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e Australlan/New Zealand Standard Electrical Installations —

A i5
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may be mcluded m the above reguiation books. D 17
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Instructions to students:

e DMobile phones are to be turned off and removed from your person. You cannot access a
mobile phone during this examination.

¢ All questions are to be attempted.

e All questions are to be answered in the space provided in this Question Booklet. -Answers to

Section A (multiple choice questions) are to be recorded on the Answer Sheet attached to this
Question Booldet (Page 23).

s You are not to use any other reference books in this examination.
o The whole of this paper is to be handed to the supervisor upon completion.
« Equation Sheets are on Pages 24 and 25.

Aids permitted where indicated:
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Dictionaries | Dictionaries Dictionaries Calculators Calculators Devices

No No No No Yes No




SECTION A — (Cont’d)
QUESTION 5. {1 Mark)

What 1s the minimum clearance for insulated aerial conductors above a porch awning?

{a) 2Zm
(b 0.5m
(cy 1Im

{d) not permitted

QUESTION 6. (1Mark)
What are the requirements for installing insulated unsheathed cables in trunking systems?

(a) Cables shall be effectively retained in position and, where installed in a readily
accessible position, shall not be removed without the use oftools

(b) Covers shall be effectively retained in position and, where installed in a readily
accessible position, shall not be removed without the use oftools

(¢)  Trunking may only be used to enclose unsheathed cables in areas not readily accessible
(d) Unsheathed cables are not permitted to be installed in cable trunking

QUESTION 7. (1Mark)

What would be an acceptable level of insulation resistance fora 230V Lighting circuit?

{a) 50 ohms
(b) 500 ohms
{c) 50 M ohms

(dy 500 k ohms

QUESTION 8. (1Mark)

Where a common neutral is used to supply a multiphase circuit for an oven hotplate
combination, the size of the neutral must:

{(2) have a current carrying capacity equal to the sum of the protective devices supplying
each circuit

(b) have a current carrying capacity equal to the current carrying capacity of the smallest
associated active conductor

(c) have a current carrying capacity equal to the current carrying capacity of the largest
associated active conductor

(d) be at least 4 mm’
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SECTION A — (Cont’d)

QUISTION 13, (1Mark)

A certificate of Compliance must be finalised when an electrical installation is tested and
shoulé be certified by:

(a) the customer

{b) the instaliing tradesperson

{c} the electrician who complered the test
(d) the electrical contractor

QUESTION 14.  (IMark)

The minimum disconnection time for protection against indirect contact for a fixed cooktop
18

{a) unspecified

(by 0.4 sec
(¢} 400 ms
(d) Ssec

QUESTION 15. (1Mark)
A circuit breaker instalied to protect a circuit from overcurrent must operate when:

(a) before the circuit current exceeds 1.45 the circuit breaker rating
(b) before the circuit current exceeds the circuit breaker rating

(c) before the circuit conductors exceed 40 °C

(d) before the circuit conductors exceed 100 °C
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SECTION B - (Cont’d)
QUESTION 4. (2 Marks)

What are the requirements for switching devices operating in a circuit fed from an isolated
mverter?

AS/NZS 3000/2007 Reference (Clause number...... ... .......... )
QUESTION 5. (2 Marks)

What are the requirements for soldered earth connections?’

AS/NZS 3000/2007 Reference (Clause number.......................... )

QUESTION 6. (2 Marks)

Identify an acceptable method for determining the maximum demand of a domestic circuit
supplying an oven/grill and cook top.

QUESTION 7. (2 Marks)

Is it permussible to replace a single socket-outlet with a multiple socket-outlet when the
existing circuit is not RCD protected, without upgrading the circuit to be RCD protected?
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SECTION C ~ (28 Marks)

INSTRUCTIONS: This section involves calculations. Show all workings i the space

provided. Marks will be awarded accordingly. Answers are to be highlighted or
underlined.

QUESTION 1. {4 Marks)

N 400-230V
7 500kVA
%Z=4.5
transformer
60m
400mm” }7
Cu X90 ‘
Singles
A POS
60m
- 150mm?*
X Cu X90
Singles
Service Fuse[
— 3 WMSB
T
40m j \l_,\
70mm?> T
Cu V90 P
Singles ;2
. : C DB
\ 35m
4mm’®
§ Cu V90
d Multicore
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SECTION C - (Cont’d)
QUESTION 2. (3 Marks)

An Irrigation pump is supplied by 3 phase supply installed 500 mm underground over a
distance of 45 m. The circuit comprises of 3 x 4 mm’ V90 TPI cables run with 2 2.5 mm®
earth cable and the circuit is protected by a 25 A type D circuit breaker. Determine whether
this installation satisfies the requirements for fault loop impedance ensuring the protective
device will operate properly.

QUESTION 3. (3 Marks)

A_single phase circuit supplying a domestic single socket outlet for a pool pump is supplied
by a 20 A type combination RCD using a V75 TPS cable installed in HDPVC conduit 40 m
from the main switchboard. The supply voltage is 230 V and the voltage drop in the

- consumers mains is negligible. Calculate the minimum size cable that may be used for the
circuit based on voltage drop.

QUESTION 4. (3 Marks)

In a school workshop, determine the maximum distance a single phase 15 A socket outlet for
the supply to a single phase welder can be installed from the distribution board given that the
circuit will be using 4 mm® TPS cable installed partially surrounded by thermal insulation. The
maximum volt drop allowed for the circuit is 4.9 V and the circuit is protected by a 20 A type
D circuit breaker.
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SECTION C — (Cont’d)
QUESTION 7. {6 Marks)

For the following instaliations. select the minimum permissible cable sizes for correct current
carrying capacity, giving the appropriate references;

2 (a) A3 phase final sub circuit to a lathe drawing 33 A per phase is installed in metaliic
conduit clipped to a wall. The cable type used is X90 TPI copper cable.

fl Switehboard 3ph
3x X-90 TP| cables Motor

2 () A 4 coreand earth, X-90, multicore copper, 3 phase submain is installed buried direct
in the ground complying with category B requirements. The demand on the cable is

08 A per phase.
MER DB
500mm
4 core + E X-90
Cablesize:.........oooiiii i, Reference:............... .

2 (c) Atwisted 4 core PVC insulated aerial cable drawing 73 A, is installed in an area where
the wind speed is 2 m/s.

Main N | .
Dwelling o PVC Twisted
~. 4 core cable
Boat
ﬂ Shed
\‘_‘_‘_'_,_,.4-—'—'_“'--
\__u_‘__'_,_..—l-"""_"\
"‘"\—.——M
Cable sizer..................o Reference:..................................
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SECTION D - (37 Marks)

INSTRUCTIONS: Answer all the following questions in the spaces provided. Some
questions require drawing which must be neat and legible. Try to avoid lines crossing
almost parallel when completing wiring diagrams to avoid any confusion as to which
line exits the intersection.

QUESTION 1. (4 Marks)

The equipment shown below is for a distribution beard for a living unit, The four final sub-
circuits are to be connected using the breakers shown below.

Show on the diagram the necessary Active, Neutral and Earth connections to supply these

clrcuits.

arth Earth unprotected - Prolected - _ Protected
000DPD200 OIOLO ' oveoaoei (D 0000000
200000000 00000 QO! (O 0000000 ) 0000009

Submains 123456788 WNDIM 123458 1234587 123458

z
£

Neutral ?3
=

—— € RCD RCD CombRCBMCB Circuit breakers

0O 0/0 0}j]O 0|0 Oi0jOol0O]0O

A° B¢ H° HHEE
E] O Ei O

8A 1 8A 120A|20A120A120A
B3 163 | BKA | BKA IGRA|GRAIGKAIGKA

Oooooooooooloo

RRQ BVRQ B2BQ ¥R

Light 1 Light 2 Power 1 Power 2
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SECTION D — (Cont’d)
QUESTION 3. (4 Marks)
An msulation resistance test 1 a single phase low voltage power circuit is to be conducted.

{a) Draw and correctly label the appropriate circuit for this test to be carried out.

(SR ]

2 (b) Statethe position of the selector switch and the expected reading it would indicate.

Circle the correct answers.
Position: 3, 250 V, 500 v, 100G v
Resuits: 50 k{3, 100 K13, 304 ki, 5 MO

Earth Link Neutral Link Protected Meunn) Link

DDPe0PPDHD D 000000000cOD | DD oreoDD
- [DD00000DD| (DD 556566885 DD|  [DDOGdEOLLDD

Fre 57"1 COMBINED:
RCIMM
A ok

o O

g /l\

250 500V

Function Scicoits

7

Yoz

2.0
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QUESTION 5. (4 Marks)

S5

SECTION D — (Cont’d)

A polarity test is to be performed on a final sub-circuit containing light points. Record your
results for the polarity test in: the table below.

1062 5G

£

arr

Q@MQ

Funciicn
Selegtor

O Fams
"
Tesi

) Earh Link Negral Link Linprotecied Neuwal Link
DOPDovocoRW, DOooeeeeo®@| I DDoveooooDD
ODovoop®@ OO0 dD DODeovcooed
O 10 0O ; Cc O
‘ ‘ ;
o m:“:allz 230 3“): o1z Egﬂﬁ:‘l}y 7
HRA SkA WA
OIN® C O
Switchboard connections
S s
QoY —
O Oy
O QL

The results for correct polarity check would be:

Combination

Result

Active-neutral

Active-earth

Neutral-earth

Active-neutral Switched

Active-earth Switched

Neutral-earth switched

OO0 C L

6077AC SPECIAL MY2009
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SECTION D — (Cont’d)

Calculate the maximum demand of a sub-main supplying a town house with the following

QUESTION 7. {5 Marks)
load:

) 53 lighting pomts

o 5 ceiling fans

° 2 e<haust fans

s & single socket outlets

° 16 double socket outlets

° 6.5 kW cook top

@ 4.0 kW oven

s 5.0 kW ducted air conditioner (23 A)
® 3.6 kW quick recovery HWS

® 3.6 kW mstantaneous HWS

~ Load Load No Caleulation Demand
Group Amperes
Maximum demand:...................................
© TAFE NSW
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Answer Sheet — Section A (Multiple Choice Questions)
38 April 2009
SPECIAL EXAMINATION

6077AC Electrical Systems Safety — Capstone Assessment

Insiructions:
¢ Pnter your personal details in the top right hand corner of this sheet.

e Place an ‘X’ 1n the box of your choice. If you make a mistake, circle your answer ®and
choose again.

Question @ ®| |GG
1

Ko RN R e o BN BRI B LN RV, T QRVSN SLUS B I

—
<

—_—
—

—
-]

t

o
[N ]

—
&N

15
Totals
Total Correct Section A

Total Marks: Section A: .......... /15
END OF EXAMINATION
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SECTION B - (20 Mark)

INSTRUCTIONS: In this part of the assessment, you are required to answer a
range of questions by using AS/NZS3000/2007. For each question, vou are
required to supply an answer to the question and the clause from
ASMZE3000/2007 that relates to your answer. One mark will be awardad for
the correct answer and one mark for the correct clause number,

QUESTION 1, (2 Marky

What is the maximum disconnection time for a {inal sub-circuii supplying a
socket outlet in a lounge room?

................................ L0dseconds. ..o

R R I R R R R R R R T T

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

AB/MNZS 3000/2007 Reference (Clause number...1.5.5.3.diA. ..} .- /.

R

QUESTION 2. (2 Mark)

At what distance from the edge of a pool would a colour bond perimeter fence
need to be bonded?

SOOI within arms reach 1.25m from waters edge....... e

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

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

AS/NZS 3000/2007 Reference (Clause number...... 5.62.6...14.12.....)
faag

QUESTION 3. (2 Mark)

Where double insulation is maintained form the point of supply to the load

terminals of the protective devices for the sub-mains and final sub-circuits, what

will determine the minimum size of the main earth conductor?

In relation to the CSA of largest active conductor of the largest outgoing
submain or final SUbCIFCUIL. ..ot

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

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

AS/NZS 3000/2007 Reference (Clause number...5.3.3.2.a..)

QUESTION 4. (2 Mark)
What are the requirements for switching devices operating in a circuit fed from
an isolated inverter?

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

..........................................................................................
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Why are electrical installations divided into circuits?

T T I T T T T T
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10

QUESTION 1 (Cont’d)
i {a) Determine the phase irmpedance of the transformer.
Sraule = 5 1 2% = 500k/0.045= ..
I=S8paan / 3V =1 J3400= 1 -
Z=YM=230/0 ¢ = DL Az oy i
1 (b} Assuming the transformer has a phase impedance of 6m(, determine

the maximum 3 & prospective fault current at the POS (point A),

A%"% 8. 1has approximate tables to determine conductor resistance.
Table 34 X90 400mm” 60m = 0.003902

Zrotal = 3.006 + 0.0039 = 0.0099 Q

P2V 400230000099 = 23.2RA 0 oL

1 (c) Determine the system impedance, for a 3 @ prospective fault current
of 12kA at point ‘C’ the Sub Board

Z =V /1=230/ 12kA = 0.01920}

1 (d) Ifthe Active Barth fault current is 4.8 kA at the SB (point C),
determine the maximum earth fault current at the end of the final sub
circuit assuming all fault current flows through the MEN at the MSB.
Zext=V/1=230/4.8kA = 0.0 479Q
Zrsc=Za+Ze=0.196+0315=0511 Q
Ztotal +0.511 +0.0 479 =0.5589 Q2

If=V/Zt=230/03589=411.54A . 1%

6077AB EY2008 ' © TAFE NSW
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SECTION C — (Cont’d)
QUESTION 5. {3 Marks)

]

Three 3 phase circuits supplying similar loads are installed spac:
perforated cable fray. If the current drawn by each circuit is 3

determine

. o oy ; emmy s = o™
De-rating facts v 8 98, ... Refarence @...... T23 item 13 oo
(b) The minimum current ratiug of the cables to supply the load.

Currentrating... . 25w il 2000 sl L L f oy 0o

‘\ . : s AT, T "“:ﬂ % 8 o t e
‘QUESTION 6. {3 Marks) R L
’ T . I A b e
R R

A 20A hot water cireuit, a 20A cook top circuit and a 20A oven circuit are

grouped together and clipped to the ceiting joist partially surrounded by bulk thermal

insulation. Determine:

© TATE NSW
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QUESTION 8, {3 Marks)

A three-phase, 400V sub-main has a routs length of 42 meters and a maximum
demand of 138A. The cables used wre single core MIMS that are clipped to supporss
spaced from the wall be 20mm. The cable’s temperature will not exceed 90°C.

O
e

e

Cable size:...25mm>. .. ................ Reference:...... TI8Cols............. (3marks)

6077AB EY2008 © TAFE NSW



QUESTION 2 (4 marks)
A domestic installation is supplied with 16mm” double insulated consumers mains

with 16mm’® BW used for meter v wiring.

(a) Draw and correctly identify all cables used in the basic earthing system for
the installation.(Zmarks)

{b)y MNominate the minimum size cables to be used. (2marks)

Mamin-
Earth Link i. ’ _...3 Neuwal Link LUnprolected Newtral Link
CDCD@@CD@@(D([} GDCD(D(DG)@(DG)@CDCD ODooeooooDD
*@)@gl@®®@® G OooveoooDD (DOoecedddDD

6077AB EY2008

Earth
stake

‘Water pipe Switchboard Surround 10 A outlet

Light fitting
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QUESTION 4 (4marks)

A polarity test is to be performed on a final sub-ciruit containing socket outlsts.

Rescord vour results for the nolarity st in the isbie below. (3marks)

Earh Lk Meapial Link Uaprotected Mevwat Link
OPoocooDT (OO DD (ODoosoocodDO
OCoceoeO [@@@@@Q@@@@@ (CDoovoooaed

I T
OO |10 Ol & o 4
orF | {1 oz Hoer o {1 o ;l l
OFF (41} et Eg“"‘ i ; W :

. o | 100 5Q
0 oh on . . A . " ‘.‘.‘u\- ~n \i
:.mg:::uz zab;kfuz .'an; L_s:uz ‘3?3}’}.’,'3’&';’ mi}l‘onz ‘ﬁ?gﬁfﬂ’ «c; G\.g A{-,,‘.’;—g!

OlC |0 O{® ol O
Switchboard conpnections
O Loodl . 1 é l
e e I

i | | :
R ) @MQ

Fuactien
Sclectar

o
T

£

N

Select correct meter position, circle correct selection, 3(2?\/ SGOQ;"ZSGV, 560V, 100V /’/y / )
K / pr i g y

S

., -

The results for correct polarity check would be:

(3marks)
Coembination Result o
_t } Active-neutral 15Q2 \3 o .
- | Active- earth 50 | i ke TR
{7 « |Neutral-earth 102 g _ 5 e
| ! Active-neutral Switched oo () ? o L o
- [Active- earth Switched 00 / -
Neutral-earth switched 102
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QUESTION 6 (7 marks)

Calculate the maximum demand of 2 400V three phase sub-main to a factory having the
following load:

o 15 x Mercury vapour high-bay lights rated at 4.5A each (3eircuits)
o 90 x twin fluc cescent light fittings 0.52A each {6circuiis)
o 24 x double 10A single phase socket outlets (Beircuits) = =48 = w0~ % -
e 6 x three phase socket outlets 20A Sze Lootnobe e
o 3 x three phase socket outlets 15A ,
o 1 x 30kW three phase industrial air heater for factory heating Table C 2
e 1 x three phase guillotine motor 20A NTUTELE ST
o 1 x three phase drill machine 15A 3 s e Ty
o 2 x three phase hydraulic presses 25A e M= /3 V1 cos
e 1 x three phase air compressor 40A  hesd :j cos@ = |
§ !
__ e L= 2V
+ Load Calculation 1 Aphase | Bphase | C phase
Liype .
14 Sx453+30x052 =38 ¢ i § RN N =
10A (1000W+100x19/230=110-8781 | . :
L2 e phess hoadtua
20A 20+0.75(20x5+15x3)=178 75A }tz'c;}:,g 1258811288
SO
Heater |30,000/1.73x400=43,3 A
0071 7400~ 433 1433 [433
Motors | 40+0.75x25+0.5x(254+Z0+15)| @ e, . o o g
Z sa A 7 8KD| BB-8| 888
”““‘“‘“““‘“’“% (::‘@T‘- o :_:;l‘:i.‘) —m;ig_{:: 2 s |4 s S !3\_(;:“ :‘nif-,.-\ =
J ) 2
Maximum 200 8| 2088 2088
A /
Demand A A A
=4, V‘:S.\,-\\‘s-
j\\‘\ & _lji_“:- 7 \f’i "z"‘-: Lo \l u..g-_.;\'-':_; M 1:'“'1*:- i‘-i%'.’_i‘i’n; T m‘"‘.:‘j
6077AB EY2008 ) INavg et e o /jc; TAFE NSW



i TN Smarks)
Fill in the certificate of compliance for question 8 as a new installation
nstalled and inspected by vou.

CERTIFICATE OF COMPLIANCE -

ELECTRICAL WOEBK DERTRGATENG: . .. ..
SUSTOMER e
i . A‘f; TElapnIns Untdn
D : ' . i e o s e

iiTHHQ“J .al.)f:'i{ Uﬁphu_‘.:: it

a0 R
Typa ol - L ’
i‘:f]*maum meswmaryd LT Commer gl i O oo

: Spostal ! Ha r."" TS ’
: [ 3] whar Y
f@m’idi‘!ﬁﬂ Pir 30 MGG D !g s L E'ﬂ

CE QTE?!CJ"I-TE I'ﬂUST BE |55UED TCI THE ﬁdETﬂMER FOFI .I!:’.L“L. ELEC’TH'%A WDRK
i 's*;{rf o ol 6y tyne must ALE0 e nubfisd w ks ELECTRISITY D]S;l'H!%{JTDP. {DMER) '
1:3 e instatinuon D Fndurnrs

= [}
Lo A sz 2 sderalinns fa a swichbomd o 38 Szl EQ privent [ Betedl Ractitcal o blg

"BETALS OF EGUIPKIENT | ©

T TS S5 ESS NP D

of s wars 5
BT SRATE

REE Phe eruanmaen R S5ivRale inan :.,n.-,::

JiFh‘iENT HATING . “PAATICULARS DF WORK

b

21 np"z & withn casamly of ngtalaioniseriie mans

Epnoneh by DMEE

206 D TRfegn Tl “_"v‘ & andl oResiey thal Bava i‘..""!."r‘ TR TN WS,
? regi records @nd grindad st &3 seganaie 35eme,

E i ideanty £
B nsudaban sezisizngz MO

71 Palarity o

Fd Carract miroud conpesicns.
| gonfirm 1hst | kave cacried oul the above t2sls and wsualiy shaghed Lhai the ln*mtleﬂen Wk mscnbvd iy Lhis
Cerlficate uamnkes w]ih ASJNES acna and is suitahla {ar ztﬁ inarwded use,

LEalon
) B Suatabile |6r SaTh

[P ST S

e, S v v iees b

EakE | e
Sogemture 5N e wey o X | Date of Tesving, |
CERTIFICATION

|, the Elecleieal Contraslar give moliee te the Sustomerand o ‘
{Hama of DNSP o OFTL thal the wark described in this Dertificate has bean enm;ﬂeied in secardance with the
Elzcinsily JGonzumar Sately] Regulation 2008

: ] ;
Sz ¥ R [ iy ".#‘.‘]"lﬁi“ -_')‘r‘j 4 i
PRERE : “\‘-\‘IZ.- V Ll RO b L ;

:—.—‘ E

H t

Sracaiuns -
Gl G PN i |
o |
ANERR i i
... SR T e e e ¢

ELECTH]CH‘( D]“TH?BUTHR ;Ell“f?:P] HE MHK‘%

Jansanfeg U ~

-
i
Cprnanily! |

) L peca

6077AB EY2008 @ TATE NSW



