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7.6

A 250 V moving-coil voltmeter; (o qethet with s
multiplier, has an intemal resistance o SO0 KLl
What value of multiphing resistor has to be added
o enable the meter to have a full-scale deflection o
300 V7 Find the current flowing through the meler if
the indicated voltage & 415\

sln Z5 Ashunt it the voltage

And the resistance ©
across it at full load s .05V

A& Wheatstone brndaoe is balanced and the threg
Ry. 1 k&1 Ry, 100 L2

known values ol resislance are
and R+, 6.8 ki) Calculate the value of the resstance

being measured

A moving-coil mater has an intermal resisiance ol

1200 Calculate the shunt resistance value 1o

gxtend the range ten times

& permanent-magnel moving-coil meter has an
internal resistance of 100 2.and a full-scale

dellection current of 1. mA. Calculate

(a) the value of shunt resisior necessary to extend

the range to SO0 mA

{B) the value of the multiplying resistor required 1o

extend the range 1o 2500\

7.18

7.19

7.20

7.22

A maoving-coll meler requires 10.maA o reach 1o g
and has an internal Ir?‘.T.kI.'IHEtI_‘ ol 5 €, DetErmlr;;. :
values of shunt resistors required to Measyre 'u.‘i
currents ol 100mA. 1 A and 10 A

A mwim_:r-r_'ni! meter of 1 mA fsid. and an interg
resistance of 100 €115 to be used as g -.-nnme_mrﬂil.
What multiplier values of resistance are "af-illire;i.
the ranges of the yvoltmeter are 10V, 30V, 100y
300V, and 1000 V? -

A penmanent-magriel moving-coil meter of fg g

50 pA and internal resistance 1000 © i5 to be s
as a voltmeter with ranges of 2.5V, 10V, 25y
100 V. 250V and 1000V, Find the values of U;E
necessary multiplying resistors

& resistar was measured using the bridge netWork of | ;,.r*" : e Lo e _pwe. mia
Figure 7.22(a) and the following results obtained: i P Y f:\' ”"{"'4"

: : 1 7 B '
R]:IUH.E?=1‘JUUH- Ry = 98?1!.F|ndthemﬂ, L/_ S \Qeshln( I\_/' x,_ﬁ,b:l

of the unknown resistor. |

Using a Weston standard cell calibrated at 1,01834
a potentiometer was balanced at 564 mm, A cell mfi
be tested was then substituted for the Weston cell, > =
and a balance was obtained at 852 mm. Find the |
test voltage of the unknown cell, |-

| Alternating current
1 princi les: single ph:
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8.1 INTRODUCTION

In Chapter § it was shown that a nagn te flox "””3.”.'.“ = SERSS—
across conducton 1""-"'—";‘ % an nduced voIage S Ol Dl { “H‘-‘-\ |
done by elther moving amagnel in close proximity t ¥ W) LHrEEL AL
conduitar or moving the conductor in Close f""_‘*"'”w I"
a muagnel o ra el TYOTHOSED this method of J'”.'_ |
ducing electrical enerdy 1s DOLD INCiie wnt and camsy 1%’/’\_/_
Furthermore. when both magnet ond cenducliors an = /
stationury, no voltage 18 produced ! (b) Sinusoidal

1 islar-eqsier o spin magnel 4n 10w F”.“’.."'”:Ih 0
group of conductors (or vice versa) than fo |'f|'”"‘.*" 4 .
magnet in and out of a coil cantiniiously B | - -~ |
officient 1o ereate o strong electramaoagnet than o elyv on o D/ ,7': :[W
peifmanent Inocnel rennig all 1ts magnetism ovel IS |

I tmost universally
e span. The Hmost uniss

wse] 1o e h_llr whol

mechamoal method is

i known as atlemating current

8.2 ALTERNATING VOLTAGE

WAVEFORMS

AMmost all generotos produce an alternating  voltage

Fuen so<called direct current generators initially produce
an alternating voltage. 1 18

cuTent

cinvenea internally to direct
with the aid-o

|q'l'5l|' al Tiw

o cammutator betore being avail-
machints werminals

viltages are used

ollered

sinusaidal wavelorm

s 0 standard of the

IseCause mans

advantage

85.2.1 Sinusoidal waveforms

Uhe term nusoidal waveform i derived from the fact that

e wavaelorm T"-‘”“h"- “':. sirct ”lll“l"”lll:!* ‘_jl h““'”“n 0l

the sine, on disouassad separately o section 1,60
LAy g e I ' !
LADALS 'HII (] 11'1 SINE "n'._illll"- LITE 11"'11.."‘1 1% €1 '_ll"'I’h 1+|"

resuilant charoctenstic ourve s called a sinewave, that s

W15 sinuspldal th shape. The fiest hall of the eurve i«
mirer image of Ahe second hall and one hall is
positive. while the second hali

advantages of a sing wiave are:

Lk
lll'h'-r"_.!:‘_[ N
41|'-‘-.--_:‘,tn In.'n,}-,l!l'-.t The
I i5 an eqyy

'.!!“!".' ll._'i e ;]H.'H__I.Ljﬂl'_‘ 1'1-”(_-'_1“-....- ]t !1\_ tl
nanirally occurring wavelonm.

s castly repeatable with othe

I SOurces at other
pluces alothe;

l " - &
W the only wavelarm thut

Iy | Prestuces gy vitirent flow
with the same woveigrm o thie voltage -

s shope allows the ¢

naximurn pemmlssihl
i
UL siee of moah)ne

l-H}“I!-_ll 1”.::
B s Of s ¢ .
e LH LS b I"I""I“ut"n 1 -'l : -
magneric i Y VOilage, current and
2 R HUE,L A can be used 16 operare any

Suipment thal lles on i 3
= ; i .
dperation Bl iy dction fOr i

8.27 Other wavelforms
I tHe vlectrleal POweEr industr

snusoidal Ju ansidened 1o iy disto
ot wavelonms in e, :

purposes and nm

Yo uay wavelorm Other than

e Howovor, ey
hese gre QUIeIter) L
wan) for the ansmission
COMmen w
thyy
. VOWS SCvery|
aling o eentral poly

Gi
1ot specifie
: ult el gy

UVRIorms  qre
Y Can e {ﬂrl_llkfr:;m .
wavelorms along ok
VD wah cone. Hure B:;i'mj

Energy. Several of 1he mors:
5h_rfwn 0 Figure 8.1, where the

Uhe diaaram sp |
e, widis

+V

h

(¢) Sawtooth t

(d) Triangular

—
5 |

(e) Square

L

R

|'

(f) Rectangular pulses

Flgure 8.1 » Typical wavelorms

depicts a d.c. voltage, Note that it attains o steady vols
and remains constant at that value, It is the wavelom
m_*:d where steady and unidirectional currents are dﬂ!iﬁji
Fhe sinusoldal waveform is drawn in Figure 8. 1(b) ke
a4 pure sine wave, it Is continually changing at yans
rates. s construction, shiape and uses are discussed it
greater depth later in this chapter. It is important N0
that its shape Is symmetrical about the broken line and4
15 oL series of semicircles as so often dl;'[.‘-'il;'ltl'_d-
The next waveform Is the saw-taoth wave shown &
I“_‘JUH.' 3 He), and it is immediately abave the lrip_ngu_lﬂ
'm.wu.- Fiaure B.1(d) with which it is often confused) BOE
Tise symmetrically, but while one decreqses at l‘hr‘iﬁlﬁf:
:-‘Ut:i‘.u-ﬁ i m::n.-u.-.es, the uther changes abruptly lﬂ'lﬂ;@
TT:E:E:;;;:-H“M Both are used in timing firt?tliﬁ'mmg
B.A(g). wnnih.:.,-.Tﬂnf"f'l”{d‘?m'_m"r'“ e snaul 1'—‘*- “3
depends on the ilt:tiudﬁfl'r:h em,! square or red f%\ L
efT6Ct i 00 switch o . i tme constants of the -W#,EE 3
SEQAY rate, There (s :]mg'tt from positive D _',wgnﬂ'-- |,;'.1:Lf'
then o nigative #uim- [b?hm'w voltage/for o [”*ﬂ
from pusitive (o “’Eﬂu; Wm ‘N .I“ nhﬂf period. The tiv Al
Valtage may or Tlli.‘l}' nﬁrl;i Uh.l"ql[l_l. Tl‘l& _.[J_ﬂﬁlﬂ}i_._- X
Petiod To ensure that an plecems o B i
omp | Sﬂmﬂtiimﬁ CLtronic cireuit Is )
! 119 ﬂmnﬂ. mnﬂﬂl]g__ B Sty ne

m - wl . -

Bil bl
s B 0

yse this wavelorm in HIIH[‘.r|lrll‘nlr|..11;’“. CIFCUits Gs an fndi-
cation that some event hos oo tirred,
.;-H'llul'.li' has exveeded another '-'“I'hll[{'
The wavelorm shown In Flgure 8.1(1) is an adgaplation of
{he square Wave The negative part of the Wave is missirie
leaving only positive  pulses, Sometimes called s.lmr;
rectangular pulses, they ware the basis of information
rdnsmission in digital electronics. There are twe ways of

lor example, ane

virving the information in this wave. One (s hy varying

e height, and the other Is by varying either the width of
the positive pulses o their spacing

83 ALTERNATORS

A machine producing a voltage with an alternating wave-
form al ifs terminals is called an alternator, On occasion it
can be called an alternating currént generator. Both
names are correct, although usually the term generator (s
reserved for direct current machines. The modem genera-
wor and alternator both consist of electromagnets rotating
within a frame containing many coils, each producing an
¢.m.f. These coils may be connected in series or parallel to
produce desired voltage at the terminals. Some alterna-
tors use the principle of rotating the coils between station-
ary magnets with the same result. Larger machines use
;..'[Irllim]-' electromagnets, while smallér machines use sta-
1iunul'}" electromagnets

e D
T s | LS
I N | === |- E-
iR
o 3

Cross-sechonview from fromnt

(a) Loop vertical; beginning to rotate clockwise; 0 rotation

o o
= j
1—-_‘ _‘ d II
i vlo— a]s | E -
: C'ﬂ“'ﬁﬂ_ﬁliﬂﬂﬂ}-'ﬁﬁw from o

{b) Conductors cutting lines of force; 90 rotation

. Paure 8.2« production of one ycle ot 5 by o smple 46 QSIS

Allerrofroy cooment = |.41:jrm_+_g; ﬂ*ﬂ!ﬁé

83.1  Loop rotating in 2 magnetic field
Flgure 8.2(0) shows a single-loop génerawr in which the
60p may be rotated in the field of two fixed, permanent
magnets. As the loop is otated, an emif will be gener-
ated in il -

Some means must be used to connect the loop o an
external droull, and for this reason two metallic stip-rings
are connected to the respective loop ends. Corben brushes,
bearing on the slip-rings, complete the eonnection.

| i p——r E- .
N = = i §
> i i .

Cross-sactional view from from

(c) Loop vertical again; no Induction; 180° rotation

0 .
r S A
Cross-sachonal view from fronl { \*

(d) Loop horizontal; conductors cutting lines of farce;
270" rotation

Cross-sechonal view rom frant v o om

(o) Loop vertical again; no nduction; 360" rotation
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8.3.2 Effect on em.f. as the loop rotates

The position of the loop shawn in Figure 8 2(a) is such

that the initial movement aof the loop sides is paraliel

the magnetic lines of force, No .cutting «

accur and no em.f will be generated
When the loop begins rotating

W HTES O TOIT

{ Iends Ao

force at an acute angle: resulting in the generation ol dan
em.f. in each loop stde. Further motation of the loop causes

vod e.md
1R

a comresponding morease in the value o genen

X Fas T
LY SIUIES Ll LR

pecause the I'If'lk_ilt. at which thi

becomes less acute as rolation proveeds, In the pasitiol

shown in Fiqure 8.2(b), the |n-'|' sides cut the lines ol 1010F
at 'ilf_i; Tt'uuilﬂ'ur i 1he generaton  moximum el at
this position. The direction of the generated em.l. s indl-

cated by the amows and may be cnfiomed by applving
Fleming's right-hand rule (section B.3.5)

Further rotat
e.m.t. as the

jon of the lpop causes a gradual decrease

anale of cutting becOomes 1IN i"-'.'nl!:l.:_l.".- oruic

until, at the pasition shown in Plgure § 2(c), the e;m.f. will
again fall 1o Zero

AS the L-.-n;~ rotates hurther rom posinon | lowards
‘I_‘~.':-",.f|,--:'. (d), the relatve direction of motion of the coil
SIS TEVETSES, NCE thie Jis Id direction remains ?.1,":_'1.:. the

direction
cared by the armows in_Figure 8
In Figure 8.2(d) the e.m

but . in o dire

ol generated em.f. must reverse

U Fhis 15 ndi-
2(d
- will again reach 0 maximum
opposite 1o that of
SirnLum. rotation rom p
gradual decrease in eanf. until it
WhHeEDn the 1_‘11"]" i 'ﬁ;_!'f.!t-Ft'-'~. one evolution and retums o ils
ariginal position shown in Figure B.2(#)

As the voltaoe generafed alternales in direction, the
BLsie '__1I'Ti'.."f'..l""|.' deseribed above 15 "'.1'|-_"‘~"!': (s an allematl-

ing auarent gengralon, or simply as an altemator

10T the previous

Further asition (d) will cause a

IiLl

again becomes 2ero,

.I'__ __- :,.
Lk, J..J0

Direction of an induced e.m.f.

The direction of a generated voltage depends on the direc-

tion af relahve movement! between a magnene tux and

the conductors thot link with it. A detailed e xplanation of

the t2rm relative movement has been JIVEN 1n section 5.9
A convenient rule, known as Fleming's right-hand rule.

may be applicd to (ind the direction of an induced el

provided the direction of flux and relative direction of
molion gre known

Fleming's right-hand rule
| (use for generators)

Arrange the thumb, first, and centre fingers of

the right hand at right angles (90') (o each

orier

]

Foinl the thumb in the direction in which
the conductor is moving through the flux,
Painl the first finges in the direction in
which the lines of force are acting.

. The centre finger will then pont in rhe

'I airection ae whicl the induced v.mir acts
ﬁ along the conductor.

2

,3_3_.4 Magnitude of a generated e,m f

In @;.ti;m s.s:il it wasstated (hot the w.rulué;ﬁ'f m m"mm

€an. L. depends on three fuctors, Thise are th PRy
ﬁ'.#l]'ﬂng_‘_h'ﬁf

> will

cut the lines of

SFih LLEE) B

e magnang g
‘“.r 857 ﬁh‘_ j_ '

Lhrechior
MOVEMm

| Of rely
- I
et ol o

Thumh = Tra-ﬂ.ﬂ rrﬁf-.'?l
I

J "Lrite - I 4 |.r
[ l":'i?1'1-‘i|'..t';" - _.!"I'--| l!‘- o ] =
| 5
L
|
|
CireChion O
OUCES & ml
Centre finger = LCurref | (C=L)
Fl(]urr_- 8.3 » lllustrating FIr'-I"-IE'rl:,i'_ Frghl-hallij rule
"
[

the magnenic feld, the number of conductors in series g |
the relative rate of motion between the first two facton:
[n practical machines iL is easy to determine the raten
ratation of the machine and then take into account the
comparative direction of the conductors in relation to the
magnetic field. By combining these last two, the relat
raté of motion can be found from the expression v sing
By combining all of these factors an equation can be

developed: that is, the generated voltage can be foupd
ifrom:

|
i

| V= Blvsin @ |

e

where V = value of induced voltage
B = flux density in webers
i'=length of conductor in metres
v= velocity in metres per second

This olso agrees with the concept of Fleming's nght
h_ufld fule, where the movement of the conductorisd
fignt angles to the magnetic flux. The formula alsotaks
inia-account the fact that a conductor might not alwiys |

L_*E fravelling at right angles to the magnetic flux, buls
same other anagle,

Example 8.1

u A Jf"i-!l!_’;ﬂ g

J T 10114 15 Fatsiing on {the o ﬂiﬂ“::r}' ,Uf
il 24 mis, It ihe s den sty is 041
Yulttige indiced in the
Gutting the fizld av an ongle ﬂffgﬂ,?‘.

LN SETVL L
| i T maxXimum
LRSUCior when i 15

V= Bl sin g

= LBRY

” 4o A I' Wi o ]

g S eXQmEle 8,1 g passed the AnUEE

 thi 104 wis Bhen cutting it b an U8
" hew dolioge yeneratad.
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i

' P Y

The bast
be a 10op

Alternative alternator construction

Construction of an Hh'l"'l' noator }lll'-- hppn ﬁhl‘.)'-"-'n T
e 5 0

rolatng i a magnetic feld as lHustr.:uprl in

Fiqure B.41(0) [he 1'.I|11-IIH'1!U‘I~‘_.} Vi r”{[g{* [-"'H.‘-‘fillL'Ed when the
ends of the loop were connected o slip-rings c.uucr.{l
current ta flow alternately first in one direction and lhi:-n
in the othet

This result can also be achieved by keeping the loop sta-
tionary and rotating the magnetic field instead. to give
vhe relative motion. From a constructional viewpoint it is
easier to have the ILII{}I_E on the outside of the maanetic
field, as shown in Figure §.4(b).

There are several advantages of this type of construction:
«  With «.HHTIHE‘T l'_'l{'[t.'l'n{l“_'!l"-, the rf."t‘.']”ﬂl':,} mﬂunEIiL‘ ﬁﬂ“ld

gan be obtained from a permanent ragnet.

. h|lp-[’ll‘t[‘.i'> are not e essary for connection to the
loop—enabling solid connections to be made
In practical machines, the more solid connections allow
higher voltages and currents to be handled and to bé con-
nected safely to the external circuit. Sliding connections to
the slip-rings (brush gear and brushes) are kept to a
minimum, 80 reducing maintenance problems,

8.4 METHODS BY WHICH THE

GENERATED E.M.F. MAY
BE INCREASED

It has been shown above that an exm.f. may be produced
by rotating a single-loop conductor in .o magnetic held.
This e.m.f Is too small to be of ‘any practical use and
methods of increasing its value must be considered.

8.4.1 Increase in number of effective

conductors
Figure 8.5(a) illustrates the use of a Coil rather than a
single-turn loop in order to increase the number of flux

(a) Rotating armature

Figure 8.4 o Altegnative gliernator copstalction

i g ool o snepte nf s “

inkages in o given time. Since the {urns of the woll are.
equivalent to a number of seporate conductors cﬁnﬁﬂﬂeﬁf
in series, the overall emf. produced is the sum of the
e.m . produced in eath turn. L

Generated e f. mady he further ineréased by ae na
coils and connecting them In senes. This s shown in
Figure 8.5(b), in which the coils are joined so that the
starting lead of one is connected to the finlshing lead of
the ather. Connecting the coils in this woy ensutes that the
ean.l. generated in them will be acting in the same direc-
tlan and that the voltage will be additive,

Since gmufl is now generated in. twa colls, the overall
e.1m.l. produced will be greater,

The maximum em.f. produced by the two coils 1
Figure 8.5(b) will not be twice that of a single coil because
the two coils are placed at an angle 1o each other and
both cannot generate moximum em.f at the same
nstant.

Addition of further series-connected coils will result in a
further increase in the value of e.m.f. génerated.

8.4.2  Increase in flux with an iron core

The coils so far considered have onfy air cores, and the
magnetic path between poles is one of high reluctance.
Reluctance may be considerably reduced by winding the
coils on ron cores. By using specally shaped cores end
magnetic pole pieces, not only will the fiux be increased,
but also it may be concentrated at the points where itis
most required:

8.5 IRON LOSSES IN A.C.

GENERATORS

The introduction of an iron core on which the coils are
wound improves the voltage output, but couses two unde-
sirable effects: eddy current losses and hysteresis losses.

8571 Eddy current losses

Since iron is an electrical conductor, the rotation of an

iron core within o magnetic field generates an em.f in

the core itself: The direction in which this voltage acs is

shown in Figure 8.6, b
Although the voltage is low in valug LIS applied acoss

i
A
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g6.2  Setting conductors at an angle

Flgre KK shods o conductor at gn ”",u;p 11 1he camitie Jine
of the pole face, This means that an intia) i ik
bitwenn Ui leading edge of the pole foce and the condise
(b) Incrsssing the w.mut, by increasing the number of colls connected in sarlas - tor 18 Tow, Linkage reaches o moximum as the contee dine

of thee pole passes 1he conducton and then tapers off agoin

Flappwrr B.5 = [son mathuiud: tor srereaitwy U nereireterd € mod. in@n aleonats .
o ) r dn aRernaton as the trailing edge of the pole raches the conducton.
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Instantaneous values of an
alternating voltage

Figure 8,11 shows the sine wave of e.m.l. generated as an
alternator coil is rotated through 160°E. In the example
Hlustrated, the maximum valtage generated occurs when
#= 90" and is usually indicated by the symbol V..., or Vo,
At this instant the coil cuts the Hux at 907,

An eusy way to obtain the instantaneous voltage v is o
use the sine ratio of #.at a particular value.

When a series of values i1s plotted on a Curve, the shape
ohtained is called a sine wave, of is sald to be sinuseidal
in shape.

Since | 90% Vonx corresponds 100
hawever, varies between O

The instantaneous

. ! vhen =
max VCCUFS when o
sine ratio of 1, The sine curve
and 1 as # varies between 0° and 207
voltage v must also vary between O and a maximum
value as # varies between 07 and 207

V= Viax SIN G |
21 = Il
where V = maximum vollage

IMs
v = Instantaneous volluge

= unl;]lt* ol rotaton

,php.;[ tara load,

In gene alternating vollage is af _
general, if an altern (] S ol

the current that flows is also altermating, s¢
above is still applicable:

e —————

thuat IS, | = I[m'“., sin

WhEIE Ir‘I'ﬂll'fl‘.

I

maximom current
inatanlangaus current

frigonametrical sine values for angles .fr-umll‘: :t: :'-ET
were discussed in Chapter 1. 1t may: be neress yd[n: the
to the relevant section to revise the method 1or 'T. l[-ﬂ'Jﬂ“"lE
value of the sine ratio for varaus angles, _"f_ld e '
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Figure .11 = Smusaidal voitage Wwavelorm
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CONSTRUCTION OF

SINUSOIDAL CURVES

There are two methods for the construction of a sinusoidal
wavelorm: the rotating line (vecton method, :_md the use
of instantaneous values, The accuracy of the resultant

curve naturally depends on the occuracy of construction
and neither method has any distingt advantoge plmtﬁq;
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shown in example 5.20 by obtaining the valye of ¢
reqquired 10 improve the overall power factoy, -
s sometimes dealt with: by using the reqetjy, Ptw
approach, The value ','T " A 1]_“1...,.-”"_4 " the capg e
multiplied by the voiluge across it
power value :

For !_-'-;L'H'I'tplf’- in l'."ﬂlHl]’Jt" 5,20 the HIH_H HOT Wik fﬂl&i
760 V. 80 uF On 250 V, the current drawn {s 4 28 A é
250 = 6.28 = 1500 volt-amperes redctive

= 1.3 kvl
(Nore: "Kilo-volt-amperes reactive is usuaily nl_}hn—;

Vialig
0 i’\*-.l” )

In the following example on power factor COTTection yh.
first method has been used and the |

Kvar It][il]g of l}-;
!.:'Ii-'H_l._-_IICIF noted, The reactive POWEr me .-

| thod is more apl
cable to another means of power factor correction ‘?ht}&
the values of reactive power l't*ttlllﬁ.“t.i are ecmmmt{uil; '
beyond the range ol capacitors.

A tvpe of motor called a synchronous motar has iy
characteristic, under certain conditions, of draw
lrading current. Svnchronous motors are usually
in large industrial premises ond used to drive an air com.
pressor.or other similar machines where a constant Service
Is required throughout the plant. While providing. the
service, the motor is also correcting the power factor of Lhe
complete factory.

For installations requiring 20 Mvar (20 million var) o
mare of power factor correction. the synchronous motor i |
installed without a load connected to jt and it isthen
usually called a synchronous capacitor or condenser

mg i}
nstalls

Example 8.21
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ey = 7.22 A
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wlograrn as shown and the:
epresents the value of corrent

"4 througly the Gapacitor (- = 4.45 A)

5 Y | 240
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-HAUing current to counteract the laaas 5 : |
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rating ol 1hy
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Leterming the phase angles ¢

affer garmecuian
oS0, = 0585 “ @, =57
o8, = 08 sy = 27

%, Drow the phasor dlagram with |

phaser, scaling |‘1 L

wvalue unknown) lagging V by 37

4 A lagging V by §7

COnQeilor requirad oamprove the nower
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18 thi 1eferende
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U instaiiani n 1.!:1.1':
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. From the end ol [i draw a ling perpendicular Lo the
reference phasor, and where this line intersects the

eaal PhAsor, I represents the value of 1,

1. From the phasot diagrom I = 23 A:

kvar = V- x|}

L L
480 » 29
T 1000
= 11 kvar
O~ R
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ﬂ# 't .
| Load
AB0 v
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8.17 RESONANCE f
Wf_ten an electrical circuil has ifs pawer factor cofrected to.
unity, the current is brought into phase with lh-g:ﬂ,“ﬁg@:
and, although the tircuit could: still contain both capaci-

tive and inductive reactances. the circuit, behaves as a

purely resistive cirewit.

'n both series.and parallel resonant cireuits, capacitive
readciance s equal to inductive reqactance. fh& 'gﬁﬁfgﬁ"
stored in the magnetic field of the inductor for one part of
A tycle appears in the électrastatic field of the capacitor
I the next part of the cycle. This energy transfer from
one part of the creuit to another produces different

effects, depending on whether it 15 a series or parallel
cireut,

8171 Series-circuit resonance

The major charactenstics of the serfes resonant crcultl are
a power factor of unity and o minimum impedance:

Since at resonance X; = X, then X, — X, = 0
thatis, Z = VR2orZ="R

It is important to note that because impedance is a
minimum, the current flow will be o moximum. in many
alternating current circuits the actual resistance may be
quite low. Consequently the curreénts encounitéred may be
quite high. Due care must be taken with this type of eircuit
and the current flow limited to safe values. _

The majority of a.c. dircuits are connected to the power
supply mains with their massive power backup capabil-
ity. The low resistance of the senes circuit means that the
current fow will be cormespondingly high. These current
values are capable of creating a large amount of
damage. p ot

For general electrical work the series resonant circuit is
one that should be avoided unless special precautions are
taken: One way is to ensure that adequate series resisi-
ance is 1in the croult, so ensuring that the curmrent is
limited. Where circuits are operated such that voltages
higher than the supply voltage are generated, the circuit
must be insulated for the higher voltages. .

These voltage values can be many times the gpplied
voltage and in some cases creafe a hﬁmr(kmsmuutm,
Some specialised equipment is manufactured to make use
of these high voltages.
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8.17.2 Parallel-circuit resonance

When an inductor and capacitor are connected i
k& ond their respective reactances are equal, the
currents are equal but 180° out of phase with eﬁﬂ}
Theoretically, then. the current drawn from the &
<0 tively high s
awment would ascllate lmcmmmrds um? fuﬁi‘ﬂﬂﬁrgh
the inductor and capacitor at the supply freque
ﬂﬂﬂwm, in proctice the inductor hos some finite W
resistance associated with it The pamM-
pi![&'y mﬂ - :

would be zéro, while a

MWMWM“

SOme Curren
ey tin phase with the voltage w

mmmm?mnpumﬂdﬁﬂ ;.r- -

“ﬂngﬂmmm

L]

N and Xy are aqual ond s
impedance Z s equal to the resistance R. The value if e
onant frequency can be calculated as ollows:

- This 4 =cause the conductiors Ofﬂ]“.' ﬂid‘llcl

aling on power line ﬁ‘l?qu&nﬂﬂ ha\he an

ance. The conductars making up thoy
with the inductive reactance while

nected in paraliel with the com

::Sutfk“ and 115 resistance. For parallel mf::: ﬂl e

, ting on very high frequencies the oande

rance can be achieved with very shon tengths of o i

tors. The resistance can then be wgnored for all practi I

FPOSTE.

when the supply frequency is variad. the resistance in
the crcult i uncharnged but the impedance will be g
maximum only at the resonant frequency {sse Fig. 8.57).

At resonance, energy Is being transferred from the e
romaanetic field 1o the electrostatic feld and sack
yia the circulating current, which cannot be related 1o the
jnput current from the suppiy. The sUpply current at ress-
pance is al a minimurn becauss the impedance is af s
maximwm, and is sufficent only o make up the losses in
the crcuil. The lower the losses, the lower will be the valis
ol input current.

In electronic drcuits, a capacitance in parallel with an
inductan<e can be used to obtain the highest possible
impedance for a particular frequanty aaoss that parallel
section: Making either the capacitor or the indudlor
adjustabie enables selection of o pm‘t:culﬂr resonant
frequency

With a wvariety of frequences presented to a pamllal
arcuit. only the resonant frequency is possed to the next
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Fing the 1c al currer dm I ) {ﬂ'mwmnt ﬂﬂ\ﬂiﬂg.
ower factor when reconnectsd (b) the power factor of the
O resistor is connected in parallel with 5

Al - -
f"""“ L 8.94 A 160
- racross @ 240 V 50 Hz supply. If the CUrrei

R T -

complete circyjt,

«conant frequency of an inductor of capacitor across a <3 |
nce connected in series with 3 S uF drawn by the circuitis 2 A, find the value of the
' : ' ﬂwﬁ_m;.-anﬂ the circult power factor.

. tﬂ’ﬁ"-?-g H-inﬂ'hc’tb’r_am:l_ 895 A0.015 H inductor with a coil resistance of 18 (Lis
to a 240V 50 Hz supply. Determine the

3 F capacitor are connected in series across & connected
value of capacitor required to bring the circuit 1g

0 ljwmir‘lﬁﬂﬂémnd]ngmmance is3Q
e P resonance.

13 =

Al rnating current
pr ciples: three phase
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' Eerarcal Privogas for the Bectrical Trades

9.1 INTRODUCTION

The study of a.c. dmuits to this point has been confined
those containing a single a.c. valtage source Such Grauis
are called single-phase a.¢ aroults. Ciroults containing more
than one a.c. voltoge source at fixed phase disploGements 1o
each other are called multiphase or polyphase systems,

These are impontant because virually oll higher powsr
systems operate as multiphase systems. They can be con-
sidered as n combination of similar g ¢ alternatorn doven
from the one commen source, each producing equal sing-
soidal voltage wovetorms

Whan more than one ¢.c. voltage source is available, the
possibility exisis that they can be Inlero nnectied in vanous
ways, <o leading 10 differem typey of mullphase Sysiems

92  ALTERNATORS IN PARALLEL

(f the load on Gn olternotor exceeds fhe altemutors
mating, 0 sevond maochine (preferably one
type) moy be conmeciad o the same Jogd
machines then share the lnad

The alternater, lke batteries. moy be connsced in
gither series or parallel, but maore precunlions ore neded
with alternotons than with botienes

If teeo Dhotteries are connected in pardallel. care mMus: B
tken W ensure thut similar polarities are joined together
and botn bateriss are of the same voltoge. Simitarny
alternators may be operated in parcliel. and Jgain
woitoge ord polanty are Imponant

Equal voltages
Should o= mochune hove a higher voltoge than the
other, It will provide carent, which © daven into the
mackine having the lower vollage, moking it run as g
motor The Wigher volloge mochine Yus 2n odditional
lacd—the ather machine. Conditions are worye than with
STy Oné mochine
The polarity of an olvernolor bs nef as smpie as for bot-
terigs—the altsrnaioe polonty s chonging mepeatedly.
Bssuming Wentical woavelorms, the two focon fhat
decide whethey the polarities of the alternaton agree are
f==quenty and phase.

Voltages in phase
The two altertators must be 1o phass, if they are not, the
will be times when the polanbes gre not the sume. Also
the wpitages of the two machines will ofien diffes; fira one
In when the machine ure 1907 out of phase. Connecting
maachines in porullel under these fs CUn couse
e alternatons ls the phasor difference of the
alerngior vaiiages, and Mﬁ@:m Clrnts. con e

of Lne

AT
T_.'I.i: La’ LV

(a) Allarnators in phase

Virtage dfereng

o

(b) Alernators 307 out of phase

Voltage ditterenrs

(<) Allernatons 182" oul ol phass

Figure 9.1 » Singhe-phiase allernators m paraliel

+ When two altemators are connected in paraliel, the
winding ends that are connected together must be e
some polarity ot all times (Fig. 9.2(b)).

« Similorly, if the alternatlor onnections are reverssl
large areulating currents result (Fig, 9.3(06)).
Same freguency

When the frequency of the two machines is different the
phase difference between them is constantly changing—

¢ dirculating current vanes constantly from 2210 10 iWice

normmal altermator voltage as the phuse relationstips
change. Figure 9.4 ifllustrates the effect when the oitemng
tors have frequendles of 40 Hz and 60 Hz

+ 0

'-:-I..-_‘_.-.. e CONRE IS
e total voltane ks the ¢

--'--n o

{#) 8.c.
Firesh Stan ﬂ
"‘, v 0y
% :
Stan Fruth 0
b)ac

Figure 9.3 * Circutating current paths lor reveried coonecions

Fgure 5.4 » Frequency difference o paralsl gilermainn

Waveform

A similar effect 1o that of differing frequendcies i produced
when the shape of the two wavelorms &5 nat identical. The
irreqular resultant waveform produces an imegular
currest waveform that might not even be similar 1o the
thape of the voltage wave. As well a8 cousing on umsaLs-
foctory load performonce, o circulofing current between
the two power sources is created. This B @ further Teason
for using the sinusoidal woveform as the dondord on al}
Power generation equiprment

i ¥ i

wavelnom dagram of Figure 9.6
if the wriescconnected windings |
nected (se= Fig. #.75a)). the résul ey
Fifterence. a3 shown i Figaoe 9,703
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This )5 shown in Figure 2.10 where the twovoltages (V,)

ame shiown at 90 to cath other

f - 5 kr -
.l'i'IH' = V.2 P

1415 1'I.}'Jliu_'«;u-

IV is nol pecessary L have hwo altermators to priduce o
two-phase supply, The most comemnaon method Is Lo usé one
alternintur anid have twa windings on the armaturs, the
windings being displaced by half o pole-pitch, or gg..[_'
This 48 lpstrotid in Figue 9.90q), Thewindings ame drgwn
al nght unglés 1o sach other In Figure 9914 o indicare
that they are placed 07 apart In the machine, und thay
the woltages are 90U oul of prhiase. e

Fhasor
difference vollags

(c)
(b)

- i

- —

—_—

—

Figure 9.10 = Alternator voltages for ane-, two- and three-phase
SVSLEIS

94.1 Relationship between power output

and number of phases

For any given size alternator there are two lmitations=u
maximum current determined by the size of the condic
tors in the windings, and a limit to the amount of powe
that can be obtained from the alternator with thatisis
frame, Forsimplicity, assume unity power factor.

I all the windings are fully utilised, then for a;

Single-phase alternator

Generated voltage = V, and current = L.

Total power Py = Vi,

£ Two-phase alternator

Half the total windings are used for each phase:

Cenerated voltage = ¥, in each hall winding:
current = 1 The two voltages are at 90° E to each oLief
sa the total output voltage = V2 V.

But V2V, = V) (see phasors in Fig, 9.10).

With a vector polygon, (f all the sides are egual “ﬂ
POlygon van be enclosed in a circle, See section 1.5:0,

Ilmrmnging this equation:

14

TRRA

V2
Pi'ﬂlﬂ] - 2""2!

=
hﬂ'ﬁibﬁui““ng tor Vs = (i
.J'Im:q E. EFL! S _ - :l_ 3
! V2 =1.4 141?,[} = :-
s mgopioh o4allable power autpus for & S
EGRIVALet stz gl A per mm.gmpmra el
| siie ﬂﬂﬂl&mhmq&mn '

Three phase allernator

e third of the winding Is used for éach phose,

Generated voltage is Vi in each part of the wind.

ings; ¢ grrent =1

rhe voltages are at 12(0°E 1o each other so that the
otal voltage outpul 1§ now

Vs Vi 4 ",} + "l'l|; ~ ._."‘L-'_r. (560 I-}hu:-rljrg A\ !Iq 5.10}
rhat Is, rearranging the equation:

- A
<o substituting for Vg, Py = = 1.5V;l

-

That is, total power available is 50 per cent greater than
hat for a single-phase machine, From a vector palygon |t
san be Seer that it eventually approximates a semi-arcle
for @ large number of phases so thal maximum power
putput for any one size machine connot exceed g/ or
1,57 times that ol single-phase machine.

95 THREE-PHASE SYSTEMS

A three-phase system has three voltages, each out of
phase with the other two. The ideal spread of lht:?f: yolt-
ages occurs when the three phases are spread uniformly
through the cycle, To achieve this, the phases must stan
one-third of a cycle apart, or 360/3 = 120'L apart.
Figure 9.11 illustrates three phases A, B un_d C starting at
120°F intervals. At 360°E, phase A is starting, again and
the sefjuence continues. fy Sdalion o B
Figure 911 is not complete, l;i.-t.cum: pﬂmnns_gl .
waves of B and C have been left out 1o emlphmn-f: tt_u:
starts of the cycles. The completed diagram 15 Shl.'l‘-"-'l;l t_r:
Figure 9.12(a), The degrees scale is l_}:ﬁgd on the l?}'Etht:I‘
pl:msi-: A. To show such a system as this by pl:ujmu;. lj -.
three phasors must be shown 120° apart, as in Fgure
912(b). 1
Th{w :;Tnhﬂmr of valtage V, has been 5]1;1\,-'71 as the reter-
ence phasor, drawn horizontally fo the ngflltr S
The voltages on the phasor diagram at.0" corresg

| 3 in both dia:
those in the waveform diagrams at 07, so in'bo
grams:

'f"h = uu

Ifthe phasors are rotated through 120° in u;:: :lrl;:_::t:jrf
wis¢ direction, another phasor 510 line with tlh:,- 1
axls. This second phasor mus! r-c:_prt:ﬁran A Kfbex
which starts its cycle next alter V', (1. voltage Yi

anpther

vn Vﬁu __'!fﬁ -

o s

VA T80 2407 300" SBOE

&)

(B)

figure 9.12 + Waveform and phwisor disgrams lor o thiee-phase
Fysiem

another 120° rotation, phasor Ve is now in liné with:the
relerence axis

951 Generating a three-phase supply
A three-phase supply moy be produced with Ihree ‘alter-
nators locked together; more cnmmonl}a- however, one
machine ¢ontains three windings., as shown t:;
Figure 2.13, The positions of the three colls '-‘“"‘51?“‘;:’_ -
the vallages al the left-hand end. ol the gr;lﬂa ;}
Fiqure 9.13(a) and the phasor diagram of !?igt;eu&g{ﬁ.
The corresponding coil sides of the windings in t ?hﬁ e'u‘::m
have been blocked in, and it can be seen tha * o

20 .

1_30::11;:: i |1t the magnetic neutral plane and its voltage

s zero. This eorrespands with O7E in Figure 9.12. Coil B s

(20° behind coil A, and is approaching o AKX imum neg-

ative value of voltage under the south pole. ?hm:u v&;
also uppmuuhtng negative muximum—.-tffg ug: 3 ﬂ:im"
downward position: Coll C1s lagging a further 120" and 15

. = H
| s
1200 N\ 240
Start  Sn Start
?‘ a N i
- | I I | ..r
| : ' yroone : jary threesphuse altematar. il
Flgure 9,11 » Three voltges at 1207 phare displdtamen Figure 943 * Elementarny
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where 1= infiaite number ol phases

Hese fgures can be abtalied by manipulating the
figures calculated dn seciion 94,1 lor the varionus
pumbsr of phoses
o Far nonumber of phases, the maximur powar

ouipul s an ghsolute 100 ger cenl
o For | phas, maximuir avallable power 15 100 pir

cont divided by #/2 (e 1573 that s, the powes
avallalile « 1001157 64 e cent,
e for iwo ;'Jhu'.r'u, the maximum powel avallaoble s

63,7 % V&= 90 per conl
» For three phases, The maximum powe avollablvis

637 = 1.5 496 por cent,

In ceonamic terms, the threesphase syatem gives
thie Bgaest Indeease for the addition of anly one
extro condugtorn, when dompaced to the ﬁiuuh'nphum
system, When I_t.'rll‘tpul't'd to L IWI.pIJI'mm- wystom
thiere s no extra conducion “m-l]llll,
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pulsos” ot twloe the line equency, With three
phases, the padses are sl times tho Hne reguency
and Ao ool crons the zoro axin ke the fri.'l’u.]ll'*]'lhllw
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Als0 there is a 307 phase displacement, Gs S
Figure 9.30(b), where I, o leads I, by 30

1 he ].l'ﬁ:lw'u' ;-'hl_;k;r”ﬂ.“ for linte currents 1, U
shown in Figure 9.31
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JLar

Simuilar ends connected

For-bialanced or unbalancesd loadds
T

|
4 Wi

i
h = Ii.
i waiues of voltage avallable
Has common connection avallable (or garthing
Vi beadds Vo by 30°F
uiled o long-distance power transmission
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| vhe [Ine curmeEnt pod one okt Phase '-'-”l'"n'l
a1 | Ir
« offoct is put Into use with intes Iu_ur:um._4 Star g
iolta comneclion: when argoel numbers ol ['h“"‘-"- r:rr"
‘ I. I-._L. 1 tas witlt large indu Arial rectiners, whoere l'ltlt':'ln.
- E'... wecome profibitivel. The major dilferences l"‘"i‘-’-'i.'url-

AN MQUTALIONS I

commparel T
and delta ¢ ompared in Tableg)y

Effect of phase reversal on a
three-phase delta system

e ends of ons ghase noing are reversedl. the P e .
- nlase shift of 180°E, The phases
a0 pht

9.6.5

LN 1) ll'””‘it'[ ”‘l
¢ phase: relationship. When i
|

are odded, the resuiiing voltage is no Onger Cljtnl
tor zero. From the phasor diagram of Figure 9 32(a) I Can
LY |T" |r|'1| “t‘i‘

gt COITTE 1 1-1".!'!“-r""-'

:"]i_.' LTS
resultant voltage Vg is equal to twice the
nhose VoIioge

LS ]'il!l'.'llf VO I 4

bl LUSE

Iir-“i*n,ll-'d WI”HH he
heavy cir Liating curren
cause them to bum 1]
n when the phase wind.
nnected In delta 1o ensure that dissimilar ends

clased circuit of the windings,

will How In i '-'.'|T111:?'|n_'-- 1."1|i|

gulckiy, el can must be take
1nas an
are |mned

A simple methad of testing the connections 1§ 1o léave
ane function open and connect a vollmeteér across the
open winding ends, as hown in Figure 2.32(h)

Il the connections are made correctly, the vollmeter will
read 2¢r0. Shotuld ond |'ht|'tl winding be revemed, the mete

will reqister a voltage equal to twice the phase vollage

W (B)

"l“tﬂ'{' Y32 » Plige revarsal inoa e Ha system
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Dissimilar ends ¢ o et ecl
More suitable for Balanced loads
Vi =
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.fl 2 ‘t,"ilp
One COmmgn w)ltagﬁ

b common #arlhing
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only avallable
peint
2ulted 4o locally opseritad machinery

wid sy

HREE-PHASE POWER
rRANSMISSION

ecost power 18 iir:-||r1ll|n|nil 1 the product of ""’"”'l"
: WRITAL it any |tilllll!i!:|- ol eley trical ||| WEr can be “”n..
(i i 1

9.7

|||'1“ .1 !b-_"l“:l --Ifhl I I'r',‘_.' 'r‘||II.1“.lI r]fl'l ||Ilji'l [ Ur“'lli 0OF h“ll‘
- ltage and low current, For large amoints of [prower the
Vo : _

Arrent can be reduced by incr QNG e transmiss

SN
moans o reduction i conductor aLie |

i

. THI .
gopltage. | Dr
ansmission lines and a reduced power loss {n the Yine
treia

i gent ral BCONOmMIC €S, thie IIHIh--i' Lhe 1’-”““‘_“. used

for transmission, th lower the cost of installing und

l""li””'””'”;'i the transmission “J"h.~, h!'l LIS li_rl I“Ii'.l, i«
| n the source of supply and the consumer,

hetween 7 7

fances BT AL
valtage! KV and 576 kV are used for POWET
(ransmission and distribution. One arrangement for such
Astributian 15 Shawn in Figure 9.33(a). Typical voltages
are shown 1 the diagram, although thege values vary
i:uﬂl gleite ta stale antl |'n11__|l'1l vary within the one siate.

It can be seen thal the voltages of a transmission system
qre far higher than thal normaolly used by the consumer
and the final or local distribution voltage is oblained
through transtormers ai substatons, Figure 2.33(0) shows
0 "””|’“!" d grrangement for o local distnbution netwaork

Mosl muain transmission and sub-transmission lines are
duplicated, and alternative routes provided, so that differ-
ent localities can b fed hy other lines and substations in

( 1az2-676% |

O A

Slep-up lransiormes

|
F"ifﬂ‘-.‘r slalion L
|
f
|

(a) Typlcal arrangements

O)A

(are b litg TS o usS

the event of esgentio) malntenanee or bregkdowns
Figure 934 shows a typical suburban substation for
locol voltage transfurmation and power distdbution:

9.7.1  SWER distribution

One method of providing electnical power in rural oo 1S
the singlewire earthreturn (SWER) systemy, a5 shown I8
Figure %35 Rural amos are generolly o specal cose,
where lodd units age u_-rrnpurrjtimﬂly sinall and thelr points
ol application widely ihl;lili'ﬁ{_{'] The thngrﬂm shaws an
isolating transformer connected 1o the substransmissian
Wnes. The secondary voltoae of the transformer 1S oon-
nected o o stngle conductor that taverses the country-
side. The voltage of this line can vary beiween slates or
between localities, |1 the isalgting transformer is omitted,
and the SWER line fed directly from one conductor of' o
three-phase 33 kV line, the phase vultage 1o afrth is 19 kv,
in some localities the other phases Gre Ted oot Indiffenint
directions, 10 providing a balonding effect an the ine.

Bécause of the high voltage, bath the line currents and
the carth return currents are small. In areos where lange
amounts of metal are buried in the ground, speciul
bonding arrangements might have o be undertoken 1o
limit the amount of electlytic corrosion taking place.
These ground currents effectively prevent the system being
used (n larger population centres.

Transformers are provided ot the point of distnbutivo:to
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reduce the supply volloge 10 elther 240 v or 480 V

Eliectively, there ure two secondaries on an SW

ER 1
iornen;, they can be conniécted either i Series ‘:‘:’lﬂi:
poralisl, depending on the uselowhich the tansformer s

Lo e put (se gl Fiu. 9.36).

972 Three-phase distribution
Far general priirposes, thrae-phase er.' il :
by wang either o three-wire o 0 {Dmkm[::nmnm;'
Thlr three.wire svstem iy “n,fi‘:lhdi % & m? the 8
canmucton, as shown in Figure 93710}, The nk ':“!"1}93
Ings o shown connected in delin, mw‘ hdse wind

tonnected (o sior, with lh#;wmmnjr mlw ..

s, heon - UBON of single Ioads Sinale-pha
| 'gﬂamig:mﬂm re ey o-phase loads. Singleph

o the star p@i::::l T"’“ﬂ the neutral, which is conned® |
shown in Figmé 9?3';3‘;-11‘1105{' windings and earthed; 8

Yo
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atd 1
" 1

reference point and a choice of
7.3) becomes a g.‘uﬁ

ﬂ_gu; ] i
"ﬂ'ﬁl.'t-._tg: ¥ N9 (see poctinn 9

o ' I ™
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) st asn e valiriaop OIREY
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Figure 2.36 » "End’ transformer on 38 SWER transmission fipe
The link [oining the two secondarnes can be seen,
enabling a 240/480 V system to be used, as
ilustrated in Figure 9.35

receiving power at a reduced voltage. Various techniques
are used in attempts to overcome this difficulty. One
method for small groups of consumers is (o supply them
from a centrally located transformer fed by o high voltage
prmary feeder. Radiating from the central point are the
secondary or supply mains consisting of three lines anid
neutral. Characteristically; the mains become smaller in
si2e as the distance from the transformer increases. This
method is typical for very small country towns.

For higher density distribution, as in the suburbs o @

| Distribution

i — Rz

Power spurce

(8) Three wire

st from the f' y. ¥ | - _’mﬁg@! "‘ﬁ%ﬁﬂmw

"
wa
-
-

e e i L L "

['.' -
. ,,-:-_ e o b “ﬁm o

1_{5.:‘: W, ?t 5 more Ooemmon mmmfaimtdm -
SumEss supplied foum o tensformes. and Rove 15 malne

fum various blocks interconnecied o tRat ﬂﬁ‘pﬁh

uny one consumer 1 be urphied from @ !ﬁamﬂ' —
ounzs. Thiv method has the Sisadvamioges of needing |

MOTE proteiion devices for the fransiormers ond it
ecomes mere dEmicalt [0 solote sciions dmlﬂ.’
MaHEnance purposes. R
The ring main methad i useful whers thers are lume
dated groups of consumens. They are encimcled by a
main. which can be fed from o aumber of sotinoes: A
hightly reliabile source of supply Is provided et many pro-
tective devices ame required. This method mast not be con-
fused with the European ring main method where the
same supply source feeds both ends of the one main. It &
then necessary to fuse each mdividual appliance ot IS
appropnate rating becouse the protection for the ring
main has a rating suited to the main and not the appls-

Qree.

973 Balanced loads

The leading on a three-phase system i said o be balk
anced when the three line currents hove the same muogni-
tude and power facton

Under these conditions the line currents are 120° out of
phase with one another. Figure 9.38 shows the waveform
diagram for a balancad load with three phase cuments i,
JIE_ and f,:. _

At the point K, the current [, ¥ @ maximum af +10 AL
and the curents [ and I are both -5 A, Atpoint L the
current /, is zero, and Iy & +8.66 A and [ 5 366 A

Although the three currents are all changing in value
and direction, the phasor sum of the instantaneous cir-
rents is zero (i y + 15 + i - = Ok Therelore the current flowing
through the neutral in a balanted areult s also 2oy,

The same result can be obtained from the phasor sum of
the line currents using r.m.s. values. Rl

For a balanced load (eg @ three-phase metor) the
neutral current is zero, thus the peutral wire is UnneTes-
sary and is usually omitted.

Where a distribution system is subject to load chunges
ofy one phase, so pulting the system out of balance, a
neutral conductor becomes neécessary and must be
mstalled.
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