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Section 1 - Multiple choice questions

Select by circling the alternative A, B, C or D that best answers the question.

1. 'What are the three primary bonds which bond all materials?
(A) Metallic bonds, covalent bonds, hydrogen bonds.
(B) Ionic bonds, sulphur bonds, covalent bonds.
(©) Ionic bonds, covalent bonds, metallic bonds.
(D) Covalent bonds, Van der Waals bonds, metallic bonds.

2. Which statement best describes ductility?
(A) The ability to be flattened by a compressive force without failing.
(B) The ability to withstand an impact force without failing.
(C) The ability to be stretched or drawn into wire by a tensile force without fracturing.
(D) The ability to return to its original position and/or shape after removal of the deforming load.

3. Which statement best describes a face centred cubic structure (FCC)?
(A) Easier to deform and harder than a body centered cubic (BCC) structure.
(B) Easier to deform than BCC structure because it has more slip planes and is less dense than the BCC structure.
(C) Has 4 atoms per unit cell, is more dense therefore easier to deform than BCC structures.
(D) Has 2 atoms per unit cell and is quite brittle.

4. Which statement best describes the result of slow cooling of metals from red heat?
(A) Larger grains which generally results in a softer and weaker metal.
(B) Larger grains which generally results in a harder and stronger metal.
(C) Smaller and more numerous grains producing a harder and often a stronger metal.
(D) Smaller and more numerous grains producing a harder and weaker metal.

5. Which statement best describes work hardening of metals?
(A) Heating the metal until it is red hot and then quenching in water..
(B) The ‘tangling’ of dislocations at grain boundaries, foreign atoms and other dislocations due to working such
as hammering, rolling, bending and abrading.
(©) Dislocations moving from one side of the metal to the other thereby distorting the metal.
(D) Heating the metal until red hot and then cooling slowly in air.

6. Which statement best describes the hierarchy of waste management?
(A) Waste reduction followed by re-use, then recycling and finally disposal. ]
(B) Re-use followed by waste reduction, then recycling and finally disposal.
(C) Waste reduction followed by recycling, then re-use and finally disposal.
(D) Waste reduction followed by disposal, then re-use and finally recycling.

7. What are the vertical and horizontal rectangular comiponents of a 30 kN force acting upwards to the right at an angle of 30°
to the horizontal?
(A) Vertical = 15 kN up; horizontal = 26 kN right.
(B) Vertical =26 kN up; horizontal = 15 kN right.
(C) Vertical = 15 kN down; horizontal = 26 kN right.
(D) Vertical = 15 kN up; horizontal = 26 kN left.

8. What is the force in member A of the bracket when a 2 kN force acts as shown?
(A) 23N (B) 230N (C) 23kN (D) 23kN

9. Assume the force in member A of the bracket shown above is 1 kN for a different loading situation. If member A is 15 mm
wide, 8 mm thick and 300 mm long, what is the stress in member A?
(A) 83Pa (B) 83MPz2 (C) 83kN (D) 830 MPa

300N
¢

10. What is the mass, M, which will produce equilibrium on the bracket system if a force of 300 N
is acting as shown? B
(A) 12N B) 12kg (C) 120N (D) 12kN

- Engineering Studies - Typical HSC Questions & Solutions




Section II - Short structured response questions
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. 2.5 kN tension N
Question 11 £
A tower is supported by a number of guy wires, two of which, AC and AB, are fixed to a bolt at A. 30KN tension <
Given that the tensions in AC and AB are as shown, determine the resultant force on the bolt at A. , %
7
)

Question 12 0m
A crane is lifting a crate of mass 500 kg and placing it onto a pallet. A rope is tied
to the cable at point A and is pulled in the direction shown to locate the crate above
the pallet. The angle between the rope and the horizontal is 35° whilst the cable is
deflected 10° from the vertical.

(i) Draw and label a free body diagram about point A.

(i) Determine the tension in the rope which the person is pulling.

P

Question 13
A bracket bolted to a steel column with a pulley mounted on one face is
shown. The pin prevents the bracket from rotating about the bolt.

(i) Draw a free body diagram of the pulley and axle.

(i) Find the resultant of the 300 N forces acting on the pulley.

(iii) Determine the reaction at the pin assuming that it is horizontal.

Question 14
A car driver applies a vertical force of 45 N to the floor mounted
handbrake at A. The cable is horizontai.
(i) Find the tension in the cable. 45N 405 90
(ii) Find the reaction force applied to the pin at B when the 45 N
force is acting.
(iii) For another set of conditions the force applied to the pin at B is
800 N. The pin, which is in double shear, has a diameter of 5 mm.
What is the shear stress in the pin?

Question 15
The force-equalising system for a car’s handbrake has a metal bar with a cable i 70
at each end. The force provided by the handbrake should act at the centre of the | 8
bar between the two cables. e T];;w
(i)  If the bar is moved 8 mm off centre, what are the forces in the cables | s
when a force of 1500 N is applied by the handbrake? [T T
(ii) Both of the cables are @5 mm, find the maximum tensile stress in the Ll_' - ~ A
cables when the bar is 8 mm off centre.
+1500 N
The guard rail of a bridge is hit by a motor car. The shape of the guard rail and
the magnitude and position of the forces on impact are shown in the diagram. :
(a) [:] ¢ 120kN
(i) Determine the turning moment about point A created by the two
impact forces? -
(ii) Determine the shear force acting in the two anchor bolts C and D? RHS(
(iii) Assuming the shear force to be the only force acting on the bolts,
find the shear stress in each of the two anchor bolts.
(b) For another impact the combined horizontal force acting on the .
guard rail is 150 kN. The moment about A that results is 51 kNm ] L oot
anti clockwise. T
(i) Sketch the force and moment that must be provided at the base of
the guard rail to maintain equilibrium during impact. B
(ii) During impact, assume the tensile force resulting in anchor bolt D to

be 4 times as great as the tensile force in anchor bolt C. Determine
the tensile force in anchor bolt D at the time of impact.

—_—

Question 16

230

Two anchor bolts - M25 x 3.5

190

I 70 180
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Question 17 % §
A force P of 2.45 kN acts on the top of the lawn mower piston shown. Determine the /] '/ Cylinder
force in the connecting rod for the position shown. Assume the piston is moving with 5 / ]
constant velocity and disregard frictional resistance. The connecting rod is 88 mm long /] '¢' . 7 Piston
and crank throw is 25 mm. & 7 L/

A %

-4 Fr

Connecting  Jf

Question 18
A side view of a bicycle hand brake lever is shown. A force of 110 N is applied to the
lever as shown producing a cable tension, T, and a reaction at the pivot pin.
(i) Determine the tension in the cable.
(ii) Calculate the diameter of cable required if the tensile stress in the cable is not to
exceed 52.5 MPa.
(iii) Determine the reaction at the pivot pin of the lever.

Question 19 ‘ Y
A uniform solid circular cylinder, diameter 1700 mm and height 2100 mm has a
mass of 500 kg. It stands vertically on a rough horizontal surface.
(i) Determine the magnitude of the horizontal force, P, applied at the top of the  sp./» cvemzes
cylinder as shown in the diagram, which will just tilt the cylinder. S
(ii) Determine the magnitude of the smallest force necessary to just begin to tilt
the cylinder.

Question 20

Alawn mower, having a mass of 45 kg, is to be lifted up a retaining wall which is at an
angle of 65° to the horizontal.

During the lift the mower is held at rest in the position shown by a force, P, acting along
the handle. Determine the magnitude of the force P.

QlleStiOllZl VAV A A AN R A A AN
The rope ABCD shown is used to support a crate of mass 80 kg whichistobe  osser_ A4 s
loaded onto the back of a truck. The rope is attached to an eyebolt at A, passes .
over a smooth pulley at C and is tied to a support at D. The crate is slung from a j
rope tied at B. c b
(1) Determine the tension in the rope CD. 5 awmif ||
(if) -The vertical rope supporting the crate has a diameter of 15 mm. Find the 150° i | ¢
tensile stress in the vertical rope at B. 105° >
¢
il d
D_ | ceare v
Question 22
A wall bracket is loaded as shown. The bracket is screwed to the wall by one screw Thrr
in the position shown. Find: o
(i) The tensile force on the screw. 4 .
4 N " pl _—— POSITION OF SCREA
(ii) The shear force on the screw. oy
S ’
™ ! 25kg
2 ]
/7 |_ 230
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Question 23 ..-———\

The anchor for the cable of a small suspension bridge consists of a concrete block
resting on rock. The mass of the concrete is 94 tonnes. The centre of mass, A, is
indicated on the diagram. If the block were to rotate about point B, determine the
minimum cable force required to just start to rotate the block.

19m
Cable force
Centre of mass
30°
A
B
Rock

Question 24
The mobile crane shown has a mass of 25 tonnes which acts through the centre
of gravity C. Determine: .

(i) The force acting on the hydraulic cylinder, X.

(ii) ‘The reactions at supports A and B.

(iii) The stress in the @30 cable supporting the mass of 10 tonnes.

Question 25

A retaining wall holds back soil as shown. Determine: 50 kKN
(i) The minimum force, P, such that the wall just tips about point A with no

horizontal sliding. Retaining

(ii) For another set of conditions, the horizontal force Pis 15 kN. Determine wall T

the thickness, X, of a new wall required to just prevent tipping.
The weight of the new wall is 60 kN. -

0.6m

21m

Mass
10 tonnes

Soil

Footing ~t |

Question 26
The handlebars of a bicycle are shown in the diagram. Determine:

(i) The magnitude of the couple formed by the 60 N forces. 0 r >
(ii) The magnitude of P required to provide an equivalent couple to that 3 \ 60N
calculated in (i) above. | 320

T

42 m

‘ Question 27 04m d

21m

[ —
Three children are sitting on a see-saw and apply the forces and mass as
shown. Determine the distance, d, so that the see-saw remains horizontal.

Y
350 N350 N

Question 28

1800

- A horizontal lever pivoted at C is shown. Determine:
" (i) The magnitude of the minimum vertical force that
must be applied to keep the lever horizontal.
(ii) The reaction at C when the lever is horizontal.
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S&TION I= MULTIPLE CHOICE
L C 2 C 3C 4 A £ 8
6. A 7 A B C 9 B /4B

SeCTon II = EXTERDED RESPONSE QUESTIONS,
QUeESNON /

. .
OF
DETERMINE ANGLES
a 40
TAM X, Z
K= 38.7°

CONMSTRUET A FORCE POLYGOA.
ScALE : B-0kA = B3O mm . [KN=/0mm

A |
PORCE DIAGRAM
scate aﬁﬁoimmmf; 5. 42kN LT

AUESTION /2
0w

FREE BODY OIAGRAM
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QUESTION /2
vy b
7 '
Z o
Skt

gy ]
/¥ Force vudrAM
' USING BOWS MOIATION

a /e
USING THE SINE RIE

A . b o 20 B
sk SIvE SINS®  SiroP

. B = SN0 r&x1p®

- Sia 45 ° —
TEMSION /N THE ROPE = /221§ M

QUESTION 13
() |

300M

¢ mermop i :
CONSTRUCT A SCALED
FORCE DIRERAM

METHOO Z ©
USING THE SINE RULE ! -
2 - & ¢ oo _.@_
WA SINB gy 5o Smiso®

RESWTALT = 572 N

‘g 200
) I“‘—“J socr |
5° N . .
VERNEAL "3\ P ST06 a0 I Fe r40
£19-6si
: 555.8M
BECAKSE THE BRACKET IS IN EQUICERIVAM
EMar = 0 /T+
—(5"55 -3 -2) 1-(F;: )‘.ﬂ.ﬁ4) e
Fp= $2:6%02 . 2720 N
Jr 04

REACTION IN THE PIN = 279D M.




QUESTION 14
() ZMeg = o/ 7+
(45 x0-208) - %0:05) = ©

T = 44 X0 405 _
005

TEASION I CABLE = 364-5 N

= 364 SN

(i) LET 7HE vermcat Fore€ on PIN =Fypw
sFy =0 I+
- F/pw +45 =0 ' Fow = 4—5/\/#

LET THE HOIZOMTAL FORCE ON P = o
gFx=0 —>+

Fease —Fxpm = O

3645 - Feom = 0O . Fow =364SN
(PESITIVE ANSWER > ASSUHED DIRETION

45n ]' %’/"; IS corReecT )

pind 345 M

é"— REACTION irv PIN = 457} 364_,52

= 567‘3“
445 - 4°

367:3
THE REACTION FORCE OK PN = 36T3N

TAN 6 =

er"‘
B L2

——

As
= Qoo
JTRISZITC = 2XTTRUS %10 M
= 20.4 % 0%

= 2004 Mba

SHERE STRESS N PIN = 204 Mby

(i) wrege P = Boau
As = 2 Tinrt

(povse <Here)

Jonerg =

QueSTIoN /5

— :h

/£oo~
TEMSION) N LEFT CABLE
TENSION N RICHT CAGLE.

()
-

7
TR

TAUE MOMELTS ABour TR
EMp=0/"F

- ({500 % 27) +(TL x70) = ©

7. =

/500 X 27 _
70
ALSO ﬁFf:OT*
578-b -/500+Tr = O
Ta = /600- 5786

£78-6 N

=92/ 4N

AN EASTER MEMOD = USE 3 Foece RULE

t*
| B m——
A IT — 70 = 4 364'5“
CABLE

USING BOWS NOTATION DRAW A SCALED
FORCE PIAGRAM ON THE DIAGRAM
GV I THE QUESTION,

SELECT AN APPROPRIATE SCALE
4 DPAW AN ACCURATE FORCE
DIAG RAM AMD SCALE OFF REACTION,

FORCE OIAGRAM,

TENSION (A RIGHT cABLE = D2 4 NJ
TENSION IN LEFT CABLE = £78:6AN

(il) THE GREATEST smess wice occur
IN THE CABLE WITH THE (ARGEST
LOAD SINCE BOTH CABLES ARE (PHmm,

Foxg® WHEZE. P = 92| 4 N
AK A)(= /74—2

-6 2
. 994 = T 26410 M

Tx28 ?'x /0~
. 4= x10%Pa = 469 MPa
GREATEST TEMSHE STRESS = 469 Mg

2
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RUESTION /6

Q) .+,
()(/) Ve A = (zox 0-42) Hasx019)
= 685 kNm

TURNING MOMENT ABouT A = 685 KNm.

W =
G) W = -120-98 = -216 kN

| HORIZONTAL SHEPR FORCE IN BOLTS = 715 k/\/é-i

() Gog= L  whag P= 2061034
As A = 27"
. 216x00° = 2XTTXI2§ R /O

27 125% 107 @
= 215%x0% = 219 M~
SHEAR STRESS /M) EACH BOLT = 219 Mka

(b)- /80 KN
(f) ———,-)5‘/ kN m

(1) CET THE Fonce N BoTD =T

THEN THE FORE IN BOLT C. =f

TAKE MOMENTS ABour A
€Ma=07"*
(4x007) +(Tx02£) Sixt’ =0

0-0ITST + 0267 = &/1x/03
T = /207 kN

TEMSILE FORCE IN BOLTD = 1907 kN

QUESTION 17
50 (0 15° = 2:45x10”
F‘
£ ] Y2a5KN F = 2.45x/0°
Cos /5 °
2 254 kN

FORCE IN COMNECTING ROD 1S Z.SAKN
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QUESTION /8
0 EMow=0/F
(1ox 81) =(Tes5) = 0

T = /108l
/5
= L4 N
TENSION IN THE CABLE = £.94- N

(I.”) ﬂwgﬂe = { WHERE P ’594N£
X
st - 55 4 &r = 52-5x/0 #a
Ax = _ /D-'é Z
/0—6 x
4 X
D =' £94. x 4 = 3.8

NTTx 52:5%70 Be/p ©

DIAHETER OF CABLE = 3-8 mm

(i) usinG ™™HE 3 Force RuLE

WE CAN DETERMINE THE RGALTION
FOACE ACTING AT THE DPiInd

e

Pind _ Reacnon fodee R
4 R =J5'54 1o
81 504-/\/
%'N °" /z- o
POINT OF e =79.5
CONCUBRENCE.

';s'v
REACTION FORCE AT THE PyoT = 6 m/v%‘

QUESTION 19
N
0 =P
' ¢/~7m

‘r) 2""\
rf r +
Lku sMp=07"

-(PIZI)+@)<ID></7) o
P=2023-8 N

o>

FORLE P TO JUST TILT THE Crember. = 7-02EN




QUESTION (9
Gr) ZNPMIN
d /7
i, Minidym FORCE DUE
/ TO LOMGEST LEVER ARM.
YT gy PYTHALOLAS
A% = DiAHERR+ HEGHT 2
a={172421% =27m
EM4 = 0 7t
- (p,,w x2.7) +(5> % /03x %7 =0
Pow = [-57 kN

SMAUEST FORCE TO JUST TILT Cuind = [-STN|

QUESTION 20
P

DETERMINE THIS AAKLE BY
, B USINKG THE 3 FORE RUE
/ DIQECTLY OFF THE DIAGRAM
PEACTION) . AT WALL
c
' mq = 4510
- =450N
F 8.D.

CONETRUCT A FORLE DIAGRAM UCING
Bow's momaTION .

c CITHER, SCALE OFF THE

@AY Foece omcear or «e
450NJ° p ™E SINE RULE TO DERIMINE
4 P, THE FOQLE IN THE HANDLE
a (
Force _/N—bé— B QIECP)
DIAGRAM
P = 4850 xsinNTi° _ 462 N
SiN 68°

THE FORCE. P IN HANDLE 1S 45O N

QUeESTion 2/

(1) BecAuse ™E Rove ABCO /S
conrivpols, THe Foeee /N ANY

SECTION OF THE KOPE (S THE S4rE
Foree DIAGCRAM

E)THER SCALE OFF THE FORLE.
DIAGRAM 08 USE THE SIME RULE
TO DETERMINE THE FORCE IN CD,

USING BOwS NomRnon
COMNSTRUCT A FOPLE
D/AaeAM :

[ = b - Teco - goo
Tep = 8oox sin3o® _ 414N

SIA T5°
THE TENSION (N THE ROFE CD =44 N

wHeE. P = Boord
Ax Ac= T2 .
=Nk 1SwlO M

(D) Crague =

= Boo
TS % 0 ©

- 2.6220%% =452 MPa

THE TENSILE. STRESS /N THE VRl
ROPE = 452 Mha.

QUESTION 22
(1) Fr= TENGIE FOOCE o
-<Fré:/-,¢75)0+£;0x247) 0’75]? & _*‘250”
Fr = 250 % -247 A
T 249
= 3E3AJ

THE TENSILE FoRcE N THE Scged) = 383 N
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(11} REPLACE THE Sive Force (250N)
WITH A FoRCE~- COUPLE SYSTEIM

/| 250N
g DN
THESE TWO FORCES CREATES
A COUPLE WHICH PBODULES
THE TBUSILE FORCE ON SCREW

2N
@K/' THIS FORCE PROJUVEES THE
SHEZ FORCE IN THE SCREW

4

VHE SHERR Foree ON THE Sche = 25‘0:&4

QUESTION 73
. Feage
94x10°A TAKE MomMenTS ABOUT B
RiN3S tg . FOR EQUILI BRI Ui
0 B £ZMg =0 / +
F8.D. (F's’//vao 9% 5) -(54;(/0‘:( 3’v}= o)

SIN30°x &

- 4, 2, .
F = S4x/07¢ 3| I,

' INIMUM FORCE /N CABLE 7O JUST
r o7 THE Blowe = /166 ko

L

Questionn 24

W
8| joxro®n.
PINX A\ FHvo.

241 ,jj és
F.8.D.

£ Mpnx = o/t

= (Furo % 2:78)+ (jox 0% 0% 10:78) = ©
10X 10%Sim1b60° x 1075

Furo =
3.7%
: = 2483 kN

- ORCE ACTING ON THE HYDZAULIC
CYUNDER. = 248:3 kN
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QUESTION 24

0‘;) EA_ &250"‘;5 l/ovku
T !
EMa= 0 /7F

(250x10%x 4.25) - B8 x 7:25) + (x s as)=0
R8 = (250x 10° X4-28) +(jooxsSx 11:25)
7.2
Re= 30177 kid

=01+
+Ra - 25‘0x105+301-7></03-/wwo3= o

RA = 48-3 kM
- 48-3 kN/|

-

REACTION AT suPPoRT A
KEACTION AT SUPPORT B ~ 30( -7 KN

(/‘fi) Opune = £ wHeee P= lox/0*N

Ax Ag= TTr? .,
= 7/'x/5€</o ]
- joxn0 %
7% 15 % /o'_é

= 141-£x10° 2y
. 1415 Mz

STRESS IN CABLE WHEN THE
LOAD IS STATIONARY = |4|-5 Mfa

Questions 25

) EMi <0 /+ | '
-(Pxy.¢) + (50 x0.35) =0
P = 2907 KN

¢ Sma-0/(F
-(15x0¢) +ox %) -0

X = 0:3m

©
L]




QUESTION 26
& MOMEIT OF oAl (Me)

Fxd wHEE F = 6o~
d =032m

[

gox0:32

.5 MOMENT OF oune = 19:2 M'm

Mc = Prd WwWeme Mg =/19.2 Mm
P =7
o = O 4bm

Uy

19:2 = P x4t

P s 4T N

QUesnon 277

_ 4vem
ﬂ'4§ dwﬂx 2.l m 450N
B

- A
= 2 = 0ed = [ Tm

x + A

Mg = OFF

(460 x2.1) - (X % 350) -@sOX (- T) = ©
SN = Om

Bur nvd ¢ [T m

v’;dg ﬂ‘?l.”

dUeESTION 28

() MINImunt yERTICAL FORLE AUST BE
APPLIGD AT B ~ MAIMUM LBIER ARM

éMg = OKL‘
(1700 x 8) — (/800 siws 0 % 100) = ©

"u B=3I'7 M

w ZFy -0t
— 2517 + FY¢ - /800 sik060° = O

.\ Fye = fés0-5 uP

ZFx = O i'? SooMA
Fxc - /800 o8 60° = O B

S Fxe 2 Soo { 94N
-

Fo =200+ 6805+ = 1880 N

Tan @ =505 . o = 6114°
9oc

Scae
S0mm = [BOON
I mm » 20N

Qb= 4.5mm = 9ON =B
/680 N

bC = 94 mm
& £z°

[T ]

FORCE DIAG RAM

() B:I0N

() ReACTION ATC = /BBON 7oz ¢

\,cz=,€9\owwATc < 1880 N WC
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Section 1 - Multiple choice questions

Select by circling the alternative A, B, C or D that best answers the question.

1.

Which statement best describes why zesting of materials before service must be done using standardised tests?
(A) The engineer knows what force a material can withstand without failing.

(B) The engineer has accurate data on the mechanical properties of materials.

(C) The engineer knows how much any possible mechanical failure will cost.

(D) The engineer can apply a correct factor of safety to the material.

Which list of materials tests are all non-destructive tests?

(A) Tensile test, compression test and crack tests.

(B) Dye penetrant crack test, hardness test and X-ray (radiation) test.
(C) Tzod impact test, hardness test and ultra-sonic crack test .

(D) Three point bend test, magnetic particle crack test and tensile test.

. A metal bar with an original length of 100 mm is subjected to a tensile test and elongates to a length of 110 mm at failure.

‘What is the strain on the metal?
(A) 10% (B) 10 mm (C) 10 mm/m (D) 1 mm/m

Which statement best describes the application of proof stress?
(A) For metals that have a definite yield point.

(B) For metals that are always brittle.

(C) For metals that have progressive yield.

(D) For metals that do not obey Hooke’s Law.

. Which of the following can best test whether a milk crate can withstand a service impact force?

(A) Conduct an Izod impact test on a. sample of milk crate material.

(B) Conduct Izod and Charpy impact tests on a sample of milk crate material.
(C) Apply the service impact force to the milk crate.

(D) Apply the impact force to the milk crate material.

. A material has a proof strength of 400 MPa and a designed working strength of 160 MPa. What is the factor of safety?

A) 16 @ 25 (© 4 D) 32

A @10 mm hole is to be punched into 5 mm thick mild steel plate. What is the shear area in square metres?
(A) 157.1x10°m?> (B) 0.1571 m? © 50 x 106 m? D) 785 x 10 m?

A @6 mm metal sample failed at a load of 10 kN. If the diameter at fracture point is 5 mm, what is the engineering stress?
(A) 5093 MPa (B) 3537MPa (C) 884MPa (D) 1273 MPa

Which statement best describes the tensile test results of a strong and stiff material? '
(A) High ultimate tensile strength and very ductile.

(B) High ultimate tensile strength and high Young’s Modulus.

(C) High Young’s Modulus and large percentage elongation.

(D) High toughness and shows a definite yield point.

10. Which statement best describes the indication of toughness on a stress-strain tensile test curve?

(A) The slope of the straight line section of the curve. ’ -
(B) The height of the limit of proportionality. '
(C) The area under the necking zone.

(D) The total area under the curve.
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Section II - Short structured response questions
Question 11

A @15 mm cable is to be used in a lifting operation. The modulus of elasticity (E) of the cable material is 250 GPa. Calculate
the tension when there is a strain of 0.2% in the cable.

Question 12
A bridge pin bearing is supported by two @50 mm pins as shown. Determine
the shear stress in each pin if the bridge produces a vertical load of 200 kN.

Question 13 ' [ |
Briefly explain the following terms:
(1) Tensile stress, (i) Young’s Modulus, (iii) Ductility, (iv) Strain, (v) Hooke’s Law

Question 14
The following results were obtained during a tensile test using a test sample with a gauge length of 50 mm and a cross
sectional area of 160 mm?
Extension (mm) 040  0.80 1.20 1.40 20 30 35 40 50
Load (kN ) 20 40 60 62 70 80 82 80 70 (failure)
()  Plot the Toad-extension curve on the graph given below.
(ii) Calculate the ultimate tensile strength of the material.
(ii) Calculate the Young’s modulus for the material from the test results.
(iv) Calculate the strain at failure.
(v) Determine 0.2% proof stress
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Question 15
The following data given below were collected during a tensile test on a metal specimen. Use this data to calculate:
(i) percentage reduction in area; (ii) modulus of elasticity (E); (iii) ultimate tensile strength (UTS); (iv) strain at failure.
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Question 16
The stress-strain curves for three materials A, B and C are shown below.

c

STRESS

GIRAIN

(i) Which material is the most ductile and provide one reason for your answer?

(i) Which material has the highest modulus of elasticity and provide one reason for your answer?
(iii) Which material is the toughest and provide one reason for your answer?

(iv) Which material has the highest tensile strength and provide one reason for your answer?

Question 17
A strip of brass 45 mm wide and 10 mm thick with a @5 mm hole drilled as shown, is to
undergo tensile testing. The cross-sectional area at fracture was 350 mm?, Calculate the

engineering stress and true stress at fracture if the strip of brass failed when loaded with a
force of 100 kN.
100 kN

Question 18

The lawn mower blade shown is punched from 2 mm
thick sheet steel. The punching operation punches the
hole, diameter 10 mm, and the outside shape which has a
perimeter of 375 mm, in one operation.

If the ultimate shear strength for the steel is 270 MPa,
determine the force required to punch the blade from 2 mm
thick sheet steel.

Z mm THiCK, ? ¢
/

Question 19
A tensile test using a sample of mild steel produced the following force-extension graph:
(i) Using the appropriate letters shown on the diagram, indicate the part of the force- extension curve corresponding to elastic
deformation.
(ii) If the test piece had an original cross sectional area of 40 mm?, a cross sectional area at the fracture surface of 30 mm?, and
a gauge length of 50 mm, calculate:
(a) The ultimate tensile engineering stress.
(b) The true stress.
(¢c) The strain at fracture.
(d) The Young's modulus for the material.
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Question 20
A tensile test was conducted on an annealed low carbon steel test piece of gauge length 40 mm and cross sectional area of
30 mm?. The following results were determined from the test:
Yield stress = 300 MPa
Ultimate tensile stress = 360 MPa
Stress at fracture = 330 MPa
Extension at the yield point = 0.058 mm
Extension at the point that necking commenced = 6 mm
Extension at fracture = 8 mm
Determine:
(i) The maximum load.
(ii) The modulus of elasticity.
(iii) The strain at fracture.

Question 21
Name a suitable test used to determine:
(i) The strength of a reinforced concrete beam.
(i1) The hardness of a carbon steel axle.
(iii) Possible internal cracking in a brass propeller.
(iv) Fine surface cracks on an alloy wheel of a racing car.
(v) Possible weld defects in an oil pipeline.

Question 22
The diagrams below show the orientation of 0.15% carbon steel test pieces for an impact test in an Izod and in a Charpy
machine. The notch in the notched bar test has been omitted in each diagram.

EST piEce ST pece

-~

FlauRe | FlaURe 2

()  Identify the impact test illustrated in each of the figures.

(i) On each of the diagrams indicate by labelling the position of the notch in the notched bar test piece and the position of
the striker as it strikes the test piece.

(iii) 'What property is tested in an impact test?

Question 23
Name the critical points shown on the stress-strain graphs shown below:
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Section 1 - Multiple choice questions

Select by circling the alternative A, B, C or D that best answers the question.

1.

Which statement best describes the plain carbon steel?

(A) An alloy of iron and carbon and exists as a body centered cubic lattice structure at room temperature.
(B) An alloy of austenite and ferrite and exists as a face centered cubic lattice structure at room temperature.
(C) An alloy of ferrite and iron and exists as a body centered cubic lattice structure at all temperatures.

(D) An alloy containing more than 2% carbon.

Which statement best describes the microstructure of annealed plain carbon steel with approximately 0.4% carbon?
(A) Grains of martensite in a matrix of ferrite.

(B) Grains of equiaxed ferrite and pearlite.

(C) Grains of cementite in a matrix of ferrite .

(D) Graphite flakes in a pearlite matrix.

. Why has stainless steel a high resistance to corrosion?

(A) Because of the martensite content which resists corrosion.

(B) Because of the austenite content which produces a stable oxide film.

(C) Stainless steel has a stable oxide film formed due to the chromium content of the alloy.
(D) Stainless steel provides a good surface bond for rust resisting paints .

. ‘Which best describes recrystallisation of grains in metals?

(A) The growth of new elongated grains which produces a grainflow structure.

(B) The growth of more grains which do not replace the existing elongated grains.

(C) The growth of new equiaxed grains that replace the original work hardened elongated grains.
(D) The growth of harder grains than the existing work hardened grains.

. Which best describes the main differences between normalising and process annealing?

(A) Normalised metals are quenched in water from red heat but process annealed metals are cooled in air from below red
heat.

(B) Process annealed metals are cooled in air from below red heat but normalised metals are cooled in air from red heat.

(C) Processed annealed metals are quenched from red heat but normalised metals are cooled in air from red heat.

(D) Processed annealed metals produce metals with smaller grains than the grains produced in normalised metals.

. Which best describes the heat treatment process of tempering hardened steel?

(A) Heating the hardened steel to below red heat which replaces brittleness with toughness.
(B) Heating the hardened steel to red heat and replaces toughness with brittleness.

(C) Heating the hardened steel to red heat producing a tougher, more usable steel.

(D) Heating the hardened steel to below red heat and produces a harder, tougher steel.

Non-ferrous alloys generally exhibit which of the following properties?

(A) Non-ferrous alloys cannot be hardened and offer better heat and electrical conductivity than ferrous metals.
(B) Non-ferrous alloys are more suitable for welding and have better corrosion resistance than ferrous metals.
(C) Non-ferrous alloys can be hardened and offer better heat and electrical conductivity than ferrous metals.
(D) Non-ferrous alloys contain iron and are more dense than ferrous metals.

The processes of shaping metals by rolling, forging and drawing have which of the following advantages when compared

to machining?

(A) Rolling, forging and drawing are done while the metal is red hot which saves energy during the forming process
compared to machining.

(B) Rolling, forging and drawing are more rapid processes, produce a tougher component and result in less waste than
machining.

(C) Although machining does not cut grainflow, rolling, forging and drawing produces a stronger product.

(D) Although rolling, forging and drawing requires the use of expensive dies, machining requires the use of more intricate
dies.
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9. Why is the joining of metal plate by welding preferred to riveting?
(A) Riveting requires more preparation and equipment and does not produce joints of significant structural strength.
(B) Riveting has to be done while the rivet is hot and is therefore more inconvenient than welding.
(C) Riveting can only be used to join thin sheet metals whereas welding can join thick metal plate.
(D) Riveting requires more preparation and equipment, it weakens the structure due to the necessity of drilling a hole, no
fusion of metal occurs at the join and it is not as strong as welding.

10. What is the most important consideration for engineers when selecting an industrial process to cut and/or join metals?
(A) How much the process will cost.
(B) Whether the process will seriously weaken the parent metal.
(C) Whether the process will produce waste material which cannot be recycled.
(D) 1If the process can be used for a wide variety of materials.

Section II - Short structured response questions

Question 11
(a) Explain the difference between iron and steel.

(b) Describe the following features for each of the following constituents of plain carbon steels.
(i) Ferrite: lattice structure, two mechanical properties, composition.
(ii) Austenite: lattice structure, two mechanical properties, composition.
(iii) Cementite: lattice structure, two mechanical properties, composition.
(iv) Pearlite: lattice structure, two mechanical properties, composition.

(c) Label all of the different grains on each of the photomicrographs shown below:

0.2% carbon steel 0.4% carbon steel 0.8% carbon steel 1.3% carbon steel

Question 12
Tests have been conducted on three ferrous metals A, B and C to be used to make a bridge guard rail bracket shown below.
The results of these tests are shown on the stress/strain graph below.

(a) Identify the curve that represents the most applicable steel for:
(1) The MS plate; (ii) The anchor bolts; (iii) High strength; (iv) Toughness;
(v) Low strength; (vi) Good ductility; (vii) Good wear resistance/brittle.

Mild steel plate
Y A
® A C A i : 7
E b '.-__\:;_\____:\. ." :.’:--,
7] N
Y‘\\l Anchor bolt
Strain /
Bridge guard rail bracket
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(b) Three microstructures are shown below and each represents one of the ferrous metals A, B and C shown on the stress/strain
graph on the previous page. Identify these three microstructures by correctly labelling them A, B or C.

/ ;} = (‘/// »::'{?‘7,
X e

s
v
Y

% /,
0.2% carbon steel 0.8% carbon steel Grey cast iron
A,BorC? A,BorC? A,BorC?

Question 13
(a) From the alloys listed below, nominate the most suitable alloy for the following properties:
(i) Highest hardness; (ii) Best weldability; (iii) Most ductile; (iv) Softest; (v) Toughest; (vi) Highest tensile strength.

* Annealed 0.2% carbon steel

* Normalised 0.8% carbon steel

* Annealed 1.2% carbon steel

* White cast iron

* Spheroidal graphite (or nodular) cast iron

(b) With reference to the above alloys, state the alloy most suitable for the following applications. Also state the property of the
alloy, other than cost, that makes the alloy most suitable for the application.
(i) Automobile body panel; (ii) Automobile suspension spring; (iii) Civil structure demolition ball;
(iv) Structural steel used for bolted and welded civil structures.

Question 14
(a) Explain the importance of silicon in cast irons.

(b) Provide the following features with reference to each of the four types of cast irons listed.

(i Grey cast iron: Form of carbon; Shape of carbon; Two mechanical properties.

(ii) White cast iron: : Form of carbon; Shape of carbon; Two mechanical properties; A labelled sketch of the
microstructure of white cast iron.

(iti) Spheroidal graphite (SG) or nodular cast iron: Form of carbon; Shape of carbon; Two mechanical properties;
A labelled sketch of the microstructure of spheroidal graphite (SG) or nodular cast iron.

(iv) Malleable cast iron: Form of carbon; Shape of carbon; Two mechanical properties;
A labelled sketch of the microstructure of malleable cast iron.

ONORONG

A labelled sketch of A labelled sketch of A labelled sketch of A labelled sketch of
the microstructure of the microstructure of the microstructure of the microstructure of
grey cast iron white cast iron nodular cast iron malleable cast iron
Question 15

Wire used for automotive cable (such as throttle cable) may be manufactured from 0.15% carbon cold-drawn steel. During the
drawing process, the wire work hardens and must be process annealed.
(i) Describe the recrystallisation process of the cold-worked steel during process annealing.
(ii) Describe how the cold-drawn wire is process annealed.
(iii) Draw and label the microstructure of the process annealed 0.15% carbon steel wire.
(iv) Explain two important differences between the heat treatment processes of normalising and process annealing.
(v) A0.6% carbon steel machine die used for making bolts has been severely work hardened in service and has to be
machined. The die is soaked for several hours at 680°C and then cooled slowly.
Name this heat treatment process and sketch and label the final microstructure.
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Question 16
Structural steel bolts with a carbon content of 0.45%, are hardened and tempered so that the bolts
will have the required high tensile strength for use in structural steel work such as civil structures and
automotive engineering applications.
(i) Describe the process of hardening the 0.45% carbon structural steel bolts.
(i) Describe the process of tempering the 0.45% carbon structural steel bolts.
(iii) Explain why the bolts must be tcinpered after hardening.
(iv) Sketch and label the microstructure of the 0.45% carbon structural steel bolts after tempering.
(v) If the same process of hardening and tempering was conducted on 0.15% carbon steel bolts, what would be the
expected outcome? Explain your answer.

Labelled sketch of final
microstructure

Question 17

(a) Alloys of copper, aluminium, titanium and zinc are widely used in all areas of engineering. Provide:
(i) Asignificant property of each alloy listed.
(i) A specific engineering application resulting from each property for the alloys.

(b) Non ferrous alloys have advantages and disadvantages when compared to ferrous alloys. State two advantages and two
disadvantages of non-ferrous alloys over ferrous alloys.

(c) Many bicycle frames are now made from heat treated aluminium alloys. Describe the two processes of natural ageing and
artificial ageing (or precipitation hardening) of aluminium alloys.

(d) A relatively inexpensive bicycle frame made from 0.4% carbon steel generally does not have the tensile, compressive,
shear and torsional strength of a more expensive frame made from and alloy steel containing chromium and molybdenum.
Explain the reason for this in terms of the structure of both types of steels.

(e) Copper water pipes for civil structures undergo annealing and hardening during manufacture. Explain how and why each of
these processes are conducted.

(f) Titahium alloys are being used in larger quantities, particularly by the aeronautical engineering industry, despite the high
cost of refining the metal. Give two reasons, in terms of specific properties, why titanium alloys are particularly appropriate
for the aeronautical industry.

Question 18
(a) Some components of many hydraulic jacks are made from grey cast iron using the sand casting
forming process.
(i) Briefly describe the sand casting process.
(ii) State a major advantage and a major disadvantage of the sand casting process.

(iii) Sketch and label the macrostructure of grains which have been sand cast. Macrostructure of sand

cast grains

(b) Many turbine blades for gas turbine jet engines are made using the lost wax or investment casting process.
(i) Briefly describe the lost wax or investment casting process.
(ii) Give one significant advantage of the lost wax or investment casting process.

(c) Complex castings such as engine blocks for motor vehicle engines can be made using the full mould (or lost foam) casting
process.
(i) What is the major advantage of this process over the sand casting process?
(ii) Gravity and pressure die casting uses permanent metal moulds into which the molten metal enters. State the one
significant difference between the two processes and when one is used in preference to the other.

Question 19 .
Forging, rolling, extrusion and drawing produce grainflow in products formed by each of these metal forming processes.

(a) Explain the main advantage of grainflow in products such as bolts and machine components.

(b) Sketch the grainflow in the bolt drawn below after cold heading.
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Photomicrographs of bolt threads that have been formed by either cold rolling or machining are shown below. Micrographs of
magnification 150X are also given.

(c) Describe and justify the methods used to form both threads.
(d) Which method of forming threads is most widely used in industry? Give reasons to support your selection. ..

(¢) The head of a round head screw has been cold formed by upsetting and then a slot cut to fit a flat blade screwdriver. Sketch
a macroscopic view of the grainflow of the finished screw.

Question 20
Powder processing is used to mass produce small gears as well as in many other areas of industry.
(a) Briefly describe the 3 basic steps in forming components using powder processing.

(b) Describe 4 specific and different applications where powder processing products are used.

Question 21
(a) State an industrial engineering process which best fits each of the following situations. Provide a reason for your selection.
(i) Cutting metal plates up to 40 mm thick with a 1.5 mm cut without excessively heating the parent metal.
(ii) Cutting metals and non-metals in the automotive industry without excessively heating the parent material.
(iii) Cutting microscopic electronic articles for the electronics industry. :
(iv) An economical method of cutting any shape from thick metal plates where heating the metal is not of any major
COnCern.
(v) Cutting 2D and 3D shapes in hardened and tempered metal up to 300 mm thick without heating the parent metal.
(vi) Joining thick metal plates for the hull of an ocean liner.
(vii) Providing a strong and water-tight join in sheet metal such as on the gutter seam on the roof of a motor vehicle.

(b) Two cold-rolled 0.15% carbon steel plates are joined by a single-run electric arc weld using a filler rod of the same
composition. On the diagram below, sketch and label the resulting grain structure and the heat affected zone (HAZ).

.
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Section 1 - Multiple choice questions

Select by circling the alternative A, B, C or D that best answers the question (assume g = 10m/s?)

1. An elevator in a high-rise building has a total mass of 1.3 tonnes and moves through a vertical height of 100m in 20
seconds. What is the work done by the elevator’s lifting mechanism?
(A) 65kT B) 1.3kW © 13kJ D) 13MJ

2. Amotor vehicle of mass 1 tonne accelerates to 100 km/hr and then brakes to a stop. What is the power required to stop the
car in 10 seconds?
(A) 14kW B) 14 kW (8] 38.6 kW D) 386 W

3. The velocity ratio of a screw jack is 60 and its efficiency is 30%. What is the effort required to lift a load of 1x10* N?
(A) 5556N B) 556N ()} 3333 N D) 1667 N

4. What is the coefficient of friction?
(A) A number always between 0 and 1 and is the force required to overcome frictional forces.
(B) A number usually between O and 1 and indicates the degree of interlocking between the contacting surfaces.
(C) Anumber usually between 0 and 1 and indicates how much lubrication oil is required for the two surfaces.
(D) Amnumber between 0 and 1 and indicates the degree of roughness of the contacting surfaces.

5. Why are hydraulic systems preferred for applications such as automotive braking systems and drive mechanisms?
(A) Liquids can be sufficiently compressed to allow for equal force to be transmitted throughout the liquid.
(B) Hydraulic systems are unaffected by air in the system and can still effectively transmit equal forces throughout the
system.
(C) Pressure is evenly distributed throughout a liquid only if the liquid is a high quality brake fluid.
(D) Pressure applied to a confined liquid is transmitted equally throughout the liquid. Load

4P
6. What is the correct statement for the kydraulic system shown? b
(A) The load is half the effort but the load moves through twice the distance the effort moves. ffort
(B) The load is twice the effort but moves only half the distance the effort moves.
(C) The load is equal to the effort but moves twice as far as the load. ’
(D) The load is twice the effort and moves twice as far as the effort.

7. What is the buoyant force on a ship of mass 20,000 tonnes? Area=X Area = 2X
(A) Equal to the weight of water the ship displaces.
(B) Equal to the volume of water the ship displaces and must be greater than the volume of the ship’s hull.
(C) Equal to the mass of the ship.
(D) Equal to the mass of water the ship displaces.

8. A 100 mm cube of concrete sinks to the bottom of a tank of water 1 m deep. If the density of water is 1x10° kg/m?®, what is
the force of buoyancy on the concrete cube?
(A) 100 kg/m3 ®B) 100N © 1000 N (D) 10N

9. Which statement best describes the ‘lift’ force on the wing of an aircraft?
(A) Air being forced to rapidly change direction causing a low pressure region on top of the wing which produces ‘lift’.
(B) Air on top of the wing having a higher velocity than air below causing a low pressure region on top of the wing as well
as the air being forced to change direction under the wing.
(C) Air hitting the underside of the wing which produces a high pressure region under the wing causing the wing to be
forced up.
(D) Air being forced to accelerate under the wing as well as the air producing a low pressure region on top of the wing.

10. Which best describes the Bernoulli principle?
(A). Where the velocity is low the pressure is low for all fluids.
(B) Where the velocity is high the pressure is low for all fluids.
(C) Where the velocity is high the pressure is high for all fluids.
(D) Where the velocity is low the pressure is high only in a gas.
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Section II - Short structured response questions

Question 11
A motor vehicle driver applies a force of 150 N to the foot brake as shown. Find:
(i) The reaction force in rod A.
(ii) The velocity ratio of the system.
(iii) The mechanical advantage if the efficiency
of the system is 75%. ,CJ 200

270

130

Question 12
A simple block and tackle system is shown. Find:
(i) The velocity ratio of the system.
(ii) The mechanical advantage if efficiency is 72%.

(iii) The tension, T, in the rope if efficiency is 72%.
150 kg

Question 13 @700 Rear
A drive system of a bicycle with a vertical force of 100 N applied to wheel
the pedal is shown. 100N Qilgé)hgl::\nk
(i) Determine the velocity ratio of the system.
(ii) Calculate the mechanical advantage of the system assuming Q — - : § =
an efficiency of 60%.
(iii) Calculate the force exerted at the rear wheel when a force of 170
100 N is applied to the pedal assuming the efficiency of the rore
system remains at 60%. C 240

| 220

@50 Sprocket

Question 14

A 400 N force is applied to the foot-brake of a car as shown. Determine:
(i) The reaction forces acting at B and C.
(ii) The mechanical advantage of the system assuming an efficiency of 75%.
(iii) The velocity ratio of the system. A

360

250

400 N
30°

800

Question 15
The screw jack shown has a lever arm of 800 mm and a @25 mm screw thread with a
pitch of 6 mm, Find:
(i) The velocity ratio of the system.
(ii) The velocity ratio of the screw thread.
(iii) The force necessary at A to just lift a mass of 2 tonnes if the jack has an
efficiency of 70%. .

Question 16
The car jack shown below uses a 200 mm offset crank handle and bevel
gears to raise the load. If the bevel gears have a velocity ratio of 3:1, the
single start screw thread has a pitch of 7 mm and the efficiency of the jack is
20%, find:

(i) The velocity ratio of the jack.

(ii) The mechanical advantage of the jack.

(iii) The effort required to raise a 500 kg load.

200

2600

Question 17 @80
The tension in the chain of a bicycle is 800 N and the vertical reactionat  goo N

the rear wheel is 680 N. If the bicycle is travelling at a constant velocity, -0
determine the coefficient of friction between the bicycle tyre and the road

surface. Friction

force Reaction
680 N
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Question 18
A 5000 tonne submarine is completely immersed in sea water of density
1030 kg/m®. Determine:
(i) The volume of water displaced by the submarine.
(ii) The quantity of water which must be pumped from the submarine’s
ballast tanks if it is to just float in fresh water which has a specific

gravity of 1.0. 5000 tonne mass
Weight

Question 19
Castings for aluminium alloy motor vehicle sports wheels are to be made from a machined prototype of the final design. The
design engineer must determine the volume of metal required for each casting for production purposes as well as to accurately
cost each wheel.
(i) Suggest a method of determining the volume of the alloy wheel.
(i) If the specific gravity of aluminium is 2.8 and the mass of each wheel is 5 kg, determine the volume of aluminium alloy
required for each casting assuming 10% is allowed for contraction after casting.

Question 20

A top fuel dragster uses the Bernoulli and Newtonian principles
to create high down-force during their 400 m runs. The down-
force and drag at the rear wing at 480 km/hr is 22 kN and 5 kN
respectively. If the mass of a top fuel dragster as shown is 800 kg,
calculate the down-force required on the front wing for the car to
maintain a horizontal attitude at 4380 km/hr.

(Ignore lift on the front wheels produced by the torque of the engine).

FRONT wiNG
-

Question 21
Drag and lift on an acroplane wing, or down-force on the wing of a race car, results from the movement of air across the
surface of the wing. Using the race car wing shown below, answer the following questions regarding the aerodynamics of a
wing:
(i)  On the diagram of the wing profile, show: ff*:,f’/"/f
« the area of greatest air speed, — el
» the area of lowest air speed, ///
» the area of high pressure,
« the area of low pressure, v
* the sense and direction of drag,
* the sense and direction of down-force,
» the sense and approximate direction of the total aerodynamic force.
(if) Explain how the Bernoulli principle relates to the lift and down-force on an aerodynamic wing.
(iii) If the drag on the wing is 3.2 kN and the down-force is 11.2 kN, determine the total aerodynamic force which acts on
the wing.

Question 22
An hydraulic automotive braking system for drum brakes is shown below. The master cylinder has a diameter of 50 mm and
each of the double acting wheel cylinders has a diameter of 25 mm. If a force of 200 N acts at 30° on the brake pedal, find:
(i) The force acting along the push-rod in the master cylinder.
(ii) The velocity ratio of the brake lever.
(iii) The pressure in the system.
(iv) The force produced by each wheel cylinder.
(v) How far each wheel cylinder piston moves if the master cylinder piston moves 10 mm.
(vi) The velocity ratio of the hydraulic system.

80 Pivot point
<

@50 Master
cylinder
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Question 23
A motor vehicle is held by the handbrake on a steep incline at 40° to the horizontal as shown in the
diagram. If the car has a mass of 1.5 tonne and is on the verge of sliding, what is the coefficient of
friction between its tyres and the inclined surface? ’

Question 24

The G-clamp applies a force of 500 N to the three pieces of wood as shown. If the
coefficient of friction between the pieces is 0.4, determine to force required to just
cause slip between the pieces.

Question 25
A box of mass 100 kg is on the verge of moving up a 20° inclined plane when force P is
applied as shown. The coefficient of friction between the surfaces is 0.5.

(i) On the diagram, show all forces acting on the box.

(i) Determine the velocity ratio of the plane.

(ili) Determine the mechanical advantage of the plane.

(iv) Determine the efficiency of the inclined plane.

Question 26
Details of a 1.85 tonne capacity hydraulic bottle jack are shown:

Ram 640 Piston @15

\
Valve
Schematic drawing of the bottle jack Partial section of a hottle jack

(i) Calculate the velocity ratio of the lever system on the jack.
(ii) Calculate the velocity ratio of the hydraulic system of the jack given the diameter of the effort piston is 315 and the

diameter of the load piston is @40.
(iii) Calculate the mechanical advantage of the jack if the total efficiency of the lever and hydraulic systems is 70%.

Question 27
A box of mass 100 kg rests on an inclined plane as shown. A force P acts at 30° to the
plane. The coefficient of friction between the plane surface and the box is 0.5.

(i) Calculate the force P if the block is just on the verge of moving up the plane
when P acts away from the plane as shown in figure 1.

(ii) Calculate the force P if the block is just on the verge of moving up the plane
when P acts towards the plane as shown in figure 2.

Engineering Studies - Typical HSC Questions & Solutions —=



SECTION T - MATIPLE, CHDICE
VA 2 C 3 A 48 S5 0

C. 8 7 A 8 0 8 8 0 8

seenon 1
SUESTION /1

)
sMg= 0 [+
(Ax Bo)-@!x_zgp) -(29912@:,0

Az 2852 /N o>
180 08 30P = 179N

THE PEACTION FORCE N RoD A = 58S ‘2 AN

50 30°

VR = ma @ /00T EFFrciENCY
= ‘_é Wrepe L= 3882 N

£ £ /50 N
= 58{‘2 = 2‘57
/50

THE VELOCITY RANO OF THE SYSTEM =05

AMA A

/ = == Y

v R Ve \WHERE 'rL e
MA =g vR vie st

207247 = /93
THE Ma @ 754 EFFcieney = /93

T
duvesnion /2
) VR = N7 OF FaLS OF ROPE 1R
=4 ¢R-0f+
£r-L=0
§T7T =L
BUT T =erroer YL
SE-C

Vewoerr Rano = 8

(1) MA = p % vR wWinze g= 072
- W= %

=072X 4 = 36 &
MA AT 7270 eFPerEey = 316

(/7}) TENSION T = EFFoRT € M4 - _EL:

o € = A‘;ﬁf-— WHEE (= /50x 10 = /500 N
=/{0O_‘4/é.7 M&:?:Cb
36

st mo e _ovE = 41677 N

A ¢ SE -G R

duesnon (3
W VR = D¢ wuwe De = TTD = 3407

De Dc = /£0% 7007
. o T %0
L /A

129y 200 77
el

Ve 0F THE SYSTEM = 0+/6
) MA =L VR wHere p - 06
0% 91l Ve 076

= 0097
ma AT 60% EPPiclEN Y = U 09T

(i) MA = L whmg MA = 0:097
2 £ = /oM
(L = MAYE
2 ) 0FTIR /0D = 97 A/

Fowce exeriep AT REAR wregL = 91N

PUELTION /4
¢ Reacaan AT B, Rg 4oo sin) 30°
£Mc =0+ |
==——_a= 400 N
@mx 240)+ (364 x360) -8 xM0) = © 50
kg = /570 N~ 400 cas 3P 24bea

Rercnion Arpg = /670 M

REACTION AT C

8Y THE PRINCIPLE OF TRAMSMISSIBILITY

EXTENSION OF THLEE Foges wi MeeT AT A,
8

m /E ms' Mj”

——

B W —
/670N = A
- —
ZoorL F.B.D.
do0N , " _ Reanon AT C (Re)
—30° 9,285 —
570 A
FORCE DIALRAM
USINE THE STNE RULE !
£e . 400
SiMl 3o° Sin Ge28°
Ke = /240N

- N 8‘ P "
kEAoﬂou AT C = [240 A/ __541 . ‘
T = ]

Engineering Studies - Typical HSC Questions & Solutions —



QUESTION /6

it = 3 = el
pA = L g L I5T0N G M4 =0 VR Wt ‘:3_5;‘;
£ £ = LooN : )X 8366
= /1§70
4§Z : 3.926 @ 100’} EPArCINICY = 077 ‘
5T 5% pd = 3:926% 078 = 294 P or mre Jace = /077
MA AT 75 % grPrcaaucy = 2:94 G k=L = J077
[
VR = Ma @ /0l EFEIC/ENCY g =t WHEE L = £00%/0 N
ARom pbove. VR = 3925 077
VR OF Mg SYSTEM = 3-925 =300 . 4pan
: 0717
Erroar requieeD ToRAISE 00 kg * 464N
QWESTION /4
stg_e wWitere ﬂg; 7D = lboo T mm M
) -+
“ DLz Pimw = 6 mm M Boor.
= /600 173 - 337' 8 (E XSCO)«-(BOO;<40)= O ‘:zf-o
A Fr = /067 N N\ axce
- - _ 300
VR 0F 7vE SYSTEM = 8318 Fr s s 1
y Fr F- W68 TF EB.D
) PiTs =D 3 = FF wiag Fe= 6 B.D.
Ve-De . 287 L»f:\a—u__ﬂ_ A N N = dBon
¢ CIRCUMPERBE = Dg <1067 | ps
= /3] =7TD 5_33_ = 0157
25T
V& 07 7 scaen eeap = /371 cocFPICINT OF raicnoN () = 0157
i) MA = p.vR = L #FouE AT A= EFFOCT
¢ E 2 duesiion /8
£ = —————WHmE [ = ZX/OXON _ ,
n X ve V2 * 837-8 (/) MASS OF WATRDKAACED = MASS OF SUB.,
=_2%/9 no= 0:7 LM wme/a=/0;okﬁ/m3
B374 x 07 V. - goooniotly
240 N | Ve M. Swio” L
THE FORCE NEESSARy AT = 341 N F /030
- d854-a m*? .
Wesnon /6 PACE 4-3 Vorume oF wrng pispacen By SuB > 4654-4w
) W+ De wie De =37D = 4007 %3 mm  |(i) MASS oF FREH WARR. = VOUME X oausrry (£)
Do Di= Prist = 7 mm DICAALED = 4854 .4 x /600
= JopTT £ 3 e £38.6 = 4884 4 TOMWES .
. L " SUB. MUST REDUCE ITS MASS TO 48544 TOMES
JE_"_{,_ e Jatk = 538G [F 1T 15 TO JUST FLOAT in FREESH WARTER,
O QUAKITIRY OF WATEL TO PP Our = 000 — 4854 4
= /45 6 TorRES
QUANTITY OF WARR TO PUrp OUT = (45 & TomvnES

Engineering Studies - Typical HSC Questions & Solutions




dvesnos) B

1) IMMERSING THE PROTOTIOE WHEel In
FREH WATRR. Aoi0 DETRMINE TiE
Mass oF WARR DISpLACED (WineH, B
ARCHIMEDES ' PRINCIAE, Wit BE THE CAME AS
THE MASS OF fHE WhEs)
USE Tite RerunA / = M
v

ALTBBMATVELY IF THE SE. IS Ko Fe HE
ALirtins sirnt AULDY, THE SAME Foeriued cAan

BE LKED TO DERZIE THE |/OLUME FFTHE
WHEEL AFTRZ DERZAINING THE LASC OF THE WitEET

70 DERERMINE VOLMIE,

G p = M w;ng/o:z‘sﬂ/og/:g/hs
v M = kg
Ve M. £ V-7
Vs z.e,(/og

3

y

[ 286x10 > m
. -d -3 ) —3'3
ADD 0T = [ 786x10 “# [ 786xs0 = | Fxio p

VOLUME OF AlUttinditit REQUCED = /»Qéx/t;jiug

Duvesnons Zo

—
£ Meag we, = o7+ tﬁ‘—_j———d/}ﬂm

- (Fu X /3) '(Htloix 4-) +(5'xlb;x3) f(Zleu;x /.5‘) =0
Fw= /23N
DOWA - FORLE REQUIRED 0h) FROMT midé = /-2 3 KAJ

Jvestions 21
oML ALen 0F (OWEST A2 SPETD € rigy
ZODYNAMIC Plessuee
Fiece DRAL .
/) ,
- Pressvec
ConNFORCE ALEA OF LOW PRESSUCE AMND

AREA OF 6 RERTEST AR SPed (UIEE Wisg)

1) BECAUSE OF THE LOMSERUATION OF PRESSUCE
ENERLY, THE ALeA OF HIGh SPEED FLup Resucr
IN A LOW FRESSURE RELIDN & THE AQEA OF
LOW SPEVD FLuip RESULTS IN A WigH PRESSUOE
Res/on.

Sk
e o o \ -~
7O FORLE = 22%, ot 2k \f—: JTOTA( ARO
\  FORE
/S kN o
TAn 8 = e ps 4.0 -fi-‘
%z

TOPAL ACRODYWAMIC FORLE = 1165k < 74.4°

gvesmon) 22
() EMur=07"T
- (PR x50)+(100 x80) +(73-2 X3%) = ©
PR = /3724 N

ot -

PR 2003in 30°= fpoy

2con

Zootes 3P = 7w -
F.B.D,

(ORLE 1M PUSH ROD = /3724 A/

6) VR = MA@ I % errresericy

V2= M4 = L wHERE (= /372.4 N

& & =200 p
. /1372:4

280
= £.8¢

VELOLITY RANG oF THE BEAKE Leye@ =L 8L

V) ppecuce = sroecs - sty - COA0 o

) 2 AL -

. o PRESUGE :Z;l_ WHELE P = (377, 4 A/ |

Ac= T ;

= /372.4 = T 26016 |

7/’125’7'110'('

PRESSURE IV THE SYSTErt = 07 AMb. |

W pees. = £

A

L Plog) = PESx Ay Wi OGS = 0- T 10

. by B
= 0oy Trasxis© A= 777 - |
= 34301 k = T3Sy ™ |

FORLE PROJUCED 8Y GcH WHEZ Crinied = 3431 N

(V) vocurg oF Froi movep

= /0 ’ i
BY MASTED Ctuinioe Ay % 1Omm

= f/-/fz)‘ /0 3 ek

= TIN2SR IO = 19634-96 mw® !

MOUEIMGEUT OF OMNE ~i

= [/ .

PISTON 1N ONE Witad (il M = fOmen. |,

Tx/2:82%

i
!
|
MouirasT OF 8 PISToAS = %0 =S mm ’
MOVEMIT OF E2eH wHeat CoLnoee ASion) = S mm| -
. _ 1l
i) VR wp St 1‘2-5 whate De = 10 |

Ny D= $ ol
= /0 =2

jiaaﬂrr@np OF Hiathuc SYSTE =7 l |

Engineering Studies - Typical HSC Questions & Solutions




quesnion 23
AT THE AMVCLE 0F RPEE TAN 40° = = 084

ovesTniod 74

LET F BE THE FORLE ON THE SINGLE Piece
THEA) { Wi BE TRE FOLLE DN EACH OFTHE

Tk, TWO PIELES

O PR 2N 2 L e oz 04
- Z //&éferaou
P = zg/umu

= 7 K04 X 500
TP s 400N

QUESTION 25

i (3 Dg ¢ = _p£ iy °= £_L

" v & weete Do = L o swee SWlo'= pe
& ___01_ s __/_ =_,._/ = 2:i92
SiN2D° v DL SWU® (347

op- VK = 2:92

3
(i) MA =Eé whee L= (x0” N
< xipd G EmSWANpN
L= = Mg SN20° + Pt Mg oS )
&I-81 = mg(sw20°F 05 Cos 2¢°)
M= /23 = .8l-81 N

("Vi EFFILIICT (1) = %" wiaee MA < /123
s /23 VR =2:32

faz
Lon= 042 o 420

duesnon 26

(/) W= D€ wmge De = 300 mm
22 De = 50 hm

=302 . ¢
50

VR - 6 .
HY ) = 40 hn
(1) VR (H&?%Uslc o Whae j s //:M

< 40°
7;1
/

91 Ve= 7‘

38

Engineering Studies - Typical HSC Questions & Solutions

() Ve (ack) = VR (tant) « Ve (rsotsucs)
= & o« T
= 47:6
MA@ Tol&F = 0T x 42:6 = 798
o VB(HKK) = 298

duestion 2717

)

FORCE DIBLRAI1 REPLALIAL

FrEN wing P
4¢-57°
C -
R 93-43°
b
g FORCE DIALL AR

P ik Gows aommpns
a
USIE THE SINE. RULE. (R YOU CAN SCALE)

mng . L
SIN 93420 Siw46:57°

L. P 727-5 N

TAN P = pi. .5 o = 264577

v p . .
[oE DRAAN T gy .
= ._.’i—
Z SNG4 °  SmdEsT°
" Y. |LP=r3/82n

¢ |/mf \ '

S B




Corrosion

Alm to complete ¢ach question: many tlmes m 2 years

_ Question Page/s
Mulﬂple choice 40
Question 11 41
Question 12 41
Question 13 4]
Question 14 41
Question 15 42
Question 16 42
Question 17 42
Question 18 42
Question 19 43
Question 20 43
Question 21 43
Question 22 43
Solutions 44-45

Engineering Studies™- Typical HSC Questions & Solutions

eering Studies -
| HSC Questions & Solutions

39

g




40

Section 1 - Multiple choice questions

Select by circling the alternative A, B, C or D that best answers the question.

1. Which best describes corrosion?
(A) The unintentional chemical reaction between any material and its environment.
(B) The unintentional chemical reaction between a metal and its environment.
(C) The unintentional chemical reaction between a metal and non-metal.
(D) The breakdown of a metal due to the reaction of the material with water.

2. When does dry corrosion occur?
(A) When any material reacts with water vapour in the atmosphere to form a layer of oxide on the surface of the metal
(B) When a metal is subjected to high velocity gas which causes a breakdown of the surface of the metal.
(C) When a metal reacts with atmospheric gases to form a layer of the metal oxide on the surface of the metal.
(D) When two different metals are joined in a conducting liquid which causes corrosion of the more reactive metal.

3. When does stress corrosion occur?
(A) In metals which have a high variation of stress within the metal with corrosion occurring at the more highly stressed
area.
(B) In metals which have a high variation of stress within the metal with corrosion occurring at the least highly stressed
area. )
(C) When two metals come in contact and the strongest metal corrodes first.
(D) In strong metals which cannot resist the highest stress.

4. Where does the movement of electrons occur in wet corrosive environments?
(A) Electrons move along the metal conductor from the cathode to the anode resulting in corrosion at the cathode.
(B) Electrons move from the electrolyte to the anode causing the anode to corrode.
(C) Electrons move into the electrolyte and then deposit on the anode causing the anode to corrode.
(D) Electrons move along the metal conductor from the anode to the cathode resulting in corrosion at the anode.

5. Which best describes the Standard EMF (electromotive force) Series?
(A) Metals and non-metals arranged in order of reactivity with the most reactive material highest on the list.
(B) Metals and non-metals arranged in order of reactivity with the least reactive material highest on the list.
(C) Metals arranged in order of reactivity with the most reactive material highest on the list.
(D) Metals arranged in order of reactivity for a particular environment (such as in sea-water) with the most reactive metal
highest in the series.

6. Which best describes the reaction if two dissimilar metals are placed in contact in a wet environment?
(A) The more reactive metal is more likely to corrode.
(B) The less reactive metal is more likely to corrode.
(C) Both metals should corrode at the same rate depending on the thickness of the oxide film on each metal.
(D) The least reactive metal will corrode first if it is supporting the greatest load.

7. What is the type of corrosion that occurs in both wet and dry environments and where the whole metal is attacked as a
result of changing anode and cathode regions over the entire surface of the metal?
(A) Stress corrosion. (B) Uniform attack. (O) Selective leaching. (D) Intergranular corrosion,

8. A concentration corrosion cell comprising a water droplet on metal is shown.
Which is the region most likely to corrode?
(A) Region W e
(B) Region X
(C) RegionY
(D) RegionZ

9. What is the most effective method of preventing or reducing corrosion?
(A) Cathodic protection.
(B) Alleviating corrosion problems by design.
(C) Use of effective rust resisting paints.
(D) Use of sacrificial anodes.

10. Which best describes metals that resist corrosion more than other metals?
(A) Metals that have a non-porous oxide layer which insulates the metal from corrosive attack.
(B) Metals that have an affinity with rust resisting paints.
(C) Metals that are easily galvanised.
(D) Metals which allow electrons to be removed from the surface of the metal.
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Section IT - Short structured response questions

Question 11
(a) Two methods of joining structural steel components for civil structures, such as the frame of a high rise building, are
welding and high tensile bolts. Both of these methods may corrode in specific areas. On the sketches of a bolted joint
and a welded joint below indicate the areas most susceptible to corrosion.

N _

I s 'f.-"_] F 7 7 /.7i
Y, y 3w g i
SOVWAAWNNY

(b) Discuss the mechanism of corrosion in the areas that you have indicated above when subjected to wet corrosion, giving
reasons why why these regions were selected. !

(c) Gold and aluminjum alloys are used in the manufacture of products and generally do not have to be protected against
corrosion. Explain the reason for this.

(d) Gold occurs in nature as the metal whereas aluminium occurs as aluminium oxide or bauxite. Explain the reason for this if
using the EMF series on page 81 in your Engineering Studies Workbook to assist your explanation.

Question 12
Two diagrams of mild steel surface coated with zinc and tin, are shown below. A break in the coatings and surface moisture
allows a galvanic cell to be established.
(@) Using labelled arrows indicate on the diagrams the cathodic and anodic areas.
(b) In each of the galvanic couples shown which metal corrodes preferentially?
(c) Inthe absence of a protective coating, mild steel undergoes cotrosion due to local variations of electrical potential. State
two microstructural features of the mild steel which can produce such variations.

Surface water Coating of tin ;
Z N /g i
Coating of zinc o = _ﬂ E‘—T— / 3 '
L L Z A 7T 7777 \V.a s W cov a4 !
 Steel _ . " Steel “

LY

Question 13 — Steel pile :
A sketch of a steel wharf pile that is partly submerged in moving water is .~ Dissolved oxygen
shown. Water level

(a) Use labelled arrows to indicate on the sketch the location of the
anodic area and the cathodic area of the steel wharf pile.
(b) The steel wharf pile is to be protected by an impressed voltage.
Explain how the impressed voltage will prevent corrosion of the pile. -
() Suggest another method which would protect the steel pile from .
corrosion. S :

Question 14
Two steel water pipes are joined by a copper socket as shown in the diagram. .

8 STEEL COPPER STEEL g

(@) Indicate on the diagram above, the sites at which corrosion would be expected to occur.
(b) Explain why this corrosion takes place. Use the EMF series on page 81 in your Engineering Studies Workbook to assist
your explanation.
(c) Specify one method which may be used to prevent
corrosion in this socket and pipe assembly.
The microstructures of three metals are shown on the right. If
each material is immersed in a corrosive solution, indicate on
each of the diagrams:
(d) The area where preferential corrosion would occur and the '™ o st wee FECRISTALLSED Cafsamy  sGie PHISE ALY
anodic and cathodic areas.

LY
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Question 15
Mild steel plates are joined by copper rivets as shown in the diagram and immersed in aerated water.

COPPER mv%x /.Y
Immersed In o
aerated water. MILD  STEEL \ \ N j
Ve

The water contalns PLATE s

dissolved oxygen. V // /' 2/ /f

(a) For X,Y and Z above indicate which are anodic and which are cathodic.
(b) Which metal corrodes preferentially and give a reason for your answer.
(¢) Identify the position (X,Y or Z) where the corrosion is likely to be most severe and give a reason.

Question 16
In four separate experiments, steel is coupled with each of the metals zinc, cadmium, titanium and copper and immersed in fresh
wafer.
e  Experiment 1:  Steel and ziric
o  Experiment 2:  Steel and cadmium
o  Experiment3:  Steel and titanium
¢ Experiment4: Steel and copper
(a) State in which experiment you would expect the steel to be least protected from corrosion. Explain your answer.
(b) State in which experiment you would expect the steel to be best protected from corrosion. Explain your answer.
() Ametal is observed to be corroding and acting as an anode. State whether corrosion will be accelerated or retarded if the
anode is smaller then the cathode. Explain your answer.
(d) Explain how chromium in alloy steels provides superior atmospheric corrosion resistance.

Question 17
(@) ‘A structure made from copper sheet joined with steel rivets should have a longer service life against corrosion than a
structure made of steel sheets joined with copper rivets'. Justify whether this statement is true or false?
(b) ‘The head of a nail is less likely to corrode than the shank when the nail is fully submerged in water’. Justify whether this
statement is true or false.

Potassium, magnesium and titanium have been suggested as metals that could be used as sacrificial anodes for the protection of
the structural steelwork of a building.
(c) State the most suitable metal of those listed for use as a sacrificial anode (use the EMF series on page 81 in your
Engineering Studies Workbook to assist your explanation).
(d) Explain why the two metals you have not selected are unsuitable as sacrificial anodes.
(e) A steel pipe is to be cathodically protected by attached zinc electrodes and then painted. The supervisor is undecided
whether the anodes should be painted. Make a recommendation and support your decision.
(f) Brass screws used in a marine environment often appear red in colour after some years in service. Explain in terms of
corrosion mechanisms, why this occurs.

Question 18

The offshore structure shown is subjected to cyclic loads from both

wind and waves throughout its life. The platform legs are constructed of
structural steel free from impurities. The welded joints on the platform legs

have developed cracks, as observed by divers during routine inspections. Cyclic wind
(a) Name and describe the type of corrosion that would occur at the forces {
s .
cracked welded joints.
(b) Name and describe one type of corrosion that may occur on the wWater line
platform legs. ., . Platform Cyclic wave
() Name and describe two preventative measures that could be used to leg “forces
reduce corrosion on the platform legs. Welded ="
joint

Sea floor—,

TN
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Question 19
A simplified heat exchanger, made from low-carbon steel, is shown below. A fluid fiows through the pipe at high velocity. The
fluid strikes the heat exchanger head, at point A, which redirects the flow. The heat exchanger operates under high pressure and

temperature.
Nuts
Heat exchanger | +—— Threaded TOd Q gﬁ:g
ead LA AR in
Y \‘\
)
e N Thread
Accessible area N Heating area -
N N
RS R !
> D
Welded joint
(a) If corrosion occurs at point A on the heat exchanger head, name and describe this type of corrosion.
(b) Suggest a possible method of reducing corrosion at point A assuming that the velocity cannot be reduced.
(c) State two other types of corrosion that can occur in the heat exchanger giving reasons for your answers.’
(d) Explain a method that could be used to reduce corrosion within the heating area.
Question 20
(@ Alow-carbon steel nail is immersed in an aqueous solution. On the diagram indicate:
» the area where corrosion is most likely to occur Head Sh
* the anodic and cathodic areas :1\ ~ ank
(b) Explain the reason for this corrosion occurring. { i
l-—_-".
Question 21

The microstructure of copper that has been polished and etched, is shown. Explain the reason for
corrosion occurring during the etching process.

Equiaxed grains of copper

Question 22 .
To prevent corrosion of an underground low carbon steel pipe, a rod is connected to the pipe as shown in the diagram.

(a)

®
(©)

Using the Standard E.MLF. Series on page 81 of the Engineering Studies Workbook, state
the most suitable metal for the rod.

Name and explain the process by which the rod aids in the prevention of corrosion.

Aluminium is another metal that could be used for the rod but it would not be advisable.
Explain why it would be an inappropriate selection.
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Section 1 - Multiple choice questions

Select by circling the alternative A, B, C or D that best answers the question (use g = 10 m/s?)

1. Which best describes equilibrium in structures?
(A) Forces up = forces down and forces left = forces right.
(B) Forces up = forces down and anticlockwise moments = clockwise moments.
(C) The algebraic sum of all forces acting on the structure = 0.
(D) The algebraic sum of all forces and moments acting on the structure = 0.

100 kN 100 kN
2. Aloaded beam is simply supported at A and B as shown. J
What are the magnitudes of reaction A and reaction B? LJ Ll
(A) Reaction A =70 kN reaction B = 130 kN. A B
(B) Reaction A = 100 kN reaction B = 100 kN. 2m am } 5m m;f_%&,
(C) Reaction A =70 kN reaction B = 120 kN. " - Y
(D) Reaction A = 130 kN reaction B =70 kN. Rnlm P Rmzon s

3. Which shear force diagram represents the shear forces acting on the beam shown in question 2 above?

5,;‘(%‘;.? F—J—_-i zo&.:? f—‘*ﬁ; snwh—“'] ‘ Shear ‘
| (A)

L___~‘ (3 | \,/“

(B) © D)

|

4. What is the most appropriate method of determining the force and the nature of the force in members X,Y and Z in the
truss shown below?
(A) Analysing each joint (the method of joints).
(B) Extending each force along its line of action (the principle of transmissibility).
(C) Taking a section through the three members and taking moments (the method of sections).
(D) Obtaining a common point of concurrence for only three forces (the three force rule).

5. Which diagram represents shear force?

(A) B) © (D)

6. Which best defines the bending moment at any cross section A, in a straight beam?
(A) The algebraic sum of all vertical forces acting to one side of A.
(B) The algebraic sum of all horizontal forces acting to one side of A.
(C) The algebraic sum of all inclined forces acting to one side of A.
(D) The algebraic sum of the moments of all forces acting to one side of A.

7. When does a shear force have zero magnitude in a beam?
(A) When the bending moment is a local maximum or local minimum.
(B) When the algebraic sum of all moments is zero.
(C) When the bending moment is zero.
(D) When the beam has the least internal stress.
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8. What would produce a uniformly distributed load (UDL) on a beam supporting a pre-tensioned concrete pavement of a
multi-storey shopping centre car park?
(A) The cars parked on the concrete pavement which is supported by the beam.
(B) The columns supported by the floor and the beam.
(C) The weight-force of the concrete pavement and beam.
(D) The cars driving across the concrete pavement supported by the beam.

9. Where is the position of the neutral axis on a beam?
(A) Where the tensile reactive force changes to a compression reactive force in the beam.
(B) Where the shear reactive force changes to a compression reactive force in the beam.
(C) Where the bending reactive force changes to a shear reactive force in the beam.
(D) Where maximum strain occurs within the beam.

10. Universal beams, as shown, are used widely in structural engineering. What is the main reason for their high strength?
(A) Universal beams have increased volume further away from the neutral axis.
(B) Universal beams have increased volume at the neutral axis.
(C) Universal beams have been hot rolled which increases their strength.
(D) Universal beams have grainflow due to cold rolling.

. . Universal beam
Section IT - Short structured response questions
Question 11
A small truss is to be used as a hoist beam in a workshop as shown. 500 500 500 500
(i) Determine the reaction forces at A and F.

(i) Determine the forces in members EF and KF and indicate 2
whether they are in tension or compression. 7 g
(iii) For another loading, the force in member BC is 45 kN. If ] Z ¥
the cross-sectional area of the member is 520 mm?, what is
the change in length of the member when subjected to this 45° S kN
load. Assume the value of Young’s Modulus for the material
. 10 kN
is 220 GPa. 150 kN
10kN /:ﬁ =
=P
Question 12 CE T
A truck, having a weight-force of 150 kN, brakes heavily n E \//\/\
on a bridge. The braking force generated by the truck is { 2 2
10 kN while in the position on the bridge as shown. N
(i) Draw a free body diagram indicating the forces 10.5m 242 p%‘
acting on the bridge. L0

(i) Find the reactions R, and R;.
(iii) For another loading, the reaction at the roller support was 200 kN. Using the details shown below, find the force in

members AB and AC. 8m

A . |

.
|

<+
’ o]
Question 13 TTTTT

A railway bridge having a mass of 350 tonnes is loaded by a stationary train as shown in the diagram below.
(i) Determine the reactions at A and B.

(ii) For another set of conditions the reaction at A was found to be 1500 kN. Find the forces in the members AC and CD and

state whether they are in tension or compression.

(iii) For another situation the force in member DE is 120 kN and the member is made from pipe with a wall thickness
of 5 mm and outside diameter of 50 mm. Find the change in length of the pipe if the Modulus of Stiffness (Young’s
Modulus) is 250 GPa for the material from which the pipe is made.

[A £
g
[= N
A S . &
,A,, 750kpr250kN 500 kN {500kN foXeIo
10 m 10 m 10 m 10m 20 m ‘

48 Engineering Studies - Typical HSC Questions & Solutions




Question 14 P
j
p

The pin jointed frame ABC shown, is an elaborate method used to support E F
aload of 150 kN. / 60"
(i) Find the forces in the three members AB, AC and BC stating 1D \k
whether they are in tension or compression. B C
(ii)) Determine the forces in the support cables BD, BE and CF. 60° o
Question 15 150 kN
A window cleaner of mass 80 kg and standing on a plank of mass 30 kg,
is supported by two ropes suspended from steel frames on the side of the e /10@
building.
(i) Draw a free body diagram showing all of the forces acting on the -
plank AB. A B
(i) Determine the tension in the ropes attached to A and B due to the 1m 3m
mass of the window cleaner and the plank.
V.
/|
(iii) One of the two frames used to support each of the ropes is shown. For another set of y 5%“65
conditions, the force in each of the supporting ropes is 3 kN as shown. Determine the force way
in the members CD and DE indicating whether the member is in tension or compression. /
g D
, 3kN

Question 16
The truss shown is used to support a water tank. The full tank exerts a downward force of 100 kN and the truss a downward
force of 20 kN as shown in the diagram. Find the magnitude and direction of the reactions at the supports at A and B.

100 kN
SUPPORIING AL MAER

cage o 4

e 4+
" s

g

hg!

o

| 25m 20kNfo.5m 15m 0.5m

Question 17
A counter balance of mass 2 tonnes is used to balance the truss used for supporting a bank of outside lighting. The reactions at
the cable and pin support are given. If the mass of the truss is 800 kg, determine the forces in members AB and BC.

someme | 3593 KN
“eonens
Wy vt 1 2 Tonnes
8493 kN %{1
177 ra B C
B
Al
ol
A 300 kg
L 25m 0.5m 1.5m 0.5m

Question 18
A truss used for a domestic building is shown below. Find:
(i) Thereactions atR and R,.
(i) The forces in bars X, Y and Z and state whether they are in tension or compression.

10 kN
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52
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Section 1 - Multiple choice questions

Select by circling the alternative A, B, C or D that best answers the question.

1. Which best describes an electric current?
(A) Anelectric current is a flow of molecules along a conductor.
(B) Anelectric current is an electromagnetic wave produced by a movement of electrons from the negative terminal to the
positive terminal.
(C) Anelectric current is a flow of electrons along a conductor from the positive terminal to the negative terminal.
(D) An electric current is a flow of atoms along a conductor from the positive terminal to the negative terminal.

2. Which best describes the term voltage in an electrical circuit?
(A) Voltage is the amount of resistance in an electrical circuit.
(B) Voltage is the ‘electrical pressure’ in an electrical circuit.
(C) Voltage is.a measure of the charge or electron- movement in a conductor.
(D) Voltage is rate of movement of atoms along a conductor.

3, What is the main function of the electrical circuit shown? l
(A) Rectification of DC current to AC current. it
(B) Amplification of AC current to DC current. i
(C) Rectification of AC current to DC cuirent. -
(D) Transforms AC current to high voltage AC current.

4. Which is the waveform for alternating current (AC)?

(A) (B) ©) D)

5. What is the most effective method-of reducing the possibility of a fatal electric shock in domestic electrical circuits?
(A) Not having such a high resistance in the circuit.
(B) Reducing the voltage in the circuit to below 240 volts.
(C) Maintaining an earth link to the main switchboard.
(D) Reducing the current flow to below 15 amps.

6. A diesel-electric locomotive uses a diesel engine to convert mechanical energy into electrical energy. Which best describes
the machines in the power train of the locomotive?
(A) Motor driving generator driving motor.
(B) Generator driving motor driving generator.
(C) Motor driving generator driving generator.
(D) Generator driving generator driving motor.

Contact arm:
C

7. Which electrical concept is the basis for the function of the electrical component shown?
(A) Electromagnetic induction.
(B) Permanent magnetism of soft iron.
(C) Switching using bi-metallic strips.
(D) Storing electrical charge using capacitors.

Soft iran core

8. Which best describes a main purpose of A-mplitude Modulation (AM) and Frequency Modulation (FM)?
(A) To allow for audio frequency to be received on large aerials.
(B) So that high frequency (HF) carrier waves can more efficiently transmit message signals.
(C) Allows for ultra high frequency (UHF) waves to be received without distortion.
(D) Facilitates ultra high frequency signalsto be received from satellite transmission.
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9. Which best describes the advantages of the use of optical fibre compared to copper conducting cables?

(A) Optical fibre is more costly to produce than copper cables but it can transmit more messages, has a lower mass, is not a
fire hazard when broken, is more secure from eavesdropping and is free from electromagnetic interference.

(B) Optical fibre is less costly to produce than copper cables and is a fire hazard when broken but it can transmit more
messages, has a lower mass, is more secure from eavesdropping and is free from electromagnetic interference.

(C) Optical fibre is more costly to produce than copper cables and is still subject to electromagnetic interference but it can
transmit more messages, has a lower mass, is not a fire hazard when broken, is more secure from eavesdropping .

(D) Optical fibre is less costly to produce than copper cables and can be a fire hazard when broken but it can transmit more
messages, has a lower mass, is more secure from eavesdropping and is free from electromagnetic interference.

10. What are the two components, X and Y, in the digital transmission sequence of pulsed lightwave by optical fibre?
(A) X =ultra high frequency (UHF) converter to laser frequency; Y = pulsed laser diode.
(B) X =digital to analogue converter; Y = pulsed laser diode.
(C) X =pulsed laser diode; Y = very high frequency (VHF) converter to laser frequency.
(D) X =analogue to digital converter; Y = pulsed laser diode.

Analogue datazﬁ X tY

Optical fibre cable
Photo h/Digital to _|Analogue
diodes i9'analogue [|signal

converter to....

Section IT - Short structured response questions

Question 11
(@) Explain why metals are generally good conductors of electricity and why ceramics and polymers generally are not.

(b) Explain the meaning of semiconduction as applied to electricity/electronics and give one example of a semiconducting
material and its application.

(c) Explain the following terms which relate to electricity:
(i) Voltage or electromotive force (EMF).
(ii) Current or amperage.
(iii) Resistance.

(d) One of the most significant safety aspects regarding electricity is to maintain an earth link to all appliances through the

main distribution switchboard. Explain how this is done using a well labelled drawing to assist your explanation.

Question 12
(a) Make a sketch of a simple series circuit and include the following labelled electrical components using the standard

symbols: a cell, a simple switch, a variable résistor, a globe.

(b) Make a sketch of a parallel circuit and include the following labelled electrical components using the standard symbols:
a battery, a fixed resistor, a fuse, a light emitting diode.

(c)  On your drawing to answer part (b) above, show the direction of movement of the electrical charge in the circuit and
explain why this is different to the conventional direction of current.

Question 13
(a) A 12 volt electrical appliance draws a current of 5 amps. A single battery is rated at 6 volts and 20 amp hours. Explain

why circuit 1 would be appropriate in preference to circuit 2 to power the electrical appliance for 8 hours.

' + o+
1l 11
—s J

— + - il + + ] ¥ +T

Circuit 2
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(b) Determine the potential difference and the output current for the two different connections of the 1.5 volt, 250 mA cells

(©)

(d)

(e)

as shown.

®

Potential difference?

Potential difference 7
Current?

Current ?

2Q
A simple circuit with a single LED is shown. For the LED to operate efficiently it ‘
requires a voltage drop of 2 V. Determine the value of the resistor shown in the circuit. \\
I
tt I1=10mA
oV
An electrical circuit from A to B and back to A draws 5 amps and requires 190 volts for
correct operation. The power supply at A is 240 volts and the resistance of each wireis 240 Y I=5A
supply A B
0.05 O/m. Determine the maximum distance from A to B for correct operation of the <
electrical system.
YT OTIIELIIL

Three drawings of a simple circuit with an LED are shown. Select a circuit, either 1,2 or 3, and explain why it is the
most appropriate.

1 V4 N 2 \V 3 ZX//

+ 1= + 1. '
Question 14
(a) Explain the purpose of electric motors and how they are different to electric generators.
(b) Explain the principle by which an electric motor functions.
(c) Explain three methods for the generation of electricity which are commonly used in Australia.
(d) List two alternative methods of generating electricity with an advantage and disadvantage for each method.
(¢) Explain why power transmission must be done using very high voltages when transmitting over long distances.

®

Explain why high voltage power cables have a steel core surrounded by numerous aluminium conductors.

Question 15

(a) Explain the main purpose for the following electronic components in electronic circuitry.

(i) Capacitor
(i1) Transistor
(iii) Fuse
(iv) Rectifier
(v) Diode

(b)

(©)
(d)

Explain the difference between analogue and digital electronics and give one advantage and one disadvantage of
analogue systems.

Explain how and why high frequency communication signals are modulated.

Optical fibres are now used widely in communication systems. Give five reasons why optical fibres are more suited to
this role when compared to copper cable.

(e) Contrast the two modulation techniques, amplitude modulation (AM) and frequency modulation (FM), used to vary the
waveform in communication systems. Use diagrams to assist your answer.
Question 16 @ Aulpgos oot XQQ Digial
(a) Mobile phone systems use cellular network structures. The =% — phone
diagram shows the flow of data from an analogue phone o
to a digital mobile phone in another country. Name the N : el slpme!
components, W and X and the data forms, Y and Z shown in ac”
the diagram.
Y—

58
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(b) With the aid of diagrams, demonstrate how Amplitude Shift Keying (ASK) is used to modulate a digital signal.

Laser Light Amplified
. 1F1C!
(c) The: diagram shows the elements of an cg}lg?gt Attenuated LI; ht  Received Amplifier &
optical fibre communication system. Light Light Decision
Explain how data is transferred in this Modulator M A?\ Circuit

system.

Laser Optical fibre Optical W
Amplifier Photodiode

Optical fibre communication system

Data out

01010
01010

Data in

(d) Data security is an important consideration for individuals and businesses when transferring data across a
telecommunications network. List one method of providing data security and outline one advantage and one
disadvantage of the method.

(¢e) The diagram shows where modems fit into a
computer communication network.
Explain the function of modems in this network.

(f) Satellite systems have revolutionised the
global communication of information. Compare the orbit altitude and the main applications for the following types of
satellites:
(i) Low earth orbit (LEO) satellites; (ii) Geosynchronous satellites.

Question 17

(a) The two electrical circuits, X and Y, represent an analogy for two different types of logic gates. Name the logic gate that
they represent and write a truth table for each,

s X -
X —=x Yﬁjf

Il ll
Fih

N

+
(b) Determine the truth table for the logic circuit shown:
]
AND
Output
OR p

o AND

(c) The digital logic circuit for the release of child safety locks on a car’s rear doors is shown below. The three inputs for
the release of the safety locks are:
» Airbag deployment during an accident
¢ Driver actuation
* Car moving
Determine the correct inputs for A, B and C.

A
E L Output }
AND
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Section 1 - Multiple choice questions

Select by circling the alternative A » B, C or D that best answers the question.

1. What is a linking process to form polymers?
(A) Substitution polymerisation.
(B) Addition polymerisation.
(C) Subtraction polymerisation.
(D) Copolymer polymerisation.

2. What is the predominate bond in polymers?
(A) Covalent bonding.
(B) Hydrogen bonding.
(C) Ionic bonding.
(D) Metallic bonding.

3. Which best describes a copolymer?
(A) A polymer made up of the same monomers.
(B) A polymer made up of different monomers.
(C) A polymer which will not soften when heated.
(D) A polymer which will soften when heated.

4. Which best describes a thermosoftening polymer ( thermoplastic polymer)?
(A) A thermosoftening polymer has only secondary bonding along the chain.
(B) A thermosoftening polymer has primary bonds only along the chains.
(C) A thermosoftening polymer has primary bonds along and across the chains.
(D) A thermosoftening polymer will not soften when heated.

5. Which best describes a thermosetting polymer?
(A) A thermosetting polymer is linked rmainly with secondary bonds.
(B) A thermosetting polymer can be softened with heat.
(C) A thermosetting polymer can be blow moulded to form soft drink bottles.
(D) A thermosetting polymer has three dimensional cross linking.

6. Which process is used to strengthen thermoset rubbers?
(A) Drying the rubber so that links form to strengthen the rubber.
(B) Adding 5% phosphorous to saturate and strengthen the rubber.
(C) Adding from 0.5 - 5% sulphur to promote moderate cross linking.
(D) Adding 1% hydrogen to promote stronger hydrogen bonding.

7. Which are some of the additives used in polymers to enhance their properties?
(A) Stabilisers, plasticisers, flame retardants, pigments and fillers.
(B) Stabilisers, crystallisation, flame retardants, pigments and fillers.
(C) Copolymers, plasticisers, flame retardants, pigments and fillers.
(D) Single bonds, cross links, flame retardants, pigments and fillers.

8. Which processes are used to form thermosetting polymers?
(A) Blow moulding, transfer moulding and injection moulding.
(B) Compression moulding, rotational moulding and injection moulding.
(C) Compression moulding, transfer moulding and extrusion.
(D) Compression moulding, transfer moulding and injection moulding.

9. What are the consequences of crystailisation in polymers?
(A) A weaker, less rigid structure with increased clarity.
(B) A stronger, more rigid structure with decreased clarity.
(C) A stronger, less ductile structure with increased clarity.
(D) A more ductile structure with decreased clarity.

10. Which best describes the use of engineering polymers?
(A) Used for products which are produced in an engineering workshop.
(B) Used for applications where corrosion is a problem.
(C) Used in structural and engineering situations or in applications which replace metals.
(D) Used in applications requiring colourful and durable materials.

= Engineering Studies - Typical HSC Questions & Solutions

63




. 64

Section IT - Short structured response questions

Question 11
The cross-section of a bicycle tyre shown is made up of part A (tread) joined to part B (walls). Both
parts A and B are manufactured from rubber.

(a) List two significant properties required for each of A and B.

The molecular structure for two elastomers (rubbers) are shown in the diagrams.

(b) Indicate which structure would be most suitable for parts A and B of the bicycle tyre
and give a reason for each.

(c) Thermoset rubbers, as used for bicycle brake blocks, may be vulcanised to improve
service properties. Explain the process of vulcanisation and give two service properties
which are improved as a result of this process.

(d) When thermoset rubbers have a tensile force applied, the force generally increases
considerably just before fracture point. Explain why this occurs making reference to the structure of thermoset rubbers.

Structure 1 Structure 2

Question 12
A drawing of a motor vehicle’s brake master cylinder is shown. It has a polymer fluid
reservoir and a rubber protective boot.
(a) Suggest the most appropriate method of manufacture for the reservoir and the boot.
{b) State two important service properties for the reservoir and the boot.
(c) Three molecular structures are shown. Select the most appropriate structure for-use
as the reservoir and for the boot giving a reason for your choice.
(d) Describe, with the aid of a labelled sketch, the method of manufacture of the
TeServoir.

_E

Structure 1 Structure 2 Structure 3

Brake Flurw
eBSeRvore

AEuELE MOTECTILE
~ooT

A pictorial drawing of a bicycle handlebar is shown. The brake hood cover is manufactured by injection moulding from high-
density polyethylene (HDPE).

(e) Describe the injection moulding process.

(f)  An alternative material for the brake hood cover is polystyrene formed by
compression moulding. What effect does temperature and pressure have in this
process?

(g) Name and describe a process that may be used to form the polymer cover for the Handiebar
brake-control cable.

Brake-control cable
and polymer cover

Question 13
(@) Explain the limitations of a thermoplastic polymer as a structural material.
(b) Sketch and describe the molecular structure of a thermoplastic polymer.
(c) What makes a thermoplastic polymer structurally different from a thermosetting polymer?
(d) Explain the following terms which apply to polymers: co-polymerisation, condensation polymerisation.

An exploded pictorial drawing of a lawn mower carburettor is shown. The body is made from 30% glass-filled polyester
polymer. The priming button and the O-ring seal are made from neoprene rubber.
(¢) List two service properties for the material used for the body.
(f) What is the purpose of adding 30% glass fibre to the polyester material used to make the body?
(g) Name the process and the additive used to change the properties of rubber to make it suitable for the O-ring seal.
(h) Over a period of time in service, the rubber in the priming button is exposed to the atmosphere. State the effect that this
exposure could have on the properties of the rubber.
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Question 14
Data from a tensile test on a polycarbonate sample
used in bullet and vandal proof glazing and lighting,
are plotted on the stress and percentage elongation axes
shown.

(a) Determine the strain at the elastic limit.

72
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Stress - MPa
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Percentage Elongation (Not to Scale)

(b) Data from a tensile test on a 10% glass-filled polycarbonate sample used for police riot shields are listed below. On
the stress-percentage elongation axes shown above, draw a possible curve from the given data for the 10% glass-filled
polycarbonate sample.

« Stress at fracture = 80 MPa * % elongation at fracture = 10%
* Modulus of elasticity = 3.1 GPa * Stress at the elastic limit = 64 MPa

Polycarbonate and 10% glass-filled polycarbonate are both used in the manufacture of components for bicycle safety helmets.
(c) The visor is tough and transparent, while the helmet is rigid, has high impact strength and has good dimensional
stability.
Determine which material would be used for the visor and which material would be used for the helmet. Justify your
answer, using the relevant data from the tensile tests and your knowledge of materials.

(d) Name the type of polymerisation, (co-polymerisation, addition polymerisation, condensation polymerisation), used in
the manufacture of the following polymers: :
» Polyethylene; * Phenol formaldehyde (Bakelite); * Styrene-butadiene rubber (SBR)

(e} Suggest an appropriate additive/technique which will improve the following service properties of the specific polymers
mentioned below.
(i) The mouldability of bakelite.
(ii) The toughness and strength of polyester resin.
(iii) The strength of thermoset rubbers.
(iv) The clarity of polypropylene.

(f) List a forming method used for the manufacture of the polymeric articles listed below.
(i) Phenol formaldehyde (Bakelite) electrical switch gear.
(ii) Polyethylene bottles.
(iii) Reinforced nylon water hose.
(iv) Polypropylene outdoor furniture.
(v) Polystyrene and polypropylene margarine containers.
(vi) Polypropylene grass catchers for motor mowers.
(vii) Acrylic (PMMA) household baths.

Question 15
(a) Most elastomers (rubbers), despite vulcanisation, are still unsaturated polymers. Explain the term ‘unsaturated
polymer’.

(b) Elastomers (rubbers) and other polymers will rapidly break down from ultra violet radiation (UV) if not protected.
Explain how polymers are protected from UV radiation and give an example to support your explanation.

() The mower fuel tank shown is mass produced from high density polyethylene (HDPE);
70% of HDPE contains crystallites with the remaining 30% remaining amorphous.
(i) Explain the term ‘crystallites’ as applied to polymers.
(ii) Explain the term ‘amorphous’ as applied to the structure of materials.

(d) Name and describe the type of primary bond in a polymeric material.

(e} State one reason why thermosetting polymers are more difficult to recycle than
thermosoftening polymers. Explain your answer in terms of the structure of the polymer.

(f)  Give one application where thermoset polymers are being recycled.
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Question 16
The wheel hub and grass catcher of a lawn mower are manufactured from polymers using different processes.

% One piece
. mrqss Catcher
iz 7 '

(a) From the list of manufacturing processes below, select the most appropriate method for manufacturing for the wheel
hubs and grass catcher, then describe the selected process. Do not select the same process more than once.

¢ Calendering » Compression moulding » Blow moulding
* Rotational moulding + Injection moulding » Vacuum forming
H Cl1
~ e
The vinylchloride monomer is as shown: C=C
H” N H

(b) Explain what structural change occurs when the monomer molecules are transformed by polymerisation into the
polymer molecules of polyvinylchloride (PVC).

(¢) Sketch the arrangement of atoms following polymerisation, showing a minimum of two mers in the chain.
(d) Explain in terms of structure why the polymer PVC is a thermosoftening polymer.
(¢) Name one material that can be added to PVC to improve its fesistance to ultra-violet degradation.

(f) Thermosetting polymers are mainly processed and shaped by compression moulding. Describe the process of
compression moulding.

Question 17
A section of twisted pair cable and an RJ connector are shown below. The copper wires are sheathed with polyvinyl chloride
(PVC) polymer and the RJ connector case is made from polybutylene terephthalate (PBT).

(a) Explain why both PVC and PBT are classified as copolymers.
(b) Name and explain the process used to sheath the copper conductors with PVC polymer.

(c) The body of the RJ connector is made by injection moulding. Describe this process and suggest 3 reasons why it is the
preferable method of manufacture.

(d) Explain why crystallinity is kept to a minimum in the body of the RJ connector.
(e) List the forming and service properties for both the PVC sheathing and PBT connector case.
(f) Explain why polymer electrical switches and fittings are generally manufactured from thermosetting polymers.

(g) Provide one reason why the RJ connector can be safely manufactured from a thermosoftening polymer.
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Section 1 - Multiple choice questions

Select by circling the alternative A, B, C or D that best answers the question.

1. Which ceramics are predominately ionicly bonded?

)
(B)
©)
(8)

Ceramics made up of a combination of two or more non-metals.

Pure metallic elements such carbon (diamond).

Ceramics made up of a combination of metals and a non-metal usually oxygen.
Ceramics made up of a combination of two or more metals.

2. Which best describes the properties of ceramics?

(A)
(B)
©
D)

Hard, brittle, high melting point, electrical insulators, resistance to weathering.

Hard, ductile, high melting point, electrical conductors, resistance to weathering.

Hard, brittle, high melting point, electrical insulators, low resistance to weathering.
Malleable, brittle, high melting point, electrical insulators, low resistance to weathering.

3. Which best describes the main reasons why ceramics were used for ancient civil structures?

(A)
B)
©
D)

Ceramics were easily cut, shaped and placed.

Ceramics were plentiful, easily cut, shaped, placed and the structures used mainly compressive forces.

Ceramics were plentiful, easily cut, shaped, placed and the structures only involved a knowledge of tensile forces.
Ceramics were long lasting and were an acceptable material for religious structures at the time.

4. Which best describes vitrification in ceramics?

(A)
(B)
©
(D)

Vitrification is the formation of ceramic grain boundaries.

Vitrification is the bonding of the ceramic by heat.

Vitrification is the formation of a ceramic by pressing and heating powdered ceramic.
Vitrification is the formation of glass in a ceramic.

5. Why is ‘grog’ (or crushed, previously fired clay) added to clay based ceramics?

(A)
(B)
©
D)

‘Grog’ is added to reduce firing and drying shrinkage.

‘Grog’ is added to develop a consistent colour from the fired ceramic.
‘Grog’ is added to reduce the mass of the finished product.

‘Grog’ is added to provide more resistance to weathering.

6. Which are the main methods used to strengthen glass?

(A)
B)
©
D)

Thermal and chemical toughening, laminating and process annealing.
Thermal and chemical toughening, normalising and crystallisation.
Thermal and chemical toughening, laminating and crystallisation.
Quench toughening, laminating and tempering.

7. Why is the the water/cement ratio for concrete so important?

(A)
(B)
©
D)

Too much water will weaken the concrete.

Too much cement will weaken the concrete.

Too much water will reduce the slump and make the concrete too weak.
Too much water will accelerate the setting of the concrete.

8. Which best describes a doped semicoductor?

(A)
B)
©
(D)

A material that has more electrons than protons.

A semiconductor that has had more electrons added to increase the number of positive charges.

A semiconductor that has had foreign atoms added to change the number of negative charges.

A semiconductor that has bad foreign atoms added to change the number of positive and negative charges.

9. Which are the elements that have the most practical application as semiconductors in the electronics industry?

(&)
B)
©
(D)

Zinc, silicon and boron.
Silicon and germanium.
Silicon carbide and gallium.
Silica, barium and tungsten.

10. Which statement best describes why cracks propagate in materials?

(A)
(B)
©
(D)

‘When the crack is blunt enough to create new surfaces.

‘When the energy to break bonds is less than the surface energy of the material.

‘When the energy to break bonds is less than the energy required to cieate new surfaces.
‘When the energy to break bonds is greater than the energy required to create new surfaces.
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Section II - Short structured response questions

Question 11

(a)

(b) Ceramics are covalently and ionicly bonded. Which ceramics have ionic bonds and which ceramics are covalently
bonded? Give one example of each.
(c) Ceramics are poor conductors of heat and electricity. With reference to structure, explain why ceramics have these
properties.
(d) During ceramic fabrication, sintering and vitrification occurs. Explain the meaning of sintering and vitrification.
Question 12.
(a) Clays are weathered remains of various types of rocks. Sketch the arrangement of clay particles with and without
secondary bonded water.
(b) Pure clay is rarely used to make clay ceramics. Give three reasons why additives are included in pre-fired clay ceramics.
(c) (i) Describe the four stages of firing a clay ceramic explaining the structural changes for each of the four stages.
(ii) Make a labelled sketch of the final microstructure of the glass bonded clay ceramic.
(d) Many thin walled items such as wash basins, toilet bowls and dinnerware are manufactured by slip casting and glazing.
Describe the method of forming clay ceramics by slip casting. A diagram must be used to illustrate your answer.
(e) State two reasons for glazing clay ceramic products.
(f) On a graph with suitable axes sketch a graph to show at what temperature stages expansion and shrinkage occurs during
the firing of a glass bonded clay ceramic.
Question 13
(a) State two service properties of the ceramic used in the automobile spark plug.
(b) Suggest a clay ceramic that may bé used for the spark plug.
(c) Suggest an appropriate method of forming the ceramic insulator part of the spark
plug.
(d) Two methods of strengthening glass is thermal tempering and chemical toughening.
Compare and contrast both methods.
(¢) Laminated glass is used extensively in motor vehicle windscreens and for bullet proof glass. Explain two mechanisms
by which laminated glass inhibits the propagation of cracks from one surface to the other.
(f)  Sketch the fracture pattern in laminated glass and thermal toughened glass.
(g) Most sheet glass used for civil structures and automobiles is made using the float process. Describe this process using
well labelled diagrams to compliment your description.
Question 14
(a) Explain the difference between cement and concrete.
(b)  Explain the reason for the addition of gypsum to cement during manufacture.
(c) Explain the manufacture of cement.
(d) Explain the importance of water in the strength and curing of concrete.
(e) Explain, using a well labelled diagram, the process and the purpose of the slump test for concrete.

Ancient structures such as the Pyramids and the Great Wall of China were made using ceramic materials. Give three
significant reasons why ceramic materials were used for ancient structures.

72
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Compression test cylinders are taken for most commercial concrete pours.

63)
(2
(h)

Draw an expected fracture pattern of concrete when it fails in compression.
Draw the stress/strain graph for the compression test of concrete.

Explain, using your stress/strain graph in (g) above, the following three mechanical properties of concrete: brittleness,
stiffness, toughness.

Question 15

(@

(b)

©

(@)

®

®
(2
M)

Question 16
Many new high performance sports cars now use ceramic discs for their braking systems.

(a)

(b)

(©

Ceramics are widely used in the electronics industry. List and describe how two ceramic materials are used in the
electronics industry.

Semiconductor ceramics are doped for use in electronic circuitry. Explain the process and the reason for doping
semiconductor ceramics.

Die pressing (or dust pressing) is now widely used for forming ceramic materials. Explain this process and list two
examples where it is used.

Open neck glass jars (such as a Vegemite jar) are made by the press and blow method. Explain this process and use a
diagram to assist your explanation.

Explain why glass fibres (or glass whiskers) have a much higher tensile strength and ductility than conventional plate
glass.

Explain in terms of surface energy and crack energy, the mechanism of crack propagation in brittle materials.
Give four reasons why ceramic materials are more brittle than ductile metallic materials.

Explain how continuous filament glass fibre is made. Use a diagram to assist your explanation.

Ceramic disc

Explain the advantages of using ceramic discs for high performance braking
systems.

Name a ceramic material that is used for the disc on some high performance
braking systems.

The ceramic disc shown has holes punched through the disc. Suggest a reason why
these holes are present in the disc.

Question 17
The fracture patterns of three glass samples are shown below.

()
(b)

©

Identify the modification process, if any, of the three samples of glass and justify your answer.

Discuss the application of each glass sample and justify your answer in terms of the manufacture and/or modification of
the glass product.

Explain the terms ‘amorphous’ and ‘crystalline’ with reference to material structure and state whether each of the glass
samples are either crystalline or amorphous.
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Section 1 - Multiple choice questions
Select by circling the alternative A, B, C or D that best answers the question.

1. Which are the materials that composite materials can be made from?
(A) Only combinations of two or more non-metals.
(B) Just pure elements like carbon and silicon.
(C) Only combinations of metals and ceramics.
(D) Mixtures of metals, ceramics and polymers.

2. Which are all composite mazerials? '
(A) Wood, iron, steel, glass reinforced plastic (GRP).
(B) Wood, reinforced concrete, concrete, carbon fibre/epoxy, bone.
(C) Wood, carbon fibre, glass reinforced plastic (GRP), brass.
(D) Cement, bone, copper, polyethylene.

3. What are the advantages of wood as an engineering material?
(A) Wood is easily handled, worked and joined; has a high specific strength; is regenerative.
(B) Wood is easily handled, worked and joined; has a high tensile strength; is regenerative.
(C) Wood is easily handled; is ductile; has a high specific strength; is regenerative.
(D) Wood is consistent in quality; has a high specific strength; is regenerative.

4. What are the main functions of the matrix in a composite material?
(A) Adhere to the fibres, expose the fibres and to absorb tensile forces.
(B) Provide stiffness, protect the fibres from heat and to keep fibres apart to stop cracks.
(C) Adhere to the fibres, absorb shear forces and to direct cracks away from the fibres.
(D) Adhere to the fibres, protect the fibres, to keep fibres apart and to resist crack propagation.

5. Why is steel an excellent reinforcing material in concrete?
(A) Steel has high strength, has similar thermal expansion as concrete and will not corrode if positioned correctly in the
concrete.
(B) Steel is almost as strong in tension as concrete, has similar thermal expansion as concrete and will not corrode if
positioned correctly in the concrete.
(C) Steel has a lower expansion rate than concrete and will increase the compressive strength of the concrete.
(D) Steel makes the concrete more dense which provides greater weather resistance when the concrete is cured.

6. Which best describes post-tensioned prestressed concrete?
(A) The steel tendons are stressed before and after the concreté is cast.
(B) The reinforcing steel mesh is placed in the concrete during casting of the concrete.
(C) The steel tendons are stressed before the concrete is poured.
(D) The reinforcing steel tendons are stressed after the concrete has satisfactorily cured.

7. When are pre-tensioned prestressed concrete beams generally used for civil structures?
(A) Where the beams can be pre-tensioned on site.
(B) When the beams can be transported to the site after prestressing.
(C) Where there is a water-way so that the beams can be floated into position.
(D) When the beams are too large and have to be pre-tensioned at the factory.

8. What are the constituents of asphalt composite?
(A) Aggregate with a matrix of bitumen.
(B) Bifumen and a matrix of sand and aggregate.
(C) Sand with a matrix of cement and bitumen.
(D) Aggregate with a binder of black cement.

9. Which fibre will provide uniform strength (isotropic strength) in a composite?
(A) Chopped strand mat.
(B) Continuous fibres.
(C) Fabric.
(D) Woven mat.

10. Which is the most appropriate method of forming a one-off product such as a canoe using a composite material?
(A) Pultrusion.
(B) Filament winding.
(C) Hand lay-up.
(D) Sheet moulding using sheet moulding compound (SMC).
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Section IT - Short structured response questions
Question 11
(@) Wood is a naturally occurring composite material. Explain, in terms of structure, why wood is stronger in one direction
than at 90° to that direction. Use a diagram to assist your answer.

(b) 'Wood has long been a significant construction material. Give three advantages and three disadvantages for using wood
as a structural material.

(c) One method of strengthening timber for use as beams is to laminate the timber beam. Explain how a laminated timber
beam is formed and how it derives the extra strength over non-laminated timber.

(d) State two structural advantages of using laminated beams for long spans in building structures.

Question 12
A cross-section through a composite wall of a structural component is shown below.

Load
Surface A
_— Fibre reinforced polymer
Expanded =
foam T Surface B
h Fibre reinforced polymer
.
(2) The panel is loaded as shown. Which surface (A or B) will require the greater number of fibres giving a reason to
Support your answer.

(b) State one structural reason for the use of the foam.

(c) State one service reason why expanded foam may have been used.
(d) Name a suitable material for the expanded foam.

(e) Name a suitable material for the fibre in the reinforced polymer,

(f) Suggest a way of making the panel more rigid and stronger using the same materials and without significantly
increasing the mass of the panel.

(g) Suggest an orientation of fibres to provide uniform strength over the surface of the panel. Use a labelled sketch to
illustrate your answer.

Question 13 .
(a) A concrete beam is supported as shown. On the
diagram, indicate the approximate position of a
reinforcing rod to minimise tensile cracking. A

(b) Draw and label the macrostructure of reinforced concrete.

()  Suggest possible reinforcing materials which are used by industry to reinforce concrete.

(d) There are two methods of prestressing concrete beams. Name and describe both of these methods.
(e) Suggest appropriate applications for both methods of prestressing.

(f) Inboth prestressing methods the high tensile steel tendons are grouted. Explain the grouting process and give reasons
why it is necessary to grout prestressed concrete tendons.

(g) Give three advantages of prestressing concrete compared to reinforced concrete.
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Question 14
Prestressed concrete beams are used to support the roadway on a concrete bridge. The beams are supported at each end, and the
diagram shows a segment of the beams at the centre of the bridge.

Steel Railing

A segment of the concrete bridge beams

(a) State why there are more cables in the lower section of each beam,
(b) Explain why the beams are likely to have been post-tensioned.

(c) Thedeck has an asphalt coating on the concrete deck as a road surface. Give two reasons why asphalt is used as a road
surface.

(d) Name two constituents of asphalt and state the purpose of each constituent in the asphalt composite.
Plywood is often used as formwork when casting concrete sections on bridges and many other civil structures.
(e) Give three advantages of plywood over conventional timber.
(f) Give a reason why there is always odd numbers of plys in plywood.
(g) State one advantage of particle board and fibreboard (MDF) over plywood? ,
Question 15
(a) A metal-metal laminate called ‘Alclad’ used for the external lining of houses, has almost pure aluminium on the outside

sandwiched to aluminium alloy sheet on the inside as shown. Give a reason why the pure metal and alloy have been
used.

ALUMINIUM
Al-Cu ALLoY
ALUMINIUM

CLAD ALLOY

(b) Explain the term cermet and give an example of this type of composite.

(c) Explain the process of powder metallurgy and give an example of a product which has been manufactured using this
forming process.

(d) Resin transfer moulding (RTM) is a forming method which moulds composites to provide an excellent surface finish.
Explain the process using a diagram to assist your explanation.

(e) Explain how composites made from fibres in a polymeric matrix have excellent resistance to cracking when compared
to conventional materials. Use a diagram to assist your answer.
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Questions testing Engineering & Engineering Reports in the HSC
Examination

These questions (generally questions 26 & 27 in the HSC) are based on all modules and Engineering Reports. They will consist
of a number of short structured responses - fewer than the number of responses required in examples A and B below.

Example A
A hybrid-electric vehicle (HEV) combines a conventional internal combustion engine propulsion system with an electric
propulsion system. The presence of the electric powertrain as well as other design features, are intended to achieve either a
better fuel economy than a conventional vehicle, or better performance.
Other design features used for HEV's include:

» Using low mass materials

» Reclaiming some of the energy lost during braking

» Using ‘slippery’ aerodynamics and smaller wheels

MG1 ix\werter Ba]lttery MG?2 inverter
\ i I."

lectri t
Ee%%ggo? &%Gl)

Petrol Al .

- e - 1 trl

SRRNE ] ge%%rago?f t&{GZ)
Power split device

Toyota Prius \
Differential
A schematic drawing of the Toyota Prius’ drivetrain

» Using solar assistance for air-conditioning.
The Toyota Prius is the most successful hybrid-eléctric vehicle. Shown below is a photograph of the Toyota Prius and a
schematic drawing of the Prius’ hybrid-electric drivetrain:
(a) AnHEV reclaims part of the kinetic energy lost during braking via a regenerative braking system. Electric trains often
use a similar process. Explain regenerative braking and how it makes the vehicle more efficient.

(b) If an HEV has a mass of 1.2 tonnes and is on a hill 500 m high and is allowed to roll down to sea level unassisted by the
engine, how much energy must the brakes dissipate in stopping the vehicle assuming 70% of the energy is lost due to
the incline of the hill and frictional losses?

(¢) Mass reduction is a major focus for HEV design engineers. Explain why mass is a significant consideration for the
efficiency of any vehicle.

(d) HEV engineers often use the following techniques to reduce mass. Explain how each innovation achieves the desired
objectives. '
(i) Construction of the floor using embossed (pressed to form a pattern) aluminium.
(i) Use of polycarbonate for windows except the windscteen.
(iii) Use of carbon fibre/epoxy and glass reinforced plastic for body panels and structural members.

(e) Engineers design the body shape of HEV:s to create a more ‘slippery’ shape. Explain how each of the following
aerodynamic changes enhances efficiency.
(i) Lowering the roof line.
(ii) Use of smaller wheels.
(iii) Use of sharper edges on body work.
(iv) Use of flat under-body panels.
(v) Restrict air from accelerating over the roof during motion.

(f) The electric motors/generators used in the Toyota Prius are three-phase alternating current (AC) synchronous motors
that help with the drive as well as charge the battery pack.
(i) Explain how an electric motor can also generate electricity.
(ii) State the purpose of the inverters in relation to the electric motors charging the battery pack.
(iii) Bxplain the advantage of electric motor input when the car is accelerating from standstill.

(g) Explain the advantage of using a silent chain drive in preference to using a gear drive to turn the reduction gears.

(h) The Prius uses high pressure tyres that have silica in their construction. Give one reason each for the high pressures and
the silica content in the tyres.

(i) A design engineer is required to write an engineering report on the higher incidences of HEVs being involved with
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Example B
Question 1
Light towers are used extensively for illumination during night time sporting events. The West Australian Cricket Association’s

(WACA) light towers in Perth use concrete/steel towers while the towers at the Sydney Cricket Ground (SCG) use an all steel
construction. Details of both the WACA and SCG light towers are shown below.

(a) The light towers for both the WACA and SCG were constructed using segments. Suggest two reasons why this method
of construction has been used. -~
(b) Give two reasons why the towers at the WACA ground have more segments than the towers at the SCG.
(¢) The materials used for for both types of towers require different methods to join the tower segments. Suggest a suitable
method of joining the segments for each type of tower and justify your suggestion.
(d) Engineers refer to the light cluster at the top of the tower as the ‘area of sail’ with reference to the wind force on the
towers. Explain the structural significance of the ‘area of sail’ on the light tower. o
t
(e} Using the data given below, find the force F at the base of the tower which will Ial@sw #15m
produce equilibrium conditions if a wind force of 1 kN/m? acts on the light cluster. . > ke
Wind force 4
* Mass of tower = 50 tonnes
* Dimensions of light cluster=8 mx 3.2 m
* Assume the Centre of Mass acts at the centre of the towet
¢ Ignore the wind force which acts on the tower. OE
) ™~
(f) Give one advantage and one disadvantage for the type of construction used for each
tower. Tl
(8) Suggest and describe 2 method of anchoring the towers to the ground. Use a diagram 230m A M.
to assist your explanation.
(h) Give two reasons why both towers are hollow.
(i)  Both towers use high tensile structural steel. Explain the difference between this material and plain carbon mild steel.
()  Explain why sectional views, as shown, are used in orthogonal drawings.
F Section A-A
A A
Question 2
Some of the engineering personnel involved in the design and construction of the light towers are listed below:
+ Structural engineer
* Architect
* Lighting engineer
= Mechanical engineer
* Project engineer
(a) Explain the role of each of these occupations in the light tower project.
(b) Select one of the engineering personnel from above and suggest a possible abstract for an Engineering Report involving
the light tower which a person in that particular occupation could be expected to research and produce.
(c) Suggest how an engineering project such as the light towers at a sporting venue impacts on society and the environment.
Give one significant impact for each area..
(d) Hydraulic light towers were tested at the Adelaide Oval where the towers were lifted, when required, by hydraulic rams

P15 m
ight igh |
1
Iéﬂ%ster ;_L,, gesgtgleents g:'ﬂ?ster 4
4 II’
Y
1 | 8 hres, g
1| Section A-A e Section A-A
m |4 steel
= T~9 concrete s sesgments
It segments
AN ¢ A A \
Z o B30 m~ 7777
WACA Light Tower SCG Light Tower

from a cavity in the ground to a height of 70 m. Give one advantage and one disadvantage in terms of environmental
impact of hydraulically operated light towers.
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The Engineering Studies HSC examination
The written examination is 3 hours duration with an added 5 minutes reading time.
There will be approximately equal weighting of each of the four modules across the examination as a
whole.
Questions may require students to integrate knowledge, understanding and skills developed through
studying the entire course, rather than focusing on a particular module.

The written paper is divided into TWO sections:

Section I (20 marks)

* All questions are compulsory.

« This section will comprise TWENTY objective response (multiple choice) questions.

Section II (80 marks)

» All questions are compulsory.

+ There will be approximately seven short-answer questions.

s Each question will consist of a number of parts requiring short structured responses.
+ There will be approximately 25 items in total.

» At least two items will be worth from 6 to 8 marks.

Examination Technique

Examination technique is extremely important for every student if the student is to demonstrate full
potential in the examination results. A few notes on examination technique have been included to assist
you in this as well as other examinations:

- Divide the time for the examination by the total marks to determine the number of minutes per mark.
For Engineering Studies it works out to be 1.8 minutes/mark so if you multiply the marks for each
question by 1.5, this will leave you with 30 minutes at the end of the examination to check your
answers as well as complete any question for which you ran out of time.

« For each question multiply the marks by 1.5 to determine how long you can spend on the question.
Write next to each question the time that you must finish the question so that you do not have to waste
time to recalculate times during the examination.

s Itis generally better to spend time starting a new question than running over-time to finish the
previous question. Mark each question which you must return to and use the remaining 30 minutes at
the end of the exam to finish these questions or to check your answers - you will be fresher and more
confident at this time of the exam to complete difficult questions.

+ Do not leave any examination early - remain in the exam room and check all answers because you will
gerierally gain extra marks by checking answers.

« A well organised approach such as this will give you confidence during the exam because you do not
have to worry about running out of time. There is plenty of evidence to indicate that a calm and relaxed
student will perform more efficiently during examinations than one who is stressed.

o Make sure that you read the question and answer exactly what the question is asking. If there are two
parts such as sketch and label and you only sketch then you can only expect to receive about half the
total marks for the question if your answer is correct. Also show all working; an incorrect answer in
Engineering Studies may derive full marks if working is provided - ask your teacher about this.

A very important part of your HSC examination preparation:

« QObtain copies of previous HSC written examinations with answers and examiner’s comments from
your teacher or by purchasing them from the Board of Studies, Sydney, (phone 02 9367 8111) or by
down-loading from the Board’s Website (http:/www.boardofstudies.nsw.edu.au) - you must be familiar
with all aspects of the examination before sitting for the paper.
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Resources to assist in the learning of Engineering Studies

Teacher’s Classroom Lessons DVD #1: e
This is a Quicktime movie slide presentation on DVD of information \ e T2
and extra graphics from the Engineering Studies - A Student’s
Workbook in the same order as presented in the workbook.

This DVD can be used on a computer, data projector or smartboard and
facilitates an easy, professional and attractive lesson presentation for
teachers and students. Preview at kjspublications.com.au

Teacher’s Classroom Lessons DVD #2:

This is a Quicktime movie slide presentation on DVD of the syllabus
requirements for the historical, scope and impacts areas of the course
for each of the 8 modules. It is designed to be used in conjunction with
the new workbook: Engineering Studies - History, scope & Impacts for
all Modules. This DVD can be used on a computer, data projector or
smartboard and facilitates an easy, professional and attractive lesson
presentation for teachers and students.

Preview at kjspublications.com.au

Engineering mechanics solutions DVD #3:
This one hour DVD demonstrates simpler methods of solving
mechanics questions that many students find difficult.
Preview at kjspublications.com.au

Solutions to analytical question to the ES workbook:
The CD provides solutions to all analytical questions in the
Engineering Studies Workbook.

Industrial Processes DVDs:
This 3 DVD package provides up-to-date movie presentation of Industrial Processes for
Engineering Studies and co-ordinates with the presentation in the Engineering Studies - A
Student’s Workbook. These DVDs facilitate the reinforcement of information provided in
class by viewing short movie presentations (about 5 minutes each) of industrial process
covered in the same sequence as presented in this workbook.

= — ————————r——

Available from: kjsp.ublications .com.au




Technology resources available from Kkjspublications.com.au
- providing resources that facilitate minimum work for teachers and maximum benefit for students

B — 4“6 —
VRGN OBy é’ﬂi%f

A STYoENTS WWoRKE00k| 4 Sryoewr'e Worksook|
Technology for Years 7 & 8 Stage 6 Design & Technology Stage 6 Industrial Technology
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