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I'lnlf: A: Service luses usually have the
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Note ©. On MEN systams, an earthing
link and ‘or the consumer's neutral
ink may be used for earth wirg
conneclions

Fig. 17.9 Simple two-meter (two-part) lariff

Note the alternative connection arrangements.
The methods employed depend upon the supply
authority’s requirements. Figures 17.8(a) and (b)
show soldered joints at common connections. Not
many supply authorities use this system, the
majority prefer links which provide ready means
for testing and for alterations or additions.

Figure 17.8(b) illustrates control and metering
to.a small three-phase installation on single-rate
general tariff with a special rate for the balanced
three-phase motor load.

When assessing the energy used by the motor
load, the reading of the single-phase meter, con-
nected in one phase, is multiplied by three. This
is why the meter is often termed a k3 or M3
meter, This method for metering a balanced
three-phase load is utilised by some authorities for
the type of installation in which there s NO POSSI-
bility of unbalanced conditions, ¢.g. farm motors
In rural areas.

In the previous examples, the |
sealed and connected on the line or supply side of
the metering. This system is employed by s0me
authorities and should be studied, but a systelt
more widely used is one in which the main switch
% tonnected on the outgoing of load side of l"[ﬂ
Meters and thus controls only the consumers
Muipment. Note that with this system, “’h“:hh"s
m.‘,"m'm common, no control is provided ofl :] f
“oming supply side. The practical‘aspecf 15 | a“
*ﬂth '-thc main control “‘off"’ the mcommgr [6:21
WB are still ““live’’, and to isolate them : l’?h-
.l-h‘f#-“PPlY requires withdrawal of the supply au

main switch 18

aled. Protection
prov ided

the Supply authority’s equipment 8

by the service fuses, which are usually installed
either on the main switchboard protecting the
metering and auxiliary equipment only, or at the
point of attachment, in which case the consumer's
mains will also be protected. Sometimes they are
installed at the street pole, providing protection
for service lines in addition to consumer’s mains,
metering and auxiliary equipment. The system 1
illustrated in Figure 17.9.

For a mixed single-phase and three-phase loac
or a high-demand single-phase load balanccq ovel
three phases, a polyphase meter of three single
phase meters are required.

Figure 17.10 illustrates typical connection
using single-phase meLers.

Use of single-phase melers provides a flexibls

system for additions, alterations of disconnec

tions with minimum disturbance and reduces 1:
qumber of meter Lypes held in store, ‘bul on th
other hand the polyphase meter 15 Span,el-savmgt 1111
installation and althgugh {lot as popu Zr 2? ur:
single-phase gystem, 1L 15 stil tj-f.lddy use -alengl !
{7.5 shows that in principle 1t 15 the equiy

lements act on
s nole-phase mMeLErs whose ¢ :
et A EE ure 17.11 shows typical con

: isc. Fig .
commont ¢ hase metering of a three-phas

ions for polyp m _
nmﬁifégnload al:ad an additional single-phase mete

, . gpecial rate.
for the sp o use a (wo-phase meter O

Some authorities es and neutral (s€

DO cupplies of two phas  (s¢
2). This should not be confused with -

o l .wire supply such as the 4sq1
Si{l\fgflfclip:::w:r? l'{::rfr:w:m_'ring connections for whicl
grc s‘hown Figure 17 3(b).
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C fuses 6 A

sformers and a polyphase watt-hour meter

ers to be supplied by the electrical contractor,
most authorities supply this equipment them-
es, mainly for standardisation purposes.
Stray magnetic fields produced by high current
es in conductors could affect the metering,
to prevent this occurring, service rules usually
ify a minimum clearance between meters and
¢ conductors carrying high values of current.
spacing required depends upon the supply
?;lﬁt?, but those given below are quoted as
Up to 100 A: no special spacing

100 A-200 A: minimum spacing 600 mm

200 A-500 A: minimum spacing 900 mm

500 A-1000 A: minimum spacing 1200 mm
lﬂm A-2000 A: minimum spacing 2400 mm
The SPQCME does not apply to conductors that
N0t radiate an external magnetic field (such as
current-carrying conductors of a three-phase
I€) or where the conductors are enclosed in 2
| conduit or pipe.

:‘;:ﬂm?ply authority will also specify both thdﬁ'
wmﬁf ““meter wiring’’ and the metho
Bars. ation for CTs and connecting cables O
T, -*’fﬂ“@m@wisien common to all aU[hOFltlﬂs
. ¢ Meter wiring must not be associat®
% other conductors and to prevent inte’”
- L must be enclosed. usually within 2

Potential fuses

To consumer's
lighting control

—Test links and fuses
M
--
in if MEN

E

01 Y
Y Circuit
earths
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To consumer's main control (a) neutral link

pPotential fuse

To potential coil

’ To current coil
——

(b)

load using single-phase meters on a two-part tarift
c

Fig. 17.19 (a) and (b) Metering a polyphas
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AUSTRALIAN ELECTRICAL WIRING v,
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Notes.

1. Wiring as viewed from
front

2. Current & voltage wirng
to be installed in accordance
with the requirements of
Council Rules

3. Current transformer
wirnng. 4 mm? (7, 0.85) PVC

voltage circuit
wiring 2 5Smm? (7 ' 067

4. The SAA colour code

for three-phase winng
shall apply to all
secondary wiring

each dial to the left in succession and write do¥¢
the figures in the same order as read.
When a
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he voltage ratings of most appliances
“ﬁ it follows that the parallel

¢ one commonly used for ordinary
ﬂ many examples of parallel

gy VIMEEEMYIE POt runway mm cir-
cult lustrated in Figure 7.4(¢), a constant current
of 6.6 A in the circuit is maintained by a special
variable voltage transformer. If a lamp burns out
(Open circuits) a special film installed in the base
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FOSe N Usey E

| (TPS) cable wiring and w

- PVC cables in PVC or \lt‘jhﬁ:ﬁta
m.l Sdraw-in™ job is required. Drawing m":r
m& uquiﬂd i concealed wiring o Wlhit:H
~ buried in a conerete seread, where elbows and ey

mmmmm 7.8).

. ?..9 shows a system of wiring in condul
omm ", ;- ptiﬁr to the mtrmiu-.uun ol mu;‘h

m m lhlt the basic aircuit of Fauw
pplies to all these circuits; it is only te
wiring that is different, for emmplc* in
Flgures 7. mﬂ‘? 7(b) the *“looping’" is done &t
cither the light or the switch, wheraas i
“gure 7 " m the switch and light fitting ar

LN T [ o, n |
il -.I+_' A %) 'y ii i

"I'| ]

are made n &

Yo wext

| |
i
L]}
|
r
| \
Bwiteh farminals

~ garths at the outiet o furare

o o of m sin system IS usually preferable,
ey gxpediam (O Use @ junction box

 provid fi’.lﬁ existing installation or for
-',""'f'!"*— o the existing wiring, such as al
in‘ ure 7,100 A junction box may also
. \id looping at a light fitting that does
o m Iﬁﬁpim connections in its base,
ample in some types of outside porch

NIy~
A T
! II ¥

.-

-1:!-:- l

'H3

xused 1018
i-

m positions

madem single-pole or one-way
rative terminals plus a spare of
, the two-way switch used for
oateol § m positions has three operative
| mﬁw a fourth looping terminal,
:  connections for one type of i modern
RS & .1~ h lnh@wn in Figure 7,11, They are
tmmly provided with & fourth

-_ '|\ ll_

L I e

S Sp—— ")
T next outiet

Fig. 7.8 Inthis surface CONTT Systen, sCtves are loopad al the SWHeh and naulrals and

(looping) terminal and are intended to be used
cither as & one-way or two-way switeh,

Figure 7.12 illustrates (@) t the basic switching
action of the two-way switch and (b) the basic and
most-used cireuit for control from  alternative
positions.

Figure 7.13 illustrates an adaptation of the
basic cirouit to add the (wo-way facility to an
existing citeuit in Circumstances where it is either
ot desirable or it is impracticable to disturb the
oxisting wiring.

For any extra- Jow-voltage circuit (not exveed-
ing 32V acor 113V do) such as signalling, indi-
gator, communication, contral or extra-low-
voltage lighting, the circuit of Figure 7.14 may be

ased 10 advantage for an application where a
saving in labour OF material is d desived. This sav-
ing s cﬂ‘ectcd by elimination of the o

mtermunmmg the switches.
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diate switeh reverses supply to starting winding to reverse direction of motor | 1

adiate
Lfgem _ mediate switches Fpad-in T ="~ [ 3 Tl - 2l T, SR it - T F?ﬁd-m"
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h designs may not be Suit-

able for the circuit of Figure ?.1{ due to the poss:-

bility of arc-over between active and neutral,

within the switch, when it is being operated.
For any of these electrical controls, once the

Note that some swile

As with other switch types, the extent of
applications for the intermediate switch e
dependent upon the ingenuity of the ele
an illustration is shown in Figure 7,24

Many other applications exist where (WO-way

IS agaiy
CIrician:

E
. L

basic switch action is known, its circult appli-  or intermediate 5“",‘-‘3"‘"-"‘ could be used o advan. '3y
cation is limited only by the ingenuity of the per-  (age. Sc:mc _are included in  Chapter 20 on Nt A
community lighting control. i

son employing it. Some illustrative examples for
the two-way switch follow.

Figure 7.16 shows an application in a small
polarity tester for power outlets.

Note that the circuit neutral must be discon-
nected when using the tester of Figure 7.16 (see
Ch, 13: Testing).

There are many practical wiring layouts all
based on the fundamental circuit of Figure 7,12,
The three illustrations of Figures 7.17, 7.18 and
7.19 are typical of these. Again it must be stressed
that each job is a variation on the basic theme and
the manner in which the basics are applied is an
“on-the-job™ decision.

3. Control from more than two positions

Tracing out a circuit using the many combin.
ations of switch positions to check whether oper-
ating a certain switch will put the load “‘on" or
“off™ would require multiple and confusing dia-
grams. A practical method is to draw the Jir.;ui[
plainly and large enough so that portions of
matchsticks (say half a match) may be used 1o
simulate the bridges in the switches. To check. i
1§ only necessary to shift the matches to the alter-
nate switch bridging and trace the circuit through
for “on’" or “off’ operation — try this! Each
switch may be *“‘operated’ in turn to ascertain if
it has correctly performed its circuit function.

Th‘is control 1s achieved by the use of IWo-way 74
switches, one at each end of the control circuit, .
and as many switches at intermediate positions as  Power wiring

required, there being no limit to the number of
control positions. The type of switch necessary af
the -lﬂlcrm.cdlat-c positions is quite logically called
an ' intermediate switch™ and it has four con-
pecuonf Or operative terminals; the rear terminal
connections for one type of modern intermediate

Po:wer outlets are perhaps the easiest parallel cir-
cuils with regard to the wiring, as usually they are
looped from point to point as shown in Figure
7,3(b); twin TPS cable with enclosed earthing
conductor is the most popular cable type used for

el Of

Fig. 7.25 Wiring of power oullets in a surface conduit system

Plug sockel

N

SWitch (HPM 720/1) are shown in Fiom
The bridging a”ﬂﬂﬂﬁ)f:::l: l;{i:::tnm Flgure 7.20. the wiring. Figure 7.25 illustrates the same circuil — -
: Bich e 7.21(a), Wi correspond to buld using single-insulated cables in surface ( \
Ahe two methods of bridei conduit wiring,
Ch types are ahown'i,flgfglﬂf:?'z‘]‘("“ d’ﬂ"”‘.“ Clause 4.14.5.4 permits the control of a power Yy, /
_The wiring is the same for all &) and (b). outlet, in general by a switch up to 1.5 m distan Twin ar —
¢ Of the internal bridging arrangemen  PeC from the oulet, provided that the outlet is visibk ‘ T
i - IUis only whep connectin h o the 'ff}?'m the switch. A remote switch at a greald A _ ;..«\
m iﬂmmi -~ 8 [ e Cﬁnduc- diSt . : Tl s . ol N Twin and earth
{“Ws";mm mg  the Two-way switches : lance than 1.5m is permissible 1l the o ' Ayl .
10 connect yo o Hiches that care must be (aker ditions of Clause 4. 14.5.4 are fulfilled. The wirin: . -~ ;
this, up correctly, Figure 7.22 {Hktravas 10 one sucl’! outlet using a “‘looping-in"’ ﬂ“'_"l“?'"l / Twin X
. L and a junction box is illustrated by Figure 7,208 ( . )
aty , and '(b)' res_pectival-y_ ~. . ~ Switch
. . h o ! i oy ¥ . B » 48 o
w TFB, : amp. . i ng Nmme t'hm'lhﬁ T it ik rolled by 4 switchup to 1.5m distanl from

“that used for (he control of a light outl

appliance from one position.

tlet may be cont
Fig. 7.26 (a) and (b) A ﬁg::ﬁéﬂ: visible from the switeh

the outlat, provided the

s




t &t considerar;.  PUsh-button starter similar 1o Figur o (hee
- —‘I._'.'I- e Rednd L LU ._..._ d |

AUSTRALIAN ELECTRICAL ..

' 4."-. Irl"'
o >

C

IWO-way switch
control for

Installation of the wiring for motors follow
Ehc same sequence as for other circuits, commen:
ing at the supply through protection and coni
to the device. A wiring circuit diagram for ¢
Mmotor 1s usually simpler than some other circuis
for example multiposition switching for lightinz
~_ The majority of motors are on a separate i
Cult and the installation entails a single e
usually of three conductors from the source
supply to the starter or control panel.

The number of wires from the starter or &
trol panel to the motor will be dependent uper »
Motor type. Some examples follow:

n - _'— v a
' Motor switched direct on line could ha;:ds*

[' .'.rr
P
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Consumer's installation

Fig. 8.4 Direcl earthing system

low-voltage earthing grid or mat al the distri-
bution transformer.

Method (a) is common, but still limited fo
areas where a metallic water reticulation scheme 1s
installed. Method (b) is restricted to areas where
supply is by metal-sheathed underground cables.
Method (c) is the least used, and usually only
installed when the supply source and the con-
sumer’s installation are adjacent. An example
w.ou]q be where a large factory takes its supply
from its own substation and feeds direct into the
m;aiq switchboard for the installation. Note that
this is for the source of supply. The consumer’s
ga;thmg arrangements are dealt with in Section

_In the ELCB (voltage-operated) system (see
Fig. '8.5} the supply system is earthed at one point
only as in the direct earthing system. Because this

system does not depend for its operation op g
low-resistance earth return circuit, the precautions
and measures taken to achieve this low resistance
on the other two systems are not necessary for the
ELCB system.

In the MEN system (Fig. 8.6) the metallic
return path is provided mainly by the supply neu-
tral conductor, which is in parallel with any other
return path such as the general mass of earth and
bonded metallic water pipes.

Because there is a direct connection between
the neutral and the consumer’s earthing system,
the neutral potential above earth must be kept low
by having earth connections throughout its
length,- at each consumer’s installation and at
strategic points on the low-voltage distributors.
To minimise further any voltage drop in the neu-
tral, it must be of adequate cross-sectional area.

Distribution system

. |

|
1 e.9 metallic sh
2 i Bl it she
Jl underground caﬁﬁg g

_—

Distribution centre

Fig.

e ﬂfaﬂaann leakage circuit-breaker (ELCB) 5

_T,_ e
i
e * 1 — N
ELCB
Earth bonding eonnections n/L o] [ 2 /

|

Main earth,!' . / ]
T e

Aux
earth

Consumer's installation

stem
ENERGY AuTHORITY OF NSW

'—]F'..I‘:
L

carthing an

8
NG SYSTEM®
o Distribution system
r 7 |
| | |
| A
l Fuse T
l
| 1T T3 T
t . = = -
| .
| F ) |
t o
_ - Earth bonding connections | o|N/L
Earthing e.g. metallic sheaths of o
grid or | underground cables |
- mat —] ! Fuse
ﬂﬂﬂﬂﬂﬂﬂ Earth s
pistribution centre electrode '| l
L= |

Consumer’'s installation

Fig. 8.6 Multiple earthed neutral (MEN) system

provided that certain safety precautions are
:aken, one large enerey authority’s Code of
Earthing Practice permits the coexistence 0? dlr‘ect
' d MEN within the same distribution
srea (mainly (O facilitate change from direct (o
MEN systems).

‘These are the three accepted earthing systems
in Australia, but the present position, from the
supply authority’s yiewpoint, is that under mosl
dreumstances the MEN system has proved to be
the simplest and best system 10O adopt. As back-
ground information, the brief history of its devel-
opment follows, the main consideration being th.e
current-carrying ability of the earth return circuit
from consumer back to the point of supply.

The original system in common Us€ Was the
direct earthing of equipment required to Dbe
carthed by connection to an earth stake or earth
electrode driven into the ground. :

Under these conditions, the resistance of the
earth return path was often high, thus leading to
the position that direct earthing was only used
where a relatively low resistance metallic return
path, such as a water supply system, could be
pressed into service as an earth electrode. As the
use of electrical power appliances increased and
;hig_h fault currents were possible, €ven this
drrangement became unsatisfactory. :

The introduction of non-metallic water mai,
such as fibro-cement, and pipe joints of non-
Metallic material, further aggravated an al}feady
Unsatisfactory situation, so that supply engineers
Wm faced with either:

I-finding means by which the return earth 100P

Tesistance path could be reduced; Of

2.adopting a system of carthing that Was I

,ﬂjﬁ.ﬁﬂpdent upon high values of fault €

- 1or its operation.

g : f
Ihe first line of thinking led to the adoption ©

I“ m‘;‘fémﬁﬁl? neutral as a low-resistance P"’”'f"“‘:"l

earth return path for the fault current and the
development of the MEN system. The potential
between neutral and earth was kept to a minimum
by earthing the neutral at the source of supply, at
intervals along the supply routes and at each
consumer's installation.

The ELCB system provided an answer to the
alternative approach, where effective operation of
the protective device was still possible with earth
return loop resistances of up to 200 Q. This system
was first introduced in Germany about 1910, and
was used in the inner city areas of some Aus-
tralian cities until November 1966, but the mod-
ern trend is to restrict its use to special machines
or circuits within an installation or to a situation
within a supply area where difficult earthing con-
ditions are ncountered. Installation of the system
is more costly to the consumer thgn _the othf,:rs,
requires more maintenance anfl periodic c_hecku_}g
and 1s prone (0 nuisance tripping by [{an51ent gl}s-—
charges, such as those that occur in electrical
storms. _ '

[imitations of the direct earthing system with

: 18 and the prob-
d to high earth loop resistance, and t
e maintenance and reliability of the

has led to the adoption where posﬁ-
f S ly auth-
' MEN system DY most Supp
bl t'he MEN system, however, also dhr:«as
f which are discussed 1n
. .advantages, SOme of W | ,
g;iion g 4, where earthing al the consumer s
installation S considered.

it is intended to deal only with

| i A
[n this chaptet v of distribution 1fl

415/ “gtar system’
the 415/240 S - ements and the SAA

tudent’s career, many

S ing the § :
Wiring Rules. During + encountere d which

ces of supply will b

other SOM” : fety reasons similar 10
mainly for sd y .

arc If:EI'H:he‘j.dere and tWwo Uf t]‘{ﬁse are ShO“s

those CONSE = cer 1, Figures 1,19 an

diagram_matically in Chap ,

1.20.

1 .
_ﬁ: _
el T2
-_I i
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. Nota: Actual wiring methods vary with the supply

::Tulhnrlw, .a Q. N1 could ba omitted and neulrals
soldered and taped Altarnatively, the supply and

consumer's neutral could be connected al the
tarminals of the kWh meter

mE

7500 V T 240 V 20 \/ :
15000 V k A
7500 |
il
1.3
. supply Active i 2 (R i s () M/'S F2
— —_— "angiormﬁ-‘f N i (b’ ' =) t
= i y gecondary Low-voltage distributors N o |
_ 3 Instrument transformer ELV supply fo bells Neutral : N2 — i
15000 V for neon S@n W ——— | O
A 18
: ;13
_ d transformer supplies C . Appllance
Fig.8.7 Earthe =4 -I l load
!
. . . 4 — L2E1
The student should be aware that some supply Both the direct earthing and MEN systems are S/B1 S/B2 l e
B . - . 3 2 R = \ F1: Supply authority fuse
sources within an msta[lat:qn may sometimes be  current op§raled Syst?ms, lhat_ 1S, thf.}, do not N1: Supply authority neutral link
arthed. This is done primarily for safety reasons, operate to 1solate the faulty section until the valye { suppl M: Supply authority kWh meter
Cd | P . y s . . . . € Valug Star gaint o P-p / M/ S: Consumer's main conltrol
but when testing or working on this type of cir-  of the fault current 1s sufficient to cause the fyge “solidly sarthed g N2 Consumer's neutral link
—i F2: Consumer's circuit fuses

cuit. the fact that the circuit is connected to earth
at some point should always be borne in mind.
Typical examples are shown in Figure 8.7.

to rupture or the circuit-breaker to trip. This i
the inherent weakness of these two systems
because

I/
=l

— E1: Earthing at switchboard

E2: Appllance “frames’ earthing

E3: Main earth connection

S/B1: Supply authority's switchbeard

S/B2: Consumer's switchboard

== E3

Basic single-phase
direct earthing system
(compare Fig. B.4)

Fig. 8.8 Direct earthing system

84 and hence the resistance of the lead and return
: . path. may limit the fault current (see Fig. 8.15 in
Consumer’s Bﬂl‘thlﬂg systems Section 8.5). The voltage-operated ELCB system is connected in the same manner, and this mul- 20 and 26 V, to open the circuit, This trip relay is

The most significant feature of the direct earthing,
MEN and ELCB systems of earthing is the solid
connection of the neutral star point to the general
mass Qf carth at the source of supply. This main-
tains the supply voltage to earth at the usnal value
of 240 V. This connection would not, however
prevent exposed metal in a consumer's instal':
lation rising to a potential of 240 V above earth
1f it were not for the fact that the equall '
signi-!icargl feature of the consumer’s earthing s .
teml 1s directly to connect this exposed m .g lys-
earth or neutral potential. | i
oritﬁl:j:g%ged in Clause _'5:2._1 » the supply auth-
i upon the particular earthing syst
at will apply to a certain area R
As indicated above, in each o

ing system, only th

Tequirements differ, control and Protection

overcomes this disadvantage but has serious
practical shortcomings.

1. Direct earthing

Figure 8.8 illustrates connections on a small con-
sumer’s switchboard for a simple direct earthing
system. There is no connection between the neu-
tral and earth at the consumer’s installation. It is
the simplest system, both from the view of the
supply authority and the consumer, but the resist-
ance of the return earth loop must be kept at a
low value (see Section 8.5) and for this reason
mOst supply authorities maintain the system only
N dreas where a solid water reticulation scheme
EXIsts. The system may have been adequate in pas!
years when electrical loads were lighter, but today
It has been superseded by the MEN system. Not¢
C’_ﬂusel 3.10.1, specifying the electrode resistance
(5d1jfﬁcult 1o keep low in practice), and Claus¢
10.2, which allows the supply authority 10

nominate alternative main earth connections [0f

2. MEN system

tiple earthing of the neutral, at each consumer’s

premises, together with numerous earthing points
on the supply side, has given the system IS name

of multiple earthed neutral system.

3. ELCB system

With both the previous systems, it is necessary for
high values of fault current to be present before
the protection will operate. Hence they are
“current-sensitive’’ systems, and neither 1
effective against voltage rise in the earthing system
unless the rise is due to high currents. Because
V= IR, low current coupled with high resistance
may cause a high voltage and the possibility
of electric shock; for example, a current of T A
Wil produce a voltage drop of 200V across 4
f&sistance of 200 9.

- Thﬂj ELCB system was introduced mainly as
Protection against shock, leaving the overload
;I“m;_i“n o current devices such as fuses and
:E-'Iimm-t’"fbreake.rs. Because of this it may be con-
dmd 45 an auxiliary or as supplementary pro-
'l_“?ﬂ_ﬁnj added to the direct earthing system. The

connected between the earthing system and
frames F and an auxiliary earth electrode E.

[f for any reason the potential on the earthing
system of an installation rises above 20 V to earth,
the earth relay operates to isolate the supply, so
that the system is that of direct earthing plus the
ELCB as a sentinel on voltage rise in the earthing
system.

As mentioned in Section 8.3, the system may
be found installed in many older installations and

is in current use:

| for the protection of individual a_ppli'anc:es or
isolated circuits where voltage rise is likely,
and in these situations has the advantage ‘ot
being cmupaliblc- with other systems for
additional protection; .

2. IIS:*J 11[ I::.Oiluat?nmwx such as an i.solateld rocky ridge
where earth resistance 18 high, direct ear.lhmg
i not effective, and MEN not available; and

3 sometimes for the protection of installations

in outbuildings 1O comply with Clauses 5.10.3

and 5.71.2.

Despite some advantages, the ELCB system

ng‘ th a.[ .Ihe = ] a i . . W

B kg ne term *4 S This i< {1} Qﬁihmnal s : dd voltage- L f ing disadvantages:

refers 1o the source of et o SONdly eartheqr 1518 the most wi ac supply _onal connections required to 4 . has the following . .

it urce of supply trthed ENEINEere nmo * widely adopted system, as sUPP Operated ELC ton t ‘mnle installation ‘"« more expensive (0 install because
! he ¢ NEINCers consider that s practical advantage SR R0 Simp 1. the systefm & f60 abofale methods of instal-

Sumer’s installation, which ig eyr
manner, + Which is eary ,

lomﬁg.gh_ its 'disadvantages.
dmmj cTence to Figure 8.9 shows that the onl)

i Shown in Figure 8,10 of this book and in
.ﬁ%’m”id of Clause 5.11.1.1 of the SAA Wiring

camparativcly el
' 2§8ary,

lation are necessd o

periodic checking;

NCe to the preyi 'ar as the Vi, 2.it requires h high
AR e N E previous system as tar ! Mair . .y ame as for o L of the electrodes, although fig
I::l;u;“;‘;;s Installation is concerned is thal the | %ﬁimgsi?mng cnnnect_lons N tdh?nbgir:;re 8.8, 3, the E'Cblbta(l-lz;;:) Ij'hH §) is son;ctimes difficult
o Carthing conductor is taken direct from the m SLearthing system illustrated at 200 §2 ( keep constant;

board  —rode to the neutral link at the switeh

- Ty e .ALF“.Fr

+ "0 interconnection between neutral g;'] i

SAky. \he ENRmlam antams wrafaation COﬂSiStS

(o obtain and

Iastive Drote fficult in practice;
A ol

ction is di
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L ONg EARTHI'NG SYSTE
: ity. TWO
: thods vary with the supply authority. v Satan
ethads are Shown below, In (a) the consumer's neutral link 3 LE i Supply
the MEN connection and an earth link used for the laid-up eart 'l’_"g _
conductors: see Clause 5.9.3.1. In method (b) the MEN connection 15 TN |
the supply authorities neutral link N 2 :
1
2
3
| 4 ]
3 £9
X< | b E1
5 Earth link . =
3 ~ 6 | Circuit i
To supply - a4 - (t:aples: : 'S _ _ ,|I|_
neutral at —4 q 3 WI?ha¥PS Main earth goes direct to neutra| link Neutral link
meter, joint | :l\j : vt
or link H-l —I ' _& — E3
E1 N1: Supply authority neutral |i k
s e e ] N2: Consumer's neutral Hni A
E; Eartgmg at switchboard
: . Earthing exposed metal ¢ "
(@) To E3 main earth (b) E3: Main earth connectionatootefaeﬁﬁrl?;;%
Fig. 8.9 MEN system of earthing
IRy = s - e e e . : We shall deal first with tt
e ~| tem, recalling that the only
[ R —"U;O,?: ;_ o neutral and earth 1s at the st:
i 4l m . . .
| ' — L ) f——""" = > : transformer, the circuit bei
l . . -
' & ;D 4 : l ; Figure 8.11 without the n
fif , I" N b > B - nection at each of the five c
] r g 2 L reversed connections, all
A ) wou _ ' |
t Line active | L 13 o A T would now operate in the ne
b | Switchboarg N123456 _ Ing a live active feed into :
o Neutral | | !g 6 6 0 o0 o %ngrL;Tﬁ;f control switch ““off’*. Fuse ¢
| o { __I tection i1s also in the neutra
L . R - — L D load actives all solidly joine
T tral link (now an active link
cable ——3 E2 tecti : 1
. T : Appliance earth fautllfn against overload due
% o) Electrodes -.D
e 1 '
/ ; nafally =T dgan ; E3 Main earth electrode ECIi-\l;hi earth fault current
o .
Auxiliary i 0 Far.th fault Lou}d C
electrode Potential in the earthing ¢
F aPDI[}ances resulting in shoc!
Fig. 8.10 Connect Il the system was E1CI
' nection of Prdti 10 ‘
5. the e subje b earth leakage Circuit-breaker '. 2'10), there would be no pre
Ct to nuisa DD Bainst “
through varioy NCe tripping T : 4 e rare. - o%UBl overload and a fire h
IS causes, | The incid | or 218 | 18 1he - .
ence of faults due to (he H the case &F the direct ea

These disadvantages Most faults are due to breakdown within

| ever, j
have resulted in X €0, 1f the earth fault curren

tem falling into dj he sys-  installat; ' : | 46 se (¢
Situationsgmengo?:es;a;gg::xcem for the Spec}i,al on of items listed in 3, 4 and EiGC(BZOI:{ to 26 V) in the
. P 5 ' : _—_—
1. SUPPW system faults 1d -~ ho Pwtec{:‘iﬁg 2‘2 ) O?t'l';‘m!:.;
s shol TN 5y inst the I
8.5 If a fault occurs on the supply system, this 1J::Gth:: . t

Reyo O, Study the MEN sy

'@ Bateesncee k. =

Ideally operate the sunnlv nrotection, leaviine =
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7 —’ Active
| 2 r

| Break ‘\

T — )%1 T ?$Neutrai‘
X2
Il 1) m i
Neutral link

Appliance frame /

Earths

H-] i nll[—ijj‘m
=

Installations on load
side of break

Fig. 8.11 Earth faults on the supply system

We shall deal first with the direct earthing sys-
em, recalling that the only connection between
wuiral and earth is at the star point of the supply
mnsformer, the circuit being similar to that of
Figure 8.11 without the neutral to earth con-
wetion at each of the five consumers. Due to the
mersed connections, all single-pole switches
Wﬂlﬂw operate in the neutral conductor, leav-
1 a live active feed into an apphance with its

- tatrol switch “‘off”’. Fuse or circuit-breaker pro-

%lion is also in the neutral conductor with the

4 “ad actives all solidly joined at the previous neu-

mhk{ﬂﬁw an active link), so there iS NO pro-

| ﬁﬂn Tﬂﬁﬂiﬂ&i overload due to an active-to-earth

|

! earth fault current resulting from the

P 0-earth fault could cause a dangerous rise

Lg" Lin the earthing system and frames of
A0 resulting in shock and fire hazard.

3o, 1€ System was ELCB protected (se¢ Ti&
i C Would be no protection of the wiring
o O¥erload and a fire hazard would exist, as

25 of the direct earthing system: O™
® (yner carth fault currents produced a VOltaﬁe
tne

fiop o 0 26V) in the earthing syt L
- 98hould trin onening the neutral only, Wi

no connection between neutral and earth at the
consumer’s installation, so that supply will be
interrupted, appliances and lights will fail to oper-
ate, and the fact that a fault condition exists will
be clearly apparent.

Should the same fault occur when the instal-
lations are connected for the MEN earthing sys-
tem, because of the connection between neutral
and the main earth at the neutral link (see Fig.
g.11) there will usually be no indication that a
fault condition exists. All the installations on Ehe
load side of the break are using their earthing
systems instead of the supply neutral as the_retum
pﬁ{h for the normal load current. The resistance

he
th return path that has taken on I
o al is usually higher

it has replaced. The

Aowing in the earth return path
ral usually produces 2 voltage

ik i impressed on the
' IR drop, which is impresse¢ |
e dueoéothe earthing systenl, mcludm__g the
| whether they arc switched

dangerous situation.

rs WOrse, the earth wire is nOw
ent than that for
of up to 99 A may

which 1t W4 3 oarth wire rated at about 40 A)



m"‘lﬁfwﬂ Fitting must be earthed direct
| ' 2.5 mm* earth terminal for metal luminaire
earthing
conductor 4
- : p—————————————
<3 Tesn 1 mm* TPS with separate

garthing conductor of
> Twin 1 mm: TES with enclosed |
earthing CoONGUCIOr

Earthing methods 1.and 2 compiy
with the Sules

Msthods 3 and 4 do not comply

Twin and earth 25 mm*® TPS cable

IA Neither of these methods

permissible for earthing
the ﬁﬂiﬂg 1

Fig. 8.18 Correct and incorrect earthing provisions

Observe that the current ratings of earthing
conductors specified in Table 5.1 are obviously
intended as a very short period rating, while at the
same time allowing sufficient time for the protec-
nve device to operate; for example, the current
rating of 6 mm” cable enclosed in conduit in air
and protected by a rewirable fuse is shown in
Table B2 as 27 A for a single-phase circuit, vet it
may be u;sed LO protect a circuit supplied through
a 25 mm- acme conductor rated at 70 A_

The minimum size for a main carthing con-

ductor is 4 mm* for copper, see Clause 5.5.3.2(c).
L0 copper aerial

A minimum of 6 mm® applies
earthing _condt}cwrs, the size of which is governed

The most important provision regarding the
direct earthing system is the one which specifics
the maximum resistance for the driven or buried
electrode (Clause 5.10.1). For example, should
the largest fuse or circuit-breaker be rated a
30 A, the earth resistance of the electrode mus!
not exceed:

R voltage to earth

5 X current rating of largest fuse”
240

5 x 30
= 1.6Q

Electrode resistance figures of this order (C_*-H'J
note the 30 A fuse used in the above example 15 ¢
relatively small one) are difficult to attain in prae
tice, and this is another reason for the use 0! the
MEN system. J

No specified earth resistance for the earth elec
trode is laid down for the MEN system. NOI€ ‘t‘:ﬂ
_Clﬂ“-?e 3.9.3.1 requires that the only position i
Interconnection of the main earthing conde‘Sr
and the main neutral is at the main switchbo&™
e?.“hﬂ directly to the neutral link or to the ear hnﬁ
h“k-_ and thence to the neutral link. Some Suppt

|

—
—

authorities prefer it under seal in their ok 02
Clause 5.9.3.1(c)).

The ELCB | rth €le®
| LA two €4 .

= 1 |

Machine frame functions
{240 V) insylation betwaen
R frame and windings

metal

-.&19 How the earthing of a double-insuiaied
gmwe could create a safety hazarg

systems of earth

MWSy;stems have been devised (0 g‘i\'e protec-
fion against shock hazard and earth faults. One
fline of approach is by isolation of live parts s0
. that breakdown to earth is remote.

Three methods of achieving this isolation, all
. of which are in current general use, arc.
1.by the use of all-insulated equipment;
§  2.bythe use of double-insulated equipm_ent: :t}ld
I 3.by isolation from supply using an “‘jsolating
- transformer™’.
Tht&bove and other topics 1n this section arc
the subject of later detailed study, but are
included here for their basic principles, and ©
lhgm within the orbit of the apprentics?

m insulated equipment
. Ope of equipment is designed 10 €

nsure that

§ . ° 'S no exposed external metal of any dtftffl‘-'li:
. the whole of the electrical portion = = .
ui

. - - - e e t
. ibment is enclosed in a frame and casn® 3,.
: ;rtr _mel.ia“ and therc is no mfalili‘ :
. through holes or apertures b

A 2d make contact with live me

tal inside.

‘o

s Plications are limited, as design considero
slip,:. Prevent the manufacture of, 53}_-*:' Tvpi

= Motor as an all-insulated machif ¢ hgir
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worked on the assum :
Ors that contribute to tlfe-
)f an earthing system are
ed, SO that undetected
which of course create
Oré common ones are:

drift in a plug or an open
- cord; ‘
making’’ or having high

tion removed or not
- after alterations to the
positioning of an earth

ng conductors in wiring;
hat has developed in the

ns of portable and fixed
1id three phase arc avail-
r the earthing ‘‘loop’”” 1°
10 earth.

tem requires a four-—c.Of‘?
o all appliances (active,
r conductors).

vice is plugged MO [hre

¢ plugged into the fOU};
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Fig. 8.21 The gafe-T-Control h
S energises the appliance

Closing switch S gives supply to the appliance

and also opens switch C.
If the relay trips, du€
Honse, supply cannot be ré
(‘) the earth fault has been repai
(i) the control switch has been firs
and then back on.
‘The relay in the uni
appliance is plugged in
functioning correctly,
(i) an open circuit occurs in t
tor to the outlet, the main
~or the flexible cord;
(ii) any type of high resistan
earthing circuit; OrF

to an earth fault while

stored until:
red; or
t switched off

¢ will not close unless the
and the earthing system 1S
and will trip if:

he earthing conduc-
earthing conductor

ce Occurs in the

as been energised and the appliance

s OCCurs on the

Exposed metal
of apphance

plugged in. Closing switch

AUTOMATIC EARTH MoniTors PTy LTD

«‘palance’’ and there '« no resultant magnetic flux

in the core (the phasor sum of the fluxes is zero).
Now trace out in Figure 8.22(a) the path of the

earth fault current flowing from the faulty drill

through the human figure represented 1n the dia-
gram, and back to the neutral. This current

bypasses the cOre, upsets the flux balance in the
core and the resultant effect 1S detected and

amplified by the unit to ‘‘trip’”’ a relay

opens the Supp
total time taken

normal time required for
The value of leakage current detected may be

as low as 20 mA, and it has been established by
medical research that there is little danger from
electrocution below the limits of 20 mA for ten
so that the

seconds and 80 mA for 0.1 second,
nas afits == oy and the rapidity of operation



STRALIAN ELECTRICAL WIRING vOL ONE

E TPS cables

al approach to the installation of a TPS
tem has similar commonsense rules to
ther systems, that is:

runs should be planned for speedy
ition and economic use of material
rance will also be a factor for surface
see Fig. 10.5).

wiring is on the surface, it is usual to
the pin clips or other fixing in short
s, and then follow by clipping-in the
making sure it is installed flat on the
» with no kinks. A flat piece of wood
 used to ‘‘dress’’ the cable in position.
h concealed wiring, any fixing necess-
lone as the cable is placed in position.
all the cables are fixed and secure, and
ing into equipment complete, the final
tions are made at junction boxes,
yoards and equipment, and the instal-
s prepared ready for service.

putting into service, final testing 1is

gh essentially a surface system, TPS
y be concealed in roof spaces, cavities
n a floor and an uppermost ceiling.
otected mechanically by a suitable
it_;mus;t not be buried in concrete, put_
uried in cement or plaster for vertical
w; 3m in length (refer to Clause

ictor to be considered when inst_alling
M the current-carrying capacity of
nfluenced by environmental conditions
mbient temperature and ventilation

denandent an the methad of instal-

Irl'JI..-‘-'

€ Spacing between cables, circults an
Lo OF adjacent surface;

. pe of enclosure;

T

SHET Tun vertically

nra 1N £ 3¢ . .

'win and earth
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or horizontally.
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