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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 is to be read in association with the Electrical Service Technician Handbook 
"A" and has been compiled to provide electrical safety information for those persons wishing 
to obtain 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 ESTB 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 ESTB registration: 
 

�  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. 

 
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  Means the Electricity Act 1992 

Active (Phase)  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 

Ambient 
temperature  

Means air temperature in the close vicinity. 

Apparatus See “Equipment”. 

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

Board Means the Electrical Workers Registration Board. 

Class I Electrical 
Appliance 

See Class I electrical equipment 

Class II Electrical 
Appliance 

See Class II electrical equipment 

Class I 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. 

Class II Equipment 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   

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

Electrical Service 
Technician 

Means an Electrical Service Technician registered under the Act. 

Electrician Means an Electrician registered under the Act. 

Environment Means the general surroundings 

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

Fitting See “Equipment”. 

Fixed appliance   An appliance which is fastened to a support or otherwise secured in 
a specific location. 

Fuse 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. 

Fusible link Means a low melting point material carrying current and suspended 
between two terminals in an electrical appliance. It will melt and stop 
the current flow if the ambient temperature exceeds given limits. 

Handheld 
Appliance 

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

Hazard Means a risky or potentially dangerous situation. 

High voltage Means voltage exceeding 1,000 volts a.c. or 1,500 volts d.c. 

Insulation 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. 

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

Load Means that which consumes or uses electricity. 

Low voltage 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. 

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

Phase (Active) See “active” 
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Portable 
equipment   

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. 

Potential Means the voltage difference between two points. 

Prescribed 
Electrical Work 

Means electrical work prescribed in regulations made under the 
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 repair and maintenance of plug-in electrical 
appliances rated up to and including 230 volts. 

 �  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 repair and maintenance of single-phase and 
polyphase electrical appliances and fittings (other than 
the installation of conductors) rated up to and including 
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. 

 

Prove-Test-Prove 
Method 

Means a method of isolating electrical appliances, equipment and 
apparatus.  Use of this method involves the following: 

PROVE Applying the test instrument to known live source to 
ensure it is working correctly. 

TEST   Carrying out voltage tests to ensure isolation has 
occurred.  

PROVE Again applying the test instrument to known live source to 
ensure it is working correctly. 

Radio/TV 
Interference 
Suppression 

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

Registrar Means the Registrar of the Electrical Workers Registration Board 
appointed under the Act. 

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. 
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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. 

Standard low 
voltage 

Means,— 

(a)  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 

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

 (iii)  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 
Electrical Work 

Means, in relation to Electrical Service Technicians: 

(a) A registered Electrical Service Technician who has had in total 
not less than 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  Australian/New Zealand Wiring Rules 
AS/NZS 3760 In-service safety inspection and testing of electrical equipment.  
AS/NZS 3820  Essential safety requirements for low voltage electrical equipment 
AS/NZS 4701  Requirements for domestic electrical appliances for reconditioning or parts 

recycling 
NZS 3019  Electrical installations – In-service Testing 
AS 60529  Degrees of protection provided by enclosures (IP Code) 
 These documents are available from Standards New Zealand 
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5 Electricity 
 
In New Zealand the system of electricity supply is identified by the means of connection at 
the switchboard and is known as the Multiple Earthed Neutral (MEN) system. As its name 
suggests, the Neutral conductor is connected to Earth at many points, principally at the 
source of supply (the distribution transformer), and at every main switchboard in an electrical 
installation.  That is, two paths in parallel are established between the installation and the 
distribution system - one path through the Neutral conductor and the other through the 
general mass of Earth. 
 
This parallel path arrangement: 
 
�  Ensures that voltages to earth in the vicinity of an electrical installation do not rise 

above 230 volts. 
�  Provides a low impedance return circuit to the distribution transformer. This will ensure 

that a large current will flow and circuit protection devices (fuses or circuit breakers) 
will operate and disconnect the circuit - should any live part of the distribution system 
or consumer's installation (including connected appliances) short circuit to either the 
Neutral conductor or Earthed metal. 

 
Figure 1 - Typical Supply to an Electrical Installa tion Using the Multiple Earthed 

Neutral System 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Following is a brief description of the types of electricity supply that may be encountered in 
the course of work.  
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5.1 Single-phase supply to an electrical installati on 
 
A single-phase supply to an electrical installation consists of: 
 
�  Two conductors from the distribution system: 
 - one live conductor (called Phase conductor or Active conductor) that is 

connected to a main switch at the main switchboard, and 
 - one Neutral conductor that is connected to a neutral bar at the main switchboard.  

The neutral bar is linked to an earth bar, and 
�  The main Earth conductor that is connected between an earth electrode and the earth 

bar at the main switchboard. 
 
Voltages 
 
�  A potential of 230V exists between the Active and Neutral conductors.  These are the 

two conductors that are connected to a circuit to supply a 230V single-phase electrical 
appliance.   

�  A potential of 230V exists between the Active conductor and any earthing conductor. 
 
Earthing 
 
When required for safety reasons, any exposed metal (for example, the frame of a motor or 
any other Class I electrical appliance) is connected to the earth bar via a protective earthing 
conductor. 
 
5.2 Two-phase supply to an electrical installation 
 
A two-phase supply to an electrical installation consists of: 
 
�  Three conductors from the distribution system: 
 - two live conductors (called Phase conductors or Active conductors) that are 

connected to a main switch at the main switchboard, and 
 - one Neutral conductor that is connected to a neutral bar at the main switchboard.  

The neutral bar is linked to an earth bar, and  
�  The main Earth conductor that is connected between an earth electrode and the earth 

bar at the main switchboard. 
 
Voltages 
 
�  A potential of 400V exists between the two Active conductors or in some country 

districts – 460V.  These two conductors can be connected to a circuit to supply a 400V 
two-phase electrical appliance.  A neutral may or may not be present in this type of 
circuit. 

�  A potential of 230V exists between the any one of the Active conductors and the 
Neutral conductor.  These two conductors can be connected to a circuit to supply a 
230V single-phase electrical appliance. 

�  A potential of 230V exists between any one of the Active conductors and any earthing 
conductor. 

 
Earthing 
 
When required for safety reasons, any exposed metal (for example, the frame of a motor or 
any other Class I electrical appliance) is connected to the earth bar via a protective earthing 
conductor. 
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5.3 Three-phase supply to an electrical installatio n 
 
A three-phase supply to an electrical installation consists of: 
 
�  Four conductors from the distribution system: 
 - three live conductors (called Phase conductors or Active conductors) that are 

connected to a main switch at the main switchboard, and 
 - one Neutral conductor connected to a neutral bar at the main switchboard.  The 

neutral bar is linked to an earth bar, and  
�  The main Earth conductor that is connected between an earth electrode and the earth 

bar at the main switchboard. 
 
Voltages 
 
�  A potential of 400V exists between any two Active conductors. 
 - Two Active conductors can be connected to a circuit to supply a 400V two-phase 

electrical appliance.  A neutral may or may not be present in this type of circuit. 
 - Three Active conductors can be connected to a circuit to supply a 400V three-

phase electrical appliance.  A neutral may or may not be present in this type of 
circuit. 

  For example, in a balanced three phase load, such as a three-phase motor, 
there is no out of balance current between the phases so there is no need for a 
neutral.  

�  A potential of 230V exists between the any one of the Active conductors and the 
Neutral conductor and these two conductors can be connected to a circuit to supply a 
230V single-phase electrical appliance. 

�  A potential of 230V exists between any one of the Active conductors and any earthing 
conductor. 

 
Earthing 
 
When required for safety reasons, any exposed metal (for example, the frame of a motor or 
any other Class I electrical appliance) is connected to the earth bar via a protective earthing 
conductor. 
 
5.4 Switchboards 
 
During your work you will encounter a number of types of switchboards.  They are all similar 
in that they contain a switch, fuses and/or circuit breakers, Neutral conductor and Earth 
conductor connection points (called “bars”) and are constructed of suitable fire resistant 
material. 
 
In an MEN system, the switchboard nearest the supply is called the Main Switchboard and 
must be an MEN switchboard.  On an MEN switchboard: 
 
�  There is a removable link between the neutral bar and earth bar.  The link is an 

important component of the MEN system and is secured by additional locknuts to 
ensure clean tight connections, and 

 
�  One end of the main earthing conductor is connected to the earth bar.  The other end 

of this conductor is connected to the main earth electrode.  . 
 
An installation may have other switchboards - called Distribution Boards - that supply parts 
of an installation.  The Active(s), Neutral and Earth are fed from the Main Switchboard and 
normally have a link between the earth bar and neutral bar. 
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Prior to 1997, the Electricity Regulations permitted: 
- One type of distribution board that had a link between the neutral and earth bars. 
- The main earthing conductor to be connected to the neutral bar. 
 
Therefore, you may encounter: 
 
• A Main Switchboard that has a removable link between the neutral bar and earth bar 

and one end of the main earthing conductor is connected to the 
earth bar. 

• A Main Switchboard that has a removable link between the neutral bar and earth bar 
and one end of the main earthing conductor is connected to the 
neutral bar. 

• A Distribution Board that has the Phase(s), Neutral and Earth supplied from another 
switchboard but no link between the neutral bar and earth bar. 

• A Distribution Board that has the Phase(s), Neutral and Earth supplied from another 
switchboard and has a link between the neutral bar and earth 
bar. 

• A Distribution Board that has the Phase(s) and Neutral supplied from another 
switchboard, has a link between the neutral bar and earth bar 
and has an earthing conductor connected between the earth or 
neutral bar and an earth electrode. 

 
AS AN ELECTRICAL SERVICE TECHNICIAN YOU MUST NOT AL TER THE ARRANGEMENT OF A 
SWITCHBOARD .  CALL AN ELECTRICIAN IF YOU HAVE DOUBTS ABOUT THE SAFETY OF A 
SWITCHBOARD . 
 
Typical connection diagrams for the Main Switchboard are shown in Figure 2. 
 

Figure 2 - Typical Consumers installations MEN syst em 
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6 Isolation of Electrical Appliance from the Electr icity Supply 
 
6.1 Isolating plug-in electrical appliances 
 
For a plug-in single-phase electrical appliance, safety is achieved by turning the switch off 
and pulling the plug out. This is also the case for plug-in two-phase and three-phase 
electrical appliances. 
 
For ongoing isolation of a faulty appliance, it is recommended that the appliance be tagged 
with an “Out-of-Service” tag (see section 7.3), particularly if it would be unsafe for someone 
to use it. 
 
Note: Not all plug sockets are equipped with a cont rol switch. 
 
6.2 Isolating fixed electrical appliances 
 
For a fixed wired electrical appliance safety is achieved by: 
 
�  Isolating the appliance.  (Turn off the switch, remove the fuse or fuses or turn off the 

circuit breaker supplying the circuit to the appliance.), and 
 
�  Securing the isolation so that the appliance will not be re-energised by mistake.  This 

is achieved by attaching a safety tag and/or applying a padlock to the switch so that it 
cannot be turned on by an unauthorised person.  

 
The appliance must be firstly identified as single, two or three--phase.  If an isolating switch 
has not been provided for the appliance, the circuit that feeds it will have to be traced at the 
switchboard. 
 
At the switchboard there will be a number of protective devices – fuses, circuit breakers or 
RCDs.  A circuit may be protected by: 
 
�  Fuses or a circuit breakers.  Either provides electrical protection to the circuit. 
 
�  Fuses or circuit breakers and a separate RCD.  The fuse or circuit breaker provides 

electrical protection to the circuit, while the RCD provides personal protection to the 
user of a circuit. 

 The fuses or circuit breakers must be used for isolation purposes. 
 
�  A RCBO – a device that has both circuit breaker and RCD characteristics.  The circuit 

breaker characteristic provides electrical protection to the circuit, while the RCD 
characteristic provides personal protection to the user of a circuit. 

 The RCBO can be used for isolation purposes. 
 
The fuses or circuit breakers which are connected to the circuit supplying the appliance to be 
disconnected must be positively identified.  For a single-phase appliance there is one 
protective device; for a two-phase appliance, two protective devices; and for a three-phase 
appliance, three. 
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CIRCUIT BREAKERS CAN BE OPERATED WITH THE MAIN SWITCH TURNED “ON”.   Remove all load 
on the circuit before operating the circuit breaker.  For example, if there is a switch on the 
appliance that controls its operation - turn it off. 
 
  
HOWEVER, WHERE A FUSE CARRIER IS TO BE WITHDRAWN, IT IS PREFERABLE THAT THIS IS 
CARRIED OUT WITH THE MAIN SWITCH TURNED “OFF”.   
 
IF IT IS NOT POSSIBLE TO TURN-OFF THE MAIN SWITCH, remove all load on the circuit before 
removing fuse carrier.  For example, if there is a switch on the appliance that controls its 
operation - turn it off. 
 
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. 
 
Failure to correctly identify protective devices may result in: 
 
�  Another appliance failing or stopping during an essential operation. 
�  Fuses supplying an operating appliance "drawing an arc" and causing personal injury. 
�  The appliance to be disconnected remaining energised and creating a hazard. 
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6.3 Testing for isolation 
 
Having isolated the circuit, it must be tested to ensure that it is not still energised. This must 
be done with a suitable test instrument and using the PROVE-TEST-PROVE METHOD.  With this 
method, proving is done by: 
 
�  Applying the test instrument to a circuit that is known to be energised and observing 

the measured voltage, then 
 
�  Testing the isolated circuit to ensure that it is in fact isolated by testing between each 

phase and between each phase and earth, then 
 
�  Proving the test instrument again on a circuit that is known to be energised. 
 
Some test instruments have fused leads and they may give a false indication of isolation if 
the fuse has operated.  There is also the possibility of the test leads open circuiting or 
breaking, thereby giving a false indication of isolation.  Therefore always use the PROVE-
TEST-PROVE METHOD to check that isolation has been achieved. 
 
All test instruments used for multi-phase testing must be rated for 450 volts or above. They 
should be a solenoid type or quality digital meter such as: 
 
�  Martindale. 
�  Worthington. 
�  Square D. 
�  Duspol. 
  
This list is typical only and is not exhaustive. 
 
If the isolation test shows the circuit to be alive, then check for one of the following errors: 
 
�  The wrong isolating switch has been operated. 
�  The wrong fuses or circuit breakers have been operated. 
�  The wiring is damaged, faulty or wrongly installed. 
�  The circuit is being fed from two different sources. 
�  The isolating switch is not in the Active conductor. 
 
or a combination of two or more of the above. 
 

If the problem cannot be solved, 
CALL AN ELECTRICIAN. 
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7 The Safety Tag System 
 
Regulation 34 requires that safety tags or personal locks to be used if there is a danger of 
accidental livening after the isolation of an appliance or part of an electrical installation.  
 
The following is an example of a tag system that will achieve this. 
 
7.1 The tag system principles 
 
Safety "tags" or labels, although employed extensively in overseas countries, are not used in 
New Zealand to the extent that they should. Their purpose is to ensure the highest standard 
of safety among those persons who operate, service or repair machines and their associated 
power supplies and control systems. 
 
Important aspects of a tag system are: 
 
(a) Any person may apply a tag. 
(b)  It can be applied to all plant and equipment. 
(c)  All persons must comply with the system. 
 
There is no difficulty if one person carries out all the work.  But, co-operation is necessary 
two or more persons are involved and a "Multiple Tag" System is necessary. 
 
For your own safety and for the safety of others it is essential to know and to use the 
following two warning systems: 
 
THE DANGER TAG - "DO NOT OPERATE". 
 
 The Danger Tag is used to protect people.  A tag must be applied by each person 

working on equipment and be removed only by that person (unless exceptional 
circumstances apply). 

 
THE OUT-OF-SERVICE TAG -"NOT TO BE OPERATED". 
 
 The Out-of-Service Tag is used to protect equipment and, of course, to further one’s 

own safety.  It may be applied and removed by any person who is responsible for and 
knowledgeable about the equipment.  The person who removes an Out-of-Service tag 
need not be the same one who applies it. 

 
Standardised Danger and Out-of-Service Tags are not yet readily available throughout New 
Zealand.  Until this matter is rectified suitable tags can, and must, be made up locally as 
required.  Figure 3, Figure 4 and Figure 5 show the layout of tags used in Australia. 
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7.2 Danger Tags 
 
(a) Using Danger tags 
 
 Danger Tags are red.   They say "Danger" , and they mean Danger (see Figure 3 and 

Figure 4). This is how they are used: 
 
 1. There is a job to be done.  If there is a possibility of personal danger through 

someone turning on the electricity or a faulty machine, or a flow of steam, gas or 
liquid, then a danger tag must be fastened to the appropriate isolating switch or 
valve or control. 

 2. EACH TAG PUT UP MUST HAVE CLEARLY PRINTED ON IT THE  WORKER'S NAME, 
DEPARTMENT, THE DATE AND THE TIME . 

 3. Nobody must touch a Danger tagged switch, control etc, until the necessary job 
is finished and all danger tags fastened to it have been removed. 

 4. Only the person who puts up a tag is allowed to remove it.  If that person is 
unavailable, the foreman or person in charge of the section may remove the tag 
but only after fully investigating the situation personally , and making sure it is 
safe to remove the tag.  This procedure may vary depending on the safety policy 
of the organisation concerned. 

 5. If, at any time, it is seen that the use of a switch, a valve, a control or a piece of 
equipment could cause injury to anybody, it is the responsibility of the person 
observing the danger  to secure a Danger Tag to the isolating switch or control 
of the faulty equipment and report it immediately to the person in charge.  If no 
Danger Tag is handy, make up some temporary Danger Signs until a proper one 
can be obtained. 

 6. If at the end of a shift, equipment or machinery is still unsafe, each personal 
danger tag is to be removed by the person who placed it, and in its place an out 
of service tag is to be fastened. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3 – Danger Tag - front  
Red Border, Red Lettering on 
white Background 

Figure 4 – Danger Tag - back  
Red Border, Red Lettering on white 
Background 
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 POINTS TO WATCH 
 
 �  Make absolutely sure that the switch, valve, control, or piece of equipment is the 

correct one to tag. If there are any doubts, ask the supervisor or person in 
charge. 

 �  Make sure the switch or control is in the correct non-dangerous position when 
tagged. Test before touch. 

 �  Some switches are not positive isolating switches. Switches such as the simple 
push-button type, emergency stop buttons and switches, master control, and 
control switches in pulpits and on control stations are not and cannot be used as 
isolating switches. 

 �  Fasten Danger Tag securely so that it will not come off. 
 �  When two or more persons are working on the same job each of them must 

fasten a personal Danger Tag to the selected point of isolation. 
 �  The Supervisor or person in charge will investigate the work area and fasten his 

own Danger Tag to any point that, if operated, would be dangerous to persons or 
machines.  The Supervisor or person in charge will then be responsible for 
seeing that all persons have removed their Danger Tags and are safe before he 
removes his own Tag. 

 
(b) Working in Other Departments or on Other Premises 
 
 Before working on equipment in any premises, building or department, the person in 

charge or his deputy must be contacted and informed of what work is intended before 
commencement. 

 
 He/she will point out the isolating switches, valves etc that apply to the work. These 

must be Danger Tagged before beginning. 
 
 If he thinks it necessary, the person in charge will put his own Danger Tag on the 

switch or valve. 
 
 
(c) Removal of Danger Tags 
 
 When the job is finished or work is stopped at the end of a shift, each worker must 

remove their own Danger Tag. However, if it could be dangerous or could damage 
machinery when somebody operated the switch or valve, an Out-of-Service Tag must 
be fastened to it. The person in charge or his deputy must be informed of the situation 
before leaving the premises. 
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7.3 Out-of-Service Tags 
 
(a) Using Out-of-Service Tags 
 
 These are coloured yellow and black. (See Figure 5 ) 
 
 They list equipment or machinery out of action for repairs or alterations and prevent 

damage to plant that would happen if somebody used the switch valve, etc. 
 
 Machinery or equipment with Out-of-Service tags fixed to it must not be operated 

except with the direct permission of the supervisor or person in charge. 
 

Figure 5 – Out-of Service Tag 
Black / Yellow stripes, Black lettering on White ba ckground. 

 

 
 
 If machinery or equipment is faulty or damaged and it can be seen that using it could 

cause more damage or could injure somebody, an Out of Service Tag must be 
fastened to it and the supervisor or person in charge informed immediately.  On no 
account must the premises be left without telling the supervisor or person in charge 
what has been done. 

 
 If a piece of equipment or machinery is not itself faulty, but may be connected to 

something that is faulty, an Out-of-Service Tag must be fastened to both items. 
 
(b) Removal of Out-of-Service tags 
 
 Never  remove an Out-of-Service Tag unless the supervisor or person in charge has 

been informed and the equipment involved has been cleared for safe operation. 



The Electrical Service Technician “B” Handbook 

June 2006 18 

 
7.4 Jobs extending over a shift or to the next day 
 
If faulty or incomplete equipment cannot be brought into full working order before leaving the 
job, an Out-of-Service Tag must be fixed to the isolating switches or controls before the 
Danger Tags are removed.  The person in charge of the premises in which the work is being 
carried out must be informed of the situation before leaving the job. 
 
If the work is to be left for an extended period, then provisions must be made to ensure no 
unauthorised access can be gained to accessible connections and the isolation switch must 
be permanently locked.  Where neither of these is possible, an Electrician must be called to 
permanently disconnect the conductors from the supply. 
 
When the work is resumed every person on the job must attach his own Danger Tag as 
explained for the Danger Tag System. 
 
When the job is finished and the equipment is safe to operate, the supervisor will see that 
each person removes his own Danger Tag and is safely clear before removing Out-of-
Service Tags.  
 
7.5 Installation or relocation of equipment and mac hinery 
 
When equipment or machinery is first put in, or when it is moved to another location, it must 
not be put to regular use until it has been thoroughly tested and inspected.  The person who 
completes the setting-up of the machine must fix an Out-of-Service Tag to it and report to 
the person in charge that it is finished and ready for inspection. 
 
7.6 Special Precautions 
 
If it is thought that any equipment or machinery should be carrying an Out-of-Service Tag 
and it is not, the person in charge must be informed promptly in order that the item may be 
checked. 
 
Every person must still fix his own Danger Tag to a job where it is dangerous to switch, or 
turn on, or operate, even when it has an Out-of-Service Tag attached. 
 
Never  leave a switch or control that is unsafe to operate without a Danger Tag or Out-of-
Service Tag attached. 
 
A supply of Danger Tags and Out-of-Service Tags must be kept in each worker's personal 
tool kit. 
 

The Final Reminder 
 

DANGER TAGS AND OUT -OF-SERVICE TAGS SAVE LIVES  
 

DON'T PLAY WITH THEM OR MISUSE THEM  
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8 Requirements for Damp Situations 
 
8.1 IP Ratings 
 
A Damp Situation  is an area in which moisture is either permanently or intermittently 
present to such an extent as to affect the electrical safety of an installation or appliance.  
AS/NZS 3000 section 7 draws attention to the safety requirements regarding damp 
situations.  This standard applies to the installation of electrical fittings or electrical 
appliances used in areas where water is present in one form or another, i.e. ice, liquid or 
vapour. 
 
The requirements of the Standard are intended to:  
 
(a) Prevent water entering electrical fittings or electrical appliances by providing a suitable 

location, suitable wiring enclosures and fittings. 
 
(b) Protect the personnel from electric shock in situations where part of the body could 

come in contact with water. 
 
Electrical equipment that is used in damp situations will have an IP rating.  The IP rating 
consists of three numbers as set out in Table 1.  This is a coding system to indicate the 
degree of protection provided by the enclosure against access to live parts from solid objects 
or the ingress of water or other liquids. 
 

Table 1 – The IP Degrees of Ingress Protection 
 

The First  Number 
 

The Second  Number The Third  Number 

Protection against solid 
objects  

Protection against liquids Protection against 
mechanical impacts 

IP Test IP Test IP Test 
0 No protection 0 No protection 0 No protection 
1 Protected against 

solid objects up to 50 
mm.  e.g., accidental 
touch by hands 

1 Protected against 
vertically falling drops 
of water 

1 Impact 0.225 joule 

2 Protected against 
solid objects up to 12 
mm.  e.g., fingers 

2 Protected against 
direct sprays of water 
up to 150 from the 
vertical 

2 Impact 0.375 joule 

3 Protected against 
solid objects over 2.5 
mm.  (tools and small 
wires) 

3 Protected against 
sprays to 600 from the 
vertical 

3 Impact 0.5 joule 

4 Protected against 
solid objects up to 1 
mm.  (tools and small 
wires) 

4 Protected against 
water sprayed from all 
directions – limited 
ingress permitted. 

  

5 Protected against dust 
– limited ingress 
permitted (no harmful 
deposit) 

5 Protected against low 
pressure jets of water 
from all directions – 
limited ingress 
permitted 

5 Impact 2.00 joule 
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The First  Number 
 

The Second  Number The Third  Number 

Protection against solid 
objects  

Protection against liquids Protection against 
mechanical impacts 

6 Totally protected 
against dust. 

6 Protected against 
strong jets of water 
e.g., for use on ships 
decks – limited ingress 
permitted 

  

  7 Protected against the 
effects of immersion 
between 15 cm and 1 
m. 

7 Impact 6.00 joule 

  8 Protected against long 
periods of immersion 
under pressure. 

  

    9 Impact 20,000 joule 
 
Note:  When an appliance is repaired or components replaced, it is important that the 

correct components are used to ensure that the appl iance retains the correct 
safety standard. 

 
8.2 Handled electrical appliances 
 
Regulation 77 requires that handheld appliances used in damp and other situations must be 
used with some type of protection (“safeguard”).   
 
(a) 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 used.  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. 
 
Details on the types of protection required by Regulation 77 are contained in section 11. 
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9 Hazardous Locations 
 
9.1 Definition of a hazardous location 
 
A hazardous location is defined as an area in which an explosive atmosphere is present, or 
may be expected to be present, in quantities such as to require special precautions for the 
construction, installation, and use of potential ignition sources. 
 
The explosive atmosphere may be caused by the presence of flammable liquid, gas or 
vapour or by the presence of combustible dust in suspension or in layers (refer to AS/NZS 
3000: 7.9.2). 
 
In the design of industrial plants, every effort is usually made to minimise, the extent of 
hazardous areas, but it may be difficult to ensure that an explosive atmosphere will never 
occur. 
 
The work covered in this course is sufficient for y ou to recognise hazardous areas 
only and DOES NOT qualify you to carry out work in such areas.    You must ensure 
that you have the training and experience to work i n a hazardous area or  you must 
ensure that the work is carried by a person with th e required training and experience. 
 
9.2 Conditions for an explosion 
 
Three basic conditions must be present for a fire or explosion to occur: 
 
1. A flammable or combustible material must be present in sufficient quantities. This can 

be a liquid, gas, vapour, mist, dust, fibres or filings. 
2. The material must be mixed with air or oxygen in the proportions needed to produce 

an explosive mixture. 
3.  An ignition source of sufficient energy to ignite the explosive mixture must be present. 
 
9.3 Zones 
 
Once it has been decided that an area is hazardous, the next step is to classify the work 
area. 
 
Class 1  Areas that are hazardous due to the presence of flammable gas, vapour or mist. 
 
Class 2  Areas that are hazardous due to the presence of dusts, fibres, etc. 
 
The word "Zone" is internationally accepted as indicating the probability of the presence of a 
flammable, combustible or explodable material.  There are differences between zones for 
class 1 and class 2 areas to account for the different nature of the hazard.  A brief summary 
of the zones used in Class 1 and Class 2 situations is shown in Table 2 and Table 3. 
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Table 2 – Class 1 Hazardous Areas - flammable gas, v apour or mist 

 
  

Zone 0 
 
An area in which explosive atmosphere is present 
continuously or is present for a long period. 
 

 
Flammable 
gases, vapours, 
or mists.  

 
Zone 1 

 
An area in which an explosive atmosphere is likely to occur 
periodically in normal operation 
 

  
Zone 2 

 
An area in which an explosive atmosphere is unlikely to 
occur, and if it does, it will only do so for a short period.   
 

 
Table 3 – Class 2 Hazardous Areas - presence of dust s, fibres, etc. 

 
  

Zone 20 
 
An area in which combustible dust, as a cloud, is present 
continuously or frequently, during normal operation, in 
sufficient quantity to be capable of producing an explosive 
concentration of combustible dust mixed with air, and/or 
where layers or dust of uncontrollable and excessive 
thickness can be formed. 
 

 
Dusts, Fibres 
etc.  

 
Zone 21 

 
An area not classified as zone 20 in which combustible dust, 
as a cloud, is likely to occur during normal operation, in 
sufficient quantities to be capable of producing an explosive 
concentration of combustible dust mixed with air. 
 

  
Zone 22 

Areas not classified as zone 21 in which combustible dust 
clouds may occur infrequently, and persist for only a short 
period, or in which accumulations or layers of combustible 
dust may be present under abnormal conditions and give 
rise to combustible mixture of dust in air.  Where, following 
an abnormal condition, the removal of dust accumulations or 
layers cannot be assured then the area is to be classified 
Zone 21. 
 

 
 
Areas can be classified into the above zones either by specific occupancy or by assessment. 
 
(a) By Specific Occupancy 
 
  There are a number of commonly occurring areas where the degree of hazard (due to 

flammable gases or vapours) is well defined and the relevant authorities have agreed 
to their classification and delineation. These areas are referred to as specific 
occupancies. 
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 The types of occupancies that are currently classified include: 
 
 - Aircraft hangers. 
 - Flammable medical agents. 
 - Fruit ripening rooms. 
 - Fume cupboards and laboratories. 
 - Major refineries and chemical plants. 
 - Petrol and LPG service station processing, handling and storage areas. 
 - Residential garages containing flammable materials. 
 - Sewage pumping stations. 
 - Sewage treatment plants. 
 - Vehicle parking areas. 
 - Vehicle workshops. 
  
(b) By Assessment (Where there is no Specific Occupancy) 
 
 An assessment must be carried out on the area using an approved method. Whatever 

method is used, it is important that the classification is formally recorded. 
 
9.4 Group designation for electrical equipment 
 
Electrical equipment for hazardous gas areas is also grouped in the following categories: 
 
�  Group I  Coal mining (methane). 
�  Group II Other industries. 
 
Equipment that is installed in hazardous areas must meet the three major requirements 
specified for equipment used in a specific hazardous area: 
 
(a)  The equipment must comply with an appropriate explosion protection technique for the 

zone in which it is to be used. 
(b)  It must meet the group requirements for the hazardous material(s) which it is to be 

used. 
(c) It must have an appropriate maximum surface temperature or temperature class for 

the hazardous material. 
 
Equipment to be used in hazardous areas is designated according to an internationally 
adopted system. The system uses letters to show how the equipment enclosure is designed 
for explosive areas. 
 

Table 4 - Examples of Protection Designations 
 

Designation Type of Protection 
Ex–d Flame-proof enclosure. 
Ex–e Increased safety. 
Ex–i Intrinsically safe. 
Ex–n Non-sparking. 
Ex–p Pressurised enclosure. 
Ex–s Special apparatus. 
 
Ex-d is the most common hazardous protection applied to motors and light fittings. 
 
Note: If the casings are drilled or modified in any  way, the units may no longer be used in 

hazardous areas. 
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9.5 Components of an installation 
 
The three major components of an electrical installation in a hazardous area are: 
 
�  The electrical equipment. 
�  The electrical cable and its protection. 
�  The entry arrangement for the cable to the enclosure. 
 
The electrical equipment must comply with appropriate explosion protection techniques. 
 
The wiring system must avoid: 
 
�  The use or possibility of exposed conductors, and 
�  Propagating an explosion, and 
�  "Piping" flammable material to other areas. 
 
As the cable may also be a source of ignition (unless it is an intrinsically safe circuit), it must 
be designed and installed to give equivalent protection to that afforded by the equipment it is 
supplying. The cable must be installed so that a spark or arc cannot occur through 
inadvertent contact, and it must also be protected.  Depending on the application, this may 
be by means of a sheath, armouring, conduit, or as a feature of construction such as 
M.I.M.S. cable. 
 
Wiring systems specifically excluded are bare conductors, open wiring, Earth sheath return 
(ESR) wiring systems, cable troughing and busways, aerial wiring systems, and low and 
extra low voltage track systems. 
 
All approved equipment must use the specially approved gland, fitting and flameproof 
enclosures. All motors must be of the flameproof type, fitted with special terminal blocks and 
approved terminal enclosures. 
 
In areas where static charges are likely, special precautions must be taken: 
 
(a) All metallic parts must be bonded and earthed to reduce the risk of static charges. 
 
(b) Where goods are carried by moving conveyor belts, the goods must be spaced so that 

a spark discharge does not occur. 
 
(c) In operating theatres and anaesthetic rooms, semi-conducting flooring is used to 

discharge any static build-up. 
 
(d) In electrostatic spray painting booths, the paint spray is electrically charged so that the 

spray is attracted to the object being painted. This system needs d.c. voltages up to 
135 kV at the hand piece; therefore the handle of the electrostatic spray gun must be 
Earthed. Also, the operator must be in close contact with the handle during normal 
operation to prevent a static charge building up on the operator's body. In addition, the 
operator must not wear rubber-soled footwear. 

 
(e) Before repairing the certified equipment, you must have received special training on 

this equipment, as it could be dangerous if special fireproof seals, etc. were replaced 
with the wrong type. 
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10 Circuit Protection  
 
The main purpose of circuit protection - fuses and circuit breakers located on switchboards -  
is to prevent damage to a circuit.  This protection also prevents fires, limits electrical damage 
to equipment connected to the circuit and can also protect against personal injury. 
 
Note: 1. Specific overload protection for electrica l appliances is usually provided by 

devices located in the appliance itself as detailed  in section 12 of the ESTA 
Handbook. 

 2. Specific personal protection for the user of an  electrical appliance is provided by 
devices such as isolating transformers or RCDs.  Is olating transformers and 
portable RCDs (PRCDs) are usually connected between  the circuit supplying the 
appliance and the appliance itself.  Permanently co nnected RCDs (RCDs, RCBOs 
and SRCDs) form part of the circuit itself.   

  The most common devices are detailed in section 1 1.   
 
Circuit protection provides protection against two basic forms of electrical fault: 
 
Short circuit when there is a breakdown in circuit insulation or bare terminals are 

shorted.  Very high currents flow and the rapid operation of the protective 
device is essential. 

Overload  when two or three times the rated current flows, such as when a motor is 
overloaded or too many appliances are being operated. 

 
The diagram of a switchboard in Figure 2 shows the circuit arrangements of a typical 
consumer's installations with switching and protective devices.  
 
Consider the sequence of events with faults at various points in the system shown on the 
diagram. Three main kinds of faults are: 
 
�  Phase to Phase 
 
 Faults on apparatus or failure of insulation between two or more Active conductors 

which should result in the operation of at least one, and possibly two, fuses or circuit 
breakers. 

 
�  Phase to Neutral 
 
 Faults on apparatus or failure of insulation between Active and Neutral conductors 

which should result in the operation of one fuse or circuit breaker. 
 
�  Phase to Earth 
 
 Faults on apparatus resulting in failure of insulation between an Active conductor and 

the Earthed metal case that should result in the operation of one fuse or circuit 
breaker. 

 
 With this type of fault, safety depends on the Protective Earthing continuity conductor 

and its connections.  The Protective Earthing conductor resistance values must be 
kept very low to ensure the operation of the protective device when a fault of negligible 
impedance to earth occurs (a short to earth). 

 
 To comply with this safety requirement: 
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 �  Portable or handheld appliances 
 
  AS/NZS 3760 requires a maximum of 1 ohm for the Protective Earthing 

Conductor resistance of an “In-Service” portable or handheld appliance. 
 
 �  Fixed appliances 
 
  AS/NZS 3000 requires that the resistance of the Protective Earthing Conductor 

of the fixed appliance and the circuit to which it is connected must be low enough 
to ensure the protective device will operate. 

 
  In practice, the resistance of the Protective Earthing Conductor of only the fixed 

appliance should not add significantly to the resistance of the circuit as a whole.  
To meet requirements ESTB service technicians should accept a maximum of 
0.5 ohm.  

 
 If this circuit is incomplete in any part, then a potentially dangerous condition exists 

(doubly so, because it may not be obvious). 
 
IF IN DOUBT ABOUT THE CONDITION OF THE FIXED WIRING , CALL AN ELECTRICIAN . 
 
The following factors have different effects on protective devices: 
 
�  An under-rated fuse is a fuse that has too low a current rating to suit the circuit and 

when the circuit is energised the fuse blows for no apparent reason. 
 
�  An over-rated fuse will have too high a current rating and damage could be done to the 

circuit before the fuse blows.  
 
�  A short circuit in fixed wiring or an electrical appliance, whether between Phase and 

Phase, Phase and Neutral or Phase and Earth, causes large currents to flow, thus the 
protection must operate quickly to limit the damage. 

 
�  Mechanical overload is when an excessive load is placed on a motor or motorised 

appliance and usually results in excessive current draw.  This is usually detected by 
thermal overloads, overload relays or fuses. 

 
�  Phase failure is when a motor loses a Phase and the other two Phases try to maintain 

the same power. Protection is usually provided by a Phase failure relay that trips the 
supply to the motor.  Thermal overloads can provide protection against Phase failure, 
but are not reliable. 
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10.1 Protection terminology 
 
(a) Current Rating 
 
 The current that a fuse link will carry continuously without deterioration. 
 
 Or 
 
 The maximum current rating of the circuit the fuse is protecting 
 
(b) Minimum Fusing Current 
 
 The minimum current that will cause the fuse link to operate in a specified time. 
 
(c) Utilisation Category (Fusing Factor) 
 
 This is the ratio of the minimum fusing current to the current rating. 
 
 Utilisation Category  = minimum fusing current 
       current rating 
 
 The following Utilisation Categories apply to HRC fuse links. 
 
 gL and gG These classifications are for general purpose protection.  Providing the 

rating of the fuse is less than the rating of the cable this will provide 
protection against both a sustained overload and a short circuit.  This is 
often indicated by the letters F06. 

 
   The Utilisation category for gL and gG fuses can range between 1.25 and 

1.6. 
 
 gM  This classification is for motor protection.  These fuse links will withstand 

motor starting surges for the run-up period and also provide protection 
against short circuit faults.  The protection against a mechanical overload 
must be provided by an overload unit in the starter. 

 
   This is often indicated by a continuous rating (in Amps) then the letter M 

followed by a surge rating (in Amps) Example 16M25. 
 
   The Utilisation category for gM fuses can range between 1.75 and 2.5 
 
 The classification of fusing factors in older HRC fuse links is shown in Table 5. 
 

Table 5 - Classes of Fusing Factor for older type H RC fuses 
 

Fusing Factor  Class 
1.00 ®  1.25 P 
1.25 ®  1.5 Q1 
1.5 ®  175 Q2 
1.75 ®  2 R 
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(d) Rupturing Capacity or Breaking Capacity 
 
 The maximum fault current a fuse link will interrupt safely under prescribed conditions. 
 
(e) Category of Duty 
 
 This is a code that is stamped on a fuse link to indicate the breaking capacity.   
 Examples:  AC46  =  46,000 amps 
    AC80  =  80,000 amps. 
 
10.2 Semi-enclosed Rewireable Fuse 
 
Note:  1. While it is not permitted to install rewi reable fuses in a new electrical installation, 

there are still a large number in use in existing i nstallations. 
 2. Rewireable fuses may still be installed in elec trical appliances. 
 
This type of fuse consists of a base with a removable porcelain holder through which a 
selected fuse wire passes. The fuse wire must be threaded through the tortuous path so as 
to centralise the arc and contain it in the holder.  The advantages and disadvantages when 
compared to HRC fuses or MCBs are shown in Table 6. 
 

Table 6 – Rewireable Fuses – Advantages and Disadva ntages 
 

Advantages Disadvantages 
�  Initial cost low 
�  Link replacement cost low. 
�  An overload or short-circuit may be 

identified by the amount of copper wire 
that remains and that a rupture can be 
identified without testing. 

 

�  Cannot safely interrupt short circuit 
currents of much higher values or 
higher rupturing capacity. 

�  Arcing can occur because the fuse 
element is not sealed. 

�  Not obtainable in a range of Utilisation 
category (fusing factors). 

�  Unreliable operation within prescribed 
limits. 

�  Poor discrimination. 
�  Inconsistent fusing characteristics. 
�  Slower operation/acting. 
�  Deteriorates over time. 

 
Figure 6 - Rewirable Fuse 
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10.3 Totally Enclosed (HRC or HBC) 
 
This type of fuse is a cartridge type in which the fuse element is enclosed in a ceramic 
chamber filled with non-flammable silica sand.  
 

Figure 7- An HRC Fuse Link Cartridge 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
The advantages and disadvantages when compared to MCBs are shown in Table 7. 
 

Table 7 – HRC Fuses– Advantages and Disadvantages 
 

Advantages Disadvantages 
�  Good discrimination 
�  Good back-up protection 
�  Fast operation 
�  Range of utilisation categories (fusing 

factor) 
�  Higher rupturing capacity 

�  Not easy to see if it has operated 
�  Many different physical sizes available 
�  Difficult to discern rating, particularly if 

been in service for some time 

 
Note: HRC fuse links must be replaced with one of t he same voltage rating, current rating and 

rupturing capacity. 
 
10.4 Circuit Breakers 
 
Although fuses are the simplest and cheapest form of protection, circuit breakers are 
becoming more common, with the cost of the smaller sizes being comparable to fuses. 
Modern low voltage circuit breakers fall into three categories: 
 
�  Thermal 
�  Magnetic 
�  Thermal/Magnetic 
 
(a) Thermal Circuit Breakers 
 
 Thermal circuit breakers operate on the principle that a bi-metal strip will bend when 

heated and operate a tripping mechanism.  The heating of the bi-metal strip can be 
produced by current flowing through the bi-metal strip directly or by current flowing   
through a heater coil. 



The Electrical Service Technician “B” Handbook 

June 2006 30 

 
Figure 8 – Thermal Circuit Breakers 

 
 
 
 
 
     Heated Coil Method    Direct Current Flow 
 
(b) Magnetic Coil Breakers 
 
 The magnetic type operates on the principle that as the current increases the magnetic 

field increases which, at a pre-determined point, attracts an armature operating a 
tripping mechanism.  Figure 9 shows a direct acting magnetic circuit breaker The 
instantaneous overload release has a fast response to fault current, giving excellent 
short circuit protection. 

 
Figure 9 - Circuit Breaker Trip Coil and Bar 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
(c) Thermal/Magnetic Circuit Breaker 
 
 This type of circuit breaker is a combination of the two principles, that is, it utilises the 

operating principles of the magnetic and thermal types of circuit breaker. 
 

Figure 10 - Sectional View of Miniature Circuit Bre aker 
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 The advantages and disadvantages when compared to HRC fuses are shown in Table 

8 
 

Table 8 – Thermal Circuit Breakers – Advantages and  Disadvantages 
 

Advantages Disadvantages 
�  Easy to reset 
�  Provides thermal and magnetic 

protection 
�  Current rating cannot be interfered 

with 
�  Multi-pole device, fault on one 

phase will disconnect all three 

�  Not very fast operating speeds 
�  Must wait to reset for thermal 
�  Fixed fusing factor 
�  Nuisance tripping (in older models) 
�  Mechanical mechanism could fail 

 
10.5 Summary 
 

Table 9 -  Protective Devices Summary  
 

Parameter Rewirable Fuse HBC/HRC Fuses MCB 
 
Current Rating 

Normally 
0 – 60A 

Normally 
0 – 1200A 

Normally 
0 – 60A 

Rupturing 
Capacity 

Limited to approx. 
1000A 

Limited to approx. 
80kA. 

Limited to approx. 
16kA. 

Utilisation 
Category 

Normally 2 –2.5 
but can be higher. 

 
1.25 – 2.5 

 
1.25 

 
Discrimination 

 
Poor. 

 
Good. 

 
Good. 

Type of Protection  
Coarse. 

Coarse or close 
depending on type 

selected. 

 
Close. 

 
Initial Cost 

 
Low. 

 
Moderate. 

 
Moderate. 

Replacement Link 
Cost 

 
Cheap. 

 
Moderate. 

 
Not applicable. 

 
Fuse Repair 

 
Easily repaired but 
can be fitted with 
the wrong size 

wire. 

 
Fuse link must be 

replaced with one of 
the same rating. 

 
Easily switched 
back on, can be 
used as switch. 
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11 Personal (Earth Fault) Protection – Operating Ap pliances 
 
11.1 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. 
 
(a) 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 11).    

 
 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 12). 

 
 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 11 - RCD - Normal Operation 
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Figure 12 - RCD - Fault to Earth 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
(b) 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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11.2 Isolating 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.  
�  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 13 - Class II 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. 
 
11.3 Double insulated appliances 
 
Double insulated appliances are described in detail in section 11 of the ESTA Handbook.  
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. 
 
11.4 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 14 – 110V appliance, connected 55V to earth 
 

110v APPLIANCE

TRANSFORMER
CENTRE TAPPED

55v

55v

110v230v

 
 
11.5 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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11.6 Monitored Earth Unit 
 
The monitored Earth system is a closed loop system that monitors the two Earths fitted to 
the appliance. 
 
 

Figure 15 - Monitored Earth Unit 
 
 
 
 
 
 
 
 
 
 
 
Figure 15 shows a low voltage supply (12 to 16 volts) flowing through the earth system from 
the transformer within the unit.   
 
If the resistance of the either of Protective Earthing Conductors is too high (because one 
earthing conductor is broken or has become disconnected or has developed a high 
resistance through a bad connection etc.), then: 
 
�  Insufficient current will flow through the relay coil to energise it.  So the appliance will 

not start. 
 
�  Insufficient current will flow through the relay coil and it will not remain energised.  It 

will switch off the supply to the appliance. 
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12 Three-Phase Electric Motors 
 
The three-phase induction motor consists of two major parts, a stator and a rotor. 
 
The stator consists of three sets of coils with each set being supplied from a different Phase. 
When these coils are energised, a rotating magnetic field is set up, the direction of the 
rotation being governed by the Phase sequence (red, followed by yellow, followed by blue, 
etc.). 
 
The rotor is made up of a set of aluminium bars embedded in a stalloy-laminated core, with 
end rings connected to form a cage. 
 

Figure 16 - Typical Motor Rotor 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
12.1 Operating principles 
 
The rotating magnetic field cuts the conductors, inducing an EMF into the rotor conductors 
and as the conductors are shorted by end rings (a low resistance path), a large current flow. 
The large rotor current creates a rotor flux that interacts with the rotating magnetic field, 
causing the rotor to rotate in the same direction. 
 
12.2 Speed ranges 
 
The speed of three-phase motors is fixed by the number of pairs of poles and the frequency 
of the supply. Therefore motors will be constructed with set numbers of pole pairs to suit the 
speed required (i.e., 4 pole = 1500 rpm; 8 pole = 750 rpm). 
 
12.3 Slip speed 
 
The rotor can never travel at the same speed as the rotating magnetic field because at this 
speed there would be no flux-cutting by the rotor conductors and therefore no rotor field.  
The difference in speed between the rotating magnetic field (the synchronous speed) and 
the rotor is termed "slip speed" and is generally around 4%. 
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12.4 Reversing three-phase motors 
 
This is achieved by reversing any two phases which in turn changes the Phase sequence, 
altering the direction of the rotating magnetic field, and thus the direction of the motor. 
 

Figure 17 - Reversing Switch – Three-phase motor 
 
 
 
 
 
 
 
 
 
 
 
Note:  It is important to check the Phase sequence to ensure that the motor will rotate in the 

correct direction. Failure to do this could result in mechanical damage to the appliance. 
 
12.5 Three-phase motor starting 
 
There are numerous methods of starting three-phase motors.  The more common are: 
 
�  Direct-on-Line. 
�  Reduced Voltage. 
�  Star-Delta. 
�  Electronic Soft Start. 
 
Direct-on-Line (DOL) Starting 
 
This type of starting is often limited to smaller motors because of the high starting currents 
that three-phase motors draw from the supply.  Direct-on-line starting of larger motors can 
cause momentary variations in supply voltage to other consumers. 
 

Figure 18 - Direct-On-Line Starter 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 18 shows the basic circuit of a direct-on-line starter.  When the start button is 
pressed, the coil is energised and the four sets of contacts are made, three sets supplying 
the three Phases to the motor and the fourth contact (A4 – the “maintaining” or “holding” 
contacts) shorting out the start button. A stop button is connected in series with the coil, and 
when pressed, disconnects the coil and all four contacts drop out.  The circuit is now reset 
and can be started again. 
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12.6 Forms of motor protection 
 
Motor protection circuits comprise at least overload and back-up (short-circuit fault) 
protection.  Other forms of protection may also be used. 
 
(a) Overload Protection. 
 
 This protection forms part of the motor control circuit and is usually incorporated in the 

motor starter.   It protects against excessive current being drawn by the motor and, 
therefore, protects against over temperature. This protection is usually a thermally 
operated overload relay (TOL) that opens a set of contacts when the current increases 
to a preset level, thereby disconnecting the motor from the supply.  Other forms of 
protection against over temperature of the motors windings are Thermistors and 
Microtherms.   

 
 Thermistors belong to a family of ceramic type semi-conductor devices that exhibit 

significant changes in resistance with changes in temperature, i.e. they are “thermally 
sensitive resistors”.  They are often buried in the windings of a motor and have tails 
brought out to an electronic controller which in turn trips the motor if the motor’s 
internal temperature becomes too high.  The advantage of using a Thermistor is that it 
is “fail safe”.  If a wire breaks, the controller sees this as a high temperature and stops 
the motor. 

 
 The Microtherm is a small thermostat device, looking similar to a Thermistor, which is 

often inserted into the windings of a motor.  It is directly connected into the control 
circuit such that on opening its contacts, the motor stops running.  It may be self 
resetting (after many minutes), or be a throw-away type. 

. 
(b) Back-up protection 
 
 Back-up (fault) protection is usually provided by the HRC fuses in the motor starter. 
 
(b) Other protection 
 
 Other forms of protection that may be found in motor circuits are: 
 
 No-volt –release 
   
 This is usually a contactor coil.  If the voltage has a large drop or complete failure – 

coil would de-energise and the motor will not start or will be disconnected if running.  
Where stop/start control is used the motor will NOT restart on re-connection of power 
until the start button is operated. 

  
 Phase-failure relay 
 
 This detects when a phase has failed which.  A phase failure could cause danger or 

damage due to reduced power / torque.  The relay de-energises the contactor coil 
circuit and disconnects supply. 

 
 Phase-reversal relay 
 
 This detects if the phase sequence is reversed.  A phase reversal could cause danger 

or damage. The relay de-energises the contactor coil circuit and disconnects supply. 
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12.7 Testing three-phase motors 
 
Before motors enter service, they should be thoroughly tested. These tests should include 
insulation, earth continuity and polarity tests as well as a visual test to make sure that all 
guards, screens and covers are attached. 
 

Table 10 - Some Possible Faults in Three-Phase Moto rs 
 

Fault Cause 
Failure to start. Open-circuited fuse. 

Incorrect setting of over-current releases. 
Open-circuit in control gear (for example, bad connection at stop 
button). 

Protection operates on 
starting. 

Mechanical overload. 
Manually operated starter being operated too quickly (for 
example, star-delta type). 
Short circuit in windings or to earth. 
One fuse open-circuited (single phasing). 

Hums on starting but 
fails to rotate 

Mechanical overload 
Supply voltage insufficient 
Loss of one line or circuit 
Seized motor 
Open circuited rotor 
Bearing fault (poling) 
Open circuited stator winding  
Note:  If the supply voltage decreases by 5%, starting torque will 
decrease by 10%. 

Overheats while running Loss of one line 
Open circuited rotor bars 
Open or faulty windings 
Reversal of polarity of stator winding 
Mechanical overload 
Fan blades broken or no fan. 
Airway blocked with debris—especially for TEFC motors. 
Short circuit in windings or to earth. 
Worn bearings causing contact between rotor and stator (gap is 
much smaller than in d.c. motors, �  0.01 inch). 
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13 Single-Phase Motors 
 
When a three-phase supply is not available for motors, a rotating magnetic field effect can 
be obtained from a single-phase supply.   
 
13.1 Single-Phase Induction Motors 
 
A rotating magnetic field is obtained by using two sets of windings: 
 
�  A start winding. 
�  A run winding. 
 
A motor can be wound with two windings, but on connecting it to a single-phase supply, the 
two currents would probably be in phase with each other, and no moving magnetic field 
would be produced.  Therefore, no current would be induced into the rotor conductors to 
produce the rotor magnetic flux to interact with the stator flux to produce torque as in the 
three-phase motor.  
 
The moving magnetic field is produced in a single-phase motor by simulating the effects of a 
two-phase induction motor.  The major problem is to ensure that the motor has two currents 
at a different phase angle to each other.  
 
This can be achieved by having windings at different inductances or by adding a capacitor in 
series with the start winding. This is termed "phase-splitting". Once the motor is rotating at a 
suitable speed, the start winding is no longer needed and can be disconnected by a 
centrifugal switch mounted on the rotor shaft or by external relay. 
 
The three common types of single-phase induction motors are: 
 
�  Standard split-phase (resistance start) motors 
�  Capacitor start motors 
�  Capacitor start/capacitor run motors 
 
(a) Reversing single-phase induction motors 
 
 If the direction of current flow through one winding is reversed, the resultant magnetic 

field rotates in the reverse direction. That is, the direction of rotation of the motor is 
reversed by changing the direction of current flow through one winding. This is done by 
exchanging the two end connections of any one winding. 
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(b) Standard split-phase (resistance start) motor 
 
 The start winding of the standard split-phase motor is wound with finer gauge wire that 

increases the resistance of the winding when compared to the run winding.  The start 
winding has fewer turns, and the coils are placed nearer the surface of the slots in the 
stator core, reducing the inductance of the winding.  

 
 The result is that the current in the start winding is out of phase with the current in the 

run winding.  This produces a phase displacement between the flux in the start winding 
and the flux in the run winding of approximately 30 degrees. The result is a rotating 
magnetic flux which will now induce the rotor current to produce the rotor flux which 
will then interact with the stator flux to produce the torque required for self starting. 

 
Figure 19 - Standard Split Phase Motor 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
(c) Capacitor start motors 
 
 A capacitor is connected in series with the start winding to give a "leading" current in 

this winding. This then produces the rotating magnetic field that cuts the rotor 
conductors, inducing a large current in the rotor circuit. 

 
 This rotor current produces a magnetic field that reacts with the main flux, producing a 

turning force or torque. 
 

Figure 20 - Capacitor Start Motor 
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(d) Capacitor start/capacitor run Motor 
 
 This type of motor has both windings permanently connected across the supply. These 

can still be referred to as the start and run windings or alternatively auxiliary and main 
windings. 

 
 During starting, an additional capacitance is connected in series with the start winding 

to provide the necessary phase displacement between the winding currents for 
maximum torque. The starting capacitor is therefore connected in parallel with the 
running capacitor. When the rotor speed reaches approximately full speed, the 
centrifugal switch disconnects the starting capacitor from the circuit. 

 
Figure 21 - Capacitor-Start/Capacitor-Run Motor 

 
 
 
 
 
 
 
 
 
 
 
 
 The starting capacitor can be rated for intermittent duty, but the running capacitor must 

have continuous rating such as the paper insulated oil filled type. The two capacitor 
motor provides the same running torque as the capacitor starting, induction run type, 
but there are other beneficial effects: 

 
 (a) Increases the breakdown torque. 
 (b) Improves full load efficiency. 
 (c) Reduces operational noise and vibration. 
 (d)  Increases locked rotor torque. 
 
13.2 The Series (Universal) Motor 
 
 (a) Construction 
 
  The field circuit of the universal motor consists of insulated copper wire that lies 

in insulated slots within the stator laminations. 
 
  The armature circuit also carries a winding of insulated copper wire that also is 

wound into slots on a laminated armature. The ends of these armature windings 
are then brought out and soldered onto commutator segments.  Brushes are 
used to provide the contact between the stationary field and the rotating 
armature. 

 
  The field and armature windings are connected in series, with the field windings 

normally being connected in two halves, one winding each side of the armature. 
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 (b) Operating principles 
 
  When currents flow through the field windings, a two pole magnetic field is 

produced, the polarity of which depends upon the direction of the current flow. 
 
  This same current flowing through the armature windings creates another 

magnetic field, and it is the interaction between these two magnetic fields that 
creates the turning force required for rotation.  

 
  To reverse the direction of rotation it is necessary to reverse the polarity of the 

armature magnetic field with respect to the main field magnetic field. 
 

Figure 22 - Reversing the Series (Universal) Motor 
 
 
 
 
 
 
 
 
 

 
 
 

 
  In the smaller sizes these motors run equally well on d.c. or a.c. of the same 

voltage – hence the term “Universal motor”.  Motors will run faster on d.c. 
because there is no reactance (XL) to limit the current. 

 
 (c) Speed Control 
 
  One of the main advantages of the universal motor is that its speed can be 

controlled by a number of different methods. 
 
  The speed is inversely proportional to the field strength.  Therefore a high speed 

motor has a lower flux density than a slow speed motor of the same output 
rating. The normal speed range for universal motors is from 300 to 12000 rpm, 
but special machines (routers) have a full load speed of 20,000 rpm. For the 
general characteristics of a universal motor, the speed should be less than 6000 
rpm. 
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 (d) Triac speed control…  A.C.  
 

Figure 23 - Electronic Speed Control 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  Typically the variable speed control device incorporated in the trigger control of a 

hand-held electric drill or such.  
 
  Principal of operation 
 
  The variable resistor – capacitor time constant alters at which point of the half 

cycle of the sine-wave the voltage on top of the capacitor will reach the break-
over voltage of the diac�  this will then produce a strong gate current pulse to 
the triac �  turns on.   

 
  Conducting for remainder of that ½ cycle. When sine-wave gets to zero �  triac 

turns off. The triac conducts in both ½ cycles. 
 
  So by altering the variable resistor (typically built into the drill trigger) the average 

power consumed by the motor can be controlled.  If the input power to the motor 
is controlled then the output power / torque and as such speed will also be 
controlled. 
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13.3 Testing single-phase motors 
 
Before motors enter service, they should be thoroughly tested. These tests should include 
insulation, earth continuity and polarity tests as well as a visual test to make sure that all 
guards, screens and covers are attached. 
 

Table 11 - Some Possible Faults in Single-Phase Mot ors  
 

Fault Cause 
Failure to start. Open-circuited fuse. 

Incorrect setting of over-current releases. 
Faulty centrifugal switch (on split phase motors). 
Open-circuit in control gear (for example, bad connection at stop 
button). 

Protection operates on 
starting. 

Mechanical overload. 
Short circuit in windings or to earth. 

Hums on starting but 
fails to rotate 

Mechanical overload. 
Supply voltage insufficient 
Note:  If the supply voltage decreases by 5%, starting torque will 
decrease by 10%. 
Short-circuited or faulty capacitor  
Open circuited centrifugal switch  
Open start winding 
Open start winding circuit 

Overheats while running Mechanical overload. 
Fan blades broken or no fan. 
Airway blocked with debris—especially for TEFC motors. 
Worn bearings causing contact between rotor and stator (gap is 
much smaller than in d.c. motors, �  0.01 inch). 
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14 Disconnection and Reconnection of Conductors  
 
14.1 Disconnection of conductors at a fixed electri cal appliance 
 
To ensure maximum safety, following the disconnection of a fixed appliance each exposed 
conductor end must be individually insulated and placed so that it cannot be accidentally 
interfered with.  If they accidentally become energised this will minimise the chance of 
damage or injury. 
 
Procedure 
 
1. Inform person in charge you are to work in the area. 
2. Check if 1; 2 or 3 phases – number of fuses etc. 
3. If a motor is involved, note direction of rotation 
4. Isolate circuit. 
5. Check isolation using the PROVE–TEST–PROVE METHOD. 
 If the circuit is controlled by a contactor, this should be done at the contactor first. 
6. Secure isolation by tagging (and locking if possible) the isolation point. 
7. Check at appliance terminals using the PROVE–TEST–PROVE METHOD before touching. 
8. Identify each conductor and terminal as disconnection proceeds – record connections. 
9. If a polyphase appliance is involved, note the phase sequence of the connection 
10. Separate, insulate and make safe all exposed conductor ends 
11. Ensure that connected cables are protected from mechanical damage or interference 

by children or animals 
12. Remove your Danger Tag and replace with an Out-of-Service tag identifying defects. 
13. Inform person in charge you have put Out-of-Service tag on equipment. 
 
14.2 Re-connection of conductors at a fixed electri cal appliance 
 
Procedure 
 
1. Inform person in charge you are to work in the area. 
2. Check any safety tags that may be in place 
3. Attach your Danger Tag. 
4. Check isolation is still effective using the PROVE–TEST–PROVE METHOD.  If the circuit is 

controlled by a contactor, this should be done at the contactor first. 
5. Check cable ends using the PROVE–TEST–PROVE METHOD before touching. 
6. Carry out a Protective Earthing Conductor continuity test to ensure that the protective 

earthing conductor is continuous and of low resistance. 
7. Carry out the insulation resistance test – include the motor windings.  Take care NOT 

to damage other equipment such as electronic overloads. 
8. Carry out the other required tests including polarity and visual inspection where 

appropriate.   
9. Reconnect conductors to terminals in the recorded sequence, ensuring the correct 

phase sequence on polyphase appliances,  
10 Replace all covers, screens and guards. 
11. Remove your safety tag. 
12. Check to ensure no danger to others.    
13. If all o.k. – test run.  Ensure the correct direction of rotation of motors and that all 

stops, especially emergency stops, operate correctly. 
14. Inform person in charge that the work is complete and you have removed the all safety 

tags from the equipment. 
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14.3 Temporary disconnections 
 
A decision on how long the temporarily disconnected conductors may be safely left is the 
responsibility of the person carrying out the work.  Circumstances will vary from job to job 
and each must be considered upon its particular merits. Points to be considered will include: 
 
�  Can the conductors be touched by any person? 
�  Are there children or animals likely to be in the vicinity? 
�  What is the maximum period likely to be before reconnection can be effected? 
�  Are other persons likely to also work on the circuit or the switchboard supplying the 

circuit? 
�  Can the conductors be damaged through other work being carried out nearby? 
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15 Flexible Cords and Cables 
 
15.1 PVC flexible cords 
 
PVC (Polyvinyl Chloride) is a thermoplastic synthetic material used as insulation in flexible 
cords. 
 
PVC insulation is relatively cheap and has good resistance to water, petrol, oil and sunlight.  
However PVC does not have the mechanical strength of other insulation types and, 
therefore, needs protection from mechanical damage in some applications. 
  
This protection can be a separate covering of TPS, steel wire armouring, or in some 
applications (conduit wire), installed in metal or plastic conduits. 
 
15.2 Colour coding for flexible cord and cable cond uctors 
 
For the colouring allowed on PVC conductor insulation on flexible cords and cables the 
following are the most common references: 
 

Table 12 – AS/NZS 3000: Table 3.5 
 

Identifying colours Function 
Recommended Alternative 

Earth/bonding Green/yellow Green 
Neutral Black Light blue 
Active  Red Any colour except green/yellow, 

green, black, light blue 
 

Table 13 – AS/NZS 3760: Table F1 
 

Function International Superseded 
Active/Line Brown Red 
Neutral Blue Black 
Earth Green/Yellow Green 
 
Note: AS/NZS 3760: Table F1 also includes the USA c olours.  The USA combination cannot be 

used because it uses “black” as the active conducto r 
 
15.3 Flexible cord specifications 
 
Flexible cords come in a variety of sizes, shapes and core numbers, and it is up to the 
Electrical Service Technician to choose the correct cord for a particular application. 
 

Table 14 – Flexible Cord Selection Criteria 
 

A Loading of conductors (in amps). 
B Numbers of cores. 
C Shape of the cord (circular or flat). 
D Sheath material (to suit environment). 
E Temperature rating. 
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Table 15 – Minimum Conductor Size 

 
Wattage 
(watts)  

Current 
(Amperes)  

Conductor size 
(mm 2) 

<1725 <7.5 0.75 
1725  to  2300 7.5  to  10 1.00 
2300  to  3400 10  to  15 1.50 
3400  to  4600 15  to  20 2.25 

 
Notes: 1. In Table 15, Wattage and Volt/amperes val ues can be considered the same. 
   2. Generally socket-outlets in domestic premises  accept a 10 amp 2300 watt 

plug only, therefore equipment with higher wattage must be fixed wired or 
use higher rated socket-outlets. 

 
15.4 Cord extension sets 
 
Flexible cords selected for cord extension sets shall have: 
 
�  Three conductors (Phase, Neutral and Earth), and 
�  A minimum conductor size of 1 mm2, and 
�  A circular cross section, and 
�  An outer sheath of "ordinary" or "heavy duty" covering  
 
The maximum length of a cord extension set shall be of the length set out in for the particular 
rating and conductor size of the cord. 
 

Table 16 – Maximum Length of Cord Extension Sets 
 

Cord Extension 
Set Rating 

Conductor Size Maximum Length 
Flexible Cord 

Amperes mm 2 Metres 
10 1.0 

1.5 
25 
32 

15 1.5 
2.5 

25 
40 

20 2.5 
40 

32 
40 

 
15.5 Flexible terminations 
 
(a) When stripping insulation from conductors, avoid cutting the conductor strands. If any 

strands arc cut, re-strip the insulation again. 
 
(b) When terminating the conductor, ensure that the insulation is maintained right up to 

the terminal and that there are no stray loose strands. 
 
(c) 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. 

 
(d) Where a "tortuous path" is provided for the conductor to follow, use it. This provides 

one way of reducing strain on the termination. 
 
(e) If a cord clamp is provided, make sure that it is screwed up sufficiently tight to prevent 

the cord outer sheathing from being pulled back outside the accessory. 
 
(f) Finally, ensure the correct phasing and tightness of termination 
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15.6 Flexible cord applications 
 

Table 17 -  Application of Flexible Cords 
 

Type of Flexible Cord Minimum 
Conductor 

Area 

Typical Applications 

 
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 
cores. 

 
0.75mm2 

 
Appliances not subject to rough usage, 
abrasion or risk of contact with water. 

 
Light duty tough rubber or 
tough plastic sheathed 2 or 
3 core. 

 
0.75mm2 

 
Light fittings, appliances and flexible cords 
where the flexible cord is open to view, not 
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 
or tough plastic sheathed. 

 
0.75mm2 

 
Any appliance, extension cord or 
unsupported pendant not subject to 
excessive temperature. 

 
Heavy duty tough rubber or 
plastic sheathed. 

 
1.0mm2 

 
Appliances or extension cords that are used 
outdoors or in workshops are exposed to 
rough usage and contact with water. 

 
POINTS TO WATCH 
 
�  Flexible cords must not be run from one room to another. 
�  Excessive weights must not be hung on flexible cords. 
�  Flexible cords must not be left coiled up when in use. 
�  Flexible cords of undue length must not be left lying around a floor. 
�  Cord clamps must be used, where provided, to prevent strain on the terminals. 
�  Flexible cords must be protected, where possible, from mechanical damage such as 

being driven over or trodden on repeatedly. 
�  Never make joints in flexible cords. 
�  Where flexible cords are exposed to contact with oil or petrol, use must be made of 

cords sheathed with a suitable compound, e.g., 
  - Polyvinyl Chloride Compound (PVC) 
  - Polychloroprene Compound (PCP). 
  - Heat resisting, oil resisting and flame retardant compound (HO-FR) 
�  Where flexible cords are exposed to high temperature, use must be made of cord 

insulated and/or sheathed with suitable heat resisting materials, e.g., 
  - Polychloroprene Compound (PCP). 
  - Heat resisting, oil resisting and flame retardant compound (HO-FR). 
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15.7 Tough Plastic-Sheathed Cable (TPS) power cable  
 

Figure 24 - Some Commonly Used TPS Cables. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
TPS cables are made with single core, two core, two core and Earth, three core or three 
core and Earth. The conductors are made of single or stranded copper conductors, each 
insulated with the standard colour-coded P.V.C. The cores are then placed in a flat 
configuration and covered with a tough plastic sheath for protection. This type of cable is 
used in most installations where the wiring runs through walls and ceilings, such as in 
houses and commercial installations. 
 
The cable must be protected at all times from mechanical damage, and terminated in the 
approved connection devices. Where a cable must pass through metal work, it must be 
protected with special bushes to prevent damage to the insulation. The conductors must be 
twisted and then placed in the correct termination before being effectively tightened. 
 
15.8 Neutral-Screened Cable 
 
The concept of a cable with a concentric Neutral conductor was developed to provide a more 
economic and space saving construction.  The copper wires of the Neutral conductor are 
wound around the PVC. insulated Phase conductor (or in some cases multi-cores), then 
covered by an overall PVC sheath. 
 

Figure 25 - Twin Neutral-Screened Cable 
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The Neutral-screened cable is used for service mains or sub-mains in domestic and 
industrial installations. The Neutral-screened cable can be used for aerial or underground 
installations provided it is adequately supported or protected, whichever is relevant.  The 
cable termination must be made off in special connection boxes with special hardware 
(glands) used so that the sheath is clamped firmly but not damaged.  
 
The Neutral-screened cable construction also offers a degree of protection against shock 
hazard, in case of mechanical damage to the cable.  For terminating, the outer P.V.C. 
sheath is stripped back and the Neutral conductors are twisted up and then covered with a 
black sheath. 
 
The cable is then ready for termination into the appropriate terminals. Ensure that the correct 
phasing and tight connections are achieved. 
 

Figure 26 - Preparing Neutral-Screened Cable for Te rmination 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
15.9 Mineral Insulated, Metal Sheathed Cable (MIMS)  
 
This type of cable consists of solid copper conductors embedded in an insulation of highly 
compressed magnesium oxide, the conductors and insulation being contained in a seamless 
metal sheath.  Aluminium or copper is the metal used for the sheath, and in some instances 
the sheath has PVC covering. 
 

Figure 27 - Construction of P.V.C. Covered MIMS Cab les 
 
 
 
 
 
 
 
 
 
 
 
 
 



The Electrical Service Technician “B” Handbook 

June 2006 54 

 
(a) MIMS Characteristics 
 
 �  The sheath provides good bonding and Earth continuity when used with the 

correct olives and glands. 
 �  The metal sheath and inorganic nature of the insulation allows for continuous 

operation at temperatures up to 2500C. In the case of fire, the bare copper has 
no flame propagation, no smoke and no toxic emission. 

 �  The copper sheath and the magnesium oxide insulation do not deteriorate with 
age. 

 �  The MIMS cable is small in physical size but has a good mechanical strength by 
comparison to other cables of similar rating. 

 
 The MIMS cable is used in potentially hazardous sites such as oil refineries, gas and 

chemical installations. MIMS is also used in hotels, hospitals and high rise buildings 
where public safety is important or where robust mechanical protection is needed. 

 
 When terminating MIMS cables, the cable should be made off using the correct seal 

and gland. This is to maintain a moisture proof seal and good continuity from the gland 
to the sheath. The conductors are sleeved and correctly connected to the correct 
terminal. The complete installation is then electrically tested. 

 
Figure 28 - Components Used In Terminating MIMS Cab les 

 
 
 
 
 
 
 
 
 
 
 

 
 
(b) MIMS Disconnection and Reconnection 
 
 �  Avoid any mechanical damage to the sheath as this could affect the Earth 

continuity and also allow moisture into the cable. 
 �  A vibration coil ("s" bend) should be maintained in the cable run to allow for 

vibrations, expansion and contraction. 
 �  The cable should not be repeatedly bent as this will lead to cracking or breaking 

of the cable sheath. 
 �  The seals should not be disturbed as this could spoil the moisture seal. 
 �  Finally, all connections should be clean and tight to ensure good Earth 

connections and to prevent vibrations causing loose connections. 
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16 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: 
 
16.1 Electricity Act 1992 
 
Section No. 
 
Section 2  Interpretation (definitions relating to prescribed electrical work, supervision 

etc.) 
Section 16  Notification and investigation of accidents 
Part 9  Registration and licensing of electrical workers (as related to electrical 

service technicians) 
Part 11  Discipline (lodging complaints, disciplinary action) 
 
16.2 Electricity Regulations 1997 
 
Regulation 
Number 
 
2  Interpretations. 
17  Prescribed Electrical Work. 
18  Prescribed electrical work Electrical Service Technicians may do. 
25  Competency requirements for electrical workers. 
26  Safety tuition for electrical workers. 
35  Responsibility of employers for safety of employees 
36  Safety responsibilities of person who carries out work 
37  Testing of prescribed electrical work. 
38  Testing of electrical appliances. 
46  Safety checks for particular electrical installations and electrical appliances. 
51  Offences. 
53  Voltage 
61  Protective fittings 
64  Residual current device characteristics 
68  Works, electrical installations, fittings and electrical appliances in existence on 1 

April 1993. 
69  Electrical safety. 
69A  Electrical installations 
69B  Compliance with regulation 69(1) 
69C  Compliance with design, construction and installation requirements of regulation 

69(1). 
70  Cables and conductors. 
72  Position of switches and protective fittings. 
74  Socket outlets. 
76  Fittings and electrical appliances. 
76A  Non-complying fittings and electrical appliances 
77  Hand held appliances. 
84  Earthing in general. 
90  Damp situations. 
91  Extra low voltage installations. 
94  Protection against direct and indirect electrical contact. 
100  Offences. 
101  Declared articles. 
106  Details to be provided in reporting accidents. 
107  Offences. 
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16.3 Standards- 
 
AS/NZS 3000  Australia/New Zealand Wiring Rules 
    Section 1 - 1.6 to 2 
    Section 2 
    Section 3 - 3.1 to 3.8 
    Section 4 - 4.1 t o4.4, 4.9 to 4.11,  
NZS 3019   Electrical Installations – Inservice Testing 
    As it relates to RCDs and isolating transformers 
AS/NZS 3760  Inservice safety inspection and testing of electrical equipment 
AS/NZS 3003   Patient treatment areas of hospitals and medical and dental practices 
    Sections 1, 3 and 4 and Appendix D 
AS/NZS 2381.1   Electrical equipment for explosive atmospheres – Selection, 

installation, and maintenance – General requirements 
    Sections 1, 4 and 5 
AS/NZS 3008.1.2  Electrical Installations – Selection of Cables 
    Sections 1 – 5 as they relate to flexible cords and cables, Tables 15 

and 16 
 
16.4 Codes 
 
ECP 54   New Zealand Electrical Code of Practice for Electrical Installations of 

Recessed Luminaires and Auxiliary Equipment 
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17 Limits of Work 
 
In order to obtain ESTB registration a person must: 
 
�  Complete the ESTA and ESTB tuition courses 
 Pass the ESTA and ESTB examinations and practical assessments 
 Provide evidence of practical experience which includes 12 months on the servicing 

and repair of 230V plug-in electrical appliances and 6 months on the servicing and 
repair of single and polyphase appliances and fittings rated up to and including 460 
volts. 

 
Or 
 
�  Hold an ESTA registration 
 Complete the ESTB tuition course 
 Pass the ESTB examination and practical assessment 
 Provide evidence of practical experience which includes 6 months on the servicing and 

repair of single and polyphase appliances and fittings rated up to and including 460 
volts. 

 
On being registered by the Board as the holder of an Electrical Service Technician 
registration with a 460 volt limitation (ESTB) the holder may (unless limited in other ways by 
the Board) a person may carry out the following prescribed electrical work on electrical 
appliances and fittings rated up to and including 460 volts: 
 
�  The replacement of fuse links and flexible cords. 
�  The servicing and replacement of single phase and polyphase electrical appliances 

(either plug-in or permanently connected to the fixed wiring) and fittings. 
�  The disconnection from and re-connection to the fixed wiring of electrical appliances 

and equipment for the purpose of testing and repair. 
 
Note: The voltage limitation refers to the supply v oltage to the appliance, not values generated 

within the appliance (such as TVs etc.) 
 
Registration as the holder of Electrical Service Te chnician registration does not 
permit the holder to install, alter, add to, or int erfere with fixed electric wiring . 
 
Other limitations that may in certain circumstances be imposed by the Board are: 
 
�  The worker may be limited to such work as the Board may specify. 
�  The worker may be limited to work only on approved. 
�  The worker may be limited to work only in the employ of an approved employer. 
 
Examples of trades or activities that may require the services of registered Electrical Service 
Technicians include (this list is typical only and is not exhaustive): 
 
Refrigeration and Air Conditioning trades Boiler Maintenance 
Instrument Fitting Commercial Computer and Business 

Machine Servicing 
Electric Sign Servicing Scientific and Industrial Research 
 
In order to work for payment, the holder of an ESTB 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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18 Examination Information  
 
18.1 Examination Prescription 
 
Candidates for the Electrical Service Technician Examination Paper "B" will be examined on 
the subject matter contained in Electricity Regulations 1997 - Schedule 2. 
 
18.2 Electrical Service Technician "B" (Written) 
 
This paper may be attempted only by those persons who have completed an approved 
course of technical tuition and: 
 
(a)  Have been granted permission by the Board to sit both the Electrical Service 

Technician Examination papers "A" and "B" at the same sitting, or 
(b)  Have already passed the Electrical Service Technician Examination Paper "A" and 

have been granted permission by the Board to sit the Electrical Service Technician 
Examination Paper "B". 

 
18.3 Electrical Service Technician "B" (Practical) 
 
Assessment of practical ability is usually undertaken during the practical sessions associated 
with the Electrical Service Technician "B" course of tuition. 
 
To enter the practical assessment programme or practical examination for Paper "B", the 
candidate must have passed skills 1 to 15 as detailed in Paper "A". 
 
Electrical Service Technician Skill List - Paper B" 
 
Skill No.   Description 
 
16    Electric motors -  
      Single Phase connections and reversal of rotation. 
 
17    Electric motors -  
   Three Phase connections and reversal of rotation. 
 
18     Three Phase plugs and cord connection sockets. 
 
19     Permanent connection units and fluorescent lighting connection methods. 
 
20     Testing of a three Phase electrical appliance and completion of a test 

sheet. 
 
21     Disconnection and reconnection of fixed wired electrical appliances 

including safety tagging systems. 
 
22     Electric motor starters - direct-on-line three Phase. 
 
23     Live 400 volt testing and current rating tests of a three Phase electrical 

appliance. 


