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QOutline of Power System

Part A The History and Principle of Electricity

Electricity is a form of energy involving the flow of electrons. All matter is made up of
atoms, and an atom has a center, called a nucleus. The nucleus contains positively charged
particles called protons and uncharged particles called neutrons. The nucleus of an atom is
surrounded by negatively charged particles called electrons®. The negative charge of an
electron is equal to the positive charge of a proton, and the number of electrons in an atom is
usually equal to the number of protons. When the balancing force between protons and
electrons is upset by an outside force, an atom may gain or lose an electron. When electrons
are "lost" from an atom, the free movement of these electrons constitutes an electric current.

Electricity is a basic part of nature and it is one of our most widely used forms of energy. We
get electricity, which is a secondary energy source, from the conversion of other sources of
energy, like coal, natural gas, oil, nuclear power and other ﬁ Pt Votagesours
natural sources, which are called primary energy sources®.

Many cities and towns were built alongside waterfalls (a
primary source of mechanical energy) that turned water wheels
to perform work. Before electricity generation began slightly
over 100 years ago, houses were lit with kerosene lamps, food

Conductor
Load
was cooled in iceboxes, and rooms were warmed by St
wood-burning or coal-burning stoves. Beginning with
Benjamin Franklin's experiment with a kite one stormy night in
Philadelphia, the principles of electricity gradually became understood. In the mid-1800s,
everyone's life changed with the invention of the electric light bulb. Prior to 1879, electricity had
been used in arc lights for outdoor lighting. The light bulb's invention used electricity brings
indoor lighting to our homes.

An electric generator (Long ago, a machine that generated electricity was named "dynamo"
when today's preferred term is "generator".) is a device for converting mechanical energy into
electrical energy. The process is based on the relationship between magnetism and electricity.
When a wire or any other electrically conductive material moves across a magnetic field, an
electric current occurs in the wire. The large generators used by the electric utility industry have a
stationary conductor. A magnet attached to the end of a rotating shaft is positioned inside a
stationary conducting ring that is wrapped with a long, continuous piece of wire. When the magnet
rotates, it induces a small electric current in each section of wire as it passes. Each section of wire
constitutes a small, separate electric conductor. All the small currents of individual sections add up
to one current of considerable size. This current is what is used for electric power.

Fig.1.1 The circuit elements
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New Words

electron [1rlektron]n. BT

atom [‘etem]n. JEF

nucleus [njutklies]n.  (BEF) &
proton [prauton]sn. AT

neutron [nju:tron]n. HF
kerosene ['kerasi: nln. g, ki
generator ['d3zenorerts] n. K HHL
magnetism ['meegnitizem]n. Ht%:
stationary ['steifanarr]adj. #iEAY

Phrases and Expressions

secondary energy source _KAEYE
primary energy source —IRKBEIR
light bulb 4T3

Notes

@ By, called electrons &t 244 IE EETE, &1 particles; be surrounded by &
BE: $--Fal. 2A0NERE: RETHNRTERABHFABORTRES, RIMTKZ
hHET.

@ HAREPAME], which is a secondary energy source £ &M, B electricity,
5 1 HLAE & — YK EBYE; which are called primary energy sources, #54ffi coal, natural gas, oil,
nuclear power and other natural sources, IFHVUE. KBRS, Al ZEEAHECARGBEHERT—
REEWR . ERAIMEEE: ROTEFERI—REFENE. KRS, KL T ERBESE
ek gl, A ZIREESE.

Suggested Activity
[ Translation Activity ]
Materials: Any brief passages from the students’ textbooks.
Instructions:

1. Select two short passages from the text that do not contain new vocabulary.

2. Divide the class into pairs, and give each student different passages of similar difficulty
to translate into Chinese.

3. After finishing translation, students exchange their translated texts with partners.

4. The main task is to retranslate their peers’ work back into English. Make sure students
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do not have original English texts at this stage.
5. Finally, students compare their translations with the original texts.

Exercises

1. Translate the following words or phrases into English:

(1) HifE

(2) KHHL

(3) HH

(4) KM

(5) H3

(6) Bk

(1D §4%

(8) Anres

2. Complete the following statements (choose the correct word):

(1) The nucleus contains (positively /negatively) charged particles called (protons or
neutrons).

(2) An electric generator is a device for converting (mechanical /electrical) energy into
(mechanical /electrical) energy.

(3) The large generators used by the electric utility industry have a (stationary/moving)
conductor. When the magnet rotates, it induces a small electric current in each section of
wire.

(4) We get electricity, which is a (primary /secondary) energy source.

3. Read the text and complete the following tasks:

(1) List primary energy sources that you know.

(2) Describe the function of a generator.

(3) Describe how an electric current occurs in the wire.

Part B Electricity-Generation and Transport

How Does a Power Station Work?

The heart of a power station is a large generator that extracts energy from the fuel.
Some power stations burn fossil fuels such as coal, o0il, or gas (Nuclear power stations
produce energy by splitting apart atoms of heavy materials such as uranium).The heat
produced is used to turn water into steam at high pressure in a boiler. This steam turns a
windmill-like device called a turbine connected to an electricity generator where big magnets
spin round and produce electric current in coils of wire®. After doing this, the steam is then
piped to cooling towers, in which it condenses to water. The warm water flows from the
cooling tower and returns to the boiler. In that way both water and fuel are saved.
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Generating electricity does not always mean burning fuel. In a hydroelectric power
station, the energy of rushing water is directed at a large vaned water turbine connected to an
electricity generator. The water may be released from a large dammed reservoir to satisfy peak
electricity demand during the year.

How Does Electricity Reach Homes?

From the generator, the electricity flows through the wires to a step-up transformer. The
transformer raises the pressure of the electricity so it can travel long distances. Voltage is raised
up as high as 400,000 volts in order to reduce line losses.

As the current travels through wires to the transmission lines, these high voltage lines can
carry large amounts of electricity and send the power to a substation transformer. A substation
lowers the pressure so the electricity can be used by the community.

From the substations, the current travels through cables beneath the streets. In country
areas overhead wires may be used®. Electricity is transmitted long distances at a voltage higher
than the voltage your appliances can use, the voltage would drop otherwise your appliances
would not work properly. The electricity is then sent to a distribution substation transformer
near your home, where it is stepped down in voltage to suitable value. You will also find
regulator banked located along the line. They regulate the voltage on the line to prevent
under-voltage and over-voltage conditions.

Generator

Transformer

[—>

High—Voltage Power Line

Fig.1.2 Electricity-Generation and Transport

New Words

turbine [t3:bin]n. WHHL
hydroelectric [haidraurlektrik] adi. 7K1 B
boiler [boile]n. 4k bk, K%
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condense [kan'dens]vr. & vi. (fF) TRRBIK; WY
transformer [treensfoima]ln. ZEE2E

cable [keibl]n H4k

ovethead [@uvehed)adj. BHLTHK; KT LR, LFH, BFH
distribute [dis'tribju:t] vr. 2B

distribution n. 4 fd

Phrases and Expressions

power station= power plant % H)”
cooling tower /&-#11%
water turbine  7KE AL,

Notes

(®© where big magnets spin round and produce electric current in coils of wire &—4M
f), 1BHfi generator; called a turbine R FAMEVEETE, B device; connected to an
electricity generator it £ FIEEEE, B4 tubine, RIS R BYAE. 24
HEBRE: ZAHEZ —MROREN &S, RIRE SR, REH SR BEVAHE,
EREHLARS, ERRNIER, 8BS =EHak.

@ WHyH, JFSHE—HI4EE T when the current travels, BAE: ZERMHIK, {FHES
SRl SUNEELE: ARMNERITHR, BdEHE TR ESHITEE. ERH
WK, WA PCRAISR LR pr A faft

Suggested Activity

[ Vocabulary Activity ]
Materials: A list of technical words in Part B (such as generator, turbine, boiler, transformer,
cable and so on)
Instructions:

1. Put students in pairs or groups of three.

2. Choose one student to describe the word (he or she should not tell the words) , then the
partners write the correct spelling of it.

3. After a certain time (5~10 minutes depending on the numbers of the words) ask the
teams to swap roles, so the person writing becomes the speaker.

Exercises

1. Translate the following words or phrases into English:

(1) Bel
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(2) #ZH¥s

(3) Ak

(4) i

(5) &4

(6) AL r ¥

(7 BFE

(8) Lk

2. Read the text and complete the following tasks:

(1) Describe how the electricity goes to our house.

(2) List the power plants that you know.

(3) Name out the important equipment and describe their functions in the power plant.

(4) Describe the advantages and disadvantages of underground cables and overhead
wires.

3. Fill in the blanks with suitable words or phases given below, changing the form
where necessary:

step travel  drop send high suit proper

From the substations, the current through cables beneath the streets. In country areas
overhead wires may be used. Electricity is transmitted long distances at a voltage than the
voltage your appliances can use, the voltage would otherwise your appliances would not
work . The electricity is then to a distribution substation transformer near your
home, where it is down in voltage to value.

Reading Material
Brief Introduction on Power Industry in China

1. History of Reform for Power Industry in China (see Table 1.1)

Table 1.1 History of Reform for Power Industry in China
1988 Dissolved the Ministry of Water Resources and Electric Power, the Ministry of Coal and the Ministry of
Petroleum, and established the Ministry of Energy (il K F s 03, BRMWAF WS, ARLAEYED
1993 Dissolved the Ministry of Energy and established the Ministry of Electric Power #Ii4asEEE, R r #1138
1997 Established the State: Power Corporation 3L EFK 1 /1 47
1998 Dissolved the Ministry of Electricity ¥ f h i
The State Council approved the reform program for the power system E 45 Brft¥E T o8 fcthipg ¥
2002 China power newly established (restructured) company was established
PEEAFHRE (34 ARIEXER
2003/02 The State Council approved the State Electricity Regulatory Commission
EEREMETHERRE S RTERL
i The reform program for the power system is being carried out continuously
TEFE B8 455 S e H 7 R 5
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2. Present Organisation Structure (see Table 1.2)

Table 1.2 Present Organisation Structure

EZHHEMAF  State Grid Corporation of China

PRI AT Two power grid companies | vy g v 7 [ #F£ /45 South China Power Grid Co., Ltd.

FEEEEAAR. FRXFEFALE. PEELBREALF. TEER

> by /A ] . 3 #EAE., PEEARBREALAUARECHT. 8. sSMEREEY
AREEER A E R TUIL LB A China Hua Neng {Group) Corporation, China Da Tang (Group) Corporation,
China Hua Dian (Group) Corporation, China Guo Dian (Group) Corporation,
China Electric Power Investment (Group) Corporation, and other local, jointed
or foreign invested generating enterprises

Five national generating companies and other
independent generating enterprises

ek H  None-core project groups THEWt. BHil. T Design,consultancy and construction for projects groups

— A WEETT  One regulatory department FEEFHEHMEERERSL State Electricity Regulatory Commission




Alternating Current Principles

Part A Three-Phase System

A three-phase system has three voltages, each out of phase with the other two®. The ideal
spread of these voltages occurs when the three phases are spread uniformly through the cycle.
To achieve this, the phases must start one-third of a cycle apart, or 360°/3=120°E apart. Fig.2.1
illustrates three phases U, V and W starting at 120°E intervals. At 360°E, phase U is starting
again and the sequence continues.

To show such a system as this by phasors, the
three phasors must be shown 120° apart, as in
Fig.2.2. The phasor of voltage U y has been shown
as the reference phasor, drawn horizontally to the
right. If the phasor is rotated through 120° in a
clock-wise direction, another phasor is in line with
the reference axis. This second phasor must

Fig.2.1 Three voltages at 120°

phase displacement to one another

represent the voltage, which starts its cycle next after Uy (i.e. voltage U ). After another
120° rotation, phasor U . is now in line with the reference axis. '

-~
A2
Bl Cl
2 B2
Uy Al
Fig.2.2 Phasor diagram for a three-phase system Fig.2.3 Elementary three-phase alternator

Generating a three-phase supply

A three-phase supply may be produced with three alternators locked together; more
commonly, however, one machine contains three windings, as shown in Fig.2.3. The positions
of the three coils correspond to the voltages at the left-hand end of the graph of Fig.2.1®. The
corresponding coil sides of the windings in Fig.2.3 have been blocked in, and it can be seen
that these are 120° apart.

Coil U is in the magnetic neutral plane and its voltage is zero. This corresponds with 0° in
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Fig.2.1. Coil V is 120° behind coil U, and is approaching a maximum negative value of voltage
under the south pole. Coil W is lagging a further 120° and is just leaving the position of
maximum positive voltage—the centre of the north pole.

In some applications the letters U, V and W are used, while for general-purpose supply
and distribution, the phases are given the colors coding yellow, green and red.

Advantages of a three-phase system

The advantages of a three-phase system are as follows:
1. The one size of machine can produce higher outputs as the number of phase increases.
For example, for anyone machine frame the available output is:

Phases Output
1 64 percent
2 90 percent
3 96 percent
n 100 percent

where 7 = infinite number of phases.

In economic terms, the three-phase system gives the biggest increase for the addition of
only one extra conductor, when compared to a single-phase system. When compared to the
two-phase system there is no extra conductor needed.

2. Another advantage is that the power delivered to or taken from a three-phase system is
a more constant value®. In a single-system the power curve "pulses" at twice the line
frequency. With three phases, the pulses are six times the line frequency and do not cross the
zero axis like the single-phase system. Since the power is more constant, the torque of a
rotating machine is more constant and this results in less vibration from the machine.

3. With one type of three-phase connection there are two voltages available—a selection
can be made depending on the type of load.

4. A three-phase machine can be smaller than a single-phase one for the same power
output.

5. In a distribution system the total quantity of material needed for three conductors is less
than that required for the equivalent single-phase system.

New Words

voltage [vaultidz]n. HE, REFH
phasor [ferzeln. HMMIE (¥ KE, AR
winding %54

coil £k

magnetic [meeg'netik] adj. REMEM
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conductor [kan'dakta]n. ik
pulse [pAls]v. Jk3h

frequency [fritkwensi]n. #i%E
power IhHE

torque [to:k]n JSi%E
vibration [varbreifen]n. EF)

Phrases and Expressions

three-phase system =A% &%
reference phasor S HAHE
three-phase supply =#HHIR
single-phase 548

distribution system B &4t

Notes

@ BLAJH, each out of phase with the other two 1EIRIE, Bifieh. WAKNERLE: =H
HRZE=AHE, SHEESHEHARERFEM.

@ AW, at the left-hand end of the graph of Fig.2.1 BMAMIEEEIE, B the
voltages. MAIMERE: =ANMREMNMESE 2. 1 P8 LB EEHEN RN,

@ A, delivered-to or taken from a three-phase system J&it =45 EEEE, B
the power. WLAJMEER: H—MLEREHEIRFEREE KT LR R RS
BRI REIRE.

Suggestéd Activity

[ Vocabulary Activity ]

This type of activity is useful for helping students not only practice new vocabulary but
also develop speaking and listening skills.
Time: 15~30 minutes
Materials: A list of vocabulary that has recently been introduced to, and used by the students.
Instructions:

1. Ask the students to write down 5~8 new words that they have used in class this week.
Tell them that they must know what these words mean!

2. Collect the words from your students and then break the class into two even teams;
Team A and Team B.

3. Position two chairs in front of the board at either end, with their backs facing away
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from the board. This is so a member of Team A and a member of Team B can sit in each chair
facing the rest of the class, unable to see what is written on the board. Teamates face their
seated members so that they are able to see what the teacher writes on the board.

A
4. Choose a word from one of your student’s lists and write it on the board. Instruct teams
that they must give hints about the word so that the seated member may guess what the word is.

Example: Atom
Teamates may say:

Board

s

¢ "It’s the smallest particle to which an element can be reduced.”

¢ "It has a positively charged nucleus."

¢ "It is electrically neutral."

5. The first team member who identify the word correctly scores 1 point for their team.

6. When the word has been guessed both seated members get up and exchange with
another member of their team.

7. Depending on how the students are enjoying this task, you can make it the first team to
10 or 20 points.

- Exercises

1. Translate the following words or phrases into English:

(1) =AHHRS%

(2) BAHBIRS

(3) HEAME

(4) =AM RIFERERE

(5) ¥

(6) Wi

(7) 3%

(8) EEHLARLE

2. Identify the following statements to be true or false according to the text:
(1) A three-phase system has three voltages, which usually have the same phase angle.
(2) The phasor of voltage U y has been shown as the reference phasor, drawn vertically up.



