1995 HIGHER SCHOOL CERTIFICATE EXAMINATION

ENGINEERING SCIENCE

2 UNIT AND 3 UNIT

In 1995 1777 candidates presented for the examination in Engineering Science. Qf#%58ese
presented for the 2 Unit Common paper and 319 for 3 Unit.

In the 2/3 Unit paper, all questions were compulsaBandidates apportioned their time well,
with most attemptingall questions. Althouglthe majority of students setheir work out
clearly, somestill failed to show working or tosketch solutiongccurately. Such students
would bebetter advised tghow clarly all substitutions in formulae and to ute time to
draw lines accurately. Theghould also beacquainted with currendrawing standards in
graphics.

In the 3 Unit paper, students coped well with the new format.

SECTION |
Question 1

@ Many students scoredell. Somedifficulty was, howevergncountered not only in
finding the direction of the reaction, but also in basic trigonometry. Graphical solutions
were attempted by the minority who used the simplest method.

(b) This partwas generally well doneparticularly parts (i) and (ii). Common errors
occurred in the conversion gfto kg and the use d€hange in KE :yzm\F rather than

¥%m (v2 - uz). Those who used work/energy relationships tended to be more successful
than those using kinetics.

(c) This was poorly answered ltlye majority of candidates. Thoseho understood the
concept of relative velocitgolvedthe problemeasily. Themost common error was
direct substitution into/” = u® + 2as by using avariety of values. Other candidates
attempted, with little success, to set up simultaneous equations.
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Question 2
This was a good question which tested candidates at all levels.

@) () This partwas poorly answeredjue mainly tothe fact that themajority of
candidates combined displacement and velocity on the one vector diagram.

(i)  Due to very poor concepts uf= ¢, very few achieved complete success.

(b) () Many candidates attempted to determine thigri®thod of sectionsstead of
by method of joints. A poor understanding of moments was apparent.

(i) Method of sections was used and this part was generally well answered.

(i)  This was poorly answered since reactive force senses were poorly understood.

Question 3

This question covered a wide range of tofdicsm the Materials section of the Syllabus.
Unfortunately, although great depth of knowledgesath arealid not seem to beequired,
attempts to answer the question were generally poor, indicating that the ceranpctyamets
components of the Syllabus need to be treated in greater depth.

Question 4

€)) () Many candidates were unable to interptBe composition scale correctly,
therefore reversinghe composition of themicrostructures. Quite a few
candidates had difficulty in interpreting th&olvus phasechange, while
microstructures were generally poorly drawn.

(i) Clear arrestment points were not generally shown.

(b) () This part was, on the whole, well answered, although studentsiétmectly
used 2% carbon as the composition ofd=e(6.67% C).

(i) A number ofcandidates incorrectlgssumedhat pearlitewas asingle phase
structure.

(iii) Many candidatefound thissection difficult, with veryfew giving preferred
recrystallisation with alignment of non-metallic inclusiorss the most
acceptable answer. Microstructures were generally poorly drawn.
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Question 5

€) Failure to visualise the rod end resulted in a pre-conceived curve being drawn higher up
on the rod. Some assumed that the rod end was &b 48eP.V.P. Manycandidates
failed to understand the significance of points of intersection between the section planes
and the completed Togiew. While concentric cutting planes weshown by many,
very few extended the radius curve in the front view. Linework and point plotting were
poor.

(b) Many candidates failed to recognise the initial projection of the solid. Failure ta,goin
andd,e in the TopView excluded the location dfvo cutting points and visibility of
slant edges. Completed T&fiews were good but, in many, students ub@ttien
detail lines to indicate the sectionsthape. Hatching dhe sectionathape wasither
omitted or poorly drawn; when lettering was shown it was often incorrect.

Question 6

Both parts of Question 6 wegenerally wellanswered, withcandidates displaying @ood
knowledge of related concepts and drawing standards.

@ Themajority of candidates werable todetermine virtuallyall true lengths, bumany
failed to realise thahe was acurve. When onlyone intermediate poinvas used
betweena andc, inaccuracy resulted; thisas compounded whestraight lines were
used tojoin the points rather than a smth curve. Anumber ofcandidates failed to
apply to the development the true lengths they found.

(b) Many misinterpreted the drawing as including a cuiirexl of intersection. There was
also obvious misconcepticabout the visibility of thetwo points on longedgeb.
Some candidates attempted to locate points of intersection by cometerds which
led to gross inaccuracies.

SECTION I
Question 7

@ () On thewhole this waswell answered. Mangandidates did not identify the
slashingcutting actionfirst used inthe Victa 2-stroke mowerbut, instead,
described the blade.
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(ii)

(b) ()
(ii)

@ @
(ii)
(iii)
(iv)
v)

Question 8

@ (O
(ii)
(iii)
(iv)

(b)y @)
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Most answerdere generally described tipeish mower. Very few students
identified the cutting action as being a shearing cut ofrtbeing blades against
a fixed blade.

Many students incorrectly suggested cast iron as being a suitable material. The
majority, however, could describesaitable manufacturingrocessthat was
appropriate, e.g. pressing, spinning, die-casting. Few used correct terminology.

Most students answered tlusrrectly. The greatesburce of difficultylay in
answering in terms of theaterialrather than thehape

A significant numberincorrectly answered by referring to enuch longer
timespanthan the last 5@ears, e.gthe development of rubber for pneumatic
tyres; the rest, however, answered well.

Reduction in weighivas a verycommon responseThe majority of students
understood the importance of relating part (ii) to part (i).

Many reasons given related to the frame materater than to manufacturing
processes, and this part was poorly answered.

The majority of studentsexplained developments in tubing, brazing and
triangulated framing.

The main social factors influencing thee ofbicycles overthe past fifty years
included reliable transport, recreation and health. Responses were good.

Most students indicated all three forces acting on the lawnmower.
The majority of candidates used moments to calculate the reaction.

Although the stressequationwas usedcorrectly, most studenthiad difficulty
with the units.

Students frequently read teouchinto this question, whiclwas essentily a
friction problem.

The maximum load was often incorrectly used instead of the elastic limit. Units
created confusion, particularly in the conversion fron?rromt.
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(c) The correct value of 92.22N was easily calculated by #smdrv. Many used
P :%5 and failed to see the relationship betwéeandv.z
Question 9
(@) This partwas generally wellanswered. Most students followele progression
through the problem; a number, however, had difficulty with velocity ratio in part (iv).
(b) () Conversion okm/hto m/swas poorly done. Some students confuisdal
with final velocity.

(i) Responses here were good and the calculation to find the acceleration of
~1.39 m/§ was well done.

(i)  The change in kineti@nergywas not alwaysequated withwork done. Some
students used the concept of average velocity WithFv to obtain the correct
solution.

Question 10

@ Many candidatexonfusedthe 1.0% normalised structure atite 0.1% annealed steel
and, thereforefailed to answerthe question. Phasesnd structures foall materials
were not well understood.

(b) A number of studentdid notknow that graphiteflakes reduce the tensigtrength of
grey cast iron.

(c) Most students relateithe mechanical properties of thisc instead ofthe calliper.

Many did not know the properties of spheroidal graphite cast iron.

(d) Thequestion waoften misread and, consequently, many studéamited to describe
recrystallisation. The drawing should have shown an equi-axed single-phase structure.
(e) Students were generally unaware of how a high tensile spring was manufathegd.
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(i) Many studentdailed to substitute the correct valuks force andareaand,
consequently, failed to find the UTS.

did not understand the purpose of normalising or the resulting mechanical properties.
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Question 11

@ () The majority of students namedsaitable test buftound it difficult to describe
it.

(i) Freehand sketches were poor. Grainflow was not well shespecially in the
exit of the flow lines from the upset region.

(b) () Many students wrotéght which wasnot a mechanical property. Strength
should be qualified, i.e. tensile, shear, etc.

(i) This wasgenerally wellanswered, althoughome studentscorrectly stated
chemical resistance

(i)  Although students completed this question weley would be advised to
confine their description to distinct steps in the process.

(c) 0] The process of rotary tube piercing was poorly described. It was confused with
extrusion and was frequently described as being continuousutt
welded/electrical resistance weldégdbemaking. Some studenfgoduced
acceptable sketches instead of a description.

(i) This partwaswell answered, althougbomecandidates incorrectly referred to
phases present in the structure rather than two mechanical properties.

(i) In addition to the obvious answers of brazing and welding, studentstated
adhesives Most could name only one method successfully.

Question 12

The majority of students attempted this question, providing a broad range of responses. The
interpretation of the shape and size details infriigt view was goodmost students showing

the correct relationship between tlient view andthe rightside view. The scale that was

given was correctly interpreted and used.

The projection required to produce the low limit point on ¢beres resultingrom the hole in
the head was not given by a large number of students.

Attention still needs to be given to knowledge and cortes¢ ofthe AS1100standards,
particularly in regard to the following areas:

cylindrical breaks

thread details, especially when seen as circles

dimensioning techniques, and

the use of thin black and thick black lines.
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3 UNIT
SECTION |
Question 1

@ (1) A number of students failed to recognise the zero shear force and bending
and moment at the free end of the cantilever. Others did not realise that the
(in) reactions thatwere given determinethe magnitude ofthe shear force and
bending morent atthe wall. Many attempted tanakethe part of thebeam
entering the wall part of the SF and BM diagrams. Cross-hatching SF and BM
diagrams is not necessary; these diagrams should be plotted accurately to scale.

(i)  Many studentdailed to realise that theequired bending momentas given
earlier in the question. Some were confusethleyequirement taalculate the
bending stress on the inner surfacehef pipe; anumber, howevergompleted
the required calculation successfully.

(b) 0] Most studentdailed to appreciate the connection between the topgoeided
by frictional resistance between the rollers and abeeleration/deceleration of
therollers. The majority of those whacompleted theguestion wereable to
change and manipulate the units correctly. It should have betarstoodhat,
as one roller increased rotation, the othkErwed andthe accelerations had
opposite sense.

(i) A number of studentfailed to recognisghat this was a simplesxercise in
conservation of angulanomentum, oelse thatime during slipping could be
calculatedandw determinedrom such time. Some studentscognised this
solution path but had difficulty isalculating a reliable time. By theguations
used, somehad little understanding ofthe difference between radial and
rotational acceleration. Many candidates left parts (b)(i) and/or (ii) unanswered.

Question 2

@ () This was awell answered question, althougiome candidatesanswered in
terms of the FCC unit cell rather than the BCC unit cell.

(i) Candidatesvere able tofind intercepts correctly bufailed to take reciprocals
and then convert to whole numbers. Confusion with identification of x, y and z
axes also occurred.
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(i)
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Many students failed to understand the tettice parameter Candidates were
able todetermine diagonal distance but did not understardapplication of
Pythagoras' theorem or sine rul®thers usedhe atomic diameter instead of
the atomic radius in their calculations.

Candidates had difficulty iranswering this part. The majority had some
understanding of substitutional amderstitial solid solutions but hadifficulty
in explaining them in terms of radius ratio.

Some candidates were able to posit@rs correctly on the top of the cube but
became confused when positioningson the sides.

Many recognised that ionic bonding occurred but failed to explain the brittleness
of NaCl in terms of a lack of slip planes due to the primitive cubic structure.

Those who werable torecognise age hardeniisgored well. Most indicated

the basicsteps ofheat -soak - quench Somefailed to explain thgorocess of
solution treatment and ageing, whiteany gave answersassociated with the
heat treatment of steel, viz martempering, tempering.

The microstructure was poorly drawn. Failure to recognise QuAtipitation
was common.

This part was generally well answered.
Most candidates showed sound understanding of the inverse lever rule.

Answershere were verypoor and fewcandidates obtained full markdviany
could not represent a Widmanstatten structure.

Most candidates identified a martensitic structure in this well answered section.

(iv)
(b) (@)
(i)
© @
(ii)
@@ @
(ii)
(ii)
(iv)
SECTION Il
Question 3
@ Most

answers here were poor since few students could analyse the forces involved.

(b) For each block thdree-body diagram provided two equations, involving T, which
needed to be solved to find the angular velocity.
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(c) Most students weranable toanswer this question. For no slidingdocur at any
angular velocity the centripetal forces need to be equated to detéhatinbemass of
block A would have to be 12 kg.

Question 4

€)) This part was generally well answered, with most candidates successfedijing and
using the correct equation.

(b) The majority of students showéttle or no understanding ofhe relationship between
StrainEnergy, Kinetic Energy and PotentiaEnergy and consequently this part was
poorly answered.

Question 5

@ (i) Answers here were posincemost students appeed to havdittle experience
with half-cell reactions and did natnderstandthe effects of increases in
electrolyte concentration. Many who corredlysweredlecreasehen restated
electrode potential will decreases a justification.

(i) Answers tothis part wergpoor. Candidates did not recognisieat cadmium
was the anode and failed to select the correct equation from the table.

(i)  This was well answered, although some simple calculation errors occurred.

(iv)  Most candidatesknew about the sacrificial anode and theestion waswell
answered.

(v) Few candidates were aware dézincification, i.e. the leaching of zirffcom
brass in salt water conditions (preferential corrosiomimé leavingsoft copper
which gives a reddish colour).

(b) This was well answered, althougbme students confusétk various case hardening
processes and were unable to provide adequate descriptions.

Question 6

@ Although many candidatesseemed tohave the fundamental knowledge about
transformation and heat treatment, a number failed to grasp the significancstenfite
in the process.
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(b) 0] This part was well answered.

(in) Some disappointing sketches of pearlite were submitted.

(i)  There was much confusion as to how to achieve tempered martensite in sample
B or even what constitutes tempered martensite. Generally, sketches of the

microstructure were poor but thosého understoodhe tempering process

produced good sketches. Responses, however, were generally disappointing.

(c) The concept ofylass toughening was understobdt candidates had difficulty in
explaining how the compression in the surface affected bending strength.

(d) Many candidates confusélae processes of tempering aadnealingwhen discussing
the heat treatment of both copper in electrical copper and glass in glass bottles.

SECTION I

Question 7

@ The concept of finding true lengths by rotatiwas not well understood andnany
students were unable to project the top viewlof

(b) Studentdailed to project the true length lirsd as apoint of viewto obtain the true
included angle. Many wereable todraw the trueshape because theépund the
individual true lengths by rotation.

Question 8

This question was generally very well answered.

Question 9

The majority of students successfully completed this question. Bmmeectlyassumedhat

the faces of the rod end were’ 45 the VP and failed to find th@oints of tangencyccurately.
Students should realise that, when a surface is tangential to a cylind@lettloeirve produced
has a pointed profile.

1995 Higher School Certificate
Examination Report Page 10
Engineering Science



1995 HIGHER SCHOOL CERTIFICATE EXAMINATION
Question 10

This question was solved byost students who usdtbrizontal section planes. The limit
points were found successfully. Some fodinel true lengttab but were unable to apply this
to find the angle betweeab andac. They could haveised anauxiliary view whichwould
have made it easier to visualise the required angle.
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