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Switchboards and
control panels

Accessories used for the control and protection of
circuits are installed at the commencement of the
circuits they control or protect, and are usually
assembled on a switchboard or control panel.
This chapter infroduces you fo:

= wiring rules relevant to switchboards and
confrol panels

= domestic and multiple domestic switchboards

= switchboards for non-domestic installations

= festing and inspection of switchboards.




L

_ELECTRICAL WIRING PRACTICE VOL. 2

A number of other modules are available for the
above switchboard, to suit a wide variety of needs for a
domestic or small non-domestic installation. They all
provide a great deal of flexibility for mounting a variety
of equipment. These switchboards may be installed
cither inside a domestic dwelling or on a panel in a
standard meter box located outside the building. As they
are neat and unobtrusive in appearance, there is an
increasing tendency to mount them inside a dwelling,
particularly in multiple domestic situations such as flats
and townhouses. AS/NZS 3018 recommends their
installation inside all single domestic dwellings.

In the case of a single dwelling, a standard meter box
is normally used outdoors, its dimensions being specified
by the energy distributor in each region it supplies.

Hinged switchboard panels are the most commonly
used type in domestic installations, and a typical com-
bined meter box and switchboard of this type intended
for external use is shown in Figure 17.6(a). Included is

Fig. 17.6(a) Typical meter box equipped for single-phase supply with
meler for domestic fariff. and lime switch and meler for
off-peak farff  ENERGY AUSTRAUA

Fig. 17.6(b) fosy occess lo rear of hinged panel (nole neulral
link) ~ ENERGY AUSTRAUA
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a self-contained consumer’s board, the provision of a
meter for the domestic tariff and an audio-frequency
relay for switching a controlled hot-water system. This
relay is adapred to a plug-in base mounted on the
bottom right-hand corner of the panel. Figure 17.6(b)
illustrates a hinged panel swung our at 90° for casy
access to the rear of the panel. The energy distributor
in this case employs back-of-panel mounting for the
supply neutral link. The consumer’s link is front-
mounted. This type of switchboard is commonly used
in NSW.

An exterior combined meter/switchboard box,
which is supplied with a predrilled panel to suit Elec-
tricity Trust of South Australia specifications, is illus-
trated in Figure 17.7. It is ficted with an carth/neutral
bar assembly and a full-length full DIN rail to permit
the easy mounting of MCBs, RCDs and other auxiliary

equipment,

Energy distributors generally specify their require-
ments for switchboards in the distribution areas under
their control. These requirements vary berween states
and between different areas within a given state. With
the increasing privatisation of the elecerical supply indus-
try these differences will become grearer.

In areas where plug-in-type meters and controlled
audio-frequency injection relays are used, it is usually
necessary for the contractor to purchase the meter bases,
mount them on the switchboard and wire them up, so
that the energy distriburor’s officer may simply plug in
the meter or relay after the installation has been
approved for connection to the supply. Figure 17.8
shows the standard hinged metering panel of Figure
17.6(a) as it is required to be left by the contractor
before lodging a “completion notice” and test certificate.

Fig. 17.7 Exferior meter/swilchboard ~ GERARD INDUSTRIES
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With self-contained-type switchboards, the onus is
on the manufacturer to comply with all relevant

AS 3000 and AS 3439 rules. However, when a switch-

board is custom-built, such as the multiple domestic
types, an example of which is shown in Figure 17.10,
ﬂ'l{: elecerician must ensure that the layout, mounting of
‘equipment and clearances comply with all the rules dis-

‘cussed in section 17.2 of chis chaprer.

Switchboard layout, wiring and marking
Switchboard layout and wiring exercises are covered by
practical instruction in an electrical trades course, but

Fioures 17.9(a) and (b) are included here 1o illustrate
some of the basic principles involved.
Referring to Figure 17.9(a), check the following:

® Note A: This refers to the thickness of the insulating

panel mentioned in section 17.2 of this chaprer and
in Clanse 2.22.2.3 and Table 2.9 of the Rules. It was
seen that increasing the number of points of support
permits the reduction of panel thickness, Check back
on section 17.2 and AS 3000 in regard to clearance
behind the panel for hinged boards, fixed switchboard
spacings and switchboards with other types of access
such as removable panels.

8 Note B: Again check secrion 17.2 and AS 3000 with
reference to spacing and grouping ro show the rela-
tionship of equipment.

® Note C: Although the requirements for the marking
of domestic switchboards are not as demanding as the
requirements for marking other types, it is good prac-
tice to mark them fully. In the small board of Figure
17.9, suitable and complete neutral-link marking
would be carth, main neutral, range (or stove), power

(2, C3, C4, light CS, C6, HWS C7.
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= Note D: MCBs must be fixed to the panel by bolts,
metal thread screws engaging nuts or tapped holes in
metal, or by other equivalent approved means such as
a DIN mil. This rule applies to all accessories
mounted on the board (see Clewse 2.23.4.3). The
MCBs adjacent to each other on the switchboard
should be marked with the MCB rating and the
circuit identification (e.g. range 30 A, general-purpose
outlet (GPO) 16 A). An alternative is to number each
circuit, mark its current rating, and supply a legend
cither on the panel or firmly attached to the switch-
board. If the legend is printed or typed on paper, it
should be properly mounted and protected by glass,
clear plastic or similar material; for example:

Crreuit no. Rating Remarks

1 30 A Range — kitchen

2 16 A 7 GPOs — west wing

3 16 A 8 GPOs — back section and
garage

= Note E: The main switch must be marked for easy
identification to allow prompr operation in an emer-
gency. If there is more than one main switch, each
must be marked to indicate which portion of the
installation it controls.

® Note F: These two circuits are protected by combined
RCD/MCBs. The unprotected power circuit, if sup-
plying GPOs, may be used only to connect refriger-
ators and food freezers (see Chaprer 14).

Ifuse is made of self-adhesive labels on a switchboard,
they must be of an approved type and be fixed to a suitable
surface. For example, they are not suitable for fixing ro
the commonly used bituminous-based materials used for
the manufacture of domestic-type panels, They may,
however, be fixed to suitable backing marerial and the
assembly screwed or pinned to the panel.

The self-contained modular switchboard shown in
Figure 17.4 is provided with a ser of self-adhesive labels.
These may be readily atrached to the moulded plastic
casing to identify each circuit control device firted to the
DIN rail.

Figure 17.4(c) is a wiring diagram for the above-
mentioned switchboard. You should identify the circui
components and relate these to Figure 17.4(b),

Multiple domestic situations

Multiple domestic dwellings (e.g. home units and flats)
range from small groups of, say, four units in a suburban
block to high-rise buildings containing perhaps 200 flats
(‘Greenway', a huge high-rise block in North Sydney,
has 309 all-electric), each unit having a separate domes-
tic installacion.

In the first example, if the arrangement is compac,
one main switchboard containing mertering, main
switches and subcircuit protection for cach of the four
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Fig. 17.9 Small domestic switchboard (panel and frame) layout and wiring

portions may be installed ac a central position accessible
to all consumers.

In the second case, there will seill be a main switch-
board, but from it will originate many submains and/or
rising mains (usually unmetered) to feed various sec-
tions, where further distriburion will oceur. The whole
installation must be arranged so thar each individual
domestic installation is under the control of the con-
sumer or user of the equipment, and so that the control
equipment in the main switchroom is accessible from a
public area (sce section 17.2 in this chapter and the
relevant AS 3000 Rules).

Provision must also be made for common sérvices
such as public lighting and air conditioning, and this
type of load is usually supplied from the main switch-
board. Figure 17.10 shows a switchboard on which are
mounted the main control circuit breakers for twelve
individual units. The main metering panel is nor shown;
the merer in the photograph is for community services.

A metering panel for a multiple domestic dwelling
of twenty-four units is shown in Figure 17.11. Protec-
tive blanks are installed on the plug-in merer bases for
units yet to be completed. On completion of these units,
the electrical contractor will test the installation and
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Fig. 17.10 Switchboard for o multiple domestic insiallation

Fig. 17.11 Metering panel for a mulliple domestic installotion

lodge a test certificate with the local energy distributor.
The distriburor will then arrange for meters 1o be
installed and for the installation to be connected to the
supply. As pointed out in Chapter 11 (Volume 1), most
energy distributors will require a new installation to be
checked and tested before connecting it to their mains.

The switchboard of Figure 17.10 and the metering
panel of Figure 17.11 are both housed in lockable
switchrooms. You should note that metering and wiring
requirements vary greatly in different parts of Australia
and New Zealand. The open wiring shown would not
be permissible; for example, in Vicroria.

17.4 Switchboards for non-domestic
installations

With commercial- and industrial-type installations, and
Jn common with most other installation types, the con-
Sumer’s mains terminate at a main control point. In
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most cases this is the main switchboard, and for con-
venience this is usually the metering point also.

The nature and elecrrical rating of the load, and its
location within the building or buildings, determine the
number and location of the various distribution centres
necessary. For small industrial and light commercial
installations, typical examples are the switchboards
discussed in section 17.3, which would be installed as
distribution boards fed by submains or which could be
the main switchboard of a small factory or commercial
installation.

The type and size of an industrial or commercial
switchboard vary with the type and size of the installa-
tion, and they are either custom-built by the electrician
or switchboard manufacturer or purchased as a self-
contained unit. Typical of the latter is the Panel Board
manufactured by Cutler-Hammer, shown in Figure
17.12, and the three-phase metal 80 A switchboard
shown in Figure 17.13.

The Clipsal switchboard may be supplied with a
150 A three-phase main switch and is also available as
a single-phase unit. It is made with eight modules of
full DIN and thirey modules of clip rail as shown, but
is also available in horizontal configuration with forty-
four modules of full DIN rail mounting only.

Self-contained switchboards are extremely adapra-
ble, as there is a wide variery of options available—the
switchboard illustrated in Figure 17.12, for example,
being manufactured wich busbar ratings from 150 A o
400 A rested for 16 kA and 20 kA. Single-pole or multi-
pole circuir breakers may be fitted withour any alrera-
tions to the mounting system or busbar connections,
and a main switch can be fitted ar the top, bottom or
centre of the panel. Special boards that incorporate time
switches, metering equipment and so on also are easily
produced from standard basic components.

For small- and medium-sized assemblies, the alter-
native to a manufacturer’s standard panel is a switch-
board custom-built in the electrician’s workshop or
sometimes on the job, in which case it becomes neces-
sary to keep in mind all the pertinent regulations. The
board usually consists of an insulating panel and sur-
round, the panel being hinged or fixed according to
expediency: the assembly is similar to the small domestic
switchboard shown in Figure 17.9. For larger boards
made up by the electrician or manufacrurer, the basic
layout and principles are the same as for the smaller-
sized boards.

With increasing size and rating, it is important to
ensure that the design of the switchboard and the equip-
ment that it supports are capable of handling the pros-
pective fault current in the evenr of a low-impedance
short circuir close to the supply source.

The panel and layour must be in accordance with
the regulations, and the finished product should present
a professional appearance thar reflects credit on the
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Fig. 17.12 Panelboard or lood centre CUTLER-HAMMER

electrician making up the board. The Rules of AS 3000
must all be observed, and in addition the specifications
of AS 3439 apply. especially for commercial and indus-
trial switchboards and controlgear assemblies.

Australian Standard AS 3439, mentioned in section
17.1, contains a list of definitions classifying switchgear
and conrrolgear assemblies into six types: open, dead
front, enclosed, cubicle type, desk type and box type.
There are further classifications, and many other rerms
are in use for these assemblies, but all are switchgear and
controlgear assemblies (SCAs) by definition and so must
conform to the requirements as ser out in AS 3439 and
the current AS 3000 Rules.

Various tests for the units illustrated are described,
with specific test conditions laid down. Perhaps two of
the most important are a test of the unic’s ability o
withstand stresses produced by heavy short circuir cur-
rents, and a test of its ability to withstand che arc, flame
and explosive pressure that occurs with an internal
Fig. 17.13 Three-phase swilchboard  GERARD INDUSTRIES arcing fault. There are other tests, but these two have
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17.1 Introduction

By this stage, you must have realised that the design,
manufacture and installation of electrical equipment are
governed and controlled by relevant codes, rules, regu-
lations and specifications. In the case of switchboards,
cach associated piece of equipment is made in strict
accordance with an individual specification, and the
whole assembly must comply with both AS 3000 in
general and AS 3439.1 in particular for most types, the
lateer specifications being most relevant to manufactured
switchboards.

AS 3439.1—1993 Low Voltage Switchgear and Con-
rrolgear Assemblies defines an “assembly” as:

a combination of one or more low voltage
switching devices together with associated control,
measuring, signalling, protective, regulating
equipment cte. complerely assembled under the
responsibility of the manufacturer with all the
internal elecrrical and mechanical interconnections
and structural parts.

This is a very broad and encompassing definition, and
covers nearly all manufactured and custom-built assem-
blies, such as those known in the trade as switchboards,
panelboards, control panels, control centres or load
centres. The various parts and their interconnection
usually require reference to additional codes and speci-
fications, such as AS 3100—1994 Approval and Test
Specification—~General  Requirements  for  Electrical
Equipment, and many others.

Many large switchboards in current use and some
older types have been made up on the job or in the
contractor’'s workshop. However, the modern approach
to a large switchboard is to have a reputable switchboard
manufacturer build the switchboard to specifications and
compliance with the many and complex codes, or to usc
a ready-built board of standard design, if available. This
approach is even used for small switchboards, such as
single domestic, for which self-contained units are avail-
able in many types and ratings and which are widely
used (see section 17.3).

17.2 AS 3000: relevant rules

The SAA Wiring Rules specify only three types of
switchgear: sclf-contained, enclosed and partly enclosed,
and these are briefly described in section 3.6 of Chaprer
3, Volume 1. Reference to AS 3000 will reveal that a
switchboard may be a main switchboard ( Clause 0.5.85)
from which the supply for the whole of the installation
originates, or a distribution board controlling and/or
protecting a portion of the installation fed by a submain
(Clanse 0.5.39).

Either board may be the origin of a final subcircuit
or of submains, and both types are distiner from control
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0.5.2, and the means of operating it must not be higher
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panels (Clause 0.5.68), which, although providing
control and protection similar to switchboard functions
are installed for an individual appliance or group of
appliances.

If a control panel is within or is an incegral part of
an appliance, it is no longer regarded as a control pand
but is considered to have become part of the appliance
It may be seen that there are overlapping functions her
and the installing elecrrician must be aware of the dif
ferent categories of accessories used for the control and:
protection of circuits,

Location and access
Because the switchboard is an assembly of prowective
devices and controls, such as fuses, circuit breakers and
switches, the Rules of AS 3000 relating to switchboards
must be studied in conjuncrion with the Rules appro-
priate to the equipment making up the switchboard.
As an example, Clanse 2.16.1.3 specifies the loc-
tion and accessibility requirements for a main switch,
and this obviously also limits the location and acces-
sibility of the main switchboard on which the main
switch is installed. To comply with the Rule, the main
switch must be readily accessible as defined by Clause

than 2 m above the ground, Aoor or operating platform.

If there is more than one occupier of a building,
each occupier must have ready access to the main switch
or to a control that will isolate the occupier’s portion of
the installation. In addition, the main swirchboard must
be located within the limits of one floor above or below
the entrance and within easy access of it. A prohibited
location is within a flat or living unit, but there are
exceptions, such as:

= in the case of a switchboard for a single privare dwell-
ing or flat

= where specially approved by the inspecting authority,

The best location for a switchboard in a single
domestic installation is inside the dwelling, because:
= access to main switch is casier, important in case of

an Cmergency;

m circuit breakers and other controls such as timers are
more convenient and safe to operate than they would
be if located ourtside the building;

= where security devices or l':ghrh‘tg are installed, un-
authorised access is more difficult;

w final subcircuit runs are shorter, resulting in less
voltage drop and a saving in cable. In some cases these
advantages may be offser to a certain extent by the
length of the consumer’s mains.

A switchboard should not be located in a bathroom,

toilet, laundry or kitchen of a domestic installation. AS/

NZS 3018: 1997 Electrical [Installarions—Domestic

Installations specifically prohibits its location inside a



iding bathroom. However, a switchboard may be installed in
tions, akitchen, laundry or lavatory, provided it is enclosed in
up of acupboard with a close-fitting door (see Fig. 17.1). The
cupboard must be designed specifically for its enclosure
art of and the switchboard must be mounted towards the front
panel ‘of the cupboard. This is so that items that could impede
iance. ready access to the switches and protection devices
s here, cannot be stored in front of the switchboard.
1e dif- Considering the switchboard as a whole, its location
ol and ‘must be dry, well-ventilated, accessible and where access
I not obstructed by the building or its contents (see
Clawse 2.21). Some prohibited locations for a switch-
‘board are listed in Clanse 2.21.1.4. Check this clause,
and particularly note the restrictions with regard to
rective switchboards locared within a cupboard, which are clar-
s and ified by Figure 17.1.
boards Clause 2.21.1.4(a)(i) specifies that the swirchboard
appro- must not be installed within 1.2 m above the floor,
ard. ground or platform, unless special provisions are met.
¢ loca- Note also that a domestic switchboard must exceed (0.9
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ACCes- pe, and that energy distributors  often  specify
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Australia for a fee. Ir should also be held in most rech-
nical college libraries.

If a room has been specially allocated to house a
switchboard, it must comply with the provisions of
Clause 2.21 with regard to doors, lighting and access,
This is necessary to facilitate the safe and effective oper-
ation of contrals, the replacement of fuse elements and
other equipment, and general maintenance. For similar
reasons, access is required to the switchboard wiring and
equipment at the rear of the switchboard or within cubi-
cles or enclosures. The provisions for this access will vary
depending on the switchboard type and design.

Exic facilities are also necessary, at least one being
required in all cases, For switchboards having a length
exceeding 3 m, two exits spaced well apart should be
provided unless a clear space of 3 m or more surrounds
the switchboard and its equipment.

Within the provisions of Clause 2.21, specific re-
quirements are detailed to allow access for switchboard
wiring and equipment, covering;

= walk-in access, or access by doors (Clanse 2.21.3.2);

® access by removable or hinged panels. Study 7uble
2,11 "Installation methods’, and note how the area of
the panel affects the clearances ar the back of the pancl
and the rules regarding support and fixing;

® access to fixed switchboards via the edges (Cleuse
2.22.2.6). See Table 2.10, and note how the distance
from any point on the switchboard to the nearest
access point, and the space available at the access
point, governs the clearance behind the board;

= access to the rear of fixed panels (Clause 2.22.2.5),
This clause covers the requirements for passageways
and access thereto ar the rear of switchboards. Partic-
ularly note the requirements of Clanse 2.21.2.3, which
includes provision for both access and exir.

Briefly, the whole of the equipment on any switch-
board must be accessible for maintenance or replace-
ment, and this includes the removal or replacement of
any conductor or item of equipment that is part of the
switchboard while the switchboard is dead (see Clause
2.23.3).

Fire and shock hazard

In common with other electrical equipment, the twin
hazards of fire and shock must be provided against.
Clanse 2.22.1 deals with fire hazard. In effect it specifies
that the enclosure or sheath of conductors must con-
tinue into the switchboard surround ro leave no exposed
wiring, However, short lengths of exposed wiring are
permissible where cables pass through the panel for con-
nection to equipment. Three exceprions are a swirch-
room containing no flammable marerial, self-contained
switchgear incorporating its own surround, and a fixed
switchboard clear of flammable material. Permissible
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material for use as switchboard cases and surrounds,
three of which are non-flammable and one of which is
wood with a non-flammable lining, are also specified.

Specific reference is made to the prohibition of
exposed live parts on a domestic switchboard, where the
only live metal allowed would be a fuse contact that
becomes exposed on removal of the fuse wedges (see
Clause 2.23.4.4(c)). Should it be necessary to remove
covers to facilitate access to fuses, live parts (other than
fuse contacts) must not be exposed. Other switchboards
must not have exposed live parts unless protecred by an
enclosing case, and are not considered to be exposed
until the enclosing case is removed. However, this does
not apply to switchboards in a special compartment or
switchroom with access to authorised personnel only.

Another factor affecting shock hazard is thar the
space behind a switchboard must be such as will permit
working on the wiring or equipment without the risk of
electric shock.

Clawse 2.22 also is relevant to shock and fire hazard,
in that it specifies the materials for switchboard con-
struction and the mounting of equipment so as to
provide ‘safe and effective operation and handling’.

A self-contained switchboard may be mounted on
any surface, while the support for other types must be
non-flammable. In addition, switchboard panels must be
durable, non-hygroscopic and non-flammable. Metal
falls within the scope of these definitions; but if metal
panels are used, live parts must be insulated. Also, where
conductors pass through the meral panel, the holes must
be bushed or so shaped rhat they will not cause mechan-
ical or clectrical failure by way of abrasion of the con-
ductor or its sheathing, as required by Clause 1.4.7. All
holes for cables should be close-fitting and preferably
scaled to prevent the spread of a switchboard fire into
the building structure.

The usual panels for small switchboards are made
from a composition of bitumen-impregnated fibrous
cement and are sold under various trade names, such as
Lebah, Miscolite and Zelemite.

The laminated phenolic of Table 2.9, column 3, of
AS 3000 is usually a bakelite-resin-impregnated lami-
nated paper board, which is superior to, but more costly
than, the former panel material, marketed under trade
names such as Formatese, Formica, Spauldite and
Synthane.

In Table 2.9 of AS 3000, panel tvpes X and Z are
insulating panels, while types A and B are non-insula-
ting. All types must conform to the requirements and
strice tests of AS 1795 Sheets and Boards for Electrical
Purposes, Part 1. Other modern panel materials have
been developed, all of which fall within the scope of
AS 1795,

Panel chickness for the insulating-type panel
depends on the distance between supports and the
material used, and a study of Table 2.9 will reveal thar

10 mm. If two additional points of support are prmrzd

instantly their interrelatedness, and to achieve this they

B R

panel thickness may be reduced if more support is pro-
vided. Figure 17.2, representing a 600 mm > 400 mm
type Z or B panel, illustrates chis point. If the panel s
supported at the four corners only, the greatest dist e
from any point on the panel to the nearest point of
support will be approximarelv 350 mm. From Tabfc.?.
the minimum panel thickness that may be used is
as shown, thus reducing the distance to approximatly
245 mm, panel thickness may be reduced to 6 m;g,;

-~

Fig. 17.2 Determining the thickness of a non-metallic panel

Mounting of equipment
No equipment must project beyond the edge of
panel, and no holes other than those by which the panel

is fixed should be within 12 mm of the panel edge (see:
Fig. 17.9).

Arrangement of equipment on switchboards
Mention is made in Chaprer 13 of rewirable fuses

marked ‘R’ and the requirement that no earthed meal
be introduced 1o or be adjacent ro the fusing chamber.
The necessity of maintaining at least 25 mm clearance
between R-type fuse bodies of different potential or
phase is also mentioned. However, fuses manufactured
for unrestricted mounting (the more commonly used
U-type) may be mounted immediately adjacent to each
other.

Fuses and circuit breakers must also be arranged so
that a person looking at the switchboard can see

must be mounted in a similar manner and grouped in
such a way as to indicate their relationship.

No fuses or circuit breakers are allowed ar the back
of a switchboard, with the exception of small fuses in
instrument circuirs or fault current limiters.

Clanse 2.23.6 specifies rigid fixing and support for
bare conductors or live parts of a switchboard, so as to
maintain a minimum clearance between them and any
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uninsulated metal or other live parts of different
polarity or phase. Table 2.12 is included in the clause

as a guide.

Neutral links

The minimum size for a neutral link is 40 mm? in Cross-
section and 3 mm thick, bur in any case its current-
carrying capacity must be ar least that of the incoming
neutral to which it is connecred. Two or more inter-
connected links may be regarded as a single link, pro-
vided that they are connected by a conductor of
appropriate current rating. Important provisions with
regard to connections ar neutral links are enumerated in
Clause 2.23.4.5. These include the provision that the
Incoming neutral connections be of a type thar:
® cannot be inadvertenty open-circuited and hence
cause unstable phase voltage conditions in a three-
phase system and shock hazards on the multiple-
carthed neutral (MEN) system (as the neutral current
will now be carried by the earth wire);
8 cnables each circuit conducror to have an individual
and separate connecrion to the link:
® has an approved connector that will prevent spreading
of the strands of any stranded conductor, such as the
incoming neutral and the main carthing conductor
{on the MEN system); when neutral conductors are
connected into tunnel terminals of a neurral link, the
terminals must be of a type having at least two clamp-
ing screws.

Clanse 2.23.4.5(f) favours front-mounted neutral links,
but does nor prohibit back-of-panel mounting where
there is provision for access to the link by virtue of the
panel’s being hinged or, in the case of a fixed panel,
where there is clearance of 0.8 m from the back of the
panel or where a removable escurcheon plate or caver is

provided.

Marking of equipment on swiichboards

All marking of equipment on switchboards must be
legible and indelible, and links must be marked to indi-
cate whether they are active or fieutral. Each terminal of
all equipment such as links, fuses and circuit breakers
must also be marked to identify the corresponding
dreuit connections. One exception is on the MEN
system, where the main neutral and earth need nor be
~marked at the neutral link if the main carth connection
isat one end of the link with the incoming neutral main
ar the adjacent terminal (see Clause 5.9.3.2).

The relationship of equipment such as switches and
fuses or circuit breakers to various parts of the installa-
tion must be marked on the switchboard or adjacent
to it. In addition, the main switch or switches must
be distincely marked and grouped to permit prompr
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operation in an emergency. If the manufacturer’s
marking on a fuse base does not correctly indicate the
rating of the circuir it protects, the correct circuit rating
must be marked on a non-derachable portion of the fuse
or on the switchboard immediately adjacent to ir. This
must be done in such a way that the marking is clearly
visible. For example, a 30 A fuse may be used on a
cireuit having a rating of 20 A, provided thar the 20 A
ratng is clearly indicated.

Wiring of switchboards

Unless all switchgear is of the self-contained type in a
fire-resistant enclosure thar does not have to be opened
to operate any switch, the wiring must be run ac the
back of the switchboard panel. Any cables brought
through the panel must pass through close-firting holes
as close as practicable to their connecting terminals (see
Clause 2.22.1.3). This requirement also applies to the
wiring of any front-connected equipment on the switch-
board panel.

Clause 2.23.7.3 requires thar where wiring is locared
behind a fixed switchboard panel there must be suffi-
cient space behind the panel to permit the manipulation
of the wiring. Tn the case of hinged or removable pancls,
there should be sufficient slack left on all conducrors ro
permit movement to a position that enables any work
to be done on and behind the swirchboard.

Although Clanse 2.22.2.7(b) specifies that the panel
must be capable of being swung through an angle of 60°
from its original position, most electricians in pracrice
allow for a 90° swing. In addition, to ensure flexibility
of the cables, the minimum distance required from the
back of the panel to a wall or other immovable structure
is related to the size of cables used behind the panel (see
Tuble 2.11).

Anchorage of the cables ar the panel must be
such as to prevenr any strain on the terminal connee-
tions, and this may be achieved by using a suitable
saddle or strap, firmly fixed 1o the panel in a suitable
position,

Ratings of switchboard equipment
The ratings of fuses and circuit breakers on outgoing
cireuits are considered in Chaprer 13, where interrupting
capacity (rupturing capacity) also is considered, Usual
fault-level capabilities are 1.0 kA for rewirable fuses,
1.5 kA for the ‘plug-in" circuit breaker thar substitures
for a fuse element in the corresponding fuse base and
8.0 kA for miniature circuit breakers (MCBs).
High-rupturing-capacity (HRC) fuses manufac-
tured to AS 2005 are type tested to withstand prescribed
short circuit currents; for example 415 V ac industrial
types have a fault-level capability of up o 50 kA.
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Contirol and layout

An installation is controlled by a main switch or switches
mounted on the main switchboard. The switch or
switches must control the whole of the installation, other
than consumers’ mains and any equipment classed as
‘emergency equipment’ (such as fire protection and lift
circuits). These must be connected to the supply side of
the main swirch or switches.

The maximum number of main switches permissi-
ble is six, bur these do nor include:

= swirches that control fire protection, lifts and essential
building services;

= switches that control closing devices for main switches
and associated equipment that is required to be con-
nected on the supply side of the main switches; or

= a number of main switches conrrolled from a remore
position,

Note the provisions of Clause 2.16.1.5 with regard
to the remote control of main switches, and consider the
difference between a remorte conrtrol switch (on/off) and
a trip circuit (off only) as a means of opening a main
switch by remorte control.

Check also the requirements of Cleuse 2.16.2
‘Additional switches’, which outine the conditions
under which additional switches are required for separate
buildings and multple installations. The Rule also
specifies that a separate switch be provided on the
switchboard for every circuir to a separate building with
a distribution board having a rating exceeding 100 A
per phase.

For control of an installation using any of the three
accepted earthing systems—adirect earthing, the MEN
system and the voltage-operated carth-leakage circuit-
breaker (ELCB) system—switches must operate in all
the active conductors. In the rare instance of a supply
system that is not solidly earthed at the source, control
and protection are required in all conducrors (active and
neutral). In this case a multipole switch thar includes a
contact intended for connection in the neurral must be
arranged so that the neurral cannot be open when the
active switch contacts are closed.

Layout of the switchboard will in general be
affected by all the preceding factors, rogether with
metering requirements, which sometimes include the use
of current transformers, and the service rules of the local
energy distributor. In particular layout will depend on
the type of switchboard: domestic, industrial or com-
mercial. Specific factors affecting the layout of domestic
and commercial/industrial switchboards are discussed in
sections 17.3 and 17.4 respectively.

The main point to keep in mind when considering
the rules and requirements discussed here is that the
control and layout design of the switchboard must be
such as will provide safe and effective control, and pro-
rection of the installation.

Alterations and additions

Should additions or alterations be contemplated ar the
time a switchboard is first installed, provision would be
made for future extensions. However, this is seldom the
case, and any subsequent alterations or additions o a
switchboard could render it inadequate to provide safe
and effective control and necessitate its replacement or
removal to a more suitable position. Paragraphs H4.4.1
and H4.4.2 of Appendix H advises on both these even-
tualities. They both commence with the phrase, ‘If, in
the opinion of the inspecting authority . . ., which indi-
cates where an opinion should be soughrt if any doubt
arises.

Another situation that could result in perfectly
sound switchboard equipment’s becoming inadequarte
would be thar caused by an increase in the fault-level
capacity of the supply. For example, a small factory
or industry taking supply from its own indoor substa-
rion may have wiring extensions made that double its
kVA load. This will double the kVA rating required
at the supply transformers, resulting in a possible
increase in the available shore circuir current at existing
switchboards, The problem cited is sometimes over-
come by the use of HRC fault-current limiters (see
Clause 2.4.4).

An clectrician often avoids the necessity of making
alterations to an existing switchboard by installing a
separate switchboard (such as a self-contained tpe)
close to and fed from the first. This practice is satis-
factory, provided thar the new switchboard complies
with the accessibility requirements of Clause 2.21, dis-
cussed on page 119. An extension of this idea would,
however, result in an untidy appearance; so its use is
limired.

Conirol panels

The installation of control panels is governed by similar
rules of access for operation and maintenance as those
for switchboards (see Clanse 2.26, in which frequent
reference is made to appropriate switchboard rules).
Most control panels are manufactured or custom-builg
any panel outside this category would be rare or very
old.

An clecrrical mechanic’s job includes installation of
the main supply circuit and the circuit wiring berween
the control panel and the controlled equipment. It also
includes connecting up the mains, control panel and
equipment ready for operation, and any final adjuse
ments required to the control equipment where these
have not been preser.,

The above remarks also apply to the overlapping
categories of control panels known as ‘motor control
centres’, ‘motor control boards’, ‘control assemblics’,
‘control centres’ and ‘protection and control units’ ete,
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17.3 Domestic and multiple domestic

switchboards

Requirements so far discussed relate to all switchboard
types. Clanse 2.23.4.4(c), however, relates specifical ly to
a domestic switchboard and prohibits the exposure of
any live part. See also Clause 2.22,1.4 concerning access
wilive parts behind metallic access covers and escurch-
con plates.

~ Rules other than thase of AS 3000 that particularly
affect the installation of domestic switchboards are those
contained within the service rules of local energy dis-
triburors. It is here thar variations occur due to differing
ariff strucrures and metering, different carthing arrange-
mens, switchboard enclosures or meter boxes, and dif-
ferenc methods for the protection of consumers’ mains
and metering equipment.

To ensure uniformity wichin a supply area, many
energy distributors adopr a standard meter box or a
combined meter board and swirchboard (main switch-
board). Minimum standards are set for the manufacture
of the box and panel; a list of manufacturers whose
boxes have been checked, tested and approved for com-
pliance is published: and the boxes are permanently
niarked to indicare that they comply with the standard.
Many energy distributors have adopred the standard box
and panel and have specified their use in the local service
mules.

A typical standard meter box is shown in Figure
17.6(2), where the consumer’s equipment is mounted
ona defined area at the bottom lefi-hand corner of the
switchboard.

Marking

The interpretation of Clause 2.23.5.2 (which requires
(thar ‘the relationship of switches, fuses and simiilar
:-:etly_i[:lﬁ{{:llt to the various sections of the installadon
shall be marked on or adjacent o the switchboard")
i relation ro domestic boards is thar the marking may
indicate the use or application of the circuit: for
esample, lighting circuits as L1, L2 and so on. power
@ PL P2 and so on, hor-water service as HWS, and
wall oven as WO.

The main switch should be identified as such, and
lso any other main or control switch, such as that for
the water heater, should be suicably marked. Neutral
links may be marked N/L with the outgoing neutral
erminals marked, for example, E, N, L1, L2, P1, 2,
HWS and WO. Alternatively, terminals may  be
arranged to identify the corresponding active and neutal
connections for each circuir, say by numbering and by
logical sequence of connecting conducrors.

~IF the main earthing conductor is connected to a
terminal at one extreme end of the neucral link, and the
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incoming neutral main is connecred to the adjacenr ter-
minal, the marking for these may be omitced.

It is preferable to spend extra time to ensure the
clear identification of circuits in a domestic installation.
This is better than leaving it to the houscholders imag-
tnation to identify a fuse, circuit breaker or switch; the
consumer in a domestic or multiple domestic situation
s usually not familiar with trade rerms.

Switchboards installed prior to July 1976 may have
circuits  marked ‘sub-installadon’, ‘sub-installation
mains’ or ‘sub-installation swirchboard'. These terms are
nor in current use, as what was previously termed a ‘sub-
installation” is now a ‘pordon’ of an installation or an
‘individual domestic installation’ in a ‘multiple installa-
tion” and will be supplied by *submains’. The electrical
worker should be aware of current terminology to avoid
confusion.

The switch or circuit breakers controlling domesric
installations thar form part of a multiple installation,
such as in a block of flats, must be clearly marked and
identified in such a way that chey may be easily locared
in an emergency. They must also be readily accessible
to the owner of the portion (of the multiple installation)
controlled. They do not, however, have to control the

submains supplying the domestic installation. (See
Clanse 2.16.2.2)

Switchboard types

As mentioned in section 17.1, recent trends are rowards
‘packaged’ units that are self-contained and only require
mounting and the connection of incoming supply and
outgoing circuirs.

Wide acceprance of these units has led to some
degree of standardisation and uniformiry of design, with
trade names such as Clipsal, Federal, Siemens and
Cutler-Hammer, although custom-built boards are also
still widely used. With the self-contained assembly,
many types and variations are available; so it is possible
to seleet one from stock thar is suitable for a particular
job.

Packaged switchboards using rewirable fuses have
been known for many years, bur most manufacturers
have moved away from the production of these units in
Australia in favour of units using MCBs. As the use of
residual current devices (RCDs) s mandatory for some
power circuits in domestic installations and on construe-
tion sites in most states in Australia, the use of MCBs
to protect the remainder of the installation seems logical,

One factor that has made the rewirable fuseboard
virtually obsolete is the minimal differental in cost
between MCBs and rewirable fuses. H owever, there are
considerable numbers of rewirable fuseboards in existing
domestic and industrial inseallations. The rewirable fuses
themselves will, therefore, continue to be used to replace
existing fuses.
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Fig. 17.3 Domeslic two-fariff switchboard using rewirable fuses (no RCD protection pravided). Common in existing installations, not recommended

far new installations

Packaged rewirable fuseboards (see Fig. 17.3) are
designed in such a way that fuse ratings and switches
may be varied, time switches or other controls firted,
and the board arranged for one. two or three phases.
The switch control may be omited and the space occu-
pied by more fuses (c.g. to make a fuseboard suitable
for use as a distribution board).

Cartridge-type HRC fuses with a classification of
33 kA may be substituted for the rewirable rype if
desired bur a conversion kir available from the manu-
facturer will be needed. A circuit breaker designed 1o
replace the rewirable fuse is also available, but may only
be fitted subject to certain conditions in some supply
areas (see Chaprer 16, Fig. 16.1).

The same packaged-unic approach is evident with
self~contained circuir breaker boards or ‘load centres’.
However, the range of options for these units is consid-
erably greater than the range for packaged switchboards
using rewirable fuses.

ASINZS 3018: 1997 Electrical Installations—Domes-
tie Installations recommends that all final subeircuits in a
domestic installation be protecred by miniature circuit

Fig. 17.4(a) Swilchboard with surround and caver fitted
HPM INDUSTRIES

breakers. The switchboard shown in Figure 17.3 will
therefore not be desirable in single domestic premises, bue
the one shown in Figure 17.4 is typical of that recom-
mended for new domestic installations, Ttis a single-phase
switchboard, and in Figure 17.4(b) its moulded plastic
surround and cover is removed to illustrate the range of
options available from the manufacrurer.

The switchboard is intended for surface mounting
bur this type of unit is readily available with a flush-
mounting enclosure. It is provided with a DIN rail for
mounting the MCBs and other accessories. The three
separate ecarth bars and neutral links enable separate
neutral links to be used for protected and unprocecred
circuirs,

Devices mounted on the DIN rail of the switch-
board from left to right are:

Fig. 17.4(b) Two-foriff swilchboard with moulded suround and cover
removed. This swilchboard fealures an earth bar, an
unprotected neutral, @ neutrol link for type IV RCD
profection and a neulral link for type Il RCD
prurerﬁun HFM INDUSTRIES
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Fig. 17.4(c) Wiring diogram for switchboard of Fig. 17.4 HPM INDUSTRIES

* double-pole 25 A MCB for two-element water heater neutral link (for the 30 mA RCD) may be seen ar the

ommended ® surge diverter protection for the installation bottom right-hand corner of the switchboard.

® 80 A/100 mA selective RCD with 500 millisecond The circuit wiring for the switchboard can be seen

173 will delay sensitiviry as main switch in Figure 17.4(c).

¢ 17.3 will TR : p o .
e/ ' ® auxiliary switch to be connecred tw main switch, to Because the DIN dips fitted to MCBs and other
remises, but . 5 . : i) ,
e set off alarm or security device in the event of power  modules are spring-loaded, they may be simply clipped
[ o B m- " . " . * L -
* oo failure into position on the DIN rail. Figure 17.5(a) shows how
single-phase

® single-pole 32 A MCB the spring-loaded DIN clip may be released with a
® single-pole 16 A MCR screwdriver to remove one or more MCBs or other
® single-pole 20 A MCB modules, and 17.5(b) shows the busbar connections pro-

Ided plastic

he range of

o ® single-pole 16 A MCRB vided. When the busbar is in place ac the base of the
gy * 24 hour timer for pool or spa MCBs, access to the DIN clips is still available, permit-
i 2 H;J?h- --!:__ﬁﬁfu-pulf: 20 A/30 mA MCB/RCD ting an MCB o be removed with the busbar stll in
?Irrl?]hf Irhrc:’: # digital timer for secu rity lighting place.

8 single-pole 20 A/30 mA RCD
# single-pole 20 A MCB
® single-pole 20 A MCB.

Supply can be connected to the top or bottom of
the MCBs using cable in lieu of the busbar. However,
as can be seen in Figure 17.4(c), internal wiring of the

ble separare
unprotected

At the top of the switchboard from left ro right are two  Switchboard is simplified by using the busbar provided
linked earch bars, a MEN-linked neutral, and a pro- by the manufacturer.
tected neueral for the 100 mA RCD. Another protected

the swirch-

wnd and cover
i bar, an

o IV RD

(D

Hg. 17.5(a) Removal of MCBs from DIN rail — wem iNDUSTRIES Fig. 17.5(b) Busbar connections ~ #ipm ipusTrizs
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been mentioned to underline the “hands-off” rule when
winng or connecting up these units, to ensure that the
oariginal design is not modified or interfered with.
Large switchboards are built by switchboard manu-
facturers and constructed to comply with all the relevant
Rules and to the engineering and electrical specifications
for the individual job. Many of these manufacturers are
adivision or subsidiary firm of a large clectrical contractor.
A number of firms have developed standard designs
and layouts and have submitted prototypes of these to
4 recognised testing authority for tests and approval,
Once the design has been type-tested and approved, it

(!

RO |

Ll

Fig. 17.14 This 2500 A switchboard installed in o flour mill in Papua
New Guinea is an example of modular construdtion. It has
been fype-tested as complying with AS 3439
KE BROWN ELECTRICAL SWITCHBOARDS
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may be incorporated in the manufacrure of many built-
in or custom-built switchboards produced by the firm.
This leads to cconomies and a degree of design stand-
ardisation for the swirchboards of the particular
manufacturer.

However, the costs associated with the testing of
switchboards are high and would be prohibitive unless
the firm was assured of continuing work. This means in
practice that, although custom-buile switchboards are
manufactured in large sizes and high ratings, there is a
limit above which it becomes uneconomical to produce

them. Figures 17.14, 17.15 and 17.16 show three
custom-built swirtchboards.

e

"\;F\,_ ‘

P

o ";_‘-,.

Fig. 17.15 (ustom-built 5000 A switchboard: built to customer’s as

well os relevant energy distibutor’s specifications
KE BROWN ELECTRICAL SWITCHEOARDS

fig. 17.16 Typical main switchboard — cutten-sammen
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The manufacture and supply of swirchboards
having still higher ratings are confined to large and
usually international firms, such as General Electric,
Siemens and ASEA Brown Boveri, which have an inter-
national marker large enough to support their own
rescarch and development laboratories. A modular con-
struction to specified requirements is almost invariably
used to build up the switchgear and controlgear equip-
ment, the size of which may vary in all dimensions.

However, the variation of dimensions is in standard
increments, and the standard size modules, for both the
‘equipment and the cubicles in which it is housed, permit
an arrangement to suit nearly any load and protection
requirement. Figure 17.17 illustrates this concept in an
arrangement for a motor control and power distribution
centre. The modules with starters and fuse switches pull
or rack out for service or adjustment in a similar way to
the modular low-voltage switchboard of Figure 17.18,
which features a dead front muldcubicle type of SCA
with three separate compartments, comprising:

m 3 circuit breaker compartment:
m a busbar compartment, which accommodares the

.......... e L R PR L R T

circuit breaker connections and the horizontal and
vertical busbars; and

® a cabling compartment, with facilities for incoming
cables and connections and for earth and neutral bars,
The whole assembly is free standing with front and rear
access and is extendable on both sides. Figure 17.19°
illustrares a similar concept in a moror control centre.
AS 3439 Low-Voltage Switchgear and Controlgear
Assemblies describes desk-type SCAs and box-type con-
struction; these types are not illustrated here. The desk-
type is popular for control panels in heavy industry and
powerhouses, while the robust box-type is often used in
industrial substations and in meralliferous mines. The
box-type is also made in explosion-proof and flameproof
versions for use in hazardous situadons, such as oil refin-
eries and coal mines. |
To sum up: the switchboard types considered in

this section could be broadly placed in three groups:
those of small to medium ratings, those of relatively high
ratings, and those of extra-high ratings insofar as their
prospective short-circuit current capabilities are con-
cerned. These short-circuit current capabilities may;

| 3201 mm i
T jio [i2 16 [g 124 26 30 33|40
2 I 33
Cablej Cable |Cable . .
3 |zonefs zone [20 | zone 57 Cablezg—|Cable
7 57 Zone 35 Zone
5 22 36
|6
Busbar chamber V] KWH and sequence wiring 2007 mm
7 1 4 17 |23 28 31 |37 |41
Cab_leim— Cable 5 Cablel3g
5—{zone |1 SHha 9 zone
9 a9
Depth 381 mm
Unit 1275 kW starter Units 26-27  Units 32 11 kW starter
, 1355 KW starter _ 55 KW starter 33 11 kW starter (FUT)
Unit 1-3 55 kW starter | Units18-20 100 A CM F/SW [ 34-36 55 kW starter
4-5 100 {:IM FISW | 21 100 A CM F/SW | ! '
| 1 22 | 200 A CM F/SW | :
| | I |
F T e - |
I
| |
| |

Unit 7 45 kW starter

8 11 kW starter
9 11 kW starter Unit 14 600 A CM F/ISW

15 400 A CM F/SW

Approximate equivalents:

55 kW —7.5HP 45 kW — 60 HP
11kW—15HP  55KkW—75HP
30 kW-40HP 75 kW — 100 HP

Fig. 17.17 Arangement of o typical motor-cantrol and power distribution centre

Unit 23 1699 A inc
FISW'  nit 28 400 ACM E/SW Units 37-38 30 kW starter

29 400 A CM FISW

(Future) Unit 39 11 kW starter

GEC AUSTRALIA
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Fig. 17.19 Motor control centres  CUTUER-HAMMER

however, be modified by the use of HRC fuses as
current limirers.

Switchboards in the first group would be found
installed in light industrial and commercial premises.
Switchboards in the second group would be found in
large facrory and industrial situations and would usually
be manufactured in Australia or New Zealand to stan-
dard specifications, using equipment and sometimes
complete modules of local or imported manufacture.
Switchboards in the third group, with really high ratings,
would be confined to the power supply industry or
heavy industry such as steelworks or automobile
manufacturers.

With the latrer group the modules and equipment
are invariably imported bur are assembled in Australia
or New Zealand by firms of international starus with
sophisticated testing facilities. The international firms
also often compete in other switchboard areas.

The classification of switchboards into ‘domestic’
and ‘non-domestic’ types is to illustrare the rypical
arrangements for the different types of inswallation. This
does not mean that a rypical non-domestic switchboard
could not be installed in a domestic dwelling. Many
large luxury houses require a switchboard thar resem-
bles that for, say, a small factory. Inner-city living has
become more popular in recent years, resulting in the
development of large high-rise apartment buildings.
The main switchboards for these installations are
similar to those for any large high-rise buildings. Ulti-
mately, the design, arrangement and protecrion
required of a switchboard will depend on the load of
the installation.

L I I e I o
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17.5 Testing and inspection

The switchboard position and its facilities for the iso-
lacion and control of circuits are used as a means for
carrying out tests on the whole or on any part of the
installation that commences ar the switchboard. Check-
ing of the switchboard or SCA itself must also be done
to ensure that it complies with all the rules of AS 3000,
AS 3439 and the local energy distributor.

A visual examination of the switchboard should be
made to check design requirements such as front clear-
ance, rear panel clearances and access, spacing, logical
layour and grouping of equipment, and accessibility of
wiring and equipment. As pointed ourt in section 17.2,
if a hinged panel is used, it should be possible to swing
it out at an angle of ar least 60° to inspect wiring at the
rear of the swirchboard.

Panel marking should also be inspecred for legibilicy
and correctness, and each circuir should be checked to
ensure thar it is connected to the correct conerol and
protection equipment and that the marking corresponds
to the circuit connections. Serious accidents have been
caused by incorrect connections or cross-connections
berween circuits,

Equipment on the board is always supplied by
manufacturers and built to comply with relevant codes;
so the only tests required on equipment are to see that
its voltage, current and faule level ratings are correct, o
check it for correct operation, and ro make any adjust-
ments required such as overload or time-delay sertings.

With regard to factory tests on equipment supplied
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by the manufacturer, these are well outside the scope of

the practising electrician, but a check should always be
made that equipment is of an approved type and thar

ratings are adequarte or as specified. The significance of

these tests should also be realised so that nothing is done
during installation that would negate or alter any of the
characteristics of the equipment supplied. AS 3439

requires thar type tests be carried out on a sample of

SCAs manufactured to the same or a similar design.
As an indication of the extent of these tests, they
include the verification of;
B sceregation of circuits
® remperature rise limits
® diclectric properties

SUMMARY

= The SA4 Wiring Rules (AS 3000—1991) specify three types of
swﬂthgaur self-confained, enclosed, and partly enclosed.

= A main swilch must be readily: uccessrble and nof less than
2 m above the ground, floor or plotform.

= The hest location for a switchboard in o single domestic

inslallation is inside the dwelling, for uccesmhnhh,f convenience
hnd snfatv

or pluﬁnnn A dumesnc swlrchbuurd must be more than
09 m above ground, floor or platform,

*# Some prohibifed and restricted locations of switchboords are
given in AS 3000 and are further explained in Doc. 3000
R71 Rulings lo SA4 Wiring Rules.

= [ty ond exit requirements for switchrooms dre covered by
(louse 2.21 of AS 3000.

" Prmmﬁn must be made fo prevent fire and shotk hazards,
and there: must be no exposed live paris on a domestic
switchboord.

® Swilchboord panel thickness depends on distance betwesn
supparts and panel material used. No equipment mounting
holes should be within 12 mm of the panel edge.

® fuses ond circuit breakers must be grouped so as fo indicate
fheir relationship to each other and to the circuils they control.

# Neulral links must have adequate current-carrying capacity,

and connections must be secure.

® fquipment on o switchboard must be properly marked.

#® Wiring is normally run af the back of o panel, adequate

spuce is required, and it must be possible—in the cose of a

ninged switchboard—to swing the panel through on angle

of af least 60°.

# An installafion is controlled by a main switch or swifches

muunlad on the main switchboard; the moximum number of

main swilches permitied is SiX, excluding those confrolling
essenlial services such as fire pumps.

' Al swilches must operate in the aclive condudors and

mvide safe and effective conirol.

'Fha mstqll"'ﬁnn of control panels is governed by similar rules

n’ruc:ass for. operation and maintenance to those for
wafdlbuurds.

® Many energy distributors spedify the use of standard mefer

“hoxes for meters and consumer's equipment.
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= short circuit capacity

® clearance and creepage distance
= mechanical operation

= degree of prorection

B protective [c:lrthing} circuit.

They also include type-approval tests and routine tests
to detect any defects or poor workmanship, Tests are
also carried our on all components, bur many of the
tests can be performed only in properly equipped testing
laboratories in accordance with the rest procedures set
out in the above Standard.

The current edition of AS 3000 (Appendix ]) pro-
vides guidelines for the assessment of both tested and
untested switchgear assemblies.

® (ircuits must be clearly and indelibly identified in a domesic
installation.

= Packeged swifchboards using M(Bs have displaced rewirable
fuseboards. AS/NZS 3018: 1997 Elecirical Installofions—
Domestic Installations specifies the use of MCBs for all single
domestic rns!n!lulmns

= DIN dlips fitted to M(Bs enable their easy fitting and removal.

= Hinged switchboard panels are sfill commonly used and
many use plug-in-lype mefers.

= A small multiple domestic installation may have only one
main swilchboard accessible fo all consumers. However, it
must have separate metering and main swiiches for each of
the four consumers. Requirements may vary between
different energy distributors. |

= Larger installations will have submains to feed individual
switchboards for each consumer.

= Provision may be made for common senvices, such os
separate mefered public lighting.

= Packaged switchboards similar to the domestic boards
described in secion 17.3 may be used for small indusirial
and light commercial installations.

= Larger panel boards or load centres (see Figs 17.12 ond
17.13) may be used for lorger installations. Alfernatively they
may be custom-builf, particularly for very large installations
(see Fig. 17.15).

= (hecking of a switchboard or swifchgear and controlgear
assembly (SCA) must be done to ensire that it complies with
the requirements of AS 3000, AS 3439 and the energy
distributor,

= A visuol inspedtion of design requirements such as front
«clearance, rear panel dearance and access, spacing, layous,
grouping of equipment and occessibility of wiring should be
made.

= Panel marking and circuit identiticafion must also be checked.

= Tests should take in type approval segregation of circuits,
femperature rise limits, dieledric properies, short circuit
capacity, clearance und creepage distances, mechanical
operation, degree of protection, and the profective (earthing)
tircuit.
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Where the answer fo a review question is numerical or requires

REVIEW QUESTIONS

reference fo the SAA Wiring Rules, the answer is given at the
back of the book. These questions are marked *.

L

*11.

Explain the difference between a switchboard and a
control panel.

. A main switch must be readily accessible. What is

meant by the term ‘readily accessible™

list some prohibited locations for switchboards.

What access must be provided fo a switchroom?

Is it necessary for the sheath or enclosure of
conductors fo conlinue info a switchboard surround?
May a domestic switchboard have exposed live pors
accessible without the use of a tool?

. On what does the thickness of a switchboard panel

depend?

. State the minimum distance permissible from a fuse

body to the edge of a switchboard panel.

. Under what conditions may a neutral link be mounted

on the back of a switchboard?

. May a 30 A fuse be used on o circuit having o

maximum demand rating of 15 A?
Is if necessary io provide o separaie conirol switch on
the switchboard ot which a 105 A crcuit originates?

*13.

14,

*15.

16.

*17.

i8.

19.
20.

21.
22,

. A domestic instollation forms port of @ multiple

installation. Must it be provided with its own readily
accessible switch 1o control the whole of the domestic
installation? I
What conditions would make it necessary fo move o
swilchboard to a new posifion after additions or
alerations had been made fo the switchboard?

An eleciricion avoids the necessity of altering an

existing switchboard by installing o separate
switchboard close o and fed from the exisfing
switchboard. Under what condifions is this permissible?
How is the relationship of switches, fuses and so on o
various sections of an installation shown on o
switchboard?

In areas where plug-in-type meters ond oudio-
frequency injection reloys are used for controlled loads,
is it usually necessary for the eledrician to mount the
meter bases on the swilchboard and wire them up?
How must equipment be fixed fo o switchboard ponel?
Would self-adhesive labels be acceptable for labelling
swifchgear mounted on a bituminous-bosed
switchboard panel?

List six clossifications of switchgear and controlgear
assemblies.

What are the advantages of modular construction for
large industrial switchboards?

Where are desk-type SCAs used?

When festing or examining a completed switchboard,
what visual checks should be made?
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Electrical heating

This chapter introduces you to electrical heating
equipment by outlining the principles and
applications of some common types of
appliances. More specifically, it looks af:

= some SAA Wiring Rules that apply to water-
and space-heating installations

= principles and types of heating confrol devices

= instantaneous and storage-type hof-water
systems, and how they are controlled

= space-heating equipment

= electrical production of heat for various
industrial processes

= commercial and domestic kitchen equipment.




214 = ELECTRICAL WIRING PRACTICE VOL. 2

............. R R i T R T R R R B R R R N R A e o

Because this type of heater is unvented and oper-
ates at mains pressure, it may be and most commonly
is installed ar floor level, The fitting of a pressure and
temperature relief valve in the hot-warer outler pipe is
compulsory on all unvented storage warter hearters. If
this valve is funcrioning correctly, it eliminates the risk
of an explosion such as that illustrated in Figure 21.1.
The relief’ valve should be hand-operated tw ensure
that it releases water through its outler pipe ar least
twice a year. A typical relief valve on systems above
160 litre capacity is one ser to operate if water pressure
exceeds 850 kPa.

Should mains warter pressure be too high, a pres-
sure-reducing valve should be fitted by a plumber into
the inlet line. Note that it is normal for some hot water
to be released during the laccer part of the warer-heating
cvele; bur should leakage persist, this is an indication
that inlet water pressure is too high or that the relief
valve is faulty, In some stares, a cold-water expansion
valve is fitted to the cold-water inlet and ser to drip
continually during the heating cycle.

(a) Side-fed

N et
e T >
5 —
3 » | :
R — = ——] Bath heater

(d) Valve-controlled

Fig. 21.10 Types of hot-water systems

(b) Electrode-type boiler

kf%“‘i'j =
(e) Cistern-fed (f) Free-outlet
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Applications and locations

If the storage capacity is large enough, and the heater
supplies a mulitpoint installation, the arrangement is
described as a ‘hot-warer system’. Figures 21.10(a); (bl
(c), (d) and (¢) illustrate some storage-heater types suit-
able, if sufficiently large, for hot-warer systems. In Figure

&

position only. All storage-type water heaters are ther-
mostatically controlled to keep water rtemperature
approximarely constant within the delivery rating of the
heater, '

[n the small storage system, the unic is lﬂfﬂttﬂ?ﬁ
the hot-water outlets to be supplied: with the larger unie
supplying multipoints, the location is as close as possible
to the outler most often used. In a domestic installation,
this is usually the kitchen sink. The location of a large
tank is influenced by the type of building strucrure
which also influences the type of hearer used. Figure
21.11 illustrates some possible locations and types.

)

e
=
7

=

(c) Mains-pressure

Sink heater
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High roof

Standard-type storage cylinder
installed in roof space over
supporting wall or between two
closely spaced supporting walls
(such as a passage)

Medium-pitch roof _
Squat-type storage cylinder with
cold feed tank mounted on the
side of cylinder

Low-pitch roof (floor
mounting)

Space provided on the floor with
cold feed tank mounted in roof
space or under eaves as high as
possible (at least 1 m above
highest hot-water point)

Low-pitch roof (cupboard
mounting)

Storage cylinder mounted in a
cupboard and projecting partway
into roof space so that useful
space is available under the
cylinder

Low-pitch roof (reduced-mains
pressure system)
Floor-mounted storage cylinder
fitted with pressure-reducing
valve. Relief valve or vent pipe
may be used for hot water
expansion

Bathroom only

Storage water heater of capacity
for bathroom only

h‘éﬁ.ll location of various fypes of water heaters

The storage-type hot-warer systems discussed above
are all used in domestic and other situations, the type
ased being dependent on the particular hot-water re-
quirements. Common  sizes used in domestic installa-
ftions are 50, 80, 125, 160, 250, 315 and 400 litres, For
ontrolled-load (off-peak) hot water, 250, 315 and 400
litre models are generally used, (See the table in Chaprer
A8, p. 142, relating minimum heater size to house size,
inorder to qualify For ofFpeak rate 1—antomaric bovsted
wrif) |

Displacement types of 6820 licres and falling-level
Bpes of upto 13 638 litres are used in commercial and
i trial installations. The falling-level type is normally
wsed only for large sizes in locations where water pressure

TR HEATING. 215
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Basement or underfloor
mounting

Medium-pressure storage
eylinder mounted in basement or
under floor if fall in ground
permits.The cold feed tank must
be mounted at least 1 m above
highest hot-water point and
cylinder must be designed to
withstand the full head (pressure)

Mains pressure, off-peak
storage system )
Installed external to the building

Mains pressure, off-peak
storage system
Floor- or cupboard-mounted

mains-pragsure eylinder

Flats and home units

Storage or instantaneous water
heaters may be used. Some
distributors place restrictions on
the installation of instantaneous
heaters

Stow-away type

In holiday houses and other
locations where small storage
cylinders are popular, an
undersink-type mains-pressure
unit may be installed. However,
such an installation must ba
Operated on the ordinary
residential tariff

Kitchen sink heater

A low-cost installation for single-
point usage, such as canleens,
shops, hairdressers

[
.
[
3
=

i poor: its maximum draw-off is governed only by the
size of the hot-water pipes and the height of the storage
tank, whereas thar of the displacement type is limited by
the inflow rate through the ballcock and cistern.

The quick-recovery mains-pressure type of storage
hearer is not manufacrured above g size of 400 litres; so
in many commercial and industrial applications, where
large quantities of hor water are used, multiple storage
tanks are common. Sometimes cach tank is located
where it supplies an area of high demand, thus elimi-
nating long runs and consequent heat losses. Alterna-
tively, the heaters may be used in parallel banks
employing a common hot-warer outlet and a common
cold-water inler manifold (see Fig. 21.12).
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Relief pipe to drain

Fig. 21.12 Typical bonk of mains-pressure siorage heolers

A six-element 400 litre heater is manufactured for
applications where demand for hot water is high. Ele-
ments for this heater are normally rated at 4.8 kW each
and arranged for star connection to a 415 V three-phase

supply.

Comparison of instantaneous and storage water heaters

Table 21.1 compares off-peak continuous storage and
instantancous water heaters for commercial and indus-
trial applications: most of the remarks are relevant o
domestic installations also.

STATE ELECTRICITY COMMISSION OF VICTORIA

sEaEaEs A Es R RS R e

T L T e

Solar water heating .

Solar energy is sometimes used to contribute to the hmd@
of water in storage hot-water systems, particularly in the
northern parts of Australia. However, the solar contribution
to water heating can be influenced by locational and envi-
ronmental factors such as shade from trees or other build-
ings and, to a lesser extent, by dust, frost and wind,

Conventional systems
A commonly used solar hot-water system uses the
thermo- 31phm1 principle to transfer thermal energy ﬁ'un;q
the solar collecror to the storage rank. The tank and

Table 21.1 (omparison of commercial- and industrial-type woter heaters

Instantaneous

Cold water posses through o flow
swilch, outomatically luming on the
elemenis only when o hot fop is
opened. The cold waler is immediately
healed os if passes over the elements;
none is stored, Temperolture is
confrolled by a constant flow device.

Physically small, and therefore eosily.

located on any wall, Approximately 33
mm high > 20 mm wide > 10 mm
deep. Extremely simple plumbing.

Most economical to operote for small or
irreqular hot-water demands.

Storage
(ontrolled-foad (off-peak) Continuous

Operalion Provided that the storage eylinder is of Supply continuously ovailable. Higher rafing
adequate capacily, this system will provide elements copoble of heating lorge
hot waler without requiring daytime quantities of water quickly are used; so
boasting. If necessory, on outomatic booster  smoller cylinders may be employed fo
element may be added to cover provide large volumes of hot water.
tonfingencies in demand.

lacotion In the roof, on the lloor, under the floor or In the roof, on the floor, under the floor or
oul of doors if vented. If unvented, cannot oul of doors if vented. If unvented, cannot
be located in the roof or any unlrequented be located in the roof or any unfrequented
location, lotation due to nacessity to operale

exercising lever regulorly, but can offen be
tloser to hol-water outlets becouse of
smoller size.

Fconomy Mos! economical lo operale where there is More economical than off-peak in terms of
a regulor and foirly uniform daily demond space requirements, where spoace is at o
for hot water, premium,

Appiication Hotels, molels, offices, shops, restourants, Suitable where regular daily use is assured
tattories, pavilions, or any commercial or when oll of the daily hot-water
business requiring economical, reliable requirements connot be stored overnight,
supply of hot water. Permits high flow rates  Mains-pressure units are ideal for such
withou! drop in temparoture. Most suitable applications. Falling-level-type boiling-woter
where ratio of maximum to minimum daily  units ore used for tea and coffee making in
demond lor ho! water does nol exceed commercial quantities. Capacity of bailing
obout 2:1, waolar unifs ranges from 9 fo 450 lires and

may supply water confinuously of 98°=99°(.

Public showers, ablution blocks,
communal loundries and motel rooms.
Moy be easily coupled with coin-in-tha-
slot meters. Used either alone or in
assocation with other heoters for
booster applicaions—up fo 165 kW.
Largest instantaneous heaters may foke
the form of electrode boilers, which con-
be used lor hot-water supply ond spoce
heating in large commercial or
instifutional buildings, with ar without
hot-water storage.

STATE ELECTRIOTY COMMUSSION OF VICTORM
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21.1 Introduction

In wiring work, the heating effect due to current in the
conductors is considered a disadvanrage, and must be
kept to a minimum as it represents a loss of energy.
However, the heating effect of an electric current is
udilised in a large variety of heating appliances employed
in domestic, industrial and commercial installations. In
considering this utilisation of hear energy, it is helpful
to revise some basic theory relaring o hear, remperarure
and hear transfer.

Heat

Heat is a form of energy that is equal to the total kinetic
energy of the molecules or atoms of a system. A move-
ment of electrons from arom to atom in a conducror
(an electric current) such as in the element of an elec-
trical appliance will produce heat that may be caleulared
thus:

H = FRr
where A = amount of heat produced by the element

in joules
I = current in amperes

R = resistance of element in ohms
t = time for which current flows in seconds.
Temperature

Temperature may be defined as the degree of hotness of
a body. Tt determines the direction in which heat flows,
which will always be from a hotter to a colder body.
The rate of heat transfer will be largely dependent on
the temperature difference berween the rwo bodies.

Heat energy transfer
Heat energy is transferred in three ways:

= Radiation is the transmission of hear energy away
from an object in a way that involves no material
means of transfer. Hear is transferred as an electro-
magnetic radiation. As its rransmission is in straight
lines similar to light, it may be directed or focused by
suitable reflecrors. A brighr or polished surface reflects
and does not absorb most of the radiant energy that
falls on it, and is also a poor radiator of hear. A mat
black surface is the best absorber and radiator of heat,
and the quantity of hear radiated rises rapidly as the
temperature rises. Radiant heat is transmitted from a
hotter to a colder body without appreciably heating
the air through which it passes.

Convection involves the transter of hear by the cir-
culation of a fluid, either liquid or gas. In space
heating, for example, air is the common medium for
wransfer, 1f the transfer is caused by the natural motion

LR e R R N I R R L R I T

of the air due to density differences, it is
‘natural convection’. An electric element causes heated:
air to rise, establishing natural convection currents:
thar circulate gradually through a room. On the other
hand, if the heated air is made to move by a fan, the
transfer is termed ‘forced convection™ and better heat
distribution results. However, too high a velocity of
air movement may cause a sensation of cold due w
moisture evaporation from the skin. Convection cur-
rents escaping through doors and windows, ducts and
cracks are a major source of hear loss in buildings. _

In a storage hot-water system, molecules of water
in intimate contact with the element are heated by the
element, become less dense and rise. Colder, denser
molecules move in 1o take their place, establishing
convection currents which carry the heated water
the top of the storage tank.
Conduction is transmission of heat directly from one
body to another. A common application is the electric
blanket. The method is rarely used directly in space
hearing, but it is used indirectly in convection heaters,
as in this case the air is heated by direct contact with
the heating element.

Thermal conductivity

Thermal conductivity is a measure of the rate at which
the heat will be transferred through a material, for
example from the inner water container of a storage HW
system through the insulation wrapped around this
container and through the outer metal casing to the sur-
rounding air (refer to Fig. 21.9(a)). The resulting heat
loss will be dependent on the temperature difference
between the hot water and the outside air, thickness of
the insularion, type of insulation, and surface arca of the
container,

21.2 Water- and space-heating

installations: general

Any cquipment designed for space heating or process
heating is of necessity an energy-consuming device, and
is therefore classed as an elecrrical appliance as defined
by Clauses 0.5.7 to 0.5.11 inclusive. The circuitry,
control and protection of an appliance is governed by
its type and raring, the degree of control required and
the environment in which it operates.

Relatively low-rated, portable heating equipment
(e.g. jugs, roasters, radiators and small urns) generally
require no special wiring. The usual low-power rating
of 2.4 kW or less allows them to be plugged into an
ordinary 240 V general-purpose outler (GPO).

Some appliances, if rated at 20 A or more, such as
a 5.2 kW air conditioner or a large hot-water urn, may
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have to be supplied by their own separate subcircuits, as
indicated by Clanse 2.9. If the loading of an appliance
is such thav a socker outlet rated at 20 A or higher is
necessary, it is essential that the appliance plug be of the
higher rating to prevent accidental connecrion toa 10 A
or 15 A socker outlet.

Fixed heating appliances such as strip heaters may be
permanently connected to or plugged into circuits con-
tining GPOs, but the number of points per circuit muse
be in accordance with Tables 2.5 and 2.6 of the Rules.

These two tables, together with their respective
footnotes, should be carefully studied. In non-domestic
buildings incorporating permanently installed space-
heating or -cooling equipment (not necessarily electric),
the assumption is that their installation makes the use

of portable heating or cooling appliances unnecessary.

Because of this, the number of GPOs on circuits com-
prising only GPOs and protected by circuit breakers or
high-rupturing-capacity (HRC) fuses may be increased,
as indicated in column 3 of Tuble 2.6 and in column 7
of Table 2.8.

When a single hearing appliance is supplied by its
own subcircuit, the current rating of the circuir and
hence the cable used are determined by the nameplate
rating of the appliance. For example, a heater rated ar
240 V, 20 A would be supplied by cable rated ar 20 A
or higher. There are only two exceptions to this Rule,
s far as heating equipment is concerned:

x if a ‘duty cycle’ can be established to the satisfaction
of the energy distributor (see Cleuse 2.9.2);

® in the case of a range in a domestic installation where
Clanse 2.9.4.2 applies.

Because mains and submains do not supply a single
appliance but supply a number of different appliances
that are used in diverse ways and ar various times, the
loading is determined by a ‘maximum demand' caleu-
lation, and the cable rating is usually less than that of
the total connected load rating. The ‘diversity factors’
applied in the calculation of maximum demand are
given in Tables 2.3 and 2.4 of AS 3000. The subject of
maximum demand is discussed in Chapeer 16.

The requirements of Clause 4.18 apply 1o appli-
ances in general, while other Rules apply to particular
appliance types. Clanse 4.20 applies specifically to water
heaters, and requires that unvented witer heaters be

Cinstalled in such a way that access to the terminals of

the protective devices, such as pressure-relief valves,

thermostars and  overtemperature cut-outs, s readily

available for inspection and adjustment. A warter heater

should also be arranged so that the elements can be
emoved as necessary for replacement,

Warning: Wich any unvented water heater, under

‘na circumstances should a thermostar or a prorective
device be ‘bridged out’ to complete the cireuit to the

element (see Fig. 21.1), It is also important o note thar

e I Y
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Fig. 21.1 Damage to buildings coused by the explosion of an
unvenled slorage woter healer  SYDNEY ECTRIOTY

an unvented water heater should never be placed in
service without the thermostar or protective cut-ours
properly fitted and connected and the heater filled with
water. Some older-type hearers may be found fitred with
a_thermostar only, and advice should be immediately
obtained from the manufacturer or the energy distrib-
utor on the most suitable method for fitting the neces-
sary protection.
In general, the weight of a water heater should be
carried by its own supporting structure, bracket or hob,
but Clause 4.20.3.1 provides that the energy distributor
may accept a water heater supported by warter pipes,
dependent on the size and construction of the heater
and arrangement and fixing of the pipes. Support by
conduit, however, is prohibited.
Note thar all appliances must be directly earthed
and thar Clanse 4.20.5 specifies thatr conduit near a water
heater must be arranged so thar warer issuing from a
faulty heater cannor remain in the condui.
Clanse 4.20.7 regarding the control of warer heaters
is important, because it requires the following:
= The heater must be concrolled by an independent
switch in addition to any automaric control.

= The heater control switch may be adjacent to the
heater or at the switchboard. A position adjacent to
the heater is usually preferred for servicing, as this
allows tests at the heater 0 be made without the
necessity of repeated trips to the switchboard, but the
Rules permit cither position.
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m The control switch should have silver or silver-coated
surfaces. This provision is necessary on any switch
controlling an appliance where the switch may nor be
operated for long periods, because most contact mate-
rials require the wiping action of the contacts to keep
their contact resistance low. This does not apply to
silver conracts.

Clause 4.21 deals with the special requirements for
heaters and steam generators which have electrode-type
elements; many of these operate on high volage. This
heater type is normally used for ‘boilers” or steam gen-
erators, where the turbulence keeps the electrode plates
clean. This cleaning action, however, does not take place

at lower temperatures, and most e¢nergy distributors will
not permit the use of this type for other than special
purposes.

One practical difficulty is that the water sediments
tend to deposic on the plates, reducing the effective
distance between them and causing high currents thar
exceed the heater rating. The pertinent point is that
many special provisions must be mer before this type of
hearer may be installed.

21.3 Principles of heating control

devices

With most heating appliances, it is necessary to have

some measure of control over the remperature, for

example room temperature, oven temperature, incubator

temperature or the temperature of an annealing furnace.
The required control may be achieved:

= manually, by swirching; or

» automatically, by some form of control device.

R1
— —
R2
+ -
Pilot lamp
O
Three-heal swilch
AN
240 V supply

Fig. 21.2 Single-pole three-heat switch with pilat fight fitted
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Manual conirol

The simplest form of manual control is the switch ona
GPO supplying a portable appliance such as a radiator
which is switched off when the appliance is not requi
Some radiators have two elements that may be swite
in or out of circuit at will by operaring single switches
to achieve a crude form of control. An impt‘m*cﬁtent‘-'
this method of control may be found on some older
hot-water urns and is rermed ‘multiheat” or thre:’:-h af!
switching. This form of control is shown in F:gure 2'._:’ j
You should examine the various switch pnsmun.'; noting
that low heat is obrained by connecting the two dle-
ments in series, medium heat by connecting one element
only, and high hear by connecting the two elements in
parallel.

A pilot lamp is sometimes connected in a three
heat control circuir, especially on urns as shown. The
lamp indication is ‘bright’ for the high and mcdlum
switch posmuns, but is ‘dim’ in the low position. Trace
out the circuit and observe the reason for this. !

Three-heat switching is now virtually obsolete and
has largely been replaced by thermostatic control. How-
ever, it is a good exercise in circuitry for the electrical
student and has been rerained here for this reason.

The principle of being able to selecr alrernarive hear
positions of either high or low heat is illustrated in
Figure 21.3, applied to a three-phase instantancous
water heater, _

The switching arrangement of Figure 21.4 is sill
used on some domestic room heaters. An interesting
exercise for you is to trace out the circuit to determine
the manner in which the elements are connected, and
calculate the power dissipated for cach switch position,

All the preceding manual controls, which are rep-
resentative of the many types available, are ‘on-off” or
‘stepped-control” types. As they are manually set or con-
trolled, control relies heavily on the judgment of the

o—0 o—0
O O O—0O
Low Medium
o
;1) (%
High Off
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Twin heat element

e O

I
Supply —o7 0 O
i

— O O

Control switch

Fig. 21.3 Waler heater with twin heat element

A 7 240 V 3-core
Y () Tlex

Ho—
O—
Ho—1
O
— ol
0
Low — High
O - —

0 O
Full 2.4 kW

360

364
I?—I FOo

36102

Fig. 21.4 Four-heat control of a convection-fype room heater

operator. However, because manual conerol is relatively
simple and inexpensive, it is commonly used on many

heating appliances. If more precise temperature control
is required, automatic control devices are used.

Avtomatic control

For automatic temperature control, there are two main
groups of control devices:
#® thermostatic control, which maintains the empera-

tre berween upper and lower limits, termed the
differential’. Temperature is maintained berween the
two temperature limits by automatically switching off
at the upper limit and back on at the lower limit as
the thermostat senses the temperature;

B simmerstatic or energy regulator control. This is a
proportional control device, constant heat outpur of
the elecrric element thar it controls being achieved by

0 0
Cosy 1.28 kW

regulating the on and off periods in such a way that

the average energy input is maintained ar the desired
level. |

It is important to know the difference berween a ther-
mostat and a simmerstat. A thermostat senses the tem-
perature to be controlled and controls it according ro
the thermostat settings that is, it is essentially a feedback
system. The simmerstat, on the other hand, is nor a
feedback system; once set, it continues to supply energy
to the load, irrespective of temperature.
Thermocouples and thermistors commonly used for
temperature indication may be incorporated in control
circuits to form a third group of control devices; but, as
they usually require expensive accessories such as ampli-
fiers and other electronic circuirs, their use is confined
to rather sophisticared circuitry and control. Only

thermostatic and simmerstatic control are considered
further here.
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Thermostatic control

There are three main wypes of thermostar:
® bimetal

= cxpanding tube

B VAPOUT Pressure.

These have many design variations, but the basic prin-
ciples of each type are illustrated in Figure 21.5.

In .Fi'gure 21.5(a), the bimeral helix is fixed ar one
end to the supporting stem but is free to rotate or twist
within its length. The other end of the helix is fixed to
the operating rod, which is also free to rotate. A tem-
perature change causes the helix and the operating rod
to which it is attached to twist, thus opening or closing
a set of conracts. The rod iwself is made of Invar, which
is an alloy having a negligible coefficient of expansion.

The brass tube shown in Figure 21.5(b) changes
length with temperature change, as for the bimeral ther-
mostat. The operating rod is made of Invar, and, being
attached to the tbe at one end but free to move at the
other, it moves and operates the contacts.

In Figure 21.5(c), the liquid in the phial attached
to the end of the capillary tube is sensitive to tempera-
ture change, and the internal pressure within the phial
varies. Pressure change is rransmitted through the cap-

5 eyl
............................. e T U L T e S i e

switch conracrs. The aclvantagc of this type is that the
sensor (phial) and the control head may be some
tance apart, as in an electric oven,

There are many design variations, especially on the
principles used in Figure 21.5(a) and (b), and the same:
principles are often used in protective devices for the
detection of temperature rise due to overheating in elec-
trical equipment.

Simmerstatic control

The simmerstat consists of a heater that causes a bimesal
smp to bend, thus closing or opening contacts w1d17 2
‘snap’ action. If the circuir of Figure 21.6 is studied, i
may be seen that with the switch in the original clog
position both the load and the heater are Lnﬂrglsed_.,
they are both connected across the terminals RL and Go
The current in the heater generates hear, warming the
bimetal strip, which bends and opens the switch con-
taces. This action interrupts supply to both the load and
the heater element, the bimetal strip cools and the
switch contacts close again to repear the cycle. _

The rate or ratio of ‘time on’ to ‘time off” may be
adjusted by turning the cam to adjust pressure on the

1
E

h bravedto A
Snap action switch support siem to operating rod
/ 0 - \
| |- T T T :
y /]r T _:ﬂ: T VL VL VL VL VL VLV ViV
Gam Support
r em Bimetal
Operating rod A
turns cam to open helix strip
(a) or close contacts
| .~ Brass tube brazed
to head
e :::::::::::::::::::::::::::::_b
e Operating rod
brazed to
Control tube
(b) knob
Conlacts
Operalin Liquid
& f P phial

|] / bellows

/|
o[}

\\ Terminal

]

Control knob

Fig. 21.5 Principles of typical thermostat fypes: (a) bimelal; (b) expanding tube; (¢) vapour pressure

Capillary tube
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Snap action A1 >
switch h

Gl
Compensating J \ Birpetal operating
bimetal strip

Fig. 21.6 Simmersial control

bimetal pressing. A compensating binietal strip adjusts
for any variation in the ambient temperature; and
because the heater and the load receive the same volrage,
any variation in supply voltage does nor affect the heat
produced.

~ The three-phase automatic instantancous type of
water heater has no temperature control, water tempet-
atre being governed by rate of warter flow, bur the

Y

|

Pressure-relief valve

b2

\ & |
\Guntml point | DG :

setting cam ==

SR e 2 A

T N N A A - R R

_| Substituting a _
simmerstat for a three-heat
switch. The two elements
are connected in parallel

heater element is automatically switched on and off by
a hydraulic diaphragm switch whenever a hor-water tap
is operated (see Fig, 21.7).

As the only method of regulating the water rem-
perature is by varying the water flow, most modern
heaters have a “high—low’ switch fitted (see Fig. 21.3) to
allow for the difference in ambient water temperature
throughout the year. A diagrammatic section of this type

/x/

% Nylon tube
[ | : £
Diaphragm flow £
switch e
! (5 )
+ -
=
=
B AR B e Y it -
<|~ = S
= stist
C |~ it 3 >
Nylon tube Tl Ak / ' ADY
i = (b)
Element aSsembly # i
Hot outlet Relief output Cold-water outlet

(a)

Fig. 21.7 Three-phase instontaneous water heater: (a) diagrammatic section; (b) typical dimensions HARDIE ENERGY PRODLICTS
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of heater is shown in Figure 21.7, with typical heater
dimensions to illustrate the small overall size.

Other controls

There are many other controls used in association with
heating. These include solenoid valves thar operate to
control the flow of hot water, temperature-sensing
devices that operate fans for the control of hot air, and
pressurestats that work on the air pressure in hot air
ducts. You may encounter others.

21.4 Water heating

Classification of water heaters

Whether the installation is domestic, industrial or com-
mercial, water heaters may be gmuped into:

® instantancous heaters; and

m storage heaters, which may be further classified
according to their use and wriffl rating into load
groups of
(a) continuous warer heaters, and
(b) controlled-load or restricted-hours warter heaters.

These classifications are used for maximum demand
assessments (see Twble 2.3, column 1, load groups E, F
and G; and Tuble 2.4, column 1, load groups C and G
of AS 3000).

Instantancous water heaters are switched on only
when hot water is required, and are usually arranged for
supply at normal tariff rares.

Continuous water heaters are in circuir continu-
ously, as their name implies, and have a storage capacity.
In common with the instantancous type of warer hearer,
they are supplied on normal rariff. Because of the warer
stored as reserve, continuous water heaters represent a
much lower load on the supply system (compare three-
phase instantancous 13 kKW with 80 litre continuous ar
3.6 kW), and thus fall into a different load category.

Controlled-load water heaters usually have greater
storage capacity than the continuous type, as they are

/. !

X7 S S !
ELTRETR
Bathroom Kitchen Laundry

(a)

Fig. 21.8 low-pressure waler heaters: (a) displacement type; (b) falling-level type

....................................... B e N

encrgised for only a restricted period when demand on.
the supply is low, that is, during the off-peak period.
Although storage heaters are on for long periods, the
water temperature is controlled by thermostar.

Instantaneous water heaters

In this type, illustrated in Figure 21.7, the heating cle-
ments are enclosed within a small copper container of
about 0.8 litre capacity, making it essential to have warer
flowing through the heater when the ¢lements are enér-
gised. On—off control may be manual or automaric; and
because the automatic-instantaneous water heater urilises
mains-pressure water flow to activate a diaphragm flow
switch thar connects the heater elements to the supply,
mains pressure to operate the switch must be over 83 kPa.

Instantancous water heaters are generally available
as a three-phase unit fitted with elements rated at 18 A
per phase (Vicroria, 23 A). Two-heat models are fired
with a 12 A and 18 A elemenc (Victoria, 23/18 A).
Because of the high demand on the supply system and
the necessity for a three-phase supply, most energy
distributors discourage the installation of three-phase
instantancous water heaters. Instead they prefer w0
encourage the installation of off-peak hor-warter systems,
which make fewer demands on the supply system.

A 16.5 kW (23 A/phase) instantancous water heater
is capable of supplying approximately 6545 litres per
day, but the heater cannor efficiently supply more than
one tap at a time and will switch off if the flow is dras-
tically reduced.

Storage water heaters

By the immersion of a bare or sheathed element in
water, practically all the heat generated by the element
of a storage heater is absorbed by the water, and the
result is a more efficient heating device. A storage-type
heater consists of an inner water container, within which
is conmined the water-immersed heating element, and
an outer metal casing, the water storage tank being
surrounded by a layer of hear insulation to reduce heat
dissipation losscs.

Bathroom 2  Kitchen

Bathroom 1

(b)

INTEGRAL ENERGY
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Types of storage water heaters

As may be seen from Figure 21.11, there are several

physically different storage-heater types, which, irrespec-

tive of their load groupings, could be classed as:

v displacement type, such as the one illustraced in
Figure 21.8(a), in which cold water is fed into the

bottom of the tank to displace the water drawn off

the top. A disadvantage of this type is that, where
cold-water pressure is poor, or where multiple hot-
water outlets are being used (such s in the shower
room of a factory), hot water may be drawn off ar a
faster rate than the cold warter can replace it. The
falling-level type described below overcomes this
problem;

® falling-level type, such as the one illustrard in Figure
21.8(b). where the warter level falls as the hor water is
drawn off, in a manner somewhar similar to a large
urn. The cold water inlet has a magneric valve con-

Foam closure gap

Access to anode Anode

Outlet diptub e—_|
Outlet —
Temperature —
and PTEISSUFE'
relief valve
=t - Bueg&er '
heating unit
Insulation —
polyurethane
foam
Insulated wires
Therm t
L osta
Steel shell g | = Lower
heating unit
— Earth terminal
Inlet

entry
Fitting liner ) _
- Base insulation

Vitreous enamel lining

Fig. 21.9(a) Cutaway section of healer — SOUTHCORP WATER HEATERS

Boost element—;-@i active . ote
Thermostat 2\0*0_0—0
% oTC a
- o

: A
Off-peak Main element
active

thermostat —

Main element—— i

Electrical conduit
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————

; Boost
: oTC -
Roberishaw 2 §_ OTC element
theimosiat o Continuous

Thermostat
Boosler

Fig. 21.9(b) Robertshaw control to two elements
STATE ELECTRICITY COMMISSION OF VICTORIA

Fig. 21.9(c) Combined thermostat and overfemperature cul-out
STATE ELECTRICITY COMMISSION OF VICIORIA

necred so thae it will not allow cold water into the
heater until the water in the heater has reached a pre-
determined temperature;

® mains-pressure type, which has no feed rtank, is
unvented and is connected direct to the cold-water
main for
(a) operation at full mains pressure, or
(b) operation at medium pressure wich a pressure-

reducing and pressure-relief valve.

Figure 21.9(a) illustrates a typical mains-pressure
storage water heater, which is ficted with a booster
clement installed near the wp of the cylinder. As
explained in Chaprer 18, the two heater elements must
be wired for non-simultancous operation. One common
method of wiring to achieve this requirement is shown
in Figure 21.9(b) and is termed ‘Robertshaw control'.
Another common method utilises a Thermodise ther-
mostat and a separate Klixon overcemperature cut-out
(OTC). In both cases the top thermostat should be ser
10°C lower than the bottom thermostat. The OTC that
forms part of the thermostar assembly of Figure 21.9(c)
is to prevent the warter, in case of thermostar failure,
from exceeding 95°C.,

N
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collector are usually close-coupled. Water in the collec-
tor is heated by solar radiation, flows to the upper part
of the storage tank and is replaced by cooler water from
the bottom of the tank. Extra structural timbers are nor-
mally required in the roof ta support the weight of any
close-coupled system.

If desired, a split system may be used, in which case
the storage tank is mounted at ground level. A magnet-
ically coupled pump circulates water from the bottom
of the tank to the solar collector panels on the roof,
where it is heated. A thermostatic controller prevents
water from being pumped into the tank undl it has
reached the required temperature.

One type of close-coupled thermo-siphon solar

water heater uses a “closed circuir system’ containing a
non-corrosive fluid to absorb heat from the solar collec-

tor. It has an inner and outer tanlk, and the fluid heared
at the collector panel is circulated around the outside of
the inner tank. from which the hot warter to be urilised
is drawn. The unit. markered as the ‘Black chrome
miracle’, is illustrated in Figure 21.13.

A booster element is fitted to all of the above solar

hot-water systems and is necessary to provide for times

when insufficient solar energy is available.

To avoid the booster elements being left on indef-
initely, which would nullify the benefit of solar heating,
a special relay rated at 20 A, 240 V is available (sce Fig.
21.14). When water is cold, an indicator neon lights up,
prompting the householder to press a push-button
switch to connect supply to the booster element. When
the water temperature reaches the required level, a
thermostat automatically turns off supply to the booster
¢lement, returning the system to normal solar operation.

High-density polyurethane insulation for minimum
loss of heal from stored hot water
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Quantum system

Another type of solar hot-water system, marketed as the
Quantum domestic hot-water heater, is in effect a solar-
boosted hear pump. It works on the same principle as
a refrigeration circuit, drawing hear out of the one space
and transferring it into another. The system is available
as a ‘split’ or a ‘compact’ system.

In the split system (see Fig. 21.15), a warter storage
tank is located at ground or floor level inside or outside
the house, and the solar cvaporator plate assembly is
mounted on the roof. Mounting on a vertical wall is also
acceptable. Although it is not essential, evaporator plates
roof-mounted and oriented towards the north maximise
the available solar contribution to water heating,

With the compacr system the evaporator plates are
formed around and permanently bonded to the water
storage tank; that is, the evaporator plates form an inte-
gral part of the whole hot-water system. The unic may
be located anywhere, burt is more efficient if located with
a northward orientation.

In operation, the evaporators absorb available heat
energy from the surrounding medium (sunshine, wind,
rain or air), and this energy vaporises the refrigerant,
which has an evaporation point of approximarely
—30°C. The vapour is then compressed to raise its tem-
perature and pressure. This high-temperature vapour is
pumped through the pipes that are permanently bonded
to the surface around the outside of the water storage
tank; these comprise the condenser.

As the refrigerant vapour condenses back ro its liquid
form, it gives off its heat to the stored warter, At the same
time the condensed refrigerant liquid passes back to the
evaporator plates, and the cycle is then repeated.

Closed circuit system to prevent
corrosion and frost damage

Vitreous-enamelled steel cylinder

Booster element

‘Soft-flow’ water spreader to prevent

cold-water intake from mixing with
hot water in tank

Sacrificial anode to protect tank
from corrosion

Fig. 21.13 Closed circuit” solor hot-water system SOLAHART

‘Multi-flow' heat absorber to improve
heat absorption by transfer fluid

Fibreglass and foil insulation
to reduce heat loss

Heat-absorbing panels protected by
toughened solar glass



218 = ELECTRICAL WIRING PRACTICE VOL. 2

------------------------------- B R A N R e TR R T R T R e B e e e e e

Ready

" /9 (amber neon)
- Contral | CA L /Start

N Load

* Amber neon on (e.q. thermostat closed, water cold)

 Press if boosting (one shot only) required

* Red neon on and amber neon off (e.g. hot-water booster
element connected, via REL and water heating)

* No power to REL unit (e.g. water is hot and thermostat
open); no operation possible until ‘Ready’ and 'Start’
pressed for ‘one shot’ heating _

» Must be fitted to insulate relay terminals from mounting

(b) bracket

()

Fig. 21.14 (a) One-shot’ relay (b) Wiring diagrom  HPM INDUSTRIES

An advanrage of the above system over the conven-
tional solar water heater is that it can operate with or
without sunshine; the collectors will absorb heat under
practically any weather condidons and even at night.
Some power is of course used by the compressor motor
(typically 300700 W). The manufacturers claim that a
booster element is not normally required.

In common with other solar water heaters, the
initial cost is considerably higher than for off-peak
storage systems. Savings in energy costs are therefore
largely offsec by this exera cost, ar least in the short term.

The manufacturers of the Quantum system state

that it takes from 5 10 8 years to recover the excra inidal
cost compared with an off-peak electric system. The
energy costs of running the system for an equivalent
amount of hor water are less than one-third of the
energy costs for off-peak storage heating and approxi-
mately 60 per cent of the costs of operating a conven-
tional solar water-heating system.

Hot-water delivery temperatures

Most residental water heaters will deliver warter ar tem-
peratures in the range 65° o 75°C. A temperature of

- g ——

e e e e ——

Evaporator plates

Evaporator panels
do not contain walter and
weigh only about 30 kg

Cormpressor

T Hot-water outlet —»

Cold-water inlet —»

/ Expansion valve

Receiver

Water tank

AN

/ Condenser coil

Insulation

11

Fig. 21.15(a) Quantum split system
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Fig. 21.15(b) Quantum split system SES WATER HEATERS

65°C is capable of producing third-degree burns on a
child in one second. Most scalding accidents occur in
the bathroom.,

In Seprember 1994, Standards Australia released a
new standard (AS 3500—National Plumbing and Drain-
age Code) serting a maximum of 50°C temperature for
hot water in residential bathrooms. However, in most
states in Australia legisladion has nor been enacted that
makes AS 3500 mandatory. A temperature of 50°C

ELECTRICAL HEATING = 219
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raises scalding time to five minues.

While AS 3500 sets the 50°C bathroom outlet tem-
perature requirement in Clause 1.10.2, a storage tem-
perature of 60°C minimum is required by Clanse 1.10. 1.
There have been suggestions thar the 60°C storage
requirement be reduced w 50°C. Ar the same time,
concern has been expressed that the reduced temperature
may not kill bacteria such as Legionella, most of which
cannot survive past 60°C. Some medical authoritics

........
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believe that the infection risk of storing water at 50°C
is minimal. The matter is quite controversial.

The practising elecrrical worker needs to be aware
that hor-water storage capacity decreases by abour 10
per cent for every 5°C reduction in temperature. Drop-
ping the remperature from say 65°C ro 50°C in a 250
litre hor-water tank will reduce its effective hot-water
delivery capacity to 175 litres. In addition, the ther-
mostat's temperature differential may affece the delivery
capacity. With the common use of twin-element water
heaters, in effect being connected to supply 24 hours
per day, the reduction in effective capacity will be less
significant. If energy distributors agree to a lower storage
temperature, the table mentioned earlier (from Chapter
I8) relating minimum heater size to house size will no
doubt need to be modified.

To achieve the existing requirements of AS 3500
(i.e. 60°C storage temperature and 50°C delivery tem-
peratures at bathroom outlets), devices such as ‘ther-
mostatic’ mixing valves or ‘tempering’ valves may be
installed by a plumber. The thermostatic mixing valve
is expensive bur provides a high level of safety by
accurately mixing hot and cold water in set propor-
tions. It is readily adjustable and accurately controls
outlet temperature. A tempering valve is much less
expensive and may or may not be adjustable, the
adjustable type permitting temperature control within
plus or minus 5°C.

Tariffs for hot-water units

Energy distributors distribute electrical energy ro hot-
water systems and other suitable heating loads ar three
hasic races:

® continuous—energy is available for 24 hours per day;

= controlled continuous, restricted-hours or extended
off-peak—supply is available for approximately 20
hours per day;

w off-peak or night—supply is restricred o abour 8—10
hours per day, usually between 8 pm and 8 am.

Distributors differ with their regulations and conditions

for connection of a unit to be supplied ar a particular

rate, and i is always necessary to check these require-

ments before installation. Some points to be checked

are:

m Whar is the minimum storage capacity for connection

on a certain tariff?

Whar are the energy distributor’s regulations regard-

ing clement power ratings?

Are there any restrictions regarding the non-simulra-

neous operation of multiple-element units, such as an

off-peak and booster element?

® What specific merering arrangements are required?

Whar wiring is required to accommodare the particu-

lar type of control (e.g. time switch, relay)?

fassmdsmEsRE e
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The continuous rate or normal tariff would apply
to all instantancous-type heaters, ro small storage units,
and ro larger storage units where the demand was inter-
mittent and where it was impractical or uneconomical
o store sufficient water for a 24 hour demand. A
common domestic storage unit for continuous tariff
supply is a 3.6 kW, 80 litre heater having a ‘recovery
rate’ of 55 litres per hour for 38°C temperature rise.
Continuous rate requires no special metering arrange-
ments, but the usual power ratings are such thar a sep-
arate subcircuir is necessary. |

Any storage system is suitable for off-peak rates,
provided always thar it meers local requirements and
thar its storage capacity is adequate. For example, in
Victoria, a 160 litre hor-water heating capacity is gen-
erally the minimum size required to qualify for an off
peak rate. Some energy distributors, however, will nor
supply solar hot-water systems at the off-peak rate.

Where a controlled-load storage water heater for
domestic use is fitred with a booster element, it is usual
to operate this arrangement with two distiner circuits,
The lower element could be on off-peak rate with sep-
arate metering, while the top clement is connected wa
circuit on normal rate controlled by the consumer's
main switch. Sometimes, to reduce demand, an interlock
arrangement is required berween the two elements to
prevent their being on simultaneously; this is usually
incorporated into the storage heater unit. In some states,
full off-peak rate is given 24 hours a day, subject to
interlocking and a minimum-capacity storage tank in
relation to the size of the houschold (see Chaprer 18).

21.5 Space heating

The term ‘space heating” describes the heating of build-
ing space to provide a comfortable and healthy work

environment for people and satisfactory temperature

conditions for goods and equipment. Most space-
heating equipment in current use provides heat only, but
it is known that other factors such as air flow, pollution
and humidity have a bearing on personal comfort, and
appliances such as air conditioners in some measure
provide control over these.

Types and applications of space-heating
equipment

Space-heating equipment may be broadly classified into
three main groups:

w high-temperarure radiant panels or radiators;

= Jow-temperature panels, convection and unit heaters;
u chermal-storage-type heaters.

The reverse-cycle air-conditioner or hear pump falls
within a category of its own.
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Fig. 21.16 Some types of space-heating equipment st ety COMMISSION OF VICTORIA

Figure 21.16 illustrares some types of space-heating
equipment, and a summary of their properties and appli-
cations is given in Table 21.2,

The radiators and heaters have elements worki ng at
1400°C to 1600°C, while the operating temperature for
fadiant wall and ceiling panels would rarely exceed
300°C. Many heating panels and fixed-heating-cable
installations have a much greater area of heat dissipation,
and the temperature is well below 300°C.

High-temperature heaters

Common types of portable and fixed high-temperature
radiant heaters are included in Table 21.2 and Figure
21.16.

One type of radiant heater intended for commer-
dial, industrial and institutional use is the halogen heater

shown in Figure 21.17. It emis energy by radiation

giving 86 per cent radiated hear and requires no warm-
up tme. With radiant hear waves there is minimal
heat loss through air, and when they strike a solid
object such as a person’s body they are converted to
heat. The heater clement, which is used in conjuncrion
with an optical meral reflector, is a descendant of the
linear rtungsten lamp enclosed in a ruby red sleeve,
and emits energy in the infrared range. The object of
the sleeve is to reduce visual glare and to display a
pleasant warm appearance. Lamp life claimed by the
manufacturer is 9000 hours, and two lamp ratings are
available (500 and 1500 ).

Mounting height for the units, which may be
ceiling- or wall-mounted, is in the range 2.5 to 6 merres
at a recommended angle o the vertical of 45°. If wall-
mounted they are best mounted at intervals along oppo-
site walls. When they are mounted ro cover infrequently
used areas, they may be used in conjunction with an
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Table 21.2 Comparison of space-heating equipment
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Heat dissipation percentage The reciangles in the toble below represent the lotal heat output and the secions show the opproximalte proportions of radiafion,

conveclion and conduction from the different heat sources.

Legend qui’rinn_ Convection | Conducfion

2%

Type Description

Application

Porfable ond fixed rodiators Rod-type porlable heaters from 750 W to 2400 W.
Generally infrared rod types with element enclosed in silica
lube. Permanently wired waoll or console radiators for fixing

to or recessing in o surround. Up to 3.6 kW.

Strip heoters

Portable—Tor quick individual spat heating; for
topping up other forms of heating during excessive
cold perods; for heating in small rooms or rooms
used intermitienlly. Heats the object in front of it by
radiotian,

As above, but porticularly suitable for warming drying
area of bathroom and oul-of-the-way heating (e.q.
kitchen, children's ploy areas).

Radiant wall Maintains comfortably worm conditions mainly by
radiation, withou! direclly raising air temperature. Sofe,
outomatic control (if desired): completely invisible.

Radiont cailing

Hexible low-femperature penels or fixed heating
cables laid en ceiling or conceoled in waoll.

As above, and warmth of floor level gained by conduction
: : is ideal where children ploy. Produces zero lemperature
Z) gradient between floor and ceiling.

Undercarpe! heafing

Specially insuloted heafing cable—mineral-insuloted
melal-sheathed—laid under floor covering but
insulated from structural floor.

Natural convedtion heaters Cool air being drown into the heater forces warm air
upwards, providing confinuous circulation without excessive

air movemen.

Small rooms and areos of low cziling height whare
induced limited air movement is sufficient to heot all
air in the room,

Forced convection heoters Mare ropid circulotion of wir ensures foster ond mare even

heat distibulion, which is porficularly useful in large oreos.

Either drum or propeller fons force air over heating
elements before drculation, Available as small portable
units, larger-capacity console heaters, or for building
into wall or cupboards.

Combination radiant/

i0 1. Two types of elements ore included, one giving instan!
convection healers

direct localised heating by radiation, the second
providing heal by natural conveclion,
2. Qil-filled ponel and column heaters.

Generally portable, ye! large enough to provide basic
heating of moderate-sized rooms.

Storage floor-heating element Heafing cable embedded in concrete floor slob. Operated

on low-cost controlled-hours toritf and heol-stored for use

ﬁ= as required.

(enfral-type healing—whole buildings. In new
buildings with concrete floor slabs.

Midi bonks (storage radiators) Heoting element embedded in the heal-storage core of o
- free-standing unit with free output choracteristics. Operated
on low-cost contralled-hours fariff,

Heol banks (storage lan heaters) An insuloted storage core to which a fan hos been added
= | {operated either manually or by thermostol) to extract heat
when required. Operaled on low-tost controlled-hours fariff
os above,

Sale means of heafing in dwellings with brick,
masonry or cancrete internal walls (providing adequote
heat-storage capacity).

Background heoting where reinforced by auxiliary
heating of other types in buildings of light construction.

Buildings of any construdion—new and exisfing.

Mounted on an oulside wall, it pumps heat either info or
out of the building. It is designed fo heat a room in
winter and, by simple switching; cool it in summer. It will
also reduce the humidily of the cooling eycle. Auxiliary
direct elements may be needed in coldest weather.

Reverse-cycle oir conditioning

Ideal for homes ond flats, giving controlled comfort in
winler ond summer.

infrared motion detcctor (see Chaprer 24) to conserve heaters will be needed, given the area to be heated is 18

cnergy.
Manufacturers will supply recommended values of
heating required in watts per square metre (W/m?) for
a specific application. For example, if the reccommended
value of heating for a factory in a light industrial area is
given as 165 W/im?, how many twin (2 X 1500 W)

X 10 merres?
Area 1o be heated
Recommended heating
is 165 W/m*
Toral power required
will be equal to

18 X 10 = 180 m?

180 X 3000 = 29 700 W
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1
700 W

Each twin hearer
requires 3000 W
Number of heaters 29700
required 165
That is, 10 hearers will be required.

=99,

Low-temperature ceiling and floor heating

A typical heated ceiling is installed with mineral-insu-
lated meeal-sheathed (MIMS) heating cable. The heated
ceiling or heated wall is a relatively expensive svstem to
install and is not used as widely as undercarpet floor

heating. Very little thermal storage capacity is possessed
by cither heating system, making them unsuitable for
off-peak operation. A diagrammatic version of under-
carpet. floor heating, which is used mainly in domestic

installations, is illustrated in Figure 21,18,
Electric-storage floor heating, which utilises heating
cables installed in the concrete slab or tile bed prior to
the finished floor surface or coverings being placed, has
the advanrage thar it may be operated ar the cheaper off-

{(a)

fig. 21.17(a) Single-lamp hologen heater; (b) Halogen heaters in a workshap — THORN INDUSTRIES

Fig. 21,18 MIMS heating cables may be used for undercarpet floor heating

-----------------------------------

peak rate. The cables (abour 5 mm in diameter) consist
of a central element embedded in an insulating material
of compressed magnesium oxide encased in a polyethy-
lene-served copper sheath. They may be fixed to an
anchoring strip and installed in a partern similar to that
shown in Figure 21.19. Alternatively, they may be
attached to the reinforcing mesh in a concrete slab, as
shown in Figure 21.20(b).

Convection and thermal storage heaters

Convection heaters may be classified as either natural
convection or forced convection unirs, using fans or
pumps. This latter system for hot-air distribution is
employed on controlled-outpur storage units (see Fig,
21.21), and has widespread applications in ducred
systems using the reverse-cycle air conditioner as the
central unit. Convection heaters also include the froe-
standing or built-in panel or tubular types, which may
be water or oil filled and heated by an immersion
clement. They are often called “radiators’ and do actually
radiate about 50 per cent of the heat produced.

(b)

Heating cable
' b
Aluminium foil A

Cane fibre board

MM [ABLES PYROTENAX



224 = ELECTRICAL WIRING PRACTICE VOL. 2

L R N R i R N R L AL B R I B e S

Fig. 21.19 (oncrele screed nearing completion covering heating
cables that have been fixed fo an ancharing sirip
ELECTRIC HEATING SERVICE

All the storage heater types, if of sufficient heat-
storage capacity, are suitable for off-peak tariffs, includ-
ing concrete floor storage. Their use on off-peak rariffs
depends on the energy distributor’s approval,

The cross-section of a controlled-outpur storage-
type hear bank is shown in Figure 21.21, This heat bank
is designed to draw energy from the supply only during
off-peak hours, while providing normal space heating as
required at any time of the day or night. Hear is
extracted by a fan, which is controlled by a room ther-
mostat, set to keep the area heated at the desired
temperature.

Internal wall ——»

Termination —___* 777 %

Polythene membrane
vapour barrier

Heating cable
g Joint

Floor surface

300 mm min.
above ﬂIur level

----------------------------------------------------------------- Frrrmam

Fig. 21.20(b) Cables embedded in the aclual concrete slab. They are
continually tested while concrele is being poured

Reverse-cycle air conditioning

Figure 21.22 illustrates the principle of a reverse-cycle
air-conditioning unit, an appliance that on its cooling
cycle pumps unwanted heat out of an area and rhar can
have its cycle reversed to provide heating when required.
Hearing or cooling of the area is achieved by using a

W -—— External wall

7

Wall box,

e

100 mm
thickness

Compacted fill

Fig. 21.20(a) Termination of heating cables

1 B
Q o

o

o

Flexible
conduit wired
to mesh
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Quter metal case

Core with element

Air-circulating space
through core

Fusible links

[ — Case cooling grille
wtdr/f’!

\'.'I - Core thermostat setting

=% control
P
— Two-speed fan swilch
[

B Airintet grille

_‘_-_‘___-_'__"————_

Side, top and end

insulation Fan motor with blower
Sfﬁ; z];}rr'}ssi%&#a Air ducts circulate
i I ortion of air through
4.5 kW unit are about gure and cause Q
mr_iu mm long, mixing of hot and
762 mm high and room air before
460 mm deep expeliing from unit

Fig. 21.21 Schemalic cross-section of o heat bank STATE ELECTRICITY COMMISSION OF VICTORIA

arg: Reversing valve
Exhaust damper

Sealed compressor

INTERIOR unit

Condenser or
evaporator

Air outlet
vele
nlm_g Evaporator (when - Airoutlet
can cooling) or.condenser
red. (when heating)
1g 4
HRoom air filter and EXTERIOR
inlet
ilr:-ﬁ:?h o e Mator driving radial

and axial flow fans
circulating air through
condenser
evaporators

Fresh air damper

Air inlet

High-pressure coolant gas from Low-pressure coolant vapour is
compressor is passed to external relurned to compressor unit
candenser where it cools and

liquefies

m Liquid coolant under pressure is Direction of air flow
released through a pressure-
reducing device into the internal
evaporator, Here it absorbs heat
from the air flow, causing it to
boil or vaporise

Note: For heating, the above cycle
Is reversed through change of pipe
interconnection at reversing

valve

Fig. 21.22 Schemalic arrangements of a reverse-cyele air condiioner STt BitcmicTy COMMISSION OF VICTORIA
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refrigeration system to exchange hear berween the inter-
nal and the external air.

The principle of operation is similar to that of the
solar-boosted  heat-pump  type of hot-water system
described in section 21.4. Heat exchange is effected by
changing the pressure and therefore the temperature of
a refrigerant fluid that has an extremely low vaporisation
(boiling) point. Changing the fluid to vapour and vice
versa enables hear to be given our or absorbed by the
Auid. For example, under certain conditions 2 kW of
(electrical) input energy may produce 3 kW of output
(heat) energy, the extra heat being extracted from the
ambient air.

The unit shown in Figure 21.22 could be mounted
in a wall aperture or a window embrasure, as an in-
dividual unit or as a Fu]]}r ducted system, with a largcr-
capacity unit usually mounted on a pad ouwside the
building. The larger unit may supply heating (or cooling
on the reverse cycle) to any selected section of the build-
ing, on manual or automatic programmed operation.
The inidial capial cost of an air-conditioning unit is
higher than for most alternative systems, but running
costs should be lower due to the reverse-cyele principle.
The heat transference cycle may be manually or auto-
matically reversed, and most units incorporate a ther-
mostat to control room temperatures within close limits.

A modern rrend is to ‘integrate’ lighting, heatingand
air-conditioning systems by using systems of ducts, fans
and heat pumps on a controlled ‘closed” network, thus
utilising what used o be waste heat. As an example, the
heat dissipated from the lighting installation of a large
oftice building, even with Huorescent lighting, is sufficient
to make a major contriburion to the heating load.

21.6 Process heating .

The use of clectrical means for producing the heat

required in varlous manufacturing and industrial pro-

cesses is widespread because of the following advantages:

m [lectrical headng is clean and makes for pleasant
working conditions.

m With no open flames, the fire risk is lower,

® Temperature and automatic control of the hearing
process are precise and easily achieved.

® [ecrrical equipment is usually more compact than
cquipment using other fuels, and so saves space.

= Automation is relatively easy.

» Higher temperatures and heating rates are obrainable.

In process heating, the methods used for the con-
version and transfer from electrical energy to hear energy
could be roughly classified as:

m resistance heating using some form of element;
= infrared heating from a source of infrared radiation,
such as lamps or strip heaters:

LA R R R R LR L A R R R R R

= induction heating by inducing ‘eddy currents’ in the
workpicece or the ‘melt’;

= dielectric heating of non-conductive material such as
plywood or plastic by the use of an electric field o
speed up molecular movement within the material;

m arc heating by using the heat generated in an electric
arc, as in an arc furnace: electric welding may also be
included in this classification.

Resistance heating

The heat generated in an element is transferred to the
material being heated by radiation, convection or con-
duction, depending on the application. Elements may
be wire, strip or a solid such as silicon carbide. Figure
21.23 shows some resistance heater applications and
some types of elements used in electric furnaces.

Temperatures up to 3000°C may be atrained by the
use of marerials other than those illustrated. In some
applications the direct resistance method is used, in
which the workpiece itself becomes the heating element
when a current is passed through it. This method is used
in production for soldering, brazing, annealing and the
preheating of steel bars for rolling or forging.

An important application of resistance heating is
the use of the MIMS heating cable described in section
21.5 for induserial space-hearing systems. [t may be used
for defroster heating elements in refrigeration, for drip
tray heaters and for defrosting coldroom doors and
display cabinets. It is also used for warming soil to assist
in plant propagation and for greenhouse heating for
commercial growers (see Fig. 21.24).

Trace heating in industry

Because mineral-insulated hearing cable can operate at a
continuous temperature of 600°C, it has a high wairs
per metre rating. Hence it may be used for maintaining
the flow of viscous fluids through pipelines, as a con-
trolled heat source for automared production lines, for
plastic products, and for a number of other manufac-
turing processes.

Trace heating of pipes, valves and storage vessels for
crude oil or perroleum byproducts is commonly used to
maintain low temperatures. Somerimes, trace heating
of pipelines is used for frost protection (e.g. in hydro-
electric installations). It is also used in the food and
confectionery industry and includes keeping ingredients
such as chocolate, roffee and syrup in liquid form in
pipes, tanks and nozzles,

In the design of a trace hearing system, two impor-
tant factors must he considered: heat loss compensation,
and raising and maintaining the required temperarure.
For example, a long pipeline will dissipate a considerable
amount of heat to the surrounding atmosphere, and heat
loss will also be affected by pipe diameter and the
number of Hanges and valves in the line. In addition, it
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Fig. 21.23 Resislance heater applications and furnace elements

Propagating in pots, trays or soil

‘on top of 100 mm washed river sand

Frame

Capillary
thermostat
or 'stem’

ol pea Y wove ode

eenn CENRICAL HEATING. = 227

Various heating
elemenis

Electric heating
elements in furnaces

Atomosphere: Neutral,
oxidising, reducing
(CQ-CO3)

Heating coils (nickel
| alloy) up to 1100°C
Strip elements (nickel
| _ alloy) up to 1150°C

Silicon carbide rods

0= =p |upto1350°C

Pyrotenax heating cable

240 V single-phase |- 1000 mm >|
50 Hzsupply 100 mm

Thermostat (contacls
close on fall of
temperature)

|

(LRI

[l KZAP A RS ASY

Pyrotenax polyethylene-served

heating cables

Fig. 21.24 Resistance heating for plant propogolion

is essential o provide sufficient heat to raise the tem-
perature of the marterial to the required level to enable
the industrial process to be effective.

Manufacturers of mineral-insulated heating cables
publish comprehensive data on the design of a trace
heating system, by way of tables, graphs and formulac to

Propagating
~ bed frame
A contactor will be
required if the
Protective mesh  electrical loading
exceeds the rating|
of the thermostat
contacts
Weatherproof junction — )L
box
\ =50 mm
Cold tail MEtE_Ll sheath of
terminations heating cable
' bonded to earth
MM CABLES PYROTENAX

be used in assessing an installation requirement, These are
readily available, together with any rtechnical advice
required on the use of the products. Design details are
beyond the scope of this chaprer, buran installarion guide
provided by the manufacturer of Pyroheart industrial elec-
tric heating systems is shown in Figure 21.25. This guide
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1. Check unit lengths and kW Iuadlng. site data and 2. Test insulation and conductor resistance. An insulation
specifications value of infinity must be obtained

3. Unroll elements carefully, avﬂi_ding twists or kinks in the 4. DO NOT install heating elements on rough surfaces, and
cable. DO NOT pull out into a spiral take precautions over flanges, valve cases and sharp edges
to prevent damage to the element

_ Slrﬂpﬁ Tie wires
vV \ \

Adhesive tape

x 6. Recommended fixings for bare mineral-insulated cable
onto pipes are stainless steel straps or copper tie wires. Use

5. DO NOT let the elements touch or overlap glass-cloth adhesive tape for served mineral-insulated cable

Prepunched

strapping cut

o desired
Gircumferanc.e\x
and attached to tank.
Bands to be '

equally spaced

X

l——

y——

7. Prepunched strapping or metal fixing tape should be used 8. Additional allowance on unit length should be made to
for tanks, vessels etc. Bands are to be equally spaced and give the necessary coverage of valves and flanges and to
attached to tank allow for maintenance

Fig. 21.25 Installation guide for trace heating cables MM CABLES PYROTENAX (continues)
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9. Heating elements must be kept in intimate contact with the surface
lo be heated for efficient operalion. The cable should be covered with
metal adhesive tape fo prevent the cable from becoming trapped in
ihe insulotion. The tape MUST NOT get wet or enfrap moisture al any
fime.

The heoling cables may be encased in heat transter cement. However,
this MUST NOT cantain consfiluents corresive lo the heafing cable.

Sﬁrw-nn polyurethane insulafion must not be used with copper-
sheathed heating cables

Thermostat sensing bulb

o

=

Ties

Heater cable — hot section

11. The thermostat sensor should NOT be positioned in direct contact
wilh or be direclly influenced by the heating unit. It should be located
50 that it monitors the point where the lowest temperature is fikely to
accur

Ties

Heating cable  F'P@

13. Installation al bends

)
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e Cold lead

Capillary tube

Thermostat Canduit box

15. layoul of heating unit on lank
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-

Pipe Ties  Heating cable

Cold lead /Aamaw-made Insulation

cold tail joint

10. The cold tail joint should not be in contact with pipe. It should be
located externally (outside of insulafion) where it cannot be domaged

Ties 500 - 750 mm
|
- =l

Heating cable
to be evenly
distributed
along pipe

12. layout of heating unit on stroight pipe

Ties

Heating cable

[~

Pipe
14. Installotion of flanges to allow for maintenance

Note:

® Thermal insulation and fixing materials MUST NOT get
wet during installation. Outdoor applications should be
weatherproofed.

e Installation examples show one side only. Opposite side is
similar.

® Insulation is not shown in installation examples.

Fig. 21.25 (cont) Installation guide for trace heating cobles MM CABLES PYROTENAX

provides some very useful information on the handling
and installation of trace heating cables.

infrared heating

This is a direct radiant heat method where the source
of infrared may be lamps with internal reflecrors, metal-
sheathed strip elements in reflecrors, or silica-sheathed

clements or quartz tube lamps in reflectors. Figure 21.26
is a skerch of one type of infrared oven.

Induction heating

In this system the metal workpiece of the material being
heated becomes the ‘core’ of a coil that is energised
from an ac source. Eddy currents are induced in the
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Fig. 21.26 Infrared oven

conductive workpicce, due 1o the alternating magneric
field of the coil, and the heat generated depends on the
magnitude of the currents, the time and the resistivity
of the material. Frequencies between the normal supply
frequency of 50 Hz and 5 MHz are used, depending on
the application. Although this system was originally
introduced to melt metals, it is now used for heating,
welding, brazing, soldering, case hardening and similar
applications (see Fig. 21.27).

As the frequency of the supply to the coil increases,
the induced eddy currents in the workpiece shift closer
to the surface of the work (‘skin effect’), and this
phenomenon is fully used in applications such as case
hardening (Fig, 21.28).

Dieleciric heating

[fa non-conductor such as wood, glue or a plastic mate-
rial is placed berween two electrodes and ac is applied

ac supply

(a)

Workpiece

(b)

Fig. 21.27 Principles of induction heating: (a) melting: (b) heating
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Low frequency Medium frequency

High frequency
Fig. 21.28 Skin effect of ac ulilised in the case hordening of metals

to the electrodes, the electrostatic field produced speeds
up the movement of the molecules in the dielectric
between the electrodes, and hears it |

This method is used extensively for the heating of
thermosetting synthetic glues for the welding of plastics
(e.g. in the manufacture of raincoats) and for the pre-
heating of moulding powders and pellets.

Dielectric heating is also used in the foodsmuff
industry for defrosting, sterilisation and disinfecting and
for the drying of breakfast cereals, dog biscuits and,
similar tasks. The microwave oven is an extension of the
principle, where wave guides are used instead of elec-
trodes. There are many other applications for this type
of heating in industrial processes.

Eleciric arc

All the equipment so far mentoned in this section
normally requires special circuits and installacion. The
arc furnace is also a specialised piece of equipment.
Direct arc-type furnaces are used in the steel industry
with melting capacities up to 150 tonnes, and in this
type of furnace the arc takes place between electrodes
and the ‘melc” or ‘charge’.

In the indirect arc-type or rocking arc furnace, the
charge is heated by an arc established berween horizon-
tally opposed graphite electrodes connected to single-
phase supply, and heat transfer is mainly by radiation.
The furnace rocks continuously to ensure thorough
mixing of the melt capacity is from 2.25 kg to 45 ke.

The hear of an electric arc is used in arc welding
cquipment, and this equipment, in common with the
other types described, requires special circuirts and pro-
vision for installation. Clanses 4.24 and 4.25 relate
the installation of welding machines and arc welding
equipment.

Spot and seam welding are resistance welding tech-
niques and use the direct-resistance heating method
mentioned earlier in this secrion.

21.7 Commercial and domestic

kitchen equipment

With the exception of microwave ovens and electrode-
type boilers, ncarly all cooking and water-heating
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appliances in the kitchen utilise electric clements. Figure
21.29 is a flow diagram for a commercial kitchen and
shows possible types and positions for some cooking and
htanng equipment. From the diagram it may be seen
that, because of the concentration of equipment, most
kitchens would best be served by a central distribution
board or boards, the boards being fed by submains from
the main switchboard or the switchboard serving the
area, The site of a distribution board should be as close
as practicable to the elecrrical centre of the load thar it
is feeding. Care must be exercised in the kitchen envi-
ronment thar the switchboard sites are not vulnerable o
kitchen fumes, steam, water or humid conditions that
could affecr their operation (see Clanuse 2,21).

Most of the heating appliances in Figure 21.29
would require separate final subcircuits, and some of
these circuits could be two- or three-phase, depending
on the rating of the appliances.

The range of cooking and associated appliances
available for both domestic and commercial kitchens is
extensive, most of the commercial appliances being
similar in principle to the domestic ones bur designed
to cater for a much larger number of people. Some com-
mercial toasters handle up to 720 buns, sandwiches or
slices of bread per hour, and rotisseric units designed to
handle up to 45 chickens per load are common.

Other specialised equipment more likely to be
found on commercial premises than in a domestic
kicchen includes stockpors, deep-well fryers, pressure
steamers, pastry ovens, food and pie warmers, buins-
marte and large-capacity hot-water urns.
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If the rating of a small appliance is 2.4 kKW or less,
it may be supplied from a GPO. Most of the appliances
in a domestic kitchen excepr the range come within this
category, but many of them are rated at 1600 W or more,
and it is therefore wise to arrange the GPOs over two
separate circuits to prevent overloading of the wiring. In
any casc the application of 7ables 2.5 and 2.7 with foor-
notes (¢) and (d) respectively virtually make ic necessary
to install at least two separate circuits of power in a domes-
tic installation; so it is logical to take advantage of this
when planning the wiring of the kitchen outlets.

An electric range in any location other than domestic
must be supplied by a cable rated to carry the full-load
current of the range. For a domestic range a diversity is
allowed, and the cable size may be reduced to the sizes
indicated by the current ratings of Clanse 2.9.4.2.

Some high-rated single-phase 240 V equipment
such as large ranges may have to be balanced over more
than one phase. The loading per phase is decided by the
energy distriburor, and will vary even within a distri-
butor’s area depending on the distribution system.
Where there is any doube abour the phase loading in a
particular area, the local service rules should be studied,
and if necessary the distributor consulted for a ruling,

Just as it is wise to supply the concentrated load of
the commercial kirchen by a distribution board or
boards, so in a domestic installation a distribution board
in the centre of the electrical load is also a wise and
cconomical move where practicable. Wiring  route
lengths will be reduced, with a consequent reduction in
voltage drop on the circuir wiring,
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SUMMARY

= Heat is a form of energy, ond may be transferred by
radiation, convedion and. condudion.
= Temperature determines the direction in which heat flows.
= Thermal condudtivity is @ measure of the rafe of which heat
will be fransferred through @ material.
= Some heafing appliances need to be supplied by their own
final subdircuit (see Clause 2.9 of AS 3000).
= (onirol of heating oppliances moy be achieved manually by
sw}lchmg, such s three-heat and four-heat control.
= Automatic femperalure control may be:
= thermostatic, which maintains Iempemture befween upper
and lower limits and which may be a bimetal, expanding
lube or vapour pressure type (see Fig. 21.5);

= simmerstatic, which unlike the thermostat is not a feedback

system; once sel il confinues 1o supply energy fo the load,
imespective of temperafure (see Fig. 21.6).
= Water heaters may be classified as:
= instantaneous type, which are swifched on only when hot
water is required;
= sforage fype, which may be on continuous: tariff or
controlled-load fariff, and which may be a displacement,
fﬂ”lﬂg-*IEUEi (see Fig. 218) or mains-pressure unil,
= Solar energy is somefimes used 1o supplement heating of
waler in storage systems, and uses a collector panel, usually
raof-mounted, as a solor collector.
= One lype of solar hot-water system works on the same
princple os a refrigeration drcuit (see Fig. 21.15).
= Hot-waler delivery lemperatures are somefimes lowered fo
teduce the severity of scalding; this may ffect the effective
capadity of a hot-woter system.
= Space healing may be pmwded by high-temperafure radiant
nanels or radiators; Iﬁw-tampamiure panels, convection and

unit heaters; thermal sorage-type heaters; or reverse-cycle air

tondifioners.

= Halogen heaters are a type of radiant heoter intended for
commerdal and indusirial use which emit energy in the
infrared range and require no warm-up fime.

REVIEW QUESTIONS

Where the answer to a review question is numerical or requires
reference fo the SAA Wiring Rules, the answer is given af the

back of the book. These questions are marked *.
1. What is heat energy?

2. Oufline briefly the process whereby heal is generaled
in an electrical element,
3. Nome four methods used in electrical process heating
for the generation and transfer of heot energy.
* &8, Why are oll eledrical healing devices cossed as
appliances for the purpose of the S44 Wiring Rules?
* 5. What is the maximum kilowatt rofing for an applionce
supplied by o GPO?
* 6. How does the installation of air conditioning affect the
number of GPOs an a subdircuit in a non-domestic
installation?

SCTRICAL WIRING PRAGTCE DL . s

u Ee:hng heating systems using mineral-insulated mefal-

= Undercarpet heuhng using MIMS hauhng cables ulm I'i s low

= Heating cables installed in o concrete slab (see Fig, 2118

= A smruga haut hcmk druws anargv on mnlml

= |ndustrial process heating includes:

= Many commerciol and domestic kitchen: uppllunces use

sheathed (MIMS] cable hove minimal thermal storage
capadty and are expensive fo- install; they are seldom ¢

thermal storage capacity.

yield @ system with thermal heating capacity, and may
therefore be operated at the cheaper off-peak rate.

= Conveclion healers incude free-standing or buili-in pa nel

tubular fypes, wh!th may be water- or oil ﬁl[ed und
by an immersion element. They are often called ‘radiaiors’,
because they radiafe about 50% of the heat produced.

red-f!num'ﬁ iff.

1l Ravarse-c-,rda air :ﬂnd'lmnars eﬂ‘eﬁ heat axchnnga h'{ '

changing the pressure and 1herafure the tempermuri: nffﬂ

Ennblﬂs heat to be. given out or ubsurhed by iha: fluid.

i}
= resisiance heating, where heat generated in an element is
transferred fo the material being heated by mdmﬁdn;

«convedtion or conduction. Trace heating is on upphcaii‘u
described by Figure 21.25;
= induction heating, where eddy currents are induced in 1
workpiece by the alternating magnetic ﬁeld of a coil:
= dielectric heating, used fo heat non-conductors ploced
between two electrodes to which ac is applied;
= electic arc, such os in an elediric arc fumace, where heat
produced in an Blﬁﬂﬁ!:::-ﬂrt is used to melt @ Toad" or
‘tharge’, usually metal, The heat praduced in eleciic arc
also used in arc we[dlng equipment.

elediric elements. Some exceptions are microwave ovens,
elecirode-type boilers, blenders ond mixers.

7. Flexible cords attached to heating appliances
sometimes require special protection. Why?

8. Slate specdifically why a thermostat on an unvented
water heater mus! never be bridged out.

* 9, What are two alternotive posilions for o woter-heater
control switch (opart from the OFF position)?

*10. Swilches used for the control of water heaters must be
of o spedal type if operated infrequently. What type is
this?

*11. Assume thal a heating applionce hos two 1000 W
elements arranged for manual three-heat control. Stale
the power raling of the applionce for the three swich
positions of low, medium and high.

12, Exploin the essential difference between control by o
thermostal and confrol by a simmerstat,

13. Whal control is there over the water temperature with
o three-phase instontaneous-fype water heater?

14. List the three main thermostat types.
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*15.

16.

17.

18.
19.

20.
21.

22,

23.
24,
25.

26.

By reference to the SAA Wiring Rules, Tables 2.3 and
24 list the closses of load group applicable to water
heaters.

State two healer types that would not normally qualify
for off-peak toriff rates. |

What is the name of the device usually fitted fo
slorage waler heolers for the purpose of temperalure
control? |

State a common kilowatt power rating for a three-
phase instontoneous waler heater.

Where should a hot-waler system storage fank be
located, relative to the hot-water outlets?

Name the three main storage water-healer fypes.
Why is it usual to supply a water heater with ifs own
separale subcircuit?

An examination of @ main switchboard reveals that the
hot-water system has ils own separale main control
and metering. What type of hot-water system is it?
What do you consider to be the main disodvantage of
a solar hot-waler system?

Name some common causes of heat loss from rooms
using space-healing equipment.

State the type of space heating that would be suitable
for off-peak supply rates.

How would room temperature be confrolled in an
undercarpet type of space-healing installation?

27.

28.
29.

30.
31.

32.

33.

34.

*35.

36.
37.

38.

State one advantage of eledric concrete-floor storage
systems?

How is thermal energy siored in @ heat bank?

What is meant by o closed or inlegraied heafing
system for a large building?

How does electrical process heating reduce fire risk?
Why is it common pradtice to have a distribution board
close fo an all-eledric kitchen?

What is the ideal posifion for a distribulion board in
relation to the eledrical load?

What particulor conditions exist in kitchens that are
likely to affect wiring, conirol equipment or
switchboords?

Most of the equipment in a commercial kitchen would
be supplied by individual separale drcuits. Why are
circuils of GPOs also necessany?

What is the necessary clearance, herizontally and
vertically, from the edge of the water contoiner of o
sink to a GPO socket?

Why is i wise o dislibute the GPOs in a kitchen over
two circuils in @ domestic installation?

On some domestic installations it is both wise and
economical 1o provide an internal distribution board.
Why?

list some applications of trace heating in industry.
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Residual current devices

This chapter deals with the most widely used
method of supplementary protection, the residual
current device (RCD), and covers:

= the development of RCDs

= their operating principles

= RCD types and applications

= discrimination and dealing with nuisance
tripping

m festing

= installafion arrangements for RCD protection.



RCD protecrion, will help to avoid nuisance tripping
due to this cumulartive effect.

In a new domestic installation in Australia the use
of a type I (10 mA) or a type I (30 mA) device is
mandatory (Clause 4.14.9) for the proteciion of most
GPOs. However, most manufacturers recommended the
30 mA RCD for this purpose.

Appliances rhat incorporate “calrod™-type heating
L'IL'I“EHIS (Cg C'-:'-lﬂl'{i“g STOVES, wWialcr I'IL.':].T.CTS}' Cian }'I'.'I."a"L'
relatively high leakage currents when new or after long
periods of non-use, due to moisture absorbed by the
element insulant. Clawse 1.5.2.4 of the SAA Wiring Rules

permits the insulaton berween live parts and earth of

appliances ficted with heating elements to be as low as

10 000 2. As an example, this represents a maximum

permissible leakage current in a cooking range of:
)t

R

240
10000
= (L024 A (24 mA).

Provided thar the earthing requirements of AS 3000 are
met, these levels of leakage current are quite acceptable
and do not normally present any hazard. The circuits
for the above appliances, which are usually permanently
connected, can be provided with RCD protection by
type Il devices without encountering unwanted trip-
ping due to standing residual current (see section 14.7).

[n domestic installations, GPOs supplying refrig-
erators and food freezers are not required 1o be protected
by an RCD. This is because these appliances can have
high leakage currents from their defrost, evaporation and
antifrost heating elements and the resultant nuisance
tripping might cause food spoilage.

Standing leakage currents reach unacceprable levels
generally through the deterioration of insulation or the
ingress of moisture and other contaminants berween live
parts and earthed meral (e.g. dust, insects, spiders).
Damage by vermin also is a contributing factor. This is
a problem with older installations, particularly those
with vulcanised india rubber (VIR) or tough rubber
sheathed (TRS) wiring,

Before RCD protection 15 installed, the sources of

leakage currents must be located and reduced to accept-

able levels (see section 14.6). This may involve the

replacement of circuit wiring or the cleaning, repair or

replacement of accessories, light fittings or appliances.

Paths for residual current flow in appliances

include:

m g hlliii['il}" UI. E.‘Jruzldtrlitlll).'-; ill 4 TOAsSter;

® condensed meisture on the linte collected in a clothes
iron, particularly a steam iron;

m carbon dust build-up on the commutator of a moror-
ised appliance such as a vacuum cleaner or portable

electrie tool.

Damage to an installation during building repairs, alrer-
ations or addirions is another common source of high
leakage currents. Typical is a nail driven into wiring such
that the neurral and earth conductor bécome short cir-
cuited. This would result in up to half the load current’s
rerurning via the earthing conducror. Obviously. such
faults must be locared and repaired.

Note: RCDs will trip withour the presence of fault
current in a circuit if the active and neutral conducrors
supplying the protected circuit do not pass through the
toroidal core or do not pass through it from supply o
load in the same direction (see Figs 14.4(a) and (b)).

Elecirical disturbances

Disturbances to the normal line voltage can be caused
by lightning strikes, switching transients in the supply
system and switching off reactive loads such as motors,
welding equipment and fluorescent lights. The standing
leakage current at 50 Hz may be acceprably small, but
switching transients are usually ar higher volage and
frequencies. The higher frequencies reduce the capacitive
reactance of the circuit, and leakage current increases;

/ v

Nx=and [ = —
, ¢ X

Note: The supply conductors separated from carth by
insulation represent a capacitance berween the conduc-
tors and earth.

Switching transients, in the form of a damped oscil-
lation, are of short duration, and filtering components
sance tripping due to this phenomenon.

The consequences of lightning strikes on an elec-
trical system are quite varied and complex, bur they gen-
erally cause high-voltage and high-frequency transients
of longer duration than switching transienrs. Although
the modern RCD is equipped with filtering components
and techniques to discriminate against transient dis-
turbances in the supply lines, devices may trip when
subjected to transients due t lightning strikes. In areas
subject to frequent electrical storms, circuits that would
normally be protected by type Il devices may be more
appropriately protecred by the selective time-delay type
[V RCDs to avoid some nuisance tripping (see Chaprer
13 for protecrion against voltage surges and transients).

The inrush starting current of large motors can have
a phase difference that may cause an RCD to trip during
starting. In these cases, time must be allowed for the
currents to settle down. Therefore, when providing
residual current protection for these circuits, an RCD

with selective time delay should be installed.

Installation practices and faults

Again, RCDs deteer fault current by monitoring the

supply and return currents of a circuit. Any connection
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between neutrals of different circuits or berween neurral
and earth on the load side of an RCD will cause
unwanted tripping. You will have realised that any such
connection is contrary to the SAA Wiring Rules and is
an installation defect. However, such connections may
be found on existing installations thar were not properly
tested when the elecerical wiring and equipment were
first installed.

A typical fault is incorrect connection of the neutral
and carthing conductors at a GPO or appliance cord
lsee Fig. 14.7). Also, an addition to an existing instal-
lation may be found to have the neutral for a new light
point fed from a power circuit, usually for installation
convenience (see Fig. 14.8). Thorough testing of an
installation is vital to the process of installing effec-
tive residual current protection.

Note: Circuits that use the earth-sheathed-return
system (Clause 3.21.6), and circuits supplying ourbuild-
ings or detached portions of an installation having a
separate multiple-carthed neutral (MEN) connection
(Clause: 5.9.4), are nor suitable for residual current
protection.,

RCDs can be affected by de line components gen-
erated by equipment using phase control and rectifying

devices such as light dimmers, speed-controlled power

M —

fig. 14.7 The neutral and earih connections interchanged at a GPO
will cause an RCD installed on the circuit to trip. Such o
connection is one type of defect that moy be found when
lesting an existing installation GERARD INDUSTRIES
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tools and food processors. The dc component tends to
saturate the toroidal core, rendering the RCD ineffecrive
at derecting leakage current. The problem is being
addressed by the use of higher-permeability magnetic
matertal in the roroidal core and higher-sensitivity detec-
ton circuits in the RCDs. Also, the approval standards
for equipment incorporating phase control and recrify-
ing devices limit the level of dc component thar this
equipment is permitted to generate.

14.6 Installation and RCD testing

[n scction 14.5 it is explained that high standing leakage
current is responsible for the majority of nuisance trip-
ping. Therefore, before installing RCD protection to an
existing circuit, it is important to locate and rectify any
source of unacceprable leakage current. If the insularion
resistance of a circuit is known, the leakage current can
be determined by:

[nsulation testing of a complete installation is
explained in Chaprer 11, Volume 1. A similar procedure
15 used when testing for leakage currene:

l. Turn off the supply.
2. Disconnect the main earth and main neutral from
the neurcral link.

Lo

Appliances can be connected or tested separately.

4. Test berween the load side of the main switch and

the main earth and berween the neutral link and
main earth. See Chaprer 11, Volume 1. for testing
techniques and procedures.

5. If a low reading is obrtained, remove the fuse. or

switch off the circuit breaker for the circuits not
intended for RCD protection, and rest again.

N

{ /—’— ( JID‘D\_ C

5

? Added light point

—t

Neutral from power circuit

0

PR e

Fig. 14.8 Mixed neutrals from different circuits (o dgangerous practice) will cause an RCD to hip GERARD INDUSTRIES
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14.1 Introduction

Along with the development of electricity as a major
energy source has been the development of systems for
protection against electric shock. The early measures
adopted were aimed at the avoidance of contact with
live parts by insulating, providing barriers, enclosing live

parts or locating live parts out of reach. This level of

protection, however, does not offer protection from
direct or indirect contact with live parts in the event of
insulation breakdown, damage ro the barriers or enclo-
sures, or deterioration of these materials due ro ageing.

To give protection against indirect contact with live
parts, earthing systems were introduced. Together with
appropriately sized fuses or circuir breakers, ‘fault pro-
tection” methods evolved. As pointed our in Chapter 12,
carthing systems fail in providing protection against the
risk of electric shock when the earth faulr resistance is
high. To overcome this failing, residual current devices
(RCDs) are being more widely used as a supplementary
protection to the carthing system. This chaprer covers

the r.'lcw:lnpmunt. operating principles and spplim[iun of

these devices, initially introduced in Chaprer 12,

14.2 Development of residual

current protection

RCDs have been used as supplementary protection in
some induserial activities, medical treatment areas and the
construction industry for a number of years. These devices
have also been known as ‘core balance units’ or “current-
operated earth-leakage circuir breakers’. More recently,
through electrical-safety promotion programs particularly
aimed ar the domestic consumer, they have been referred
to as ‘safery switches', [rrespective of the terms used o
describe this type of protection, their purpose is the same:
to rapidly cut off the power to a circuit when measured
conditions in the cirenit indicate that a current, at a level
likely to cause physical harm, is leaking to carth. Protection
against leakage currents likely to cause damage or starr a
fire can also be provided by RCDs,

[n the early development of electrical systems, only
limited protection against electric shock was provided,
as little was known abourt the causes of death from elec-
trocution and the factors involved. Rescarch into the
physiological effects of electricity has been parallel with
the development of electrotechnology (and medical
science) since the late cighreenth cenrury. It was not
until the 1930s that the mechanisms of electrocution
(i.c. the effects on the heart, lungs and other organs as
well as the burning effeet) were more fully understood.

Since that time research has determined specific
factors related to electric shock, such as human body

LR R L R N E E R R A A A TR

impedance, the harmful effects of increasing current
levels and the duration of current flow. Much of this
research has been carried our by the International Flec-
trotechnical Commission (IEC) and is documented in
IEC Report 479: Efféects of Current Passing through the
Human Body. This information was essential to the
development  of  effective techniques of prortection
against electric shock.

The severity of the effects of electric shock depends
on the magnitude of the current, the duration of current
How and the current path through the body. A current
of sufficient magnitude and duration passing through
the heart will upset the normal heart funcrion, causing
it to fibrillate. Ventricular fbrillation is the disruption
of the normally coordinated rhythmic conrraction and
relaxation acrivity of the heart muscles so thar pumping
action becomes ineffective and blood circulation ceases.
Under these conditions, permanent brain damage ocours
within a few minutes followed by death within several
minutes. Venrtricular fibrillation is the main cause of
death by electrocution involving low-volrage ac (50 V
to 1000 V), while burns are a grearer contributing factor
in_high-voltage electric shock (see Chaprer 2, Volume
I, for the resuscitation of vicrims of electric shock).

The rime—current effects on the human body are
shown in Figure 14.1 and have been accepred as the
international standard for the development of techniques
of protection against electric shock. The characteristic
curves a, b and ¢, form the boundaries of four zones
representing  the various time—current effects on the
human body:

zone 1: usually no effect

e I

zone 2: usually no harmibul ¢ffect

zone 3: muscular conrraction; breathing difficul-
ties; ventricular fibrillation not likely (0.5
per cent probability)
zone 4 (including the effects of zone 3):
¢, probability of ventricular fibrillation
increased to 5 per cent
c. probability of ventricular Ffbrillation
increased to S0 per cent
¢, probability of ventricular fibrillation

increased to above 30 per cent.

Further increase in current and time is likely to cause
complete stopping of the heart acrivity (cardiac arrest)
and breathing; burning may also occur. If the duration
of current How is below 200 milliseconds (0.2 seconds),
ventricular fibrillation is likely only within whar is
known as the ‘vulnerable period” of heart activity, if the
relevant threshold current is exceeded. The vulnerable
period can be seen on the electrocardiogram of a healthy
heart (see Fig. 14.2) and is the T-wave portion of the
CUrve.

"This informarion on current effects on the human
body has served as the basis for determining the oper-
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Fig. 14.2 Hectrocardiogram shows the electrical activity of the heart
over one heortbeat GERARD INDUSTRIES

ating  characreristic for effective RCDs. By way of
example, the shaded area in Figure 14.5(b) shows the
range in which a type 11 RCD (30 mA) must operate
as required by AS 3190: Approval of Test Specifications—
Residual Current Devices. It can be seen thar the RCD
will trip the circuit thar it is protecting well below the
threshold of the probability of ventricular fibrillation
(i.e. below c,).

14.3 Operating principle

The RCD uses a roroidal transformer, similar to a
current transformer, to derect leakage current. The see-
ondary winding is known as the sensing winding or

faulr detection winding'. It is connecred to a trip relay,
which, when activated by an earth leakage current, oper-
ates main contaces to switch off the circuir. The active
and neutral conductors supplying the circuit to be pro-
tected are installed so char they pass through the toroidal
core (see Fig. 14.3).

In the case of a single-phase circuit, the current that
fows in the acrive conductor is normally equal ro and
opposite to the current lowing in the neutral conductor.
Magneric fluxes, related to currents in cach conductor.
are established in the toroidal core. Under normal con-
ditions, the phasor sum of these currents is zero: the
Hluxes cancel each other, and so the resultant flux in the
core is zero (see Fig. 14.4(a)).

Tracing out the pach of the carth faulr current in
Figure 14.4(b), it can be seen thar this represents a
second current path from the active to the source, which
bypasses the toroidal core. The current in the active con-
ductor is now the sum of the load current and the earth
faule currenc (i.e. current bypassing the toroidal core),
while the current in the neutral is equal 1o the load
current. Under these conditions, the phasor sum of the
currents in the active and neurral conducrors passing
through the toroidal core will be equal o the earth fault
current. A net resultant magnedic flux is established in
the toroidal core by this fault current (i.c. a residual
current),

Due to transformer action, the net flux in the core
induces a voltage in the sensing (secondary) winding,
which is then used to operate the trip relay to isolare
the circuit,

In multiphase ac circuits, the phasor sum of the

currents in all conducrors is normally zero. This is the
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case even when some phases are loaded more than
others, as the out-of-balance current is carried by the
neutral conducror. If all the conductors supplying a load
are passed through a roroidal core rransformer, any earth

faule current will be derected by the sensing winding,

Thercfore the same operating ;u'im;ip]v applies as

described for single-phase ac circuits.

[t should be observed from Figures 14.4(a) and (b)

that to detect earth fault current all the live conductors

supplying a circuir (active/s and neutral) must pass
lhmu;h the device, from .‘il.lp}.‘}l:r' to load, in the same
direction.

The term ‘residual’, meaning ‘lefrover’, refers ro the

current left over as a result of the phasor sum of the




currents in all the conductors passing through the toroi-

dal core. The terms ‘earth fault current’, “earth leakage

current’ and ‘residual current’ are interchangeable.

The basic operating principle applies to all RCDs,
and all use a roroidal current ransformer to sense resid-
ual currenr. However, in practice there are variations in
the other operating mechanisms, and these variarions are
mainly related to reliability and manufacturing cost.

The three main types of operating mechanism are
t1c-5£1'ii‘.rud L‘H.'Inw.

o Magnetically held trip relay: The wip relay includes a
permanent magnet, which holds a spring-loaded
armature in the closed position. The sensing winding
of the toroidal transformer is connected to the trip
relay coil. An output from the sensing winding causes
a disturbance in the magnetic circuir, which weakens
the flux and releases the armarure. The energy from
the spring-loaded armature mechanically trips the
main contacts. No connection berween the trip circuir
and the supply is required. There are two types of trip
relays that use this same principle. One type is a polar-
ised-type relay thar only responds to the positive half-
cycle of a fault current. The other is a sacuration-type
relay thar responds to both the positive and negative
half-cycles of a faule current, improving the response
time by half a eycle or 10 milliseconds for a 50 Hz
supply.

u Electronic relay: The small output :-;igmll of the toroidal
transformer is used to trigger a silicon-controlled rec-
tifier (SCR) or is amplified to operate a relay or shunt
trip circuit to wip the main contacts, These types
derive their operating energy from the mains supply.

. Magnetically held velay with electronic tine delay: The
circuit from the sensing winding in this type of relay
includes filtering or delay elements to provide dis-
crimination against unwanted tripping.

All RCDs must be provided with an accessible
testing facility. This allows the user to test periodically
the tripping operation of the device by pressing a rest
button located on rthe RCD. When the button is
pressed, an artificial earth faulr is creared such that all

of the components of the device are rested.

14.4 Types and applications

The Australian Standard  Approval and Test Specifica-
tinns—Residual Crrvent Devices (AS 3190—1994) clas-
sifies four types of RCDs or residual current relays. The
standard also covers portable RCDs, Note that under
this standard a ‘residual current device” is defined as con-
wining a toroidal transformer for detecting residual
current, a circuit-tripping mechanism and test facilicies

constructed in one unit. On the other hand, a ‘residual

current relay” contains a toroidal transformer, test faci
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ities and circuitry necessary to provide an ourpur. The
output can be connected to operate an external conrac-
tor or shunt-trip circuir breaker. Generally, throughour
this text the erm ‘RCD’ will include both of these
devices, unless otherwise stated.

The rated residual current (1, ) of an RCD is the
residual (fault) current at which tripping operation of
the RCD is ensured. This is also known as the sensitiv-
ity of an RCD. The RCD must operate within a
maximum rated time, and also must be able to distin-
cuish between ‘true’ leakage current and other distur-
bances that may cause ‘nuisance’ tripping,

As well as tripping sensitivity rating an RCD has a
maximum load-current rating. So when selecting an
RCD for a particular application, both the trip sensitiv-
ity rating and maximum load-current rating need to be
specified (e.g. 30 mAS20 A). However, AS 3190 classi-
fies RCDs by their sensitivity rating,

The classifications of RCDs are:

type I residual  current  rating  not exceeding

10 mA

tvpe H: residual current raring exceeding 10 mA

but not exceeding 30 mA

type Iz residual current rating exceeding 30 mA

but not exceeding 300 mA withour selec-
tive tripping-time delay

type 1V: residual current rating exceeding 30 mA

bur not exceeding 300 mA wich selective

tripping-time delay.
Portable RCDs are divided into:

class L: single-phase portable devices primarily
intended  for  household and  similar
general use

class H: porrable devices primarily intended for

!_"|L'|]i'['lll i”{.{ll.‘i[l'ill[ LISE,

The type I RCD is specified for use in patient trearment
arcas by AS 3003—1985 Electrical Installations—Patient
lreatment Arveas of Hospitals and Medical and Dental
Practices. This type is also suitable for use in research
and educational laborarories. In hospital use, the RCD
must trip on a leakage current of no more than 10 mA
in a time of not more than 40 milliscconds. As medical
equipment may also contain rectifying components, the
type I RCD must also respond to de pulses. The device
must not trip on leakage currents less than 5 mA (see
Fig. 14.5(a)).

Medical trearment quire often requires the patient
to be connected to eleccromedical equipment, and some
procedures may involve the insertion of electrodes into
the body. Under these conditions, body resistance is
lowered and the probability of fibrillation is greatly
increased.,

The maximum trip time for cype [ devices is derived

from the duradon of the vulnerable period of heart

acriviry discussed in section 14.2. Electrical installations
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:!n[l L'LEl.Ii[J['I'IL‘I][ ill iTIL'L'“L_:II freatment arcas arc L"ﬂ"n'{_'rL"ll
in greater detail in Chaprer 19.

The type [T RCD is required to operate within 300
milliseconds (250 milliseconds for residual current relays)
at 30 mA leakage current and within 40 milliseconds at
150 mA leakage current, It can be seen in Figure 14.5(b)
that this operating characteristic is well below the prob-
ability of ventricular fibrillation, and therefore this type
of RCD will protecr against direct contact with live parts.
The device must not trip at leakage currents below 15 mA.
[n practice, a typical design point would be 22.5 mA 1o
trip i less than 40 milliseconds.

Clause 4.14.9 of the SAA Wiring Rules requires all
general-purpose outlets (GPOs) in a domestic installa-
tion to be protected by a ype I (10 mA) or wype 11
(30 mA) RCD. One exception is GPOs supplying
refrigerators and food freezers. Another is additions and
repairs to an existing installarion. Note, however, that a
new circuit of GPOs in a domestic inscallation must be
RCD-protecred (see Paragraph H2.6 of AS 3000). Type
[l devices would be the most suitable in the majority of
cases, as type | devices may be subjected to a high degree
of ‘nuisance’ tripping in the domestic installation.

At the time of writing (1997), the use of RCDs is
reccommended in New Zealand, buc the mandarory
requirement of Clause 4.14.9 does not apply. However,
1n'l.'l'l:L'[".’ a HHL‘]'I:L‘[ ull[lvt ]‘1 lIHL'L{ €8] HU[:'P[_'U l,.'l[.:[LliPI'I'LL'I'l.l oLt~
doors in a damp situwation in New Zealand, protection
by an RCD with a maximum rated residual current of
30 mA is required. The RCD muse be a type that

i'cspumih not t11'||}' to residual u]Lurn:uing currents but to

any residual pulsating direct currents.

Types 1 and 11 are available in an RCD/circuit
breaker combination providing circuir protection and
residual current protection in one unit (see Fig. 14.6(d)).
RCDs incorporated in a standard combinadion outlet
assembly provide a convenient and economical method
of installing residual current protection in an existing
circuit (see Fig, 14.11).

Type 1T RCDs are manufactured with residual
current rarings of 100 mA and 300 mA, with a
maximum tripping time of 300 milliseconds (250 mil-
liseconds for residual current relays) ar the rated tripping
current. Although the maximum operating characteris-
tics (see Fig. 14.5(c)) show the 100 mA device to be
below the hbrillation zone, a 300 mA device would be
in the zone of probability of fibrillation. Therefore, type
[ RCDs are intended for prorection against indirect
contact with live parts or where a high .\'::ml.iing leakage
current would cause a type 11 RCD ro trip.

The only method of discrimination thar can be
incorporated into the operating characteristics of an
RCD is one that uses different reponse times 1o a given
fault. Fault current is independent of the RCD and is
the result of the t't.}l{:lg: and the faule |1;|r}'| resistance:

; v

R

Type IV RCDs (also known as S-type because they
have selective tripping-time delay) are available with the
same residual current ratings as twype 11 (see Fig
14.5(d)). However, rthe wip time response is
50 milliseconds to 150 milliseconds ar maximum faule

current, whereas the response time for tvpes 11 and 111
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is 40 milliseconds, resulting in a minimum time delay
of 10 milliseconds. Therefore, type IV devices can be
used as backup protection when connected in the supply
to type 11 RCDs. They are also intended for protection
against leakage currents likely to cause a fire on circuits
where type I1 or 11T devices are nor installed.

Portable RCDs incorporate type 1 or I devices,
which protect one or more socker outlers, cord extension
sockets or a combination of both. The requirements for
these devices as specified in AS 3190 include limitations
on the lengths of supply flexible cords for a given RCD
load-current  rating and cord conductor size. For
example, a supply flexible cord with 1.0 mm? conduc-
tors and protected by a portable RCD with a load
current not exceeding 10 A is limited to a length of
25 metres. The Standard stipulates maximum lengths
~ for supply flexible cords with conductors up to 4.0 mm?-.

The Australian Standard AS 2081 Electrical Equip-
ment for Coal and Shale Mines—Electvical Protection
Devices covers, in part, earth-faule protection devices
with rated tripping currents above 300 mA but not
exceeding 500 mA, The Standard is used by the mining
authority in each state to detail permissible carth leakage
devices under local regulations. Devices usually require
approval by the relevant mining authority before they
can be installed.

In mining activities, earthing systems are required
to be regularly monitored, and most cables are of the
neutral-screened or armoured type, making protection
necessary  against indirect contact (e, the volrage
between exposed metal and carth during an carch faul)
only.

Residual current relays are used mainly in non-
domestic installations such as hospitals, heavy industry
and mining and are manufaceured in a wide selection of
sensitivities, including types 1, 11, 111 and V. Outputs
from residual current relays are intended for the opera-
tion of a shunt trip coil, the undervoltage release coil of
a circuit breaker or the coil of a conractor (see Figure
14.6(c)).

[t is worth noting that RCDs are available in enclo-
sures with appropriate international protection (I11?)
ratings (see Chaprer 19) thar allow their installation in
harsh environments. Figures 14.6(a)—(¢) show a variery
of RCD types and styles.

14.5 Discrimination and dealing with

nuisance fripping

An RCD must be able:

= 1o detect leakage current up ro its rated value;

= o switch off the supply rapidly when such leakage
current has been derecred:

LR A R RN L R R R R R RN L LT e

Fig. 14.6(a) Type I RCD infended for protection ogoinst elactric shock
in medical frealment areas GERARD INDUSTRIES

= 1o ignore leakage currents 50 per cent below its rated
value; and

= 1o discriminate berween leakage current caused by an
earth fault and other line disturbances (i.e. avoid
unwanted tripping).

The major causes of unwanted or nuisance wipping
can be reduced to acceprable levels in the majority of
cases. These causes are:
= standing leakage currents
® ¢lecerical disturbances
= installation practices and faults.

Standing leakage currents

Although the materials used for insulating electrical
equipment and wiring provide excellent insulating prop-
erties, they are still subject to some leakage current. As
the insulating properties deteriorate with time, the
leakage current will increase. The leakage current present
in an elecrrical appliance, circuit or installation is known
as the ‘standing leakage current’.

Electrical  equipment  must  comply with the
approval and rest specifications of the AS 3100 series,
which in part sets maximum acceprable levels of leakage
current for specific types of equipment. The initial
standing leakage current can be as high as 5 mA for
some cord-connected appliances (e.g. eleceric frypan,
domestic clothes iron). When a number of these appli-
ances are used on the same power circuit, the cumularive
effect of their individual leakage currents could cause

unwanted tripping of an RCD protecting the circuir.
Arranging GPOs on separate circuirs, each with separate
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14.7 Installation arrangements for

RCD protection

There are a number of installation arran gements for pro-
viding residual current protection. The factors governing
these oprions are:

the level of protection required by regulations;
® additional protection specified by the consumer:
installation limications; and

= overall cost.

The first three of these factors will be discussed here.

Level of profection required by regulations

Residual current protection s mandatory for most
GPOs in new domestic insallations in Australia (Cliause
4:14.9) and for socker outlets in medical treacment areas
(AS 3003). As mentioned in section 14.4, RCD protec-
tion for socket outlets supplying equipment in damp
Jsituations is mandatory in New Zealand, The inscalla-
tion arrangements in medical treatment areas are fairly
well defined in AS 3003, which specifies the location of
RCDs for easy access and restricts the number of outlets
connecred ro an RCD-protected circuit (see Chapter 19
for more details on areas in which electromedical equip-
ment is used).
In a domestic installation, a number of options are
available for the provision of RCD protection o GPO
circuits. Installing an RCD-protected socker outler (see
Fig. 14.11) in place of a standard outlet will also provide
carth-faule protection on all GPOs installed downseream
from the device. Figure 14.12 shows this arrangement
where a GPO s left unprotected for the connecrion of
a refrigerator or food freezer, both of which are exempt
from a mandatory requirement, while all other GPOs
are protected. In an existing installation it will be nece-
essary to determine the location of the first GPO on a
circuit, as any GPOs or wiring upstream of the RCD
will not be protecred.
The other options in a domestic installation involve
the installation of devices at the main switchboard, and
include the Fﬂffmving:
® Fowr-pole RCD installed on the load side of the cirenit
protection devices (as shown in Fig, 14.13). This
arrangement is casy to install, particularly in existing
installations, as little modification 1o the switchboard
is required, However, this setup is limited to protecred
nstallations with two protected power circuits only;
any additional power circuir installed ar a later date
will require an additional RCD, unless it is a dedi-
cated cireuit for a refrigerator or freezer. Also. a faul
on cither circuit will trip both circuis,

» Two-pole RCD installed on the line side of the cireuir
protection devices (as shown in Fig. 14.14). With this
arrangement, although circuits can be added later, the
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6. With any further low readings. it will be necessary
to test each circuit individually. Apart from old light-
ing points and power outlets, junction and terminal
boxes are likely to be the main sources of leakage
current, particularly those located in areas where the
ingress of moisture is possible.

A reading of T MQ means thar chere is a leakage current

of 0.24 mA for a potendal of 240 V to earth. If the

insulation resistance is reduced o 0.1 M, the leakage
current will increase to 2.4 mA. because current
increases as resistance lowers.

The disadvantages with this method of testing for
leakage currenc are thar the installation has o be
switched off during testing and thar some wiring and/
or equipment must be disconnected. Also, there is a risk
of damaging equipment incorporating clectronic com-
ponents, it due care is not taken.

A simpler and more convenient method of resting
for leakage current is with a clamp-type ammerer. The
ammeter must be a low reading type, say 100 mA full-
scale deflection. When the ammeter is clamped around
the conducrors (active/s and neutral) supplying a circuir,
the reading will be the phasor sum of the currents in
these conductors, In other words, the ammeter reading
represents the leakage current of the circuit, the same as
'seen” by an RCID. In this manner the leakage current
for a whole installation or individual circuits can be
determined. With the use of a control adapror the
leakage current in cord-connecred appliances (one of the

main offenders with regard to high leakage current) can
be measured (see Figs 14.9(a) and (b)).

Note that any standing leakage current not elimi-
nated from a circuir ro be earth-faule protecred increases
the apparent sensitivity of the RCD. For example, a
circuit with a 10 mA standing leakage current prorecred
by a 30 mA RCD (with a tripping current of 25 mA)
will trip on a 15 mA fault.

Once an RCD has been installed, it is important
periodically to test the device, to ensure thar it is func-
tioning correctly. The consumer should be made aware
of the test button located on the front of the RCD and
should be advised on testing the device at regular inter-
vals. An RCD should also be tested for calibration from
time to rime, to ensure that it operates within specified
tripping currents and time. RCD resters are available
that provide for the injection of a selected trip current,
measurement of trip time, and enable positive and nega-
tive half-cycle testing ro be selected. A typical RCD
tester is shown in Figure 14.10.

Australian/New Zealand standard AS/NZS 3760—
1996 In-Service Safety Inspection and Testing of Electrical
Equipment sets out inspection and testing requirements
for electrical equipment in use in various environments

such as construction sites, facrories and offices. The
Standard includes resting criteria for RCDs and specifies
how often tests are to be carried out. It has been adopred
variously by regulatory authorities for elecrricity and
occupational or workplace health and safey.

Fig. 14.9(a) low-reading clamp ammeter used with a contral adaplor fo detect leakage current in an applionce  GIRARD INDUSTRIES
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Fig. 14.11 R(D incorporated into a standard combinalion switch socket

device is susceptible ro nuisance tripping due to the
accumulated standing leakage currents of all the pro-
tecred circuits, Also, a fault on any protected circuit
will trip all protected circuits.

Where a separate RCD (i.e. not a combined
RCDIMCB) is installed on the line side of the circuit
protection device/s a separare neutral bar!iu'{g_fur the
RCD—pmtccmd circuits is needed. This is the case for
the arrangements shown in Figures 14.14 and 14.16.
Generally, compact-type switchboards are supplied
with a split neutral bar/link joined by a bridge con-
nection. The bridge can be removed to provide sep-
arate unprotected and protected sections of the neurral
bar/link.

In addition to the rated residual current an RCD
must be rated for maximum load current (Clagse
2.4.3.1). In the arrangement shown in Figure 14.14
this is the combined load current of the two power
circuits procected by the RCD. For example, if each
power circuit is protected by a 20 A circuir breaker,
the rating of the RCD must be at least 40 A,

Another example is where a four-pole RCD is
used to protece three single-phase power circuits. In
this case, as the neurral pole of the RCD is to carry
the current of all protected circuits, the RCD must
be rated accordingly. Typically for these power cir-
cuits, if each is rated at 20 A, a 63 A rated RCD will
be required. Also, when connecring a four-pole RCD,
it is important that the neutral conductor/s be con-
nected to the polels specified by the manufacrurer.
This is necessary because the internal rest and trip

HPM INDUSTRIES

circuits are arranged across particular poles.

s Combined RCDlovercurrent civeuit-breaker wunit for

cach civenit (as shown in Fig. 14.15). This arrange-
ment confines carth faulr tripping to each individual
circuit and is only required to cope with the standing
leakage current of each circuit. It can be considered
the most satisfactory of the three arrangements dis-
cussed here.

In most areas regulations require RCDs of rype |

or II for the protection of all fixed-wiring final subcir-

cuits on construction sites, as well as the use of portable
units for protection against earth faults in power tools.
Local regulations should be consulted before undertak-
ing installations related to construction activities.

For the mandatory requirements of earth leakage
protection in mines, you should consule AS 2081 and
local mining regulations.

Additional protection specified by the
consumer

The clecerical contractor’s client is free 1o specify any
earth fault protection additional to the mandarory re-
quirements. In many non-domestic installations, these
requirements are usually clearly documented in the job
specification.  The installations in many  buildings
include RCD protection for circuits supplying socker
outlets and equipment in high-risk (carthed situation)
areas. A typical example is RCD prorecrion of socker
outlets in laboratories and classrooms of educational
institutions,
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fig. 14.12 Distribution arrangement in a single domestic dwelling for protection of power circuits using RCD/switched socket units. Note the

unprofected GPO for connecting o refrigerator or freezer

For domestic and small non-domestic installations
the customer is likely to seck advice from the electrician

‘on additional protection. The important consideration

is to ensure that high-risk areas are protecred in a con-

Miguration thar will avoid nuisance wripping. The
arrangement shown in Figure 14.16 gives both shock

and fire protection for the whole installation excepr the
water-heater circuit. Using individual RCD protection

for cach light and power circuit gives greater selectivity

in protection. The only circuit disconnected will be the
one with the fault. This is not the case where a single
RCD is used ro protect more than one circuit. The fol-
lowing may be useful as a general guide in providing
effecrive carth faule protection in domestic and small
non-domestic installations.

A whole installation can be protected against
damage or the risk of fire by a type IV (S-type) 100 mA
unit installed on the supply side of all prorected devices.
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(b) Typical compact switchboard wiring arrangement

Fig. 14.13 Distribution arrangement in a single domestic dwelling for profection of two power dreuits using one 4-pole RCD

Fixed appliances (c.g. cooking equipment, water
heaters) can be protected against the risk of shock by
type 111 100 mA devices without being subject o nui-
sance tripping, However, as this equipment is considered
low-risk, provided that it is correctly carthed, a more

cconomical but limited protection is achieved by the
single type IV (S) 100 mA unit installed o protect the
whole installation, as mentioned above,

Lighting points in high-risk arcas such as bath-
rooms, laundries, kitchens and outdoors should be pro-
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fig. 14.14 Disiribution arrangement in a single domestic dwelling for protection of two power circuits using one 2-pole RCD. Note the separate

neutral bars/links for RCD-protected and non-protected portions

tected by a type 11 30 mA device. The protection should
be separate from any other circuir to avoid faults plun-

ging the whole installacion into darkness.

Circuits supplying equipment in spa or pool areas

are usually protected adequately by type 11 30 mA
devices, as long as heating elements are not involved.

of the installation

Figure 17.4 in Chapter 17 shows a switchboard
equipped to provide RCD type 1V as the main switch,
REDIMCB type 11 for pool area and RCD type 11 for
two power circuits. The switchboard comes fitted wich
an earth bar and an unprotected neurral bar with ter-
minals for the main carth, main neutral and MEN
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connections and separate neutral bars for type 11 and
type IV protecred circuits.

Manufacturers’ dara sheets and calogues show
many alternative arrangements for providing RCD pro-
tection and the special design features of their particular
products,

Installation limitations

Circuits with long roure lengths may present unaccepr-
able standing leakage current due to cheir capacitive
effect. This situation is more likely to arise in non-
domestic installations and can be overcome by installing
the RCD close to the equipment being supplied. With

SUMMARY

® Residual current devices (RCDs) are used 1o rapidly cut off
the power 1o @ circuit when measured conditions in the circuit
indicate that a harmful current is leaking fo earth.
= The severity of the effeds of elediric shock dapand on the
magnifude of the current, the durafion of the current flow
and current path through the body.
= A current of suffident magnitude and duration passing
lhruugh the heart will upset the normal heart fundtion,
causing if fo fibrillate.
= Ventriculor fibrillation is o disruption of the normal pumping
action of the hearl, causing blood drculation fo cease, which
will result in death if not redified promplly.
= The research information on the effeds of current on the
human body has served as the basis for defermining the
operaling characteristics of effective RCDs.
= R(Ds use a toroidal fransformer to detect any difference
between the oufgoing and refurn current in all live
conduclors of a circuit.
= The live conductors (adive/s and neutral) for a crcuif pass
through the core of the toroidal fransformer. The transformer
ads much like @ current iransformer, responding fo the
resullant magnetic flux surrounding ,ull live conductors.
= Under earth leakage conditions the imbalance in the
oulgoing and retum currenis, due fo the leakage current,
result in a net magnetic flux surrounding the conductors
passing through the foreidal core.
= The net magnefic flux induces o voltage in the transformer
winding. If the earth leakage current is sufficiently high, the
induced voltage operates a frip mechanism to switch off the
power fo the tir_g-uﬁ.- _
= The three main fypes of RCD operaling mechanisms are:
. rnugna!n:ullv held trip relay
« electronic relay _ |
= mognetically held relay with electronic fime delay.
® The dassifications of RCDs are:
= fype I residual current rafing not exceeding 10 mA;
= fype Il: residual current rating exceeding 10 mA but not
exceeding 30 mA;
= type lll: residual current rating exceeding 30 mA but not
‘exceeding 300 mA without selective tripping-fime
delay;

this arrangement, protection is not provided for the
circuit cable on the supply side of the device, which can
be classified as low risk. The prorection is confined to
the area most likely to be ar high risk, that is, the equip-
ment and adjacent wiring.

Warning: RCDs will not provide protection against
electric shock where there is no leakage current to earth,
such as an electric shock caused from direct contace
between active and neutral or benween phases of a
multiphase circuit. Even though a circuit may be pro-
tected by an RCD), a fatal shock is still possible or can
be the cause ot a secondary accident (e.g. falling off a
ladder). Safe working practices should be observed at
all times.

= type IV: resi{iuul curent r"u'hng Ei-:ceedmg 3’0 mA hur not

[, | _,daiuv
= Portable R(Ds are divided into:

= dass L: single-phase devices intended for household use;

= closs H: intended for general use.
= Typical applications of R(Ds are:

« fype I: infended in areos where persons may be more
‘sensitive fo the effects of current, such as pafients
connected to elecromedical equipment;
infended for general protection against eleciric
shock and particularly used for drcuits supplying
GPOs and socket outlets;

= fype lll: useful where hlgh stonding currents would cause

type Il R(Ds 1o frip;

= iype IV: intended os backup protection for type Il RCDs

.and to profect against leakage crrent likely fo
couse a fire. Delay funclion is to prevent nuisance
fripping.
= Residual current relays are used mainly in non-domestic
insfallofions. The output from a residual current relay can be
used fo operate the trip coil of a circuil breaker or other
power circuit tripping device.
= An RCD must be able:

= fo defect leakage current below its rated value:

= 1o switch off the supply rapidly when leckage current has

been defected;

= {0 ignore leakage currents 50 per cent below ifs rated

value; 'and

s 1o, disciminale betwasn genuine leakage current ond ofher

line disturbances.
= The main causes of nuisance fripping are standing leakage
currents, electrical disturbances, and poor installation praclices
and faulls.
= Before RCD profection is installed, sources of leakage current
must be located and reduced 1o an acceptable level.
= Sources of unacceptable leakage current are deferioraled

‘wiring insulation, moisture and contaminafion between live

pars and earthed metal, purtlculurly around terminals and in

appliances.

= fype lI:
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® Hledrical disturbances that may cause nuisance fripping are
the result of lighining strikes on the system, switching
Iransients or switching of readfive loads.

n Bef{ma an RCD is installed on an existing installation any
defecis tesulting from poor installafion practices must be
reclified.

® Unaccepfable level of leakage current can be deteded

through insulation resistance testing or by use of o low
reading clip-on ammeter (see section 14.6).

= The Iripping characterisfic of an RCD should be checked

pannchculfy This is done using a special residual current
crevit breaker (RCCB) fester.

" I’ns’m]lulmn arrangements for providing residual current

profection are govemed by:

= Ihe level of protection required by regulations;
= additional profection specified by the consumer:
= insfallation limitations; and

* overall cost.

REVIEW QUESTIONS

Where the answer lo a review question is numerical or requires

reference fo the SAA Wiring Rules, the answer is given at the

back of the book. These questions are marked *.
1. What is the main couse of deaih from electric shack
by low voltage?
2, Destribe the purpose of an RCD.
* 3. To what Australian Standard must types I, II, Il and IV
RCDs comply?
4. Explain how an RCD deteds leakage current.

* 5. (o) What are the SA4 Wiring Rules requirements for
providing profection against the possible risks of
earth-leakage currents?

(b) What is the minimum load current rating for an
RCD?
6. Whal is meant by the lerm ‘residual current rating'?
* 7. Llisl the maximum residual current ratings for fypes |, Il,
Il and IV RCDs.
8. Describe the meaning of ‘standing leakage current’,
* 9. Delermine the standing leakage current for o circuit
supplying GPOs if the resistance between live
conductors and earth is measured as 5000 €,

B et AL )

= Residual current profedtion is mandatory in huslmhu
(recnmmanded in New Zealand) for most GPOs in new
domestic installations and for socket outlets in medical
freatment areas.

= Regulafions require RCD protection for fixed-wiring final
subdrcuits on construction sites, as well as the use of
portable units for profection against earth faults in power
tools.

= Mining regulations also specify various requirements for earth
leakage protedtion. )

= Some installation arrangements for RCD protection are shown
in Figures 14.12 to 14.16.

= R(Ds will not provide protection against electic shock where
there is no leakage current to earth, such as an electric
shock caused from direct contact between adlive and neutral
or between phases of a mulfiphase dircuit.

= RCDs will not provide protection against overcurrent in @
dircuif, unless they are combination fypes offering boih earth-
leakage and overcurrent protection.

10. What type of R(D is approved for the protection of
patients in medical treatment arens?

11. Describe a procedure for tesfing an existing installation
for leakage currents.

12. What problems could be encountered with a single
RCD installed fo provide profection on @ number of
circuifs?

13. Name the tests that should be carried out regularly fo
ensure that on RCD is operating correctly.

14. Will on RCD provide absolute protection against a fotal
electric shock?

15, What is the only effective method of protection against
the risk of eleciric shock from aclive to neutral or
between phases?

*16. A new circuit of GPOs is to be added to an existing
domestic installation. Is RCD protection of the new
circuit required?

17. Complete the diogram on page 80 so that all drcuits
excepl the waler healer are protecied by an ‘S'-type
RCD and power circuits 2, 3 and 4 are protected by @
lype Il four-pole RCD.



Testing and checking

In this chapter you will learn about festing
electrical circuits and systems, including:

= reasons for testing

= testing principles and the difference between
dead and live testing

= devices and accessories used in testing

= testing safely

= general requirements for festing an installation

m testing techniques

= gppliance testing.
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During the installation of wiring and equipment, rests

are carried out from time to time to check the circuiory
and the condition of the installation, thus avoiding
costly repairs or adjustments later. Once the installation
is complete, and prior to its connection to the supply,
final testing and checking is a requirement of regulations
and the assurance of quality of an clectrician’s work.

An existing installation needs similar testing period-
ically, or whenever routine maintenance checks are
'l'i-ll'ldl'.

[F a section of wiring or equipment develops a fault
while in service, it becomes necessary 1o commence test
procedure for the isolation of the fault immediately,
Tests are required again after repairs or alter additions
to an installation. Whatever the situation, the final
outcome of testing and checking an installation is to
ensure thar the following apply:

m that the carthing system is complere and continuous,
and its resistance is suthciently low to meer require-
ments of the regulatons. This is 1o ensure thar the
circuit-protection devices such as circuir breakers and
fuses operate to cut off the supply in the event of a
.‘-‘.]‘mrr L'il'L'lI'JIL }.'I-{_'I\‘-"IL"L'“ .'il_'[i"l.'L' IL'“”(.{LIC[”]‘H ill'ld L'-';I]‘lh.

® that the installation resistance berween all live pares
and earth is adequate and sufficiently high to meet

the Fequirements of the rcgu];ttinnx. This 15 to ensure

that people using the elecrrical installation: cannor
come in contact with live parts and receive an eleceric

shock. Also, it |1r:||‘n-‘ profect agains -.1.|m-.=3_-lc and fire

due to leakage or short-circuit currents.

m that the active, neurral and earthing conducrors are
connected to the correct terminals throughour the
installation, Incorrect connections can result in the
carthing system becoming ‘live’” or the terminals of
appliances, lampholders and the recepracles ol socker
outlets remaining ‘live” when they are switched “oll.

m that all circuits are connected correctly to ensure that
there are no interconnections ol live conductors
between different circuits or short circuits berween
conducrors. An installation where there is an intercon-
nection of live conductors berween ditferent circuirs
may appear 1o operate correctly. However, an electri-
cian working on the installation at some future time
may be exposed to an cleceric shock, for instance when

the neutral conductor of an interconnected circuir is

open-circuited, such as ar the terminals of a baten
holder. This situation might arise even though isola-
tion procedures appeared to prove that the circuir was
‘dead” and safe to work on.

m that switchboard equipment is marked correctly, in
particular thar active conductors and their correspond-
ing neutral conducrors are identified. This is to help

gnsure l]"lL‘ :‘iilIL'l'}’ ol }‘IL'FHHIIHL‘I L'il['T'}'iI'I Lt "n‘u'{'ll']{ In

F
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the furure on the installation or maintenance on
equipment by identifving circuits and their protecrive
devices for the purpose of isolating them from the
supply.

m that the installation operates as intended. This is to
ensure that all switches operate corréctly; the rating of
circuit protection devices, switches and control equip-
ment is adequate; the current-carrying capacity of the
circuit cables is sufficient: the voltge drop in the
installation is not excessive; residual current devices
operate under fault conditions; metering arrangements
and connections are correct; and wiring and equip-
ment are not damaged and are adequarely prorected
against risk of damage.

m that the completed installation complies with the 544
Wiring Rules, local regulations, any relevant code, such
as AS 1735: SAA Lift Code tor example, and customer
specifications.

This chaprer is an introduction to simple methods used

for testing and checking low-voltage installations,

11.2 Testing principles

Underlying the ability to test electrical circuits and find
faults is a sound knowledge of Ohm’s Law and the
characteristics of series and parallel circuits, as well as a
general understanding of how the wiring for the various
types of circuits is arranged. All electrical testing
methods employ the same basic principle of connecting
an electrical energy source to a circuir to be rested and
using elecrrical indicators or meters to observe how the
circuit behaves. From these observations deductions are
made as to whether a circuit is faulty, and if so the
nature of the fault; or whether the cireuir is sound, func-
tions as intended and is sate o use.

For example, a battery and an audible device con-
nected i series can be used ro west that the conducrors
of a circuit are elecrrically continuous and have no open
circuits. In this case the battery is used as the clectrical
energy source, with the audible device indicating
whether a current is flowing in the circuir. IF the device
sounds, current must be Howing in the circuit and there-
fore the cireuit must be continuous, and there is no open
circuit in the conductor (see Fig, 11.1),

Manv testing devices are designed with an inbuile
energy source and indicator or meter. For instance, an
ohmmeter, used to measure resistance, has a battery as
an energy source which is connected in series with che
meter movement within the meter. An ohmmerer could
have been used instead of the bartery and audible device
in the previous example. A zero reading on the ohm-
meter indicates thar the conductor is continuous.

Testing with audible devices or an ohmmeter

indicate whether a conductor or circuir 1s ¢lectrically
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Fig, 11.1 Testing the confinuify of o circuit conductor: (@) using a
popular tester with inbuilt audible device and baltery:
(b) using an ohmmeter;: (<) using an approved test lomp

continuous is referred to as continuity resting, and is
usedl:

# to check thar the ecarthing svstem s electrically

continuous and of low resistance

# o identify active, control and neutral conducts prior
to connecting them to an accessory or appliance

® to check that the wiring of a circuit is connected to
the correct terminals at an accessory or appliance

m to check that there are no short circuits in a new
installation or for locating a short circuit that may
have developed in an existing circuit or equipment

8 (o check that there are no interconnections berween
CICUIS

¥ o identify a cireuit by measuring its resistance

TESTING AND CHECKING = 255
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= o locate high-resistance connections thar may have
developed in a cireuir while in service.

An important test carried out during the termina-
tion of some cable types and on completion of an instal-
lation or in faulefinding is to check that the insulation
between' active conductors and carth has not broken
down or will not break down under the stress of the
normal operating voltage. This is done with a special
ohmmeter known as an ‘insulaton-resistance tester’,
which has an inbuilt energy source that produces rtest
voltages of 500V dec or 1000 V de. Testing devices with
an inbuilt energy source are used with the supply dis-
connected from the circuit under rest, and this method
of testing is generally referred to as dead testing. Dead-
testing methods are preferred by many authorities for
testing new work prior to connecting to the supply.

Another energy source that is used in testing is the
normal electricity supply itself. In this method of testing,
the supply is connected to a circuit to be tested and
voltage indicators, voltmeters or ammerers are used 1o
observe how the circuit behaves. Once again, this time
with the supply connecred, a voltage indicator such as a
test lamp can be used to test that the canductor is con-
rinuous, Testing undertaken with the supply connecred
to the circuit is referred to as live testing.

It is important to apply a sound knowledge of
circuit theory and an understanding of wiring arrange-
ments to the testing process so that the test applied o
a circuit and the interpretation of the test resules leads
to the correct diagnosis of any fault. For example, a
defect may oceur in a circuir with no apparent effect on
the operation of the circuit.

[n Figure 11.2, the neurral conductor has developed
a short circuir to earth ar B and an open circuit ar A,
The circuit appears to operate in a normal fashion, but
the condition is dangerous. Testing devices such as rest
lamps or measuring instruments must be employed

before the l".tu]l_\' condition can be derecred,

11.3 Testing devices

Visual indicators

The largest group of testing devices used by electricians

comprises those thar give a visual indication of the effect

being rested. Perhaps the simplest and most useful for

the pracrising electrician is the test lamp device of Figure

11.3, which usually consists of two 240 V lamps con-

nected in series. [t may be used:

m o detect the presence of a potential (i.e, whether the
point being tested is live);

# 1o test poliarity (i.e. the location of actives, neutral and
carth terminals or supply points);

= o locare blown fuses:
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Fig. 11.3(b) The two 240 V lamps housed in the plostic moulding
are connecled in serips

m for checking like or similar phases when “phasing out’
preparatory to paralleling two supplics;

= for other tests, dependent on the background know-
ledge and ingenuity of the elecerician.

The lamp testing ser illustrared comprises low-watrage

lamps of equal power rating, not greater than 25 W per

lamp, and fused probes. Because this set is designed for

insertion into the socket terminals of a socker outlet. the

metal exposed at the tips of the probes is greater than

the 2 mm recommended and may need to be used with

caution in some circumstances,

A single lamp type may be used when testing on
ELV circuits such as 12 V or 32 V svstems. A single

240 V lamp type should never be used, as it is dangerous

to the user and may also give an incorrect Interpretation
of a fault condition, such as that shown in Figure 11.4,
In this case a test of voleage o carth using a 240 V rest

lamp would indicate apparently normal conditions exist-

ing at the three load terminals. If the lamp leads were
placed across the blown fuse in L, the lamp would burn
out violently, as a porential of 415 V would he
impressed across the fuse terminals.

Approved test lamps, correcdly handled, are a safe
live testing device as their impedance and rating are such
thar a user cannot mistakenly cause a shorr circuit. One
drawback is thatr when testing circuits with residual
current protection they draw sufficient current to trip
the device when testing between active and earch.

A device used for the detection of electrical poten-
tial or for polarity resting is the ‘neon test pencil’. A
simple form of this is shown in Figure 11.5, but ir is
manufactured in a variery of types and designs. Provision
is usually made for a test lead 1o be arached to the cap
of the neon rtest pencil, bur this is rarely used because
the neon tube will glow on contact with an active
without the lead. The intensity of glow will increase if
a finger is placed on the cap or if the cap is carched.

Care should be taken to see thar the twbe is never

used withour the correc current-limiting resistor shown.
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Fig. 11.4 The short circwit in this diagrom causes misleading test resulls for the type of test shown
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Fig. 11.5 Neon fest pencil (diagrommatic representation)

It should also be noted thar with this type of tester a

faint glow is evident even on very low vola res, which
5 ] i

could lead to n1isinwr]1rct:n|'u|1—c:~'pm.'in||_~.r if the tester

Is used in a dark place. The authors do not consider the
neon test pencil to be a particularly safe testing device,
preferring  the  voltage  indicator of Figure 11.6.
However, a survey of some states indicated an extremely
low incidence of accidents using a neon rest pencil.

In common with most other testing devices, the
neon tester may be damaged if it is dropped, and should
be checked on a known live source before and after use
to test for the presence or absence of volrage.

The high-impedance tester in Figure 11.6 gives an

audible signal and a visual indication of the presence of

vol age,

Note: Some light switches and power outlets incor-

porate a neon indicitor, which is a visual indicadon of

the presence of supply at the terminals of the switch or
outlet. However, if the neon indicator does not alow, i
cannot be assumed thar there is no supply at the outler;

the neon indicator could be Inoperative,

Fig. 11.6 High-impedance lester OLIEENSLAND ELECTRICITY COMMISSION

Meters
[t is appropriate at this point o make a brief comparison
between analogue and digital instruments, Because an
analogue meter operates by moving a pointer across a
calibrated scale, the reading is subjecr to parallax error.
The measured quantity on a digital meter is displayed
as numbers and therefore not subject 1o this problem.
An inherent property of the analogue meter is that
it provides an immediate visual indication through the
movement of the pointer. This can be an advantage
where an indication above or below a particular value is
required and not a precise measurement. For example,
full-scale deflection of the needle of an ohmmeter set to
measure low resistance would show that the circuit or
conductor under test is elecrrically continuous withour
the need o rake an exact resistance reading. This can
improve the efficiency of the testing process, and ana-
logue merers are thus preferred by many electricians for
testing new installations. However, when testing o
determine a specific resistance, such as in fault-finding,

the digital readour may be more suitable.

Voltmeters and ammeters

The volumeter is another testing device that detects the
presence of an emf, but it also indicates the magnitude
or value of the emf in volts and for this reason is termed
4 measuring instrument’. Being connected between the
points across which the voltage is to be measured, it is
said to be shunt or parallel connected and indicates the
voltage between the points.

The instrument must be suitable for the supply (ac
or d¢) and be set on the correct range or voltage rating,
For example, an attempt to measure 240 V with a 10 V
instrument will probably destroy the movement of the
meter, which is expensive to replace and, more impor-
tantly, may produce a safery hazard.

The ammeter is an instrument for measuring the
rate of charge movement or current flow in a circuit.
When connected in series with the load, it indicates the
vilue of the load current. Ammeters, in common with
other measuring instruments, are made in a wide selec-
tion of ranges and designs. On ac circuits, both amme-
ters and voltmeters may have their range extended by
the use of suitable current and voltage transformers

respect iu‘|}‘,
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Fig. 11.7 Simple fest panel for mefering current and voltage on an
appliance

Figure 11.7 shows the connection of an ammeter
and voltmeter through a simple test panel. The appli-
ance being rested plugs into the test socker, and the
pancl is in wirn plugged into the supply outler,

Provided that a portion of the circuit wiring is
accessible, values of volwage, current and power in a
single-phase or balanced three-phase circuit may be
measured withoutr disconnecting the circuit or diseurb-
ing the wiring, by the use of a clip-on type of instru-
ment, such as that illustrated in Figure 11.8. This
digital-type meter is provided with analogue output
terminals as a standard feature, and in this versarile
measurement and testing device the instrument trans-
former and the meter are combined in the one hand-
held instrument. The clip-on meter is the most
commonly used type of meter in field testing the load

conditions of circuits and appliances.

Multimeters and ohmmeters
Far convenience, the functions of several measuring
instruments are sometimes combined and incorporated
in the one instrument. This instrument has many trade
names but is most widely known as a multimerer. A
typical analogue multimerer, described by its manufac-
turer as a ‘robust toolbag instrument’, is shown in Figure
L9, A wide range of voltage, current and resistance
measurements 18 possible with the instrument shown.
Figure 11.10 illustrates a more expensive bur very
versatile type of testing inserument, termed an Insulation
Polytester by its makers: it is included ro illustrate the
type of testing possible. The clip-on current transformer
shown in Figure 11.11 is used in conjunction with the
meter movement of the Polytester to measure ac. This
is in effect a current transformer, which utilises the
circuit conducror as the primary and has an ammeter
connected across the sccondary. Note the possible ranges

Fig. 11.8 Digital-type clip-on ac meter NILSEN INSTRUMENTS

TIIFIFTITIdTIqI§ir~

Fig. 11.9 Typical multimeter NILSEN INSTRUMENTS

of measurement shown below the appropriate diagrams

included in Figure 11.11.

The measurement of resistance values in the field
may be broadly divided inro:

B measurements of |'cT;l[i1'uJ}- low resistance. such as
carth-continuity resistance or the resistance of a
heating element or motor winding;

= measurements of high resistance, typified by tests of

insulation resistance.
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Fig. 11.10 Heckronic multifunclional field tester capable of use for the five steps of measurement illustrated in fig. 10.11 NILSEN INSTRUMENTS

Insulation resistance  Earth resistance Earth voltage ac voltage ac current
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or 250 V/50 ML

Fig. 11.1T Multifunciional figld tester applications NILSEM INSTRUMENTS

A wide range of resistance measurement is possible
with the multimeter-type inserument if ic is used intel-
ligently, with an appreciation of its practical limitations.
It is pertinent here to point out the importance of ¢lec-
trical theory background, using the multimerer as an
example,

The multimeter of Figure 11.9 is quite adequate
for measurements of resistance, but does not necessarily
test a circuit to the required or specified voluages. Insu-
lation resistance of a 250 V circuit must be measured
with the insulation under a stress of 500 V de (see Cliuse
1.5.2). The type of multimerer illustrated rarely has a
wn 9V, The 500 V insularion

tester shown in Figure 11.14 would be suitable for this

resting voltage of more 1

test, or the Polyteser illustrated in Figure 11.10, which
can test av 250 or 500 V.

On the other hand, if a 300 V testing voltage were
applied 10 the ‘solid-stare’ components of a light
dimmer, they would be ruined. Some electronic com-
ponents can be destroyed by the application of a poten-
tial as low as 4.5 V if the potental is applicd incorrectly,
so 1t 15 important to check always thar the instrument
to be used is suitable for the test being carried out.

When a normal multimeter is used on the ‘ohms’

scales, the circuir is Liu:.*-'i;:ﬂcd so thar the movement of

Dto 520V ac 0 to 300 ac

the instrument is actually measuring voltage drop:
however, the scale is calibrated in ohms, enabling resis-

tance values to be read directly.

Insulation-resistance testers

In multimeters, a batery is used as the source of emf,
A battery may also be employed as the energy source for
a solid-state or transistorised circuit to supply an emf ac
higher voltages. The source of emf may also be in the
form of a hand- or motor-driven generator. A well-
known heavy-duty insulation-resistance tester is shown
in Figure 11.12. It may be hand-cranked or connected
to an ac mains supply and is designed for high-voltage
heavy-duty work, such as the maintenance and servicing
of large industrial installations. Models capable of apply-
ing test voltages up to 5000 V de are available.

The digiwal insulacion tester shown in Figure 11.13
is designed for testing large or complex installations at
voltages up o 1000 V de. [t is auto-ranging and there-
fore gives a direct reading ar all test voltages; no mul-
tiplication factors have to be applied. An internal bartery
supply is housed in the instrument casing.

Figure 11.14 shows a hand-driven 500 V insulation

and continuity tester

1aving insulation-resistance ranges
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Fig. 11.12 Heovy-duty insulation-resistance fester MILSEH INSTRUMENTS

of 0=1000 ME2 and infinity. The instrument also has a
voltage-measuring facility, range 0-300 V ac.

The electronic bartery-operared type of instrument
15 very popular, becanse it is light and compact and may
be held and operated in one hand, as there is no gen-
erator to turin. High testing voltage is produced by an
electronic circuit, which uses an internal h.‘it'lcn' a8 an
energy source. The instrument in Figure 11.15 has a
range of 0-100 ML and infinity at a resting voltage of
500 V. Tt has the same voltage-measuring facility as the
hand-driven insulation tescer in Figure 11.14.

Another battery-operated tester suitable for meas-
uring insulation resistance and continuity s shown in
Figure 11.35 on p. 277,

For full descriptions of the instruments mentioned

in this chaprer, you are referred to trade literature pro-

Fig. 11.14 Hand-driven insulation and continuity fester
INSTRUBAENTS

NILSEN

duced by the instrument manufacturers and co rextbooks
on their construction, design and operation,

Testing accessories

A number of purpose-designed accessories and testing
devices are used specifically ro improve the accuracy and
efficiency of testing an installation. This type ofequipment
has been used in the past by enerey distributors’ inspectors.
More recenty it has been adopred by many clectrical
contractors as a result of changes to legislation, requiring
them to conduer safety testing of their installation and to
ensure that the installation is safe to connect to the supply.

Fig. 11.13 Multivoltage digital insulalion-resistonce fester

il

HILSEN INSTRUMENTS
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Fig. 11.15 This battery-operated insulation-resistance tester is light
and compact NILSEN INSTRUMENTS
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Figure 11,16 shows equipment designed by Testing
Inspection Services Pty Lid for ‘dead testing the polarity
of Hnal subcircuits, transposition of earth and neurral,
connections berweeen circuits and the number of points
on a cireuit. The resistor box (a) provides six values of
resistance to differentiate berween the active and neurtral
conductors of three different circuirs. It is used in con-
junction with the Light Stix, dead (b) and the GPO
tester, dead (), each of which has a two-position switch
for testing the connections of the active and neurral con-
ductors. A trailing lead (d) is a useful [eSIINgG ACCessOry,
and the probe (¢), which is designed w plug into the
carth recepracle of a socker outler, enables connection
with the earthing conductor on a final subcircuit.

A “Lighrt Sux” for "live testing’, with a built-in exten-
sion rod for testing earth connections and continuity at
light ﬁ[‘tlngs and other exposed metal, is shown as part
(a) in Figure 11.17, The series lamp and flasher unit (b)
are for connecting into a final subcircuir atr the switch-
board o differentiate berween active and neutral con-
ductors. The GPO tester () incorporates earth and
neutral take-off terminals, carth-conrtinuity testing, and
tl..'.‘i[ill.;ﬂr Fl.'lr “T"]ﬁ[{"l?ﬂirii.‘ﬂ U'r ':l]’th L‘lnd il("_"l.ll.—l'ﬂl {:l”ldl]l:[l'”'s.
[t also has a push button ro test active to neutral and
active to carth.

The “installation test box" (Figure 11.18) provides
functions for checking the continuity of test lamps, the
accuracy of an ohmmeter used for earth-continuiry
testing, and the output voltage of an insulation tester.
Orther funcrions include a load, a Masher, and a resistor

for dif"l"n:r:.'nliuting between conducrors when Ct:-nducting

YONG ZHI U

Fg. 11.16 Accessories designed to improve the efficiency and accuracy of ‘dead testing’: (a) resistor box for differentioting aclive and neulral
conductors in three different circuits; (b) ‘dead test” Light $tix’; (¢) ‘deod test” GPO fester; (d) frailing lead: (e) probe used in testing

earth receplacle al sockel oullats

TESTING ANE INSPECTION SERVICES
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Fig. 11.17 Accessories used in ‘live’ lesting: (a) ‘Light Stix’ with built-
in extension rod for testing earth connections at lighting
poinis and for festing exposed metal; (b) series fest lamp
and flasher unit for differeniioting between active and
neulral conductors: (¢) GPO fester TESTING AND INSPECTION
SERVICES
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Fig. 11.18 Installation fest box TESTING AND INSPECTION SERVICES

various tests. Circuits protected by residual current
devices (RCDs) present a difficulty when live resting, as
a test berween active and earth will cause the RCD 1o
trip (as it should) and cause nuisance interruprions to
the testing. To overcome this, the installation test box

ir
LS

is equipped with a 5 A fuse for the purpose, bridgin
across the line and load terminals of an RCD 1o prevent
nuisance tripping during live testing and ar the same
time ensuring that the circuir is protecred.

[t must be remembered that these devices are
intended to help improve the safety and efficiency with
which tests are carried out. The testing principles remain

...............................................

YONG ZHI 1

YONG ZHI Ui

the same and must be understood before the benefits of

using such devices can be fully realised.

Like the many activities involved in electrical work.,

control measures adopred to limir the risk of death or
injury must be followed—no more so than when testing
electrical circuits and equipment. Dead testing is obvi-
ously safer than live testing and some rests, such as an
insulation-resistance test, can be performed only with
the supply disconnected. Most faults in circuits and
equipment can, theoretically ac least, be detecred by
dead rtesting. In some areas, for example in Victoria,
mandatory testing of new or altered installation must be
conducted with the supply disconnected. In any case,
with new installations che supply may not be available
at the rime the tests are to be carried out. However, live
testing is often preferred as it can be more efficient and
may in some instances be the only effective way to diag-
nose a particular fault,

Risk factors in testing
Unless some caution is exercised when electricians are
required to work on or near live conductors, injury due

ro elecrric shock or burns due to arcing may occur. Burns

generally account for more serious accidents than electric
shock when installations are being tested, and the arcing
is usually due o *flashover” caused by the use of unsar-
isfactory test probes. This applies particularly to instal-
lations with high energy levels, because once the are has
started it can, and often does, ionise the surrounding air,
making the air conductive and providinga path to earthed
metal in the vicinity of the arc. The risk is greater in
confined areas, such as electrical equipment enclosures or
small switchrooms with limired ventilation.

When rtesting an extra-low-voltage (ELV) installa-
ton, the risk of burns from arcing is minimal if the
system energy level is low, but care sall needs to be taken
to avoid causing a short circuit. Storage batteries, for
example, are capable of delivering high discharge cur-
rents to a short circuit; in addition, there is the risk that
the hydrogen gas given off during the battery-charging
process may be ignited by the arc. This may cause a cell
to explode and cause chemical burns to anyone in the
vicinity. The risk of electric shock is usually minimal in
a dry environment when testing an ELV system.

All of the above risks can be reduced to a very low
level by the electrical workers’ developing their technical
knowledge and skill and using suirable test equipment.
They should start by considering the causes of accidents
that can happen when resting live equipment. These

causes include:




® using a test probe with execssive length of bare meral
at the tp, which could bridge live conducrors or a
live conductor and adjacent metal. The probes and
leads also may not be insulated for the voltage under
rtest:

® setting multimerers on the wrong range when meas-
uring voltage, or the maximum working voltage of the
instrument exceeded. This has caused many accidents.
[t is preferable to use a suitable rest lamp or voltage
detector of correct voltage rating for the job, rather
than a multimeter, where it is necessary only to estab-
lish the presence or absence ol volrage;

® using testing devices with exposed live terminals;

® a lead coming adrift from a meter terminal while
cither the lead rerminal or the meter terminal remains
live,

Selection of equipment

The risks associated with testing installations can be con-

siderably reduced by selecting equipment with the fol-

lowing fearures:

s For testing for the presence or absence of voluge,
probes should be designed so that the exposed metal
tip is the minimum size possible for the job, really
2 mm or less. They should be shaped so as 1o avoid
inadvertent hand or finger contact with the live con-
ducrors under test. Note the finger barriers on the
fused probes shown in Figure 11.1Y9. The use of fused
probes is strongly recommended when detecting ac
voltage using a test lamp, voltmeter or voltage
indicator on systems having high energy levels, It is
advisable to use them for derecting voltage on any ac
systemi in Queensland the use of fused probes tor this
purpose is recommended for testing all installations.

High-rupruring-capacity (HRC) fuses having a low
current rating are incorporated in the probes for protec-

tion against excess current; the ones illustrated have a

caregory of duty of 440 V ac or 230 V dc and a

maximum prospective overload of 33 000 A. Because

they have a high impedance, fused probes are unsuitable
for continuity testing.

Fig. 11.19 fused fest probes NHSEN INSTRUMENTS
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m Leads should be adequately insulated and coloured,
usually red and black, ro distinguish one from the
other. They should be long enough for pracrical use
but not long enough to be unwieldly. Their connec-
tion at the test device end should not be accessible for
inadvertent contact with a person’s finger if a lead
becomes derached from the device or from a probe.

m Test lamps should be designed so that the glass bulbs
are protected from mechanical damage (see Figure
11.3(a)).

m Terminals on a testing device should be shrouded or
designed to avoid finger contact when being used for
testing.

m Test lamps and any other devices used to derecr the
presence or absence of voltage should be marked to
indicate maximum working voltage and, it applicable,
any short time rating for the device.

m All testing equipment should be in good working

order and be I‘L‘j,_:lllilr‘]}' inxprc:c;l and tested.

Precautions

When carrying out electrical tests, always keep in mind
l'ln: il‘r‘lpul'[;ulf_‘c n’r-.'-i;li‘c ‘v.*."lll‘k[['il.:; !'II'LJE..'CLIUTE.'.‘» and rtest wi{ll
the circuit de-energised or "dead’ if this is av all practi-
cable. For example, before conducting dead rtesting,
circuits should be isolated, ragged and locked off in
accordance with safe working procedures.

Whatever the testing device employved, test for its
correct functioning before the test and again after the
test. This precaution is particularly important when
testing live circuits or equipment.

When using a test lamp, voltmeter or similar equip-
ment, try to arrange the circuit so that any ‘roving lead’
is at carth or neurral potential or that a lamp or current-
limiting resistance is in series with the lead to limit the
current, should a fault occur (see Fig. 11.20 as an illus-
tration of this poing).

Note: Test probes in the diagrams used in this
chapter are represented by arrowheads, and the HRC
fuses used in some probes are nor shown. The use of
fused probes with test lamps and other devices for
detecting ac voltage is recommended, particularly
where high energy levels exist.

When testing de-energised wiring, the testing device
should also be checked before and after the rest; an
insulation-resistance tester, for example, would give a
reading of ‘infinity” on all tests if a lead on the instru-
ment were open-circuited.

Always check that the testing instrument selected is
suitable for the job (e.g. voltmeter, ohmmerer), that it
is suitable for the supply (ac or dc), and that it is set to
the correct range. If a multirange instrument is being
used and if ic is pracuicable, ser the range switch initally
to the maximum range, and chen switch down if nec-

essary 1o the range most suitable for the quantity being
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Fig. 11.20 Use of lesting device with o roving lead

measured. On completion of the test, reser the range

switch to the maximum range, ready for the nexr rest,

Testing safely requires the adoption of thoughtful
and methodical procedures. No person should be in
danger of contact with live parts while the rest is being
carried out. At the completion of each test, conductors

disconnected for testing purposes must be reconnected

correctly and all covers of accessories and appliances
replaced. The installation must be lefr in a sate condi-
tion, cither sale to operate as proven by the testing or
disconnected from the supply and rageed to notify thar
it is unsafe to wse. No single west will prove that an
mstallation is safe. Ir is the combination of necessary
tests that will show the safery of an installation. 1f a
I?lllilfi[}' | {1 I'C‘h’L_'i.'li.".n AR iT'H.'.Hrl'L_"L'I l.:II['.II'I‘-'.'L'l:rl'.IH IhL'I'l.. itrEL'T'
['I'lL' L'UHHL‘E['iUﬂ I"g CU]']'L'L_[L'{.L ‘II]S'l.ILII'iH[] .'.ll'.lﬂ.l L"H.i'[l'l—
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11.5 Testing and checking the

installation: general
requirements and precautions

Any new installation or addition or major repairs to an
existing installation must be tested and checked

ensure that it is safe and complies with reguladons. This
must be done before the new work is connected to the
supply. In the recent past, energy distributors’ inspectors
carried out installation resting and inspections and
issued defect notices when the installation did net
comply with regulations. Testung and checking the
installation is now the responsibility of the electrical
CONIractor clectrician carrving out the installation
work, who must notify the energy distributor in writing
when the installation is safe, complies with regulations
and is ready for connection to the supply.

In some circumstances an electrical contractor may
be given authority to connect the installation to the
supply, provided it has been tested and proved safe. In
Most arcas T!IL' cnergy tii.‘\;ti'ihumr‘\ in:i]wutul':s h'.n'u: a
responsibility under regulations to inspect consumers’
mains, main switchboards, high-volrage installations and
any wiring within a hazardous area, as defined by Cleuge
9.0.1 of AS 3000

schedule of |'.|ndnm imspections 1o check thae elecerical

The responsibility also includes a

installation standards are being maintained.

Elecrrical conditions such as the resistance of

1L';||1:+1:5_1-.- p;nim and the value of conductor resistance
cannot be seen, and to determine these conditions
suitable tests wicth instruments must be carried our,

Furthermore, a visual inspection of the whole installa-
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tion must be made to ensure that it complies fully with

all legal requirements, specifications, SAA Wiring Rules

and any applicable codes. Thus resting and inspection

are two separate procedures, bur in pracrice are carried

out concurrently.

The electrical tests include:

m qests for the effectiveness of the main earth

® tests of continuity and effectiveness of the earthing
system and required equipotential bonding

m insulation-resistance tests of wiring, including con-
sumers mains, submains, busways, rising mains, final
subcircuirs and fixed wired appliances

® polarity testing of active and neutral connections of
consumers mains, submains, and final subcircuits

B ests for incorrect connections, such as interconnec-
tions berween circuits, rransposition of neutral and
carthing conductors and short circuits

= operation of RCDs

m orher tcsting rcquircd by local rcgui:uium_

The visual check must include inspection of the
following:

= main carthing conductor and main earth connection,

for correct rating, size and conductor type and for

compliance with the Rules:

= all subcircuit and auxiliary carthing, carthing bonds
and carthing of equipment frames, for general com-
pliance with the regulations;

 main switchboard and distribution boards, for correct

fuse and circuit-breaker ratings and correct iatlw][ing.

including correct labelling of neurral conducrors.
Switches, fuses and circuit breakers should be checked
as having adequate fault-current ratings (see Chaprer
13, Volume 2), as well as for their working current
rating. Fuse clearances and layour of equipment
should be checked to ensure thae layour is near and
logical to correspond with a neat and logical back-of-
panel wiring. In addition, space at the front and sides
of the switchboard, distance from the Hoor, clearance
at the rear and correct panel thickness need o be
inspected;

m wiring, for suitable cable types and for correct current
ratings and voltage-drop conditions for the length of
run. Derating factors (e.g. in cables affected by
thermal insulation) may need to be applied;

® cxisting or potential, mechanical or chemieal, hazards
that may be present, such as dampness, high remper-

ature, -.::{l_alu!-.ivu Eases, Vapours or dust;

w all appliances, 1o ensure that their operation will not
introduce a hazard or cause overcurrent or overvoltage
conditions;

s equipment and accessories, for their suitability to be
connected in the location in which they are installed
(¢.g. in a swimming pool area or in the restricted zone
of a bathroom or laundry);

e fixing and support of clectrical equipment, to check
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their adequacy and that equipment is not subject to
mechanical damage;

= number of “points per circuit’, to determine that the
number is within the limits permitted by the Rules;

= provision for separate final subcircuits to apphances
that require them:

= consumers mains, point of attachment and merering

facilities, for Ltmnpli;m;;u with a Ypropriae Rules.

The final testing and visual checks of an installation
form part of an ongoing process of planning, testing and
checking that professional electricians use to assure the
quality of their work. Many potential defects in electrical
installadons can be avoided by good planning and
checking and resting while carrving out the installation
work. For example, a cable installed with insufficient
current-carrying capacity is often the result of poor plan-
ning; and incorrect connections at a |i3_;hr point or (PO
come about from not checking or resting ar the time
they were connected. Rectifying defects after the event
can be a time-consuming and costly exercise, quite apart

from the poor impression given to the customer.

11.6 Testing techniques 1: earthing

system

The maximum resistance of the carthing system ol an
installation is specified as 2 Q by Clawse 1.5.3, which
also states that its value must be low ¢nough to permit
sufficient fault current to operate the protection; so with
high tuse or circuit-breaker ratings the value could be
well below 2 Q. To ensure compliance with the Rule,
the resistance of the carthing system of an installation
must be tested. In New Zealand, the maximum value
of resistance of the carthing system s 0.5 €2,

The object of the test is to determine the resistance
value of the carthing system berween the main earth
connection and any part of the system: for example, to
the earthing terminal of a three-pin plug socker, o the
frame of 4 motor or to the metal enclosure of a Hluor-
escent luminaire. If the multiple-earthed nearral (MEN)
system is emploved, this test is from any part of the
carthing system to the main earth connecrion ac the
neutral link. This test must yield a resistance of 2 £
maximum. In addition, the resistance from the neutral

link to the earth electrode must be within a 2 €2 limit

(sce Clawse 1.5.3.3(h), also Figs 11.21(a) and (b)).
Where a water supply system is metallically contin-
uous from inside the building in which wiring is
installed 1o its point of contact with the ground, an
equipotential bonding conductor must be installed. This
is to maintain the warter pipe system ar earth potential.
The bonding conductor may be connected at any point

I T.hl._' I]'Iiliﬂ {.’.l]'[}'li[l:,[‘ CH[ILIH{'THF or af IhL’ Lf:ll'EI] I”HII' il

the switchboard in a MEN system. lts resistance should
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' Fig. 11.21(a) Resistance lest of main earthing conductor
|
I - - . - - " -
not exceed 2 €. Some appliances, such as a hor-warer the fusing current required to melta 16 A rewirable fuse.
system, may be connected to earth by the metallic water When carrying out earth-resistance tests, the metal
supply, in which case the circuir earthing conducror to frames of all appliances and luminaires should be
the appliance should be isolated and tested as having checked, because:
| carth continuity resistance not exceeding 2 €. ® They are usually mass-produced in the factory; and,
Figure 11.21{c) shows typical test results for a although manulacturers are required to keep the resis-
circuit protected by a 16 A cireuit breaker. Using the tance berween the earthing rerminal and frame o
test ['L“-"“h"' ‘”'h"w'"”: (.1 £2 or 14:.'.'\'*. s Hl'IL'LE”i.’l.! in i.".'.*'.*.rfr.sr i.j.-a‘ ui_ AS .‘H”U‘
resistance of rest leads sometimes the internal earthing bonds of earthing
= (.378 L2 wwrminal connections are defective when the appliance
resistance of return L'.'i['I['IiH.!L; SYSTUm !L.’:I"-'L‘.‘- []]{: [""1'1"Lil.li~.'l'i”l'l ”HL',
| = 1.4 — 0.378 ® The process of painting often affects the earth con-
| = 1.022 £, tnuity berween frame parts,
| This value of resistance complies with Clanse 1.5.3, but m Most appliances are handled while in operation; so
in any case for the circuit shown the maximum resis- cltective earthing of the appliance is essential.

avipe ol D € enwmbBed tn Chasie 153w et . ; : ; .
I'“"_‘:'*."” = B specified in Clanse 1.5.5 would Pt Visual inspection of the carthing system should also
-“'{'”“—:'C]” faule current to flow and operate the fuse or be made where it is accessible, both on new installations
circuit breaker: and when testing existing installations. As an example:

Ji=— I. An ecarth-continuity test is made berween the appli-
R ance frame and the main earth connection on the
| = 240 nstallation shown in Figure 11.22. Resistance value
2 measured is 6 £, which is obviously too high.
|I =120 A 2. On making a check closer to the commencement of
which is sufficiently high to operate a 16 A circuit the conduit run, an acceprable resistance of 1 € is
breaker quickly and which is approximately four times measured from point A to main ecarth.
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Fig. 11.21(c) Resistance of the earthing system must be low enough to permil sufficient current to operate the fuse or circuit breaker

3. A visual check is made for any apparent high resis- by cleaning the conduit threads and repainting with
tance between point A and the appliance, as this is a metallic paint, graphire jointing compound or a
the high-resistance route, and it is noted that the paint type that will not affecr conductance, before

galvanised meral conduit is painted with polyvinyl screwing the conduir back into the tee.

acrylic (PVA) paint as protection for the threaded As the Rules stand at present, the simple ochmmerer
entries to the tee fittings. As PVA paint is non-con test 1s satistactory to check for compliance with Clause
ductive, this could cause the high-resistance joint (see

[.95.3 'Resistance of the eart ||1'r|5qr system’. Remember that
Clanse 3.26.5.6).

these tests are applied for the purpose of testing the

4. "T'o confirm the apparent cause of the high-resistance consumier’s carthing systemi as a whole, or for determin-
path to earth, a I'L'.'h.finf,: is taken across the ree ing the resistance of a partcular seerion, and thar the
between points A and B; it is found w be 4,95 Q carthing system finishes at the main earth connecrion on

(see Fig, 11.22(a)). This resistance must be reduced the earthing clectrode. i
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Fig. 11.22 (onfirming a high-resistance foult observed in a visual check of

The testing of the earth electrode resistance, that is,
l|'lf_' l'b.'ﬁi.‘it.irlu‘ [1!.:1"'.'.1'1..‘[1 i.[l:: L'[CL'['I'I.'IdL.‘ ;Imi L‘|1L' :_;;;nq:l';ﬂ IMass
of earth, usually requires one of the special types of carth

resistance testers, such as thar shown in Figure 11.10.

11.7 Testing techniques 2: insulation

resistance

Clause 1.5.2 specifies the insulation resistance of cicher
the whole or part of an installation as being a minimum

of 1 MQ. Note that only the resistance to earth is
specified (refer to section 3.9 of Chapter 3 for a numer-
ical example).

']‘[u: ]t'isl;t“;lliu]l LSt l'rt.' |I.."'H'IL'4..| far L'nmpll.mgu 1.-..']|:h
the above Rule, and, because it is only the wiring that
is under st
L. All lamps are removed and appliances disconnecred.
(Note that, although this is specified, i the value of
insulation resistance is well above the minimum in
practice the appliance will remain connecred.)

All control switches are closed to the ‘on' position.
It the installation is incomplete, the necessary tem-
porary connections should be made.

For large installations the testing proceeds in section-
alised groups, but for small installations the test for
the whole installation is carried out as a single rest.
Appliances and other equipment must be tested sep-
arately (see Clanse 1.5.2.4) and in general must have

a minimium insulation resistance as :spm-i{}r,-d in

the earth continuity

AS 3100, Clawse 8.3.1. Despite this, Clause 1.5.2.4
of AS 3000 permits exceptions, with values down o
0.01 M£2 ftor an element-type hearing appliance (e.g.
a4 permanently connected electric range),

Busways also require separate testing (refer again to
Clause 1.5.2.3 and to the reference in section 3.9 of
Chapter 3).

To carry our an insulation resistance test. there
must be available a source of de with a minimum value
of 500 V and an ohmmeter capable of indicating high
vitlues. Because scales of insulation-resistance testers are
normally calibrated in megohms, a suitable instrument
would be one of the insulation-resistance testers illus-
trated in Figures 11.13, 11.14 and 11.15. The source
of de may be a hand-driven or motor-driven generator,
or the popular electric supply fed from an internal
battery (see Fig. 11.15).

When conducting an insulation-resistance test, the
following precautions should be observed:

. Make certain thar the section o be tested s isolated

from the supply,

"

2. Check thar only the section to be rested is included
in the test. Make sure thar there are no stray }1.1|'.||]ul

fL‘.l[i:i}T{L' paths.

el

Ensure that the instrument is suitable for the test
and that its operating voltage is safe ro apply to the
circuit, especially to an clectronic circuir such as a
lamp dimmer. Normally, dimmers are disconnected
during the test.

4. Check the instrument for pointer index or any other

[‘rrc;ldim[nu'i‘lr necessary.

L'.lLf.\i.

3. Check the operation of the meter and rest
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indicated by an infinity sign on open circuit and
zero indication with leads short-circuited,

6. When testing, avoid any large masses of iron or
stray magnetic Helds,

7. Use well-insulated leads in good condition to avoid
stray leakage paths.

8. Operate the instrument as recommended by the
manufacturer,

9. IF there are any capacitors in the circuit, ensure that
they are discharged both before the rest and after
the test is completed. Also, be wary of false readings
due to capacitance during the rest.

[0. Betore touching cable ends after testing, discharge
any cnergy thar may have been stored in the cables
during the test. This is most likely to occur in long

i

runs of larger cables due to their capacitance.

Figure 11.23 shows insulation-resistance test con-

nections for a complete installation, Fuse links are in
circuit or circuit breakers 'ON" and lamps have been
removed, appliances disconnected and all switches left
on. Because the carthing system is MEN, the main earth
connection at the neutral link has been opened (see
Clanse 1.5.2 'Insulation resistance). The scale indication
on the insulation-resistance tester will be the value of
the insulation resistance of the complete wiring between
conducrors and earrh.

[t the value indicared is below that permirted, a
logical procedure for isolation of the faulty section
would be:

; ("-'pun the main switch to isolate the fault as ht'fn;:_',

on ¢ither the active or neutral conductor.,

2. 1If the faule appears to be on the neutral, isolate the
taulty neutral by progressive disconnection of load
neutrals at the neurral link.

3. Should the fault appear to be on the active, isolare

the fault by the opening of circuir breakers or the

withdrawal of circuir fuses in ten.

4. 1t a fault has been derermined as being on the active
of a particular subcircuit, the fault may be further
isolated by progressively opening switches on the
subcircuit, thus checking whether the low resistance

to earth is on one of the ‘switch lines'.

Once the low-reading section of wiring has been
found, it is necessary to determine the exact point ar
which the circuir fault has oceurred. Although modern
insulation is of high quality and reliability, it is possible,
but most unlikely, that the carth leak is via the insula-

ton, especially on a new installation.

The most probable positions for earth Ju:ﬂ-:;{g,u.

however, are at the ends of runs, where the cable

emerges and the end of the conductor has been stripped
of its insulation to facilitare connection to an ACCCSSOTY.
This leads to the possibility of surface leakage or
mechanical failure. These positions should be checled

for dampness, moisture, humid conditions or accumu-
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lation of dirt or dust. The leak can also be due to

mechanical -.Inmugu:. the action of hear or chemical

action. A careful visual check for these possibilities
should be made.

Assuming thar these checks have nor resulted in
location of the actual leakage point, the faulty circuit
conductor should be opened ar a convenient connection
as close to the centre of the run as possible, thus halving
the extent of the faulty secrion. This process of section-
alisation should be repeated until the fault is located and
any necessary repairs or replacements effecred. Figure
1'1.24 shows insulation-resistance testing preparation for
individual circuits.

11.8 Testing techniques 3: polarity

fests

The importance of carrying out polarity tests on all
parts of an installation cannot be overemphasised. In
a survey of one Australian stare a significant number of
installations were found to have incorrect polarity con-
nections; this could lead o a faral electric shock.

For example, a most dangerous condition arises if
the polarity of a consumer’s mains is incorrect where a
MEN system is employed. In this condition current will
flow through the main earth to the earth elecrrode (see
Fig. 11.25). The current is not likely to be sufficient to
Opcrate any L‘ircu'Il'apl‘nl'L'L'l'El.m device, E'i].‘l-.‘ii‘lg; Y person
in the vicinity of the installation at risk of electric shock.
The same dangerous condition exists if the polarity of a
submain is incorrect where it supplies a portion of an
installation with a separate MEN connection.

:‘Utihul;h testing the |‘.|n|;1riljr ol consumers mains

is usually carried out before the supply is available, a
check must be made that they have been disconnected
from the supply before tests are carried our. The test is
a straighforward continuity test, preferably done with an
ohmmerer, between the consumer’s terminals and the
line terminal of the main swirch to identify the active
conductors, and berween the consumer’s terminals and
the main neucral connection at the neurral link to iden-
tify the neurral conductor, as shown in Figure 11.206.
All main swirches and circuit-prorection devices must be
open to avoid false readings from feedback thar may
occur through a final subcircuit.

Clause 2.20.1.2 of the SAA Wiring Rudes stipulates
that switches must be connected to operate in the active
conductors, and Clause 4.13.4.2 in effect restrices the
polarity of a Goliath Edison screw lampholder to that
of active for centre terminal and neutral for the outer
or screw base.

In Clawse 4.14.8 the recommended polarity for all

socket outlets is stated as being earth, active, neutral in

a clockwise direction viewed from the front of the outler,
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Fig. 11.23 Testing the insulation resistance for o complete installation

and this sequence of connection is mandatory for
general-purpose outlets (GPOs) and for 15 A and 20 A

socker outlets. It is obviously necessarv to carry out

cireuit connections at the main switchboard.
A testing method that checks the polarity of active

and neutral as well as the earth and neurral connections
| 'ptﬂ:l.rit'}f [ests [o° ensure compliance with these Rules.

at socker outlers is shown in I"i;_',LH'l.: 11.27(a). '|'r'.h.'.i1'|g
The rests should include a chec

¢ of the supply active,
carth and neutral, together with a check of the outgoing

IR 1l1t: [est -.'irulil hi]lﬂ".'.‘\ I]i:lI a 1..’1:l“|'n‘[|_1.' L:nnnc-.:rrﬂ'

socker ourtler will 1_-,}1.-':; the [i:!lcm-‘]ng rest resules:
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Fig. 11.24 Testing the insulation resistance of individual circuils

Switch position

Test points Off On
A II\ N Infinity 20
Azn ini )
! Infinity 15 Q@
4 AN
i 50 56

Any other results indicate an incorreet connection, For
example, with active and neutral connections reversed,
|

1 A o N orest resules will be the same as above,
However, the A to E test results will show 5 €2 with the
switch ‘on’ and the N to E rest will indicate 15 Q with

the switch ‘on’ or ‘off”,

The simplest polarity tests on the outlets are made
with the circuit energised ar normal voltage, using a suit-
able ‘voltage indicaror” such as a test lamp, ncon tescer
or voltmerer (see Fig, 11.27(b)).

Any testing device used on a circuir protecred by
an RCD muse draw less than the specified tripping
current of the RCD 1o ensure that it does not trip
during a polarity test. Otherwise it will be necessary to
bridge our the RCD while the test is being carried out,
If the RCD is incorporated within the circuit-protection
circuit  breaker, then bridging of the RCD should
include a fuse or circuit breaker to maintain circuit pro-
rection while testing 1s being carried out,

Reterring to Figure 11.27(h), the indications for

correct polarity would be:

® test lamps connected between A and E, switch open

(L.e. off)—no gi:m':
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® rest lamps connected berween A and E, switch closed
(1.e. un}—|;1mp:+ g_[uw:
= orest lamps reconnected berween N and E, switch
closed—no glow.
Check the tese lamps by connecting berween A and E
with the switch closed. The polarity test should be made
with the circuit neutral disconnected at the neutral
link. Think about chis, and check with the diagram.
With the neutral disconnected, the test checks thar the
switch s connected in the active and also thar the earth
and neurral are in their correct relative positions. There
is the possibility that the earth and neutral are reversed
in the socker outler connecrion, and the test would not
detect this faulty connection if the neutral were not
dir:u..‘t:l‘ll'l:.:t..‘“.‘t].

A resting method that checks both polarity of active
and ncurral and the ecarth and neutral connections of
lighting circuits is shown in Figure 11.28. This test
requires the same preparation as the test for socket

ontlers pru‘»—'inusl}’ discussed, Once again, tracing out the

N A

Y
b

\
O

tese circuit shows that a correctly connected barten
holder and switch will give test resules similar to thar for
the socker outler test.

A method for checking polarity in lighting circuits
is illustrated in Figure 11.29. In this method of polariry
testing, it does not matter whether lamps are left inserted
or removed from the lampholders, provided that the
switch at which the test is made is closed and all other
switches are left open. Light to carth indicares correct
polarity.

[t the lamps in the circuit under test are removed,
it does not matter whether the switch at which the test
is being made is closed or open.

Now consider the case where the switch controlling
one of the lights is in the neurral conductor, as shown
in Figure 11.30. With the switch in the off” position
and the rest connection shown, the test lamp is in series
with the light outlet, the lamp of which will probably
be of much higher power rating (lower resistance) than
the test lamp, thus causing rest lamps to light and giving

the false impression that the active is swirtched. If a volr-
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Fig. 11.28 Testing the polarily and correciness of connections at balten holders and switches of lighting circuits (dead testing)
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Reterring again to the polarity test shown in Figure

11.29, it will be recalled thar all switches are to be open

,;'-_,—'.__lj_, .‘_‘j-—;___.-:‘ :
except the one being tested. IF this is not done, the
2 i polarity test will be valid, but by opening the other
¥ _z’\\:rc_‘f v . Z : = e
& e il ':‘;3 switches the wiring connections are in effect checked at
\ /L ) i : N =
b b Z% / the same time, ensuring that no switch is funcrioning as
- _[ ff a ‘master’ canrtrol.
Normal Switch in neutral = & Study Figure 11.31. In chis circuir all the polarities

are correct and lamp L2 is correctly wired, but swirch
Fig. 11.30 Delecting a light switch in the neutral 52 is connected as a master switch so thar there is no
active supply to the rese of the circuit unless S2 is closed.
meter were being used for the test it would indicate full- In the case of the multiway control, using two-way
and intermediate switches, it is best to bridge temporar-

.-'.Llpplj.’ R'Hll'.]:,.:t_‘ (240 V) irrespective of the amp rating,

iy all the switch terminals and test to earth as before.

again leading to the false impression thar connections

were  correct,  Immediately  the  switch was  closed, Study the circuit diagram of Fieure 11.32(a), and

however, the

damps WUIJM CUAse TO ghrw .m-._{ o ‘L'l!rHl'IL‘IL'I'
would indicate zero, showing that there is a neutral a
the switch instead of an active—an incorrect connection.

[n this case, if the lamps are removed, no active will
appear at the switch and the incorrect connection will

be apparent without the switch l"n.'ing closed. However,

in practice, it is usually easier to close a switch than to

imagine the polarity reversed.

Figure 11.32(b) shows the same testing principle,
applied for polarity testing of a Goliath Edison screw
lampholder. Provided that the tese lamp is connected as
in Figure 11.32(b) 1o the centre contact of the lamp-
holder to which the circuit active should be connecred,

the |."lm|‘r should yjnw when the control switch 1s turned

I - . — = [‘ .
;T't‘l 8 "F_\ ) __J_,.f"l e 6] ) 'E'a. b 4
() (<) |'_'H ©) (@)
T o g —0 S
L1 L2 L3 4
\, S Vv 82 \ s3 \© 54
.]tl .,r - :

S2 acting as master:
Dotted lines indicate
correct conneclions

Fig. 11.31 Incomect connections causing swilch 52 to act as @ master swiltch
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test at lamps
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(a)
(b)
Fig. 11.32 Polarily testing mulliposition controlled lighting and Edison screw (ES) lampholders
Active
fuse carrier
N A removed or
J< circuit breaker
disconnected = f; o)
at link =2 o call ]
— [ r .
| —_——
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Tes!t device 2 2

Fig. 11.33 Polarity testing a light circuit isolated from the supply

on. It the lamp is extinguished when the control switch
is turned off, the polarity of connections 1o the terminals
of the lampholder is correct.

Sometimes it is hard to gain access to switch con-
racts, in which case a special westing device that plugs
into the circuit lampholder may be used, such as the
‘Light Stix” shown in Figure 11.17, which is for live
testing, For dead resting, the "Light Sux’ of Figure
11.16(b) is used. Both ‘Light Stix” illustrated incorporace
a switch that enables polarity checks to be made.

In the case of ¢ new installation or an installation
that has been isolated from the supply, any form of con-
tnuity test may be emploved to achieve the object of
polarity testing, which is to ensure that the active con-
ductor is continuous from the load side of the circuir fuse
or circuit breaker o cach control positon or switch.

Always check that the circuitis de-energised first. Alllamps

should be removed, all switches in the ‘off” position, the
circuit fuse withdrawn or the circuir breaker opened, and
the load neutral disconnecred ar the neurral link.

Virtally any type of ohmmeter, insulation-resis-

tance tester or ELV testing device may be used for this
type of continuity test, provided always that the limi-
tations of the testing device being used are realised. For
example, it an ELV source is used to test a long circui
conductor for continuity, the overall length of the con-
ductor and the test leads may be sufficient to increase
the resistance to a point where current is reduced to a
value below that required to operate the testing device.
For the test illustrated in Figure 11.33, the return circuit
to the testing device is complered through a roving lead
as shown.

[ the circuir is continous, an insulation-resistance
tester will indicate zero or very close to zero, as the usual
minimum scale division is abour 10 000 €. The average
continuity tester, such as that shown in Figure 11.35,
also will indicate a near-zero reading on the scale (usually
less than 1 € on a merer having a full-scale deflection
of 100 €2).

The method deseribed above requires long roving

leads, but the lengths of the rest leads may be reduced

considerably by using sections of the circuit wiring
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Fig. 11.34 Methods of reducing the effective lengih of lest circuit

known to be electrically continuous, or by using the
carthing system as the return test pach as shown in
Figure 11.34(a),

Figure 11.34(b) shows an alternative, where the
switch terminals (or light outlets) are ‘shorted to carth’
in turn, giving the same indications as the previous two
tests. Irace the test circuir our to check this.

[t is important to note that the validity of the rests
so far described depends on there being no short circuits
to earth or berween conductors in the circuit under test.
so that in practice insulation tests are carried out as
a preliminary measure before continuity or polarity
tests are applied,

If a polarity test reveals an incorrect connection,
then after the connection is corrected insulation- and

earth-resistance teses may need to be repeated.

Fig. 11.35 Anologue/digital insulation and continuity tester
NILSEN . INSTRUMENTS

11.9 Testing techniques 4:

correciness of wiring circuits
and connections

Some of the polarity checks described have utilised con-
tinuity testing to determine thar the acrive feed is con-
tinuous, that it follows the correct circuir route, and that
it is correctly connecred. Continuity testing is also used
to identify conductors prior to connection and to check
the correceness of circuits and connections. Apart from
checking for correct polarity, this includes checking that
there are no short circuics, that there are no intercon-
nections berween cireuits, and that circuit loads, active
conductors and corresponding neutral conductors are
correctly identified at their switchboard of origin.

Interconnection of conductors between different
circuits has been the cause of a number of electrical
accidents. Anyone working on such an installation is
exposed to the risk of elecrric shock even though it may
appear that the circuit has been isolated correctly. An
interconnection between circuits is likely to be an ‘in-
correct’ connection at a4 junction box or the looping
terminal of an accessory, or the result of insulation
breakdown. An ‘incorrect’ connection may result in the
direct connection of conductors of separate circuirs, as
shown in Figure 11.36(a), or in a load supplied by acrive
and neutral conductors of different circuits, as shown in
Figure 11.36(b).

Testing between neurral conductors of all circuits
and active conductors of the same circuits at the switch-

board will show any dircet interconnection fauls. In
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Fig. 11.36(a) Testing for a direct connection between conductors of different circuifs, revealing an inferconnection between active conduciors. of

different lighting circuits
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closed for v
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resistance of the lamps,
indicating an interconnection
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through a light point q’f:ﬁ .
e I"\.“-P:::-'Jll
N1
g
N2

and lnads in circuil

Test conducted with supply disconnected,
neutral conductors disconnected from the
neutral link, all control switches closed

Fig. 11.36(b) Testing for an interconnection between circuils, revealing a light point connected to active and neulral conduciors of different circuils

preparing for the test, the circuit protection devices must
be opened, the circuit neutral disconnected from the
neutral link, and all controlling switches or contacrors
closed. Testing with a low-reading ohmmerer will reveal
any direct interconnections with the meter indic;uing a
short circuir. If insulation breakdown is suspected, as
may be the case in older installations, then an insulation-
resistance tester should be used. Any reading below 1
ME indicates a problem with insulation cither in the
wiring or at the terminal of an accessory.

An interconnection where a load is supplied by an

active and neurral of different circuits can only be

detected with the loads connecred. The circuir protec-
tion devices must be opened, the circuit neutral discon-
nected from the neutral link, and all controlling switches
ar contacrors L']:Hud. A ]:n-..-—rr.-;uling [‘JII'IITIHIL'[CI' Is used
to test berween neutral conductors or between acrive
conductors to show any interconnection berween the
circuits. For example, tracing out the path of the rest
circuit in Figure 11.36(b) shows an interconnection
faule, with the ohmmeter reading the resistance of two
lamps in parallel with one lamp in series. If che test were

conducted bertween the active conductors. the fauls

would be shown by the same ohmmerer reading. This




test can be carried our at the same time as the following,

test,

Testing with an ohmmeter between the active and
neutral conductors of each circuir at the swirchboard can
be done to check thar circuits and cor responding neu-
trals are correctly identified. Preparation for the test is
the same as for the previous test. The ohmmeter will
read the resistance of each load. For example, light cir-
cuits have a cold resistance from a few ohms up to tens
of ohms depending on the tvpe of lamp and the number
of points on the circuit. A 4.8 kW water heater will
show an ohmmeter reading of 12 Q, while the circuit
supplying a 6.8 kW oven will read 8.5 Q. In this way
cach circuit and neueral can be identified.

11.10 Teshng techniques 5: general

testing

Many other continuity tests are possible and will suggest
themselves when elecrricians are confronted with a
particular job situation requiring solution. Electricians
should try to visualise the wiring layvout and the wiring
circui uml:: test and should run-.mhu_r that, to avoid
long trailing leads, it is often possible to use the carthing
system or circuit conductors as part of the test circuir,
To illustrate this, consider the problem of identifying
the ends of conducrors in Imn{ﬁ mlmr.t!—tnhu].uu.l
metal-sheathed (MIMS) L.Ih]l._ roin the long run of
conduit illustrared in Figure l].j

Suppose that it is required o identify the load ends
of cables L,, L, and L, and o label them accordingly.
There are several solutions to this problem; one solution
I.*- gtwn htfnw.

I. Connecr a continuity tester berween carth and one
outgoing conductor, say Ly, at the supply end, as
shown in Figure 11.37. The carth return can be the
cable sheath iwsef (MIMS or mewl conduit), in

Wiring isolated
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which case connection to the main carthing conduc-
tor 1s not required.

[l

Check that the conductor ends are physically sepa-
rated, making certain thar there are no shorr circuits
between conductors.

3. Connect cach conductor in turn ro “earth” ar the load
end. The one giving a test indication of a short
circuir is L.,

4. Change the test lead from L, to L, ar the supply end
and repeat.

5. Having located L, and L,, the one remaining is obvi-
ously L. but it is advisable to check it to ensure that
it is not ‘open-circuited’,

One variation of this method is to short-circuir succes-

sively the leads ar the supply end and connect the test

set at the load end. You should attempr to devise other

solutions to this problem of conducror idun[iﬁcarinn,
A cable tester that provides a quick method ¢

tracing and identifying a large number of cables, s; ly in

a large industrial um.tll.mun or multistorey hu:lmlm:—_. s

uimuu in Figure 11.38. It consists of a transmitter

Fig. 11.38 (oble tester for mullicable runs GERARD INDUSTRIES

Lz L2 Lt from supply

\ kt —
‘"‘--—~~* Long run of metal conduit
Test set ‘_

Fig. 11.37 Continuily testing on a long run of cable

l/. ® [
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Load terminals




having sixteen numbered leads, which are artached 1o
unidentified conductors in an installation. A receiver
having one contact is artached to one conducror ar a
rime at the other ulh| nf- I[IL.‘ CITCUiL. Ejlllhﬂ.‘h dre sent to
the receiver, which idenrtifies the conducror as a number
in the digital dispi;l}' window of the receiver. One wire.
say the earth wire in the cable run being tested, must
be used as a common (rerurn) wire. The device is sat-
isfactory for a route length up to 500 m and can identify
crossed wires.

When westing an installation, you should always
remember that any conductive path possesses resistance,
and make allowance for this. For example, a 50 m run
of I mm” conductor would have a resistance of ApProx-
imately 0.89 £, and this would affecr test results if using

an extra-low test voltage as supply.

Resistance of wiring circuits and connections

If; for instance, the resistance of the current-carrying
conductors of a circuir needs to be known for the
purpose of connecting additional load, or it in the course
of a routine inspection conductor resistance is required
to be determined, a suitable ohmmeter on an appropri-

are scale will give a direct indicadon of the value of this
resistance when its terminals are connecred to the ends
of the conductor. A suitable instrument for general work
would be one similar to that shown in Figure 11.9.
Intruments of higher sensitivity and special types are
necessary for some work and are more expensive. The
Bridge Megger and other adaprations of the Wheatstone
Bridge also are used.

The resistance of a conducrtor is directly dependent
on its length and che macerial of which it is made, bur
varies inversely with its cross-sectional arca. Thus, for
the resistance of an acrual circuic conductor to change
it would have to sustain violent mechanical or chemical
damage to reduce its cross-sectional area, because borh
its length and its marerals are fixed. This damage is
possible, bur in practice, when a continuity test reveals
a higher than normal resistance value, i is usually due
to poor connections at conductor joins in junction boxes
or terminals of equipment (high-resistance joints).

A resistance test not only checks thav there is a con-
tinuous circuit, as do the tests described earlier in this
secrion, but ensures that the resistance of all joints and
connections is suflicienty low. Sometimes high-resis-
tance joints can be located by virtue of the fact thar they
often sustain an increase in temperature caused by the
|:L‘:1r.ing, ¢ffect of the current,

To test tor resistance between the two ends of a
conductor (or circuit), the conductor or circuit must be
isolated from all other wiring to avoid feedback or any
parallel conductive paths. If the circuit is ar all complex,
it may be necessary to consult the circuit diagram to

ensure that isolation is complere before testing.

When carrying out a test such as the one illustrated
by Figure 11.39, keep in mind that measured resistance
values are low, and so: |
m All the test connections should be well made and of
negligible resistance.

= Prior to any test, the resistance of the test leads should
be determined by shorting them together. The value
found must be deducted from the value read off the
instrument; for example, using the method of Figure
11.39 the following test results were obrained:

resistance of test leads

= (.01 &2
resistance of rest circuir read off ohmmeter
= 1.13Q '
s resistance of circuit under test I
= 1.13 — 0.01]
— .12 Q |
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Fig. 11.39 (hecking for suspected high resistance of a fuse, junction

box or conirol device |'
|
Alternative testing methods
The resting and checking rechniques for wiring instal-
lations outined in this chapter cover only some sug-
!L.:L‘NIL'ILI .'1}‘1|1i':!'.lt'hu.'~ Lo TL‘HHH; new  and L‘.*Li}ilir!g
installations, |
You should consult orher references, such as AS/
NZS  3017—1996  Electrical  Iustallations— Testing |
Cereielelines. There is also a need 1o be aware of local
requirements and any other prescribed guidelines for I

carrving out clectrical installation testing and checking.

'

One of the most important safety assurance aspects in ‘
the use of electricity and requiring ongoing inspecting
and resting is thar related 1o portable appliances and
extension cords. Occupational (workplace) health and
safery legislation requires that all equipment be safe to

use. Portable equipment and cords by their very nature

are likely to be subject to much grearer risk of damage
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than fixed equipment and wiring, and should thercfore
be inspected and rested more frequently. AS/NZS 3760:
In-Service Safety Inspection and  Testing of Electrical
Equipment sets out requirements for periodic checking
and testing of portable appliances.

The periodic tests include earthing resistance, which
must not exceed 1 £2 between exposed meral parts for
non-double-insulated equipment. Also, insulation resis-
tance must be greater than 1 MQ measured berween
live conducrors and exposed metal parts. Portable resid-
ual current devices (RCDs) must be rested for operation
within the maximum wipping time and tripping current
for the particular type of RCD (sce Chaprer 14, Volume
2). Equipment and leads must be inspected for visually
obvious damage or deterioration. Intervals berween
inspection and tests vary from 3 months w 5 years,
depending on the activities of the environmenr in which
they are used. For example, use of equipment on a con-
struction site requires more frequent attention than
equipment used in an office environment.

Testing equipment described in this chapter may
be applied to testing portable equipment. However,
purpose-built testing devices are available that help
assure the accuracy and improve the efficiency of such
testing.

The British version of an instrument specifically
designed for testing portable appliances, and commonly

TESTING AND CHECKING = 281
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used in Australia, is illustrared in Figure 11.40. It will
perform five rests on an appliance, which should be
carried out in the ﬁ::t”ﬂ'»:»’fng sequence:

\. Earth bond test: Continuity berween the exposed
metal of earthed equipmenr and the earthed terminal
of the plug is checked. For double-insulated appli-
ances, this test is omitted and the rest sequence starts
with rest 2.

2. Insulation test: A test voltage of 600 'V dc is applied
tor check insularion resistance berween live conduc-
tors and the exposed meral of the appliance.

Lo

Flash test: A test voluage of 1.5 kV is applied to an

arthed appliance in the same way as for the insula-

ron test. A Hash test voltage of 3 kV is applied o

double-insulated appliances via a high-volrage test

probe supplied with the instrument. For operator
protection, short circuir current is limired o 6 mA
in both cases.

4. Load test: Appliance is supplied with 6 V ac as a
I.TI'L'T.L'HE UF ”['I”TIHI IIPI_}“H”L‘L' {]Pt_'rﬂ[it'!n \'»"i[i'IULl[ lhl.'
problem of high currents damaging the appliance or
resting instrument,

5. Operation test: Appliance is tested under normal

operating condirions at mains supply voltage, and the

powcer consumed is compared with the nameplate
rating.

Fig. 11.40 Porfable applionce lestar MILSEN INSTRUMENTS
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SUMMARY

= Tesling of elecirical circuits and wiring is carried out:
= during the installation of wiring to avoid costly defects,
= gt the completion of an installation to ensure that it is sofe
ond complies with the SA4 Wiring Rules, service and
installation rules and state wiring regulations, and
» during routine mainfenance and fo locate faults when
circuits and wiring malfundion.
= Regulaiions require that mandatory fests be conducted on dll
new and altered installations fo ensure that the earth system
is adequate, that the insulation is safe, that there are no
incorrect polarity connections, and that the installation
operofes as intended.
= A sound knowledge of Ohm's Llaw and understonding of
wiring arrangements is required if testing is fo be carried oul
effectively.
= |n eledrical testing an energy source is connecied fo the
circuit under test and indicators or meters are used to
monitor the circuil’s behaviour,
= Tesling a conductor or drcuit to determine whether it is
eledrically confinuous vsing a testing device with an inbuilf
energy source is referred to as ‘conlinuity festing'.
= ‘Dead festing’ is carried out with the supply disconnedied
from the circuit under test, using lesting devices with an
inbuilt energy source.
= ‘live testing’ is conducted with the supply connected fo the
circuit under fest, the supply being used os the energy
source,
= Visual indlicators are the most widely used festing device;
lhey include 480 V series test lamps, neon testers such os
the neon fest pencil, and high-impedance voltage testers with
voltage level indicator.
= Analogue meters provide a visual indication through the
movement of the pointer, and may be preferred fo the
digital-type meter where precise measurement is not
required.
= |nsirumenis musl be suitable for the supply and sef to the
correct range fo avoid damage fo the instrument and
creation of a sofely hazard.
= The most commonly used meler for measuring current is the
clip-on-type instrument, as no direct circuil connections are
necessary, making it quicker and safer 1o use.
® Multimeters have incorporated in them the functions of
several melers, incduding resistance measurement.
= The energy source in an insulation-resistance fesler is a
battery with an elecironic circuit to boost the vollage to a fest
level of 500 V or 1000 V, as required by Clause 1.5.2
= Purpose-builf testing accessories are used to improve the
efficiency and accuracy of testing new installafions (see Figs
11.16, 11.17 and 11.18).

-------------------------------------------------------------------------

When testing, conirol measures must be adopied to limit the

risk of injury or death.

Risk factors include:

= using test probes with excessive bare mefal at the fip

incorrectly seffing mefers

using devices with exposed ferminals

= leads coming adrift from meter ferminals.

Risks associated with testing can be reduced by selecting

appropriately safe equipment, including:

= fused fest probes, parficularly when testing systems having
high energy levels

= properly insulated ond colour-coded leads

= approved covered fest lamps, marked with their maximum
test voltage.

All fest equipment should be checked before, during and

afier fesfing o ensure that it works properly and is safe.

Testing an installation to ensure that it is safe and complies

with requirements is the responsibility of the eledrical

contractor or installing elecirician.

Earth-continuity festing is to check that sections of the

earthing system do not exceed 2 € or are sufficienily low to

ensure the circuit profection device will operate quickly to cut

off the supply in the event of a short circuit fo earth fault. In

New Zealand, earthing system resistance must not exceed

0.5 Q2 (see Figs 11.21 and 11.22).

Insulafion-resistance testing checks whether the insulation

between live conductors and earth will break down under

the siress of the supply voltage. The test is also used o

check resistance between live conductors (see Figs 11.23 and

11.24).

Polarity lesting is to check that active and neutral conductors

are connecled to the correct ferminals af socket outleis, that

all switches are in the adive conducior, and that there is no

transposition of neutral and earthing conductors (see Figs

11.25 to 11.34).

Testing the correciness of wiring circuits and connedions

includes checking that there are no shorl drcuits, no

interconnections belween circuits, and that drcuit loads, aclive

conductors and corresponding neutral conduciors are correctly

identified (see Fig. 11.36).

Other tests ore required from fime to lime, as part of o

roufine inspection of an existing installation to identify cables

prior o connection, or for the purpose of determining

additional load capabilities of a crevit (see Figs 11.37 and

11.38).

Appliance testing includes insulation resisiance, continuify of

earthing from the eorth pin on the three-pin plug afiached to

the exposed metal of the appliance, and correct operation of

swilches.




.....................................................................................................................................................

REVIEW QUESTIONS

Where the answer o a review question is numerical or requires
reference fo the SAA Wiring Rules, the answer is given at the
back of the book. These questions are marked *.

L P

2

10.

13.

Why is it necessary to give a completed installafion o
thorough visual inspection?

Could an electrical fault be present in o circuil without
appearing fo affect the normal operation of the drcuit?
Explain fully.

Why is if dangerous to use the single-lamp lype of
test lamp for fests on 415/250 V supply?

Suggest one disadvantage of the neon ‘test pencil’ that
could lead to misinterpretalion of a circuit condifion.
How are:

(a) an ammeter

(b) @ volimeter

connected into a testing circuit?

Is if possible 1o obiain an indication of the value of
turrent in a circuit without making any elecirical
connection to the circuit? If so, why?

State some practical uses for @ muliimeter.

. Lould the inexpensive small type of multimeter be

used for tesfs of insulation resistance?

Is there available any type of poriable baifery-powered

instrument that is capable of insulation-resistance tests?

State common scale ranges for:

(a) on insulation-resistance tester

(b) a confinuity tester,

What features would you look for in a probe intended

for defecting the presence or absence of voltage?

When should a fused probe be used?

An apprentice is asked to fest a circuit for values of

insulafion resistance and adopis the following

procedure:

(0) connecls insulation-resistance fester between adlive
and earth and, with lamps removed, swilches
closed and appliances disconnected, lakes and
records a reading (infinity);

(b) repeots step (a) for a reading between neulral
and earth (infinity);

(c) as on odditional test, checks between aclive and
neutral (infinity);

(d) checks recorded results and hands them 1o the
person who requested the fests,

Name three serious errors made,

*14,

15.

*16.

7.

18.

19.

20.

21,

*22.

*23.

*24,

A multimeter has voltage scole ranges of 0-10, 100,
200, 400, 800 and 1600, On what range should it he
sel before connecfion to a 240 V circuit?
When polarity testing between a switch terminal and
earth, should the switch be open or dosed?
What are the required polarity connections for a three-
pin socket outlef?
What steps would you take before carrving out a
polarify test on o dircuit protecied by an RCD?
Refer fo the identificotion problem of Figure 11.37, and
briefly list the testing steps for a solution other than
the ones given.
Al what positions in a circuit are high-resistance
continuity faulls most likely fo occur?
When testing for the confinuity of a condudor in o
rather complex circuil, what steps must be taken fo
ensure that the instrument reading is due only to the
resislance of the conducior?
How is allowance made for the resistance of the test
leads in @ confinuily test on an earthing system?
What is the maximum permissible value for resistance
meosured between the main earth connection and any
part of the earthing system?
Do the Rules require that an insulafion-resistance Jesi
be made between conductors?
What would be the minimum value of insulation
resistance fo earth for any part of an eledrical
installation?

*25. Why are appliances exduded from an insulation-

resistance test of the wiring?

26. All switches must be closed for an insulation-resistance

*27.
*28.

29.

30.

lest. What is the reason for this?

What is the usual minimum value for insulafion
resistance of a heating oppliance?

State the value of the minimum fest voltage for an
insulation-resistance fest on a 240 V crcuit.

Would an ‘insulation-resistance tester’ be suitable for
indicaling the resistonce of the element in an
appliance such as o hot-water um?

An appliance cord is incorreclly connected as follows:
(@) neutral 1o the frame of the appliance

(b) active and earth to the motor of the appliance.
What is the result when the appliance is plugged inta
the supply?

Another appliance is conneded as follows:

(a) aclive ta appliance frome

(b) neutral and earth to the motor of the oppliance.
What are the possible results of this incorrect
connection?



Answers

These answers are to problems with numerical answers or requiring reference to the S4A Wiring Rules.

Q_?Z. Clawses 1.4.9.1, 1.4.9.2 and 1.4.93

Q19.  Cliuse 0.2 Q33. Clanse 1.5
Q34. No, Clanse 1.2.5.2

Gopter2
Q 9. ﬂ?a‘”ﬁ.’-‘t' 3.2.2 Chup'er
QIl4. Clause 0.5.41

Q16. Clanses 0.5.57 and €.5.58 Q 1. Clanses 0.5.18 and 0.5.2

Q18. Clanse 6.3 Q 2. Clanse 0.5.21]

Q19.  Clanse 6.3.6.3 Q 5. Paragraph B3.1, Note 2 and text
Q 6. Clause 3.4
Q9. Cliuse 3.2.4.2

QI19. Tuble 2.1

Q20. Clause 3.2.4.3

Q23. Clause 0.5.31

Foreward to SAA Wiring Rules and Clanse 0.3

Foreword wo SAA Wiring Rules
: ' 24.  Clause 0.5.58
Clatise (.2 Q P '

: o 28. Clawses 3.9.5.7 - 3.31.4.5
Clauses 0.5.3 and 0.5.7 823 r?ur " 3_}; . nd 3.31.4.5
- _ . _ «  Llause 3.24.2
Clanises 0.5.5, 3.14.1 and 3.15.1 =

7. Clauses 0.5.17 and 0.5.40
Q 9. Clause 0.5.95

CROLL LMD
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QI0.  Clawses (.5.29 and 0.5.30 Q 1. Clauses 0.5.3 and 0.5.7
Q1. Clauses 0.5.78 and 0.5.30 Q 2. Clanse 5.5.4.2

Q12.  Clause 0.5.2 Q10. Clinse 4.8.1

QI13.  Secrion 5 Q17. Clause 3.15

Q4. Clause 0.5.42 Q23. Clause 9.5.3

QI5.  Clanse 0.5.64 Q27. Tuble 4.1

QI16.  Clanses 0.5.18 and 0.5.27

Q17. Clanse 0.5.35
Q18.  Clawse 0.5, 54 Cllllpl'el' 6

Q19.  Clawse 0.5. 70 p
Q0.  Clause 3.24.2 Q8. Clauses 2.18(a), 6.11 and 6.1

QE{I. f,-."’.n'-’n‘.'l'f' l.1.5
QE? f',\frr'a'r'.'l'.:' [.4.8.1

Q28. Tuble 1.1, 0.6 m Clanse 0.5.54

Q29. Clauses 1.1.6 and 2.4.3.2 Q 8. Clanses 0.5.40 and 0.5.94
Q30. Clause 1.4.9.3, 50 mni Q

9- f.?.rfh’.'ir'.'-' .14 ;HlL! 318 |
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Q10.
Qll.
Qi2.
Ql4.
Q17.
Q18.
Q19.
Q21.
Q23.
Q24.
Q25.

Clanse 6.8.2.1

Clause 3.31.3.2

Clanses 3.31.3.3 and 4.6. 1
Clases 0.5.17 and 0.5, 94
Clawses 0.5.35 and 6.4

Clawse 6.6.2.2, Note 2

Clawse 6.6.4

(a) 0.5 m: (b) 0.3 m, Table 3.7
Clanse 3.16.3. 1(e)iv)

Clanse 3.36

(:}'rrf e _)‘._5(3, .3, .,

Chapter 8

CLALL LR

baad i

g

% W

Clanse 3.20.2.2

0.3 m or 20 X minor cable diameter, Clisse
3.20.3.2(a)

(a) Clause 3.20.3.30b)ii) (B) Clanse 3.20.3.5(d)
Clanse 3.20.3.2(b)(11)

Clanse 3.20.2.1(6)

Clause 3.20.2.2

Chapter 9

RO~

i

=] W

8
(a) 50 mm; (b) 63 mm
(a) 2.0 m, Clawse 3.26.4.4: (b) 1.0 m, Cliuse

3.28.4.3(u)

Clatise 3.26.1(¢)
Clawse 3.26,5.6
Clause 3.26, ]
Clause 3.26.2
Clawse 3.26.1
Clause 3.28.3
Clawse 3.4.4.. 3(b)
Clawse 3.26.5.3
Clawse 1.4.7.1
Clanse 3.26.4.8
Clanse 3.16.3 and Table 3.6

4, Clause 3.28.4.4(b)

Clawse 3.28.3(d)
f..x"r:-!'.‘!'ﬁt' _3..315!'.'1"._;:'

Q28.
Q30.
Q31.
Q32.
Q33.

Q34.
Q35.

Q36.
Q37.
Q38.

Clause 1.4.7.1

Clause 5.4.4.2(c)(v)

7. Table E7, column 5
4, Tuble E7,

10, Table E7, column 8 (mav have to be derared

column 12

for current)

No, 3 per cent over limit, Table E7, column 8
No, derated to values shown in columns of
Teble B3

f_.."rfuu'.r‘.*’ ,;l", 16 3._1 ;El"lLi _-‘;. .Fﬁ.'!..._}

Cla AT _‘;, 28.4.4

Clanses 3.25.1(g) and 3.26.3 and Tuble 3.6

Chapter 10

e
L ]

.‘I-.‘I\-\'i L

~ LLLOR
&n W

f.?{”:‘.ﬁ'{' 21972

Clianse 1.2.3

2800°C

32 A, Table B4, AS 3000; 40 A Table 14, AS
3008.1

(a) 9Q0°C;
L'ulltlitiuns, Note 3, -f;.’!{’!’:' 2.0

(b) 90°C, Nate 5, Table 2.1, tvpe V105 sheach
Clanse 3.21.6

Clanse 2.2.5

Clawse 3.21.2.2

Clause 5.4.4.3(c)

Clause 3.21.2.3

Clauses 6.3.3. 1{a) and 6.3.3.4

higher temperature  subject 1o

Q 1.
Ql4.
QIé6.
Q22.
Q23.
Q24.
Q2s.
Q27.
Q28.

Clanses 1.1, 1.2, 1.3 and 1.4

1600 V and step down

Clawse 4.14.8

20, Clanse 1.5.3.3(a) (0.5 Q in NZ)
f,ﬂ”f.\':' {. ‘;-’ Ji

I M2, Clause 1.5.2.2

Clanse 1.5.2.2; wext and Clause 1.5.2.4
0.01 M, Clause 1.5.2.4

500V de, Clause 1.5.2.1
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Special installations

This chapter deals with electrical installations in

areas where additional precautions need to be

taken due to the environmental conditions or the

activiies associated with the eledtrical installation,

including:

= damp situations

= areas in which elecromedical equipment is
used

= outdoor living and recreational areas

= consfruction sites

= lifts and hoists.
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19.1 Introduction

An electrical system must be installed so chat its safe
operation is ensured. This is achieved by the use of
materials and techniques suitable for the conditions
under which the electrical system is to operate. Many of
these requirements are presented in other chaprers.
However, there are some areas in which the electrical
system may become unsafe if special precautions are not
taken. The intended use of an area may create the need
for the electrical insrallation to meer special require-
ments, such as in a theatre. The SAA Wiring Rules,
Section 6, refer to electrical installations in these areas as
‘special situations’.

The electrical installadon must comply with the
requirements of special situations in arcas where water
or moisture is normally present, or likely to be present,
due to the activities in the area. Seetion 6 of AS 3000
also calls up a number of Australian and Australian/New
Zealand Standards that specity the requirements for elec-
trical installations in theatres and public halls. in film,
video and television sites, in medical trearment areas,
quarries and open mining, construction and demolition
sites, caravan parks, shows and carnivals, boating
marinas and tent areas.

Electrical work in many of these arcas is not an
everyday occurrence, and opportunities for you to gain
installation experience in all of these areas may be
limited. For this reason a basic knowledge of the
methods used to meet the installation requirements of
these special siruations is essential.

19.2 Damp situations

The definition of a ‘damp situation’ (Clause 0.5.35)
requires that moisture be present either permanently or
intermittently to such an extent that the safety or effec-
tiveness of the installation is impaired.

The specific arcas in which electrical installations
must comply with the additional requirements for damp
SITLATions are:

= swimming and spa pools;

= baths, showers, and other fixed water containers such
as washbasins, sinks and laundry tubs;

= fountains and water features;

= controlled-armosphere  rooms such as coolrooms,
freczerooms and sauna baths;

m general hosing arcas (e.g. food-processing rooms,
which may need to be hosed down regularly to meer
health requirements).

Before looking more closely at installations in these
areas, it is important that you have an understanding of
the standard for various levels of protection against the

.
------------------------------------------------------------------- YT,

entry of solid materials or water into an equipment
enclosure. The enclosures for electrical equipment must
be appropriate for the environmental conditions under
which the equipmenrt is to operate. For example, 3
switch located ourside in the weather must be enclosed
to prevent the entry of rainwater, which could cause
corrosion of the switch mechanism or a short circuit.
AS 1939—1990 Degrees of Protection Provided by Enclo-
sures for Electrical Equipment (IP Code) (IEC 529-1989)
classifies the degree of protection to be provided by an
enclosure.

The classifications are based on an Lntcnmdunql']
standard and are known as the International Protection
Ratings or, more commonly, the IP ratings. The degree
of protection for a given enclosure is signified by the
letters “IP" followed by two numbers. For example, 2
switch, supplied at low voltage, may be installed in the
restricted zone near a bath or shower provided thatitis
protected by an enclosure with a degree of protection
[235,

The first number signifies the degree of protection
against entry of solids. Referring to Table 19.1, degree
of protection 3 is against the entry of solid objects larger
than 2.5 mm. The second number signifies the degree
of protection against entry of water. Again referring to
the table, degree of protection 5 is against the entry of
jets of water from all directions. You should study Table
19.1 to become familiar with the classifications of the
degrees of protection under the IP rating system.

Figure 19.1 shows typical accesssories in IP-rated
enclosures.

Swimming and spa pools
A person immersed in the water of the pool itself is
particularly susceptible to the effects of electric shock. It
has been shown that very low potentials, which would
usually be considered as safe (e.g. 10-15 V), if present
as an electric field in the pool warter are capable of
causing muscular spasms and may lead ro drowning.

Chapter 2, section 2.5 (Volume 1), covers electrical
safety aspects in swimming pool and spa areas. The
section also provides general safery rules for the benefit
of pool owners and electricians concerning elecrrical
wiring and equipment in a pool area.

For the purpose of Clause 6.3, part of the area sur-
rounding a swimming or spa pool is defined as a “swim-
ming pool zone' or a ‘spa pool zone” by Clanuses 6.3.2(a)
and 6.3.2(6) respectively. The swimming pool zone
includes the pool itself and the area measuring 3 m
horizonrally from the edge of the water and 1.2 m above
maximum water level. It also includes the area 0.3 m
below the lowest point of the inside of the water con-
tainer of the pool. Study Clause 6.3.2(a)(ii) for varia-
tions where there is a solid barrier. A guide to the
delineation of a swimming pool zone is given in Figure
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Table 19.1 International protection (IP) rafing assigned by manufaciurers to their equipment enclosures fo comply with international
standards THORN LIGHTING

First number Second number Degree of protection of equipment
Degree of protection against ingress of liquid
X No specific protection. X No spedific profection,

0 No protection of persons against 0 0 No protection.
contact with live or moving ports
inside Ihe endlosure. No profedion of
equipment against ingress of solid

foreign bedies,

I Protection against accidental or [ ymseemencen

inadvertent canfact with live or oo
moving parts inside the enclosure by HpS iy
a large surface of the human body, e s
such as o hand, but no proleciion

agoinst deliberate access, Prolection

against ingress of large solid foreign
bodies.

I Protection against drops of condensed
water. Drops of condensed water
folling on the enclosure have no
hormful effect.

moving parts inside the enclosure by liquid which, when the enslosure is
fingers. Profection against ingress of tilted at any angle up to 15 degrees
medium size solid foreign bodies. from the vertical, shall have no

hormful effedt, (Drip-proaf)

3 Protedtion against contact with live or | 3
moving poris inside the endosure by
lools, wires ar objeds thicker than
25 mm. Proledion against ingress of
small solid foreign bodies.

3 Profection against rain. Driving rain at
an angle up to 60 degrees from the
vertical shaoll have no harmiul effact.
(Rain-proof)

4 Protection agoinst contact with live or | 4
moving pars inside the enclosure by
loals, wires or abjeds thicker than
I mm. Protection against ingress of
very small solid foreign bodies,

4 Protedion against sploshing. Liquid
splashed from ony diredtion shall
have no hormful efled. (Splash-praof)

2 i 2 Proledion against contact with live or | 2 SRR e i 2 Profection against drops of falling
T

3 padtion 5 (omplete prolaction against contad 5 5 Protection against water jets af low
g Ay with live or moving parts inside the pressure. Waler projected by o nozzle
S endosure. Prolection against hormful from any direction under stated
-_;'_"_-_:-_:':_ﬂ deposits of dusf. Dust cannot enler in :E]J%%Eﬂ: conditions sholl have no harmful
B R an amount suffident to interfere with ey effed. (Jet-proof)
sotislaciory operation of the =

equipment. (Dusiproof)

B i 6 Complete protection agains! contact b 6 Protection against condifions on ships’
R £ with live or moving ports inside the decks, usually referred fo as ‘deck
'g;;._.=.-n-'g'-_:"r"-; enclosure and ogainst the ingress of waterfigh!’ equipment. Water from
L dust. (Dusl-fight) heavy seas or high-pressure jets of

Rl A water shall not enter the enclosures
under presciibad condifions.

7 ! Profection against immersion in wotar.
3150 mm It shall not be possible for water to

- X min enter the enclosure under staled
condifions of pressure and fime.

o
Q

B Protection against indefinite
immersion in water. Under specdifiad
pressure, it shall not be possible for
water 1o enter the enclosure.

@
o
|e—|
3

The second number in the clossification indicates the degree of protection against ingress of liquids. There are 9 dasses numbered from 0 to 8 and once again the
higher Ihe number the higher the degree of profecion. A roin-proof luminaire, for example, with protection from finger contadt within the enclosure would be IP 23,

where the number 2 signifies the protection agains! finger conlact and the number 3 signifies protection aguinst rain, As o further example, o dust-tight luminaire
whith can be hosed down would carry the number IP6S.
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192, the pool zone being the area within the grey
border.

The potential dangers associated with the electri-
cl installation for swimming pools and spa pools are
the same. The delineation of the pool zone is generally
the same in both cases. However, for a spa pool,
having a capacity of less than 5000 litres, the vertical
plane for the pool zone is reduced from 3 m to I m
from the inside edge of the water container of the
pool.

Any wiring within the pool zone—supplying, for
example, the fileer pump motor or li ghting—must be of
the fixed type (see Cleuse 0.5.98). Copper- or alumin-
ium-sheathed cables, served or unserved, are not per-
mitted, nor is steel conduit. The wiring must be installed
using clastomer-sheathed or thermoplastic-sheathed
(TPS) copper cables or flexible cords enclosed in a sealed
non-metallic enclosure (see Clause 6.3.3.1). For extra-
low-voltage, insulated copper cable or flexible cords may
be installed in the non-merallic enclosure.

Earthing and bonding conductors must be not less
than seven-stranded, must be nor less than 2.5 mm- for

arthing conductors and 4 mm? for bonding conductors,
‘and must be insulated (see Clanse 6.3.9.3).

Access to a junction box or joints must be possible

only by the use of tools. Unless the joint or junction

box is within a structure prohibiting ingress of water or

siphoning of water from the pool, then a minimum

height of 0.45 m must be maintained above maximum
water level or above any area where a person may stand
(Clanse 6.3.3.1(4)). The same 0.45 m clearance applies
10 a hoseproof socker (IP35), installed to permit the
removal of equipment for servicing (see Clause 6.3.6.2,
the requirements of which also apply to above-ground
pools).

Where ivis not considered necessary to remove equip-
ment for servicing, all luminaires and fixed appliances,

g 19.2 Delineation of pool zone. Zone extends 1.2 m above
' maximum woler level and 0.3 m below the lowest point
inside the pool
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such as filter pumps, must be permanently connected if
they are located in the pool zone. Appliances such as filter
pumps that are not immersed in the pool water but
through which the pool water passes must be provided
with degree of protection 1P24. The supply to these
appliances must be through a type I or I RCD or from
an isolation transformer. All accessories used within the
pool zone must provide degree of protection [P35, com-
plying with AS 1939.

Switches, plug sockets and control equipment for a
pool filter system are shown in Figure 19.3.

Table 3.3 of AS 3000 states the necessary clearances
for aerial conductors and catenary-supported cables.
Luminaires within the pool zone must be permanently
fixed at not less than 2.5 m above maximum water level
or a place where a person could stand.

Underwater lighting may be provided by the instal-
lation of the luminaires in adequately drained dry niches
or by corrosion-resistant wet-niche luminaires (Clanse
6.3.8.1). Supply to the lighting must be by one of the
following methods:

 supply to each luminaire at low-voltage or extra-low-
voltage (ELV) through its individual isolating
transformer, with no conductors other than the sec-
ondary conductors of the transformer located in the
wiring enclosure from transformer to luminaires, and
no conductor of the secondary circuir earthed: or
® same system as above but using one transformer with
the required number of separate secondary windings
isolated from each other and from the primary wind-
ings, as specified by AS/NZS 3108: 1994 Approval
and Test Specification—>Particular Requivements for
lsolating Transformers and Safety lsolating Transformers
(see Fig. 19.4).
Where the multiple-earthed neutral (MEN) system
of earthing is used, as it is in most supply areas, it is
possible for a rise in the neutral potential to be

Fig. 19.3 Switchgear for o pool filter system installed outside the pool
zone
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(a)
Fig. 19.4 Wet-niche lumingire: (a) during installation—nole that disconnecting the cable at the supply end will allow the replacement of a lamp

without the need to drain the pool: (b) rear view—the nomeplate delails show that it is to operate of exira-low-vollage and is
provided with degree of protection IPX8

impressed on the pool. This may occur with unbalanced
loads, a fault, or even long neutral feeds. The problem
could be overcome by effectively bonding all metal
parts (e.g. concrete reinforcing, warter pipes, ladders,
metal drains, luminaire frames) to carth and to each
other. A swimmer would then be within a cage (the so-
called ‘Faraday cage’), all parts of which would be art the
same potential, and hence no voluage difference should
be present within the pool. Clanse 6.3.9.2 specifies this
as being an acceprable method. There are, however,
practical difficulties, as the cooperation of contractors
other than the electrical contracror is necessary.

The alternative offered by Note I of the above
clause is a method often used to isolate exposed metal
parts, by using an ELV supply through a double-wound
transformer. This method is mandatory for luminaires
or appliances in contact with pool warter.

Baths, showers and fixed water containers

Clanse 6.4 sets outr the restricted zones for switches,
socket outlets and other accessories in d:unp SItUALIoNS

near baths, showers and water basins, and includes
diagrams as a guide to the application of the zones de-
lincated in the clause.

In the diagrams, which should be carefully studied,
the restricted zones are shaded and include the volume
contained by the projected areas of the surfaces shown
in the diagrams.

Socket outlets are nor permitted in the restricred
zone unless they are installed in a cupboard. In confined
bathrooms it may not be possible to locate a switch
outside the restricted zone. Switches in the restricred
zone near baths or showers must be enclosed with degree
of protection 1P35. Near a sink or washtub, switches
must be enclosed with degree of protection [P34 or
installed in a cupboard. Lampholders and luminaires

installed in a restricted zone must comply with Clause
6.4.5.

Fountains and water features

In addition to the general requirements of Clause 6.2,
fountains and water features with depth of water exceed-
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ing 0.5 m must comply with the requirements of Clanse
6.5, Here the degree of prorection for equipment
installed underwater is IPX8 and IP34 is specified for
enclosures up 0 2.5 m above the fearure. The supply
n be an earthed system protected by a type I 30 mA
RCD or unearthed through an isolation transformer.
Wiring systems for these installations must be un-
affected by chemicals used to treat the water. Typically
this will be a suitable thermoplastic- or elastomer-
sheathed cable and where necessary installed in a wiring
enclosure of similar properties. The wiring enclosure and
[oints in cables must be scaled to prevent the entry of
moisture.
As with all damp sicuations, the general intention
of the requirements is to reduce the risk of electric shock
~associated with water and prevent deterioration of the
tlectrical installation due to corrosion.

(onfrolled-atmosphere rooms

In the case of a controlled-atmosphere room, only the
wiring related to the equipment within the room is
permitted in the area. Freezing chambers, coolrooms and
chilling rooms are examples of atmosphere-controlled
fooms. In these situations, damp is caused mainly by
condensation. On the other hand, an air-conditioned
area at below ambient temperature bur controlled to
prevent the condensation of water vapour is classified as
@ damp situation only ar the points where the wiring
enters or leaves the space.

The recommended approach to an elecerical instal-
ation is to keep equipment out of damp sicuations. If
this is not possible, the equipment within the area must
be of a suitable type; some suitable devices are shown
insection 5.4 of Chaprer 5 (Volume 1). The installation
in these arcas must comply with Clause 6.6. Sealing, in
the form of non-sctting caulking compound, must be
provided within a wiring enclosure where it enters the
controlled space and ar the entry to equipment. Enclo-
sures that are not permanently sealed must be provided
with drainage to prevent the accumulation of moisture.
Bulkhead-type fittings are common for incandescent
lamps, and special units are available for Auorescent
luminaires, where:

® all components are within the ficting and ar the top;

® sealing and provision for water drainage are provided;

" the poines of entry of conductors to the fitting are
sealed;

® clear covers with gaskers are ficted over the tubes to
maintain twbe temperature and light output.

Morors, such as fan motors, must be of the totally

enclosed type. Splashproof types may be used where they

are not subject to direct hosing; and, in common with
all other equipment to be used in a damp situation, the
wiring entry must be sealed and precautions taken with
regard to water accumulation within the motor.
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General hosing areas

The processing area of many industries must be cleaned
at regular periods as a requirement of health and safery
regulations. The cleaning may include ‘hosing down’, as
is done in the slaughter and processing areas of abatroirs,
in dairies, in some areas of papermaking and in coal
plants, to mention a few cases.

Electrical equipment installed within 2 general
hosing area must be enclosed with degree of protection
IP36, as specified in Clause 6.7.2. Conduits in the area
must be of corrosion-resistant steel, such as galvanised
or thermoplastic type. Inspection fittings need o be
sealed to prevent the entry of water from the hosing-
down activities,

19.3 Areas in which eleciromedical

equipment is used

In locations where medical trearments using electrieal
cquipment are administered, special precautions need to
be raken with elecrrical installations o provide patients
with additional prorection against electric shock. Cir-
cuits carrying higher currents, such as submains, also can
interfere with electrical equipment.

Many medical (and dental) procedures involve the
use of electrically operated equipment for the purpose
of diagnosis, therapy or monitoring patients. This equip-
ment is generally known as ‘clectromedical cquipment’.

Some medical procedures require a direct connec-
ton of low resistance berween the patient and electro-
medical equipment, with probes artached to various
parts of the body. Typical of these procedures is the
determination of a patient’s heart function by an elec-
trocardiogram, as shown in Figure 19.5. Under these
conditions, with body contacr resistance reduced, a fault
in the equipment could result in a faral electric shock,
even at a relatively low voltage. It is also probable that
an impaired physical condition would make the patient
more likely than a healthy person to be severely affected
by electric shock.

Fig. 19.5 4An electrocardiogrom requires the diredt connection of

probes between the electromedical equipment and the
patient
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The specific areas in which the electrical installation

requires consideration are those where:

® a patient is connected to electromedical equipment
such that the impedance of the skin is reduced bur
there is no direct conract with the hearr. This is
known as body-type procedure;

= procedures involve contact with the heart by an elec-
trically conductive medium. This is known as a
cardiac-type procedure.

The requirements for electrical installations in the areas
where these procedures are carried our is covered by the
Australian  Seandard  Electrical  Installations—~Patient
Treatment Areas of Hospitals, and Medical and Dental
Practices (AS 3003). This standard is not a requirement
of the SAA Wiring Rules, but may be called up by a
regulatory authority. Ar the time of writing (1997), the
standard was under review.

The main components of an elecrrical installation in
t medical trearment area thar attrac special arention are:

-

= protection of circuits supplying equipment and outlets
in the trearment area;

= indication and monitoring of faule and hazard
CLITTCNLS;

= |ocation of protection and monitoring equipment;

= number of outlets (for connection of electromedical
equipment) per circuit:

= carthing and equipotential bonding arrangements in
cardiac treatment areas.

Profection of circuits supplying equipment and
outlets

Generally, cireuits supplying fixed electromedical equip-
ment or socket outlets that may be used for electro-
medical appliances must be cither supplied through an
isolation transformer or protected by a type 1 residual
current device (RCD; see Chapter 14). Permanently
connected equipment must also be conrrolled by an
isolator operating in all live conductors. This may apply
also to circuits enclosed in metallic conduit thar pass
through a cardiac-type procedure area.

Indication and monitoring of fault and hazard
currents

In arcas where electromedical equipment is used, socket
outlers supplied through an RCID must be fitted with
an indicator to show that power is available.

The current thar flows from any isolated supply to
carth (known as ‘hazard current’) must nor exceed a
preser value. Isolation transformers must be provided
with a line isolation monitor (LIM) that continually
checks the hazard current. When the hazard current
exceeds the preser value the LIM activates an alarm. A
typical LIM is shown in Figure 19.6.

Fig. 19.6 line isolation monitor (LIM) used fo monitor hazard curent
from an isolated source supplying electromedical
equipment GERARD INDUSTRIES

Location of protection and monitoring
equipment

Protection and monitoring equipment must be ac-:::&'.s'é
ble without the use of a key, and the indication and
monitoring devices must be located within the treatment
area. This equipment can be installed as a separare device
or is available as a complete unic incorporating socket
outlets, an RCD and/or an isolation transformer mdl-
cation and a LIM. Figure 19.7(a) shows such a pantﬁ
which is typically installed adjacent to a hospital bed.

Number of outlets per circuit

AS 3003 generally stipulates the minimum number of
socket outlets for ecach padent location and the
maximum number of socker outlets per circuit. The
standard also limits the number of points supplied from:
an isolation transformer.

Earthing arrangementis in cardiac treatment
areas

In addition to the carthing requirements of AS 3000,
cquipotential carthing is required in a designated area
(known as the “patient equipotential area’ or EP ares;
see Fig. 19.7(b)) where cardiac-type procedures are
performed.

Equipotential earthing involves earthing equipment
and the exposed metal of circuits supplied through an
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fig. 19.7(b) Patient equipotential area

RED or from an isolation transformer, by an carthing
mntlucmr with a resistance nor exceeding 0.1 Q, This
lﬂrthmg conductor is known as the ‘EP bus’ (equi-
potential busbar). Equipment and exposed meral not
protected by an RCD or supplied from an isolation
minstormer must be earthed separately, via earthing con-
| duictors connected to a f:mglc connection on the EP bus
known as the "EP junction’. The resistance of the earth-
Jing conducrors must not exceed 0.01 Q. The return
‘authing conductor is connecred from the EP junction
‘o the normal MEN system (see Fig. 19.7(c)). Paragraph

umber of
and the.
cuit, The
slied from

ment A2of AS 3003 provides guidance in selecting earthing
conductors that meet the low resistance requirements for

AS 3000, the carthing system.

nated area As mentioned earlier, circuits supplying eleciromed-

dcal equipment must be supplied through an isolation
‘ransformer or protected by a type I (10 mA) RCD (see
Fig. 19.7(d)). The choice will depend on ecither the
medical procedure or the type of equipment thac will be
wsed in the medical treatment area. With RCD protec-

r EP area;
‘dures are

quipment
hrough an
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Fig. 19.7(a) A combination panel that includes socket outlets, supply-avoilable indication, and line isolation and overload monitaring
INDUSTRIES
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Fig. 19.7(c) Equipotential earthing in a cardiac-protected
orea  GERARD INDUSTRIES

tion, supply is interrupred when the RCD derects a
fault, whereas an isolated supply is not. When a fault
occurs on an isolated supply, an alarm indicates the
potential risk of electrocution.

An isolation supply consists of an isolating trans-
former that provides a power source with electrical
isolation from carth, plus a suitable monitor. Isolated
supplies are normally used where open-heart procedures
are carried out. They are also used where an uninter-
rupted supply is required ceven if an electrical fault
should occur. This category of use is normally confined
to areas where life-support equipment is in use. All other
locations within cardiac-protected areas can be serviced
by a type [ RCD.

An electrician undertaking installation or mainte-
nance work in medical treatment areas should consult
AS 3003 for details of specific requirements, The appen-
dixes of this standard provide informartion and methods
for the implementation of the various sections and
clauses. Manufacturers of equipment for use in medical
treatment areas can also be a useful source of
informartion,
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Fig. 19.7(d) Risk of electrocution may be minimised in medical freatment areas by the use of on RCD or an isolated supply  GERARD INDUSTRIES

19.4 Theatres and public halls

Rules relating to theatres and public halls are given as a
general guide, and any other codes or the requirements
of the authorities administering the Acts must be
observed. Nore that, because of public access and fire
risk, where there are surface-mounted cables within
2.5 m of the ground, floor or platform, then the wiring
system to be employed is restricted to the following
types:

w cables enclosed in steel conduit or orher approved

enclosure

m armoured cables
s MIMS cables.

However, other types thar provide security against fire

and damage equivalent to the above types may be used.
For wiring other than surface-mounted, the follow-

ing are approved (note that any of the cables listed above

may also be used):

= TPS cables

= thermoplastic-insulated cables in non-meeallic conduit

= metallic-sheathed cables.

Reference should be made to Volume 1, Chapter 9 (on
metallic and non-metallic conduit systems) and to Chap-
ter 10, where a comprehensive deseription of metallic
and non-metallic sheathed fire-performance cables is
provided. The fire-performance characreristics of cable
insulation are described, and some guidance is given
for the installation of fire-retardant cables.

Note the rules restricting access to most switch-
boards and conrtrols to authorised persons only. Note
also the fireproofing requirements and provisions for the
control of exit, entrance and auditorium lighting, to

prevent public panic in an emergency. Fire risk is the
ever-present hazard where public assembly takes place,
and the requirements of Clanse 6.8 are aimed at provid-
ing the safe and effective control of lighting and appli-
ances, proper locations for switchboards and equipment,
and the guarding and arrangement of equipment ©
minimise fire risk.

19.5 Outdoor living and recreation

areas

Today, outdoor activities such as camping and boaring
involve the supply and use of electricity from the maing
supply for the convenience of the consumer. Alchough
the consumer may regard the supply of electricity under
these circumstances as a temporary arrangement, the
elecrrical system must be installed 1o maintain the
highest standards of safery and effective operadon.
The SAA Wiring Rules call up a number of separace
standards thar deal wich inswallations related ro recrea-
tional activities:
® Caravan Parks (AS 3001), called up by Clanse 6.11;
w Shows and Carnivals (AS 3002), called up by Clause
6.12;

» Boating and Marinas (AS 3004), called up by Clause
6.13;

® Tent Installation Arveas (AS 3005), called up by Claus
6. 14 of AS 3000,

Generally these standards cover two areas: the site instal-
larion; and the installation within, say, the caravan, boat
or carnival ride itself,

The approved methods of supply to individual




he
ol
1=

)i~

nt,
o

ing
ins
igh
der
the

the

ate
-

LHSE

[lse

tal-
0Ar

[ ual

cimping and caravan sites are by underground or aerial
wiring o comply with AS 3000, together with some
additional requirements, For example, underground
wiring can be category A or B installed ar a depth of
not less than 0.6 m, but must be covered with 100 mm
of concrere. Alternatively, the wiring can be installed ar
adepth of not less than 1.5 m withour additional pro-
tection, Similar installation requirements apply to supply
10 wemporary sites for shows and carnivals.

In marinas, boats may be connected to the shore
supply cither directly or through an isolation transfomer.
It may be necessary to bond merallic parts of the boat
10 the system earthing or to one secondary lead of an
solation  transformer, depending on the connection
arrangement used. The various arrangements for obtain-
ing low-voltage shore supply are derailed in AS 3004,
Appendix C.

Acceprable wiring systems installed on the jetty or
pontoon portion of a marina are those unaffected by the
corrosive action of water, such as thermoplastic-insulared
copper cables in non-metallic conduir. Overhead wiring
or cables with aluminium conductors are nor permitted.
Where the wiring system is installed from shore or a
fised jetty to a pontoon, a flexible section must be
included to allow for tidal movement (sce Fig. 19.8).

The maximum demand of mains and submains for
these installations is generally determined by one of the
methods specified in AS 3000, in consultation with the

local energy distributor. For the purpose of caleulation,
the standards for caravan parks and for marinas specily
the contribution to the demand by socker outlets sup-
plying caravan sites or boar connections.

Fig. 19.8 The wiring system installed on this public marina is cireular TPS
conduil, from the ramp fo the pontoon section to allow for lidal
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When selecting cables for these types of installadions,
volrage drop will be a major facror in determining con-
ductor size because of the long route lengths of the circuits
(see Chaprer 16). In caravan parks and marina installa-
tions, the voltage drop must not exceed 5 per cent meas-
ured from the consumer’s terminals to any pointor socket
outler in the installation. In show and carnival installa-
tions, the voltage drop must not exceed 4 per cent.

Figure 19.9 shows distribution posts for supplying
camp sites on a recreational camping ground. Each post
is equipped to supply four sites. The distribution board
supplying each of the distribution posts is located at the
lefe end of the amenities building seen in the back-
ground. In rthis example, although the maximum
demands are the same, in order to satisfy volrage drop
requirements the sizes of the submains supplying each
distribution post vary from 16 mm? for the shortest run
to 35 mm* for the longest run.

In caravan parks and tent areas where the MEN
system of earthing is used, posts thar support distribu-
tion boards may be regarded as outbuildings and sepa-
rate MEN earthing may be employed, as specified in
AS 3000, Clause 5.9.4. In marinas, separate MEN earth-
ing is not permitted.

The approved method of connecting supply t a
caravan, tent or boat is by socker outlet and cord exten-
sion set. Each socket outlet must be protected by 2
circuit breaker, and RCD protection is required by
legislation in some areas. The socker outler must be a
three-flat-pin type rated ac not less than 15 A. Require-
ments also specify the location, control and protection
against damage of socket outlets for this purpose.

cable. Note the additional section of cable, enclosed in black PYC flexible
movement
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Fig. 19.9 Recreational camping ground showing distribution posts for supplying camp sites. Note the long distances from the distribution board af
the left end of the omenities building fo each distribution post

A typical arrangement is to provide centrally
metered distribution posts, each supplying a number of
sites as shown in Figures 19.10(a) and (b). An alternarive
arrangement, shown in Figure 19.10(c), is to provide a
switchboard rogether with individual metering and dis-
tribution facilities, to service rwo caravan sites.

An approved method of providing socker outlets for
the supply of electricity to pleasure craft at a modern
marina is shown in Figures 19.11(a) and (b). The com-
bined MCB (miniature circuit breaker)/RCD circuit
protection devices and socker outlets ar each distribution
centre are protected from the weacher and against
mechanical damage by lockable moulded covers. The
distribution centre has an outlet on each face, enabling
it to supply four scparate craft ar the one time.

The cord extension set used to supply installations
related to recreational activities must comply with the
appropriate standards in regard to type, rating and
length. The extension socker of the cord extension sct
is to be connected to an appliance inlet fitted to the
caravan or boat. The appliance inlet must be of the
specified type and protection rating and comply with
installation requirements. In tent installations where
more than one appliance is to be used, the extension
cord set is to be connected to an approved outlet box.

The standards also set outr requirements for the
installation within a caravan or boat and for the arrange- |
ment of supply to an annexe or tent that is part of a i
single caravan site. Fig. 19.10(a) Distribution post for servicing four comp sites
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Fig. 19.10(b) The outlets and their circuit breakers ore protected from
the weather and against mechanical damage by being
mounled on the underside of the overhanging cover,
This equipment was installed before RCD prolection
become a requirement in some stales

Fig. 19.10(c) Switchboard with metering and control facilities to
sewvice Iwo caravan sites

Fig. 19.11(a) Madem marina with distibution centres for the supply of eleclricity ond fresh woter to moored pleasure croft
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Fig. 19.11(b) Qutlet protected by a combined RCD/M(B for
connecting shore supply to @ moored boat

An elecrrician, before working on these types of
installations, must become completely Familiar with the
appropriate standard and with any other requirements
under state legisladon. The energy distributor should
also be consulred to ensure that the installation will
comply with relevant service rules.

19.6 Construction sites

In building and construction work, electrically powered
tools and equipment are used fairly extensively.
Although the elecrrical installation for the supply of
power for this work is of a ‘temporary’ nature, it must
meet the highest standards for safe and effective opera-
tion. The difficult and potentially dangerous conditions

R T e R R T R it}

on construction sites, and the wide use of flexible .'-'.;
and extension cords, add to the need for additional
requirements for these installadons.

The SAA Wiring Rules, Clause 6.15, calls up
ASINZS 3012—1995 Electrical Installations—Constrite-
tion and Demolition Sites as a guide. This standard gives
a broad definition for construction sites to include ex=
cavation, civil work, new building work, building exten-
sions, demolition and temporary buildings on these siwes,
such as site offices. In some areas this standard may be'
mandatory under local safety regulations, while in other
areas a ‘code of practice’, similar to the Standards, is
used. As with all electrical work, the electrical trades-
person should make sure he/she is familiar with the
application of Standards and local requirements.

Electricity used in construction activities may be
purpose of these activities or through the wiring installed
in, and forming a permanent part of, the structure of
building. Wiring installed for the purpose of constric-
tion work and not intended to form part of the per-
manent wiring is known as fixed construction wiring.
ASINZS 3012 stipulates the types of cables thar may be
used for fixed construction wiring and the installation
requirements for this wiring.

When selecting cables for the mains and submains
of fixed construcrion wiring, the maximum demand can
be determined by one of the methods specified by Clanse
2.5 of AS 3000. However, ASINZS 3012 assigns a
rating to general-purpose outlets (GPOs) that is to be
applied when the maximum demand is determined By'e
calcularion,

Every final subcircuit of fixed construction wiring,
supplying for example lighting points, fixed appliances.
or socker outlets, must be protected by an overcurrent
circuit breaker. In addition, most final subcircuits of
fixed construction wiring must be protected by a type |
or Il RCD. For example, every final subcircuic supplying
socket outlets is required 1o be prorected by a separate
RCD; and where supply for equipment can only be
obrained from a socker outler connecred o the perma-
nent wiring, the equipment must be protected by a
portable RCD. Final subcircuits supplying appliances at
ELV, or through an isolation transformer, do not
require RCD protection.

One important requirement for socker outlers
connnected to construction wiring is that they must be
controlled by a double-pole switch operating in both the
active and neutral conductors.

The main switchboard for the construction site
must be located ar swreer level and protected from
damage that may be caused by the construction activi-
ties. It is common for distribution boards to incorporate
socket outlets for the connection of power tools and
other portable appliances. Each distribution board must
incorporate at least one 15 A socker outler.
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Careful consideration should be given to the place-
ment of these distribution boards and socker outlets gen-
erally, as AS/NZS 3012 places limitations on the length
of flexible cords that may be used on a site. Also flexible
cords and cables that are not installed as fixed construc-
‘tion wiring are not permitted to be run berween levels
in a multilevel structure. The exception to this require-
ment is for work in stairwells, in lift shafts and on form-
work and the like (see Fig. 19.12).

The luminaires on a construction site must be sup-
plied by more than one final subcircuir and installed in
a distributed pattern in order to provide adequate and
even lighting in the event of a circuit’s failing. The use
of festoon lighting and portable luminaires is permirred,
provided that they comply with the construction and
“installation requirements of the standard.

A requirement of AS/NZS 3012 is the periodic
westing of fixed construction wiring, flexible cords,
extension cords, portable outlets and portable tools and
equipment  within - specified  periods. The  resting,
normally carried out by an electrician, must be in accor-
dance with the Australian Standard /n-Service Safety
Auspection and Testing of Electrical Equipment (AS/
NZS 3760: 1996). All resting and corrective actions
must be recorded in a loghook kepr on the site. Portable
‘equipment must have a tag attached thar shows the date
and identifies che person who carried out the test.

For more derails of the requirements for electrical
installations on construction sites. you should consult
ASINZS 3012. In order to carry out the periodic testing

[]
Distribution
board
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of site wiring and equipment, you must be totally famil-
iar with the procedures ser down in AS/NZS 3760:
1996 In-Service Safety Inspection and Testing of Electrical
Equtipment.

The regulatory authority responsible for the safe opera-
tion of lifts and escalators requires such installadons to
comply with the SAA Lifi Code (AS 1735). An electri-
cian installing lift equipment should endeavour to
become familiar with the electrical requirements of this
code. These requirements are in addition to compliance
with the SAA Wiring Rules. The Rules give a limired
cover of wiring systems supplying lifts and in lift shafts
as well as the protection, control and arrangements of
the lift supply.

The SAA Lifi Code refers to the fire and mechan-
ical performance classification of wiring systems given
in ASINZS 3013: 1995 Electrical Installations—Clas-
sification of the Fire and Mechanical Performance of
Wiring Systems o specify wiring systems suitable for
lift installations.

A modern control panel using programmable logic
controllers (PLCs) for the multifunctional control of a
low-cost, low-rise electrohydraulic lift installed in 1991
is illustrated in Figure 19.13(a). Any emergency Stop
device cannot depend on the operation of a PLC as the

Distribution
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Fig. 19.12 Use of flexible cords on the constrution of a mullilevel building. AS/NZS 3012 requires flexible cords lo be supported off the floor
where they are more than 10 m from the appliance that they supply and where they are out of view or aeross passageways



Fig. 19.13 FHectrohydraulic lift installation: (a) confrol panel using PLCs for multifunciional control of the Iifi; (b) flexible travelling cobles emerging
from steel frunking in the lift shaft: (¢) distribution board installed in accordance with Clouse 2.19.4.1 AUSTRALIAN ELEVATOR COMPANY
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only means of isolation, and this of course includes a
lift inswllation. Refer to Note 2 of Clause 4 1.6 of
AS 3000,

Under emergency conditions a lift may be required
to operate for the evacuation of people from a building
or 1o prevent people from being trapped in the lift
between floors. Therefore, the wiring system supplying
the lift and in the lift shaft must be able ro operate under
adverse conditions, such as in a fire. Refer 1o Chaprer
10/in Volume 1, where a comprehensive description of
metallic and non-merallic sheathed fire-performance
cbles is given. The fre-performance characteristics of
cable insulation are described, and some guidance is
given for the installation of fire-retardant cables.

Copper-sheathed MIMS cable and cable in merallic

cenclosures are typical of approved wiring systems. Clause

219.7 of the SAA Wiring Rules specifies the wiring
systems suitable for supplying lifts. Supply wiring to the
control panel of Figure 19.13(a) and for fixed wiring in
the life shaft is single-insulated PVC cable in steel

SUMMARY

- ® In addition fo the general requirements with which all

slecrical installations must comply, there are some aregs

- where additional precaufions need fo be taken o ensure.

safety and the intended use of the area.

* Areas where moisture is fikely 1o be present are known as

‘domp situations’, and include:
* swimming and spa pools
» baths, showers, and other fixed waler containers
= fountains and water features
» controlled-aimosphere rooms
= general hosing aregs,
® fnclosures for electrical equipment must provide profection
against the entry or ingress of solids and fiquids. The

- Vorious degrees of proleclion that are afforded by an
- endosure are specified by the International Protection

Rafings, known as the IP rafings, for an enclosure (see

Table 19.1).

* Parf of the area surrounding a swimming or spa pool is

- Oefined os the pool zone (see fig. 19.2).
% Special requirements covering the elecirical installotion

|

|

ussocioted with swimming and spa poals, particularly within
he pool zone, apply to:
* Wiring systems
* garthing and equipofential bonding
* IP rating of enclosures |
* luminaires
= supply and profection arrangements.
* (lause 6.4 sefs out restricied zones for the installation of
Accessories near baths, showers and wafer basins,

- Hecricol installations ossociated with fountains and water

features must comply with speciol requirements applying lo:
= [P rolings of enclosures

* wiring sysfems

= supply and profecion arrangements,

---------------------------------------

conduit, used in conjunction with steel trunking. The
classifications of AS/NZS 3013 do not cover tlexible
travelling cables shown in Figure 19.13(b).

The supply 1o lifts is required to be controlled by
a main switch, appropriately marked, and separate from
the installation main switch, Clause 2.19.4, and in
particular Figure 2.1, in the SAA Wiring Rules provides
details of the supply arrangements and control for instal-
lations thar include lifts,

The distribution board shown in Figure 19.13(c) is
fed directly from the supply side of the general instal-
lation main switch, in accordance with Clanse 2.19.4. 1,
The fan control panel mounted on the wall adjacent to
that on which the distribution board is mounted con-
trols the operation of a thermostatically controlled
cooling fan for equipment housed in the lift control
room. It incorporares a high-temperature alarm and an
alarm mute burton. An auro/manual button is installed
to provide manual or automatic control of the fan as
required.

= Requirements relaled fo eledrical installations in controlled-
atmosphere rooms deal with domp caused mainly by
condensafion. '

= In ‘hose-down’ areas electrical systems must be protected
against the entry of water and agoinst the effeds of corrosion.

® In areas where medical freaiments are administered using
eledrrical equipment, special precautions need to be faken
with the elecirical system to provide patients with addifional
profection against electric shock.

= The main componenfs of an eledrical installation in a
medical freatment area that require special attenfion are:
* profedion of circuits supplying equipment and outlets in

lrealment areas

* indication and monitoring of fault and hazard currents
= location of protection and menitoring equipment
= number of outlefs per circuit
= earthing and equipotential bonding arrangements in
~ cardiac freatment areos.

= The special requirements for electrical installafions in thealres
and public halls are oimed at providing the sofe and
effective coniral of lighting and appliances, proper location for
swilchboards and equipment, and the guarding and
arrangements of equipment 1o minimise fire risk.

= The electrical installations associated with outdoor activifies
such as camping and boafing must maintain the highest
standards of safety and effective operation, Standards dealing
with such installations include:
* Caravan Parks (AS 3001)
= Shows and Carnivals (AS 3002)
= Badling and Marinas (AS 3004)
* Tent Installation Areas (AS 3005).

= Generally these standords cover wo areas: the site
installafion; and the installation within the caravan, boat or
camival ride ftself.
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= The s;aﬁmul mqunramanlsvfor these installafions that apply
. wimluﬂun of mm-umum demand for mains and submains
« distribution and profection arrangements
» wmng sysrems

= sacket outlets.

= In caravan parks and marinas, circuifs supplying distribution
points are likely 1o have long route lengths. This makes:
voliage drop @ major consideration when seledling cables for
these circuits.

REVIEW QUESTIONS

Where the answer fo o review question is numerical or requires

reference to the SAA Wiring Rules, the answer is given af the

back of the book. These questions are marked *.

1. Name the areos of electrical work covered by Section 6

of the S44 Wiring Rules.

What is meant by a ‘damp situation™

What Australion Standord classifies the degree of

profection provided by an enclosure?

Under what environmental conditions can a switch

marked IP56 operate?

Why are there special requirements for the eledrical

installation in the vicinity of a swimming pool?

* 6. Whal is meant by the ‘swimming pool zone™

* 7. Wha! is the minimum size of conduclor permitted for
equipotential bonding in o swimming pool zone?

* 8. Whot are the requirements for the installafion of
luminaires in o swimming pool zone?

* 9, What is meant by the ‘restriced zone” in a bathroom?

*10. Is it permissible to install a light swilch in a restricied
zone adjacent to a shower?

*11. Name the wiring systems approved for installation in o
coolroom,

12. Describe an elecromedical reatment area.
13. Why is it necessary fo apply special precautions to

electrical installations in electromedical treatment
areas?
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. Which Australion Standard covers the requirements for
elecirical installations in electromedical treatment
areas?

15. What is the purpose of a line isolafion monitor?

*#16. List the additional requirements for elecrical
installations in theatres and public halls.

*17. Name the standards that cover the odditional
requirements for eledirical installafions in caravan
parks, boating marinas and tent areas.

18. Why is o voliage drop likely to be a major factor in
selecting cobles for o comping area installotion?

*19. What Australion Standard covers electrical installations
on construction sites?

Note: Answers to questions 20, 21 and 22 will require reference

lo AS/NZS 3012,

*20. On a construction site, what is meant by fixed
construction wiring?

*21. Describe the restrictions to the use of extension cords
on a construction site.

*22. Whal are the festing inspeclion requirements for the
electrical installation and equipment on a construction
site?

*23. Nome the Australion Standards that apply to the
installafion of lifts.

*24, |s it permissible to install @ rigid non-metallic wiring
system in a lift shafi?

*25. Describe the permitted arrangement for the supply to

a lift.




