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Introduction

This resource manual contains learning exercises, review questions and sample assessment
instruments. It is designed to assist students to prepare for the assessment outcomes and purpose
described in the national module descriptor NUE505A Electrical Systems Safety and is an example
of the depth and breadth of learning expected.

The topics listed in the content are arranged in the preferred sequence. It is recognised that this is
not the only sequence in which the material could be learnt.

General references of this module

The following textbooks are recommended for this module:

Principal reference

To help you with this module, the following resource material will be useful:

* AS/NZS 3000:2000 Wiring Rules, Standards Australia.

e AS/NZS 3008.1.1:1998 Electrical Installations - Selection of Cables, Standards Australia.

e AS/NZS 3017:2001 Electrical Installations - Testing and Inspection Guidelines, Standards
Australia.

e HB300-2001, Electrical Installations, Standards Australia.

» Pethbridge K. and Neeson 1., Electrical Wiring Practice, Vols 1& 2, 6th Edition, McGraw-Hill
Book Company, Roseville, NSW, 2002.

» Jenneson J., Electrical Principles for the Electrical Trades, 5th Edition, McGraw-Hill Book
Company, Roseville, NSW, 2003.

* Local supply authorities service rules & installation publications.
Minimum equipment requirements

To enable you to complete this module you will need access to:

* pens, pencils, ruler, etc.

* calculator

* writing paper.
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1. Working Safely

What this topic covers

This topic provides exercises in knowledge and skills required to work safely within an electrical
environment as preparation for the Electrical Systems Safety assessment. It covers part of the critical
knowledge and skills for ensuring that safe working practices are followed.

What you are expected to be able to do

Demonstrate knowledge and skills related to:

* testing circuits for supply

* safe isolating procedures

* lockout procedures

* assessing the risk of injury or damage in a given work environment

* implementing measures to alternate or reduce the identified risks to an acceptable level.

* the safe working procedure when using tools and plant

* isolating, tag and testing electrical supplies effectively.

Where you will find information

The following references will help you in completing the exercises and review questions in this
topic.

* Pethbridge K. and Neeson 1., Electrical Wiring Practice K., 6th Edition, Vol. 2, McGraw-Hill,
Sydney, Chapter 2.

e HB300-2001, Electrical Installations, Part 4, Standards Australia
o AS/NZS 3000:2000 Wiring Rules, Standards Australia.

NUES05A Electrical Systems Safety 7
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Student exercise 1.1 Testing “dead” circuits

Your supervisor instructed you to carry out repairs to an electric hot water service in a large
warehouse.

The hot water service is supplied by its own final sub-circuit and you have been told that the circuit
is ‘dead’ because the fuse has been removed at the remote main switchboard.

What safety measures, if any, would you carry out before proceeding with the work?

Student exercise 1.2 Testing “live” circuits

You are to disconnect a faulty single-phase 230 V, 4.6 kW electric off peak hot water system from its
final sub-circuit conductors, which is located in a cupboard in a single storey house.

You have removed the terminal box cover and are about to test the water heater conductors for
supply.
Briefly explain the sequence of testing for ‘live’ when using a voltage tester.

Student exercise 1.3 Isolating procedures - single phase circuit

Your supervisor has instructed you to relocate a single-phase 230 V hot plate unit and its associated
wiring in the kitchen of a house. You are to be assisted by a first year apprentice.

The hotplate unit is supplied by its own final sub-circuit and the circuit breaker protecting the
hotplate is located on the main switchboard outside.

The final sub-circuit will remain connected to the load side of the protective devices during the
relocation.

Describe in detail the procedure you would undertake to ensure that the job is carried out in a safe
manner.

NUESO0SA Electrical Systems Safety
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Student exercise 1.4 Isolating procedures - three-phase circuit

You have being instructed by your foreman to relocate a 400 volt three phase induction motor in a
factory. An isolating switch is adjacent to the motor and is to remain in close proximity to it after it
has been relocated. The HRC fuses protecting the motor are located on a distribution board in
another area of the factory and is out of your view.

Describe the procedures that you would undertake to ensure that the job is carried out safely.

NUES505A Electrical Systems Safety 9
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Review questions

These questions will help you revise what you have learnt in this topic.

1. What checks should you make on a set of series test lamps before using them?

2. What typical ratings do the lamps in a set of series test lamps have?

3. Identify one advantage a voltage probe has over a set of series test lamps.

4. Before working on electrical equipment you should isolate the supply to the equipment and
then:

5. What magnitude of current is enough to stop the heart?

6. What factors affect the severity of electric shock?

7. What is the purpose of a ‘danger tag’?

8. When using a voltage presence indicator it is important to connect the first lead to neutral or
earth. Why is this?

9. Name three types of voltage presence indicators.

NUESO05A Electrical Systems Safety
10 Module Resources Manual
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2. Protection for safety

What this topic covers
This topic provides exercises in the ‘Protection for Safety’ requirements of AS/NZS 3000:2000 in

preparation for the Electrical Systems Safety assessment. It covers part of the critical knowledge and
skills for ensuring that protective devices in an electrical installation will operate as intended.

What you are expected to be able to do

Demonstrate knowledge of the acceptable methods for protecting persons and livestock against
injury and property against damage from:

» contact with live parts of an electrical installation

» contact with exposed conductive parts which may become live under fault condition
 thermal effects of current in normal service

e overcurrent and fault current, and

» unwanted and overvoltage.

Where you will find information

The following references will help you in completing the exercises and review questions in this
topic.

* AS/NZS 3000:2000 Wiring rules, Sections 1 and 2, Standards Australia.
e HB300, Electrical Installations, Part 2, Standards Australia.

* Pethebridge K. and Neeson 1., Electrical Wiring Practice, 6th Ed., Vol. 2, McGraw-Hill, Sydney,
Chapters 12, 13 and 14.
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Student exercise 2.1 Protection against direct contact

Familiarise yourself with Clause 1.7.3 before attempting this exercise.

1. What are the requirements where insulation is the method for protecting against direct
contact with live parts? :

2. What degree of protection is needed where barriers provide the method for protecting against
direct contact with live parts?

3. What are the constructional requirements where barriers provide the method for protecting
against direct contact with live parts?

NUESO05A Electrical Systems Safety
12 Module Resources Manual
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4. What are the requirements where the method for protecting against direct contact with live
parts is the provision of obstacles?

5. What are the requirements where placing out of reach provides the method for protecting
against direct contact with live parts?

Student exercise 2.2 Protection against indirect contact

It is necessary to protect persons and livestock against the dangers arising from contact with exposed
conductive parts that may become live under fault conditions.

Familiarise yourself with Clause 1.7.4 before attempting this exercise.

1. What is the intention of measures for protecting against indirect contact with live parts?

Suitable methods of protecting against indirect contact with live parts include:
¢ Automatic disconnection of supply
* Use of Class II equipment or equivalent insulation

e Electrical separation

NUES505A Electrical Systems Safety 13
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2. What is the purpose of automatic disconnection of supply when protecting against indirect
contact with live parts?

It is possible to achieve this protective measure through:

« Provision of a system of earthing where exposed conductive parts connect to a protective
earthing conductor

» Disconnection of the fault by an over-current protective device or an RCD

3. If a fault exists between a live part and exposed conductive part, the protective device must
automatically disconnect the supply where the touch voltage exceeds what limits?

4. For fault loop impedance, the product of what two values must not exceed the nominal a.c.
rms voltage to earth?

3. For a 230-volt final subcircuit comprising socket outlets, hand-held Class I equipment or
other portable equipment, what is the maximum disconnection time for automatic
disconnection devices?

6. For a 230 volt final subcircuit supplying fixed equipment or submain, what is the maximum
disconnection time for automatic disconnection devices?

7. It is possible to reduce the fault-loop impedance by bonding extraneous conductive parts to
the protective earthing system. What is the name given to this?

NUESO5A Electrical Systems Safety
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8. What means are suitable for providing protection against dangerous voltages occurring on
accessible conductive parts of electrical equipment in the event of a fault in the basic

insulation?
9. What measures are not considered to provide a suitable insulation covering?
10. Briefly outline the measures for providing electrical separation.

NUES505A Electrical Systems Safety 15
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Student exercise 2.3 Protection against thermal effects

It is necessary to arrange installations so that there is no risk of ignition of flammable materials due
to high temperature or electric arc in normal operation. Furthermore, there should be no risk of
persons or livestock suffering burns during the normal operation of electrical equipment.

Familiarise yourself with Clause 1.7.6 before attempting this exercise.

1. What means are suitable for providing protection from the risk of ignition of flammable
materials in normal service?

2. What means are suitable for providing protection from the risk of burns in normal service?

Student exercise 2.4 Protection against voltages and currents

It is necessary to arrange installations to minimise the effects of unwanted voltages, over-current,
fault current and over-voltage.

Familiarise yourself with Clauses 1.7.7, 1.7.8, 1.7.9 and 1.7.10 before attempting this exercise.

1. What means are suitable for protecting an installation from the effect of unwanted voltages?

NUESOSA Electrical Systems Safety
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2. What means are suitable for protecting an installation from the effect of over-current?

3. What means are suitable for protecting an installation from the effect of fault currents?
4. What means are suitable for protecting an installation from the effect of over voltage?
NUES505A Elcctrical Systems Safety 17
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Review questions
These questions will help you revise what you have learnt in this topic.

1. What are four methods for protecting against direct contact with live parts?

AS/NZS 3000 Reference:

2. What are the requirements when insulation surrounds live parts to protect against direct
contact?
AS/NZS 3000 Reference:
3. Where a barrier or enclosure provides protection against direct contact with live parts, what
degree of protection must the barrier or enclosure provide?
AS/NZS 3000 Reference:
4. What are the requirements to prevent direct contact with live parts, where electrical

equipment requires a large opening to facilitate lamp replacement?
AS/NZS 3000 Reference:

5. What conditions must be satisfied before being able to remove a barrier that prevents contact
with live parts of electrical equipment?
AS/NZS 3000 Reference:
6. Simultaneously accessible parts at different voltages must not be within arm’s reach. What

does this mean?
AS/NZS 3000 Reference:

7. What methods are suitable for protecting against indirect contact with live electrical parts?
AS/NZS 3000 Reference:
8. Within what time must an over-current device automatically disconnect a final subcircuit
supplying 10 A socket outlets?
AS/NZS 3000 Reference:
9. What are suitable methods for protecting against the risk of flammable materials igniting in

normal service?
AS/NZS 3000 Reference:

10. What are suitable methods for protecting circuits from over-voltage?

AS/NZS 3000 Reference:

NUESOS5A Electrical Systems Safety
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3. Earthing System

What this topic covers

This topic provides exercises in earthing systems and the AS/NZS 3000:2000 requirements for the
multiple earthed neutral (MEN) system in preparation for the Electrical Systems Safety Assessment.
It covers part of the critical knowledge and skills to ensure correct earthing of electrical installations.
What you are expected to be able to do

Demonstrate knowledge and skills related to:

* the main features and components of the multiple earthed neutral system, and

* acceptable earthing arrangements for the multiple earthed neutral system.

Where you will find information

The following references will help you in completing the exercises and review questions in this
topic.

* AS/NZS 3000:2000 Wiring rules, Sections 1 and 5, Standards Australia.
» HB300, Electrical Installations, Part 2.

* Pethebridge K. and Neeson 1., Electrical Wiring Practice, 6th Ed., Vol.2, McGraw-Hill, Sydney,
Chapter 12.

NUES505A Electrical Systems Safety
Module Resources Manual
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Student exercise 3.1 Components of the multiple earthed neutral
system

Revise clauses 1.4.40, 1.4.41, 1.4.49 and 1.4.54 and Section 5 of the Wiring Rules before attempting
this exercise.

1. What does the term earthed mean?

AS/NZS 3000 Reference:
2. What does the term equipotential bonding mean?

AS/NZS 3000 Reference:
3. What does the term protective earthing conductor mean?

AS/NZS 3000 Reference:
4. What is the maximum earth resistance for a lighting circuit?

AS/NZS 3000 Reference:

i

NUES05A Electrical Systems Safety
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5. What is the maximum size for a copper earthing conductor?

AS/NZS 3000 Reference:

6. An installation has 185 mm? copper active conductors in the consumers mains. What size of
earthing conductor should be used for the main earthing conductor?

AS/NZS 3000 Reference:

7. At what point in a run of steel conduit should it be connected to the earthing system?
AS/NZS 3000 Reference:

8. What is the recommended minimum wall thickness of a driven pipe earth electrode?
AS/NZS 3000 Reference:

9. Explain the difference between protective earth and functional earth and give examples of

each.

AS/NZS 3000 Reference:
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Module Resources Manual .
Junc 2003 TRAINIRG &

STANDARDS ¥




Student exercise 3.2 Earthing arrangements

Revise Section 5 of the Wiring Rules and in particular Clause 5.6.7 before attempting this exercise.

1. In the electrical installation represented in Figure 3.1 show an acceptable arrangement of

earthing by drawing the necessary protective earthing and equipotential bonding conductors
and writing on each conductor the compliant Clause No.

Main switchboard (MSB) .. . . . .
3
|
|
Earth bar
e
I 2
°
l e )
} ‘@ Main neutral
i o0 conductor
i oo . ] ......................... Neutral fink
1 Q Q 8 9 G 9 G
G f
Dis{ributien Boatd 1
: supplied flom MSB
......... RPN - R
SE °°°¢sF
~Subrirouit point o
supplisd from MSB
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Subgircuit poing
supplied from DB
oE
- Subtircuit point &F
supplied from M5B ; R
Bubcircuit point
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L2
“Subcireult poing
supplied from MSH
Distribution Board 2
: supplied from MSB
@“E“ .
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~Subeircuit point
suppliat from DE2
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Figure 3.1 Earthing arrangements 1
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2. In the electrical installation represented in Figure 3.2 show an acceptable arrangement of
earthing by drawing the necessary protective earthing and equipotential bonding conductors
and writing on each conductor the compliant Clause No.

Main switchboard (MSB)Y .. .. . .

i
3 o B
Earth bar | Clmull prolective devices

LI EEEEENR

*

|
|
!
!
!
!
i

Main neutral
conductor E
b NOULEEL fiK
) L
£6°999°8
L o o e Ao o ot oo o i o o e e
o
; Distritaslion Board 1
: suppliad from MSB
i3 (R
I 068 1
SE i el
" Subcirouit point et o o
supplied from MSB
SE
Bubriroult point
supplied frorn DBY
oF
Subcircult point
supplied from MSB L Subcireuit point
suppliad from DB
ot
- Subgircuit t
supplied fvgg.m MSB
Distribulion Board 2
supplied from M58
éEi
~Bubsth it print
suppliad from DB2
oE
Subircuit poing
supplied from DB2
Distribetion Board 3
supplied from D82

B
i SE
~Bubeirouit point
fence suppliad from DB3

(i
s N i Pt

Figure 3.2 Earthing arrangements 2
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In the electrical installation represented in Figure 3.3 outbuilding 3 is to be supplied via
outbuilding 2 and both outbuilding are to have separate MEN installations. Outbuilding 1
does not have a separate MEN installation.

Show an acceptable arrangement of supply and earthing by drawing the supply and protective
earthing conductors and writing on each conductor the compliant Clause No. -

2
| o
| ®
o
i o Main neutral
| o0 conductor
| o0
[

Outhudlding 2 et
distribution board
| VT
Cirouit protective
Earth bar | devices
[ o % I I

E
E
|
I
i
!

Cutbuilding 1
Qistribution board

Qutbuilding 3 .
c!istribution board H
yerrrry
| Circuit protective |
Earth bar devices |
] ‘@ i dod
] @ !
LR i
1 @ i
! K3 ;
! oo
i oo e ’
; ggseeoe;
b e o e e Neutral fink: — ~— m‘

Figure 3.3 Earthing outbuildings
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Review questions

These questions will help you revise what you have learnt in this topic.

1.

The minimum size for the main earth conductor for a main switchboard having single phase
35 mm? SDI copper consumers mains having two eftective layers of insulation that continue
into the service fuse is:

(A) 4 mm’
(B) 6mm’
(C) 10 mm?

(D) equal to the cross-sectional area of the neutral conductor.

AS/NZS 3000 Reference:

The minimum size earth conductor incorporated in a multi-core flexible cord is:
(A) 0.5mm’

(B) 1.0 mm?

(©) 2.5mm’

(D) not less than largest associated active conductor.

AS/NZS 3000 Reference:

The minimum size earth conductor incorporated in a multi-core cable is:

(A) 0.5mm’
(B) 1.0 mm?
(©) 2.5mm’

(D) not specified in AS/NZS 3000:2000.
AS/NZS 3000 Reference:

The maximum size of copper earth conductor need not be greater than:
(A) 100 mm?

(B) 120 mm?

(C) 200 mm’

(D) not specified in AS/NZS 3000:2000.

AS/NZS 3000 Reference:

The maximum specified resistance for the main earthing conductor is:
(A) 05Q

(B) 1.0Q

(C) 20Q

(D) large enough to allow the operation of the circuit protective device.

AS/NZS 3000 Reference:

NUESO05A Electrical Systems Safety
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10.

11.

Review questions

With regards to protection against indirect contact, touch voltage is:
(A) the difference of potential between conductors and earth
(B) the difference of potential between simultaneously accessible parts
(C) the supply voltage
(D) 80% of the supply voltage.
AS/NZS 3000 Reference:

It is not necessary to earth:

(A) exposed conductive parts of a metallic wiring enclosure

(B) exposed conductive parts of equipment supplied by flexible cord
(C)  equipment complying with AS/NZS 3100 for double insulation
(D) transformers supplying ELV lighting systems.

AS/NZS 3000 Reference:

Outbuilding (detached portion) of an electrical installation:
(A) shall have more than one MEN connection
(B) may be supplied via any number of distribution boards in the outbuilding

(C) shall have the supply neutral conductor connected in parallel with a bonding
conductor

(D) may be earthed by a separate MEN installation.
AS/NZS 3000 Reference:

What feature distinguishes the MEN system of earthing from the direct earthing system?

What advantage does the MEN system have over the direct earthing system?

Calculate the touch voltage for a single-phase final subcircuit having 4.0 mm?” active
conductor having a per unit impedance of 1.0 Q and a 2.5 mm? earthing conductor having a
per unit impedance of 2.4 Q where the operating voltage of the installation is 230 V.

s n N
o

ar o
¢
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4. Protection Methods and Devices

What this topic covers

This topic provides exercises in the requirements of AS/NZS 3000:2000 to protect persons and
livestock from injury and property from damage in preparation for the Electrical Systems Safely
assessment. It covers part of the critical knowledge and skills needed to select appropriate electrical
equipment and to ensure that in an electrical installation, protective devices will operate as intended.

What you are expected to be able to do
Demonstrate knowledge and skills related to the:

* operating principles of fuses, circuit breakers and residual current devices, and

 characteristics of fuses, circuit breakers and residual current devices in determining their suitabil-
ity for particular installation conditions

 arrangements for protection by electrical separation, protected extra-low voltage (PELV) and
separated extra-low voltage (SELV).
Where you will find information

The following references will help you in completing the exercises and review questions in this
topic.

o AS/NZS 3000:2000 Wiring rules, Sections 1 and 5, Standards Australia.
* HB300, Electrical Installations, Part 2, Standards Australia.

» Pethebridge K. and Neeson 1., Electrical Wiring Practice, 6th Ed., Vol.2, McGraw-Hill, Sydney,
Chapter 13.
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Student exercise 4.1 HRC Fuse construction

The device shown in Figure 4.1 is a HRC fuse cartridge. Name and explain the function of the
components indicated on the fuse shown.

Figure 4.1

Student exercise 4.2 Time current characteristics

From the time-current characteristics shown in Figure 4.2, how long will it take the following fuses
to ‘blow’.

(a) 2A-5Aoverload
(b) 10 A - 100% overload

(¢) 32A-600% overload :;E \ \\\ \\\\\\ \\
800 i AN
] o\ A\

o

4.—-—"/#’,
S ettt
Pt
P

| \ VY
g ., \”i \\ % \\ %
S *;.\L,é_,_w,%%;}s;%\
E 2 \ \ \\\ \\\\\
, >\ NEER RN LA
os NN AV AV AN NARYAY
02 RV N R NATATAN
o1 3, “& \ \ \\s. \ \\
005 NN AN AN
- NANNINRNNENEN
a0t v b NN MNNANAES

N
=
-]
8

w20 500 W0 2000 5000
RMS Current  (ampares)

Figure 4.2
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Student exercise 4.3 Circuit breaker construction

Name and explain the function of the components indicated on the circuit breaker shown in Figure
4.3.

Figure 4.3

Student exercise 4.4 Circuit breaker characteristics

From the time-current characteristics shown in Figure 4.4, how long will it take the following circuit
breakers to trip.

(a) 16 A circuit breaker if circuit vt
current is 32 A. 3800
: : oo . AR
(b) 32 A circuit breaker if circuit 60
current is 50 A. a0
YRG
(¢) 50 A circuit breaker on 150%
B0
overload
R 143
z
fA S
EAR ]
£ 0%
“ ¥ 0 WEHG RO
la.
I
Figure 4.4
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Student exercise 4.5 Arrangement of RCD circuits

1. The equipment shown in Figure 4.5 is for a switchboard in a domestic installation. Show on

the diagram the necessary Active, Neutral and Earth connections for the following:
« Circuit 1 22 lighting points

e Circuit 2 12 double socket outlets
e Circuit 3 11 double socket outlets

A four-pole RCD protects both power circuits and a two-pole RCD protects the lighting circuit.

Arrangement of the circuits places them partially surrounded by bulk thermal insulation. Select

appropriate equipment to suitably protect the circuits. Write the current rating as appropriate for
each protection device.

Earth Unprotected Protected
ooooo0000 ooo0ood O| [DOooocooo D] |[O ooooc0o0 D
000000000 000000 O] (DO 0000000 0000000 (D

2345 678 901112131415 12345 6 12345 67
S
3
w
£
g circuit breakers residual current devices
==To¥ Kl NoX NN Nl Kol Ke¢i ooooooooi
oI Te=TIMTo-TW(To=TN(To=T) Mo-Tl |0 or{| O [fler{| O
|=||_| FEEE B [B° 9 |
IR
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Figure 4.5 One 2-pole RCD for light circuit and one 4-pole RCD for power circuits
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2. The equipment shown in Figure 4.6 is for a switchboard in a domestic installation. Show on
the diagram the necessary Active, Neutral and Earth connections for the following:

e (Circuitl 22 lighting points
e Circuit 2 12 double socket outlets

e Circuit3 11 double socket outlets
Three separate two-pole RCD’s protect the light and power circuits.

Arrangement of the circuits places them partially surrounded by bulk thermal insulation. Select

appropriate equipment to suitably protect the circuits. Write the current rating as appropriate for
each protection device.

Earth Unprotected Protected
ooooooooo oooood O] [DOoocooooD| |O coooooo D
oooo00000 000000 D| (DO 200000 D| |O cooo0000 (D

12345 6789 101112131415 12345 6 1234567_
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£ circuit breakers residual current devices
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Figure 4.6 Two-pole RCDs protecting light and power circuits
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3. The equipment shown in Figure 4.7 is for a switchboard in a domestic installation. Show on
the diagram the necessary Active, Neutral and Earth connections for the following:

e Circuit 1 22 lighting points
e Circuit 2 12 double socket outlets

e Circuit 3 11 double socket outlets
Three separate two-pole combination RCD/MCB’s protect light and power circuits.

Arrangement of the circuits places them partially surrounded by bulk thermal insulation. Select

appropriate equipment to suitably protect the circuits. Write the current rating as appropriate for
each protection device.

Earth Unprotected Protected
ocoooooo0oo oooood O| [DOoocoooo | |O ocoooooo D
000000000 000000 O| |[DO o000 D] |D 2000000 D
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Figure 4.7 Two-pole combination RCD/MCB
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Review questions

These questions will help you revise what you have learnt in this topic.

1. Fuses and circuit breakers are installed to protect:
(A) electrical appliances
(B) electrical cables
(C) electrical loads
(D) persons and livestock.

2. If a cable supplying a load that is operating at 50% overload, the power dissipated by the
cable will be:

(A) 25% of its original value
(B) 50% of its original value
(C) 150% of its original value
(D) 225% of its original value.

3. When installing fuses in a final subcircuit, the current carrying capacity of the cables are re-
rated by a factor of:
(A) 0.7
(B) 0.8
(© 09
(D) 1.25.
4, A current that results from a fault of negligible resistance occurring between live conductors

having a difference in potential under normal operating conditions is:
(A) an earth loop current

(B) a fault current

(C) anoverload

(D) a short circuit.

5. When comparing the HRC fuse with a rewireable fuse, the greatest advantage one has over
the other is:

(A) the rewireable fuse gives better protection against fault currents
(B) the HRC fuse extinguishes the arcing at the eutectic point

(C) the HRC fuse is inexpensive

(D) the rewireable fuse allows an overload to exist for a longer period.
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10.

11.

Review questions

The term discrimination as applied to circuit protection means:

(A) the circuit protective device closest to the fault or over-current should operate before
any upstream devices

(B) the fuse or circuit breaker with the highest fault current rating should operate first
(C) circuit protection on the main switchboard should be the first to operate

(D) the circuit protection should be able to distinguish between a short circuit to earth and
a short circuit between live conductors.

The trip-free characteristic of a circuit breaker means it:

(A) cannot be held on while a fault exists

(B) will not trip on overloads under 150% of rated current
(C) israted at more than 6 kA

(D) will not be subjected to nuisance tripping.

The conventional tripping current of a miniature circuit breaker is:
(A) equal to the nominal breaker rating

(B) 0.9 times the nominal breaker rating

(C)  1.45 times the nominal breaker rating

(D) 1.6 times the nominal breaker rating.

The circuit protection device best suited for quick isolation of a fault current would be a:
(A) thermal circuit breaker

(B) rewireable fuse

(C) magnetic circuit breaker

(D) RCD.

The circuit protection device that can operate quickly; interrupt higher values of current, and
completely contains the energy dissipated by the fusing element is a:

(A) rewireable fuse

(B) HRC fuse

(C) RCD

(D) thermal circuit breaker.

Circuits in a domestic installation are protected by an RCD which has a maximum leakage
current of:

(A) 20mA
(B) 30mA
(C) 80mA
(D) 100 mA.
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Review questions

12. Where a single RCD is fitted to protect all circuits in a domestic installation, it should have:
(A) atrip current of 30 mA and a rated switching current of 63 A
(B) a trip current of 30 mA and a rated switching current of not less than the installation
maximum demand
(C) a trip current of 100 mA and a rated switching current of 63 A
(D) a trip current of 100 mA and a rated switching current of 100 A.
13. In a domestic installation, the circuits requiring RCD protection are:
(A) all circuits
(B) light and power circuits
(C) power circuits with the exception of outlets for refrigerators and freezers
(D) all circuits supplying socket outlets.
14. A device intended to isolate the supply to protected circuits in the event of a current flow to
earth that exceeds a predetermined value is a:
(A) rewireable fuse
(B) HRC fuse
(C) miniature circuit breaker
(D) residual current device.
15. Where socket outlets and lighting circuits in a domestic installation are protected by RCDs,
the maximum rated residual current of the device must no exceed:
(A) 10mA
(B) 30mA
(C) 100mA
(D) 20A.
16. What is a short-circuit current?
AS/NZS 3000 Reference:
17. What is an overload current?
AS/NZS 3000 Reference:
18. What is a fault current?
AS/NZS 3000 Reference:
19. What is a fuse?
AS/NZS 3000 Reference:
20. What is a circuit breaker?
AS/NZS 3000 Reference:
21. What is a prospective fault current?
AS/NZS 3000 Reference:
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22.

23.

24.

25.

26.

27.

Review questions

What is meant by inverse current-time characteristic?

What can cause excess current in a circuit?

What effects can excess current have on an electrical circuit?
Briefly describe the construction of a HRC fuse.

Briefly describe how the de-ion grid aids in arc extinction.

An energy distributor states that a prospective short-circuit current of 45 kA is to be assumed
at a point of supply at a main switchboard, which feeds a main distribution board (DB1)
through 35 m of 95 mm? cable. This distribution board supplies another distribution board
(DB2) through 30 m of 35 mm? cable. Calculate the fault level at the second distribution
board. (Hint use Table 4.1 and Figure 4.8).

Table 4.1 Cable impedance (Ohm) for copper

Nominal Nonllinal conductor Length of cable (m)
conductor csa  resistance at 20°C
(mm’) (Ohm per metre) 5 10 25 30 40
1 0.0177 0.0885 0.1770
15 0.0119 0.0595 0.1190
25 0.0072 0.0360 0.0720
452x10° 0.0226  0.0452
3.02x10° 0.0151  0.0302 0.0453 0.0604 0.0755 0.0906 0.1208 0.1510
10 1.79x10° 0.0090 0.0179 0.0269 0.0358 0.0448 0.0537 0.0716 0.0895
16 113x10° 0.0057 0.0113 0.0170 0.0226 0.0283 0.0339 0.0452 0.0565
25 6.60 x 10° 0.0033 0.0066 0.0099 0.0132 0.0165 0.0198 0.0264 0.0330
35 514x10* 0.0026 0.0051 0.0077 0.0103 0.0129 0.0154 0.0206 0.0257
50 3.79x10" 0.0019 0.0038 0.0057 0.0076 0.0095 0.0114 0.0152 0.0190
70 262x10* 0.0013 0.0026 0.0039 0.0052 0.0066 0.0079 0.0105 0.0131
95 1.95x 10" 0.0010  0.0020 0.0029 0.0039 0.0049 0.0059 0.0078 0.0098
120 1.50 x 107 0.0008 0.0015 0.0023 0.0030 0.0038 0.0045 0.0060 0.0075
150 1.22x10* 0.0006 0.0012 0.0018 0.0024 0.0031 0.0037 0.0049 0.0061
185 9.72x10° 0.0005 0.0010 0.0015 0.0019 0.0024 0.0029 0.0039 0.0049
240 7.40 x 10° 0.0004 0.0007 0.0011 0.0015 0.0019 0.0022 0.0030 0.0037
300 590 x 10° 0.0003 0.0006 0.0009 0.0012 0.0015 0.0018 0.0024 0.0030
400 461x10° 0.0002 0.0005 0.0007 0.0009 0.0012 0.0014 0.0018 0.0023
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Review questions
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28.

Review questions

The equipment shown in Figure 4.9 is for a switchboard in a domestic installation. Show on
the diagram the necessary Active, Neutral and Earth connection for the following:

L]

Circuit 1 17 lighting points

Circuit 2 10 double socket outlets
Circuit 3 9 double socket outlets

Circuit4 15 lighting points

Arrangement of the circuits places them partially surrounded by bulk thermal insulation.
Select appropriate equipment to suitably protect the circuits.

Earth Unprotected Protected
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5. Switchgear and Control Gear

What this topic covers

This topic will provide exercises in the AS/NZS 3000: 2000 requirements for the safe selection of
electrical equipment in electrical installations as a revision and preparation for the Electrical Systems
Safety assessment. It covers part of the critical knowledge and skills for the selection of motor
starters to meet local supply authority service rules.

What you are expected to be able to do

Demonstrate knowledge and skills related to:

« reasons for limiting motor starting currents

- regulatory requirements that apply to starting, control and protection of induction motors
e common motor starters

« operating principle of common motor starters

» main advantages and disadvantages of common motor starters

« the effects on line current, motor current and motor torque when using reduced-voltage motor
starters

« common applications for various motor starters.

Where you will find information

» Jenneson J., Electrical Principles for the Electrical Trades, 5th Edition, McGraw-Hill Book
Company, Roseville, NSW, 2003.

 Local supply authorities services rules

« AS/NZS 3000:2000 Wiring rules, Section 2, Standards Australia.
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Student exercise 5.1 Limitation of starting current
Familiarise yourself with Clause 4.3.4 before attempting the following questions.

1. When must a motor have control equipment incorporating means of protection against
overload of the motor? ’

2. Generally a motor must incorporate over-temperature protection. What exemptions are
permissible?

Familiarise yourself with Clause 4.2.1 before attempting the following questions.

3. What are the requirements for devices used for isolation and switching of an electric motor?

4, What are the requirements for protecting electric motors against restarting or reversing?

Familiarise yourself with Clause 2.8.4 before attempting the following questions.

5. What are the requirements for devices used for switching off for mechanical maintenance?
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6. What features should devices used for switching off for mechanical maintenance have?

7. How should devices used for switching off for mechanical maintenance be identified?

NUES05A Electrical Systems Safety
Module Resources Manual
June 2003

41

TREIHBENG
STaHDARYS ¥



Student exercise 5.2 Direct-on-line motor starter

1. Draw the control and power circuits, in schematic form, of a direct-on-line motor starter in
the space provided.

2. Expand your diagram to show additional stop buttons in series and additional start buttons in
parallel.
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3. Using your schematic as a guide, explain the sequence of operation.

4. Detail a procedure for determining faults in the control circuit of a DOL motor starter.
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Student exercise 5.3 Star - Delta motor starter

1. Draw the control and power circuits, in schematic form, of a Star - Delta motor starter in the
space provided using the following description as a guide.
Circuit operation:

* when the start button is processed - K1 closes and the hold in contact keeps the contactor
energised

» time delay relay energises and begins to countdown

e K2 energises making the star point

e after the time delay K2 de-energises

» with K2 de-energised, K3 energises making the delta connection

e at any time, operation of overload or stop button stops the motor.
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2. A 400 V, 3-phase induction motor is to be started by a star-delta starter. When started DOL
the motor has a starting current of 48 A and the starting torque is 35 Nm. Calculate starting
current and starting torque when started using a star-delta starter.

3. Sketch a typical torque - speed curve for the above motor when started using a star-delta
starter.
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Student exercise 5.4 Primary resistance motor starter

1. Draw the control and power circuits, in schematic form, of a primary resistance motor starter
in the space provided using the following description as a guide.

Circuit operation:

* when the start button is processed - K1 closes and the hold in contact keeps the contactor
energised

* time delay relay energises and begins countdown
 after the time delay K2 energises and short-circuits the resistors

* atany time, operation of overload or stop button stops the motor
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2. Sketch a typical torque - speed curve for the above motor when started using a primary
resistance starter.

3. Detail a procedure for determining faults in the control circuit of a primary resistance motor
starter.
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Student exercise 5.5 Auto transformer motor starter

1. Draw the control and power circuits, in schematic form, of a auto transformer motor starter in
the space provided using the following description as a guide.
Circuit operation:
» when the start button is processed - K1 closes - connecting the transformer in star

» contactor K3 also energises hold in contacts (Ki-4 and K3-4) to keep contactors K1 and K3
energised

* time delay on K3 begins the countdown

e K3 power contacts connect the transformer to line, so reducing the voltage applied to the
motor

e after time delay, K1 de-energises
» contactor K2 then energises applying full-voltage to the motor

» at any time, operation of overload or stop button stops the motor
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2. Sketch a typical torque - speed curve for the above motor when started using an
auto-transformer starter.

3. A 400V, 3-phase induction motor is started by an auto transformer starter using a 75%
tapping. When started DOL the starting current is 65 A and starting torque is 45 Nm.
Calculate motor current, starting current and starting torque when started using the auto
transformer.
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Student exercise 5.6 Secondary resistance motor starter

1. Draw the control and power circuits, in schematic form, of a secondary resistance motor
starter in the space provided using the following description as a guide.
Circuit operation:

» when the start button is processed — K1 closes and the hold in contact keeps the contactor
energised

» time delay contact on K1 begins to countdown
» after the time delay contactor K2 energises and short-circuits the resistors

* at any time, operation of overload or stop button stops the motor.
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2. Sketch a typical torque - speed curve for the above motor when started using a secondary
resistance starter.

3. Detail a procedure for determining faults in the control circuit of a secondary resistance
motor starter.
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Review questions

These questions will help you revise what you have learnt in this topic.

1.

What is the effect of changing the phase sequence of the 3-phase supply to an induction
motor? '

(A) the motor will overheat

(B) the motor will operate with reduced torque
(C) there is no effect on the motor

(D) motor will reverse direction of rotation.

What is the effect on line power factor of increasing the load on an induction motor toward
full-load?

(A) Power factor increases

(B) Power factor decreases

(C) Power factor remains constant

(D) Power factor is unity.

What is a disadvantage of reducing the voltage when starting a 3-phase induction motor?
(A) less mechanical force is exerted on the rotor windings

(B) there is a greater disturbance of line currents

(C) the starting torque is reduced

(D) the motor accelerates more rapidly.

What is the number of active conductors between the starter and motor stator for a star-delta
motor starter?

(A) 2
B) 3
© 4
(D) 6.

The resistor banks of a secondary resistance motor starter are connected in:
(A) series with the stator windings

(B) parallel with the stator windings

(C) star configuration across the rotor slip rings

(D) star configuration for starting and then delta for running.

What are the AS/NZS 3000 requirements for the limitation of overload currents for motors
greater than 370 watts?

AS/NZS 3000 Reference:

What are the AS/NZS 3000 requirements for the automatic restarting of motors?
AS/NZS 3000 Reference:

NUESOS5A Electrical Systems Safety
52 Module Resources Manual

TAFE: June 2003



Review questions

8. What are the AS/NZS 3000 requirements for control switches for motors?
AS/NZS 3000 Reference:

9. What are the AS/NZS 3000 requirements for isolating motors during mechanical
maintenance?

AS/NZS 3000 Reference:

10. A 400 volt, 3-phase induction motor draws 80 A and produces 60 Nm of starting torque when
started direct on line. Calculate the starting current and starting torque if the motor is started
through a star-delta starter.

11. A 400 volt, 3-phase induction motor draws 140 A and produces 300 Nm of starting torque
when started direct on line. Calculate the line starting current and motor starting torque if the
motor is started through an auto-transformer starter having a 70% tap.

12. A local electrical supply authority requires the starting current drawn by a 3-phase, 400 volt
induction motor in a non-domestic application to be limited to 3.3 k + 53 amperes where k is
the continuous output rating in kW of the largest motor in the installation. Determine a
suitable motor starter for a 45 kW motor having a full-load current of 79 A and DOL starting
current of 410 A. (Show all calculations to prove your answer, the largest motor in the
installation is 45 kW).
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Notes
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6. Electrical Installation Design - Maximum
Demand

What this topic covers

This topic will provide exercises in the AS/NZS 3000: 2000 requirements for the design of safe
electrical installations as a revision and preparation for the Electrical Systems Safety assessment. In
particular you will consider the design of an installation on the basis of maximum demand.

What you are expected to be able to do

Demonstrate knowledge and skills related to:

* designing a safe single domestic electrical installation based on maximum demand

* designing a safe multiple domestic electrical installation based on maximum demand

 designing a safe non-domestic electrical installation based on maximum demand

* justifying your designs.

Where you will find information

The following references will help you in completing the exercises and review questions in the topic.
e AS/NZS 3000:2000 Wiring rules, Section 1 and Apprendix C, Standards Australia.

e HB300 - 2001, Electrical Installations, Part 1, Standards Australia.

* Pethbridge K. and Neeson 1., Electrical Wiring Practice K., 6th Edition, Vol.2, McGraw-Hill,
Sydney, Chapter 15.
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Student exercise 6.1

Maximum demand for domestic installation

Calculate the maximum demand for a single domestic installation using the electrical schedule
detailed in Appendix A of this resource manual.

Table 6.1

Load group

Load group

Oty

Calculation Demand (A4)

Maximum demand

Student exercise 6.2 Maximum demand for multiple installation

1. Calculate the maximum demand for a multiple domestic installation using the electrical
schedule detailed in Appendix B of this resource manual.

2. Calculate the maximum demand for a single living unit (single domestic installation) using
the electrical schedule detailed in Appendix B of this resource manual.

Table 6.2 - Multiple living unit

TRAINGHS S
FTANDARRS

Load group Load group (0]3% Calculation Demand (A)
‘ .
Maximum demand
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Table 6.3 - Communal load

Load group Load group Oty Calculation Demand (4)
Maximum demand
Table 6.4 - Single living units
Load group Load group Oty Calculation Demand (4)
Maximum demand
Total maximum
demand
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Student exercise 6.3 Maximum demand for commercial
installation

Calculate the maximum demand for a commercial installation using the electrical schedule detailed
in Appendix C of this resource manual.

Table 6.5

Load| Load description Oty Calculation Demand | Demand | Demand
group (Red) | (White) | (Blue)

Maximum demand
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Review questions
These questions will help you revise what you have learnt in this topic.

For each of the following, calculate the maximum demand of the individual load groups using
Appendix C of AS/NZS 3000:2000 giving reference to load group and Table.

1. This portion of a 230-volt single-phase domestic installation has 32 lighting points.
Table No:

Load group and column reference:

Demand:
2. This portion of a 230 volt single-phase domestic installation has 1.725 kW of tennis court
lighting.
Table No:
Load group and column reference:
Demand:
3. This portion of a 230 volt single-phase domestic installation has a 4.6 kW wall oven and
6.4 kW hot plate.
Table No:
Load group and column reference:
Demand:
4. This portion of a 230 volt single-phase domestic installation has a 4.6 kW spa heater.
Table No:
Load group and column reference:
Demand:
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Review questions

This portion of a 230 volt single-phase non-domestic installation has sixty 38 watt
fluorescent lights each having a ballast consuming 7 watts and operating at a power factor of
0.45 lagging.

Table No:

Load group and column reference:

Demand:

This portion of a 230 volt single-phase non-domestic installation has 20 metres of track
lighting.

Table No:

Load group and column reference:

Demand:

This portion of a 230 volt single-phase non-domestic installation has 9.2 kW hotplates.
Table No:

Load group and column reference:

Demand:

This portion of a 400 volt three-phase non-domestic installation has two lift motors rated at
9.4 A each.

Table No:

Load group and column reference:

Demand:

This portion of a 230 volt single-phase non-domestic installation has two 4 kW X-ray units,
each having a full-load current of 20 A.

Table No:

Load group and column reference:

Demand:
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Review questions

10. Calculate the maximum demand of a three-phase sub-main to a non-air-conditioned portion
of a factory having the following load:

1 only 3-phase 400 V motor having full load current of 18 A

2 only 3-phase 400 V motors a having a full load current of 8 A each

36 only 10 A single socket outlets (3 circuits)

33 only triple 36 W fluorescent luminaires having a rating of 0.35 A each (3 circuits)

Load| Load description Oty Calculation Demand| Demand | Demand
group (Red) | (White) | (Blue)
Maximum demand
11. Calculate the maximum demand of a three-phase consumer main to a block of 21 town

houses units each having following load:

18 only lighting points

6 only single socket outlets

12 only double socket outlets

3.6 kW permanently connected air conditioner having full-load current of 18 A
9.6 kW upright range

4.6 kW off peak hot water service

Load group Load group (0)3% Calculation Demand (4)

Maximum demand
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Notes
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7. Electrical Installation Design - Circuit
Arrangements

What this topic covers

This topic will provide exercises in the AS/NZS 3000: 2000 requirements for the design of safe
electrical installations as a revision and preparation for the Electrical Systems Safety assessment. In
particular you will consider the design of an installation on the basis of circuit arrangement and
installation methods.

What you are expected to be able to do

Demonstrate knowledge and skills related to:

* designing a safe single domestic electrical installation based on circuit arrangement

* designing a safe multiple domestic electrical installation based on circuit arrangement

* designing a safe non-domestic electrical installation based on circuit arrangement

* designing a safe single domestic electrical installation based on choosing a suitable wiring system

¢ designing a safe multiple domestic electrical installation based on choosing a suitable wiring
system

¢ designing a safe non-domestic electrical installation based on choosing a suitable wiring system.

Where you will find information

The following references will help you in completing the exercises and review questions in the topic.
o AS/NZS 3000:2000 Wiring rules, Sections 1 & 3, Standards Australia.

e HB300 - 2001, Electrical Installations, Part 1, Standards Australia.

* Pethbridge K. and Neeson 1., Electrical Wiring Practice K., 6th Edition, Vol.2, McGraw-Hill,
Sydney, Chapter 15.
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Student exercise 7.1 Circuit arrangement

1. Complete Table 7.1 to show the circuit arrangements for the single domestic installation
using the electrical schedule detailed in Appendix A of this resource manual.
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