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SECTION A — (15 Marks)

Instructions: Select the best answer for the following statements and place an “X” in the
appropriate box on the Answer Sheet attached to this examination paper.
Each correct answer is worth ONE (1) mark.

QUESTION 1. (1 Mark)

It 1s required to earth the structural metalwork forming the frame of a dwelling in a domestic
nstallation. How can this connection be made?

a) 4 mm’ bonding conductor provided that the resistance between the earth bar and any
p
part required to be earthed does not exceed 0.5 Q

(b) 2.5 mm’ protective earthing conductor provided that the resistance between the earth
bar and any part required to be earthed does not exceed 0.5 Q

(c}) appropriately sized protective carthing conductor at one point of the metalwork
provided that the resistance between the earth bar and any part required to be earthed
does not exceed 0.5 Q

(d) appropriately sized bonding conductor at one point of the metalwork provided that the
resistance between the earth bar and any part required to be earthed does not exceed
050

QUESTION 2. (1 Mark)

What is the minimum allowable load current rating of a separate RCD installed in a
domestic installation? The RCD is protecting two (2) final sub circuits each with a 10A CB.
The total maximum demand of the two circuits is 9A.

(a) 20A
(b)y 10A
{¢) OBA

(d) Sum of individual circuit breakers

QUESTION 3. (1 Mark)

From AS/NZS 3000:2007, the maximum permissible voltage drop between the point of
supply and the main switch on a 230V main switch board with several final sub-circuits
attached is:

(a) 5% Uo

(by 1l35V

(¢} 5% of the voltage measured at the MSB
(d} not prescribed
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SECTION A — (Cont’d)

QUESTION 4. (1 Mark)

Under short circuit conditions, what is the maximum permissible sheath temperature for a 25 mm®

PVC (V90) Cu single core cable?

@ 160°C
() 90°C
@ 75°C
@ 250°C

QUESTIONS. (1 Mark)

What is the standard minimum depth of laying an enclosed service mains cable

underground?
(a) 300 mm
{(b) 500 mm
(¢) 600 mm
(d) 1000 mm

QUESTION 6. (1 Mark)
The colour code that distinguishes a dry chemical powder fire extinguisher is:

(a) red with white stripe
(b} red with black stripe
(¢} bhe

(dy red

QUESTION 7. (1 Mark)

What 18 the maximum allowable earth leakage current for a 230V class I appliance with
sheathed heating elements?

(a) 30mA
(b) OmA
(c) 022mA
(d) 23 mA

6077AC MY2016 © TAFE NSW
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SECTION A — (Cont’d)
QUESTION 8. (1 Mark)

The sign shown in Figure 1 is an example of a:

4 )

HEARING AND EYE
PROTECTION
MUST BE WORN
IN THIS AREA

Figure 1

(a) prohibition sign
(b} mandatory sign
{c) restriction sign

{d) warning sign

QUESTION 9. (1 Mark)

Automatic disconnection of the supply is required to limit the harmful effects of intenal
switchboard arcing. Protection should initiate at a current less than:

(a) 20% of three phase prospective fault level
(b)  20% of single phase prospective fault level
(c)  60% of single phase prospective fault level

(d)  30% of three phase prospective fault level

QUESTION 10. (1 Mark)

What is the maximum allowable resistance of an equipotential bonding conductor?

{a) notspecified

B 20
© 1Q
(@ 050
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SECTION A — (Cont’d)

QUESTION 11. (1 Mark)
With which standard must equipment installed in a hazardous area comply?

(a) AS/NZS 2381.1
(b) AS2209
(c) AS3017
(dy ali of the above

QUESTION 12. (1 Mark)
After conducting a risk assessment, what is the first course of action taken to reduce risk?

(a) elimination
{b) PPE
{c) substitution

{(d) adminstration

QUESTION 13. (1 Mark)

A Certificate of compliance of electrical work must be finalised when an electrical
installation is tested. The section pertaining to testing should be completed by:

(a} the consumer
(b) the holder of the electrical contracting licence
(¢} the qualified supervisor (electrical) who completed the test

(d) aregistered installation inspector

QUESTION 14. (1 Mark)

The maximum disconnection time specified for protection against indirect contact for a final
sub circuit protecting a lighting circuit is:

(a) unspecified

() O.ls
{(c) 04s
(d 3s
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SECTION A — (Cont’d)

QUESTION 15. (1 Mark)

Every conductor shall have a current-carrying capacity that must be:

(a)
(b)
(c)
(d)

less than the current for which the circuit is designed (1)
not less than the circuit breaker nominal rating (In)
not greater than the current to be carried by the conductor

based on an ambient air temperature of 40°C

(END OF SECTION A)

6077AC MY2010
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SECTION B — (20 Marks)

Instructions: Blank spaces in the following statements represent omissions. Write the
appropriate word, words or information in the spaces provided. Each
question is worth TWO (2) marks. ONE (1) mark is deducted for each
incorrect or missing reference. TWOQ (2) marks are deducted for each
incorrect answer.

»  Use AS/NZS 3000:2007 to best answer each question.
* Include AS/NZS 3000 references where required.

QUESTION 1. (2 Marks)

What distance is required between a combustible structural member and a recessed halogen
lamp?

(AS/NZS 3000 Reference: .......c................... )

QUESTION 2, (2 Marks)

Is it necessary to provide an equipotential bond to a conductive water pipe that is in contact
with the ground and accessible from within a building?

(AS/NZS 3000 Reference: ..o...oooovievvivvenn. )

QUESTION 3. (2 Marks)

What is the minimum size and colour of the MEN connection in a main switchboard that is
supplied by unprotected consumer mains?

(AS/NZS 3000 Reference: ......o.ooooeiveeer )

6077AC MY2010 © TAFE NSW
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SECTION B — (Cont’d)

QUESTION 4. (2 Marks)

What is the maximum length of time a person can withstand a touch potential of 65V under
wet conditions?

(AS/NZS 3000 Reference: .....ococvevveiveeeeann. )
QUESTION 5. (2 Marks)

[s it permissible to use bare copper cable as an earth electrode?

(AS/NZS 3000 Reference: ....o.oooovverevevenn . )

QUESTION 6. (2 Marks)

What are the specific requirements (including IP rating) of a socket outlet installed within
zone 2 of a sink having a capacity less than 45 litres?

(AS/NZS 3000 Reference: .............ocoovvevieen. )

QUESTION 7. (2 Marks)

What is the minimum rating of a circuit breaker used to protect a domestic final sub circuit
supplying a 12kW range?

{AS/NZS 3000 Reference: .......ooccovvveeeeeernn )

6077AC MY2010 © TAFE NSW
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SECTION B — (Cont’d)

QUESTION 8. (2 Marks)

Is the following item of electrical equipment included in the classification of fire and smoke

control equipment? Air handling systems intended to exhaust and control the spread of fire
and smoke,

(AS/NZS 3000 Reference: ...........oocvvvrierivnnnnn, )

QUESTION 9. (2 Marks)

List FIVE (5} criteria that need to be addressed when designing an electrical installation:

(AS/NZS 3000 Reference: .......oooeevvvvineeinnen, )

QUESTION 10. (2 Marks)

Wiring systems associated with fire and smoke control equipment, evacuation equipment
and lifts, shall be capable of maintaining an adequate supply to such equipment when:

(AS/NZS 3000 Reference: .....oooovvvvveeerieennnn, )

(END OF SECTION B)

6077AC MY2010 © TAFE NSW
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Marks
SECTION C — (45 Marks)

Instructions: This section involves calculations. Show all necessary working in the space
provided. Marks will be awarded accordingly. Answers are to be
highlighted or underlined.

QUESTION 1. (4 Marks)

Fauit current (IPSC]  Distributor's network

L1
- L2
. L3

N

DistributionTransformer
1000 kvA 230400V Service line
WUZ=4.1 _
’ Point of supply Y VY Via=30kA@POS
Consumers mains
1% 50 mm?
CuXd0singe  29M
per phase
[T e i S i M
: Main switchboard ) .\_ F&Llllf 1
| Meutral i
| MEN connaction |ba{ |
|
I
| Earth bar \ |
R
Substation LV
sarthing conductor
hain
earthing
T conductor

Figure 1
Parts a to d relate to Figure 1.

1 (a) Determine the phase impedance of the distribution transformer.

6077TAC MY2010 ® TAFE NSW
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SECTION C - (Cont’d)

QUESTION 1. (cont’d)

1 (b} Determine the distributor’s network system impendance, for a 3¢ prospective fault
current of 30kA at the point of supply.

1 (c) Assuming a bolted 3¢ fault at the M.S.B. as indicated on the diagram, calculate the
maximum prospective short circuit current. The Consumer mains consist of 1 x 50
mm? Cu X90 SDI per phase with a route length of 25m. The maximum fault leve] at
the Point of supply is 30kA, as indicated on the diagram. (AS3008 has appropriate
tables for conductor resistance — ignore reactance.)

1 (d) From the list below choose a suitable interruption capacity for protective devices
installed at the main switch board:

JkA

4.5kA

SkA

10kA

15kA

6077AC MY2010 © TAFE NSW
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SECTION C - (Cont’d)
QUESTION 2. (4 Marks)
25 mm? .
MSB X390 Singles Cu Type C ¥9U multi-core Cu 230V 18A
POS Enclosed in Air \ Enclosed in Air Load
O o { - * - T TTT]
Uo=230/400V Line 25m I5m

Voltage Wtax Demand

measured B0A per phase

at MSB

=38BY

Based on VOLTAGE DROP, determine the minimum size cable for the SINGLE PHASE
final sub circuit shown above,

QUESTION 3.

(4 Marks)

%90 Cu unenclosed
circular TPS laid flat
on a wali in air touching
two simuar circuns

SB .
20A 230V 164,
Type C Load

C.B.

Cable installation method

1711

Based on CURRENT CARRYING CAPACITY, determine the minimum size cable for the
SINGLE PHASE final sub circuit shown above.

6077AC MY2010
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SECTION C — (Cont’d)

QUESTION 4. (4 Marks)

16ATyRe CCB grnlactive + Neutral vou TP Distributed
\ 2 5mm Earth V90 TP) socket outlets
SB . \ e
-[: s /[\ /I\
52m

Ue = 230V

Based on FAULT LOOP IMPEDANCE, determine if the final sub circuit satisfies the
requirements of AS/NZS 3000:2007. Show all references and working,

QUESTION 5. (4 Marks)

Determine the maximum demand for the following 230V SINGLE Domestic Installation:

36 x 50W down lights

18 x double 10A socket outlets

4 x single 10A socket outlets

1 x 8 kW 230V cooktop

1 x 3.6 kW 230V oven

1 x 15A socket outlet (general purpose)

1 x permanently connected 230V 8A split air conditioner
4 x permanently connected 1 15W ceiling fans

2 x 10A socket outlets installed > 2.4m for 65W exhaust fans
1 x 400 litre Solar hot water with a 20A quick recovery boost element

6077AC MY2010 © TAFE NSW
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SECTION C — (Cont’d)

Load Group

Load / Qty

Calculation

Maximum
Demand

Al

Ali

Bi

Bii

Biii

Maximum Demand

6077AC MY2010
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SECTION C ~ (Cont’d)

QUESTION 6. (7 Marks)

Determine the maximum demand for the following 230/400V three-phase MULTIPLE
domestic installation, consisting of twenty five (25) individual living units.

Electrical equipment associated with each individual (1) unit:

22 x 50W down lights A [

12 x double 10A socket outlets @ [

3 x single 10A socket outlets £/

I x 10A socket outlet for 230V air conditioner £¢ o4~ &

2 x permanently connected 120W ceiling fans 4/

In addition to the load above, six (6) of the units have the following electrical loads.

1x11 kW 230V range -

1 x 4.8 kW electric storage hot water system ¢~
The following communal load is also installed:

1 x 400V 3¢ 18A Atrium air conditioning system 2
30 x 230V 100W security lights (10 lights per phase)
1 x 400V 35A 3¢ lift motor 7

6077AC MY2010 © TAFE NSW



QUESTION 6.
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SECTION C — (Cont’d)

(Cont’d)

Use only the required load groups in the table below

Load | Load/ Qty
Group

Calculation

Red

White | Blue

Ali

Bi

Bii

Biii

Ji

Jii

Jiii

Maximum Demand

6077TAC MY2010
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SECTION C - (Cont’d)

QUESTION 7. (3 Marks)

10mne bare Cu MIMS 1/1kV

Cable installation method
two circuits touching on
peiforated horizontal
single tier cable tray

Determine the CURRENT CARRYING CAPACITY of the THREE phase 10 mm? bare

multi-core Cu MIMS cable, which is installed flat on a perforated cable tray touching
another similar circuit,

QUESTION 8. (4 Marks)

32A
Type C 2 _
CB 4 mm ¥90 Cu multicore cabie

\ three phase
T / socket outiet
L— D

length = ?

A 400V three phase final sub circuit supplying a socket outlet is to be wired with 4 mm? X90
four-core and earth cable. The circuit is protected by a 32A, type C circuit breaker. The
voltage drop in the cables supplying the Sub Board is 3.1% of Uo. In order to comply with

AS/NZS 3000:2007 regarding voltage drop, what is the maximum allowable route length of
the circuit?

6077AC MY2010 © TAFE NSW
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SECTION C — (Cont’d)

(6 Marks)

QUESTION 10.

Determine the maximum demand for the following 400V NON DOMESTIC RETAIL

installation. Each retail shop has light, power and air conditioning loads. The office has

light, power and variable volume air conditioning loads.

Site Boundry

V.

Megering
Positon 72

y,

- (Sm}
Roerall !
100 37

4
1¢ B

Resd E (20a)

(100 w7

%

3d

— m“J:L {T3m}
1
i Iﬁ Genersl E Major Tenant G| Retad
\\\.v.. s mm::_u {20m) Specaly -Retal {50m) €200 m*)
Mam L) 290 m? {460 ") !
Switchboard 1 :
& Metermg .
Position &1 i A Speciaky 3 ¢ ]
Parking and Driveway
1h (1000 m3
Metermg
Postion Rewd :wwﬁw_,w :Mm_%.u (100 w’)
. : 1 “) - .
£3 (100 a? p : i
i T
P Y Retad
Bl
Ga) -1 _w G m)

o H_ (48m1)

e
{100 o)
[

1dc

© TAFE NSW
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QUESTION 10.
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SECTION C — (Cont’d)
(Cont’d)

Unit

Area

Calculation

10

Carpark

Maximum Demand

6077AC MY2010

(END OF SECTION C)
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SECTION C — (Cont’d)
QUESTION 14. (Cont’d)

Unit Area Calculation A B C

10

Carpark

Maximum Demand

(END OF SECTION C)

6077TAC MY2010 ® TAFE NSW
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SECTION D - (20 Marks)

Instructions: The questions in this section require some simple drawing. Ensure that the

drawing is neat and legible. The use of pencil on the drawing is acceptable
in this section only.

QUESTION 1. (5 Marks)

The following diagram shows a sub board in a domestic installation, The sub mains include
an active, neutral and earth from the MSB, There are four (4) final sub circuits supplying

socket outlets, wired with 2.5 mmz, multi-core, V90, Cu cables. The installation condition of
all final sub circuits is fully surrounded by thermal insulation.

Complete all necessary active, neutral and earth connections for these four final sub-circuits

on the wiring diagram below, ensuring the completed wiring complies with the relevant
Australian Standards.

Earth Earth Unprotected Proected Protecied
000D OO00 TOOOQ OO0 D cocooo0 (Doooooool
oo oot O] IODQevcoco | |D vococeos| |D covodoo

Submains 123456788 101 213414 12345 8 1234567 1234567

5

Neutral %
=
& Circuit breakers

Active & RCD RCD
®»jo oo ololololoJo]JoJoJoleloJeJo

o

@E@%@@@@@@@@@@@@

10A[10A110A]10A] 1641162 116A 14612041 20A1 2041204
538 [ 63A _ IOKA| BKA| GKAIBKA | 6kA] BKA] GKAIBKA |6KA | BKA] BKA] BKA
Olfo olo oclololololo|lolo|lololololo

RO VRV BRQ 19RO

Circuit No 1 Circuit No 2 Circuit No 3 Circuit No 4

6077AC MY2010 @ TAFE NSW
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SECTION D — (Cont’d)

QUESTION 2. (2 Marks)

A 16A circuit breaker with the tripping characteristic shown below is protecting a 230V
circuit wired with 2.5 mm”®, multi-core, V90, Cu cable. The circuit is supplying socket
outlets. The fault loop impedance was measured at the furthermost point on the circuit using
a fault Joop impedance instrument. The result was 1.7 Q) at ambient conditions (i.e., 40°C).
Answer the following questions showing all working, and support your answer/s by marking
the characteristic curve Figure 2 below.

Tripping Time
" B om ow 2
- w g % 5 ¢ = 3 - P ¢ 5 B
PR OFEY IEY O fee 3B OFRTOEEE ;o
—+ —t T + gy
i : i : | : vl b i
= e CT
i i
i ;
H H i
: P
i il
: T ;
§ ;
- ]
~ ¢
] I
I ;
1 =
f 3
: Is}
o T %!
-1 B 5’
= ; - S’
; s 4
o i i
5.. | i g
" .U'
2 I! &
0
1 K g—
o : [
= = rf 1 5
z :
-t &
11
sH ¢
I
T
by
;
]
i
4
il
[
T
S

Figure 2
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SECTION D - (Cont’d)

QUESTION 2. (Cont'd)

a) Calculate the fault current for an active to earth fault at the furthermost point.

b) Determine the circuit breaker disconnection time considering the fault condition
indicated above.

d) Determine the maximum allowable resistance of the protective earth conductor.

6077AC MY2010 © TAFE NSW
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SECTION D — (Cont’d)
QUESTION 3. (4 Marks)

The following diagram shows how the switchboard has been prepared, ready for testing the
msulation resistance between active and earth of a single-phase power circuit. The circuit is
protected by a 32A separate RCD and a 16A MCB. Identify the correct setting for the
insulation resistance tester by placing an “X” in the appropriate box and answer the four
following questions. The board is electrically isolated.

M.EN.
' Fah T Unprotected Frotecten
oo eTICE Qaooa( QOO XY Y]
pooooooee oo OO D oo&at@_‘ goo0o00 ()
173456788 DNZDH 1123408 ¢ /12345867
~— rd
:E;—: . MNi
Neutral | ?":, 25
= Combination
- £ |RED Cirguit breakers\, ~ RCD/MCBs
ctive
Ble ellofelbTofold]o ¢ olo o0 ojo ©
! . 11 . erif] | foer o 0|
=6 [BEEEERe - B |
LK X '
L BA 1 OA [16A]16A J20A] 204 T U U
=1 A EkAl BkAl BkATBkA TokAT BkAY CA  BkAlBs kA
@ )Faoaooolo W0 oo ©
\
’ oy sub
\\ Clnguit
I 1000 V M Ohim
01 500 V M Ohm L —
| R O 250V 1 Ohm
O 500 Ohm i
D 3 ohm Linp Enith /
Circle the correct answer
The MEN link (2) should be: A reading of oo MQ would indicate:
a) Connected to position 1 as shown a) Satisfactory result
b} Disconnected b) Unsatisfactory result
The main neutral should be: The leads of the testing device are:
a) Disconnected as shown a) Correctly connected
b) Connected to Position | b) Incorrectly connected

6077AC MY2010 © TAFE NSW
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SECTION D — (Cont’d)
QUESTION 4. (3 Marks)

Answer the question and complete the following table using the diagram below.

A correct circuit connection test is being performed. Identify the correct setting for the test
equipment by placing an “X” in the appropriate box. The board is electrically isolated.

Earih Unprotected — _Protected
CTOOOOOTD OOIDD LY YT TT) D cvooooe(
goooooTee oooow DO Dozoooo 0000000 (]

153456760 BNERR T ﬁmss 1234567

i

C 0j0jOoJo]o]lo]o]oO

B° BEBEEEE - B B @

o _©

et
=
Neutral l :%
| § —
i RCD Circuit breakers %
Active b

O L O
CA | BA|16A)16A|20A 20A ¥
J2A EkA| BkA] EKAYBRATEKAL 6 6A  BKALIRA BKAT16A BkA]16A 6
®{o olo]lolo]lolololo o o0Jo o0le @lo o
L
01000 VMOM —m—
O 500 V M Ohm e
[J 250 V M Ohm L1~ g% \

-~ Main Earth
0O 500 Ohm
E] 3 Ohm Lino / Earh

Assuming the socket outlet is correctly connected, complete the table:

Test Equipment Connection Reading

Active to Earth
with socket outlet switched on

Active to Earth
with socket outlet switch off

Neutral to Earth
with socket outlet switch off

Neutral to Earth
with socket outlet switch on

Identify any fault indicated by a reading of approximately 15  between the neutral and
earth socket measured at the socket outlet:

6077AC MY2010 © TAFE NSW
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SECTION D — (Cont’d)

QUESTIONS. (3 Marks)

Provide a brief written explanation highlighting why each fault is potentially dangerous.

Fault Answer

Insulation
resistance too
low

Socket outlet
reversed
active neuiral
polarity

Intermix of
two lighting
circuit neutrals

(END OF SECTION D)
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Equation — Data Sheet
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— R2
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o2
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!
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/
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T =
R
- OInP
£ 60a
_P
/ 120
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I = Bil

P 2mT
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v =0.707V,

l,.=06371_
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SECTION A — (15 Marks)

INSTRUCTIONS: Select the best answer for the following statements and place an
‘X” in the appropriate box on the Answer Sheet attached to this examination paper.
Each correct answer is worth ONE (1) mark.

QUESTION1. (1 Mark)

It is required to earth the structural metalwork forming the frame of a dwelling in a
domestic installation. How can this connection be made?

(a) 4mm” bonding conductor provided that the resistance between the earth bar and any
part required to be carthed does not exceed 0.5 Q

(b) 2.5mm?’ protective earthing conductor provided that the resistance between the earth
bar and any part required to be earthed does not exceed 0.5 Q

(c) appropriately sized protective earthing conductor at one point of the metalwork
provided that the resistance between the earth bar and any part required to be earthed
does not exceed 0.5 Q

(d) appropriately sized bonding conductor at one point of the metalwork provided that the
resistance between the earth bar and any part required to be earthed does not exceed 0.5Q

QUESTION 2. (1 Mark)

What is the minimum allowable load current rating of a separate RCD installed in a
domestic installation? The RCD is protecting two (2) final sub circuits each with a
10A CB. The total maximum demand of the two circuits is 9A.

(a) 20A
(b) 10A
(c) A

(d) sum of individual circuit breakers

QUESTION3. (1 Mark)

From AS/NZS 3000:2007, the maximum permissible voltage drop between the point
of supply and the main switch on a 230V main switch board with several final sub-
circuits attached is:

(a) 5% Uo

(b)) 115V

(c) 5% of the voltage measured at the MSB
(d) not prescribed

Subject No: 6077AC Electrical System Safety OTAFENSW



SECTION A — (Cont’d)
QUESTION 4. (1 Mark)

Under short circuit conditions, what is the maximum permissible sheath
temperature for a 25mm” PVC (V90) Cu single core cable?

(a) 160° C
(6)90° C
(©)75°C
(d) 250° C

QUESTION 5. (1 Mark)

What is the standard minimum depth of laying an enclosed service mains cable
underground?

(a) 300 mm
(b) 500 mm
(c) 600 mm
(d) 1000 mm

QUESTION 6. (1 Mark)

The colour code that distinguishes a dry chemical powder fire extinguisher is

(a) red with white stripe
(b) red with black stripe
(c) blue

(d) red

QUESTION 7. (1 Mark)

What is the maximum allowable earth leakage current for a 230V class I appliance
with sheathed heating elements?

(a) 30 mA
(b) 0 mA
{c) 0.22 mA
(d) 23 mA

Subject No: 6077AC Electrical System Safety OTAFENSW
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SECTION A — (Cont’d)

QUESTIONS. (1 Mark)

The sign shown in Figure 1 is an example of a:

(a) prohibition sign

(b) mandatory sign

HEARING AND EYE

(c) restriction sign PROTECTION
. . MUST BE WORN
(d) warning sign IN THIS AREA
Figure 1

QUESTION 9. (1 Mark)

Automatic disconnection of the supply is required to limit the harmful effects of
internal switchboard arcing. Protection should initiate at a current less than:

(a) 20% of three phase prospective fault level
(b) 20% of single phase prospective fault level
(c) 60% of single phase prospective fault level
(d) 30% of three phase prospective fault level

QUESTION 10. (1 Mark)

What is the maximum allowable resistance of an equipotential bonding conductor?

(a) not specified
(b) 2Q)

(c) 1Q

(d) 0.5Q

QUESTION 11. (1 Mark)

With which standard must equipment installed in a hazardous area comply?

(a) AS/NZS 2381.1
(b) AS2209
(c) AS3017
(d) all of the above

Subject No: 6077AC Electrical System Safety ©TAFENSW
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SECTION A — (Cont’d)
QUESTION 12. (1 Mark)

After conducting a risk assessment what is the first choice of action taken to reduce
risk is:

(a) elimination
(b) PPE
(¢) substitution

(d) administration

QUESTION 13. (1 Mark)

A Certificate of compliance of electrical work must be finalised when an electrical
installation is tested. The section pertaining to testing should be completed by:

(a) the consumer
(b) the holder of the electrical contracting licence
(c) the qualified supervisor (electrical) who completed the test

(d) a registered installation inspector

QUESTION 14. (1 Mark)

The maximum disconnection time specified for protection against indirect contact
for a final sub circuit protecting a lighting circuit is

(a) unspecified
(b)0.1s
(c)04s

(d) 5s

QUESTION 15. (1 Mark)

Every conductor shall have a current-carrying capacity that must be
(a) less than the current for which the circuit is designed (IB)
(b) not less than the circuit breaker nominal rating (IN)

(c) not greater than the current to be carried by the conductor

(d) based on an ambient air temperature of 40°C

(End of Section A)

Subject No: 6077AC Electrical System Safety ©TAFENSW
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SECTION B - (20 Marks)

INSTRUCTIONS: Blank spaces in the following statements represent omissions. Write
the appropriate word, words or information in the numbered spaces provided. Each
question is worth TWO (2) marks. 1 mark is deducted for each incorrect or missing
reference. 2 marks are deducted for each incorrect answer

Use AS/NZS 3000:2007 to best answer each question.
Include AS/NZS 3000 references where required.

$ .52

QUESTION 1.

What distance is required betweel
halogen lamp?

200 mm

AS/NZS 3000 Reference (

QUESTION 2.

. Building elemsnt above fitling v
i i T Buildin
F— Tianstormer | Ceiene - recessed
Iaaze lill insudation S0omm A =
or loose combustible :_r____nggmn_r
matsriak
N hk ]
i fi
m‘ IR “
Thermal lnslu]mlun ! i
1l ! . S
LY ;
—_
e ey il 'k —
Rezzssed
luminaire
Dimensien Incandescent amp Halogen lamp [
A~ clearance above luminaire 50 mm 200 mm
B - side claarance lo structural memter A0 mm 200 mim
C - clearance to thermal insulation 50 mm 200 mm
D - clearance 1o supply transformer 50 mm
( FIGURE 4 'r'l DEFAULT MINIMUM CLEARANCES FOR RECESSED
LUMINAIRES

Is it necessary to provide an equipo
contact with the ground and access

YES

AS/NZS 3000 Reference (
J¢. 2 b

QUESTION 3.

What is the minimum size and colo

Al conductive
witst piging

Internal s3cesa

Equipate
Eonding required

ipe that is in

Han-condustice
water RIEING I
wall cavity,

e internel sccess.

Equipoieniial
ot

LEGEND

FIGURE &

54 EXAMPLES OF tQUrIPOri:N IIAL BONDING CF CONDUCTIVE

p23s
switchboard

WATER PIPING

that is supplied by unprotected con

§-7) —&Pawlb’fyg ff"""/rzfm{_

Sr2 AS ~NEvTAAL~— 5"'.3 ek

(a)
(b)

the main earthing terminal/connection or bar,
accordance with Clause 5.3.5.2, the cross-sectional area of the MEN
connection shall be not less than that of the main neutral conducter.

5.5.3.5 Unprotected consumers mains
il

Exposed conductive parts associated with consumers mains not provided
with short-circuit protection on the supply side shall be earthed by a
conductor with a current-carrying capacity not less than that of the main
neutral conductor.

This conductor shall be connected to—
the main neutral conducter or bar, or

in which case, in

Subject No: 6077AC

5.3.5.2 Size

The MEN connection shall be a conductor camplying with Clause 5.3.2 and
have a cross-seclional area capable of carrying the maximum current that it
may be required to carry under short-circuil conditions

The minimum size shall be not less than. but need not exceed. the cument-
carrying capacity of the main neutral conductor.

Excepiron: The mmimum size of the MEN connection need not excead that

of the main earthing conductor where—

(8} shor-cucuit protection 1$ provided on the supply side of the consumers
mains; or

(b} the earthing of an enclosure caniaming consumers mains not provided
with short-circuit protection on the supply side is made by connection
directly to the neutral bar or fink w» accordance with Clause 5.5.3.5: or

{t) double msuiahon of the consumers mains conductors 1s mamtained up
to the suppiy terminal/s of the service protective device’s. and shori-
circuit protection is provided by such devicess.

MNOTE: An eleciricily distribulor’s upstream  service protective device may
provide short-circuil protection of consumers mains

5.3.5.3 [dentificalion

Where the MEN connection is insulated. the insulation shall be coloured
green or In a combpination of green and yellow. in accordance with
Clause 3.8,

Electrical System Safety

©TAFENSW




QUESTION 4.

What is the maximum length of ti

. .

SECTION B - (Cont’d)

65V under wet conditions?

~dfr S opmr

DURATITH, s

AS/NZS 3000 Reference (

p3te

L

1000

160

Tor nomal condémas

tor wet e ndtios.

1a0

WOLTAGE, v

1000

t2uch vorsge Inw SOV

touch vonyge Ima 25 Y

FIGURE B4 MAXIMUM DURATION OF FROSPECTIVE 80 Hz TOUCH
VOLTAGE [Reproduced from IEC $1200-413 Figure G2}

otential of

TABLE 5.2
QUE STION S AGCEPTABLE EARTH ELECTRODES
.
. Minknuim surface
Material Surfuce treatment “"t:":‘.":’::‘ treatinent
el thicknoss
. . .
Is it permissible to use bare copper ¢
Copper clad @12 mn gircular rod 250 pm
Copper plated ©12 wm diroular rod 260 pm
Stainless (zlad) P12 met dreular 104 500 pm
y E —r Sieel Hot dipped galvanised @15 mm circular 1od 83 pm
Het gippes galvanised Section with muninum 63 pm
cigss-seclional sren of
260 wn’® ang wih na par
Ie353 than 3 nm sk
Now-fermous Solly 12 mm Wit
texciuaing
sluminium
Herizental {sirip) elechiodes
Copper fod Seld @7 mm cwculer HiA
Coppor stnp Sol 25 mmx 1.6 mni HiA
Copper pipa @15 min ciicular x it
245 mmwal Inckness
Copper @ 35 min’ NIA
AS/NZS 3000 Ref: 5
e erence Steel pipe Hoi dipped galvenised 220 E3pm
Sleel slrip Hel dippad galvanised 40 mm x 3 mim S3pm
F2Lie
QUESTION 6.

What are the specific requirements (in¢
within zone 2 of a sink having a capacit

y:

TABLE 6.

. P2%7

GUIDANCE ON THE SELECTION AND INSTALLATION OF
ELECTRICAL EQUIPMENT FOR BATHS, SHOWERS
AND OTHER FIXED WATER CONTAINERS

nstalled

T pPx NerT

REQuir EZ

AS/NZS 3000 Reference (

6-2.¥-2bh

QUESTION 7.

What is the minimum rating of a circui
sub circuit supplying a 12kW range.

Z‘LF} My~

Egqulpinunt Zono 0 Zone 1 Zone 3
Clause 6.2 4.2 Not permined | Net permitied ’fn) a shaver {8)=C.3 m nel
Seckel-outhls outlet; or permined

{t} RCD- {b}20.3 mane P
protected rating” tut shail
and in a have-.
cupbsard (no y
Spacific IP LU
ling). o

tii) separated
supply: or
i) SELV 2
PELV
SUpRlY
Clause 6.2.4.3 Nal permined Same as <C.3m nat <23 m not
Switche s/ Zone 2 permited paimitied
accessories 2.3 mIPxaT =0.3m
P —— na IP rating”
Clouse 6,2.4.4 IFXT and 1PRa 1PX47, of No P rating”
Luminaires speclfically for Class 1l
use and SELV constrection
of PELY {double or
supply reinforced
msulalizn); o1
SELY or PELY,
of recessed 1010 f' ]
Coling mna
Clause 6.2.4.5 IFX7 and IPx2T 1PX4": of Ne 1P raling”
Cther specifically for recessod inlo
usa and SELV zeiling
ot PELV
supply
Clause 6.2.4.8 Mol pormitied | Nol parmitied Nol permitied Nel permitied
Switchboards

*Degroe of proledion IPXS roquired in zemmunal bathsishawers.

TABLE C4

393

MAXIMUNM DEMAND--DOMESTIC COOKING APPLIANCES

AS/NZS 3000 Ref

Appliance full-load energy rating per phase

Assozsed maximum

demand
Not greater Inan 5000 W 15 A
Greater than 5000 W but not graaler thar 2000W 22 A
Grealerthan 6000 W but not greater than 10000 W 25 A
Greaterthan 10000 W but not greater than 13000 W 3TH —
Gresterthan 12000 W 40 A

Subject No: 6077AC
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SECTION B — (Cont’d)

QUESTION 8.

Is the following item of electrica
smoke control equipment? Air |
spread of fire and smoke.

Ves \

AN

7.2.1.2 Fire- and smoke-coniro! equipment

fart

For the purposes of this Clause 7.2, fire- and smoke-control equipment
shall be deemed to include the following items and electrical equipment that
are essential to their safe operation:

(a)
(b)

(c)

(d)
(e)

Fire hydrant booster pumps.

Pumps for automatic sprinkler systems, water spray or deluge systems
and similar fire-extinguishing systems.

Pumps for fire-hose reels, where such hose reels form the sole means
of fire protection, i.e. where fire hydrants and automatic fire-sprinkler
systems are not installed.

Fire detection and alarm systems.

Air-handling systems intended to exhaust and control the spread of
ire and smoke.

aind
the

AS/NZS 3000 Reference (

)

QUESTION 9.

List five criteria that need to be addressed when designing an electrical installation.

1.6.1 Gen

eral

1.6 DESIGN OF AN ELECTRICAL INSTALLATION FS© 7/

An electrical installation shall be designed to—
{a) protect persons, livestock and property from harmful effects;
{b) function correctly as intended;

(c} connect, operate safely and he compatible with the electricity
distribution system, or other source of supply, to which the
electrical installation is to be connected;

(d} minimize inconvenience in the event of a fault; and

(e) facilitate safe operation, inspection, testing and maintenance.

AS/NZS 3000 Reference ( /-6

d

QUESTION 10.

Wiring systems associated with fire and smoke control equipment, evacuation

equipment and lifts, shall be capable of maintaining an adequate supply to such

equipment when:

7.2.7 Wiring systems
7.2.7.1 General

Faqi

Wiring systems associated with safety services shall be capable of
maintaining an adequate supply to such equipment when exposed to fire.
— =

AS/NZS 3000 Reference (_ 7-2- 7/ VYo T7-2-§-1

(End of Section B)

Subject No: 6077AC Electrical System Safety
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SECTION C — (45 Marks)

INSTRUCTIONS: This section involves calculations. Show all necessary working in
the space provided, marks will be awarded accordingly. Answers are to be
highlighted or underlined.

QUESTION 1. (4 Marks)

Fault current {IPSC) Distributor's network

- L1

- L3

N

DistributionTransformer

1000 kvA 230/900v Sarvice line
%Z=4 .1

Point of supply Y1 Via=30kA@POS

il
Consumers mains T
1x 40 mm2
Cu X90 single 2om

per phase ‘L
ety i '
Main switchboard ) \_ Fault

MEN connection Ibar
Earth bar

=
1o
=
&
_/Hif

Substation LV
sarthing conductor

Main
aarthing
conductor
P
AL AT

Figure 1
Parts a to d relate to figure 1

a) Determine the phase impedance of the distribution transformer.

T T =8 1 Ise=1001f1 [7| Zph=Uph Zph= %zUL?
1 Mark \3U Yoz Tsc OR 1008
= 1,000.000 — = 144300 — =230 — " = 4 1x 400°
693 — 4.1 35,200 100x 100075
=1,443 A | =352kA ! =6.53 mQ = 6.56 mQ
0-00853a_|

Subject No: 6077AC Electrical System Safety ©TAFENSW
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SECTION C — (Cont’d)

b) Determine the distributor’s network system impedance, for a 3¢ prospective fault current
of 30kA at the point of supply

Zsys=Uph

Ipsc
7 1 Mark =230
30,000

=7.67 mQ

0 607660

¢) Assuming a bolted 3¢ fault at the M.S.B. as indicated on the diagram, calculate the
maximum prospective short circuit current. The Consumer mains consist of 1 x 50 mm®
Cu X90 SDI per phase with a route length of 25m. The maximum fault level at the Point
of supply 1s 30kA, as indicated on the diagram. (AS3008 has appropriate tables for
conductor resistance — ignore reactance. Assume conductor initial temperature is 45 deg)

1 Mark Zsys= Uph Isc= Uph - 21 i AS3008 Table 34 @ ¢5°
Ipsc Ztotal Sf¥+ 25m x 50mm’ X90 Cu [
= 230 = 230 = 0426 x25
30,000 0.00767 + 0.0107 1000 —
=7.67 mQ =12,520 A =10.7 mQ
=12.6 kA 0 0l07 A —

d) From the list below choose a suitable interrupting capacity for protective devices
installed at the main switch board Fea cCouwecre Fusé

3kA

4.5kA

8kA

10kA

@\ Correct answer 1 Mark
N o

Subject No: 6077AC Electrical System Safety O©TAFENSW
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SECTION C — (Cont’d)

QUESTION 2. (4 Marks)
25 mm? 204 .
MSE X90 Singles Cu Type ¢ V90 multi-core Cu 230V 184
POS Enclosed in Air \ Enclosed in Air Load
o 5 > Ll ~ {TTTT]
Uo =230/400V Line ~Em > SB 3%m
Voltage Max Demand
measured 80A per phase
at MSB
=388V

Based on VOLTAGE DROP, determine the minimum size cable for the SINGLE PHASE

final sub circuit shown above,

AS3008 Table 41 Vd= VcLl Total Vdio MSB 5%x230=11.5V Convert 4.3 to 3¢ Ve
25mm?® Cu X90 - 1000 1 400-388=12V T 11.5-8.77=2.73V [ 4.3x0.866 =3.72mV/Am
Ve =1.601 mV/Am = 1.601x25x80 Total Vd to SB Vo= 1000Vd AS3008 Table 42
1000 | =12+32 LI .| V90 Cu Multicore
=32V =15.2V = 1000x2.73 Minimum ¢able size
Convert to 1¢Vd 35x18
=152 — =43 mV/Am — 16mm (2.43mV/Am)
1 Mark V3
=8.77V
1 Mark 1Mark |—
QUESTION 3. (4 Marks) | 1Mark
%90 Cu unenclosed
circular TPS laid flat
on a wall inair touching
two simifar cirelns
sB ~_,
Ll—" —{ 11O
204 230V 1BA
Type C Load
c.B.
&
&
3
Cable installation method
. | . . .
gerat}ng gab]e 22 %em 3 Column 6 ITY determine the minimum size cable for
erating factor 0.7 1 Mark Vn above.
Cable minimum CCC = 20 L
0.79
-2534] 1 Mark
From AS3008 Table 3.1 Ttem 12
Table 10 Colurnn 3 1 Mark
.4 Minimum cable size = 2.5mm (26A)
Subjs 1M ark }71 Safety ©TAFENSW
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SECTION C — (Cont’d)

QUESTION 4. (4 Marks)
16A Type C C.B. Brmm Active + Neutral Vo0 TP! Distributed
\ 2 5mntEarth Va0 TP socket outiets
SB . 4
E — i /I\ /J‘\
) 52m

Uo = 230v

Based on FAULT LOOP IMPEDANCE determine if the final sub circuit satisfies the
requirements of AS/NZS 3000:2007 — show all references and working

_{ AS3000.2007 | | From AS3000.2067 | | Lmax=0.8UoSphSpe | | Circuit Length =52m

Disconnection time 0.4s Appendix B5.2.2 Iap(Sph+Spe) Lmax=120m

Unable to use Table B1 p=0.0225 Lmax=0.8x230x6x2.5 52<120
- —  Appendix B4.5 - 120x0.0225x8.5 r~ Circuit satisfies the

la=16x7.5 Lmax=2760 requirements of fault
] Ia =120 A | 22.95 || loop impedance.
1 Mark Lmax=120m
1 Mark 1 Mark 1Mark [
QUESTION §. (4 Marks)

Determine the maximum demand for the following 230V SINGLE Domestic Installation

36 x S50W down lights 4/

18 x double 10A socket outlets 4/

4 x single 10A socket outlets £

I x 8 kW 230V cooktop €

I x3.6 kW 230V oven <

1 x 15A socket outlet (general purpose) B i/

I x permanently connected 230V 8A split air conditioner

4 x permanently connected 115W ceiling fans

2 x 10A socket outlets installed > 2.4m for 65W exhaust fans A 1

1 x 400 litre Solar hot water with a 20A quick recovery boost element
Subject No: 6077AC Electrical System Safety ©TAFENSW
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SECTION C — (Cont’d)

Deduct 1

mark each
incorrect line
Load Group Load / Qty Calculation Maximum
Demand
36 lights 42 points
Ai 4 ¢ fans 3A (first 20) + 2A (next 20 or part thereof) 7A
2 ex fans + 2A (next 20 or part thereof)
Aii
18 Dbl 10A 41 points
Bi 18 x 2=36 10A (first 20) 20A
4 Single 10A | SA (next 20 or part thereof)
1 x 8A AC* | 5A (next 20 or part thereof) ¥
1x15A 1 point
Bii socket outlet | 10A 10A
Biii
kW CT 11.6 kW total (50% connected load)
e 3.6kW Oven |I=11600x0.5 25.2A
230
=25.2A
el =64
D 6A
E
' 20A Quick 20A (FLC) %erzie = #Goo
F | recovery [=20A ke 20A
element =L
G
Maximum Demand 83.1A°
Subject No: 6077AC Electrical System Safety OTAFENSW
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SECTION C — (Cont’d)

QUESTION 6. (7 Marks)
Determine the maximum demand for the following 230/400V three-phase MULTIPLE
domestic installation, consisting of twenty five (25) individual living units.

Electrical equipment associated with each individual (1) unit:
22 x 50W down lights

12 x double 10A socket outlets

3 x single 10A socket outlets

1 x 10A socket outlet for 230V air conditioner

2 x permanently connected 120W ceiling fans

In addition to the load above, six (6) of the units have the following electrical loads.

1 x11kW 230V range

I x 4.8 kW electric storage hot water system

The following communal load is also installed:

1 x 400V 3¢ 18A Atrium air conditioning system
30 x 230V 100W security lights (10 lights per phase)
1 x 400V 35A 3¢ Lift motor

Subject No: 6077AC Electrical System Safety ©TAFENSW
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7 -15- r £ g LAird = v
AR ES
il S SECTION C — (Cont’d) Ter Frew
Deduct 1
Use only the required load groups in the table below incottectine | swsves €&
SLATFE Loty
o g cot¥ pl 4 €
Load Load/ Calculation Red White | Blue
Group Qty Oowe | Bowir | (8)vwr s
lighting Column 4 9 l/u per ¢ (heaviest) Jtu St
Al 5A +0.25A x 9 =7.25A heaviest ¢ 7.25 7 7
Aii
10A skt Column 4 9 Vuper ¢y 0.5,
Bi outlets 15A +3.75A x 9 = 5Z5A heaviest ¢ | 48.8 45 45
Bii
Biii
11kW Column 3 2 l/u per ¢ P _ P
C Cooking | 15A per ¢ 15 15 15
D Inc in Bi - footnote i
E
4.8 kW Column 3 2 l/u per ¢ L =
I O.PHW. | 6A per l/u=6Ax2=12A per ¢ 12 12 17
G
30 bollard | 10 bollard per ¢
H (10x100)/230 = 4.35A per ¢ 4.35 4.35 4.35
i
Ji
3¢ 18A 75% xFLC=0.75x 18=13.5A/ ¢ 13.5 135 13.5
Jii AC
Jiii
35A 3¢ 125% x FLC=1.25x35=43.8A/¢ 43.8 43.8 43.8
K Lift
L
M
Maximum Demand 1447 | 140.7—| 1407~
/
Subject No: 6077AC Electrical System Safety ©TAFENSW
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SECTION C - (Cont’d)

(3 Marks)

10mnt bare Cu MIMS 1/1kY

/

Cable installation methed
two citcuits touching on
perforated horizontal
single tier cable tray

Determine the CURRENT CARRYING CAPACITY of the THREE phase 10 mm? bare
multi-core Cu MIMS cable, which is installed flat on a perforated cable tray touching another

similar circuit.

QUESTION 8.

Bare multicore MIMS Unservered MIMS AS3008
AS3008 cable avoids derating From Table 19 Item 4
Table 19 Item 4 AS3008.1.13.5.2.2 P20 10mm?=71A
C.C.C.=T1A
1 Mark
1 Mark 1 Mark
(4 Marks)
J2A
Type C 2 .
CB 4 mm X490 Cu multicore cahle
\ three phase
T socket outlet

=2

length = ?

A 400V three phase final sub circuit supplying a socket outlet is to be wired with 4mm? X90
four-core and earth cable. The circuit is protected by a 32A, type C circuit breaker. The
voltage drop in the cables supplying the Sub Board is 3.1% of Uo. In order to comply with
AS/NZS 3000:2007 regarding volt drop, what is the maximum allowable route length of the

circuit?
Total %Vd | 1.9%x400=7.6V || AS3008 Table 42 | L=_1000vd
remaining 4mm Cu X90 Vel
— 5% -3.1% =1.9% |-{ Maximum — 3¢Ve=102mV/Am [~ =1000x7.6
available voltage 10.2x32
drop remaining = =233m /
7.6V
1 Mark ]
1 Mark 1 Mark
1 Mark

Subject No: 6077AC
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SECTION C — (Cont’d)

QUESTION 9. (5 Marks)

- Ambient
sl : - Soil temp.
- | 600mm - 25 degrees

A 400V THREE phase consumer main is to be enclosed in three separate HD PVC
conduits that will be installed touching underground at a depth of 600mm as shown
above. The ambient soil temperature is 25 °C. The circuit will be wired with 3 x single

core X90 Cu cables in parallel per phase.

A three pole 1250A circuit breaker will protect the circuit.

a) List any applicable de-rating tables and resu

br the circuit

1 Mark

Depth of Laying 28(2) 600mm = 0.9§ —

Multiple circuits enclosed DR table 26(2) 3 x circuits touching = 0.83

1 Mark

b) Determine the minimum required CURRENT CARRYING CAPACITY for

each parallel group of cables

B e .
| <1250 o-9f = [2726 ¥4
0.83 x 0.98
=1537A 1 Mark

¢) Determine the minimum cable size. (divide the current equally between the

parallel group)
235
— =1537 1 Table 3(4) Item 2 =
3 Table 8 Col 24 J =F254/¥
| =512A per cable | | 400mm* (557A) T& coc24 2%0pm4 Q426ﬂ
— | 1Mark 1 Mark

Subject No: 6077AC Electrical System Safety
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SECTION C — (Cont’d)

QUESTION 10. (6 Marks)

Determine the maximum demand for the following 230/400V NON DOMESTIC RETAIL

installation. Each retail shop has light, power and air conditioning loads. The office has light,

power and variable volume air conditioning loads.

Site Boundry

Retail
100 MY

3
1¢ B

Raail E

{190 m%)

3

39

/
E —n‘ IE Genaral E Major Tenant A Retad
\u\ . mmawm 20m) Speculy -M,ﬂm:: (3om) {200 m™)
Main VEL (280 m) {460 m-) 3
Switchboard 1 E
& Metermg
Position #1 :v ‘A Specialy 3 @ ! F_u B
Parking and Driveway
id (1005mY)
Metering -
Position Reiad Reus Retad (100 uh)
£3 (oo m) (100 m?) (100 m?) .
B g 8 :
19 . .
19°C (o .
wﬁ nv _e Retad
3
- A i 50 w)

Ofice E

{100 m?)

6
1o

Matering
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SECTION C - (Cont’d) p277

TAILE C 3

Deduct 1
mark each
incorrect line

Unit

Area

Calculation

C

200 m>

100 VA/m*=20kVA
20000/230 = 87A (A)

400 m?

#00 VA/m” =40kVA
40000/(1.732x400) = 57.7A (A B C)

SF P

577

200 m?

100 VA/m*=20kVA
20000/230 = 87A (B)

&7

100 m?

100 VA/m*=10kVA
20000/230 = 43.5A (B)

43.5

100 m?

100 VA/m°=10kVA
10000/(1.732x400) = 14.4A (A B C)

14.4

14.4

14.4

100 m*

70 VA/m”> =7kVA

7000/230 = 874 (C)
3o-44 Cc]

30.4

100 m*

100 VA/m’=10kVA
10000/(1.732x400) = 14.4A (A B C)

14.4

14.4

14.4

100 m?

100 VA/m*=10kVA
£0000/230 = 43.5A (C)

43.5

100 m*

100 VA/m>=10kVA
20000/230 = 43.5A (&)

43.5

10

100 m*

100 VA/m*=10kVA
10000/(1.732x400) = 14.4A (A B C)

14.4

14.4

14.4

Carpark

1000 m?

5 VA/m*=5kVA
5000/230 = 87A

21.7

Maximum Demand

210

231

218
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SECTION D — (20 Marks)

INSTRUCTION: The questions in this section require some simple drawing. Ensure

that the drawing is neat and legible. The use of pencil on the drawing is acceptable in
this section only.

QUESTION 1. (5 Marks)

The following diagram shows a sub board in a domestic installation. The sub mains
include an active, neutral and earth from the MSB. There are four (4) final sub circuits
supplying socket outlets, wired with 2.5 mmz, multi-core, V90, Cu cables. The
installation condition of all final sub circuits is fully surrounded by thermal insulation.

Complete all necessary active, neutral and earth connections for these four final sub-

circuits on the wiring diagram below, ensuring the completed wiring complies with the
relevant Australian Standards.

DEDUCT 1 MARK each incorrect
connection. Deduct 5 MARKS for
inclusion of a MEN connection

B ‘ Earth Linprotected Protected __Pratected ;
POOOOOOOD COOOO( o000 D oooooce| (D ocococod|
I_ﬂm‘cooomo ooood OO goooeo (D ocoogJ o0
Submains T30 EIES DNDR 173456 34567
1
Neutral o
=
[1%]
Active

A E N A E N A _E N A E N _
Circuit No1 Circuit No 2 Circuit No 3 Circuit No 4

NOTE: AS3000 table C5 allows 16A for 2.5 mm sq cable completely surrounded by thermal
insulation. AS3008 is not as generous, therefore either 10A or 16A breakers may be used.

Subject No: 6077AC Electrical System Safety CTAFENSW



SECTION D — (cont)

QUESTION 2. (5 Marks)

A 16A circuit breaker with the tripping characteristic shown below is protecting a 230V
circuit wired with 2.5 mm *, multi-core, V90, Cu cable. The circuit is supplying socket
outlets. The fault loop impedance was measured at the furthermost point on the circuit using a
fault loop impedance instrument. The result was 1.7 Q at ambient conditions (ie 40° C).
Answer the following questions showing all working, and support your answer/s by marking
the characteristic curve Figure 2 below.

1
i
i
|

FATEITE by

i
i
'

Nifl

Taspaeey ) hnddry raprang rmany o adly,

T T .
O Lt e 1S e

ST o ¢ it

i
1]
3
i

I
i

Figure 2
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SECTION D - (cont)

a) Calculate the fault current for an active to earth fault at the furthermost point.

1 la=Uo
Zfl

_:23_0/
1.7

= 135A

—1 1 Mark

b) Determine the circuit breaker disconnection time considering the fault condition indicated
above.

— I
3

~ams |—| 1 Mark

1
W
n
AN

|

1 Mark

1l
0
ooy

L

c¢) Does the circuit meet AS/NZS 3000:2007 requirements for fault loop impedance?
YES/NO__ [ ves ~

Why?_ |

Disconnection time % 0.4 seconds [‘?'f’ﬂmf/ — 1 Mark

d) Determine the maximum allowable resistance of the protective earth conductor.
Re

___ | AS3000:2007 Table 8.2 - maximum 0/ Ohm.
D6 A

1 Mark

Subject No: 6077AC Electrical System Safety ©TAFENSW
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SECTION D — (cont)

QUESTION 3. (4 Marks) DEDUCT 1 MARK each
incorrect answer
The following diagram shows how the switchboard has been prepared, ready for testing the
insulation resistance between active and earth of a single-phase power circuit. The circuit is
protected by a 32A separate RCD and a 16A MCB. Identify the correct setting for the

insulation resistance tester by placing an “X” in the appropriate box and answer the four
following questions. The board is electrically isolated.

M.E.N. 5

— |
tarh 1 Unprotected Protected
P0ITOTCE TOBOO B gevace
peovooore ¢oooe OO} (O Ygeosco] D pevovoe (D
123456788 PH2314 123456 1234567
£ : .
£
= MN
Neutral | % 2 o
i Combination
— & RED Sirguit breakers RCD/MCBs
»le wllolcibjojolafolllic ol cjo vlo ¢
] 1 . i

ag]

==
3

CE

ENENENE EX e I@J’:’D'@” I@D

N
| O s | 6 1oak6a |20ad 204 Y o =
EANIERERAER A TRARE A ORAIGA  GRA| 16A GRA|TGA. &
Q ololelololeloljillec elo oo oo o
X \
N Sub
\ \\ Clreult
[J 1000 V M Chm |
[ >m sy om
| I C1 250 V M Ohm i
' O 500 Ohm .
O 3 Chm _@ é/'

Circle the correct answer

The MEN link (2} should be: A reading of «o MQ would indicate:

a) Connected to position Ias shown a) Satisfactory result

b) Disconnected b} Unsatisfactory resuit

The main neutral should be: The leads of the testing device are:

a) Disconnected as shown a) Correctly connected

b) Connected to Position 1 b) Incorrectly connected

Subject No: 6077AC Electrical System Safety ©TAFENSW
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SECTION D — (cont)

DEDUCT 1 MARK each
QUESTION 4. (3 Marks)

incorrect answer

Answer the question and complete the following table using the diagram below. A
correct circuit connection test is being performed. Identify the correct setting for the test
equipment by placing an “X” in the appropriate box. The board is electrically isolated.

Earth Unprotected Protected
00000 OPOOO E
pooosoooe ooeoo OOf D
123456789 10H113H ] ;
=
£
Neutral c%
=
- g RCD Circuit breakers
Active
o o|loJoJoJoJolo]o <)
e FEEEREE B B B B
) N
E 6n ) 6 | 16al16afoon 20A 1} L - H O
A BkA| BRAT 6XATOKA IGKA Y BEA BA  BkAFEA SkAQ16A BKAIGA 6
Qo clololololololo 0 olo o]le o9lo ©
I .
J 1000 V MOhm
O 500 Vv M Ohm

= Main Earth 1 250 Vv M Ohm

::>:1 500 Ohm -
Line / Earth
[T 3 Ohm

Assuming the socket outlet is correctly connected, complete the table

Test Equipment Connection Reading
Active to Earth
with socket outlet switched on 100 ~
Active to Earth
with socket outlet switch off 0O 7
Neutral to Earth L
with socket outlet switch off 50
Neutral to Earth
with socket outlet switch on 50

Identify any fault indicated by a reading of approximately 15 (3 between the neutral and
earth socket measured at the socket outlet:

Active Earth transposition

Subject No: 6077AC Electrical System Safety O©TAFENSW
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SECTION D — (cont)

QUESTION 5. (3 Marks)
Provide a brief written explanation highlighting why each fault is potentially

dangerous.
Fault Answer
Insulation A low insulation resistance between all live conductors and earth
resistance too | %+ as the case may be, all live parts and earth means the
low insulation is not adequate to ensure the integrity of the 1 Mark
insulation.
This could permit electric shock hazards from inadvertent contact;
fire hazards from short-circuits and equipment damage
Socket outlet A polarity fault due to the incorrect connection of active,
reversed neutral and earthing conductors may result in parts of appliances,
active neuiral such as heating elements and lampholders, remaining energised whe=
polarity - | the switches are in the ‘OFF" position. 1 Mar
Intermix of | A correct circuit connections fault of interconnected conductors
two lighting | between different circuits under some circumstances may cause
circuit disconnected neutral connections to become live.
neutrals 1 Mark

(End of Section D)
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7, =045V,
¥, =137,

PRV =245V,

7, =0.18957,

ripple

Sut

Equation Data Sheef

'cos¢=£

Z

P=VIcos¢
v, =3,
P:,/?VLIL cos¢

Q=mCh

%IAP

rolorsl = 100 XIDOL

E = -
7, =057,
PRV =27,

V' = Ji.Vuc

ipp,

v, =117,

phase

PRV = 2427,

14

ripple

= 07077,
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f=—

J
1=0.7071,,

y=Tsing

Z='\‘R2+(XL_XC)2
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Equation Data Sheet
by Av .
V= =
4 !
W=F W=mgh
T?%=-—-o.utpmxl@ =L
nput 1 R
VZ
=P P=——
P=IR 7
R, =& (1+aht) R=_%{
V.=V AV, 47, -—1~——1¥+1—+
T 1 2 ) RT Rl R2
n=h & L=I &
R +R, R+R,
0
C== =RC
” T
de. e
CT=C1+C2+C3 C= c; r
H:f’—"- B:?_
! A
[
S:—__ V=Né-9'
AuoaurA At
2
L = ﬂoﬂrAN L = N.é?—
/ Al
L
r== F=Bil
R l
__‘ILZ_'LP_ _ 2anT
£ 60a 60
== y =0.7077,,
120
v, =063 1, =06371,
: ¥
b= jmax Sm¢ I =E
X, =2 ro= L
=2 "ot
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Name:.................oo
College:.......................
ANSWER SHEET - Section A (Multi-choice Questions)
Module - 6077AC Examination Date: 23 June 2010
Instructions:

e Enter your name and college on this sheet.

e Place an X in box of your choice. If you make a mistake- circle your answer @and choose
again.

¢ For your convenience you can remove this page while you answer Section A. Remember to re-
attach it to the paper when you hand it in.

Question a b c d
1 X
2 X
3 X
4 X
5 X
6 X
7 X
8 X
9 X
10 X
11 X
12 X
13 X
14 X oD | t-5573d P95
15

Totals 4 4 3 4
Total Correct Section A
Total Marks Section A: ............ /15

END OF EXAMINATION
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