CHAPTER 4

VOLTAGE IMPROVEMENT

4.1 Introductien

* voltage improvement technique
hin permissible limits are

thesis will be divided up

- :;»Itage drop in transmission
i ]
networks ¢ ¢ the simple case of a constan

voltage SOlrce supplylng a load thro
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’. an external series impedance.

Fig. 4.1 Single Line Diagram Of A Radially Served Load
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From Fig. 4.1, it is clear that

or - vV -V =12

where

sing oy LY

which is the approx préssion ' ;oltage drop

From eq. (4.1), it is :w,,an; : 71 e dropi.e. ¥~ N

- the par@am

- the load currrent
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recelv1ng end voltage within desired limits

The parameters R and X is determined by the nature of
transmission line. The load current is determined by the nature of the
load. A highly inductive load having a low power factor would draw a
nuch larger current than a highly resistive load having a high power

factor for the same active power consumed. Thus a low power factor
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load will result in high voltage drop along the line. An important
nethod of reducing the voltage drop in a line, therefore, is to use

a power factor improvement device at the receiving end of the line.

To give a further expl ion of how the power factor of the

load affects the voltage drop of e,let us consider eq. 4.1

If the load is pur then from eq. 4.1

% G2
If the load is pur ‘then from eq. 4.1

cndEs)

For a transmiss 1:; 4.2 and eqs 4.8 ik

is seen that th \f;" 7‘ F drop along the line )

is very high for xeactive loads and very lo{ﬂkor unity power factor

loads. This means tﬁ& the voltagerdrop in the line increases with
Ft‘IJUEJ' tdetor bkl | b eihed Fsckve pover 10s0>.

Thus, to ma1nta1n voltage drop in the Jine within ligats the reactive

pm’pm AN DIEU IR V&b 1inst. mhis

however, is not under the control of the supply authority because the

increased

.reactlve power drawn by the consumers,who use inductive loads such as
induction motors. Therefore, in order to compensate for the reactive
power taken by consumers, capacitors or synchronous condensers (also
called synchronous compensators) are installed at the receiving end,
thus reducing reactive power flow through the line. This reduces the

voltage drop in the line and keeps it within limits.



In the following sections are discussed some specific methods

used for controlling the voltage at the receiving ends lines.

4.2 System Improvement

4.2.1 Reduce Line Impeda

From eq. 4.1 ,if LHat Q‘Pdwp transmission

line impedance the volta ' he red . The easiest way to

reduce line impedance i
4.2.2 Using Hig

From eq. 4.1 , 1;» or that cause the

. T ¥
voltage drop is load current jlehus;if™ ednce load current the

voltage drop will be redu eafsg“,,u;u; or system voltage will

reduce the Current' ‘_.;-m.u:c VR B B 6 I 0 0 = S— R &——ur_.- & lLage drop

decrease. m
ok S’““Pfﬂﬁ“‘?‘ffﬁmgﬁw g1n3
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loads connected to it, thus the voltage drop in the line becomes large.

On the other hand, when sﬁpplying light loads, the capacitance of the
transmission lines is sufficient to compensate for the inductive
effect of the load causing the power factor remain sufficiently high.
Thus, the voltage drop in the line remiins low. However, al very low
loads, the capacitive effect of the line may domiunate over the

inductive effect of the load causing a leading power factor and
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resulting in voltage rise in the line. The receiving end voltage will

then be higher than the sending end voltage.

Synchronous compensators are connected at the receiving end of
transmission lines and are run overexcited when the lines are fully

loaded. Overexcited synchronous mpensators generate reachtive power

thus correcting the line_power: 9 near unity. when the lines
are running lightly loade 4 yn@ compensators connected at

the receiving end

excited synchronous
compensators cons wsal.ing for Lhe

predominantly cap extremely light loads.

Y

Synchronous compe \\ Jh built-in voltage
3. |

regulators by which atically run overexcited
at high load and und

Action of svnchto *L-- wpensator shown in Fig 4.2 a,b and ¢ .

2 2 ‘}" f

-
T ynchronous compensator

cbive pgier Q , both of which

flow through _the t Fassmission 11nu Considering full load condition,

avn s oo ke de VbW YR oo 1o v e

Voltage drop in the line will be large.g,

ARIANN T URNAINYAY

Fig. 4.2b. shows a synchronous compensator connected at: Lhe

Fig. 4.:5@
The load draws acaﬁve power P an

receiving end of the line. When the line is supplying full lnad ,the
SCs would be overexcited thus shpplying leading reactive power, Q__.
Thus the power flowing through the transmission line would be the

active power P and the reactive power (Q - Q__). IbL is seen that the

reactive power [lowing through the line is thus reduced from Q Lo

(@ - Q__). This reduces the voltage drop in the line.
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Fig. 4.2c. shows the condition at light loads. The power p at
light lqads is very small and the reactive pover at light loads is
neglected ( i.e. @ = 0 ). The reactive powver, Q . , owing to line
capacitance is now significant as compared to active bouer, Dl T
Q, . is sufficiently large, it may result in the receiving end voltage

becoming higher than the sending end voltage. This is often called
Ferranti effect. This may cause : to equipments at the receiving
end. Therefore for thisweondit &is run underexcited, whereby

it consumes reactive POWEL.G_ . | hemctlve power flow in the
-Q, + Qe IS

;;iigxlﬁr ower factor to improve from
iy .

yoltage at the recelv1ng

The great 4 the voltage control of

transmission lines i pperation at all load

conditions. The disadvantdge is th is quite expensive.
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Fig. 4.2 A Transmission Line supplying Load:
a) without SCs
b) with overexcited SCs

¢) with underexcited SCs



4.2.4 Shunt Capacitors

In the preceding paragraphs, the use of an SC for controlling
the voltage drop in a line was discussed. SCs are expensive and their

use on subtransmission and distribution systems is not. economical.

Capacitors are therefore used hege\ f¢ same purposes. Capacitors
1»1n¢ end. In case of
three phase lines, capacibois-may be 1 grounded star,

ungrounded star, delta, ete .‘>v‘$“~ ';?ipbqu1red capacity are

not always available,ther ghey al _': allv eonnected in banks.

The methods of ¢ i 7 _elf? £ <_end voltage of a line
by using either SC or shun® T  ; power factor to be so
altered as to minimize the vo he line and hence maintain
the receiving end Vo;ﬁ‘;#_;_;;___::::_Vn«—!»» ,,,,,,,, Sialue. However, the
voltage drop in the e power factor,

ich is determined

also depends on curren flowing throﬁgh tﬁe line

by the load. Th m ill be a
voltage drop alﬁ Wﬂgﬂﬁﬁ zl'iﬁj’has been
appropria zﬂ tage Within
perniss1b‘§ﬂ‘:rag\?l%9 Ejﬁe’jﬁmgqﬁ lt.age

when it is low and decrease it when it is high. One of the most widely
used methods of adjusting the line voltﬁge is to alter the ratio of
transformation by tapping the windings of the receiving end
distribution transformer. This process is termed tap-changing. IL may
be done when the transformer is not in the circuit (i.e. off-load) or

when the transformer is in the circuit (i.e. on-lonad).
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4.2.6 Static VAR Compensator

The previous sections describe methods of reducing the voltage
drop along the line. But some be useful for the situation where the

voltage drop occurs over a long period of time in the order of minuits

alleviate all voltage decy an ‘preve 1;*voltage collapse.
This can be achieved \wristor-controlled
static VAR compensato eouslys within

2 cycles.

4.2.6.1 Basic Conf

These devices.de clements (reactors,

capacitors), however,<co Fiss 4.3 shows the

7 ]

fundamental circuit comfigulations for SVC syst;es‘JiI wvhich can be

divided into tw aﬁﬁ?%e : g
- System wi i'xe > £1n§am &Jrfllﬂ‘jontrolled

reactors (FC/TCR ty es)‘ o
5

y .
QAN IAN IR Bsovor-
q
controlled reactors (TSC/TCR types)

4.2.6.2 SVC Model

A unified model for representing all types of SVC and their

controllers is shown in Fig. 4.4. The SVC is represented as a



controlled current source I, at fundamental frequency, in parallel
with a fixed reactance X_. In this thesis following four types of

regulator are used.

Proportional regulator
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Fig. 4.4 Unified Model For SVC
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(d)

ﬂM%%%&ﬂﬁWﬂﬂﬂi

(a) SvC with propertional r ulator (SVCIEFPE 1)

q wr}a“a ﬂﬁmﬂﬂqf}%ﬁwaﬂ(sxc type 2)

(c) SVC with lead-lag regulator (SVC type 3)

(d) SYC with integral regulator (SVC type 4)
®

4.2.6.3 SVC Selection

In selection of static VAR compensator, the power system

planers should determine these following factor:
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(i) SVC configulation

For such an application of alleviation transient voltage
collapse, the SVC is mainly desinged to generate a fast variable

capacitive VARs at the instant when the voltage collapse appears.

SYC reactive power oubput
&nough VARs in the
imic ov@s following load
.:agﬂk ﬁl"”gf!cn SVC confignlation
v e NOLe. expensive.
A\ - Y

During normal steady state condi
nay be set to zero. The SV
inductive range to limit
rejections. To fulfill

would be the hest techni
(ii) SVC rati
The capacitive r mined on a steady
state basis, i.e. it is tt power required to
maintain the load voltage at fhe is a defined stable
margin when sudden change load i : -e*—e-?—-n;'e has been

obtained from a load

“ﬁl‘iﬂ“ﬁrﬁ NYNINYINT
O\ 61 R Db L i (1 ViR

thyristor type. Knowing the SVC MVA ratlng as explained before, the
required SVC voltage that makes full utilization of thyristor

current capabilities can be determined. For practical HVA ratings,
such voltage is relatively small. Therefore, a step-down transformer
is always required to connect the SVC with the HV network. As the load
is usually connected to the network by a power transformer, the best

economic choice would be to install a tertiary winding to this




transformer with a voltage that matches the SVC required voltage. This
choice realizes the maximum use of transformer circuits and the

optimum utilization of SVC components.

(iv) SVC controller

Controller paramet , rough a scanning

- no occuranc kol P hitity

- no adverse i ion *betee .AAF\\:. and the power syshem

4.3 Motor Starting ?rocgduquﬁggi,

— |
e — — el
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The methods o f| during starting np

induction motor, descéﬂlpd in thls th931s are to &

liust starting up

AN (112121 1)) mﬂ”tﬂ‘i::"i::;ti‘:“"’
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4.3.1 Full-Voltage Starting
4.3.1.1 Direct On Line Starting (DOL)

This is the simpliest and lowest-cost method of starting. It
‘produces maximun starting torque and minimum accelerating time. But it
also produces the maximum disturbance to the electric distribution

system. Thus this method should be avoided.



4.2.1.2 Rotor Resistor Starting

This method employs series resistor in each phase of the
motor rotor circuit. In selecting polyphase induction motors for

specific duties, attention must be paid to such items as degree of

enclosure, duty cycle, speed an factors. Included here

are such considerations as start.ing current.

on this basis alone, the isb@

P lad: /

It has been shown t . ,andstill as a
| N\\

simple, equivalent se rting current

may have Lo be

as follow
"'--’.-"“'JJ-.‘-'F
e e
whereln &pplled Volt gp_ll-ﬁilIl-ll.{-lTll_-uinA.n.m—:n;;—: )] asSe ValuPS
L

Numerically: !B i JE
ﬂzumﬂw SIS WYNT

W £ 'Jﬁlﬁflimmm'ﬁﬁﬁ & Eo..

current will be reduced and the staring torque be increased. In the
other hand, a reduction of the starting current and an increase in the
starting torque can be obtained by using larger values of rotor
resistance. The stator winding resistance and the total leakage
reactances are kept the same, as they would otherwise modify the

maximum torque. On this basis the rotor resistance should be high.
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The series resistance will be connected to the rotor circuit
through the slip ring, thereby offering a large value of rotor
resistance for starting. The heat generated at starting is thus, in
part,, kept out of the motor. The maximum possible starting torque is

equal to the breakdown value. Once in operation, theselresistances

are shorted circuit, reducing ‘&t ance for efficient load

operation to a value limited. by ' “‘ijﬂ&ance alone. By proper

.

. . .—d_ X :
choice of resistance elements,—iarge tmbe obtained at nearly

all speeds, and rapid age€lcraiio san be obtained.
4.3.2 Reduced Vol
4.3.2.1 Auto

The principal adranf. _mf a  ing method is the high

z"“—_ :
ﬁl;di‘> ¢ current. Motor current

L

value of torque produced

is reduced in propoitien—to-the vollage SDD-ILE to the motor
V. ')

1&; oportion to the

terminals. Line cur e

square of the termlnal voltaqp lhe transformer indings are removed

e e umﬂﬂmwmﬁ‘s
AMASNIHANIINGAE

This method employs series resistors in each phase of the
motor primary circuit. The values of the resistance is reduced in one
or more steps to meet jnrush requirements until full voltage is
applied to the motor terminals. Starting torque magnitudes are high
the torque efficiency is low, being equal to the per unit value of

voltage ‘appearing at the motor terminals. Motor terminal voltage
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increases automatically during acceleration as the line current

decreases.

Althrough transient switching current peaks are not, a problem
,large values of starting current can be experienced depending upon

the timing of the resistance-re

/ steps. The inrush current of a
normal induction motor rem igh level until relatively

high speeds are attain

#ep/—-ﬂ.ions are quickly

accomplished there may educt 1 n the maximum inrush
current.. In many case , i:afvv.,‘ »“:, he total curreht

magnitude but the in | owed by the utility.
In this situation, t its function well if

all the resistance ste téd before hreakavay is achieved,

This method Efarting. It is

generally more applieéble to larger motors and E% voltages above

600 volts. The ﬂﬂtﬁ ﬂzﬁ conduhption in the reactor as
contrasted to ae i lt. ﬂﬁ mCﬂr’]ﬂoﬁdoes ot improve
the starﬁxﬁpjer factor of thé supply syskem since t,l\vt,arting

1 rg

q

1@&1@15 mm%q;gm fioeyeg|the inprovenent

in mortor power factor with speed increase automatically raises the

current

motor terminal voltage during acceleration. Starting characteristics
can be adjusted by tap selection. Increment starting requires seperate
reactors for each step since a portion of a single reactor can not bhe

shorted in the same manner as a resistor.
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4.3.2.4 Part Winding Starting

This method is attractive in its simplicity and is generally
the least expensive of the reduced starting current nethods. Torque

efficiency is low for high-speed motors, it approaches unity for

low-speed motors. Motors torque rves tend to dip at certain

speeds, especially one-ha peed, whefi/Cpérated on part winding. The
possibility that the motor may ot a &rated speed because
of torque dips requires s sebhod oftew 38

not suitable for starting .nlpment requireing

relatively large torqies g
4.3.2.5 Y-D Stastine

Starting torque isfoniy-one-th he value at rated
voltage. Torque efficiency i f;}ﬁ;@@%é“ ot,hod is desirable only
. ST :

where low starting tew®que is acceptable. The motor st run with a

delta connection. , 7 A

7 g
"“ﬁﬁ‘ﬁ“mamwmm
“W‘T?ﬁ&mm UAINYIAY

Preventlon of disturbances as part of an agreement bptween the

supplier and the consumer.

The electricity authority charges for the supply of electric
energy to the customers by the tariff.
The dictionary gives the meaning of the word tariff as

schedule of rates or charges. Tariff, in the case of electricity
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supply, means the rates to be charged for the supply of ~electric
energy to the consumers. The electricity supply authorities, therefore,
frame the rules according to which tariffs may be fixed for different

types of consumers. In this chapter, we' shall discuss how supply

authorities charge consumers for electrical energy.

by means of prices
receive correct inform B s }&{e ivering a product.
to pay for the product th ough -

product. Prices should also Tedd-tc jﬁf , bet ween supply and

nornally may be avoidﬁ

e oo SO e

which influence ﬂiicing principli?:
' v/

ARININIMURIINYIAY, . .

a) fThe buyers hav reedon to consume electri
choose. Sellers at all times have to prodﬁce electricity to match the
total momentary demand by consumers, because electricity can not be

stored.

b) The electric power production system must have the
capability not only to generate total electricity consumed within a

specific period, but also sufficient capacity to supply with
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reliability the maximum momentary demand for electricity occuring

during the same period.

¢) Electricity has to be transmitted and distributed to

consumers via transmission and distribution systems. These systems

nust have enough capacity to mat | d of the consumers with

d) The imDOFtaﬂﬁﬁ'-F!!F'f and the “long term nature of

§ \f senerat.ing or a
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reliability. From the_uti he services provided

into two parts. The *Z:T"—___——E:‘

- make avallable to each custompr a maximum capacity which

e consmr w1815 4504 WEﬂ 113

- supply o the customer w1t.h1n the subscribed maximum

et RUTANTTS ARTTINYINY

4.4.3 Electricity Authority’s Policy On Prevention Of Disturbance

From above, it is clear that there could be no specific rules
in tariff policy to prevent disturbances made by customers to affect
the system or to other customers. One obvious reason is that it could
be difficult to decide who is the sburce of a specific disturbance.

Therefore in practical, the electricity



authority will negobiabe with the customers and sign a conbract with

them. The contract would contain paragraphs about:

- If the customer is causing a disturbance to the system or
other cutomers he must adjust his system in order Lo reduce

that disturbance.

- The initial usas machines sel up is discused

during the or changes should be

brought

The above method

TECHNICAL PRICING POLICY

. :
SYSTEﬂlu&M E] V] j w E’ n@‘on STARTING

PR()CEI)UR,EJ IMPROVEMENT

AR ﬂﬂ‘iﬁu 11 bo) '
. o

— REDUCE LINE IMPEDANCE , — AUTO-TRANSFORMER STARTING
— USING HIGHER SYSTEM VOLTAGE — PRIMARY RESISTOR STARTING
— SYNCHRONOUS COMPENSATORS — PRIMARY REACTOR STARTING
— SHUNT CAPACITORS — PART WINDING STARTING
— TAP-CHANGING TRANSFORMERS — WYE-DELTA STARTING
|~ SYC — ROTOR RESISTOR STARTING
— etlc. L ebo.
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In this thesis, some of the abdvé bechnical methods are subjected

to a closer look in the simulation study. The simulation results are

shown in appendix B.

AUEINENINEINS
ARANTUNMING AL
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