I

Fig. 15 Voltage-Source Inverter for
Four—cmacde b Oporation
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The voltage-source inverters are suitable for connection ol more than onc drive. See Fig. 16.

I
I

O—
O——

l

i
<
<
<

Fig. '16 Application of voltage-source inverter
For Individual/Multiple Drives
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The voltage source inverters appear as standard package tor frequency range of 0.5 — 150Hz and
power range of IOQ - 540KVA with input voltage of 380 —415V/3 phase and output power can
pe up to 710KVA with input voltage of 500V/3 phase.

Under special design, this system can give an output power up to 4000KW for one-quadrant
or four-quadrants operations.
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I

In the last two years, we have a new type of voltage source inverter using transistors and micro-
processor control. This new frequency converters are more compact, cost-effective and casier 1o
maintain in compare with the type using thyristors. With this series the speed of standard cage motors
rated to approximately 145KW can be controlled.

The system configuration of the transistor type voltage-source inverter is as show in Fig. 17.
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By using transistors and micro-processor, this new series of inverters have a higher system etfi-

,{]‘ ciency and better current waveform in compare with the thyristor type.

Slip Energy Recovery System (Sub-Synchronous Converter Cascade)

The method of controlling the specd of a wound rotor induction motor by varying an external
resistance in the rotor circuit of that machine has been known for a long time. The load characteristics
of a wound-rotor motor with variable rotor resistance is as shown in Fig. 18.

Torque \

(M)

M e T e e —
max

LOAD
R .
min
R
max
ns Speed

(m)

Fig 18 Load Characteristics

The major drawback of this method is that the power loss in the resistors increases considerably
with decreasing speed, which has a direct effect on the efficiency of the drive.

The sub-synchronous converter cascade returns the slip energy, reduced by the cascade losses
to the supplying system (or to some other system).

From this, only the mechanical power output plus the power dissipated in the cascade drive
is drawn from the supply system.

Fig. 19 shows the basic configuration of a simple sub-synchronous static converter cascade.
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This drive system is mainly used with M.V. motors with output ratings between | and 20MW.

The drive system comprises:

. Wound-rotor induction machine of conventional design (Account must be taken, however,
of losses due to the skin effect-caused by the high rotor frequency in the lower speed
range and by current harmonics.

_—  The starting resistor of running up the drive to the lower limit of speed range.

—  The six-pulse non-controlled rectifier bridge.

id —  The reactor in the D.C. link.

WR —  The six-pulse line-communtated inverter in bridge circuit.

T - The feedback transformer of conventional design (3 winding transformer for a 12-pulse
system).

The advantage of the subsynchronous converter cascade is that only the slip power has to be

' pandled by the converter. The converter rating is thus determined by the speed control range and

this gives a low cost drive the additionally with a very high efficiency.

This system has to be custom design in accordance with: —

- The system voltage

} - Motor rating

| Speed control range

- Maximum rotor voltage

f - Harmonic requirement

- Application
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The operating range of the sub-synchronous converter cascade is as show in Fig. 20.

‘rh
I////////
t//////////
S S s S
L s LSS

N

S/
/S /s ‘M

Fig 20 Operating Range Of Sub-Synchronous
Converter Cascade
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DC Drives without Torque Reversal
'Typical speed range  © Npin/Npax =1 100
% rypical power range I .... 6000kW
;',.Voltage : 1500V D.C.

Machine : D.C. shunt motor

t

} cnaracteristic Properties

-

¥ Suitable for two-quadrant operation

No torque reversal possible

q -

{ Options
- Braking via armature resistance

}_.  Twelve-pulse armature-circuit converter for high power fto reduce the reactions on the supply
system.

{- Two converter sections with sequential control to improve the power factor at high outputs.

- Output can be increased by using double or triple machines.

| Preferred fields of application
;:Continuously running drives e.g.
- fans
- pumps
|- extrudefs
-~ kneaders

Power Range

7000

6000

s —
g

min

2000

1000

100 kW 1 MW 10 MW 100 MW
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D.C. Drives with Field Reversal

Typical speed range @ Npin/Nyx = 10100

Typical power range : | .... 6000kW
Voltage . 1500V D.C.

- Machine ;. D.C. shunt motor

“Characteristic properties
—~  Suitable for four-quadrant operation i.e. driving and braking in either direction.
—  When the torque is reversed, there is a torqueless interval of 0.5 .... 3s.

— Time to reverse the torque from +My to —My @ | ... 4s.

Options

—  Twelve pulse armature-circuit converter for high power to reduce the reactions on the supply
system.

—  Two converter sections with sequential control to improve the power factor at high outputs.

—  Output can be increased by using double or triple machines.

Preferred fields of application

Drives for continuous operation, e.g.
—  Continuous rolling mills

—~  Pipe drawing machines

—  Balancing stands

Power Range

2>
A

1000 ,.

100 kW 1MW 10 MW 100 Mw
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p.C. Drives with Armature Reversal

Typical power range = 1 ... 6000kW
Voltage . 1500V D.C.
Machine . D.C. shunt motor

Characteristic properties

_ Suitable for four-quadrant operation, i.

Typical speed range Nmin/Nmax = 1 100

¢. driving and braking in all four quadrants.

_  When the torque is reversed, the-torqueless interval is negligible.

_  Fast control response in all four quadrants.

Options

—  Twelve-pulse armature converter for high output power to reduce reactions on the supply system.

—  Output can be increased by using double or triple machines.

—  Depending on the mode of operation,

asymmetrically.

Preferred fields of application

High-speed reversing, e.g.

- Reversing rolling mills

—  Pipe push benches

—  Main drives of continuous rolling mills
—  Stretch-reducing mills

—  Coilers, winders

—  Test rigs

Power Range
7000

the armature-circuit converters may have to be equipped

Ehan
R ] -«\\

4000

3000

1000

Ny

1C0 kW

W 10w 1C0 MW
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Current-source Inverter
Typical basic

Frequency o 5. 135Hz

Typical speed range @ Npjin/Npax 10 20
Typical power range @ 15 .... 1500kW

Machine . Three-phase cage induction motor

Characteristic Properties

—  Suitable for four-quadrant operation
—  Preferably single drives

—  Starting with full torque

—  Steady-state operation at very low speed not possible

Preferred fields of application
Continuously running drives, e.g.
—  Pumps

- Extruders

—  Blowers

—  Fans

—  Agitators

—  Centrifuges

—  Couveyor belts

—  Screw-type conveyors

Power Range
—  Kneaders e

7000

4000
n \
min~!

1000

100 kW 1 MW 10 MW 100 MW
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Voltage-source Inverter

Typical basic

4  Frequency © 0...150Hz

Typical speed range  © Npyin/Npax = L2 200

Typical power range : 1 .... 4000kW

: (One-quadrant operation)

~’ 80 .... 4000kW
(Four-quadrant opcration)

Machine : three-phase cage induction motor

three-phase reluctance motor
three-phase synchronous motor

Characteristic Properties

—  Suitable for four-quadrant operation (with double converter)

—  Full torque and steady-state operation even at standstill and very low speeds

—  Formation of busbars with controlled frequency and controlled voltage is possible.
—  Output voltage with high fundamental content (due to pulse-width modutation)

—  Motor currents sinusoidal with low harmonic content

—  High control response possible

Options
—  Two-quadrant operation possible without braking, with diode bridge as feeding converter
—  Common D.C. link for several individually controlled inverters and motors

—  Additional electronics to obtain a control response comparable with that obtained with D.C. drives

Preferred fields of application
Universally applicable, hitherto preferred for
—  Synthetic libre production
—  Roller tables
~  Test rigs
~  Three-phase locomotives
-~ Coking plant vehicles
—  Magnetic levitation railways
—  Positioning drives
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Power Range

100 kW 1MW 10 MW 100 MW

Slip Energy Recovery System
(Sub-Synchronous Converter Cascade)

Frequencies :

Stator Mains frequency fy
Rotor 3Hz .... fy (depending on speed range)

Typical speed ranges :
nmin/nmux 112 e ]2 120

(as motor)

Nein/ Mmax 1201 0 201 030

(as generator)

Typical power range : 800 .... 25000kW
Machine : Wound-rotor induction motor

Options

Switchable Cascade with 6/12 Pulse feedback

Model insensitive to supply disturbances

Twelve-pulse inver.ter to reduce reactions on the supply system

Inverter with sequential control to improve the power factor

Twelve-pulse rectifier (machine with two rotor winding systems) for very high outputs

Emergency or short-circuit operation
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Preferred fields of application
Continuously running drives. e.g.

—  Pumps

—  Compressors

- Wind tunnels

— Blowers

I - Bucket-wheel drives for Large Excavators
—  Test rigs, load machines

—  Crushers

Power Range

7000

1000

100 kW 1MW p 10 MW 100 MW
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11 Paper No. 6
! Factory Built Assemblies of L.V. Switchgear
H and Controlgear

Speaker: Mr. A Horton, Chief Engineer,
Federal Electric Ltd.
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FACTORY BUILT ASSEMBLIES OF L.V. SWITCHGEAR AND CONTROLGEAR

“Low Voltage Switchgear and Control Gear Assemblies” is the title of the recently revised
International Specification IEC439 Part 1, formerly known as “Factory Built Assemblies of Switch-
gear and Controlgear” — the words “Factory Built” have been omitted in the new edition because
this revised version is intended to cover both the initial manufacturer supplying a completed assembly
which will be known as a TYPE TESTED ASSEMBLY (TTA), and a customer finished or site assem-
bled unit which will be known as a PARTIAL TYPE TESTED ASSEMBLY (PTTA) and contained
within this specification are tested requirements for both types of construction.

So what is an assembly of low voltage switchgear and controlgear? — It can be any assmbly of
one or more items of electrical switchgear and/or controlgear with or without an enclosure having

a rated voltage not exceeding 1000 Volts ac at a frequency not exceeding 1000Hz or dc voltages up
to 1500 Volts.

These assemblies can range from:

1. Asingle item in a metal or insulated box.

2. A combination of various pieces of ancilliary equipment in a wall mounted enclosure.

3. A busbar chamber supplied loose or together with fuse/switch combinations or miniature circuit-
breaker boards, again loose items to be assembled as a wall mounted composite unit, or together
with a metal frame or back plate.

4. Anassembly of busbar trunking.

5. Adesk or pedestal assembly of controlgear.

6. A panelboard arrangement of moulded case circuit-breakers in a wall mounted or free standing
steel enclosure.

7. A main or sub-main switchboard containing a main incoming air circuit-breaker, a set of current
carrying busbars and several outgoing air circuit-breakers and moulded case circuit-breakers.

8. . A packaged sub station.

So you can see this specification covers a very wide variety and range of different assemblies
and the emphasis is on ‘“‘assemblies” which are defined in this specification as ““A combination of
one or more low voltage switching devices together with associated control, measuring, signalling,
protective, regulating equipment etc. completely assembled under the responsibility of the manu-
facturer with all the internal electrical and mechanical interconnections and sturctural parts. The
components of the assembly may be electro-mechanical or electronic and for various reasons such

@ transport or production, certain steps of assembly may be made in a place outisde the factory

- of the manufacturer.”

This specification. does not cover the requirements for individual pieces of electrical switch-
gear or controlgear, reference for these should be made to the appropriate product specifications;
it does however cover assemblies intended for use in ships, rail vehicles, machine tool equipment,
hoist equipment and in explosive atmospheres.

It can be seen from this that certain classifications of assemblies are required, namely:

Classification according to:
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The external design, a selection of which has already been mentioned.

The place of installation, this can vary from an outdoor installation at —25°C, to an indoor
installation at +40°C with a continuous relative humidity of 50% at the maximum temperature,
although higher values can be permitted for short periods. This range of ambient temperatures
is generally covered in a standard design with added protective means for lower or higher values
such as:

a) Larger busbar and conductor sizes when the ambient is higher than 40°C and perhaps
special insulation.

b) Special anti fungicidal coatings for cut edges of insulation materials, at higher humidity
and ambient levels.

c) Special insulating materials for ambients below —25°C.

d) Special preparations and finishing for steel enclosures at higher and lower values or ambient
temperature.

e) Special ventilation or heaters to prevent harmful condensation within the assembly.

Classification according to mobility — whether the assembly is fixed to a wall or floor, or whether
the assembly is designed so that it can be readily moved from one place to another.

Classification according to the degree of protection provided by the assembly against contact
with live parts, ingress of solid bodies and ingress of liquids, whether the assembly should be
a bolted construction, a welded construction, drip proof or whether proof. All the necessary
requirements and tests are specified in IEC publication 529 and with these tests a classification
is given to te assembly. Generally IP30 or IP40 is an acceptable level for most assemblies but
for special arrangements, up to IP68 may be required. Two tables are provided below as guidance
to these classifications.

Classification according to the method of mounting — either fixed assemblies or removable
assemblies (withdrawable to a fixed position on plug-in), which can be sub-divided as follows:—

a) A fixed assembly or part of any assembly should only have the main circuit connections
established or broken when the whole assembly is dead, generally the removal or installa-
tion of fixed parts requires the use of a tool.

b) A removable assembly or part of an assembly should be such that the electrical connections
or equipment can be safely disconnected or connected to the main circuit whilst this circuit
is live and that creepage and clearance distances are maintained in the various positions
of withdrawable gear. An example would be air circuit-breaker which could have a con-
nected position, test position, disconnected position and also removed or isolated position.
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First
characteristic

£ | Numeral

Degree of protection

Short
Description

Definition

Non Protected

No special protection

Protected against solid objects
greater than 50mm

A large surface of the body such
as a hand (but no protection
against deliberate access).

Solid objects exceeding 50mm
in diameter.

Protected against solid objects
greater than 12mm diameter

Fingers or similar obiects not
exceeding 80mm in length. Solid
objects exceeding 12mm dia..

Protected against solid objects
greater than 2.5mm diameter

Tools, wires etc. of diameter or
thickness greater than 2.5mm.

. Solid otgects exceeding

2.5mm dia.

Protected against solid objects
greater than 1.0mm diameter

Wires or strips of thickness 1.0mm.
Solid objects exceeding 1.0mm |
diameter.

Dust-protected

Ingress of dust is not totally
prevented but dust does not
enter in sufficient quantity
to interfere with satisfactory
operation of the equipment.

Dust-tight

No ingress of dust.

TABLE 1

Degrees of Protection Indicated by the First Characteristic Numeral

6-3
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Degree of proteation

Sccond .
characteristic Short Oefinition
Numeral Description (sce clause 4)

0 Non Protected No special protection

1 1 Protected against dripping Dripping water {vertically falling
g , ‘ drops) shall have no harmful effect.,

2 Protected against dripping Vertically dripping water shall have
no harmful eftect when the

enclosure is tilted at any angle up to
15° from its normal position.

ﬁ 3 Protected against spraying water Water falling as a spray atan
angle up to 60° from the vertical

shall have no harmful effect.

8 4 Protected against splashing water Water splashed againstthe
enclosure from any direction shall

have no harmful effect.

5 Protected against water jets Water projected by a nozzle
* | against the enclosure from any

direction shall have no harmful
effect.

6 Protected against heavy seas Water from heavy seas or water
projected in powerful jets shall not
enter the enclosure in harmful

quantities.

: 7 Protected against the effects " | Ingress of water in a harmful
f of immersion : uantity shall not be possible when
i the enclosure is immersed in water
under defined conditions of
pressure and time.

8 Protected against submersion The equipment s suitable for
continuous submersion in water

under conditions which shall be
specified by the manufacturer

ote: Normally this will mean that
the equipment is hermetically
sealed, however with certain types
of equipment it can mean that
water can enter but only in such a
manner that it produces no harmful
effects.

TABLE 2 o
Degrees of Protection Indicated by the Second Characteristic Numeral

The final classification is according to the measure for the protection of persons which are
) contained in IEC publication 364-4-41 and are:—
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3)

4)

5)

Protection by Insulation of Live Parts — an example of this is a main busbar completely covered
in a high temperature resoftening PVC sheath.

Protection by Barriers or Enclosures — an example of this is a busbar chamber where the steel
enclosure would have a degree of protection of at least IP40 and a warning label would be pro-
minantly displayed on the front surface stating ‘ISOLATE BEFORE REMOVING COVER’.

Another example is a Fuse Switch unit mounted behind a door whereby the door cannot be
opened with the switch in the ‘ON’ position and the switch cannot be closed with the door
open — an overide is generally provided for use by authorised personnel — this design waould
contain a shield to ensure the line side conductors cannot be touched while the door is open.

A further example is live conductors behind a steel barrier and where access is only available
to change a lamp bulb, change a control fuse or reset a timer, and access to the conductors
would require the use of a tool and again a warning label is prominently displayed.

Protection by Obstacles — This is generally for open type assemblies and a guard rail which
is firmly fixed would be placed to eliminate the possibility of unintentional contact with live
parts — another method would be to install the assembly behind a locked door where only
skilled authorised personnel would be allowed to enter.

Protection by Placing out of Reach — Again this would be an open type assembly and would
generally be wall mounted and placed at least 2.5 metres up from floor level.

Protection Against Indirect Contact — IEC 364-4-41 contains five basic protective measures,
the most important and most widely used is: Earthed Equipotential Bonding and Automatic
Disconnection of the Supply and the requirements to be complied with are:

a) Electrical continuity between the exposed conductive parts of the assembly and the pro-
tective circuits of the installation, this means that all major metalwork should be bonded
to the earth bar provided. Small items such as screws, rivets, nameplates and any item
smaller than 50mm X 50mm can be excluded. For doors, lids and cover plates the usual
screwed connections or hinges are considered sufficient provided that no electrical equip-
ment is connected to them unless the hinge or sliding contact is specifically designed to
carry the maximum fault current that could flow in that part of the assembly and the
size is based on the cross sectional area of the supply lead to the equipment attached to
the door or cover etc. Precautions should be taken to ensure that withdrawable equip-
ment such as air circuit-breakers retain good conductivity between the metal supporting
surface and the protective circuit from the connected position through to the test position
inclusively.

b) Handles, wheels and all manual operating means that are normally grasped by the hand
during operation should be made of, or covered with, insulating material rated for the
maximum insulation voltage of the assembly or at least of the equipment being operated.

¢) Continuity of the protective circuits should be maintained at all times and the removal
" of a piece of equipment from the assembly should not impair this — if continuity is inter-
rupted by means of a plug and socket device, then the live conductors shouid be interrupted
first with continuity last and on replacing the continuity must be established first. The only
other means of interruption permitted shall be links between sections of assemblies and
test links which should only be accessible to authorised personnel. In addition a separate
terminal of adequate size shall be provided for the outgoing protective conductor of each
circuit and if the enclosure of the assembly is of a conducting material such as steel then
means must be provided to ensure continuity between this enclosure and metal sheathing
of cables and also to steel conduits or steel trunking if these are used to carry cables. In
addition metal parts such as gland plates must be bonded to both enclosure and conduit/
trunking. The size of the protective conductors to ensure adequate strength against thermal
stresses can be as per the chart below or calculated from the formula.
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Sp =\/ IIZ{t

where: Sp = CSA of cable.

I = The fault current that could flow in the protective conductor.
t = Operating time of protective device.
Factor dependant on the material of the protective conductor such as PVC covered

A
I

copper conductors would be K =143, with a minimum cross sectional area of 2.5mm?.

Cross-sectional area Minimum cross-sectional
of phase conductors area of the corresponding
protective conductor
S (mm?) S,(mm?)
SK16 S
16 <S>35 16
S$>35 S
2

Note: These values only apply when the material of the protective conductor is the same as the
associated phase conductor.

Another method of protection against indirect contact is:

Protection by Total Insulation — This is also known as Double Insulation, or protection by use
of Class II equipment, and should carry the symbol of a square within a square. The insulating material
must be capable of withstanding both the mechanical and electrical stresses to which it is liable to
be subjected, be resistant to ageing, and flame resistant, and should give a degree of protection of at
least IP40.

A protective conductor terminal 6r terminals can be provided within the enclosure but must
be clearly identified and should be insulated from other live parts and conductive parts in the same
manner as live parts.

Exposed conductive parts within the assembly must not be connected to the main protective
terminal. If doors or lids are provided and can be opened or removed without the use of a tool then
an obstacle of insulation material must be provided to afford protection against unintentional contact,
not only with accessible live parts but with exposed conductive parts which may be accessible with
the door open, this obstacle must not be removed without the use of a tool.

Coupled with “Protection for Personnel” is “Accessibility for Maintenance” which means that
the type of personnel who will service or maintain the assembly will determine whether the functional
units within the assembly can be safely inspected, tested, or removed while the circuits are live.
Also the need for restricting the passage of foreign objects from one section or unit to another while
inspecting, testing or maintenance is being carried out. A method for ensuring safety is ‘“‘Separation
by Barriers or Partitions” and in this specification four forms of assemblies are recognised.

1. Form 1 — Having no separation or partitions: With this type of assembly it is not recommended
that maintenance or servicing or inspection be carried out with the assembly live and usually
a label is fixed to the front cover warning of the danger.

9. Form 2 — Where the main busbars only are separated from the functional units — here we would
expect only inspection to the carried out.
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Form 3 — Where the busbars are separated from the functional units and each functional unit
is separated from one another, but the outgoing terminals need not be separated from the bus-
bars. This form generally implies the use of draw out type functional units and both maintenance
and inspection and test can be carried out but not removal of complete circuits.

Form 4 — Would be as Form 3 above but also the outgoing terminals would be separated from
each other and with this type of assembly whole circuits could be removed and replaced while
the rest of the assembly remained live. :

?

Associated with separation and barriers is the limitation of fault gasses which could be contained
n a compartment and which would not impair the safe operation of an adjacent unit — here

special testing may be required. This brings us to one of the main considerations as in the specification
testing is divided into two categories.

Type Testing — Is intended to verify a particular design of assembly and is generally carried
out on a sample which is representative of that design:— An example is the short circuit strength
of busbar systems for switchboards, where two sections of a standard construction are tested
together with the interconnections which are normally fitted to couple the sections together.

Three tests would be carried out:
a) A 3 Phase test at SOkA generally for 1 or 3 seconds.

b) A Phase and Neutral Test at 60% of 50kA again for 1 or 3 seconds — this value is the mini-
mum and if there are discharge lamp circuits in the assembly, then this test should be at
the same current value as the 3 Phase Test.

¢) A Phase to Earth Test to verify the effectiveness of the protective circuit — generally this
test would be between the highest current rated functional unit and the earth bar at the
single phase current value being derived from the 3 phase short-circuit strength of the
functional unit, such as a test at 29kA, this being v/ 3 of 50kA for the operating time of
the overcurrent device in the functional unit.

From these tests, carried out on a standard range of busbar sizes, generally from 400 Amps
up to 3000 Amps, together with tests on interconnections to functional units, it is possible
to form the basis for an unlimited range of different assemblies, so long as the basic para-
meters remain the same. Such parameters would be busbar supports being set at no greater
distance than the tested values, or interconnections not being changed from solid to flexible -
conductors or reduced in cross section.

Routine Testing — Is intended to be carried out on all assemblies and is a check to detect faults
in materials and workmanship. These tests are generally visual inspection, electrical operation
of the various components where possible — dielectric testing, checking of the protective mea-
sures provided and continuity tests of the protective circuit. Some of these tests may be carried
out on site if necessary.

Printing sponsored by
. FERDERAL ELECTRIC LIMITED
6-7 - SUPREMETECH ennmveenms o, Lo,
Fe0-SUPREMETECH LIMITED



I No Characteristics

to be checked
1 Temperature rise
limits

Verification of temperature rise

limits by test (type test)

PTTA

Verification of temperature rise
limits by test or extrapolation
from type-tested assemblies.

2 Dielectr.ic
: properties

Verification of dielectric
properties by test (type test)

Verifica_tion of dielectric_ )
properties by test or verification of
insulation resistance.

3  Short-circuit
strength

Verification of the short-circuit
strength by test {type test)

Verification of the short-circuit
strength by testorby |
extrapolation from similar type-
tested arrangements.

4a Effectiveness of
the protective
circuit
Effective connec-
tion between the
exposed conduct-
ive parts of the
assembly and the
protective circuit

Verification of the effective
connection between the exposed
conductive parts of the assembly
and the protective circuit by
resistance measurement

(type test)

Verification of the effective
connection between the exposed
conductive parts of the assembly
and the protective circuit by
inspection or by resistance
measurement.

4b  Short-circuit
strength of the
protective circuit

Verification of the short-circuit
strength of the protective circuit
by test (type test)

Verification of the short-circuit
strength of the protective circuit by
test or appropriate design and
arrangement of the protective
conductor.

5 Clearances and
creepage
distances

Verification of clearances and
distances (type test)

Verification of clearances and
creepage distances.

6 Mechanical

Verification of mechanical

Verification of mechanical
operation.

Operation operation (type test)
7  Degree of Verification of,degree of protection | Verification of degree of protection
protection {type test)

8  Wiring, electrical
operation

Inspection of the assembly
inciuding inspection of wiring and,
if necessary, electrical operation
test (routine test)

Inspection of the assembly
including inspection of wiring and,
if necessary, electrical operation
test.

9 Insulation

Dielectric test (routine test)

Dielectric test or verification of
insulation resistance.

10 Protective
measures

Checking of protective measures
and of the electrical continuity
of the protective circuit (routine
test)

Checking of protective measures.

1" Insglation
resistance

Ver_ification of insulation
resistance.

TABLE 3

List of Verifications and Tests to be Performed on TTA and PTTA

It shou}d be npted that this specification does not require verification of the short-circuit strength
for assemblies having a prospective short-circuit current not exceeding 10kA or for assemblies pro-

" tected by a current limiting device having a peak cut off current not exceeding 15kA or for auxiliary

circuits connected to a transformer having a maximum of 10kVA with a secondary voltage of not

less than 110 Volts.

Some additional testing may be required for combined equipment such as combinations of fuses

and circuit breakers where the fuse is used as back up protection.

6—8
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In view of the wide ranging nature of this specification it is essential that the specifier and the
' purchaser detail precisely what they require and understand what is being offered to them by a manu-
i facturer with regard to the various classifications, forms of segregation, special requirements, short
circuit requirements and installation and site conditions. The following is a guide to these require-
. ments.

1. System supply voltage and frequency.
2. Busbar rating. A T

3. Prospective short circuit current at the supply entry and the through fault capacity requirements
together with the withstand time.

4.  Type of construction, whether open or enclosed, floor or wall mounting.

5. Degree of protection required against ingress of solid bodies or liquid.

6. Place of installation together with any special site conditions — ambient etc.
7.  Fixed or mobile type of assembly.

8. Type of functional units — fixed or withdrawable.

9.  Accessibility for maintainance — form 1, 2, 3 or 4.

| 10.  Degree of personal protection — direct contact or indirect contact, or both.
3 11.  Available access — whether front side or rear.

' 12.  Type of system such as TT — TN etc.

{ 13, Any special earthing arrangements.

14.  Distribution of outgoing circuit conductors.

All the above items are important to the design engineer so that he can offer the most practical
and compact layout, and above all, conform and meet all the requirements for safety of personnel
discussed in this paper.

From the points already discussed it becomes obvious that the type of personnel operating,
servicing and maintaining equipment to this specification must be skilled in electrical engineering, so
if these assemblies or some types of these assemblies are to be used and operated by unskilled per-
sonnel then additional requirements for safety are needed and to this end assemblies such as miniature
circuit-breaker distribution boards, consumer units and fuse boards are subjected, not only to the
requirements of this part of IEC 439, but additional requirement to another part which will ensure
the safety of such unskilled personnel. These additional parts of the specification are being considered
by various International Technical working parties and will be issued in the near future.

Finally it should be realised that all the requirements discussed in this paper relate to the Inter-

| natjonal Specification IEC 439 Part 1. The British Specification BS 5486 Part 1 will be revised to line

-up with the IEC but it is expected that the National Appendix — “Guide to the Fault Withstand

Capability of FBA’s” will be retained. This guide recognised three classes, 1, 2, and 3 and so far as

- short-ciruit withstand capability is concerned the guide is well understood. This is an important

difference between IEC and BS and in Britain, has been used for many years as a basis for the design
-of large assemblies such as switchboards and will continue to do so for the forseeable future.
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GROWTH OF REACTIVE POWER COMPENSATION FOR
TRANSMISSION AND INDUSTRIAL PURPOSES USING THYRISTORS

' i,"‘ Abstract

When a transmission line is operating at the maximum capacity then any increase in the power
{ demand from the load centre can result in additional lines that would be required to transmit the
Y. larger amount of power that is required. In many countries, it is very difficult and costly to obtain
;"ﬁghts of way to install new transmission lines, and perhaps impossible. This together with the very
h high costs and the long construction time for building new lines has lead to an enormous increase
“in the interest shown by utilities to implement series capacitors and thyristor controlled shunt com-
§ A pensation in their networks. Both these concepts are utilising highly reliable power electronics such
-as thyristors and zinc oxide resistors and. they are today well proven and accepted by utilities all
T over the world. The rapid growth in installations of thyristor-controlled compensators (SVC) and
series capacitors now in operation is indicative of the acceptance of these methods of compensation.
" SVC and series capacitors are today both very important tools in the process of improving the per-
. formance of transmission networks. Often a combination of series capacitors and SVC is the best
solution when utilizing a transmission system in the most efficient method.

“Introduction

. Since the first commercial use of electricity the necessity for reliable transmission and dis-
{ tribution of electrical energy has been a major influence in the developments in technology and
: ff_equipment that has been undertaken within the electric power industry.

: The energy crisis in 1973 during which the price of oil almost tripled was responsible for focusing
 the world attention towards energy conservation and also initiated a debate on environmental quality
factors.

The energy crisis also drew attention to other energy sources such as hydro and coal in order
 to reduce the dependency of oil fired power plants, which often were located close to the load areas.
‘It became more economical to utilise less expensive sources of power such as hydropower and coal
which were located remote from the load centres.

If we compare the cost of transporting electric energy to other forms of energy transport, it is
{ obvious that for hydropower sources it is necessary to transmit this power over often very long trans-
mission lines. But even in the case of coal transport it is often found more economical to site the

] electric generation at the coal source and also transmit electric energy to the load areas over power
lines.

These factors have had a marked influence on the trends of electric power transmission over the
past 10 years. The power utilities requested inexpensive equipment and sytem solutions that can
be put on line quickly to increase the power transfer, reduce the transmission losses and improve
the reliability in power systems. All these aspects were considered in which to avoid building addi-
{tional generating capacity and transmission lines.

This decade will be characterised by the improvement in utilisation of the existing transmission
Ynetworks and with a growing need for network interconnections coupled with more accurate control
of the complete network. The regional and international trade with electric power to be transmitted
‘over transmission lines will grow because of the great economical benefits that are to be obtained
due to low cost generation available from hour to hour. To meet these new trends the efficiency
of power transmission systems must be improved through a more sophisticated control of the active
and reactive power flows. An improved transmission capacity in existing lines can be achieved which
8 of significant importance not only because of the economical benefits but also because of the
nvironmental criteria imposed on many power utilities.

(S
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% Series Capacitors

Series Capacitors in transmission systems compensate the line reactance to a certain degree.
§# The length of the line virtually becomes shorter. One can say that the generation source comes closer
$ to the load.

‘ Series compensation in EHV power systems was introduced almost 40 years ago. Today there
‘-; is more than 40,000 Mvar of installed reactive power in the world utilising series compensation.

& The principle for different types of protective schemes is therefore well proven and installations
§ of series capacitors have demonstrated a very high degree of reliability and good performance over the
‘-years Many of the installations have been undertaken on a turnkey contract basis involving very
fi stringent requirements in both mechanical and electrical performance.

4 A utility located on the west coast of the USA required a turnkey delivery on the two series
capacitors of each 740 Mvar with zinc-oxide protection, the withstand requirement of seismic accelera-

1800 A to 2700 A. The customer indicated the value of the improvement of the power transfer to
4§ US$50,000 per day.

In Sweden, the majority of power is generated from hydropower stations located in the north
i while the large load centres are located in the south. The power transmission capability has been

- doubled by utilising series capacitors in the 400kV system. The cost of the compensated transmission
lines is approximately 10% of the cost of the transmission lines.

Similar examples can be mentioned from many other places in the world such as Argentina,
¥ Mexico, Venezuela, Canada and Turkey. Significant savings have been achieved by selecting series
$ capacitors instead of building more lines. The time for installation of a series capacitor can be as
¥ short as 12-14 months while a long EHV-line normally will take a much longer period to construct.

Series capacitors can provide a suitable solution when it is found necessary to improve the
existing characteristics of a transmission line.

Series capacitors are today furnished with non-linear zinc oxide resistors to provide immediately

' responding static protection for the capacitors but also other protection schemes exist depending

§; upon re-insertion time required. For unusual faults with long duration and/or high currents a fast
- protective device operates and protects the zinc oxide resistors as well as the capacitors.

 Therefore, series capacitors are now established today as a concept which forms part of the line,
with the same reliability and maintenance requirements as for any other part of the line.

The benefits with series capacitors can be summarised as follows:
—  An economical alternative in which to increase the power transfer capacity.

| —  Fast project implementation time compared to additional overhead lines.

, —  Reduce the system losses and thereby improve the economy.
¥ — Improve the system stability, voltage regulation and reactive power balance.

: — Optimisé the load sharing between parallel lines.
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Static Var Compensator

The Static Var Compensator (SVC) operates as a shunt device on the network. The SVC can

| immediately and accurately inject or absorb reactive power to or from a power system. The word

“static”’ relates to the fact that a Static Var Compensator utilises the power thyristor which is a
static semiconductor. The thyristor can be described as a switch which operates instantly and due
to the. absence of mechanical parts will not suffer any wear that is associated with mechanical com-
ponents. The power thyristor in itself is a revolution in power electronics and can be compared with
the revolution created by the integrated circuit for computers.

Today reactive power of approximately 26.000 Mvar is controlled by power thyristors in SVC

| systems installed in power transmission and distribution networks all over the world.

In contrast to Series Capacitors, the SVC is controllable. A change in the control signal gives
a preset and determined change in the Mvar output from the SVC. The speed of response for example
from 100 Mvar leading to 100 Mvar lagging is within a cycle and can be reversed in the coming half
period and the repeated an infinite number of times if required. The control system can operate
symmetrically on all 3 phases or on each phase individually depending on the application.

The SVC is also built up of proven standard components and which are in operation in many
other power applications. The design and applications is flexible and modifications can be easily
performed in the control electronics to adapt to new system requirements if necessary.

The major components in an SVC are:

— . Thyristor valves (Air or water cooled and with a suitable triggering system)

— Air-core reactors

—  Capacitor banks
—  Control system
—  Power transformer, or a tertiary winding to an existing transformer (for HV and EHV systems)

The SVC also has built-in facilities to control other reactive power devices to obtain an optimum
reactive power control of the system.

The size of the SVC and the range of leading and lagging dynamic control capacity is determined
by studies based on the system requirements. There is hardly any technical limit on how big an SVC
can be and for example there is a single system of 600 Mvar (+300 Mvar) which is at present the
biggest SVC installation in the world.

A control system of an SVC can perform:

-~ Voltage control
—  System oscillation damping control

—  Reactive power control

A micro-computer can be added to the SVC and operate with different tasks and also different

priority levels. For instance, fine control of voltage during normal operation or control of extreme

voltage values, or damping of power oscillations when needed to maintain the operation of the trans-
mission line and avoid tripping.
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Reactive power control is normally not used in transmission systems but it has an extremely

¥ important application in the control of reactive power and voltage fluctuations in the steel industries

% which employ electric are furnaces and rolling mills. These distrubances can be reflected into distri-

'; bution networks. SVC is also employed to compensate single phase loads such as trains so that ne-
§ gative phase sequence voltage in the supply network can be compensated. Therefore the SVC solution
b should not be overlooked by the utilities when supplying power to the above applications.

In transmission systems an SVC is installed for the following applications:

' ‘-_‘ —  Improve transient stability

—  Damping of power oscillations

b —  Voltage control

The improved damping and improvement of transient stability achieved by an SVC will mean

4 that the transmission system can be operated with a higher power transfer without jeopardizing the
- system stability. Typical values for power transfer increase is 1-2 MW/1 Mvar installed SVC.

Voltage control provided by the SVC will prevent voltage collapse during extreme conditions

. at weak points in the network.

The SVC is very reliable. For example in an installation in USA for the AEP system has been

' operating without any fault since it was placed into commercial operation in 1981.

Some examples of SVC installations in HV and EHV systems are interesting to mention:

‘A —  Voltage control, preventing of voltage collapse

A SVC installation of 250 Mvar (2125 Mvar) comprising Thyristor Switched Capacitors (TSC)
and Thyristor Controlled Reactors (TCR) as well as 4 X 50 Mvar breaker-switched capacitor banks

+ was comissioned 1981 in the AEP 138kV — substation in Beaver Creek, Kentucky USA. The SVC,

now the first of its kind in the world, was to take care of large voltage fluctuations and prevent voltage
collapse resulting long outages in the area around Beaver Creek. Since then there has been 70-80

¢ disturbances in the network that the SVC has handled properly and the 138kV system remained in

operation without trouble.

The SVC keeps the voltage free from fluctuation in the Beaver Creek area in which previously
there was a +6- 8% load swing which put a strain on customer’s equipment. The load now varies
only half a volt within 115V.

Initially it was intended to “buy time” with the SVC to catch up with a delay in building a
735kV transmission line to reinforce the 138kV — system. Tody the load growth profile has changed
and the small investment of the SVC in MUSS$8 has lead to a total reconsideration of the schedule
for the 735kV line which was estimated to cost more than MUS$100. It has been mentioned that
the SVC returned the investment cost after the big outage it prevented.

— Increase of power transfer and voltage control of 420kV sea cables.

In 1981 an SVC wés commissioned of 0—360 Mvar inductive at Hasle Substation for Nve, Nor-
way. The background for selecting the SVC are as follows:
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; To increase the power transfer capability between Norway and Sweden it has decided to install
‘@ an 11.5 km long, 420kV, sea cable including 40 km overhead line across the Oslofiord between Tviten
P and Hasle substations. The reactive power generated in the cable and the connecting overhead line
$ was 355 Mvar. To avoid a dangerous voltage rise during switching and at low load it was necessary
5 to install reactors to absorb the reactive power. Since the cable was located in a heavy load area it

:' was desirable to exploit the reactive power generated in the cables during heavy load when a large

E- amount of energy was transmitted from the water power stations in Western Norway to Eastern

9 ‘Norway and also exported to Sweden. Due to the breaker times required the solution with fixed

breaker connected reactor was not found advisable.

9 Furthermore, Hasle substation is an important point for the transmission link between Sweden
¢ and Norway and is automatic in maintaing the voltage level after large disturbances was responsible

‘| for the power transfer capability.

s System studies proved that a fixed reactor of 160 Mvar in Tviten and two thyristor controlled
£ reactors of each 180 Mvar in Hasle connected to two different busbars was the best solution. In this
i arrangement it is possible to operate the two halves jointly or independently allowing one thyristor
» controlled reactor to operate as a continuously conducting line reactor at disturbances in the cable
- supply to draw maximum Mvar at the moment the line is re-energised while the other thyristor con-
k trolled reactor could continue to regulate on the 420kV busbar. When the fault is cleared they auto-
{ matically continue on joint operation to regulate on the 420kV busbar.

The experience has now shown that the power transfer capability over the line could be in-
~ creased by some 300 MW with this SVC installation which now has been operating efficiently since
- it was commissioned.

s The increased power transfer capability has made it possible to increase Norway’s export of

" inexpensive water power to Sweden. For example when at a certain period there is a difference in
b production costs of US$0.20 between Sweden and Norway this means a profit of almost US$150.000
- per day. This profit is normally shared so that both the buying and selling utility benefit economically.

~  Stability and voltage control in Hydro-Quebec 735kV

A project for four Static Var Compensators of 445 Mvar each (—115/4330) was required to
stabilise the voltage during normal operating conditions and to maintain the stability of the system
- during disturbances in the power transmission network from the hydropower stations along La Grande
" Riviere. The total generated power is at present 10.000 MW (which will be further extended) and it
- will be transmitted over five 735kV lines of 1000km towards the Montreal district. The cost for the
| Static Var Compensators has to be compared with the cost of building an extra 735kV line and

installing synchronous condensers. The difference in costs were substantial to the advantages gained
from the SVC solution.

Conclusion

Power electronics utilising modern material, components and system theory which has a develop-
ment potential has together with increasing popularity of reactive power concepts with respect to
SVC and Series Compensation resulted in favourable development of the costs. However, the costs
- of equipment involved .with other methods adopted to increase power capacity ahs not developed
| so favourabley in comparison. It is noticeable that SVC and Series Compensation has established
themselves as attractive alternative in optimising power transmission systems.

It is natural that when a transmission system expands it will involve new substations whilc it is
not initially obvious that reactive compensation by SVC and series capacitors will be required. The
traditional planning in many instances has been to equip a transmission network with line reactors
for low load application. When the system load has increased it has been found necessary to install
shunt capacitor banks until eventually operating load complications result in the installation of a
' .synchronous condenser.
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T The developments are fragmented due to the various factors of a system over an operating time
¥ period which were not anticipated initially.

Today, however, the synchronous condenser is replaced with the Static Var Compensator which
are often purchase at a late stage when the utilities reach a point when a dynamic device is required.
The SVC is more economical and reliable than a synchronous condenser. However, it is normal that
the utility has already invested in shunt reactors and shunt capacitor banks of which the function
| to a high degree could have been taken over by the SVC initially.

When planning a new system the SVC and the series capacitors should be incorporated into
the overall requirements from the onset in order that immediate and ultimate demands on the system
can be accommodated. Line reactance is compensated with series capacitors to bring the two ends of
- the line closer to each other. The initial low load requirements shall be compensated with a thyristor
. controlled reactor which can then be expanded with thyristor switched capacitors which can be
" increased with the load growth. '

The fragmented development of the SVC is economical as well as a convenient solution in
which the utility is able to incorporate control of the system into both initial the ultimate require-
ments. It will provide a completely flexible and economic solution.

Printing sponsored by
7_6 FEDERAL ELECTRIC LIMITED
' SUPREMETECH encmecams co. o,
FED~SUPAREMETECH LIMITED




deries Compensation

In Sweden the 400 kV system
transmits 100% more power
by series compensation of
the power lines

[ .
* Ve
. et

Series
® compensation
5 SVS { oy
: 4

Printing sponsored by

FEDERAL ELECTRIC LIMITED
7-7 SUPREMETECKH enumi i co. i,

FED-SUPREMETECH LIMITED .



Series Compensation

/%\
L7

- 7

Generation Transmission Load

Increases transmission capability

Printing sponsored by
FEDERAL ELECTRIC LIMITED
SUPREMETECH emtamsursune: noL i

7-8 FED-SUPAEMETECH LIMITED




~_Shunt Compensation

Generation Transmission Load

@Q—~——_|

o Increases transmission capability

o Increases load productivity
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Paper No. 8
Selected Stability Problems in Power System,
Excitations Control and Stabilizers

Speaker: Dr. Bayer Wolfgang, Sen. Technical
Manager, Siemens.



SELECTED STABILITY PROBLEMS IN POWER SYSTEM,
EXCITATIONS CONTROL AND STABILIZERS

Synopsis

The power system in the Federal Republic of Germany (FRG) is compartively densely meshed,
has a high load density and is integrated in the West European Grid (UCPTE Network). Calculations
and measurements approximately ten years ago showed an increasing tendency towards weakly
damped and even undamped power oscillations in parts of the power system. Based on extensive
calculations and trials, the Kraftwerk Union AG and Siemens developed a power system stabilizer
(PSS). 25 units PSS of this type are in use in the Federal Republic of Germany and 50 units are
in use all over the world for stabilizing operation of large turbogenerator units, problems of power
oscillation were thus eliminated.

The following points are presented on the basis of examples:
—  Experience and difficulties in solving practical stability problems.
—  Combined use of PSS and fast valving.
'—  Mutual influence between turbogenerators with and without PSS operating in parallel.
—  Use of PSS and static compensators for damping oscillations.
—  Influence of non-linear load characteristics.

—  Future tasks.
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Paper No. 9
Fire Performance Cable and its impact on
the FOC Rules and 15th IEE Wiring Regula-

tions

Speaker:Mr. R. Getgood, BSc, CEng, MIEE,
Resident Manager, Pirelli General
Cables.




FIRE PERFORMANCE CABLES AND ITS IMPACT ON THE F.0.C. RULES AND
15TH LE.E. WIRING REGULATIONS

Electric cables rarely cause fires. The concern of manufacturers and users is the behaviour of
cables when exposed to fires started by external causes. Cables designed to have special performance
characteristics when exposed to fire are known as Fire Performance Cables.

The amount of information available in International Standards and manufacturers’ catalogues
regarding the fire performance of cables has increased greatly in recent years but there is still little
| guidance available to the design engineer concerning the situations in which the use of fire perform-
ance cables is desirable.

There is, of course, no substitute for compliance with the rules for good building design. These
rules must include: :

—  the control of fire hazards in the building
—  the prevention of fire spread within the building
—  the provision of safe means of escape

The characteristics required of the ideal fire performance cable to enable it to make its con-
tribution to those safety rules are these: —

1. It does not contribute to the spread of fire, i.e. it is flame retardant.
9. It does not emit excessive smoke, because smoke hinders fire fighting and escape.
3. It does not emit corrosive or toxic gases, because these gases harm equipment and people.

4. It continues to operate for a specific time without electrical failure, to maintain essential plant
and services in operation.

The design engineers has to decide which combination of these characteristics he requires in
any particular situation. Unfortunately, the common PVC cable is particularly poor at meeting most
of these requirements.

Flame retardance

One of the earliest internationally recognised test standards for determining the fire character-
istics of electric cables was BS4066 “Tests on Electric Cables under Fire Conditions”, first published
in 1969. This gives 2 method of test for flame retardance of a single cable.

The test involves applying a flame to the cable and measuring the length over which the fire
damage extends after the flame has been removed and the cable has extinguished itself. This length
is then a measure of the flame retardance of the cable. The shorter the length of cable which has
been burnt, the more flame retardant is the cable.

BS4066 is still valid and has been adopted by the International Electro-Technical Commission
(IEC) and published as their IEC 332 Part 1.

Note that the test relates to a single cable and a cable passing the test is entitled to be called
flame retardant. Despite the generally poor performance of ordinary PVC cables in a fire, most good
quality PVC wires in fact will pass the IEC 332 Part 1 test.
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Unfortunately, when cable, even flame retardant cables, are bunched or grouped together and
ignited, the mutual heating between them and the large volume ol combustible material present
can result in an intensive self-propagating fire.

Therefore, in 1982 the IEC 332 specification was expanded to include tests on groups or bunches
of cables. This expanded specification is known as TEC 332 Part 3.

IEC 332 Part 3 includes three degrees of severity of test, representing increasing volumes of
combustible material present. The severest is Category A and a cable meeting [EC 332 Part 3 Category
A is entitled to be known as a “reduced propagation” or “RP” cable. Special PVCs have been de-
veloped to meet this standard and you will find cables manufactured with them marketed under the
trade name ““X-Flam RP15”. (The significance of the figure ““15” will be explained later).

X-Flam RPI5 cables should be considered by design engineers for any situation where numbers
of people have to evacuate a building safely and without panic. The applies to most public buildings,
hotels, department stores, theatres, discos, etc. A particularly important example is hospital buildings
where patients may not be able to move themselves and the longest possible time must be secured
for their evacuation by others.

Smoke emission

Smoke is possibly the worst danger from the public point of view because smoke causes panic,
makes evacuation difficult and hinders the operation of the fire services in locating the seat of a
fire.

All PVC cables given off large volumes of smoke when burning and it is not possible Lo greatly
- alter this characteristic by changing the chemical formulation of the PVC. Nevertheless, considerable
advantage is achieved by the use of reduced propagation (RP) cables because the amount of com-
bustible material burned is limited so that the smoke output is proportionately less.

There are some special situations such as underground vaults and mass transit railways where it
is essential to limit smoke emission almost to zero and specially developed compounds such as FVA
have to be used in cable construction instead of PVC.

Toxic and corrosive gas emission

The dense smoke given off by burning PVC can cause death by toxic poisoning and structural
damage by acid corrosion.

Considering the corrosion aspect, burning PVC evolves as much as 30% by wecight of hydro-
chloric acid gas and there have been occasions when a small fire involving PVC has caused corrosion
damage far in excess of the damage caused by the fire itself.

For example, in a telephone exchange in London some years ago, a small fire occurred in a
garbage bin which contained some PVC cable ends. The fire caused damage to the value of less than
£200 but, later, electronic equipment to the value of £50,000 had to be replaced due to the onset
of corrosion damage.

The corrossion was the result wholly of the burning of the small quantity of PVC cables.

\

So with buildings containing sensitive equipment, in computer suites and communications
rooms for example, consideration must be given to reducing acid gas emission.

As a minimum, reduced propagation (RP) cables to limit the spread ol five and therclore the
quantity of acid gas evolved should be chosen. Further improvement is achieved by using RP cables
in which the acid gas emission is reduced by half to about 15% Ly additional refinement ot the PVC
formulation. These are the cables known as “X-Flam RP15”.
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Cables using materials in their construction which do not give off any toxic or acid fumes should
be used where there is risk to life. These cables do not contain PVC and are known as LSOH or Low
Smoke Zero Halogen cables. The material EVA, used for its low smoke properties, also has excellent
low halogen properties and is frequently used for LSOH cables.

Legislation is being discussed jn U.K. at present which, if introduced, would require the use of
low smoke, zero halogen cables for all the internal wiring of buildings. Leading cable manufacturers
are ready for this development with a complete range of LSOH designs of building wires for both
surface and conduit installations.

Iire resistance

The performance characteristics described so far are all physical ones and have no bearing on
whether or not a cable survives electrically in a fire. Where a cable has to continue to function electri-
cally in a fire it is known as a fire resistant cable.

There are two ways of achieving this in practice:
— by using a material for the insulation which is unchanged by fire, i.e. a fireproof insulation
— by using an insulating material which does burn in a fire but whose oxide is also an insulator
A well-known example of the first principle is mineral insulated cable or MICC.

However, MICC is unpopular with users, not only because of the high cost, but also because
of the difficulties of installation of maintaining moisture resistant terminations, and the problem
of low IR readings when moisture does get in. Also, MICC is electrically weak and not suitable for
use on circuits subject to voltage impulses. Because of this, some cable man ufacturers have introduced
designs which do not require special installation techniques or moisture sealing. The installed cost of
these cables can be considerably less than for MICC. One particular well known design is FP200.

This development has been helped by the introduction, in 1970 of IEC standard 331, which
defines the length of time for which a fire resistant cable must survive in the fire at full rated voltage
and the maximum fire temperature.

The temperature chosen is 750°C, which is the temperature of a typical building contents fire,
and the length of time selected is 3 hours.

More recently, a new British Standard, BS6387: 1983, has been published which incorporates
a wider range of tests including temperatures up to 1000°C (representing petrochemical fires), and
tests with vibration and water spray impingeing on the cables which more closely simulate the fire
conditions under which the cables may have to operate in practice.

BS6387 will form the basis of a new edition of IEC 331 to be known as IEC 331 Part 2, which
will be published shortly.

Fire resistant cables are essential for all circuits which must remain in operation during a fire
to ensure continuity of supply to essential equipment such as stand-by generators, water pumps,
firemen’s lifts and automatic shutdown systems as well as smoke detection and fire alarm circuits,
emergency lighting, public address, telephone and security installations.

“Add On’ Fire resistance

This refers to methods claimed to add fire resistance to cables during or after installation such
as by a sprayed-on fire resistant coating or by drawing ordinary PVC wires into conduits buried in
the structural concrete.
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Design engineers should not be deceived. The best that can be said for such methods is that
the fire resistance will most likely be greater than if the cables were not thus treated. Note that the
degree of fire resistance is totally undefineable as an installation cannot be tested for fire resistance
after completion.

The idea that pulling PVC wires into buried conduits imparts firc resistance predates the inven-
tion of the modern, economical, fire resistant cable and it is surprising that one of the recognised
codes of practice on this subject, the Rules of the Fire Offices Committee of UK Insurance Companies
for fire alarm circuits, still accepts it.

However, the FOC is thought to have been impressed recently by arguments that the fire resis-
tance of a circuit must be the responsibility of the designer and not left to the judgement of the
installation contractor. Only then can the security of a circuit be guaranteed in defined terms.

Discussions are currently taking plabe between the FOC, the IEL and cable manufacturers and
it is likely that the outcome will be the withdrawal of the FOC approval of PVC wires in buried
conduit.

Design engineers should take note of IEE Wiring Regulations 15th Edition Clause 563-2 wﬁi.ch
states:

“Circuits of safety services shall not pass through locations exposed to fire risk unless the
wiring systems used are fire resistant”.

The only way of ensuring compliance with this clause is to use tested and certified fire resistant
cables.

Fire performance cables — when are they necessary?

Professional design engineers today face increasing public criticism if weaknesses in their designs
are revealed by any failure of the system to operate properly.

The design engineer therefore is continually faced with the problem of assessing the degree of
risk against the cost of eliminating it.

There is a multiplicity of choices open to the design engineer where fire performance of cables
is concerned. They can be summed up as follows:

1. Flame retardance is an inherent property of most good quality PVC wires when used singly or
in single circuits. To be sure, specify cables to IEC 332 Part 1.

2.  Flame retardance is not a property of groups or bunches of PVC cables. For these circumstances,
specify reduced propagation (X-Flam RP15) cables to IEC 332 Part 3 Category A. A bonus
will be reduced smoke and acid gas emission.

3. If the need is for the lowest possible smoke and acid gas emission, specify LSOH, — Low Smoke
Zero Halogen — cables.

4. Where sustained operation of plant throughout a fire is required, specify fire resistant cables to
IEC 331 as a minimum or to BS6387 for enhanced security.

Any combination of these ciaracteristics can be achieved by correct cable choice but, for parti-
cularly sensitive situations, for example for control circuits on underground mass transit railways,
in power stations and for high security circuits on offshore oil platforms and military installations,
specify the complete package — fire resistant, reduced propagation, low smoke and zero halogen.
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Paper No. 10 ‘
The Application of Residual Current Circuit
Breakers

Speaker:Mr. J. Rickwood, BSc(Eng), CEng,
MIEE, Company Standards Engineer,
Crabtree Electrical Industries Ltd.



THE APPLICATION OF RESIDUAL CURRENT CIRCUIT BREAKERS

Earth Fault Protection

One of the aspects of electrical distribution practice, or “Installation Engineering” that has
received particular attention in the last few years has been that of earth fault protection with Residual
Current Circuit Breakers (rceb’s) receiving special prominence. These devices have.seen many develop-
ments, and there are more to come.

It has long been a requirement of “Wiring Rules” such as those formulated by the IEC (JEC
Publication 364) or the highly regarded IEE Wiring Regulations (now into their 15th Edition) that
final circuits shall have protection aginst short circuit, over load, and earth fault. The first two are
easy to recognise being excessive current flow in the conductors, but earth faults may not be so
easily detected. Their magnitudes can be well below the rated currents of their circuits and need
particular devices to recognise them.

The simplest approach is to ensure that all metal work in an installation is bonded together
and to the earth point of the source so that any fault current to the metal work has a low resistant
path back to the supply. It then becomes a current of sufficient magnitude to operate the overcurrent
protection which may be either a fuse or mcb. The IEE Wiring Regulations (15th Edition) contain
tables showing the maximum value of earth fault loop impedance to achieve this, but it may not
always be practical to obtain low enough values to ensure operation of the overcurrent protection
devices in a time sufficient to give shock risk protection.

The characteristics of any miniature circuit-breaker are such that compliance with the IEE
tables will also give thermal protection to the circuit protective conductor. However, for some ratings
of fuse, lower loop impedance than those required for shock risk protection alone are necessary in
order to give this thermal protection. Taking this into account the following tables have been derived
from the [EE Regulations to indicate the appropriate maximum earth fault loop impedance.

TABLE 1

Max1mum Loop Impedance to meet IEE Wiring Regulations for
socket outlet circuits. -

DEVICE 54 15a 20A 30A 454
Type 1 mcb (BS 3871 12.0 | 4.0 3.0 2.0 1.33
Rewireable Fuse (BS 3036 9.6 2.7 1.8 1.1 0.6
House Service Fuse|(BS 1361] 11.4 3.4 1.8 1.2 0.6
Type 2 mcb (BS 3871] 6.8 | 2.3 1.7 1.1 0.75
Type 3 mcb (BS 3871 4.8 1.6 1.2 0.8 0.53
DEVICE : 6A 10A 16A 20A 32A
Type 1 mcb |(BS 3871} 10.0 | 6.0 3.75 3.0 1.87
HRC Fuse (BS 88 8.7 | 5.3 2.8 1.8 1.1
Type 2 mcb (BS 3871y 5.67| 3.4 2.12 1.7 1.06
“Type 3 mcbh (BS 3871 4.0 | 2.4 1.5 1.2+ 0.75 |

Impedance Values in Ohms.
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TABLE 2

Maximum Loop Impedance to meet IEE Wiring Regulations for
Fixed Equipment.

|DEVICE 5A 15A 20A 30A 457
Type 1 mcb (BS 3871)} 12.0 | 4.0 3.0 2.0 1.33
Rewireable Fuse (BS 3036) 20.0 | 5.6 3.4 2.5 1.4

_|House Service Fuse|(BS 1361) 17.0 | 5.3 2.5 1.5 0.65
Type 2 mcb (BS 3871) 6.8 | 2.3 1.7 1.1 0.75
Type 3 mcb (BS 3871) 4.8 | 1.6 1.2 0.8 0.53
DEVICE Y 10A l6A 20A 32A
Type 1 mcb (BS 3871)} 10.0 | 6.0 3.75 3.0 1.87
HRC Fuse (BS 88 )| 13.0 | 7.7 4.4 2.2 1.4
Type 2 mcb (BS 3871)| 5.67| 3.4 2.12 1.7 1.06
Type 3 mcb (BS 3871) 4.0 | 2.4 1.5 q 1.2 | 0.75

Impedance Values in Ohms.

Table 1 provides fault clearance in 0.4 secs. and Table 2 provides fault clearnace in 5 secs. Earth
leakage circuit breakers will clear in less than 40 mS under these circumstances and so offer the
facility of detecting and clearing a fault more rapidly than other devices, and without the fault reach-
ing overcurrent proportions. They can also offer many other advantages.

Strictly speaking the term, “Earth Leakage Breaker” covers two entirely different types. The
first form was the Fault Voltage operated unit which. measures the voltage between metal work
and earth and trips out if that voltage is excessive (i.e. greater than 40). This type is susceptible to

! nisance tripping by responding to faults imported from other installations and its effectiveness can
" be severly reduced by parallel earth parths on the installation, needing much care in the installation

of such devices. None of these problems arise with the current operated form or Residual Cu.rrent
Circuit Breaker (rccb) and use of the voltage operated type is now no longer recognised by the IEE
Wiring Regulations.

Principle of Operation of rcch’s

In a single phase rccb the load current of the circuit is fed through two equal and opposing
coils wound on a common transformer core. When the phase and neutral currents are balanced as
they should be on a healthy circuit they produce equal and opposing fluxes in the transformer core
hence there is no resultant voltage generated on a detector coil also would on the core. If however
more current flows in the phase conductor than in the neutral conductor as a result of some of the
currrent returning via earth, an out of balance fluex will be produed which will be sensed by the
detector coil. This can then be arranged to trip a circuit-breaker mechanism.

In the earliest forms the detector coil was connected directly to a trip coil on a circuit breaker
mechanism and in this basic form sensitivities of 500 milli amps. were easily attained. However much
higher orders of sensitivity (i.e. lower tripping currents) are now desireable and can be obtained
by amplifying in some way the output from the detector coil ofthe current balance transformer
(which will be considerably lower for lower tripping currents) so as to obtain enough power to trip
the circuit breaker mechanism. The usual method relices on using the output from the detector
coil to nulify a weak magnetic field in a specially designed trip mechanism.
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The main path of the magnetic flux from the permanent magnet is through i shunt, which is
so arranged that only a weak magnetic flux continues through the armature. This weak flux has jus!
sufficient force to retain the armature against the effects of a throw off spring. By applying the
output from the detector coil to the trip coil a second flux is produced which passes through the
armature in opposition on that from the permanent magnet. These two fluexes will cancel out en-
abling the throw off spring to move the armature and cause the trip arm to operate the tripping
mechanism of the circuit-breaker. This principle can be used to provide a range of rcch’s with different
sensitivities and the same physical size simply by using different numbers of turns on the coil. The
normal sensitivities offered vary between 1 amp. and 30mA.

An alternative method is to use an electronjc or solid state power amplificr. This method has
the advantage of providing considerably more power to ensure more positive operating of the circuit
breakers as it often uses the main supply itself as the tripping power. Sensitivities of 30mA or better
can be achieved in this way.

Although the principle has been described in terins of single phase units it also applies to threc
phase and neutral breakers. In this case the transformer used has four main windings, onc for each
of the three phases and one for the neutral, in addition to the detector coil. The residual current
in the neutral will automatically compensate for any unbalance loading in the individual phascs.

Selection of rccb’s

The basic requirement for an rccb giving indirect shock risk protection is that the earth Fault
loop impedance multiplied by the sensitivity of the unit should not exceed S0.

Initially the most popular sensitivity was 300mA as this gives a high level of fire risk protection
coupled with shock risk protection in the presence of earth loop impedance not exceeding 166 Ohums.
For increased levels of protection 100mA sensitive units are available whcih give even higher levels
of fire risk protection and shock risk protection on earth fault loops of up to 500 Ohms.

TABLE 3
Maximum Loop Impedance for r.c.c.b. Protection.

RCCB Nominal Sensitivity mA 1000 500 300 100 30
Max. Loop Impedance Ohms. 50 100 166 500 1666

It may be throught that to get the ultimate in protection it is necessary to get the lowesp pqssil»lc
tripping current but as sensitivities are increased other problems may be introduc§d‘ na‘m‘ely “nuisance
tripping” again. Long lengths of cable can exhibit charging inrush currexﬁs of sufficient valucs_l:o
trip very sensitive units and some pieces of equipment may produce a standing .le.akage currgut which
is quite harmless in itself but would cause such devices to operate. Modern wiring regulanops draw
a distinction between “earth fault” currents and “carth leakage’ currents, the differcnce being that
an earth fault current is one that has arisen from d failure of some part of the installation whereas
an earth leakage current is a current which flows to earth in a circuit which is intrinsically sound.
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30mA is generally accepted as the maxinum current that the human body can withstand con-
tinuously without damage to the heart, and 10mA is the maximum current before muscles become
immobilized. Reeb’s are available with such sensitivities, but wiring regulations insist that protection
against direct contact be given by either insulating live parts, or containing them behind barriers or
enclosures, or even placing them out of reach. Rceb’s cannot be used in place of such methods but
they can be used to give additional protection in high risk situations, e.g. poor earthing, flexible cables
etc.

In fact the IEE Wiring Regulations insist on rccb protection on socket outlets intended to supply
portable equipment out of doors, and also on installations where the protective circuit does not
involve a continuous metal path back to the source (i.e. TT and IT systems).

Continuous Development

Now that rcch’s based on the simple concepts have been in use for many years, experience has
indicated applications where an even wider range of protection can be provided by improvements
to the basic design. The development of a world wide (IEC) standard for rccb’s has been hampemd
as it tries to include requirements to cover these improvements as they occur.

The Effect of D.C.

Some appliances that may be supplied through rccb’s include semi conductor rectifiers which
could, under fault conditions, produce a d.c. fault current. It is argued that not only would such a
fault not be detected by the core balance transformer in an rccb but it could saturate the transformer
and so prevent it detecting an a.c. fault. In practice there are no recorded fatalities resulting from
the failure of an rccb due to the presence of d.c. fault current and it is not suggested that existing
types of rccb’s are inadequate and need replacing. However, IEC will shortly be publishing a classi-
fication of rcchb’s according to their behaviour in the presence of a d.c fault. Three different classes
will be recognised.

Type A.C. This covers the first generation of rccb’s designed to trip on pure a.c. faults and
having no criteria for the performance of the rccb in presence of a d.c. fault component.

Type A - These are the latest designs which will respond not only to a pure a.c. fault but also
will trip in the presence of a pulsating d.c. wave form. Their performance is verified by means of a
fault current derived from half wave rectified a.c. together with a d.c. current of 25% of the rated
current. The breaker must trip below its rated current on pure a.c. and below 1.4 times its rated
tripping current on the pulsating d.c. wave form.

Type B — This class is intended for rccb’s which will respond to the presence of pure d.c. but
the test parameters are still under consideration.

Breakers of both type A.C. and type A are now available and it is felt that Type A will cover
any type of fault likely to be encountered in domestic premises. The IEC standard for rccb’s will
cover both types A and A.C. In preparing this classification the IEC has sought to acknowledge im-
provements in design rather than necessities in practice,

Double Earthing

It is also argued that the presence of a neutral to earth fault on the load side of an rccb on
T.N. system would also inhibit its operation. Such a fault would effectively short out the neutral
winding on the core balance transformer since on a T.N. system the supply neutral is effectively at
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earth potential. Again no hazard to users arises from these circumstances except in the prevention
of operation of the rceb’s should a second fault occur. The presence of such a ncutral earth [ault
would be readily detected by the recomumended periodic use of the test button. Such neutral carth
faults as have occurred have been due to incorrect installation work rather than a fault developiog,
upon the installation at a later date. Nevertheless it is possible to provide sensing arrangements in
electronic types of rccb to detect this extemely rare fault condition although the increase in cost
does not warrant their use in general applications.

Nuisance Tripping

One of the criticisms raised against the fault voltage operated device was its susceptibility to
nuisance tripping. Operation on harmiess transient surges can indeed cause great inconvenience.
For this reason a test has been developed to check the response of an recb in the presence of a surge
and such a test will be included in the eventual 1EC standard.

Solid State Devices

The use of solid state or electronic devices in rceh’s can bring both advantages and disadvanlages.
Amongst the advantages are included the ability to manufacture a rccb that will respond in the pre-
sence of d.c., and also the manufacture of an rccb that will respond in the presence of a ncutval
to earth fault. Amongst the disadvantages, is the reliance on a power supply to achieve tripping nnder
fault conditions. It has to be borne in mind that the mains voltage may be considerably reduced
during fault operations whilst absence of a neutral connection could remove detection leaving a shock
risk possibility from the remaining phase connection. However it must be remembered that a rceb
should never be used as the sole means of shock risk protection and as far as shock risk is concernec
it will only be called on to give protection where other methods such as insulation, placing out of
reach, barriers or enclosures have been defeated. The reduction of mains voltage implies a very high
fault current has occurred which, if large enough to severely affect the line voltage will have been
large enough to operate overcurrent protection! It could be that wiring rules will apply restrictions
on the use of mains powered devices to further ensure that they are not used as the sole means of
protection.

The Price of Popularity

Many people, now realising the advantages that Residual Current Circuit Breakers can give, are
calling for their use in an ever increasing number which itself could introduce a problen if two or
more rceb’s are connected in series. Discrimination could then be a problem since an rech does nof
of itself limit the fault current and two rccb’s placed in series will trip out together if the fault current
exceeds the rated tripping current of both of them. To avoid this lack of discrimination and yet
enable both main and brauch circuits to have rccb protection, rccb’s with integral time delays are
being introduced. In this manner an rceb supplying others could be chosen of a type having a time
delay of sufficient magnitude to let the remaining breakers operate first and still operate itsclt if the
fault persists for a dangerous length of time.

In Practice

There is no doubt that may installations will continue to rely on the overcurrent protection to
give earth leakage protection to its circuits as well, but the use of rceb’s offer an even safer installation
and there are many ways in which they can be applied.
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One way is to have an rccb integral with a socket outlet (Fig. 3) which has the advantage that it

localises any disconnection. It is suitable as an addition to an installation but it would be expensive
to treat every socket outlet this way.

Similar units are available for commercial applications in either metalclad or decorative finishes,
or alternatively, for industrial installations with various types of socket outlets.

An alternative to the protected socket outlet is to have a whole section of an installation pro-
tected by using an rcch as a section breaker, or in domestic premises, as the main incoming switch
or isolator in a consumer unit. The possible problem here is that an earth fault disconnects every-
thing, even the lighting, which could introduce further hazards although another approach is to have
an rccb controlling only that section of busbar feeding socket outlets and the like wihere the majority

of faults are likely to occur (Fig. 4). The result is an economic use of materials with a high degree
of integrity on lighting circuits.

Yet another alternative is the use of a combined mcb/rccb providing both overcurrent and earth
leakage protection in the same unit (Fig. 5). This can be fitted to both existing and new installations
to provide individual circuit protection.

The number of varients of rceb’s now available from British Manufacturers and being developed
will ensure that somewhere there is the solution for your earth leakage problem.
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Fig. 4 - Split Load Consumer Unit.
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Fig. 5 -

Combined mcb/rccb.
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PROPOSED CODE OF PRACTICE FOR THE WIRING OF FIXED INSTALLATIONS
IN BUILDINGS

Introduction

In a symposium on ‘Management and Implementation of Electrical Safety in Hong Kong’ or-
ganised by the Hong Kong Institution of Engineers two years ago, a paper was presented describing
the general structure and principles of the new Electricity Bill which was under consideration by the
Government. '

As mentioned in that paper, under the new Electricity Bill, the Governor-in-Council will be
empowered to make regulations governing the safe use and supply of electricity. One of the proposed
regulations is the Regulations for the Wiring of Fixed Installations in Buildings and Premises (WIRING
REGULATIONS). The WIRING REGULATIONS set out the minimum safety requirements which
all future fixed electrical installations must comply with. These minimum requirements relate to all
safety aspects of electrical work carried out on fixed installations. The WIRING REGULATIONS
are based on consultation with the concerned parties (such as the Supply Companies, electrical trade
and industry), the existing Supply Rules of the Supply Companies; and the current requirements
of the Institution of the Electrical Engineers Wiring Regulations with modifications to suit the local
conditions where necessary. Although the IEE Wiring Regulationsare largely based on the British
Standards, our WIRING REGULATIONS have been written in such a way that the statutory require-
ments are general and not restrictive in nature, i.e. they will not preclude installations meeting other
national or international standards.

Because the WIRING REGULATIONS are written in such a way, it is necessary to produce a
Code of Practice (the CODE) to give detail technical guidelines on how the statutory requirements
of the WIRING REGULATIONS can be met. An electrical installation which complies with the
CODE is deemed to satisfy the requirements of the WIRING REGULATIONS. It must be stressed,
however, that the new legislation will not preclude other means of achieveing these requirements.
The CODE therefore is not part of the statutory requirements and will not have the same force of
law. Nevertheless, failure to observe it will constitute strong evidence of guilt in the event of a pro-
secution being brought under any relevant provision of the new legislation.

Now, I would like to give more details of the CODE including its contents and implementation.

Contents of the CODE

General Structure

The numbering system of the CODE corresponds to that of the WIRING REGULATIONS.

As there are 24 regulations in the WIRING REGULATIONS, correspondingly 24 codes are required
in the CODE. However, 2 additional codes are also included to describe the general workmanship
and examples of application, making a total of 26 codes in the CODE.

Sections of the Code ‘

The CODE is divided into 4 main sections as follows: —
(a) General
This section covers: —
(i) definitions of the technical terms used in the CODE:

(i) the types of installations to which the CODE applies. The CODE applies to all low
and high voltage fixed installations in buildings and premises, except for the following:
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— electrical installations belonging to organisations exempted under the WIRING
REGULATIONS, such as installations belonging to the Government, Housing
Department, MTRC, KCRC and Supply Companies etc.;

—  electrical installations contined in an forming part of a mobil unit such as air-
craft, motor vehicles and sea-going vessels since the CODE is intended for fixed
installations in buildings and premises only;

(iii) general safety practices relating to all aspects of electrical work including workman-
ship, materials, design, construction, installation and safe access to facilitate operation,
inspection, testing and maintenance of electrical equipment.

(b) Practices to be followed in the construction of electrical installations
This section covers: —

(i) segregation of dlfferent types of circuits, circuit arrangements, circuit capability to
carry the maximum demand,

(ii) effective means of isolation, switching, overcurrent and earth leakage protection;

(iii) practices to be followed in the construction of installation which are subject to adverse
environmental conditions such as high ambient temperapture, corrosive atmosphere,
exposure to weather or in surroundings susceptible to risk of fire or explosion;

(iv) construction of overhead lines.

(c) Practices and Procedures to be followed in the operation and testing of electrical installa-
tins

This section covers: —

(i) safe operation and maintenance procedures including display of labels and notices and
other safety precautions;

(i) safe practices in carrying out inspection, testing, alteration or addition to electrical
installation.

(d) General workmanship and examples of application
This section covers:—

(i) gencral workmanship in the installation of conduits, trunking, cabies, conductors and
making of joints and terminations.

(i) examples of typical applications of the CODE.

Implementation

The CODE, the main BILL, the REGULATIONS FOR THE REGISTRATION OF ELECTRICAL
CONTRACTORS AND WORKERS and the WIRING REGULATIONS, have all been circulated twice
to the concerned parties for comments. Draft drafting instructions for the Bill and these Regulations,
will be shortly submitted to the Law Draftsman.

After the Bill and the Regulations are enacted, the Director of Electrical and Mechanical Services
(the Director) will issue the CODE for guidance to the electrical contractors and workers. At that
time, the registration of the electrical workers and contractors will commence which is schedule to
take 18 months to complete. Thereafter all new electrical installations will be required to meet the
requirements of the WIRING REGULATIONS.
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Since the CODE is not part of the statutory requirements, it is capable of being updated by the
Director_ as and when necessary, without having to amend the Ordinance or its regulations.

Examples of typical applications of the CODE

As mentioned above, the technical requirements of the WIRING REGULATIONS will be general
and the CODE will give guidelines on how these requirements can be met. The following examples
illustrate how the CODE can be applied to meet the statutory requirements: —

Example (a) Access and working space

. Reg. 4 of the WIRING REGULATIONS states that all electrical equipment requiring operation,
maintenance or attention shall be so installed as to provide adequate and safe means of access and
working space for such activities.

To give guidelines on the requirements of safe access and working space, Code 4 (see Annex 1)

provides the dimensions of clearance spaces for various types of electrical equipment such as switch-
gear and meters under various circumstances.

Example (b) Final circuit arrangements

Relating to the provision of adequate numbers of socket outlets so as to obviate the abuse use
of adaptors, Reg. 6 prescribes some arrangements of the final circuits as follows: —

(i) a 5A radial circuit connecting not more than four adjacent SA socket outlets,
(ii) a 15A radial circuit connecting not more than two adjacent 15A socket outlets, and
(iii) a radial/ring circuit connecting unlimited number of 13A socket outlets.

To provide more details on these circuit arrangements for compliance with the WIRING RE-
GULATIONS as a whole, Code 6 (see Annex 2) describes the dimensions of these socket outlets,
the types of protective devices to be used and the accepted practice of circuit arrangements. Code
26 (see Annex 3) also recommends the minimum numbers of socket outlets in dwellings to be 3
in kitchen and bedroom and 4 in living room etc.

Example (c) Breaking capacities

Reg. 9 states that every circuit shall be protected against overcurrent by devices which are of
adequate breaking capacity.

To give guidelines on the requirements of adequate breaking capacities, Code 9 (see Annex 4)
lists minimum breaking capacities of protective devices required at various supply conditions such
as supply directly taken from a transformer within the premises, supply tapped from rising mains,
supply taken from the Supply Company’s service box or overhead line.

Example (d) Protection against earth fault current

Reg. 11 prescribes that where metalwork is earthed, the circuits concerned shall be protected
against the persistence of earth fault currents.
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To give guidelines no how to protect circuits against the persistence of earth fault currents,
Code 11 describes the methods of earthing for this purpose. In this connection, instead of recom-
mending in a formula to select the size of protective conductors (as recommended in the IEE Wiring
Regulations) which is difficult to use, Code 11 provides tables (see Annex 5) giving the minimum
cross-sectional areas of copper or aluminium protective conductors for circuits protected by fuses,
MCBs, moulded case circuit breakers and circuit breakers for easy reference. This Code also tabulates
(see Annex 6) the acceptable maximum earth fault impedances for circuits of various current ratings
and protected by the above protective devices for easy reference.

Example (e) Overhead lines

Reg. 16 states that low voltage overhead lines shall be properly designed, constructed, installed
and maintained so as to prevent danger.

To give guidelines on the proper design etc, Code 16 (see Annex 7) spells out the acceptable
installation practices regarding the line support, joints, service connection, installation of poles, stay
wires, carrier wires and earthing etc.

Example (f) Display of labells and notices
Reg. 18 prescribes the display of various warning notices for switchrooms, substations and
electrical equipment on which work is being carried out etc., to warn public the existence of danger

and to safeguard those people working on the equipment.

To provide more details on these, Code 18 (see Annex 8) descibes the minimum dimensions of
these notices, the acceptable forms of these notices such as engraved plastic boards, the recommended

locations for fixing these notices etc.

Example (g) Inspection and Testing

Reg. 20 prescribes that every electrical installation on completion be inspected and tested, and
reg. 21 prescribes that owners of categorised installation (i.e. places of public entertainment etc.)
shall arrange their installations to be inspected and tested.

To give guidelines for an electrical installation to comply with the WIRING REGULATIONS,
Code 20 details the inspection and testing procedures and provides the check-list (Annex 9) of items
to be inspected and tested.

Example (h) Safety Precautions

Reg. 22 states that a registered electrical worker shall ensure that all safety procedures are taken
for electrical wiring work carried out by him or under his supervision.

To give guidelines on safe procedures, Code 22 recommends certain safety precaution, such as:—
(i) screening of other conductive parts whilst working on energised parts;

(ii) locking off of incomplete parts of an installation prior to connection of supply to other
parts (the completed parts) of the installation:

(iii) disconnection from the supply or positive isolation with the isolating device locked off
prior to commencement of a major alternation, and

(iv) use of a non-conductive or insulated ladder on electrical wiring work.
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(a)

(b)

(c)

(d

(e)

1)

(2)

Conclusion

The CODE is based on the most up-to-date international standards and practices. It is hoped
that if electrical installations are made in compliance with the CODE, public safety can be enhanced
as far as reasonably practicable.

In light of technological advance and the further development in the field of electrical engineer-
ing, it is anticipated that the CODE will be updated whenever necessary to keep it in line with the
] latest technology. For this purpose, the inputs from the concerned parties such as the Supply Com-
panies, electrical trade and industry and yourselves will continue to play an important part in the
future revision of the CODE.

Annex 1 - Extract from Code 4

(2) Clearance space

A minimum clearance space of 450 mm for the full width and in front of meters or of
all low voltage switchgear having a rating not exceeding 100 amperes such as consumer units
and isolation switches, should be provided.

A minimum clearance space of 900 mm for the full width and in front of meters or of all
low voltage control panels and switchgear, such as switchboards, distribution panels, and
motor control centres with secure footing, having a rating exceeding 100 amperes should
be provided.

A minimum clearance space of 450 mm is required behind or by the side of such equip-
ment where access from behind or the side is required for connection and maintenance
purposes.

Clearance space is not required behind or by the side of such equipment where there are
no renewable parts such as fuses or switches or no parts or connections which require
access from the back or from the side concerned.

The clearance space in front of the equipment referred to in subparagraph (b) should
be increased to at least 1400 mm for such electrical equipment operating at high voltage.

Annex 2 — Extract frdm Code 6

6G Final Circuits Using SA or 15A Socket OQutlets to requirements prescribed in appendix 2

15A socket outlets
(a) Radial final circuit should be used.

(b) A maximum of two 15A socket outlets installed immediately adjacent to one another
may be provided in a radial final circuit protected by a 15A high breaking capacity
(HBC) fuse or 15A miniature circuit breaker (MCB).

SA socket outlets

(a) Where more than one SA socket outlet is provided in a circuit, the socket outlets
should be arranged in a gang or installed immediately adjacent to one another.
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(c)

(b)

paragraph (a) is allowed.

(i) a radial final circuit protected by a SA HBC fuse or SA miniature circuit breaker:

or

(ii)) a SA fused spur from a radial final circuit feeding only one 15A socket outlet
which is protected by a 15A HBC fuse or 15A miniature circuit breaker and the

These socket outlets may be fed by —

15A socket outlet is immediately adjacent to the SA socket outlet(s).

Annex 3 — Extract from Code 26

Table 26(2) Minimum number of

socket outlets in dwellings

area of the

Maximum floor area |
in sq. meter served|
by a socket outlet |
for the total floor|

Maximum floor area |

in sq. meter served|

by a socket outlet |

for the total floor|

| area of the |

Location dwelling not | dwelling exceeding | Minimum No.
| exceeding 100 sq. | 100 sq. meter | of sockets
| meter | |

|_Kitchen | 1.2 | 2.4 | 3
| Living/Dining, Room | 2.5 | 5 | 4
| Bedroom | -3 | 6 | 3
| Store | - | - | 1
| Utility Room | - | - l 3
Note : A twin outlet is regarded as 2 outlets.

11 -6
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Annex 4 — Extract from Code 9

9C Breaking Capacities of Overcurrent Devices for Protection Against Short Circuits in Low Voltage

|
I
I
I
I
|
I
I
I

Installations

(a) The breaking capacities of protective devices agamst short circuits in compliance with

Table 9(1) are generally acceptable.

Table 9(1)

Breaking capacities of protective devices

Types of supply to which
the protective devices are

connected

Current rating of
Back-up fuses(if
provided) to BS 88

minimum breaking
capacities of the

Protective devices

(i)  Supply directly taken
from the transformer
within the premises in
which the installation

is situated.

40 kA

(i1) Supply tapped from

rising mains

not exceeding 160A

4,5 kA (with back- |

up fuses) |

exceeding 160A but
not exceeding 400A

23 kA (with back-

up fuses)

no back-up fuses

fitted

not less than the

circult current

shown at Table 9(2)

(iii) Supply taken from Supply
Company's service box or

overhead line

not exceeding 160A

4.5 kA

exceeding 160A but
not exceeding 400A

l
I
I
prospective short |
I
I
|
|

18 kA

11 -7
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Annex 5 — Extract from Code 11

Table 11(3)- applicable to CPC for circuits

protected by HBC fuses to BS 88 part 2

|Fuse Rating in amperes | 6 10 16 20 32 50 60 80 100 160 200 250 315 400
IMinimum [copper |1 1 11.52.5 4 6 10 10 16 25 25 35 50
lcross- | l )
| sectional |Aluminium|{16 16 16 16 16 16 16 16 16 25 35 50 50 70
|area (sq. mm) | |
lof cPC for | I
IS sec. dis- | |
|connection | |
| | |
IMinimum |copper |1 1 1 12,5 4 &4 6 10 10 16 25 25
cross- | |
| sectional | |
|area (sq. mm) | |
lof cPC for | |
0.4 sec. dis~-| |
|connection | |
| | |
Table 11(4)- applicable to protective CPC
for circuit protected by HBC fuses to BS1361
| Fuse Rating in amperes | 5 15 20 30 45 60 80 100 |
|Minimum cross- |Copper | 1 1 1.5 2.5 4 10 10 16 |
| sectional area | | [
|(sq.nm) of CPC |aluminium| 16 16 16 16 16 16 16 25 |
|for 5 sec. | . | ) l
|disconnection | | |
|Minimum cross- |Copper | 1 1 1 1 2.5 4 6 10 |
|sectional area | | |
|(sq. mm) of CPC| | |
| for 0.4 sec. | | |
|disconnection | | |
| | | |
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Annex 6 — Extract from Code 11
(2) Maximum permissible earth fault loop impedance
(a) The maximum permissible earth fault loop impedance (Zs) to achieve automatic discon-

nection within 0.4 second by the protective device in the event of an earth fault for para-
graph (1) in compliance with Tables 11(9), | 1(10) and 11(11) are acceptable.

TABLE 11(9)

Maximum earth fault loop impedance for 0.4 sec. disconnection

when the circuit is protected by HBC Fuses to BS88 Part 2

IFuse Rating (A) 6 10 16 20 32 50 I
1Zs (ohm) 7.2 4.4 2.3 1.5 0.9 0.5 |

TABLE 11(10)

‘Maximum earth fault loop impedance for 0.4 sec. disconnection

when the circuit is protected by fuses to BS 1361

|Fuse Rating (A) 5 15 20 30 45 |
128 (ohm) 9.4 2.8 1.5 1.0 0.5 |

Annex 7 — Extract from Code 16
Code 16 LOW VOLTAGE OVERHEAD LINE INSTALLATIONS
16A General

Hard-drawn copper or solid aluminum PVC insulated PVC sheatehed armoured or non-armoured
single or multi-core or bunched cables, suspended oh carrier wires, are acceptable for low voltage
overhead line installations.
16B Installation of Overhead Lines

(a) Cables for overhead lines should be supported on insulators if fixed to metallic pole.

(b) The cables should be attached to the carrier wire by self-retaining nylon fasteners of suitabe
size and strength and evenly spaced at approximately 450 mm intervals.
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16C Joint of OQverhead Lines
(a) Mid-span joints in overhead lines are not acceptable.

(b) Straight joint, if any, should be made at the pole and should be properly designed, installed
and insulated from the pole.

16D Service Connection to Building

(a) Where overhead lines enter into a building, the cables should be taken into the building through
a swan-neck conduit of adequate size fitted with bushes or bellmouth.

Annex 8 — Extract from Code 18
Code 18 DISPLAY OF LABELS AND NOTICES
18A Warning Notice for Substations

“DANGER-SUBSTATION, UNAUTHORISED ENTRY PROHIBITED (Chinese Translation)”
in letters and characters each not less than 50 mm high either painted on the outside of the door of
the substation, or engraved on plastic boards permanently fixed on the outside of the door of the
substation, is acceptable.

18B Warning Notice for Switchrooms

“DANGER-ELECTRICITY, UNAUTHORISED ENTRY PROHIBITED (Chinese Translation)”
in letters and characters each not less than 50 mm high either painted on the outside of the door of
the switchroom or engraved on plastic boards permanently fixed on the outside of the door of the
switchroom, is acceptable.

18C Warning Notice for Distribution Boards

“DANGER — (Chi‘nese Translation)” in red letters and characters each not less than 50 mm high,
displayed at or near each of the distribution board is acceptable.

18D Warning Notice for Connection of Earthing Conductor and Main Bonding Conductor

“DO NOT REMOVE (Chinese Translation)” in letters and characters each not less than 5 mm
high to be fixed at or near the point of connection of every earthing conductor to an earth electrode,
and at or near the point of main bonding conductor.
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Annex 9 — Extract from Code 20

Check-list No. 1 — New L.V. Installation and Periodic Testing
connected before 1.1.85.

(a) Switchboards, circuit breakers and main switches

(1)

(i1)

(iii)

(iv)

v)

(vi)

(vii)

(viii)

(ix)

(x)

No visible damage to impair safety.
Safe access provided.

Every circuit breaker, main switch and fuse holder(s)
provided with correct and durable rating labels giving their
ratings.

Every circuit breaker and main switch provided with a
durable identification label.

An up-to-date schematic diagram displayed to show the
main distribution system.

Copper link of adequate size installed in neutral circuit.

All accessible live parts screened with insulating plate or
earthed metal.

The overcurrent and earth fault protection characteristics
of all circuit breakers verified with secondary injection
test instruments where appropriate.

Lowest insulation resistance being Mohms (not
less than 1 Mohms) measured between phases and phases
to Earth. .

All exposed. conductive parté effectively earthed with a
maximum earth fault loop impedance being ohms.

for L.V. installations

Tested by/Date
(N/A if not applicable)
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