Family Name ...

.TH WALES
o 3 g:‘f, gg GIven Name ...
F TRAINING Student Number
Centre ..o
SIZRATULE -..cooooe e
4 December 2008

6077AC Electrical Systems Safety - Capstone Assessment

Time allowed - Three hours Dlus Ten minutes reading time
23 Pages in this Question Booklet

TOTAL MARKS AVAILABLE = 100

Aids to be supplied by college:
* None.

Alids to be supplied by student:

* Australian/New Zealand Wiring Rules AS/NZS 3000:2007. Section P;;Sil;:e ‘;;t“;l
¢ Australian/New Zealand Electrical Installations — Selection of ar o
Cables AS/NZS 3008.1.1:1998. A 15
* NSW Service and Installation Rules. B 20
* Students own marginal notes, mdexing and formal C 46
amendments may be included in the above regulation books. :
* Pen, pencil, eraser, rule, calculator. D 19
TOTAL 100
Instructions to student:

* Mobile phones are to be turned off and removed from your person. You cannot access a
mobile phone during this test.

* All questions to be answered in the space provided on this Examination Paper. Answers to
Section A — Multi-choice Questions, are to be recorded o the Answer Sheet on Page 23 of
this Question Booklet,

* You are not to use any other reference book in this examination.
* The whole of this paper is to be handed to the Supervisor upon completion.
* All Questions to be attempted.

Aids permitted where indicated:

Standard Bilingual Technical Programmable | Non-programmable | Electronic
Dictionaries Dictionaries Dictionaries Calculators Calculators Devices
No No Ne No Yes No




MSN HAVL @

panmuuad JON
weg

w Sy

u g

B00TAH DVLLOY

)
(©)
(@)
(®)

¢100d SUTWIWIIMS € 9A0GE SIOJOTIPUOD [eLISE SAT] 0eq IOJ SOUBIES]D WNTUTUTM ST St RYA

(e Y) 'S NOILSAAD
0,057 (@)
Do SL  (0)
D.091T (@)
D06 (®)

{1982 2100 213w 1) (06 X) FJTX I 67
© 0] oInjeodins) Yieays ojqrssmied WNUIXEW aY) ST Jeym ‘STOTIPUOD MDD uoqs Iopun}

(HEeIAL 1)

93ejoa Ajddns Teumou 813 JO 0 O
gSIN 213 Je pamsesur 23e1[0A Y] JO ¢ €
SHOA C°11

0(1310% S

¥ NOILSANO

(p)
©)
(@
(®)

'S UOLIR[[BISUT [EOLII09[ A Q0
e ur jurod Aue pue Ajddns Jo yurod oy usomieq doip oSejjoa oyqissmured WAUWIXEUI 97 ],

CleW 1) € NOLLSAND
peywarun  (p)
¢ @
z (@
1 (®)

‘ST (IO °]3uIS & wox
perpddns oq ued jey) SENOIO gns [RUN JO IBQUINU WINUWIXEPUL 9} ‘UOHE[[eISWI O1SOUIOp B ujy

(e 1) T NOLLSAND
qa (P
os1 (@
ZI (9)
NI (®)

'St a[qes € Jo Ajroedes SurA1es juaLmd ay) oquIsep 03 0QOESY UL PISh ULI) Y |

(ren 1)

‘I NOLLSANO

"1ade uonRUIUEX ST 03 PAYDRIIE 109YS JomsUy oY uo xoq srerdordde ot
Ut (¥, ue ooe[d pue sjueteie)s Surmof[of Syl 10J Jomsue 159q 3Y) 109198 :SNOLLDNALLSNI

(SY1RIAI ST) 'V NOLLDAS

..Z_



QUESTION 6. (1 Mark)

A cable / wiring system suitable for installation in a high temperature environment would
bé:

(8) Unenclosed TPS cable
(b)  TPS cable enclosed in non-metallic conduit
(c)  Unenclosed bare MIMS cable
(d) Unenclosed TPI cable
QUESTION 7. (1 Mark)

What is an acceptable level of leakage current for a 230 V class I appliance?

(a) 30mA
(b) 10mA
() 05mA
(d 0.22mA

QUESTION 8. (1 Mark)

The main neutral installed in a 400 / 230 V MEN installation consisting of predominately
balanced three phase loads:

(a) Canbe reduced to 33.3 % of the main active conductors CSA
(b) Must have the same CSA as the main active conductors

(c)  Must not be less than 50 % ofthe main active conductors CSA
(d) Must have a minimum current carrying capacity of 100 A

QUESTION 9. (1 Mark)
Underwater pool lighting must be supplied with a / an:
(a) Earthing conductor connected to the light
(b) PELV system installed close to the light
() PELV or SELV system supply of 12 V AC or less
(d) SELV system not exceeding 30 V AC
QUESTION 10. (1 Mark)

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

(a) Not specified

(by 050
(c) 1Q
@ 20
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Marks

SECTIONB. (20 Marks)

INSTRUCTIONS: In this part of the assessment, you are required to answer a range of
questions by using AS/NZS 3000.2007. For each question, you are required to supply an
answer to the question, and the clause from AS/NZS 3000.2007 that relates to the answer.
This section contains ten questions for a total of twenty marks.

QUESTION 1. (2 Marks)

1 What is the maximum disconnection time for a final sub circuit supplying portable
equipment intended to be moved during use?

..............................................................................................................................................

....................................................................................................................................

QUESTION 2. (2 Marks)

1 Is it necessary to provide an equipotential bond to a conductive water pipe that is not
accessible from within a building?

....................................................................................................................................

QUESTION 3. (2 Marks)

1 What are the requirements for earthing a switchboard surround that is supplied by
unprotected consumers’ mains? -

....................................................................................................................................

....................................................................................................................................

QUESTION 4. (2 Marks)
1  List three acceptable sources for an isolated (separated) supply.

..............................................................................................................................................
....................................................................................................................................

....................................................................................................................................

6077AC EY2008 © TAFE NSW
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Marks
QUESTIONS. (2 Marks)

1 Is it permissible to complete an addition to an existing final sub circuit consisting of
unprotected 10 A socket outlets, without installing RCD protection?

..............................................................................................................................................
....................................................................................................................................

....................................................................................................................................

QUESTION 9. (2 Marks)
1 List five criteria that need to be addressed when designing an electrical installation.

..............................................................................................................................................
....................................................................................................................................
....................................................................................................................................
....................................................................................................................................

....................................................................................................................................

QUESTION 10. (2 Marks)
1 What are the requirements when installing a common neutral?

....................................................................................................................................
....................................................................................................................................
....................................................................................................................................

....................................................................................................................................
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- fAarks
QUESTION 1. (Cont’d)

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

.....................................................................................................................................
...........................................................................................................................
...........................................................................................................................
...........................................................................................................................

...........................................................................................................................

1 (b) Assuming the transformer has a phase impedance of 7 mQ), determine the maximum

3 ¢ prospective short circuit current at the POS (point A), (AS3008 has appropriate
tables to determine conductor resistance — ignore conductor reactance).

.....................................................................................................................................
............................................................................................................................
............................................................................................................................
............................................................................................................................

............................................................................................................................

1 (¢} Determine the system impedance, for a 3 ¢ prospective fault current of 12 kA at point
‘C’ the Sub Board.

.....................................................................................................................................
.............................................................................................................................
............................................................................................................................
............................................................................................................................

............................................................................................................................

1 (d) Ifthe Active Earth fault current is 4.5 kA at the SB (point C), determine the maximum
earth fault current at the end of the final sub circuit (assume all fault current flows
back through MEN at MSB and SB has no MEN connection).

.....................................................................................................................................
............................................................................................................................
............................................................................................................................
............................................................................................................................

............................................................................................................................
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QUESTION 4. (4 Marks)

Determine if the final sub circuit satisfies the requirements for fault loop impedance — show
all references and workings.

16ATYPe CCB. g Active + Neutral VoD TP Distributed
2. 5mm Earth V00 TP socket outlets
Lt " . RN
Uo = 230 46m

....................................................................................................................................

....................................................................................................................................

....................................................................................................................................

...................................................................................................................................

....................................................................................................................................

....................................................................................................................................

....................................................................................................................................

QUESTION 5. (4 Marks)

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

34 x 50 W down lights

17 x double 10 A socket outlets

5 x single 10 A socket outlets

1 x5 kW 230 V cooktop

1 x 4kW 230 V oven

1 x 15 A socket outlet (general purpose)

1 x 20 A socket outlet for 230 V 16 A air conditioner
4 x permanently connected 120 W ceiling fans

2 x 10 A socket outlets installed > 2.4 m for 75 W exhaust fans

(Continued on the next page.)

6077AC EY2008
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-13 -
QUESTION 6. (7 Marks)

Determine the maximum demand for the following 400 / 230 V three-phase MULTIPLE
domestic installation, consisting of thirty individual living units,

Electrical equipment associated with each individual (1) unit:

18 x 50 W down lights

10 x double 10 A socket outlets

3 x single 10 A socket outlets

1 x 10 A socket outlet for 230 V air conditioner
2 X permanently connected 120 W ceiling fans

In addition to the load above, six of the units have the following electrical loads:

1 x5 kW 230 V cooktop
¢ 1x4kW230Voven
e 1 x4.8 kW electric storage hot water system

The following communal load is also installed:

¢ 30x230V 100 W bollards (balanced equally across each phase)
e 9x230V 250 W 4 A Metal Halide outdoor lighting (three circuits)
e 8 xdouble 10 A single phase socket outlets (two circuits)

(Continued on the next page.)
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QUESTION 7.

-15-

(3 Marks)

Using the diagram above, determine the current carrying capacity of the THREE phase

2

4 mm" multi-core Cu V 90 cable, which is installed flat on a perforated cable tray spaced
from one other similar circuit.

.......................
.......................

.......................

QUESTION 8.

"
4 mrr circular multicore Cu w90

05xd
i

Cable installatiorn method
d = cable diameter

.............................................................................................................
.............................................................................................................

.............................................................................................................

(4 Marks)

A 400 V three phase final sub circuit supplying a socket outlet is to be wired with 4 mm’

X 90 four-core

and earth cable. The circuit is protected by a 32 A, type C circuit breaker.

The voltage measured at the Sub Board is 391 V. In order to comply with AS/NZS 3000
regarding voltage drop, what is the maximum allowable route length of the circuit?

......................
......................
......................
......................

6077AC EY2008

324

Type € 2 )
C.B. 4mm X890 Cu multicore cable

\ \ three phase
Y 5~ .~ Socket outlet
L

=391V length = ?

..............................................................................................................

..............................................................................................................

..............................................................................................................

..............................................................................................................

..............................................................................................................
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QUESTION 10. (7 Marks)
Determine the maximum demand for the fo llowing 400 V FACTORY Installation:

* 10 x double 10 A socket outlets

6 x hi bay metal halide lamps @ 3.5 A each
30 x fluorescent lamps @ 0.4 A each

3 x 20 A three phase socket outlets

3 x 15 A three phase socket outlets

2 x 400 V single phase welders @ 20 A each
2 x 25 A single phase motors

Load | Points/

Group | Load Calculation Red White Bhie

Bi

Bn

Biii

Maximum Demand

6077AC EY2008
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QUESTION 2. (4 Marks)

A 20 A type C circuit breaker with the following tripping characteristic is protecting a 230 V
circuit wired with 2.5 mm 2, multi-core, V 90, Cu cable. The circuit is supplying socket
outlets. The fault loop impedance was measured at the extreme point on the circuit using a
fault loop impedance instrument. The result was 1.6 Q at ambient conditions (ie. 40° Q).
Answer the questions below. Show all working, and support your answer/s by marking the
characteristic curve below.

Type C Circuit Brealer Tzipping Chanacteristic

|

i
]
|
i
I
[
I

r — - o i L1

Pt

123 4 3 [ 15 10 15 20 ki) 44 30
Current Iy

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

...........................................................................................................................

...........................................................................................................................

...........................................................................................................................

(¢)  Does the circuit meet AS/NZS 3000 requirements for fault loop impedance? Why?

YES INO ettt oo

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

...........................................................................................................................
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QUESTION 4. (4 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.

Earth

230020000 oodad D) i ' D L2 LY. Y]
PO000ODDE OTOOD 3 O voooo0e
123456789 101121314 ] 1234567
P
-"C-'f' 1uoam 5 Ohm 2
Neutrai | 3 Combination
= : RCD/MCBs
ot £ RCD Circuit breakers ;
®»|o oloJoJoTo
O or ]
CEE (T EEE
)
BA | 6A | 16A116A ]2
K BKA} OkAT BkATBKA
O ojojo]ojo

[ 1000 v MChm
] 500 v M Ohm
& Main Earth OJ 250 v M Ohm

/"‘\‘ | Q
OJ 500 Ohm

Line / Earth
1 3 ohm J@_ j___

(2)  Assuming the socket outlet is correctly connected, complete the table:

-

- .
"""
-

e

-

Test Equipment Connection Reading

Earth to Active
with socket outlet switch off

Earth to Active
with socket outlet switch on

Earth to Neutral
with socket outlet switch off

Earth to Neutral
with socket outlet switch on

(b} Identify any fault indicated by a reading of 5 Ohms between the active and earth
socket measured at the socket outlet:

...........................................................................................................................

6077AC EY2008
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6077AC Electrical Systems Safety - Capstone Assessment

ANSWER SHEET — Section A.  (Multi-choice Questions)

Instructions:

° Enter your personal details on this sheet.

. 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,

B Question a | b c dj
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2.
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)

The term used in AS3000 to describe the current carrying capacity of a cable is:

(a) In
M1z
(c) Isc
(d)1Is

QUESTION2. (1 Mark)

In a domestic installation, the maximum number of final sub circuits that can be
supplied from a single RCD is:

(@)1
(b) 2
(©)3
(d) unlimited

QUESTION3. (1 Mark)

The maximum permissible voltage drop between the point of supply and any point
in a 400V electrical installation is:

(a) 5% of Uo

(b) 11.5 Volts

(c) 5% of the voltage measured at the MSB
(d) 10% of the nominal supply voltage

L eNT A RENIS

Subject No: 6077AC - Electrical System Safety
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SECTION A — (Cont’d)
QUESTION 8. (1 Mark)

The main neutral installed in a 400/230V MEN installation consisting of
predominately balanced three phase loads:

(a) can be reduced to 33.3% of the main active conductors CSA
(b) must have the same CSA as the main active conductors
(c) must not be less than 50% of the main active conductors CSA

(d) must have a minimum current carrying capacity of 100A

QUESTION 9. (1 Mark)

Underwater pool lighting must be supplied with a/an
(a) earthing conductor connected to the light

(b) PELV system installed close to the light

(c) PELV or SELV system supply of 12V AC or less
(d) SELV system not exceeding 30V AC

QUESTION 10. (1 Mark)

What is the maximum allowable resistance of an equipotential bonding conductor?
(a) not specified

(b) 0.5Q

(c)1Q2

(d)2Q

QUESTION 11. (1 Mark)

With which standard must equipment installed in a hazardous area comply?
(a) AS2381

(b) AS2209

(c) AS3017

(d) all of the above

Subject No: 6077AC " ’Elegtrical System Safety
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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
guestion is worth TWO (2) marks.

. Use AS/NZS 3000:2007 to best answer each question.

J Write clause or table numbers where required.
5.7.2 Disconnection times alse > 553 @)(DCQ)
QUESTION 1. The maximum disconnection time for a 230 Vv supply voltage shall not

exceed the following:

What is the maximum d (a) 0.4 s for final subcircuits that supply—

equipment intended to ] (i) socket-outlets having rated currents not exceeding 63 A; or

(i} hand-heid Class | equipment; or

O ) 4- 5 {iit} portable equipment intended for manual movement during use.,

(0) 55 for other circuits where it can be shown that people are not
exposed to touch voltages that exceed safe values.
NOTES:

1 Maximum disconnection times will vary for other operating voltages or
installation conditiens, such as wet locations, elc.

AS/NZS 3000 REference 2 The fault current must be of sufficient magnitude to cause automatic
disconnection within the required times.

QUESTION 2. 5.6.2.2 Conductive water piping

Conductive water piping that is both—

Is it necessary to provnd (8) installed and accessible within the building containing the electrical

not accessible from witli installation; and
{b) continuously conductive from inside the building 1o a point of contact
N Q with the ground,

shall be bonded to the earthing system of the electrical installation.

Any equipotential bonding of conductive water piping shall be effected by

AS/NZS 3000 Reference means of an equipotential bonding conductor connected to the main
earthing conductor or earih terminal or bar.

The cannection of the bonding conductor ta the conductive water piping
shall be as close as practicable to the entry of the conductive water piping

QUESTION 3. to the buitding.

What are the requirements for earthing a switchboard surround that is supplied by
unprotected consumers mains

gnme. SIEL

5.5.3.5 Unprotected consumers mains

. , Exposed conductive parts associated with consumers mains not provided
asy @ mane with short-circuit protection on the supply side shall be earthed by a

conductor with a current-carnying capacity not less than that of the main
neutral conductor.

ﬂe.wjf'rc:.\ C.bhd uéq_ This conductor shall be connected to—
{a) the main neutral conductor or bar; ar

{0) the main earthing terminaliconnection or bar, in which case, in
AS/NZS 3000 Reference 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 conductor.

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

QUESTION 7.

Identify an acceptable method €25 Maximum demand in final subcircuits @lse £°2 'Zc‘-) "3) “-) CD .
circuit consisting of 10A socke €251 Generw _ _

The maximum demand in final subcircuits is determined—
{a) for single items of equipment, by assassment of the tonnected load: or

(b} for multiple iterns of equipment, by limitation of the current rating of a
circuit-breaker.

B In sone applications, the connected equipment rnay operate in a particular
[__h,‘__‘ \,LQJ.‘L"___ manner that allows for diversity to be applied. This includes welding
ntachines {see Paragraph 2.5.2), domestic cooking appliances (Paragraph
C2.5.3) and interlocked equiprment (Paragraph 2 .5.4)

AS/NZS 3000 Reference ( Clause number )

A‘.“DSQE& r-ﬁc«-.j"

QUESTION 8.

Is it permissible to complete an addition to an existing final sub circuit consisting of
unprotected 10A socket outlets, without installing RCD protection?

1.9.3 Alterations, additions and repairs (A O A £ 634

Every alteration of, or addilion to, an existing electrical installation shafl be
deemed to be a new elagtrical installation, and all relevant pravisions of this
N O Standard shall apply to every such alteration or additian.

Additians, alteralions or repairs to an existing installation constructed to a
Part 1 design and instaflation solution shall not aller the compliance of the
existing instaltation with Part 1,

Alterations or additions to an existing elactrical installation shalt nel cause
any portion of the original electrical instalfation, or electrical equipment
cohnected therelo, to—

{a) carmry currents or sustain voltages in excess of those permitted by this

AS/NZS 3000 Reference ( Claus{ =~ SEroardo

{b) be used in any manner thalis not in accordance with this Standasd,

Repairs to existing electrical instaliations or parts thereof may be effected
using methods that were acceptable when that part of the electrical
installation was originally installed, provided that the methods salisly the

QUESTION 9. fundamental safety principies of Part 1 of this Standard,

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

1.6 DESIGN OF AN ELECTRICAL INSTALLATION
1.6.% General
An clectrical instaliation shall ba designed to—

{a} proteci parsons, livestock and property from harmiul affocts;
{b} function corroctly as mntended:

() connect, oparate safely and be compatible with the oloctricity
distribution systom, eor other source of supply, to which the
clectrical installation is to be connected:

{d} minimize Inconveniance in the ovent of a fault; and

{e) facilitato safe oparation, ingpection, testing and maintenance.

AS/NZS 3000 Reference ( Clause number )

Electrical System Safet CTAFENSW ;

Subject No: 6077A_C ‘
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SECTION C - (46 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)
400 - 230 V
500 kVA
%7 = 4.23
transformer
85m 2
500mm P #
Cu X90 v
Singles
A POS
S0m o
P 120mm
x Cu X90
’ Singles
Service Fuse
\ B MSB
38m 2 ¥
S0mm
Cuvoeo, F
Singles | 4

\ [ C SB
»

29m
2.9mm

|, Cu V90
1 Multicore

Subject No: 6077AC _



- MSNELV1O!

o

V100 0N pefqng

. IR )L W?S 3|qED WnWIy
—— R e ] B
WL &7 T 9 uun|oD) 6 9qe]
s~ MeW || | L W) T'T AIGRL, $00ESY Wolg |
9|20 b e UT7T 54
~ —— 67T =
‘ s S Nde | |- N
LS o= = = =D wiurw 9]qe))
Yy = © - - . el L (] L0 Joyoey unersq |
[ =50 = 3 {9972 e ‘“""«”‘E“‘_;" A % A 9 uwn[o) 7 WL 7g 2[qe ]l Sunele(]
Iql\JDuUu UHII\AJVL} ERR R J
Uuo paseq modto qns [euy §SYHJ IONIS 991 I0J 9]qe5 9ZIS WINWIUTUI 3T} SUIINS(]
poylaw usiiefjelsur s|qes)
a9
peo Q 8diy
V3l AQEC k74
OTTT3 “\,’ —_ .~}
SIN3KD B |IUKS 0M] g5
Yitm JEe Ll pasojaug
SdLienans ny gsA
(SLIEIN p) ‘¢ NOILSANO
e L
ey e
| omewy Xely | o
_& AEW |
(wy/AW9g ) wuwig] WY/AWZ] L = 9¥i=
N 91XLT OADT 01 WaAIO)
3Z15 2|qBD Wnuly LOEXQ00T = A9VI= AV =
102N ND 06A | 17 9v+01= 0001 —
P °lqel 300ESY PADOOT =0A gS 01 PA [e10L 001X6EX81 ' = WY/AW B[] =04
WY/AWULTO = 998°0XTT°L ALO =LV 8-S 11 AOT =06£-00% 0001 06X no juwge
OAPE 0¥ Z1°L HIAUOD [ ASTTT =QETX%S [T] H©S8IWN O1PA |BI0L | I'PA =PA [ It 3[qeL 800ESY
‘dox 98eijoA
O paseq UnoxD gns [euy gSVHJI TTONIS 29U 403 9]qe? DZIS WNWIUI 94} QUIINA(]
% ADBE=
e, d5I e
RIE aseyd Jad wop| paINSEIW
'-Hu.x = Su puBla( XEN abejop,
O‘ v ﬁ wic . gs WeE , 3seyd g ACEZ/00Y = o
: - P o
'3§L 2"7-]& peo g Ul pasmaug \ iy ul pasojaug TSI Y'Od
<, VAL ADEZ  ng asoa-nnw gga O BUAL ny sejfuls ngx
_ ol LULIGE
‘v'/wczz'9 = 990X 2L = VA
7 ‘T NOILSINO
Dy % L2 75 .
WH/j\w‘Z' ] v,_ CC- [\ 9 - -b'
L - xooot = "N doo
DO @ NOL = PA
4 =L 4 SO e Ko =
BATA R N 2o Ob <00t
Sx ° PA WD
:9--\7"‘0"0‘2 = P/\ L7°A CoymioS
‘ ‘Ssy 2.0h ML 3% 2ot

T




ey

SECTION C — (Cont’d) ,g?},,\ <
24 10]3008

a) Determine the phase impedance of the transformer.

Ifl= 8 Isc=100 Ifl Zph=Uph
1 Mark 3y i Yoz W Isc
= 500.000 = 72,200 =230 = = O 0IR_8 n
693 H 423 i 17100 A

=722 A =17.1%A =13.5mQ
— |-
S=J/ZVE .. T =_=
Y

b) Assuming the transformer has a phase impedance of 7mQ, determine the maximum 3¢
prospective short circuit current at the P.O.S. (point A). (AS3008 has appropriate tables

to determine conductor resistance — ignore conductor reactance) s e
1 Mark Isc= Uph || AS3008 Table 34 Rl Tas Saqle Care
Zfl 85m 500mm X90 Cu -

= 230 = 0.0538 x 85 Ao

0.007 +0.0046: [ 1000 —
=19793 A =467 MO A S 1m Q-S>
=19.3kA -

Ta o2 FTEAEKAN
Ve

¢) Determine the system impedance, for a 3¢ prospective fault current of 12kA at point “C”
the Sub Board.

1 Mark Zph=Ush )
Isc R
=230 stﬁe’ o~ = S- OV EdZE o
12000 e
=19.2 mQ2

d) If the Active Earth fault current is 4.5 kA at the SB (point C), determine the maximum
earth fault current at the end of the final sub circuit. (Assume all fault current flows back
through MEN at MSB and SB has no MEN connection)

1 Mark Zph=Uph lse=Uph AS3008 Table 35
lsc Zfl 29m 2.5mm V90 Cu

=230 =230 =9.01x29

4500 0.051+0.52 1000
=51.1 mQ2 =402 A =0.26 O x 2 (Rph+Rpe)

=0.52Q
Tafe = RO
7

TOR - TIAXI™MUMT  CFAULT C CuRRENT-

Sk NOTED Avseecs oy ey ey
—«\—p\q_, deeprrakunts 1S -5 Q.
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SECTION C — (Cont’d)

QUESTION 4. (4 Marks)
16A Type C C.B. Bmm Active + Neutral v80 TPI Distributed
v 2.5mm Earth Vo0 TPI socket outlets
2 N LY
Lt - Lot
) 4Bm )

Uo = 230V

Determine if the final sub circuit satisfies the requirements for fault loop impedance ~
show all references and working

AS3000.2007 From AS3000.2007 Lmax=0.8UoSphSpe Circuit Length = 46m
_| Disconnectiontime 0.4s | | Appendix B5.2.2 | | lap(Sph+Spe) | | Lmax=120m
Unable to use Table B1 p=0.0225 Lmax=0.8x230x6x2.5 46<120
Appendix B4.5 120x0.0225x8.5 Circuit satisfies the
la=16x7.5 — Lmax=2760 I~ requirements of fault
[a =120 2295 loop impedance.
4 1 Mark Lmax=120m |
1 Mark 1 Mark 1 Mark
QUESTION 5. (4 Marks)

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

34 x S0W down lights (Ai)

17 x double 10A socket outlets (Bi)

5 x single 10A socket outlets (Bi)

1 x 5 kW 230V cooktop (C)

I x4 kW 230V oven (C)

1 x 15A socket outlet (general purpose) (Bii)

1 x 20A socket outlet for 230V 16A air conditioner D)

4 x permanently connected 120W ceiling fans (AiQ)

2 x 10A socket outlets installed > 2.4m for 75W exhaust fans (A1)

Subject No: 6077AC ectrical Sy L e K By



“Kiayes wiotsks

{1031

' DVLL09 oN wefang

\J LS 99
=30
V919 PUBWIS(] WNUWIXBTA]
D
1
q
\ Vili=
\Z4! SL'OX QI=]| 12[IN0 123008 a
(peof pajostuod 946 /) "puoY MY V9| VOTX I
' V9'61=
0€2
V961 SCOX0006=I| UAQ MY o)
(PeOJ P2309uL0d 9406) [BI0T, M6 1D MIS
mg
VoI VYOI | 1910 194008 ng
jutod | VSIXT
N ASZ < Wi = (Joaaayy ed 10 97 IXSU) YS | VYOI 2[5UIS §
VST D vEEee (oTsm) vol PE=T X LI 1q
Sy PV Fr mmaN siutod 6¢ | V01194 L1
ny
(302101 31ed 10 ()7 I1X2U) VT SUBI X0 7
A4S (0z 1)) V¢ Suey 9 4 v
syutod o SIYSY €
pPURWIA(Y peo]
WNUIXEN uoIne[nIR) / sjut0 Jo ON dnoin) peo]

Bulf J2a1500UL
yoes ylew

1 3=2npaQ

_171 -

< .>E VSN +7 - =1 ‘QjLi .{J—L‘
(Pauo)) — D NOLLDAS



-15-

SECTION C — (Cont’d)

QUESTION 6. (7 Marks)

Determine the maximum demand for the following 400/230V three-phase MULTIPLE
domestic installation, consisting of thirty (30) individual living units.

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

10 x double 10A socket outlets (Bi)

3 x single 10A socket outlets (Bi)

1 x 10A socket outlet for 230V air conditioner (Bi)

2 x permanently connected 120W ceiling fans (A1)

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

I x 5 kW 230V cooktop (C)
1 x4 kW 230V oven (C)
1 x 4.8 kW electric storage hot water system (F)

The following communal load is also installed:

30 x 230V 100W bollards (balanced equally across each phase) (H)
9 x 230V 250W 4A Metal Halide outdoor lighting (three (3) circuits) (H)
8 x double 10A single phase socket outlets. (two (2) circuits) (I)

Cr o OTAFRENSW .

Subject No: 6077AC ;.. ... iElectrical System Safety .
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QUESTION 7.

-17 - |
SECTION C - (Cont’d)

(3 Marks)

4 mm circular multicore Cu YO0

Z%hle installation method

d = cabie diameter

Using the diagram above, determine the current carrying capacity of the THREE phase 4mm?*
multi-core Cu V90 cable, which is installed flat on a perforated cable tray spaced from one
other similar circuit.

AS3008

Table 2.1 Item 10
Table 12 Column 2

Derating Table 24
Item 7 Column 6
Derating factor 0.88

AS3008
Table 12 Column 2
dmm=31Ax 0.88

Derating Table 24 (not spaced enough to C.C.C.=273A
ienore derating)
1 Mark | Vark -
ar ar
QUESTION 8. (4 Marks)
32A
Type C '
CB 4 mm X390 Cu multicore cable
\ three phase
H /. socket outlet
: =2
U=391V 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 324, type C circuit breaker. The
voltage measured at the Sub Board is 391V. In order to comply with AS/NZS 3000 regarding
voltage drop, what is the maximum allowable route length of the circuit?

Total Vd to MSB  [7] 5%x400 =20V | AS3008 Table 42 L=_1000vd
400-391=9V 20:9=11V dmm Cu X90 Vel
Maximum L] 3¢Ve=102mV/iAm || =1000x 11
available voltage 102 x 32
drop remaining = =33.7m
- 1 Mark Y s
1 Mark 1 Mark
1 Mark

. Fledtrical Quatem Qafafy

Subject No: 6077AC .7+
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SECTION C - (Cont’d)

QUESTION 10. (7 Marks)

Determine the maximum demand for the following 400V FACTORY Installation

10 x double 10A socket outlets (Bi)

6 x hi bay metal halide lamps @ 3.5A each (A)
30 x fluorescent lamps @ 0.4A each (A)

3 x 20A three phase socket outlets (Biii)

3 x I5A three phase socket outlets (Biii)

2 x 400V single phase welders @ 20A each (H)
2 x 25A single phase motors (D)

‘Deduct 1
mark each
incorract line

Load Points /
Group Load Calculation Red White Blue
A Lighting 30/3=10per¢ 10x0.4=4A
30 fluro 6/3=2per¢ 3.5x2=7A 11 11 1
6 Hi Bay
Bi 10A skits 1000 + (750 x 7) = 27.2A (8 points)
10x2 = 1000 + (750 x 5) = 20.6A (6 points) 27.2 20.6 20.6
20 points 1000 + (750 x 5) = 20.6A (6 points)
Bii
Biii 3x20A3¢ |FLCx20=20Aper¢+
3x15A3¢ [ 75% x(20x2)=30A per¢ + 83.8 83.8 83.8
75% x (15 x3)=33.8A per ¢
C
D 2x25A FLC Largest = 25A
1o Motors | 75% x 25A = 18.8A 43.8
E
F
G
H 2x400V | FLC highest two
1¢ Welders | 20A per welder over 2¢ 40 40
Maximum Demand 165.8

‘Subject No: 6077AC, -




A LL09 10N 102qng

U ogeg wieisAs feomsalg

MSNAIVIO

(s9/y wor = @™ 17U Ao

V30§90 V0 VR (VADY
YOz |02 | WOZ V0L | v9L | 91
- 4

0l0|0lol® . 8l® A<

anfioy
IEVETT iy ) =
P C % bt 4t ¢ e drdinn, - ot ) 5-

:%:_ gunon
g

95z | [9GHE gsyeky ¥ NEALL BBSOSYETL suedigng
jsoodooe 00000 ) O 2eses0 200DODIL
poosese BEO0OTD : ) o0000 ooDdEEdY
- Bl 3
] DRI uuea , A ] -

ey D TS B
2N ‘ BTy o ...E..__- & i ; U“?—;ui (’Z-j?;—L

8661-1°1°800¢€
SZN/SVY PUE L00T 000€ SZN/SV him sa11dwiod Furiism pajedwod oy SuLInsus
‘m012q wesderp SULIIM 913 U0 S)INOJI9-qnS [BUlJ INOY 9531} I0J SUOCI09UUOD Yied pue
[eNN3U DAN0E AIBSSI00U [[e 212[dwo)) *synoIrs st J0J uonosjoid sfexes| Yues parmbal
a1 ap1aoxd 03 s.(IDY 21eTedas asn 0] PAUTULIAISD US2q SBY 1] "S2qed nD) ‘06 A 9100
-INU W §"Z YIlM PIIIM “SI9[IN0 193008 FuiAjddns sunoao qus [euly ($) IN0OJ 218 219G T,
"UOl)B[NSUI [BULIY) Aq papuno.Lins A[{nJ si S)INd419 qns [BULY [[8 JO UOLIPUOD UOR[[eISUT
Y], "9pPONI2[2 Y}IED oY) WOIJ YLIES UTEW PUER [BIINJU ‘3AII08 UR aPNJOUT SUBLU JOWNSUO0D
3], "UOBJ[BISUI O1ISAWIOP B Ul PIBOG Y2I1AS UTBLI B SMOYS Weidelp Surmof[o] 37 ],

(SHteA §) ‘I NOLLSANO

*A{uo uoy)d9s SIY)

u1 a[qerdaooe st Suimeap 31} uo jrouad Jo asn 3y, 9[qISa] pue Jeau s1 JuIMeIp Y3 JeI
sansuy ‘Surmetp aspduns swos aambax wondas siyy ur suonsanb ayy NOLLDNYLSNI

(SaeA 61) — d NOLLDES

(D wonoag Jyo puy
- OZ -



Subject No: 6077AC

QUESTION 2.

-21-

SECTION D — (cont)

(4 Marks)

A 20A type C circuit breaker with the following tripping characteristic is protecting a 230V

circuit wired with 2.5 mm %, multi-core, V90, Cu cable. The circuit is supplying socket

outlets. The fault loop 1mpedance was measured at the extreme point on the circuit using a

fault loop impedance instrument. The result was 1.6 Q at ambient conditions (ie 40° C).

Answer the questions below. Show all working, and support your answer/s by marking the
characteristic curve below.

Txpe € Circujt Breaker Tripping Charscleristic

[ JUS-OTIVNE SYS [ (PR S MR- ek

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

b) Determ

| la=Uo
Zfl
20 1 Mark
1.6
= 144A
. ker trip time using the fault condition indicated above.
In 25s - 1 Mark
=144
20
=72
¢) Does the'cirewmit meet AS/NZS 3000 requirements for fault loop 1mpedance‘? Why?
No. disconnection time > 0.4 seconds 1 Mark

YES/NO

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

AS3000:2007 Table 8.2 - maximum 0.5 Ohm.
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SECTION D - (cont)
QUESTION 4. (4 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.

Earth
000506000 00008 QU

pooooesse oeede O] |
123456789 NHRTH , ,,aé { 2345 €
5 g rﬁ -‘
Neutral | & { Combinafion
= , RCD/MCBs
— £ RCD  Cirouit breakers —— Lé
Hio ojojojolojolojoflio oo o] 610 O

.n l' Ig; @m
0 ] 0

{5 €EKAlEA okn| 16A GKAHGA ©
luooo-aqoo

£1 1000 V MORm i
nsovmonm | |1 T

- A
2 Main Earth 1 Mark £] 250V M Ohm
¥ 500 Ohm
Elie J Baath
0 30hm

Assuming the socket outlet is correctly connected, complete the table

Test Equipment Connection Reading
Earth to Active

with socket outlet switch off o0 112, Mark
Earth to Active ~ 10 Q

with socket outlet switch on 172 Mark
Earth to Neutral ~5Q '

with socket outlet switch off 1/2 Mark
Earth to Neutral =50

with socket outlet switch on 1/2 Mark

Identify any fault indicated by a reading of 5 Ohms between the active and earth socket
measured at the socket outlet:

Active - Neutral transposition _

1 Mark
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