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Structure of this paper

Section Number of [Number of Suggesle_d ﬁ;f’;?'bf‘e zfe::::age

questions questions 10 wo'rkmg time |availa

available |be answered (minutes)

Section One:
Core content
Part A: Multiple-choice |10 10 10 w09 [101°
Part B: Extended answer (3 3 50 45 36 [30 4
Section Two:
Mechanical
Part A: Multiple-choice |10 10 10 104 |10 4
Pant B: Extended answer |4 4 80 88 77 |50 43-7%
Total 153 100 Y 3¢

Instructions to candidates

1. Answer the questions according to the following instructions.
Sections One and Two, Part A: (Multiple Choice)

Answer all questions in this Question /Answer Booklet. For each question circle the
letter to indicate your answer. Use only a blue or black pen to shade the boxes. If
you make a mistake, place a cross through that circle, do not erase or use correction
fluid, and circle your new answer. Marks will not be deducted for incorrect answers.

No marks will be given if more than one answer is

All other components of Exam:

completed for any question.

Write answers in space provided in this Question/Answer Booklet. All questions

must be answered.

2. You must be careful to confine your responses to the specific questions asked and
to follow any instructions that are specific to a particular question.

3. Spare pages are included at the end of this booklet. They can be used for
planning your responses and/or as additional space if required to continue an

answer.

« Planning: If you use the spare pages for planning, indicate this clearly at the top of

the page.

« Continuing an answer: If you need to use the space to continue an answer,
indicate in the original answer space where the answer is continued, i.e., give the
page number. Fill in the number of the question(s) that you are continuing to answer

at the top of the page.




Section one: Core content

This section has two (2) parts 40% (55 marks)
Part A: Multiple choice  Answer all questions 10 10%
Part B: Extended answer Answer all questions 45 30%

Suggested working time: 70 minutes

1. Which best describes the Engineering Design Process you have been asked
to follow?

b) Design, Make and Appraise
c) Draw it, make it, Sell it
d) Research, Development, Production, Evaluate

‘@nvesligating. Devising, Producing, Evaluating /

2. Atwhat part of the process would you be creating a materials and parts list?

a) Evaluate /
@ Producing

¢c) Research
d) The End

3. You are asked to design a child's toy, what consideration would be most
important?

a) Cost

b) Appearance /
Safe Operation

) Colour

4. In an orthogonal drawing, what do Regular Dashed Lines represent?

a) Outlines —_— /
b) Centre Lines - w—-—

(©) Hidden Detail
d) CutLines

NO VY eSS
IN OrTHOGOMAL



ise as “Mild Steel" a5
ing a type of steel, what do you recognis
5. When selecting

referring t0? /
a) Colour of bar -/,
Low carbon content g /

c) High carbon content
d) Weight |

6. Wnat is an Alloy?

b Nt
a) Pure Ore (oN
b) A combination of materials &~

T)>Two or more metals melted together
) Type of Aluminium

;;’ 7. If you were setting up formwork to pour a concrete slab next to an existing
wall, how could you quickly and accurately check that the end of the formwork

is 90 degrees to the wall? 5 ’_,é?

1 OV
TMake a large try Square
fudgement /ff ACCOVRCArE ﬁ

¢)/Measure both diagonals to see if they are equal
d) Measure the length of end, diagonal and wall edge and test using Pythagoras

o1 Quick

8. An 80kg Toolbox accidently rolled off the edge of the fifth story (20m high) of

4 o : :
T : bualdmg site. Ignor_mg wind ‘resistance elc calculate the Kinetic energy of the
oolbox just before impact with the ground.
| 2
@3.85 kJ 7 = WV ~
b) 38.5kJ freg ot SE .
c) 50kJ \
d) 200 ;. Y 142
P-. N'o\' ~
80x9.9520 « 15630 )

9. Just before it rolled over the

e edge, what was the potential energy of the

a) 15.7KJ e




10. Which of these is a NON-RENEWABLE Source of Energy?

a) Solar

b) Wind
c) Tidal /

\.9



t ions
Section one: Core conten all questio

Answer o
Part B: Extended answer I i
imple Cast Block shown in the
Si
Q.1 |

i the
All parts of this question refer to
Orthogonal drawing below.
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=

1.A Using the Page provided complete both m End

Oblique simple sketches
of the Cast Block.

* To present the Most ideal 3p lepresentation /

* Usearulerto helve’ep lines féasonably straigh

* Drawto scale , s

* Outline finisheg sketches but dQ not dimensio
NB: Line angles can pe estimated as long as they are Consistent. Additional paper at
end of exam booklet jf required,

8 marks
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rface area of the Cast Block
22001“2400,&&

T l(ﬁOO* (200

. the total su
1.B Using the drawings as @ guide, calculate

Botei $0xY40 = 3200mm

. OOMVﬂ

©oF ) 3200 - (20x40) = 24 N

WY 20840 00mar”] <407 1200 12fe00t 55
vl 8022 1660 mm® /46001306 100500

30740+ 1200mn
5"0’553 ‘[0),2() > X0 'b;uz

= 4500 wim *

30%20 * ((00wmn’ ’1
Xt OvinG
O U.Sf Uf&t 4 marks

1.C. You have been asked to use the 3D
blocks. Assuming they will be solid plastic
volume of plastic that will be cons

printer to manufacture 12 of these cast

(not hollow at all), calculate the total
omed in their manufacture, ignoring wastage.

\/= by(/\p(b\ BLOCK P’]: %(Jkl—l(_)xzo

* CH0006
BLOCK P1 = 404206 x36

2\{000 fl/'W\;
b Y090 t Qypco - 8 3000y, WA

38 000512 1456000,,.3 X
7L g[,oa(s

4 marks




1D
i) If the 12 Cast Blocks wer& made with Acrylic, what would be their total mass?
D oM

acryUC—> ll?Ole\\m% 4G 000 me’= } §00cw

39 x |22 [0Sw Lo> & mnn’

;W 190 = (0S&
Z 9% B "l23ma‘r‘k:/’ /

ii) A second order of the same quantity was made, but to be cast in Aluminium. For
packaging purposes what would be the difference in weight between the two orders?

Aty My DUV DENSITY{—> 2% 1O Lgm?

Z?IO?/O% :Z,S}Lo\ fOotAL OF 172
7 / (28 gLOCLS

3 marks
iii)
You have been asked to package the 12 items for delivery by parcel post and need
to order a specific sized cardboard box.

Suggest the minimal internal dimensions required for this box, assuming that the
components stack neatly together without issue.
x©C Aech o Z

“Length “‘70 WA 70 Yf: Q—

|20 WA et S
. qo /
Height “MM 0% ‘éOx\l()

]
o W) W a

3 marks



(5 Marks) I,

%?e College is looking to save money on power usage by installing some form o
renewable energy source. _

A. Can you suggest two sources of renewable energy that could possibly
utihzed in this case?

DLAR PWER~Z SOLAR ANl Terd

Hyprp IKINETIC ENERGY FROM DAM) —>hds|

WIND ENERCY FROM TUREIASE q.
-

2 marks

B. Consider that it would take an investment of $40.000 to set up and $500

: year, how man i
L pay for the cost 02.'23’_3Y5tem R y years would it take to

‘g‘ SOO:c/'r 40 000
518«(3 Wt forbYo 000
L> 1500« 3 —;t{ 000

TOTAL OvER & 7ew$ .
4 '5

exdiq Y000 = 4 |
Year 4500 by ]

| @W]SOO 2.

/

3 marks




3
Q> (16 Marks)

T’;\ Lafge.Wind‘ turbine was set up in the Southeast corner of the College grounds.
to:e‘:"b'"e without the 3 metre blades was 1.5 tonnes on a 35 metre stand or

A. A delegation from the neighbouring Estate complained about the Wind
Turbine. Can you suggest two concerns the neighbours may have with this

installation?

SAFETY OF CONSTRUCTION =~ SAFET™ OF

NOSE/SOUND TROM INSTALLING ¢ e

VIOLATES BUILOWG/SAFETY BESTRCtio NS
notT ALLOWED 1O BUILD TurRINE
THeee 2




lower the turbine
. ne was used t0
8. During the construction period. when a :S’ two Engineering students were

ithout its blad id "What if the Turb
o plaoe"? n:r‘:gt::e::( (():'e turned to the other and said "Wh rbine
admiring the .

er? ® )
broke its mounlings and fellt.fff"I E"ng‘;; g\:lahe Turbine in the scenario
Potentia
Can you suggest the

described?
tp = Mx9 ~h =
- 1500 ¥ 9.¢ x3S
= 514500 0
Ly SIY.5k) L

(

4 marks

C. Alas, just as the students were walching, for some reason the crane slings

holding the Turbine in place on the tower snapped and the Turbine fell to the
ground. Fortunately, nobody was injured.

But the students could not help themselves as they quickly took out their

Calculators and worked out what the Kinetic energy of the Turbine was just
before it hit the ground.

What would you calcula:)lf as the Kinetic Energy?
|
tk= 2 MV Ao
W\rISOOlw))f }’.87/2_ 5. 12030

= 'l:{’('{%g«) = 72.03/‘_>
SATDG ),

e i i

v

4 marks




MSTANCE wove X

)
70

Assuming that the Turbine was setup correctly with its blades intact and was
acts on the middle "’-%

4
-
( D.
{ operational. Ifitis considered the force of the wind 1.24N
—

" of the blade which is 1.5 metres from the centre shaft
MIDpLE OF BLADE = 0.75m

i). In one full revolution, what is the work done by each blade?

Mogw = Fs = |21 ¥ 0:1t5=10 (92 Niw”
F= 124w
& :O’?g\m

.7’
7] 3 marks

ii). If the blades took 3 seconds to complete a revolution what is the power

generated?

p=€/f ox Fs/t
Fe=0.95Mn> 7 90 720 N

b= % secondS
0.0~ % 03] w

<

3 marks
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Section two: Mechanical

This section has two (2) parts
Part A: Multiple choice Answer all questions
Part B: Extended answer Answer all questions

Suggested working time: 90 minutes

60% (98 marks)
10 10%

88 50%

1. Atemporary strut holding a damaged roof is subject to a compressive force
of 1.5 kn. What is the stress in the strut if the Cross-sectional area is 18mm??

_ F
a) 400 Nmm? 6” ‘A‘
83.3 Nmm?
c) 27 Nmm?
d) 12 Nmm?

/S

2. Why can mild steel not be hardened and tempered?

a) ltstoosoft— 7 Har D

b) Gam-
Insufficient carbon content
d) -Cheap-

3. How many Pascals in a Megapascal?

a) 10 1O 2

b). 1000
1000,000

d) 1000;000-000

/

V4

|0GO QS

4. Ifitwas calculated that reaction force B= 257.14 What mustA =

a) 154 N S o

b) 1.54 KN HoO AN

42.86 N l l

d) 2 KN r_l 3 X '
A e g

fyr0° A15: Hoout008) %2+ 100 ¥S

= OO P
A= 2 224 86

Zoo 1 [oU©



5. Annealing is the process of: 7/ : ~
uce th oftest state:
@f he heating and cooling of a metal 10 p' md! - v“‘ DMN-’ /

b)/% perature ¢
c) The heating of harden 974 /,< P

= t.m“’w % A A

ed steel below crmcal tem

6. Strain in a bar under tension is best described as:

The compression in the bar
d’ The change in length divided by the original length of the bar
c) The elongation of the bar
d) The load applied to the bar

—-)..:, {IIC’(L/

7. 1f a 200 N force is applied to a simple lever system, resulting in a 400N Load
being lifted, what is the mechanical advantage of the system?

2 NA = Fook/Fres LoD [t FFoes

%) 4 O
L5 - 400/ 20
=L

8. Forthe system in Q7. The 200 N input pushed the lever d

: own 1.2 m and

sed the 4 [ i
:.s ek 00 N load 600mm. What is the movement or velocity ratio of the
i . 4

2 — =
< dlead 00O ’

in the lowest gear selection.

Ploich sprocket is the chain engaged on the rear wheel?

Smallest
D) Largest
c) Second

d) Fourth O @ '



10. A 6m long snatch strap used to pull a bogged 4-wheel drive vehicle,
stretched 12mm during the event, what was the strain in the strap?

AL |12
@o.ooz E- 2= - —
b) 0.0002 L Foole,
¢) 0.004 /
d) 0.00012

N



o Material for Cylinder Block 25 x 25mm Mild steel
¢ Bore and Piston @ 19mm

cuiwvoek

~ ot
P
PP Ochbru
D25 e e
® rme sy

1A. If the air compressor was set to deliver a pressure of 50kpa when the air was

connected at the inlet port at the top of the cylinder (5), calculate the force with which
the piston out stroked. When P=F/A P .
—— Q

-2
For reference 100 kpa is equivalent to 0.1INmm N A

p= £/A mm/

P= 50 kfa = 0. OSMWW N o
A=m(* =« )5%: 253.5% , 2 /

L> 23‘533%1\1\2 :

O - OsNMm F"‘Z?S 5% s l7 0.23 353\(\;\

OOS’ 233'53‘: 5matks/lé
F= 0092 28353 = 1y g




18. Suggest a change or addition to this design that could make the engine more
efficient and how?

ltC\QEASE THE Bore apv prstor

x_@MéTE\2 AS 1T WILL HAve A LARGER
SURFACE AREA OF foewce crepTING

YoRE AR PRESSUKE Yo WSH  Mope
’ prpcSsves

|

2 marks

1C. Name an alternative material that could be used to make the piston. Describe
two characteristics of that material.

2opsS —> MAULEABLE 1 ducTiee + PASTIC
L ANOTHEE METAL W PROPERTIES

LIke WiLh SHetd
02 ALUMINIUAN AHICH HBS SIMILAK PROVERTIES

3

LASTIC

(OULD USE ABS [\ND 30 3 marks
PpanNT T, BUT 15 paTLE, UME

/
NOT MAULALLE OR
I CTILE




25’@5’ éZSum _ ‘~4 S\{y

7 P Az 283.53wmw~ 5 HoLe
: ine, using 20mm square

1D. It was decided to make a smaller version of the engt o0x20 = | $|.

mild st‘:el instead of 25mm. ‘fs."f/ . OF 2 2 Q

10mm diameter round

i If you had to choose between 19, 16, 14, and

’ ba):()fzf lie piston, which would ;ou qusse \a{ﬂj W'B’Z_ 5(. ocle WAS Vel (e
LAST PSTON HAD Gwa LEEWAY 70 MATCH

TMIS IN 20um SQUAEE (MM Wwoul

APPROX SCALE hopro ro S12€ (SEE woewny
OuT>

j\‘ 2 marks
(6D

ii) If the same pressure was applied to this newly constructed engine,
what would the out-stroking force be in this case?

b= F/A /6.
F:7 Pz 0.0SNmm? 22

§ T"*’?ﬁ;% 201.00 w

00% o= F-ZOI 0

—

F= 005 x20(.00 L\
= 10.055[\(

4 marks
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szg

&L

-
-

T
15242 S :
7 : 3¢
1t was decided to build (42 Marks)
: a Gant ;
This was to aaiily sysiem w1
s enable the raising and movi %8 shed ‘.“ the back of E block.
Ho Gs. : ng of heavy items such as Engine
antry consi
shed and protrud‘:tde?h?;a t{,a'ge | beam (RSJ) that spanned the wi
was supported b ugh the external walls a short di il
y two large struts of the same materi ||Stanoe. The beam
ial.

BEAM 1 Tonne

2A. Draw a Force Diagram of the Gantry System (on the next Page), when:
e Thelbeam constitutes a Uniformly distributed load of 1 Tonne
which is considered to pe acting in the middle of the beam
« The block and tackle apparatus is located 800mm from the
centre of the strut B and has 3 mass of 100kg
e An 800kg engine block is suspended g%m the block and tackle.

OLwO

1000ky Iy o
A | A
)

/
YW\




2A cont.
BEAM 1 Tonne

\‘

\
100kg
A B
4m |
2A Draw Diagram answer below... 300 k‘,]»
L |
(000 L 100 L.9

P4

:
R2
\0rs?)
F‘\I\!\O) %4/1
o ” 20 k]
© eddly

043 56002

/00 ‘(j:/(lUCJ/OOrl




—
|

3 marks = \O@

T Cacuisla the reaction force I StnAE Y \
MM-O~- % CWM = éncw/\/\ Z
pxz" PSIANCE TO = FxQ ... = |Cw N,x21 [od.}ya. 20
h" Dr = 10000¥‘ ’l%ﬁoo“! % 400

T —

R'zXL[ Vggo% -7 }?7 M g | 22004
)

¥

6 marks

2C. Therem.re: what is the reaction force in Strut A?
TR 1 Ras Fry = AtB- Fi
A#Vﬁrz?o'- Lloogt 300 t (0O = 1§00
- !21: ;90@042’20@:@30

4= (30

3

4 marks



by two straps (2 8.5mm
2D. If the engine was suspended from the block and tackle by i
each) which carried the load equally?

i) Calculate the stress in each strap.

o= /A -
F= o= 600 >73- #54ON,
A=r® = o 425> Se- S pm’
O = 78'{0/5@-75 =13%. ) S N Wi S
— 7
C{IG/ 7 marks

s :

i) Each strap was found to stretch under load 1.4mm. Calculate the strain if
the straps were 1 met,re long.
42 Lo v mnra
.- 000!
5 L ] OOOM A 0011 €
Y

Ll 2,

L: /OOOI‘U\W\ —

3 marks

i) Using your calculations determine what the Youngs modulus of the strap
malerial must be.

% -1S

J‘ -
E"'.é— = .00 - 98(,7,?3—1 N,'\\W:L
= 5 - = _ 84O x 100
g=153 1 . €= 2k pr
- - 00|\
2 Z 3} 3 marks
= ) 340000 |

7245

2
IS

- '09(’73/‘4‘1141} .

v“



|

oE) Assuming the straps had to be replaced wi
worked to a safe working stress of 50 Nmm*

yhat minimum diameter strap of m
otherwise exactly the same? (If unsure of load refer to information at start of question

o2l n- Bl

U’SONmml = 156.3mm?2

0" A‘g_ J - ij
F=7%Y0pN = 1Y 1Zmmn-E

i

th a material that could only be

| could be used if the set up was

7 marks

2F. What would the extension in_the strap be under load if the Young's Modulus of
this material was 60kN/mm??
F 8400 0°

15)

—_—

=l !
0000 AAL ~ £ 7 ° IS6-38AC
~ 35uox 1000t .
* 1568 % AL /

3403000 N L= 2GY0000 7
Al = 73‘!0000’9‘((12’000 0. 32 wm

4 marks

f




2G. The two struts that support the beam, and subsequent loads are constantly
under compression. These are made from Stmffwe, hollow section

100mm with a S5mm wall thickness.
—— -

Calculate the compressive stress in member “B” using the resistarwbula!ed
for that member in the previous question 2B.

Nb. Use 12 kN as the resistant force if you did not complete the question. UOCﬁ

RES FOR(E = 12200N CL[({L
F

0=  A=1000mx[00un (90« J0) I

- l /QC)O Nw\,z 5 marks

100

-r



Q3.

174
The diagram below is that of a Bi (18 Marks)
RANY CF FOR
R 002 m i 01m 0N
|
N
Fulcrum / i Brake Lever
R N
AL
9 error T
i
PN
Fulcrum
: . A
A. i) Label the diagram where load and effort would be applied
2 marks

ii) If the system is in Equilibrium show that the force at R= 200N

g-200n —» 2 (WM=Z AWM /7u:£)2:2

J0un-0.1 14O = - AWM dx002-4
%

4 marks

B. i) Determine the Mechanical Advantageé of the system assuming no loss of
efficiency due to friction efc.

co

e i it i e =




(0RO grEetr iy

CCbT
ZOMM SUNH

ii) If the brake lever was engaged and in fact the end 2:’ lg(e)r::'?;\ ;a;
pulled 50 mm in distance. The opposile end R mov ;
the movement or velo;iguatio?

VR= deffoct = Joa
S Lo 0=t

2 marks l

C. What is the Torque in the System when the given force is applied?

WHEELS TVRNING AND BrEAk (S RpPuey
ACION OF peepllys

2marks ~

D. Levers like this are quite often made by‘t_:a;_s_tigg them using Aluminium or Al.
alloys.

i) Suggest why a company would produce items such as Brake levers by this
method?

(oSt EFEICIENT DOES NOT REGUIRs
Ml TIME7 LABUR AN) IS pONE BY
ARt Macnne >~

2 marks

ii) Castings like these have been known to crack or break. Can you suggest
reasons why they may break?

N Co RRECTLY CAST’j POES NOT WIiTHSTAWY

(\/lyl/fép ALODMINIVW e ‘nmel WAA-’D_S

AoT guoet! 2 marks }
ANY  CONTRACTS 402 QUICk LY frpmn HeaT

L) ALUNMI VDM Podeep




i) Ifyou had all the facilities availa

_..n—{ 1(ELD QTQEN(I(H = (4'7:55;\,,“‘.,\2. e SiLE = (SO vma?

onE WITH Higher Viewo+ LTS 1§ M

STEEL - VIELD STRENGTH S How mucH Foecs
1S MEED UWTIL METAL DerorS

2 marks

UTS 1S WHEN MeTac STARTS 10 (veck.

MILD STe¥ELl VYIELD STRenNOTY= 2Q O Nwu X
uUTS = Y FO0Ommu®

VAN
[/ HEMCE NOKE VURAGLE




(1 l2’-l;l‘|3r3(27.)
Q4

Select Two only from these images.

Identify the basic mechanism. Give another exa
involved. |.e., How it is used to gain Mechanical a

ibe the principle
le, then descnbg t ‘
mgvantage and adjust the Velocity

ratio.

Image B

PuLLEe (tever)

FULCRUM — (rANSE

Mechanism

Other Example

2 marks n

How can it provide mechanical advantage?

The ETEORT PUT IN S (ESSEMNED BUt
Jou HAUE TO MOUE More for LOAD to &
’\O]/é {J‘ = marks

I\ SHN 1R DISTANCE Qv Mz/u,rk LESS

How can you change the Velocity ratio? (,Ufl@t‘f‘r THW
2= d efFort /’C LORD ACTIRL St

BY CHANGING The isTance OF THE eFrForr P

v 2 mark
Ov PP — (HaN;e we i
0F cupnee pPuLLY



il) A

Image

Mechanism W ﬂE’E{_

Other Example MQCUAN(CAL SHARPeNv EV
ToER. Fa N 2 marks ? )
How can it provide mechanical advantage? SPOKeS
GIVES JMORE SPACE 10 TLURN ovex AN ACEA

=

WHICH PULS HeAL Wwalerr (Bucket )
2

2 marks

How can you change the Velocity ratio?

(0EAE A (ARGEL OVIER WHEEZ 18 (NMER
WHEZ C ‘QA’ﬂﬂl CHA[\.’GE' WE\CHT OF Bulles t

2 marks
&

End of Exam

e ———



Additional Worklng Paper

60 MORLC




