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1 Introduction

Persons who engage in “Prescribed Electrical Work” must be registered or otherwise
authorised under the Electricity Act 1992. The Electrical Workers Registration Board (the
Board) is responsible for ensuring that applicants for registration have reached a satisfactory
level of understanding and competence in carrying out the work (for which registration is
sought) in a manner ensuring their own safety and the safety of others.

This Handbook has been compiled to provide electrical safety information for those persons
wishing to obtain Electrical Service Technician registration with a 230 volt limitation (ESTA)
or need to complete ESTA tuition and examination requirements as part of obtaining an
Electrical Service Technician registration with a 460 volt limitation (ESTB). It contains
elementary electrical theory only to the extent necessary to adequately explain or support
the principal statements made.

The Handbook is not a service instruction book and does not fully cover the knowledge
required to undertake electrical servicing work on appliances. Any technical or theoretical
electrical training required in a particular occupation is considered to be a matter for the
employer or industry concerned.

It complements the ESTA Teaching Guidelines and is a supplement to the course syllabi
developed and used by training providers.

The information relates to the scope of work permitted under an ESTA registration:

The maintenance (testing, servicing and repair) of electrical appliances rated up to 230
volts supplied via plug and flexible cord.

The replacement of fuse links rated up to and including 230 volts.

The construction repair and replacement of flexible cord sets rated up to and including
230 volts.

The "Examination Information” is intended to indicate to candidates the extent and depth of
knowledge required by those seeking registration.
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2 Interpretation

In this Handbook unless the context otherwise requires:

Act
Active (Phase)

Ambient
temperature

Apparatus
Arcing

Board

Class | Electrical
Appliance

Class Il Electrical
Appliance

Class | Equipment

Class Il Equipment

Closed circuit

Electrical Service
Technician

Electrician
Environment

Equipment

June 2006

Means the Electricity Act 1992

Any conductor which is maintained at a difference of potential from
the neutral or earthed conductor. In a system which does not include
a neutral or earthed conductor, all conductors shall be considered to
be active conductors

Means air temperature in the close vicinity.

See “Equipment”.

Means maintaining a flow of current through the air between two live
terminals.

Means the Electrical Workers Registration Board.

See Class | electrical equipment

See Class Il electrical equipment

Equipment in which protection against electric shock does not rely on
basic insulation only, but which includes an additional safety
precaution in that accessible conductive parts are connected to the
protective earthing conductor in the fixed wiring of the electrical
installation in such a way that accessible parts cannot become live in
the event of a failure of the basic insulation.

Equipment in which protection against electric shock does not rely on
basic insulation only, but in which additional safety precautions such
as double insulation or reinforced insulation are provided, there being
no provision for protective earthing or reliance upon installation
conditions. This equipment is generally manufactured with a non-
conductive (insulated) enclosure and is marked either with the words
“Double Insulated” or the symbol

Means a continuous conducting circuit from, and back to, a source of
electricity.

Means an Electrical Service Technician registered under the Act.

Means an Electrician registered under the Act.
Means the general surroundings

Means wiring systems, switchgear, control gear, accessories,
appliances, luminaires and fittings used for such purposes as
generation, conversion, storage, transmission, distribution or
utilization of electrical energy.
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Extra-low voltage

Fitting

Fuse

Handheld
Appliance

Hazard
High voltage

Insulation

Isolated

Load

Low voltage

Open Circuit

Phase (Active)

Portable
equipment

Potential
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Means any voltage normally not exceeding 50 volts a.c. or 120 volts
ripple-free d.c.

See “Equipment”.

A device for protecting a circuit against damage from an excessive
current flowing in it by opening the circuit on the melting of the fuse-
element by such excessive current. The fuse comprises all the parts
that form the protective device.

A portable appliance intended to be held in the hand during normal
use, the motor, if any, forming an integral part of the appliance.

Means a risky or potentially dangerous situation.
Means voltage exceeding 1,000 volts a.c. or 1,500 volts d.c.

Is one or more of the following:
Basic insulation

The insulation applied to live parts to provide basic protection
against electric shock.

Supplementary insulation

An independent insulation, applied in addition to basic
insulation, in order to ensure protection against electric shock
in the event of failure of the basic insulation.

Double insulation
Insulation comprising both basic and supplementary insulation
Reinforced insulation

A single insulation system applied to live parts, which provides
a degree of protection against electric shock equivalent to
double insulation.

In relation to fittings or electrical appliances, means that the fittings or
appliances are deliberately disconnected from any source of
electricity.

Means that which consumes or uses electricity.

Means any voltage exceeding 50 volts a.c. or 120 volts ripple free
d.c. but not exceeding 1,000 volts a.c. or 1,500 volts d.c.

Means a normally continuous circuit has been made discontinuous
either deliberately (switched off) or by some other means (circuit
operation or circuit protection).

See “active”

Means equipment that is moved while in operation, or an appliance
which can be easily moved from one place to another while
connected to the power supply.

Means the voltage difference between two points.
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Prescribed Means electrical work prescribed in regulations made under the
Electrical Work Electricity Act and shall be work for which authority is required under
the Act. In relation to these Guidelines this means:

(a) for ESTA:

the maintenance (testing, servicing and repair) of
electrical appliances rated up to 230 volts supplied via
plug and flexible cord.

the replacement of fuse links rated up to and including
230 volts.

the construction repair and replacement of flexible cord
sets rated up to and including 230 volts.

(b) for ESTB

the maintenance (testing, servicing and repair) of single-
phase and polyphase electrical appliances rated up to
460 volts.

the maintenance and replacement of fittings (other than
the installation of conductors) rated up to 460 volts.

the connection and reconnection of permanently
connected electrical appliances rated up to and including
460 volts

the replacement of fuse links rated up to and including
460 volts.

the construction repair and replacement of flexible cord
sets rated up to and including 460 volts.

Radio/TV Means the effective elimination or reduction of unwanted noise or
Interference signals generated by electrical equipment and reproduced aurally or
Suppression visually by the Radio or TV receiver.

Regulation Means the Electricity Regulations 1997.

Semi-conductor Means an electronic component with a degree of conductivity

between that of a conductor and an insulator.

Short circuit A fault current resulting from a fault of negligible impedance between
live conductors having a difference in potential under normal
operating conditions. The fault path may include the path from active
via earth to the neutral.
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Standard low Means,—

voltage (@) in respect of electricity supplied by either a single phase MEN

system or a multiple-phase MEN system, a nominal voltage of
230 volts a.c. between phase and neutral; or

(b) in respect of electricity supplied by any other system, a nominal
voltage,—

(i) in relation to single-phase supplies, of 230 volts a.c.
between conductors; or

(i) in relation to two-phase supplies, of 400 volts a.c. or 460
volts a.c. between conductors; or

(i) in relation to multiple-phase supplies, of 400 volts a.c.
between conductors

Supervision In relation to any work means that the work is undertaken under such
control and direction of a person authorised under the Act to do the
work as is sufficient to ensure:

(a) That the work is performed competently, and

(b) That while the work is being undertaken, appropriate safety
measures are adopted, and

(c) That the completed work complies with the requirements of the
regulations.
Supervisor of Means, in relation to Electrical Service Technicians:

Electrical Work (@) A registered Electrical Service Technician who has at least 3
years qualifying experience.
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3 Work Responsibilities

Every person granted registration under the Act must ensure that all work is carried out in a
safe and competent manner and that the requirements of all relevant regulations are
carefully observed. Students must make themselves familiar with the Act, Regulations,
Standards and Codes that apply to their particular sphere of work.

From time to time it may be necessary for a registered person to obtain assistance in
carrying out prescribed electrical work. Your attention is drawn to the requirements of
Regulation 25(2) which states in part:

No person may carry out or assist to carry out any work....... unless that person is
competent to do that work or is under the supervision of a person who is competent to
do that work.

4  Publications

The following publications contain information relevant to Electrical Service Technicians.

The Electricity Act 1992 and amendments (reprinted 19 August 2005)
The Electricity Regulations 1997 and amendments (reprinted 5 September 2005)
These documents are available from Bennetts Bookshops

AS/NZS 3000
AS/NZS 3760
AS/NZS 3820
AS/NZS 4701

AS 60529

Australian/New Zealand Wiring Rules

In-service safety inspection and testing of electrical equipment.

Essential safety requirements for low voltage electrical equipment
Requirements for domestic electrical appliances for reconditioning or parts
recycling

Degrees of protection provided by enclosures (IP Code)

These documents are available from Standards New Zealand
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5 Electricity

Electricity has a number of unique features. It is totally invisible and its presence can be
detected only by devices designed to detect or measure it.

Electricity is used to power a multitude of domestic and industrial electrical appliances; it can
operate moving parts (motors) or stationary parts (heating elements) and is the energy
source for a vast array of electronic apparatus.

Electricity is transmitted to where it is required by means of metal conductors. The metal is
usually copper, and in flexible cords is formed into a stranded wire for flexibility. Conductors
are insulated to confine the electricity to the path of the conductor. This prevents personal
contact with the conductor and prevents contact with other metals that could cause it to
“short circuit” or leak to earth without doing the required work.

The insulation, which needs to cover the whole length of the conductor, is a non-conducting
material applied to a specified cover thickness. A commonly used insulating material is PVC.
(Polyvinyl Chloride). This is used because it also has properties of flexibility, resistance to
moisture, heat, pollutants and abrasion.

The smallest cut in insulation that exposes the conductor may allow an accidental contact
that could permit electricity to escape and follow any available path to earth. A person
handling the flexible cord or electrical appliance may provide such an escape path and could
receive a serious or fatal shock.

5.1 Control of electrical appliances

Electrical energy to electrical appliances is turned on and off by switches. Switches contain
two or more contacts according to their function. The contacts may be spring controlled so
that they open and close very rapidly. In electrical diagrams the symbol for a switch is shown
in Figure 1.

When the switch is CLOSED, electricity flows through the switch contacts and through the
electrical appliance. When the switch is OPENED, electricity stops flowing.

Figure 1 — Switch symbols

_/:/_

Single pole Single pole Double pole

Make contact Break contact Make contact

5.2 “Live” (or “Alive”)

Means that an appliance is electrically energised by connection to the supply and has been
“switched on”. Providing the electrical appliance is in proper order, only those parts that are
meant to carry electricity do so.

When an electrical appliance is defective, parts that are not designed to carry electricity may
also carry it and be livened, thus creating a danger of electric shock.
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5.3 Voltage
Symbol VorEorU
Unit of measurement Volt — symbol V

Voltage is the force or pressure of electricity. The higher the voltage, the greater the
pressure. Voltage is often compared to water pressure for easier understanding.

Electricity loses pressure because of resistance to its flow just as the flow of water is
restricted by a valve or tap.

Voltage (or pressure) drop is caused by the work done.

The cumulative effect of resistance in long wires creates resistance to the flow of electricity
causing a drop in voltage along the wires length. A long hose has the same effect with water
pressure.

The voltage or pressure of electricity is measured by means of a voltmeter connected
between the Active conductor and the Neutral or Earth conductor. The voltage indicates the
amount of potential difference between the two points it is applied to. For example, a
reading taken in this manner at a socket outlet, the voltmeter would indicate the potential
difference to be 230 volts.

The voltage on a circuit or appliance can be calculated using Ohms law or the power

triangle:
Ohms Law Power Triangle
\Y P
| R \/ |
\Y = I xR \Y = P
[
Where: Where:
Y = voltage P = power
| = current [ = current
R = resistance \% = voltage

Alternatively, the following formula can also be used:

vV o= (P xR)
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5.4 Current

Symbol I
Unit of measurement Amp or Ampere - symbol A.

Current is a measure of the flow of electricity through a conductor under the pressure of the
voltage. It can be compared with the flow of water through a pipe under pressure of a tank
or pump.

Current is measured in amperes (amps) or milliamperes (mA) or microamperes ( A)

1 milliamp (1 mA) = 0.001 Amps (one thousandth of 1 amp) - Note: milli = 107

1 microamp (1 A) = 0.000001 Amps (one millionth of 1 Amp) — Note: micro = 10°®
1 Amp = 1,000 milliamps or 1000 milliamps = 1 Amp.

1 Amp = 1,000,000 microamps or 1,000,000 microamps = 1 Amp

Current tends to heat up the conductors as it passes through. The conductor’'s natural
resistance to the flow of current causes this as the voltage pressure forces it through. Too
much current will produce sufficient heat to exceed the temperature rating of the insulation —
damaging it and causing it to loose its insulating properties.

If the temperature became excessive it may in time eventually melt or burn out the
conductor. A larger conductor is required if the amperage is to be increased without
increasing the conductor temperature.

The current in a circuit or appliance can be calculated using Ohms law or the power triangle:

Ohms Law Power Triangle
Vv P
| R \/ |
R V
Where: Where
\% = voltage P = power
| = current [ = current
R = resistance \% = voltage

Alternatively, the following formula can also be used:

P
R
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5.5 Resistance

Symbol R
Unit of measurement Ohm - symbol W/

Resistance, expressed in Ohms (W), is a measure of the opposition encountered by the
current flowing through a conductor.

All conductors possess some resistance. Its value depends upon the type of material used
for the conductor, its temperature, its length and cross-sectional area.

The greater the length - the greater its resistance
The greater the cross-sectional area - the lower its resistance.

This is similar to the resistance offered to a flow of water through a hosepipe.
Some materials are classified as insulators if they possess sufficient resistance to restrict
current flow to only a few micro-amps (1 Amp = 1,000,000 micro-amps, nA) under a

pressure of several hundred volts.

Resistance equals voltage divided by current flowing — Ohms Law:

Vv
I R
R = v
I
Where R = Resistance (Ohms)
Vv = Volts
I = Current (Amps)
e.g., 230V = 23 ohms
10A
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5.6 Power
Symbol Porw
Unit of measurement Watt — symbol W

Watts are a measure of the consumption of electricity by the electrical appliance.

The power consumed by lighting or heating electrical appliances can be calculated using the
power triangle:

P
V |
P = VXl
Where:
P = power
| = current
Y = voltage

Alternatively, the following formulae can also be used:

P = I’x R
P =
R

e.g., 230 Volts x 10 Amps = 2300 watts = 2.3 kilowatts — (Note: kilo = 1,000 or 10°)

It follows that for a constant voltage system (e.g., the standard 230V system supplied to
domestic premises), current is directly proportional to the wattage of the electrical appliance.

To calculate the power consumed by single-phase electrical appliances that contain electro-
magnetic components such as solenoids or motors the following formula is used:

P = VXxIxCosd

Cos @ means power factor

June 2006
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6 Electrical Conductors
The functions of electrical conductors found in a three conductor flexible cord are as follows:
6.1 Active (A) or Phase Wire

For convenience, and to avoid confusion, the term “Active” (A) only, will be used throughout
this handbook to describe live conductors and live terminals. Some parts of the electricity
industry may refer to an Active conductor as the “Line (L)” conductor

It must therefore be clearly understood that the terms “Active”, “Phase” and “Line” (where
these refer to wire conductors such as may be found in a flexible cord or to terminals such
as may be found in a three pin plug or electrical appliance) all mean the same thing, i.e.,
“live” or intended to become “live”.

The Active (A) Wire:

Conducts electricity from its source to where it is required to do useful work.

Is usually covered with brown or red coloured insulation. Refer to AS/NZS 3000 or
AS/NZS 3760

It is the wire in which the isolating switch is situated to control the operation of the
electrical appliance.

Is entirely insulated from both the Earth wire and the Neutral wire.

Note: The terminal to which the Active is connected is usually designated by the letter “A” or
HP”.

6.2 The Neutral (N) Wire

Returns electricity to its source after performing useful work.

Is covered with light blue or black coloured insulation. Refer to AS/NZS 3000 or
AS/NZS 3760.

Is entirely insulated from the Active wire and Earth wire.

Note: The terminal to which the Neutral is connecte  d is designated by the letter “N".
6.3 The Protective Earthing (PEC) Conductor
This wire is also known as:

- The protective earthing wire
- The earth continuity conductor
- The earth wire

The Protective Earthing Conductor:

Is the safety wire of the electrical appliance. It must have a low resistance  and
provides an alternative return path for electricity in the event that exposed metal parts
of an electrical appliance become alive.

Is covered with insulation coloured green or green with a yellow stripe. Refer to
AS/NZS 3000 or AS/NZS 3760.

Is connected to the external metal parts of an electrical appliance and, through
connection to other Earth conductors at the socket outlet, to the general mass of the
Earth or ground.

Under normal circumstances carries no current.
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Under fault conditions the PEC briefly carries a large current from the electrical appliance
directly to Earth. This fault is known as a short circuit to Earth or earth fault. The low
resistance of the PEC protects the user of an appliance in two fundamental ways:

1. It ensures the rapid operation of the circuit protection device (fuse or circuit breaker) in
order to remove power from the circuit, and

2. It keeps the exposed metalwork of the appliance at earth potential, thereby protecting
the user from electric shock.

Note: The terminal to which the PEC is connected is designated either by the letter “E” or
coloured green or the symbol _

6.4 Non-Standard Wire Colours

If the colour coding in a three conductor flexible cord is found to differ from those described
above, test instruments must be used to establish correct connections.

6.5 Electrical Circuit

The electrical circuit of an electrical appliance consists of those parts through which
electricity is designed to pass in order to do the required work.

In any plug-in electrical appliance the circuit consists of the entire electrical path from the
Active pin of the plug, through the flexible cord and designed path in the electrical appliance
to perform the work, back to the Neutral pin of the plug.

The designed path within the electrical appliance includes, where applicable:

The element wire wound round the bar of a radiant heater and its end connections.
The windings and starting circuit of an electric motor.

The filament, filament supports and connecting base of a normal light bulb.

Any switch, thermostat, fuse or other circuit component built into the electrical
appliance.

The electrical circuit does not include parts such as:

The external casing of the electrical appliance.

The insulation surrounding the electrified parts of the electrical appliance.

The steel laminations of a transformer or an electric motor (these are part of the
magnetic circuit and are insulated from the windings, etc.).

Any of the supports, clamps, etc., used to hold any part of the electrical circuit in place.

NOTE: Any metal not being part of the designed ele ctrical path within the electrical
appliance, and not being double insulated or reinfo rced insulated, is required to be
earthed by means of the protective earthing conduct or contained in the flexible
cord.

June 2006




The Electrical Service Technician “A” Handbook

6.6 Connection of Appliances to the Power Supply

To cause an electrical appliance to function it must first be connected to the electrical supply
by means of a socket outlet and plug.

The correct and safe connection of a plug-in electrical appliance to the 230 volt electricity
supply is done through:

- Socket Outlet (Power Point).
- The Plug.
- The Flexible Cord.

Inserting the plug on the flexible cord of the device into the socket outlet with the socket
outlet switch in the “off” position makes the connection. The switch is then turned “on” to
complete the connection. Socket outlets and plugs must conform to an approved pattern for
use in New Zealand. Those in use overseas are often not interchangeable with their New
Zealand counterparts. The correct wiring connection for a socket outlet is shown in Figure 2.

NOTE: Not all socket outlets are equipped with swi  tches.

The Earth contact of every socket outlet must be effectively earthed unless it forms part of
the output circuit of an isolating transformer.

Unearthed socket outlets should be brought to the attention of an Electrician for correction.
Whenever possible a separate socket outlet should be used for each item of equipment and
double adaptors or tap-on units should be avoided, particularly for heavy current electrical

appliances (for example, electric heaters or jugs).

Banned methods of connection

Some electrical appliances were connected to the supply by means of an adaptor inserted
into a bayonet or Edison screw lampholder. This non-polarised method was adequate in the
past but is now banned because modern appliances:

Usually have automatic controls (pressure switches, thermostats, light sensors etc.)
and isolation switches in-built. Therefore, the correct polarity is essential. This cannot
be guaranteed by a non-polarised method of connection.

Are often required to be earthed. The non-polarised method of connection did not
provide any method of earthing.
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7  Safety

Safety is achieved by the use of safe working practices, safe equipment, a safe approach to
the job and the use of common sense at all times.

7.1 Safety in the Work Area

Turn off all power to the equipment being serviced and unplug it before commencing work.
Label the plug “appliance faulty” so that no one else will plug it in before the electrical
appliance or equipment has been repaired and fully tested.

Keep the work area clean, tidy and dry, clear of loose metal, scrap cable and anything else
that could foul power tool leads or cause a short circuit or shock hazard. Use wooden
boards or rubber mats when standing at workbenches.

Wear suitable clothing, safety spectacles (where appropriate) and rubber or non-conducting
soled shoes. Keep hands and clothing dry.

Inspect and test all workshop equipment regularly and give special attention to Earth
connections and insulation.

Replace power cords, extension cords and fittings that show signs of ageing, damage or
excessive weatr.

When an electrical appliance causes a fuse to “blow” or a circuit breaker to open, disconnect
the appliance. Test the appliance (and, if necessary, repair) before attempting to reconnect
it to the supply.

Assume all equipment is “Live” until tested. Inoperative pilot lamps, no movement or loss of
heat etc, does not necessarily indicate that equipment is isolated.

7.2 Extension cords

Keep the use of extension cords to a minimum and keep them as short as practicable. Store
them safely and neatly out of harm’s way after use. If cables must cross access-ways, route
them overhead or use protective covers.

Ensure extension cords are correctly wired and the conductor size and insulation are
adequate. Do not overload the cord. Observe the maker’s instructions for the use of reeled
cords.

7.3 Tools

Be selective in the type of tools used. Choose good quality tools and keep them in good
condition.

Use the correct tool for the job.
Use tools properly.
Store and carry tools safely.

Many tools for electrical work have insulated handles that extend over the hand-grip area.
Take care not to damage the insulation or it may provide an electric shock path through the
user’s body. This insulation is a safeguard but should not be relied upon to provide electrical
isolation from energised equipment.
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7.4 Fire Safety

Fire is a hazard that must be constantly guarded against. Fires may originate due to
combustible materials being subjected to high temperatures or be caused by arcing or
overheating due to electrical failure.

Faulty electrical appliances, fittings, apparatus and their flexible cords can cause fires.
Loose or improperly made electrical terminations, worn or damaged insulation, overloading
or improper use are frequent causes of electrical fires.

For a fire to start and continue, it requires the presence of three elements:

Heat - sufficient to ignite the material.
Fuel - sufficient to feed the fire.
Air - containing sufficient oxygen to support combustion.

The elimination of any one of these elements will prevent the ignition of a fire and the
exclusion of fuel or air will extinguish the fire. In most instances involving electrical fires it is
both convenient and safe to exclude the air by smothering the fire with non-conducting gas
or powder.

Fires in or adjacent to electrical equipment may be dealt with by any of the following types of
fire extinguishers:

Carbon dioxide.
Dry powder

Water, foam or any other electrically conductive fire-extinguishing medium must not be
used on electrical fires. An unwanted fire is a danger to be avoided. Don’'t compound the
disaster by introducing the possibility of electric shock. Become familiar with the types and
location of fire extinguishers provided in the work area.

Read the operating instructions for each type of fire extinguisher and note any additional
information provided for general guidance.
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8 Flexible Cords

The precautions to be observed when fitting flexible cords are:
(a)
(b)
(©)
(d)

Flexible cords are used for a variety of electrical purposes. The appropriate type and size
can be selected from Table 2 and Table 3.

SELECT THE RIGHT TYPE OF CORD FOR THE CONDITIONS OF USE.
SELECT A CORD WITH THE CORRECT CURRENT RATING.
DO NOT PUT EXCESSIVE WEIGHT OR STRAIN ON FLEXIBLE CORDS.

INSTALL THE CORD CORRECTLY.

8.1 Colours of flexible cord conductors

The Active conductors of flexible cords can be coloured with any colour other than green,
green/yellow, black or light blue. They shall be identifiable throughout their length by the
colour of the insulation or covering of the conductors as follows:

(a)

Single-phase two-core and three-core flexible cords:

Table 1 — Colour Coding of Flexible Cords

Conductors Flexible cord colours Flexible cord colo urs
used as fixed wiring*
Active Brown Red
Neutral Light blue Black
Protective earthing Greenlyellow Green

* This colour coding could also be found in older type flexible cords used to supply
electrical appliances.
(b) For flexible cords other than those specified in paragraph (a) above, live conductors
may be of any colour.

The colours Green or Green/Yellow shall be used only for Earthing conductors. No other
colour shall be used as an Earthing conductor. Where Green/Yellow is used any one of the
two colours shall cover not less than 30 percent of the surface area of any 15 mm length of
conductor.

8.2 Electrical Appliance Wiring

The requirements of colour coding above (except for Protective Earthing conductors) are not
intended to apply to the internal wiring of electrical appliances and apparatus.
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8.3 Current rating of flexible cords

The maximum current that a flexible cord can carry without over-heating depends upon the
cross sectional area of the conductors.

Having ensured that the cord is of a type suitable for the conditions in which it will be used,
the next critical task is to determine the maximum current that the cord is going to carry.

Electrical appliances are required to have a CURRENT RATING or WATTAGE stamped on
the nameplate. If the current is not marked, it can be determined by the using the formulae in
sections 5.4 and 5.6.

For example, a 2000 watt heater on a 230-volt supply would draw 2000/230 or 8.7 amps.
The most suitable cord would be (from Table A) of 1.0mm? nominal area capable of carrying

10 amps.
Table 2 - Current Carrying Capacities of Flexible C  ords
Conductor Size Current Voltage drop per ampere per
Carrying metre - Vd/A/m
Capacity (d.c. or single-phase a.c.)
mm? A mvV
0.5 3 86
0.75 7.5 57
1 10 43
1.25 13 35
15 16 31
25 20 18
4 25 11

Where a flexible cord is wound on a drum, multiply the current carrying capacity by the
following factor:

Number of layers 1 2 3 4
De-rating factor 0.76 0.58 0.47 0.40

The current carrying capacity is based on a cable maximum operating temperature of 60°C
in order to limit high temperatures for the expected use of such cables.

However, it is better to fully unwind the cable from the drum. This will minimise the heat
build-up in the conductors and insulation of the cord.

8.4 Voltage drop in flexible cords

Having determined the appropriate size of flexible cord required on the basis of current
drawn by the electrical appliance, the length of flexible cord and its effect on the supply
voltage must be considered.

Current is forced through the flexible cord conductors by the voltage. In doing this some
voltage is “dropped” across the length of the conductors supplying the current. The greater
the length of flexible cord the greater will be the voltage dropped. Voltage Drop = Current
flowing x resistance of cord conductors (V4 =1 x R).
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It will be seen that if too much voltage is dropped in forcing current through the flexible cord
there will be insufficient remaining to correctly operate the electrical appliance being
supplied. To overcome this problem (that is, minimise voltage drop) it is necessary to use a
larger size of flexible cord, i.e., one with a lower volt drop per ampere of current flowing per
metre of cord length, (refer to Table 2).

When selecting a flexible cord for a particular application the aim is to a find a size that will
carry the required current and will be large enough in cross-sectional area to prevent the
voltage at the electrical appliance terminals from dropping to a value lower than 224.25 volts
(230 volts minus 2.5%.) . This will ensure the appliance operates correctly and voltages
lower than this can, in many instances, adversely affect the operation of electrical

appliances.

Note: There is no set volt-drop limit for flexible cords. The limit for permanent wiring is 218.5
volts (230 volts minus 5%), but voltage does not of  ten drop this low. Therefore, a 2.5%
volt drop for a flexible cord supplied from fixed w iring is considered reasonable.

Volt drop needs to be taken into account when long extension cords are used on
installations such as building and construction sites. See example 2 below.

Example 1

A 15 metre flexible cord is being used to supply a load of 10 amps. It is intended to use a
1.0 mm? cord.

Determine the correct size of flexible cord that will ensure the voltage drop is within the 5.75
volt limit.

The Vd/A/m from Table 2 for a 1.0 mm? flexible cord is 43mV.
Volt drop (Vd) mV x | x length
43 x 10 x 15

1000
6.45 volts

This exceeds the 5.75 volt drop limit.

The next size cable is 1.25 mm?. The Vd/A/m from Table 2 for a 1.25 mm? flexible cord is

35mV.
Voltdrop = mV x | x length
= 35x10x15
1000
= 5.25 volts

The volt drop is within the 5.75 volt limit, so a 1.25 mm? flexible cord (or larger) can be used.
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Example 2

Calculate the effect on the output of a 230 V electric heater with a load current of 8.7A if a
flexible cord that was too long was used to supply the heater.

(@) The heater is supplied from a 1.0 mm? flexible cord that is 1 metre long. Calculate the
resistance, power dissipated and volt drop.

R = \Y P = VXl
I = 230 x 8.7
= 230 = 2001 watts
8.7
= 26.44

The Vd/A/m from Table 2 for a 1.0 mm? flexible cord is 43mV

vd mV x | x length

43 x8.7x1
1000

374.1

1000

= 0.374V

The volt drop is within the 5.75 volt limit and this, of course would NOT, affect the
operation of the appliance

(b) (i) If the heater was supplied by a 1.0 mm? extension cord 31 metres long, then the
volt drop would be as follows:
vd mV x | x length
43 x 8.7 x 32
1000
374.1
1000
= 11.97V

This exceeds the maximum volt drop permitted of 5.75 volts. A larger size
extension cord needs to be selected.

Note: The length of 32 metres includes the 1 metr e cord supplying the heater and
the 31 metre extension cord.

(i)  Now recalculate the volt drop using a 2.5 mm? flexible cord. The Vd/A/m from
Table 2 for a 2.5 mm? flexible cord is 18mV
Volt drop mV x | x length
18 x8.7x32
1000
5011
1000
= 5.01v

Therefore, the volt drop using the 2.5 mm? flexible cord is within acceptable
limits.
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(c)

Let us see how the 11.97 volts drop, calculated in (b)(i) would affect the operation of
the appliance.

Voltage drop = 11.97 x 100
230 1
= 5.2%

The reduced voltage would also reduce the current the load would draw.
From (@) the resistance of the heater is 26.44W.
The supply voltage is 230 — 11.97 = 218.03V

The current at the reduced voltage:

o<

218.03
26.44
8.25A

The power output at reduced voltage
P VXl

218.03 x 8.25
1798.7W.

The power output at correct voltage
P VXl

230 x 8.7
2001W

Difference in power output
= 2001 — 1798.7
= 202.3 W

= 202.3 x 100
2001 1
= 10.14%

SO FOR A 5 % DROP IN VOLTAGE THE LOSS IN POWER OUTPUT OF THE

APPLIANCE IS 10 %.
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8.5 Types of flexible cords

Having selected the appropriate size of flexible cord it is now necessary to choose the type
most suited to the work expected of it under the environmental conditions in which it will be
used. Table 3 lists a selection of commonly used flexible cords and suggests typical
applications for each.

When considering environmental conditions, that part of the flexible cord that passes into an
electrical appliance for termination must not be overlooked. Temperature in these locations
can often reach relatively high values.

Table 3 — Flexible Cord Applications

Application of Flexible Cords

Type of Flexible Cord Minimum Typical Applications

Conductor

Area

Single core unsheathed As required | Internal wiring of light fittings
Single core sheathed As required | Internal wiring of apparatus and appliances
Braided overall 2 core or 3| 0.75mm® | Appliances not subject to rough usage,
cores. abrasion or risk of contact with water.
Light duty tough rubber or | 0.75mm“ | Light fittings, appliances and flexible cords
tough plastic sheathed 2 or where the flexible cord is open to view, not
3 core. subject to abrasion, excessive temperature,

or at risk of contact with water. Unsupported
pendants provided the flexible cord is not
subject to excessive temperature.

Ordinary duty tough rubber | 0.75mm* [ Any appliance, extension cord or
or tough plastic sheathed. unsupported pendant not subject to
excessive temperature.

Heavy-duty tough rubber or 1.0mm? Appliances or extension cords that are used
plastic sheathed. outdoors or in workshops are exposed to
rough usage and contact with water.

Exposure to oil or petrol

Where flexible cords are exposed to contact with oil or petrol, use should be made of cords
sheathed with a suitable compound, for example:

Polyvinyl chloride compound (P.V.C.)
Poly chloroprene compound (P.C.P.)
Heat resisting, oil resisting and flame retardant (HO-FR) compound

Exposure to high temperatures

Where flexible cord is exposed to high temperatures, use should be made of cord insulated
and/or sheathed with suitable heat-resisting materials, for example:

Poly-chloroprene compound (P.C.P.)
Heat resisting, oil resisting and flame retardant (HO-FR) compound.
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9 Plugs, Cord Connectors and Electrical Appliance C  onnectors

9.1 Connecting plugs, cord connectors and electrica | appliance connectors to
flexible cords,

When connecting plugs, cord connectors and electrical appliance connectors to flexible
cords, observe the following:

Select the correct end of the cord to suit the plug, cord connector or appliance.

When stripping insulation from conductors, avoid cutting conductor strands. If any
strands are cut — start again.

Twist the flexible strands tightly and double back to fill the terminal, if sufficient room.
When terminating the conductor ensure that the insulation is maintained right up to the
terminal.

When preparing the Earth conductor for termination, leave a little slack wire if
possible to ensure that, if strain is placed on the flexible cord, the Earth conductor will
be the last one to pull away or break from the accessory terminals.

Where a “tortuous path” is provided for the conductor to follow — use it. This provides
one way of reducing strain on the termination.

If a cord clamp is provided make sure it is screwed up sufficiently to prevent the cord
outer sheathing from being pulled back outside the fitting. If the sheath is split, this
can often be secured by the cover plate.

If the flexible cord being used has a woven cotton or similar type of sheath, “whip”,
“bind” or “sleeve” the covering to prevent unwinding of the sheath.

9.2 Terminal arrangement for plugs

The New Zealand approved terminal arrangement for plugs (when viewing the plug from the
front) is shown in Figure 2.

When viewing the plug from the rear:

Protective earthing conductor terminates at the pin on the radial line, that is, the
radial pin or the largest pin.

Active conductor terminates at the first pin counting clockwise from
Earth (the left hand pin).

Neutral conductor terminates at the second pin counting clockwise

from Earth (the right hand pin).

Figure 2 - Plug ‘Socket and Plug (Wiring Terminatio  ns)

Nautral

Black or blue
Red or brown Phase /

-~ Piug

Green or grean

and yellow Earth Cord grip

Sheathed flexible Plug cover
cord
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9.3 Terminal arrangement for cord connectors
There are two common types of electrical appliance connectors available.

Cord connector this is a non-reversible type all conductors must be terminated
as labelled within the connector.

Appliance connector this is a reversible type, but the protective earthing conductor
must be connected to the earth terminal.

(a) Cord connectors

The New Zealand approved terminal arrangements for cord connectors (when viewing
the cord connector from the front) is shown in Figure 3

Protective earthing conductor terminates at the slot on the radial line.

Active conductor terminates at the first slot counting clockwise
from Earth (the left slot).

Neutral conductor terminates at the second slot counting

clockwise from Earth (the right slot).

Figure 3 — Cord Connector (Wiring Terminations)

PHASE (P or L)
{Red or Brown Wire)

NEUTRAL (N}
(Black or Blue Wire)

EARTH (E)
(Green or Yellow/Green Wire)
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(b)

June 2006

Appliance connectors

The terminating arrangements for connecting electrical appliance connectors to flexible
cords are shown in Figure 4 and Figure 5. Because the electrical appliance connector
may be reversible there is no approved polarity for terminating either the Active or the
Neutral conductors at the connector terminals. However, the Protective Earthing
conductor must be connected only to:

The Earth connection of the IEC appliance connector (Figure 4).

The centre terminal of the scraping Earth type appliance connector ( Figure 5) in
order to provide a scraping contact between the external metal strips of the
connector and the metal shroud around the electrical appliance terminal pins, or

These types of connectors are only suitable for appliances that do not have in-built
automatic controls (pressure switches, thermostats, light sensors etc.) and isolation
switches, such as old types of jugs and lamps.

Figure 4 — IEC Electrical Appliance Connector (Wiri  ng Terminations)

EARTH
GREEN 'E’

The IEC connecter replaces the old-style connector shown in Figure 5. While the old-
style connectors are still being used (and being repaired) they are not available for
sale. Wherever possible, these should be replaced with the IEC connector.

Figure 5 — Old-Style Electrical Appliance Connector (Wiring Terminations)

V==
O o[
\_/'—— ®q\“EARTH |

GREEN 'E’

T

N
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9.4 The dangers of transposing conductors

Electrical accidents occur each year are due to incorrectly terminated three-pin plugs or cord
connectors.

Active and Protective Earthing conductor transposition

Figure 6 shows what can happen if the Active and Protective Earthing conductors are
transposed. This would cause the outside or unearthed metal of an electrical appliance to
become alive, producing a hazard if a person was to complete the circuit to ground or Earth.

Figure 6 - Incorrect Wiring Connections (Active and Earth Transposed)

i -

AND EARTH CONDUCTORS, AT THE
PLUG OR APPLIANCE, RENDERS THE
METAL FRAMEWORK ALIVE AT 230V,

g TRANSPOSITION OF THE PHASE

A A A THE CURRENT PATH IS COMPLETED
VIA THE PERSON'S BODY TO EARTH,

TL

7 7

Note:
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Active and Neutral conductor transposition

The transposition of the Active and Neutral conductors would generally not produce a hazard
to the user when the appliance is used under normal conditions.

But, as can be seen from Figure 7, a hazard to the service person can arise if the Active and
Neutral conductors are transposed because, when the switch is in the “OFF” position, the
major part of the element and wiring remain live. The potential for leakage to earth is greater
than if the appliance was correctly connected.

There is also the possibility of anyone touching a live terminal when changing items such as
lamps.

Remember to unplug the three-pin plug before starti ng work.

Figure 7 - Incorrect Wiring Connections (Active and Neutral Transposed)

Note:
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10 Earthing

There are a number of terms and situations that must be thoroughly understood, and some
simple rules that must be followed for Earthing of electrical appliances and Earthing
generally.

10.1 Earthed

“Earthed” means connected to the general mass of the Earth in a manner that will ensure the
electrical isolation of any defective equipment through the operation of protective apparatus.

If correct Earthing procedures are not followed or if the equipment is allowed to fall into such
disrepair that the Earthing becomes ineffective, a very dangerous situation can result.

For example, damage to an electrical appliance causing the Active wire to liven some
external metal. If at the same time a broken Earth connection exists and a person touches
the exposed metal while making contact with Earth, a serious or fatal shock could occur. If
the electrical appliance is correctly earthed, then there is a conducting path for the current to
flow to Earth. The fuse would then blow or the circuit breaker trip and isolate the electrical
appliance from the supply.

In summary, a_low resistance Protective Earthing conductor connected securely to the
exposed metal of an electrical appliance protects the user in two fundamental ways:

1. It ensures rapid operation of the circuit protection device (fuse or circuit breaker) to
remove power from the circuit, and

2. It holds the exposed metalwork at earth potential, thereby minimising the risk of
electric shock to the operator.

10.2 Earthed situations

An “Earthed Situation” is a situation wherein there is a reasonable chance of a person
touching exposed metal of an electrical appliance and at the same time coming into contact
with Earth or any wire, metal or conducting medium, which may be in electrical contact with
Earth, or through which a circuit may be completed to Earth.

All parts of a bathroom, laundry, toilet, kitchen, outdoors, garage or swimming pool area are
Earthed situations.

Similarly, Earthed concrete, tile or brickwork or permanently damp surfaces where a person
may stand may also become Earthed situations.

It is obvious from a study of these definitions that most situations are “Earthed Situations”. It
follows that an electrical appliance without proper Earthing or insulation would be dangerous
to use practically anywhere. There is always the chance that an electrical appliance normally
used in an “Earth free” situation may be transported to and used in an “Earthed situation”.
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11 Electrical Appliances
11.1 Protection of live parts

Live parts of any electrical appliance used on mains supply electricity should not be
accessible to the user. The protective outer case is often made of insulating material for this
reason. Live parts include the Active and Neutral wiring.

Where metal is used it must be connected to Earth or insulated from the live parts by double
insulation. Any apertures in the case, such as those required for ventilation, are required to
be made too narrow for a human finger to pass through and contact live metal.

11.2 Class | electrical appliances (“metal-cased” a  ppliances)
In Class | electrical appliances PROTECTION AGAINST ELECTRIC SHOCK IS PROVIDED BY:

BASIC INSULATION, AND
ACCESSIBLE CONDUCTIVE PARTS BEING CONNECTED TO THE PROTECTIVE EARTHING
CONDUCTOR.

Failure of the electrical appliance insulation may cause the case to become “live” at full
mains voltage. This failure could occur through faults such as the incorrect fitting of the
flexible cord or a short-circuit caused by a stray strand of wire bridging the gap to the case.

This is an extremely dangerous condition. Anyone touching the case is likely to receive a
severe or fatal shock if simultaneously making contact with Earth, standing on a wet floor or
in contact with plumbing fittings (sinks, troughs, taps, etc), or other Earthed metal.

To safeguard against electric shock from metal cased electrical appliances, it is essential to
thoroughly understand Section 10 and apply the principles of Earthing to a metal cased
electrical appliance.

The metal frame or case or any exposed metal of portable equipment or hand-held
appliances (other than double-insulated items) must incorporate a Protective Earthing
conductor connected to the Earth pin of an approved three pin plug incorporating an “Earth”
terminal. The Earth pin is longer than the other two pins so that it is first to make contact
and the last to break contact when the plug is withdrawn.

Note: If two-pin plugs or lamp-holder adaptors are used, no Earthing protection is afforded.
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11.3 Class Il electrical appliances (“double-insulat  ed” appliances)

In Class Il electrical appliances PROTECTION AGAINST ELECTRIC SHOCK IS PROVIDED BY TWO
COMPLETELY SEPARATE SYSTEMS OF INSULATION:

BASIC INSULATION, AND
SUPPLEMENTARY INSULATION
BETWEEN THE CURRENT CARRYING PARTS AND ANY METAL ACCESSIBLE TO THE USER.

If the basic insulation or the supplementary insulation breaks down it will not result in an
electric shock risk. Protection will be afforded by the other system of insulation. The
accessible metal parts will become “live” only in the event of a breakdown of both systems.
The probability of this occurring is very remote provided special care is taken when servicing
or repairing double insulated electrical appliances to ensure that both insulation barriers
remain effective.

Note: Appliances with reinforced insulation systems can also be designated double insulated.
The single layer of insulation is the equivalent of double insulation.

An example of a double insulated electrical appliance is the electric drill or shaver. This
consists of a moulded insulating case containing a motor, from which motion is transmitted
to the chuck or cutting head. The frame of the motor is insulated from the current-carrying
parts by what is referred to as BASIC insulation; which allows no metallic connection to the
exposed metal. It is then additionally insulated from exposed metal by a SUPPLEMENTARY
insulating material, sufficiently robustly constructed, and of ample size, so that electric
breakdown is most unlikely under normal use.

Double insulation cannot be applied to every kind of electrical appliance. For example, it
would be impractical to make a double-insulated electric iron or toaster, but the principle can
be used for many electrical appliances such as hair-dryers, shavers, small electric drills,
vacuum cleaners, etc.

New Zealand Standards require that double insulated electrical appliances be marked.
Marking can include words or symbols, the most common being:

Class I

Double insulated

D The International Symbol for double insulated equipment

Note: 1. Some Class Il appliances have reinforced i  nsulation, This comprises one layer of
insulation equivalent to double insulation.
2. “All-insulated” appliances are no longer permit ted but there are some still in

service. These are covered in light insulating mat erial. They have no earth
connection nor have the double insulated marking.
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12 Electrical Appliance Overload Protection

The main purpose of the fuses and circuit breakers located on switchboards is to provide
protection to the circuits to which electrical appliances are connected. Those fuses and
circuit breakers may also provide a degree of protection to appliances and contribute to
personal safety.

Specific overload protection for electrical appliances is usually provided by devices located
in the appliance itself

12.1 Overload Relay

This can be used to protect an electrical appliance and may be located in the appliance. It
usually takes the form of a bi-metal strip that deforms and opens a set of contacts in the
Active conductor when excess current causes it to overheat in the event of a malfunction
within the electrical appliance.

12.2 Micro-temp and Thermo-temp

In addition to the normal overloads there are devices known as micro-temps and thermo-
temps that are proprietary products.

These are small thermal cut-off devices in a sealed metal container resembling a diode or
ceramic resistor in size and appearance. They are used where safety of users and/or
security of appliances are important, and on applications such as microwave ovens, battery
chargers, hairdryers, grinders, irons, electric motors, transformers, electric heaters, etc. This
list of applications is not exhaustive.

As the names tend to suggest, these devices operate at a precise predetermined
temperature on a once only basis and therefore cannot be reset. The main purpose being
that the equipment should not be operated again until it has been checked by a technically
gualified person, as it may be unsafe to operate again in its present condition.

Figure 8 - Micro-temp
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The thermo-temp consists of a small sealed container with a small temperature-sensitive
solid pellet holding a compressed spring against a moveable star contact. The moveable star
contact is held against a fixed terminal.

When a higher temperature than the rated limit is reached, the pellet melts, releasing the
spring pressure and allowing the contacts to open. The opening is assisted by a counter
spring known as a “trigger spring”.

The entire miniature device is encapsulated in epoxy, which gives additional strength and
electrical insulation as well as hermetically sealing all the internal components against
atmospheric deterioration.

12.3 Tilt Switch

Another protective device fitted to some electrical appliances is the tilt switch. Its purpose is
to cut the electrical supply should the appliance overturn or be operated at an undesirable
angle which may result in damage to itself, personnel or property.

Electric heaters are typical appliances that would have such a device fitted for safety
reasons. Other electrical appliances that are specifically designed and manufactured to
operate in a certain position could well have a tilt switch fitted to ensure their operational
safety.

Figure 9 - Tilt Switch
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13 Personal (Earth Fault) Protection — Operating Ap  pliances

The main purpose of the fuses and circuit breakers located on switchboards is to provide
protection to the circuits to which electrical appliances are connected. Those fuses and
circuit breakers may also provide a degree of protection to appliances and contribute to
personal safety.

Specific personal protection for the user of an electrical appliance is provided by devices
(such as isolating transformers) usually connected between the circuit supplying the
appliance and the appliance itself.

The main forms of protection:

Minimise the effect of an electric shock on the user (e.g., an RCD)

Isolate the user and appliance from earth (e.g., an isolating transformer)

Restrict the operating voltage to safe levels (e.g. safety extra-low voltage)

Regulation 77 requires that handheld appliances used in damp and other situations must be
used with some type of protection (“safeguard”).

(@) If the user is partly or wholly immersed in a conducting substance, one of the following
types of protection must be used. The appliance must be:

Fixed wired and connected through a continuous flexible cord to a supply of
electricity from a source isolated from earth with a voltage between conductors
not exceeding 250 volts.

Supplied with electricity from a safety extra low voltage source.

Double-insulated and be supplied with electricity through a residual current
device.

(b) If the user is in a damp situation, outdoors, or on a building or structure under
construction, one of the following types of protection must be use: The appliance must
be:

Protected by one of the systems described in paragraph (a).

Supplied with electricity from a monitored earth circuit where the supply to the
appliance is automatically disconnected if the earth to the appliance is broken or
disconnected.

Supplied with electricity from a source connected to earth so that the voltage to
earth will not be greater than 55 volts a.c.

Supplied with electricity through a residual current device.

Supplied with electricity from a source isolated from earth with a voltage between
conductors not exceeding 250 volts.

Double-insulated.

The most common types of protection are RCDs, isolating transformers and double insulated
appliances.
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13.1 Residual Current Devices (RCD’s)

The Residual Current Circuit Breaker (RCCB) (alternatively known as the current operated
Earth Leakage Circuit Breaker (ELCB)) acts to disconnect the supply extremely rapidly if a
live part is touched or otherwise earthed.

Any number of electrical appliances may be protected by one RCD. An RCD used for
personal protection cannot have a rated residual cu rrent of not more than 30 mA and
must_operate within 300 milliseconds. In practice the maximum operating time is
typically 200 milliseconds. An RCD used for the protection of property cannot have an
operating time of more than 0.4 seconds.

RCDs in no way replace the need for proper Earthing of exposed metal, or the correct
maintenance of cords and equipment.

(@) Operation

An RCD is designed to operate quickly to prevent serious electric shock when a
current passes from Active to Earth such as would occur if a person touched a live part
in an Earthed situation. It operates on the principle that under normal conditions the
currents flowing in the Active and Neutral conductors of a circuit are balanced (see
Figure 10).

Under Earth fault conditions (as in an electric shock) some current is diverted to Earth
through the victim and there is an imbalance between the currents flowing in the Active
and Neutral conductors. The very sensitive sensing coil and current amplifier almost
instantaneously detect this imbalance and cause the circuit breaker to operate to
disconnect the power supply (see Figure 11).

Residual current circuit breaker protection is particularly valuable for providing extra
protection for users of portable tools and equipment, and in other situations where
there is a high risk of mechanical damage to electrical appliances or cords that could
cause a short-circuit to Earth.

A test button is provided on a RCD so that the device can be regularly tested. When
the button is pushed, a current imbalance is introduced into the circuit, tripping the
circuit breaker. As the breaker is mechanically operated, the mechanism can stick
with time (freeze), hence the reason for the regular testing.

Figure 10 - RCD - Normal Operation
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(b)
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Figure 11 - RCD - Fault to Earth

Types of RCDs
The four most common types of RCD used are:

RCCB RESIDUAL CURRENT-OPERATED CIRCUIT-BREAKER

These are typically found on switchboards and provide earth-leakage
protection to the circuits (therefore, to the users of appliances connected to
those circuits). Fuses or circuit-breakers are required in addition to an
RCCB to provide overload protection to the circuit. The unit does not
provide protection (so does not function) when contact is made between
Active and Neutral only.

RCBO RESIDUAL CURRENT-OPERATED CIRCUIT-
BREAKER WITH OVERCURRENT PROTECTION

These are typically found on switchboards and provide earth-leakage
protection (therefore, to the users of appliances connected to those
circuits) and overload protection to the circuit. The unit does not provide
protection (so does not function) when contact is made between Active and
Neutral only.

SRCD SOCKET RESIDUAL CURRENT-OPERATED PROTECTION DEVICE

These are socket outlets containing the RCD and provide earth-leakage
protection to the user of appliance connected to the socket outlet. Other
socket outlets may have RCD protection provided by an SRCD (and,
therefore, protection to the users of appliance connected to those socket
outlets). Fuses or circuit-breakers are required in addition to an SRCD to
provide overload protection to the circuit and are usually installed at the
switchboard. The unit does not provide protection (so does not function)
when contact is made between Active and Neutral only.

PRCD PORTABLE RESIDUAL CURRENT-OPERATED PROTECTION DEVICE

These are usually fitted “in-line” in an extension cord, fitted to a plug to or
are plug-in devices. They operate in the same manner as an RCCB or
SRCD. The unit does not provide protection (so does not function) when
contact is made between Active and Neutral only.

In New Zealand, PRCDs are required to be “voltage -dependent”. That
is, when the supply voltage fails the PRCD trips OF  F. It can only be
manually reset when the supply is restored.
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13.2 lIsolating Transformers

This device promotes safety from electric shock by providing portable electrical equipment
and handheld appliances with a power supply in which neither conductor is connected to
Earth. When in use, if the portable electrical appliance should develop an Active to
framework short circuit, the fault current cannot complete a circuit to Neutral through the
electrical appliance operator as the transformer secondary winding is not connected to
Earth. In these circumstances, although the electrical appliance remains faulty, an electric
shock hazard to Earth does not exist.

The method of connection is as follows:

A 230-volt single Active, Neutral, Earth supply is connected to the input winding of a
transformer.

The output winding, also 230 volts, is taken through fuses (one in each lead) and is
connected to a three-pin socket outlet — the earth terminal of which is not connected to
earth.

If two sockets are provided, the Earth pins of the socket outlets are bonded together
but are not connected to Earth.

This arrangement provides a 230-volt single-phase two-wire supply completely isolated from

Earth.
NOTE: Some isolating transformers may be fitted wit  h one output fuse and one thermal
cut-out instead of two fuses.
Figure 12 - Class Il Isolating Transformer with two socket outlets
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The purpose of bonding the Earth pins of the two socket outlets together is to provide
electrical safety when more than one electrical appliance is being used from the transformer.

If one electrical appliance were to develop an Active to framework short circuit and the other
electrical appliance a Neutral to framework short circuit, a current would flow through the
interconnected Earth pins and would “blow” one or both of the output fuses.

The protection described relies on both earth connections being in good condition —
something that is difficult to detect without instruments. As the number of electrical
appliances being used simultaneously from an isolating transformer is increased, there is an
increased chance of faults developing (as described above) and Earth wires becoming
broken or disconnected.

Never use more than one appliance at a time from an isolating transformer.

13.3 Double insulated appliances

Double insulated appliances are described in section 11.3. The frame of the appliance could
be of conducting material, insulating material, or a combination of the two. UNDER NO
CIRCUMSTANCES MAY THE FRAME BE EARTHED . An earth wire attached to the
appliance could become faulty and develop a voltage between it and earth, defeating the
purpose of the double insulation providing an isolated-from-earth frame.

13.4 Supply not exceeding 55 Volts to Earth

110 Volt appliances utilise this form of safety protection, for example, hand-drills in
workshops. The supply transformer is earthed at its centre point hence the maximum
voltage to earth is 55 Volts. This is presumed to be a safe voltage.

Figure 13 — 110V appliance, connected 55V to earth
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13.5 Safety extra-low voltage

This is similar to the isolating transformer except that the output of the transformer is no
more than 50 volts ac. When a transformer is used as a form of protection it must be a
safety class of transformer which has extra protection between the primary and secondary
windings. This applies to the isolating transformer, as well as the extra-low voltage
transformer.
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13.6 Monitored-earth unit

This safeguard is rarely used today and was usually associated with three-phase equipment.
It operates on the principal that the appliance is safe so long as it is properly earthed.

To ensure the earth is sound, a second separate earth connection is made and an extra-low-
voltage drives a current round the earth circuit, energising a relay coil which closes a
contact, giving power to the appliance.

Should the current in the earth loop stop flowing (due to a break in a conductor), the supply
to the appliance is immediately cut off.

Figure 14 — Monitored earth system
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14 Electrical Instruments

Electrical instruments are devices for detecting the presence of, and for the measurement of,
electricity.

All electrical workers must be proficient in the use of the following instruments:

Voltmeter

Ammeter

Ohmmeter

Insulation Resistance Tester

These instruments are available in either analogue or digital types. The method of
connecting both these types to the circuits being tested is primarily the same.

Although they can be obtained as separate instruments for such work as electrical appliance
testing, the voltmeter, ammeter and ohmmeter, are generally all incorporated in the one
instrument that is designed for the purpose and is known as a “multi-meter”. A switch selects
the required instrument function on the multi-meter. A “range” switch is also incorporated.

Before using any meter the worker should become fam iliar with its range of functions
and operation. If the maker’s instructions are avai lable, these should be closely
studied and followed to avoid damage to the meter.

Connecting a meter to a live circuit

It should be noted that incorrect connection of a meter to a live circuit can be DANGEROUS or
misleading. So before connection to a circuit check:

That selector/range switch or switches are in the correct position.
Probes are connected to the correct meter terminals.

Connecting a meter to a isolated circuit

If the instrument is to be connected to a circuit that may be “alive” ensure the circuit is
isolated from the supply using a voltmeter or voltage tester.

14.1 The Voltmeter

The voltmeter is used to measure the magnitude of the voltage that is being applied to a
circuit. The nominal supply for a single-phase electrical appliance is 230 volts alternating
current at 50 cycles per second, i.e. (230 V a.c. 50 Hz).

To measure voltage the probes on the insulated leads are connected across (in parallel with)
the load. This could be the entire appliance circuit or a section of or a component in the
circuit.

Voltmeters are available in various voltage ranges. When using a voltmeter, ensure that:

The desired a.c. or d.c. switch is selected, and

The expected voltage reading is in the mid-range of the voltage range selected (that is,
on an analogue meter, the needle will deflect to about mid scale). If you are unsure of
the magnitude of the voltage to be measured, set the voltmeter to the highest range
available (to avoid over-stressing the meter).
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To measure the voltage of an alternating current (a.c.) circuit, either probe (red or black) may
be connected to the Active side of the circuit. For direct current (d.c.) measurement, the red
probe is always connected to the live (or +) terminal of the meter, and must be applied to the
positive side of the circuit (see Figure 15).

The standard supply voltage applied to a single-phase electrical appliance is nominally
230 V when measured with one probe on the Active terminal and the other on the Neutral
terminal or to a known good Earth.

Figure 15 - Voltage Measurement

The voltmeter is connected in parallel between the two points where the measurement is to
be made. A voltmeter has a VERY HIGH internal resistance, so only passes a small meter
current. These meters are designed to be connected in parallel with a voltage source.

The meter probes are normally connected simply by touching them to the points of interest
around the circuit. TAKE EXTRA CARE WHEN TESTING A LIVE CIRCUIT. The risk of injury to
people or damage to equipment due to short-circuits or flashovers are increased when
testing live circuits.

CONNECTING A VOLTMETER IN SERIES WITH A LIVE CIRCUIT WITH THE APPLIANCE TURNED “ON”
COULD RESULT IN:

THE APPLIANCE NOT OPERATING DUE TO THE HIGH IMPEDANCE OF THE VOLTMETER.

A READING OF 230V WHICH WOULD RELATE TO THE VOLTMETER, NOT THE APPLIANCE.
READING ONLY THE VOLT DROP IF CONNECTED ACROSS PART OF A CIRCUIT OR A
COMPONENT.
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CONNECTING A VOLTMETER IN SERIES WITH A LIVE CIRCUIT WITH THE APPLIANCE TURNED “OFF”
COULD RESULT IN:

A OV READING MAY INDICATE THAT THE CIRCUIT IS DEAD WHEN IT IS NOT — THIS IS
DANGEROUS.

IF THERE WAS AN OPEN-CIRCUIT IN THE APPLIANCE, A OV READING WHICH MAY INDICATE
THAT THE CIRCUIT IS DEAD WHEN IT IS NOT — THIS IS DANGEROUS.

14.2 The Ammeter

The ammeter is used to measure the value of the current in an electrical circuit. In order to
measure current flow, i.e. amps or milliamps, it is necessary to insert the ammeter into the
circuit so that it becomes part of the circuit, (connected in “series”). It must carry all the
current flowing in the circuit.

It is important to remember that, with the exception of some applications where higher
currents are involved, the current flowing in any part of a single path circuit is the same
anywhere in that circuit (see Figure 16).

Ensure that the expected current reading is in the mid-range of the current range selected
(that is, on an analogue meter, the needle will deflect to about mid scale).

Figure 16 - Current Measurement

Meters are not supposed to alter the behaviour of the circuit, or at least not significantly, and
it follows that an ammeter must have a VERY LOW resistance.

The ammeter must be connected in series with the load. All the current flowing in the circuit
must now pass through the ammeter, so the meter must be able to carry this current.
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This would mean opening the circuit to place meter in series. Ensure the circuit is not live by
using a voltmeter. Open the circuit at suitable place and attach meter. Then turn the circuit
on and take the current measurement. Turn the circuit OFF, and remove meter and restore
circuit. Turn the circuit ON.

CONNECTING AN AMMETER IN PARALLEL WITH A LIVE CIRCUIT WILL RESULT IN THE CIRCUIT
DRAWING A LARGE CURRENT (BECAUSE AN AMMETER IS A VERY LOW RESISTANCE INSTRUMENT)
AND
THIS MAY DAMAGE THE METER AND CAUSE A SHOCK OR FIRE.
OR
THE INTERNAL FUSE OR THE CIRCUIT PROTECTION OPERATING IF THE METER IS PROTECTED
AGAINST OVER-CURRENT.

14.3 The Ohmmeter

The ohmmeter measures the resistance of an electrical circuit. THE OHMMETER CANNOT BE
USED ON LIVE CIRCUITS, therefore it has its own battery to supply the voltage required (usually
between 1.5 and 9 volts) to enable it to measure the resistance encountered.

When using an analogue multimeter, for accurate resistance measurements it is necessary
to calibrate the meter. This is done by selecting the appropriate ohm scale and then shorting
out the test probes by bringing them together. The adjustment is then set to produce a zero
reading with the probes touching (see Figure 17).

DO NOT CONFUSE THE ZERO ADJUSTING KNOB WITH THE POINTER ZERO SET SCREW (NEEDS
SCREW-DRIVER) WHICH IS LOCATED DIRECTLY BELOW THE CENTRE OF THE SCALE READING
GLASS.

Figure 17 - Calibrating the Multi-meter Ohms Scale

NOTE: If, after calibration, a different resistanc e range is selected, the instrument must be
re-calibrated.
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The ohmmeter can be used to locate broken or defective components in an electrical
appliance by indicating a very high resistance or an open circuit that could indicate a failed
component.

For example, if it is suspected that the element in an electric heater has broken due to age
or mechanical damage, the heater must be turned off and unplugged. The multi-meter
should be set to the Ohm scale, and the two probes applied, one to each end of the winding
on the defective element (see Figure 18). If the ohmmeter indicates a high resistance then
the continuity of the winding has broken and is open circuited.

If, however, a normal reading is obtained, then the same test should be applied to other
components of the heater until the faulty component, conductor or connection is located.

A useful practice is to take readings of typical circuit components of common electrical
appliances and record information about the resistance or ohm values to be expected from
components in good order. This will be helpful in locating defective components by
comparison.

For example, a 1000W element of a 230 V heater has a resistance of 53 ohms
approximately when it is in good order.

Figure 18 - Resistance Measurement

An ohmmeter is to measure the resistance when connected to an appliance or component.
The meter is, in effect, in series with the appliance or component. Therefore, an ohmmeter
must have a VERY LOW resistance otherwise the true resistance of the appliance or
component would not show on the meter.

AN OHMMETER SHOULD NOT BE CONNECTED TO A LIVE CIRCUIT. - DANGER.
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An ohmmeter has a battery for power source. If it was connected to the supply it would not
only present a very low resistance path to the supply current but also the battery would now
be connected across 230V a.c. — not recommended safe practice.

Ensure the circuit is OFF. Remove what is to be measured from circuit - this may mean
physical removal of the supply plug or opening the circuit at suitable places — and attach the
ohmmeter. Take the reading and remove meter. Restore the circuit, replace covers etc.,
and turn circuit on.
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15 Electrical Appliance Testing

Regulation 38 requires you to test all electrical appliances that you may have carried out any
work on, to ensure that it is electrically safe, Testing should be conducted in accordance
with AS/NZS 3760.

Testing procedures can involve a number of individual operations, i.e.,

Isolation.

Replacement of fuses.
Visual/mechanical testing.

Circuit continuity testing.

Polarity testing.

Earth continuity testing.

Insulation resistance testing.

Tagging defective electrical appliances.

15.1 Isolation

Isolation means the deliberate disconnection of an electrical appliance from the electricity
supply to ensure that it is safe to work on. For plug-in electrical appliances this is simply
achieved by turning the switch off and pulling the plug out of the socket. For continued or
ongoing effective isolation, the appliance plug should be tagged with an Out-of-Order or
Danger Tag.

15.2 Replacement of fuses

If the defect in an electrical appliance causes a fuse to “blow” at switchboard, replace the
fuse as follows:

Isolate the defective electrical appliance.

Turn the main switch “OFF”

OR

IF IT IS NOT POSSIBLE TO TURN-OFF THE MAIN SWITCH, remove all load from the circuit.

It is preferable that the fuse is replaced with the main-switch turned “OFF”. This is an
important safety precaution. If the fuse ruptured due to a fault (and the fault is not
rectified) and the repaired fuse carrier is replaced with the main switch still “ON”, the
fuse will blow violently on contact between the fuse carrier and its base. This could

cause burns to the eyes or hand of the person replacing the fuse carrier.

Also, if the fuse carrier is removed with the main switch “ON”, the “live” terminal in the
fuse-base could be exposed to touch, creating an electric shock hazard.

It is important to first check with the owner or supervisor of the area before turning off
the main switch, as this could shut down essential services such as medical or
computer equipment.
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Remove the fuse carrier from the fuse base and:

- For rewireable fuses, rewire it with the correct size fuse wire according to the
markings on the fuse carrier. To prevent a shock hazard, ensure that the ends of
the fuse wire are cut off neatly at the fuse terminals and do not protrude from the
fuse carrier.

- For HRC fuses, replace the fuse cartridge with one of the same type, current
rating and rupturing capacity.

Ensure that the fuse rating is appropriate to the circuit being protected. For example, a
lighting circuit may be 5 or 10 amps, whereas a power circuit (socket outlets) may be
15 or 20 amps. Also be aware that carriers can, over time, be swapped around so that
the current rating printed on it may not always be accurate.

Re-insert the fuse carrier in the fuse base, ensuring that it is fully seated “home” and:

- turn ON the main switch (if necessary), and
- test the circuit with a voltmeter to ensure it is energised.

NEVER:

- USE MATERIALS OTHER THAN CORRECT FUSE WIRE OR HRC FUSE.
- REPLACE AN HRC FUSE WITH FUSE WIRE.

The use of other materials or larger sizes of fuse wire will permit an increased current
to flow under fault conditions. This may seriously damage the insulation of conductors
and may, in some instances, promote a fire hazard or cause personal injuries.

If the fuse blows again with the appliance disconne cted, this indicates a fault in the
fixed wiring and the services of an Electrician mus t be obtained.

15.3 The visual/mechanical inspection

Test instruments cannot always disclose defects or unsafe conditions in an electrical
appliance. AS/NZS 3760 states that a careful visual and mechanical inspection should be
made as follows:

Check for obvious damage or defects in the accessories, connectors, plugs or
extension outlet sockets; and for discolouration that may indicate exposure to heat,
chemicals and moisture.

Check that flexible cords are effectively anchored to equipment, plugs and cord
extension sockets.

Check that the inner cores of flexible supply cords are not exposed or twisted;

Check that the external sheaths are not cut, abraded, twisted, or damaged to such an
extent that the insulation of the inner cores is visible

Check that unprotected conductors or insulation tape are not in evidence.

For portable outlet devices (power boards), check that the warning indicating the
maximum load to be connected to the device is intact and legible.

Check that any operating controls are in good working order i.e. they are secure,
aligned and appropriately identified.

Check that covers, guards and the like are secured in the manner intended by the
manufacturer or supplier.

Check that ventilation inlets and exhausts are unobstructed.

The pins of insulated pin plugs should be inspected for damage to the insulation of the
pins, and, if fitted, the shroud on cord extension sockets.
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15.4 The circuit continuity test

A break in continuity between the Active and Neutral terminals in the appliance circuit
prevents the appliance from working. A circuit continuity test can locate many defects.
Mainly these will be:

The resistance is near to the calculated value of the load. This indicates that the
appliance will draw close to the rated current and perform as intended.

The resistance is much higher than the calculated value of the load. This indicates a
partial or total open circuit within the appliance. It will not draw the rated current and
will not operate as intended.

The resistance is much lower than the calculates resistance of the load. This indicates
a partial or total short circuit in the appliance. The appliance may draw excess current
and be dangerous.

Examples of breaks in circuit continuity include:

A blown fuse in the electrical appliance.

A cut-out, thermal overload or thermostat device that has operated to break the circuit.

A broken heating element.

A loose wire or loose connection.

A switch that has failed in the “OFF” position. (This may often be detected by the feel

of the switch as it is actuated).

In a split-phase motor:

- An open-circuit start winding circuit.

- An open-circuit run winding circuit

- An open-circuit centrifugal switch

- Dirty centrifugal switch contacts

In a capacitor-start motor:

- An open-circuit start winding circuit.

- An open-circuit run winding circuit

- An open-circuit centrifugal switch

- Dirty centrifugal switch contacts

In a Universal (series) motor:

- Worn brushes not making contact with armature commutator through either wear
or defective spring lifters.

- Defective brush connections.

- An open-circuited armature winding.

Continuity tests are most conveniently performed with the “multimeter” test instrument, set to
the Ohms scale.
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15.5 The polarity test
Polarity testing has two purposes:

To ensure conductors are correctly terminated (as in an extension lead)
To ensure any single pole switch is in the phase conductor

An ohmmeter is used to establish the correct terminations of an extension lead and can be
readily done without opening the fittings.

A single pole switch is normally used in an electrical appliance and it is essential the switch
is connected in the Active conductor and not in the Neutral or Earth conductor. When
properly connected, the controlled part of the circuit (consisting of most of the electrical
appliance circuit wiring and electrical parts) will be isolated and safe when the electrical
appliance switch is turned OFF.

If the switch is incorrectly connected in the Neutral conductor it will not prevent the electrical
appliance from operating. However, when the appliance is switched “off” it will appear that
the circuit is safe. But, most of the circuit wiring and electrical appliance components are
still “live” and any person touching a conductor (such as the element of an electric heater)
will receive a shock if they are in simultaneous contact with Earth or Earthed metal.

To test for correct polarity in an appliance proceed as follows:

Disconnect the appliance from the supply source.

Using an ohmmeter, connect one lead to the Active pin of the input plug and the other
to the “load” side of the electrical appliance switch.

When the switch is “off” an open circuit will be indicated by a high reading on the
ohmmeter

When the switch is “on” a closed circuit will be indicated by a low reading on the
ohmmeter.

If this low reading indicates “closed” in both switch positions (on and off) then the
switch is not connected in the Active conductor (see Figure 19).

Figure 19 - Polarity Testing
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15.6 The protective earthing conductor continuity t est

The Protective Earthing conductor continuity test is carried out between exposed metal parts
of the electrical appliance and the Earth pin of its three-pin plug. Its purpose is to prove an
unbroken, low resistance path to Earth from any exposed metal (refer AS/NZS 3760).
Unless this path exists, the danger of electric shock would be present when the electrical
appliance is connected to the power supply.

NOTE: In no circumstances are the exposed metal pa rts of a double insulated electrical
appliance to be connected to Earth.

This test is carried out with the multi-meter set to the low ohm scale to register the very low
resistance values, (see Figure 20). Do not switch the meter to one of the high Megohm
scales as it is quite possible to have an apparent reading of zero on the dial when in fact
there may be a resistance of, for example, 100 ohms in the circuit.

The resistance of the protective earthing conductor must not exceed 1 ohm.

Figure 20 - The Protective Earthing Conductor Conti  nuity Test

The danger of having excessive resistance in the Earth circuit is that should a fault develop
in the electrical appliance, the earth resistance may limit the fault current necessary to blow
the fuse. The electrical appliance will therefore remain connected to the live supply

The resistance value of an Earth continuity conductor connecting exposed metalwork of an
electrical appliance to the Earth pin of its three-pin plug should typically not exceed1l ohm.
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15.7 The insulation resistance test

Insulation resistance tests are very important as a means of determining whether an
electrical appliance is electrically safe to use (refer to AS/NZS 3760). These tests must be
carried out with the electrical appliance disconnected from the supply.

WHEN TESTING CLASS | APPLIANCES, IT IS VERY IMPORTANT TO FIRST ENSURE THAT THE
PROTECTIVE EARTHING CONDUCTOR IS CONTINUOUS AND OF LOW RESISTANCE BEFORE
UNDERTAKING AN INSULATION RESISTANCE TEST — THAT IS, A PROTECTIVE EARTHING
CONDUCTOR CONTINUTITY TEST (SEE SECTION 15.6) NEEDS TO BE CARRIED OUT FIRST.

If the protective earthing conductor of an appliance is of a high resistance or is open-
circuited, then this would read as a high insulation resistance reading under an insulation
resistance test. That is, a “false correct” insulation resistance test result would be obtained.
If a “false correct’ reading was obtained for an appliance that actually had a low insulation
resistance reading, then when that appliance was plugged in and turned on, the case would
be livened and be an electric shock hazard to any person who touched it.

Insulation resistance tests MUST NOT be carried out using ohmmeters or multi-meters
because these meters only produce a small battery voltage in the region of 1.5 to 9 volts.
This small voltage is insufficient to pressure test the insulation to expose any weakness in it
and therefore is totally inappropriate for insulation resistance tests.

Insulation resistance testers on the other hand are generally designed to produce 250 volts
d.c. or 500 volts d.c. (or even greater voltage values for some applications), which places the
insulation under stress. This test will indicate any weakness that may break down under
normal use on the 230 volt supply.

The insulation resistance tester must be connected as shown in Figure 21.

Figure 21 - The Insulation Resistance Test
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It is a requirement that the resistance measured by an insulation tester should be not less
than 1 Megohm (1,000,000 ohms) for an electrical appliance. However, for:

Electrical appliances with sheathed heating elements the measurement should not be
less than 10,000 ohms.

For portable RCDs with a functional earthing conductor the measurement should not
be less than 100,000 ohms.

A practical example showing how a multi-meter or ohmmeter is inappropriate to test the
insulation resistance of an electrical appliance is detailed by the following example:

A 230-volt electric clothes iron has a partial breakdown between its heating element in
the sole plate and the earthed metal case.

The iron when in use and at its normal operating temperature, causes the sub-circuit
protective fuse to blow as a result of the insulation breaking down to the earthed metal
frame.

The iron, when tested with an ohmmeter or multi-meter; does not indicate the
presence of a fault, as the meter voltages are so low that they do not stress the
insulation and therefore do not reproduce the breakdown that occurs when the
appliance is in use.

However, testing the same iron with an insulation resistance tester producing an
output of 500V d.c. causes the insulation to break down under test, thereby indicating
a low insulation resistance value and the presence of a fault path.

CAUTION:

Electrical appliances in which semi-conductor components are used require special
consideration.

Many semi-conductor components will not withstand the higher voltage of an insulation
resistance tester and will irreparably break down. When testing such electrical appliances
observe the following precautions:

DISCONNECT SEMI-CONDUCTOR COMPONENTS BEFORE MAKING AN INSULATION
RESISTANCE TEST BETWEEN ACTIVE AND NEUTRAL, OR, IF IMPRACTICAL,

OR, IF THIS IS IMPRACTICAL

JOIN TOGETHER BOTH THE ACTIVE AND NEUTRAL AND TEST BETWEEN THIS PAIR AND THE
ELECTRICAL APPLIANCE FRAMEWORK WHEN MAKING AN INSULATION RESISTANCE TEST TO
EARTH.

15.8 Radio/TV interference suppression safety check s

Wrongly connected or incorrectly rated suppression components can lead to risk of electric
shock or fire. Capacitors connected to the exposed Earthed metal framework of an
appliance must not exceed a value of 0.005 microfarads.

Values higher than 0.005 microfarads can pass sufficient current to cause electric shock to
the operator of a suppressed electrical appliance if the electrical appliance Earth continuity
conductor is broken and the operator is making contact with Earth or Earthed metal. For this
reason, capacitors of any value must never be connected to the exposed metal framework of
a double insulated electrical appliance.
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For use on 230 volt a.c. electrical appliances, suppression capacitors must be rated at not
less than 250 V a.c. working voltage.

Inductors (chokes) are sometimes used either without or in conjunction with capacitors for
interference suppression purposes. These are connected in series with the device being
suppressed,(usually a motor). Connections must be tight and all parts kept well clear of other
components and of the exposed metal electrical appliance framework.

If replacing an inductor (choke), especially in the active conductor, ensure the value
(millihenrys — mH) is the same as original. Installing a larger capacitor (than the original)
could limit fault current through the appliance during a fault, thereby delaying or preventing
the operation of the circuit protection devices. Figure 22 shows one typical way in which
suppression components may be connected in a small motor driven electrical appliance.

NOTE: In no circumstances should any suppression d evice be connected in series with
the Earth continuity conductor of any electrical ap pliance. Doing so may reduce
the current flowing to Earth in the event of an Act ive to framework fault and may
delay or prevent the operation of circuit protectiv e fuses or circuit breakers.

Figure 22 - Radio/Television Interference Suppressi  on (Typical Only)

15.9 Tagging defective electrical appliances and eq  uipment

An electrical appliance, or other equipment withdrawn from use for repair, may be mistakenly
returned to service in a hazardous condition by a second person prior to correction of the
fault. To avoid this situation, clearly identify each such defective electrical appliance or
equipment with an appropriate tag containing the following information.

Details of the fault and your name and date may also be provided if considered appropriate.
Suitable tags, if not provided for the purpose, should be made up locally as required.

"1 #1$%& "&# &\
#&1& "' % %#
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16 Electric Shock

16.1 Effects of electricity on the human body

The human body is a conductor of electricity and a current will flow through its tissues when
contact is made simultaneously with two objects that are at different voltage potentials. If the
two terminals of a source of electricity are grasped one in each hand, current will flow
through the body from hand-to-hand. A similar effect will be produced if only the Active is
touched, and the person is in contact with Earth or an Earth conductor.

Voltages below 50 volts a.c. are virtually harmless to humans under normal circumstances.
Our public electricity supply systems are at 230 volts Active to Earth and 400 volts Active to
Active. A shock at these voltages can be injurious or fatal, hence it is essential to protect the
user of an electrical appliance from making contact with any “live” part or “live” wire.

Electric shock is the effect produced on the body, and in particular the nervous system, by
an electric current passing through it. The effect varies and depends upon the magnitude,
path, duration and frequency of the current. If the current magnitude is within a certain
range and its path traverses the heart region, the normal rhythm of the heart can be
interrupted.

In this state, known as ventricular fibrillation, the heart contracts in a random way and cannot
maintain circulation. Reversion to normal rhythm rarely occurs spontaneously and if the
condition persists for more than a few minutes the result is almost certain to be fatal.

16.2 Effects of electric shock

The effect produced by the passage of a 50 Hz alternating current through the human body
can be categorised in stages as shown in Table 4. The current values and contact times are
indicative and given as general examples only. The effects listed are those likely to occur in
a person in average good health and condition.

Table 4 - Effects of Electric Shock

Current in Contact time in Effect
milliamps milliseconds
1 mA Threshold of sensation.
10 mA 10 - 10,000 ms Mild to painful sensation.
50 mA 10 - 200 ms Usually no danger.
50 mA 200 - 4000 ms | Temporary muscular paralysis likely.
50 mA Over 4000 ms Ventricular fibrillation possible.
100 mA 10 -100 ms Usually not dangerous.
100 mA 100 - 600 ms Temporary muscular paralysis possible.
100 mA 600 -10,000 ms | Ventricular fibrillation possible.
100 mA Over 10,000 ms | Ventricular fibrillation probable.
500 mA 10-40 ms Danger unlikely.
500 mA 40 - 500 ms Ventricular fibrillation possible.
500 mA Over 500 ms Ventricular fibrillation probable.
June 2006
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Electric shock effects can be considered to some extent on the basis of current being forced
through the human body by the voltage at the point of contact. It is not possible to define
precisely the effects of a given current as the duration of contact together with the physical
and medical condition of the victim will each contribute to the severity of the injury.

General aspects to be considered are as follows:

Currents up to 500 milliamps flowing through the body for a short duration (less than
40 milliseconds) may have little effect on most persons.

High values of current or prolonged contact times may be expected to cause harmful
effects ranging from temporary muscular paralysis to ventricular fibrillation, and unless
skilled medical attention is quickly available death is probable.

Electric shock at pressures up to 250 V is more likely to cause ventricular fibrillation
than are shocks at high pressures.

High voltage electric shock is usually accompanied by arcing across insulation. The
resultant very heavy current flow quickly operates protective devices to render the
circuit “dead”.

Current flow through the body will vary greatly according to the surface area of contact
and the skin condition of the victim, i.e., dry, moist or wet.

Current flowing through the body follows Ohms Law and is governed mainly by the
resistance of the skin.

Authoritative sources indicate that an alternating current of 0.1 ampere at 50 hertz is almost
certain to be fatal if the current passes through vital organs of the body. A current of 0.04
amperes (40 milli-amperes) is regarded as dangerous for human beings and 1000 ohms
might be taken as the lowest likely value of the total resistance of a person exposed to an
electric current.

Thus, an a.c. voltage of about 40 volts (V=I X R or 0.04 amperes x 1000 ohms) can be

dangerous to humans. Records show that electric shocks can be fatal when the a.c. voltage
has been as low as 40 volts.
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17 Electricity Regulations, Standards and Codes of Practice

Electrical Service Technicians must be conversant with the Electricity Act 1992, the
Electricity Regulations 1997 and various Standards that apply to work carried out by them:

17.1 Electricity Act 1992

Section No.

Section 2

Section 16
Part 9

Part 11

Interpretation (definitions relating to prescribed electrical work, supervision
etc.)

Notification and investigation of accidents

Registration and licensing of electrical workers (as related to electrical
service technicians)

Discipline (lodging complaints, disciplinary action)

17.2 Electricity Regulations 1997

Regulation
Number

2

17
18
25
26
35
36
37
38
46
51
53
64
68

69
70
72
74
76
76A
77
84
90
94
100
101
106
107
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Interpretations.

Prescribed Electrical Work.

Prescribed electrical work Electrical Service Technicians may do.
Competency requirements for electrical workers.

Safety tuition for electrical workers.

Responsibility of employers for safety of employees

Safety responsibilities of person who carries out work

Testing of prescribed electrical work.

Testing of electrical appliances.

Safety checks for particular electrical installations and electrical appliances.
Offences.

Voltage

Residual current device characteristics

Works, electrical installations, fittings and electrical appliances in existence on 1
April 1993.

Electrical safety.

Cables and conductors.

Position of switches and protective fittings.

Socket outlets.

Fittings and electrical appliances.

Non-complying fittings and electrical appliances

Hand held appliances.

Earthing in general.

Damp situations.

Protection against direct and indirect electrical contact.

Offences.

Declared articles.

Details to be provided in reporting accidents.

Offences.
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17.3 Standards-

AS/NZS 3000

AS/NZS 3760
AS/NZS 3003
AS/NZS 2381.1

AS/NZS 3008.1.2

June 2006

Australia/New Zealand Wiring Rules

Section1-1.6t0 2

Section 2

Section 3-3.1t0 3.8

Section4-4.1t04.4,4.9104.11,

Inservice safety inspection and testing of electrical equipment

Patient treatment areas of hospitals and medical and dental practices
Sections 1, 3 and 4 and Appendix D

Electrical equipment for explosive atmospheres — Selection,
installation, and maintenance — General requirements

Sections 1, 4 and 5

Electrical Installations — Selection of Cables

Sections 1 — 5 as they relate to flexible cords and cables, Tables 15
and 16
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18 Limits of Work
In New Zealand there are four classes of electrical registration, i.e.:

Electrical Inspector
Electrician

Line Mechanic

Electrical Service Technician

If you pass the Electrical Service Technician "A" examination paper and practical
assessment (and have the necessary practical experience) you will be registered by the
Board and have a 230 volt limitation on that registration. A person holding Electrical Service
Technician registration with a 230 volt limitation can carry out the following prescribed
electrical work:

The maintenance (testing, servicing and repair) of electrical appliances rated up to 230
volts supplied via plug and flexible cord.

The replacement of fuse links rated up to and including 230 volts.

The construction repair and replacement of flexible cord sets rated up to 230 volts.

Examples of the type of plug-in electrical appliances covered by this registration include:

Domestic electrical appliances.
Oil/Gas fired heating appliances.
Portable power tools.

Domestic refrigerators.
Business machines.

Laboratory equipment.

Washing machines.

Clothes dryers.

The above list is typical only and is not exhaustive.

Holders of Electrical Service Technician registration with a 230 volt limitation cannot carry
out electrical work on any fixed electrical wiring or on any associated switches or outlets or
on any electrical appliance, equipment or apparatus directly connected to fixed wiring.
Furthermore, they may not disconnect any such fixed wired electrical appliance, equipment
or apparatus from the fixed wiring for the purpose of testing or repairing the item, nor may
they reconnect to the fixed wiring following such tests or repairs.

The Board may in certain circumstances, impose further limitations on a registration as
follows:

The worker may be limited to such work as the Board may specify.
The worker may be limited to such work only on approved premises.
The worker may be limited to work only in the employ of an approved employer.

In order to work for payment, the holder of an ESTA registration must have a current

practising licence issued by the Board. A refresher course in safe working practices, testing
and basic first aid is required to be completed every two years.
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19

Examination Information

19.1 Electrical Service Technician "A" (Written)

This paper may be attempted only by those persons who have completed an approved
course of technical tuition and have been granted permission by the Board to sit the
examination.

Candidates for the Electrical Service Technician Examination Paper "A" will be examined on
a range of the subject matter contained in the Electrical Service Technician A Teaching
Guidelines issued by the Board.

19.2 Electrical Service Technician "A"(Practical)

For those candidates whose course of technical tuition includes provision for the assessment
of practical ability by a person approved by the Board for the purpose and covering the
following skills:

~No o, wN R

©

10
11
12

13

14
15
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Cardio Pulmonary Resuscitation instruction and practice in approved methods.
Electrical Safety and Safe Working Practices.

Plugs and sockets (cord connectors) single-phase.

Selection and replacement of rewirable and high rupturing capacity fuses.

Flexible cord terminations including various crimp connector types.

Soldering.

Metal framed electrical appliances connected by flexible cord. (Insulation protection
and Earthing.)

Edison screw and bayonet cap lampholders.

Switching of lamp circuits and control circuitry - 1 way, 2 way and the use of double
pole switches.

Three heat switching and energy regulator control.

Live 230 volt testing and current rating tests of electrical appliances.

Test of three electrical appliances and the completion of an electrical appliance test
sheet for each appliance.

Identification of electrical fittings, cables and flexible cords.

Connecting and testing of a single-phase motor.

Basic first aid.
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