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Introduction

Our examiners’ reports are produced to offer constructive feedback on candidates’ performance in the
examinations. They provide useful guidance for future candidates.

The reports will include a general commentary on candidates’ performance, identify technical aspects
examined in the questions and highlight good performance and where performance could be improved.
The reports will also explain aspects which caused difficulty and why the difficulties arose, whether
through a lack of knowledge, poor examination technique, or any other identifiable and explainable
reason.

Where overall performance on a question/question part was considered good, with no particular areas to
highlight, these questions have not been included in the report.

A full copy of the question paper and the mark scheme can be downloaded from Teach Cambridge.

Would you prefer a Word version?
Did you know that you can save this PDF as a Word file using Acrobat Professional?
Simply click on File > Export to and select Microsoft Word

(If you have opened this PDF in your browser you will need to save it first. Simply right click anywhere on
the page and select Save as... to save the PDF. Then open the PDF in Acrobat Professional.)

If you do not have access to Acrobat Professional there are a number of free applications available that
will also convert PDF to Word (search for PDF to Word converter).
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Unit 3 series overview

This Level 3 paper examined the principles of mechanical engineering. It followed a similar format to
previous papers.

To do well on this paper, candidates needed to:

e be familiar with all the parts of the specification examined

e be familiar with, and make use of, engineering language and terms

e attempt all questions

¢ be familiar with, and make appropriate use of, the contents of the formula booklet provided
e be able to convert areas and volumes from mm? or mm? to m? or m®

e show clear and legible workings especially for 3, 4, 5 and 6-mark questions.

The paper appeared to be accessible with most questions being attempted by candidates from many
centres.

It was pleasing to see that more candidates demonstrated the ability to use the conservation of energy
principle following on from the January exam and report.

However, many candidates still demonstrated limited knowledge of how to calculate bending moments
for a cantilevered beam and then use these to draw a bending moment diagram.

Candidates who did well on this paper Candidates who did less well on this paper

generally: generally:

e made good use of the formula booklet ¢ didn’t show any calculations with their answers

¢ read the question carefully e didn’t attempt every question

¢ used engineering terms correctly ¢ didn’t include directions with forces or
moments

e set out their calculations clearly
, ¢ didn’t label the axes for the bending moment
e converted prefixes correctly diagram correctly
e gave answers to a consistent number of

significant figures

e included correct units in their answers.
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Question 1 (a) (i)

1 The cross-section of a symmetrical rigid steel joist (RSJ) is shown below aligned within a
Cartesian coordinate system (x, ) with the origin at point O as indicated.

The units of all dimensions are millimetres.

y
|
671 |
188
6§ 5 .
135

(a)

(i) Write down the coordinates of the centroid of this cross-section.

This was done well by most candidates, although some forgot to add 12mm to the 188mm height so got
an incorrect answer for the y value.
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Question 1 (a) (i)
(ii) A steel joist with this cross-section has a length of 2000 mm.

Calculate the volume of the joist in mm°.

This was answered well by most candidates. The most common error was an incorrect calculation of the
cross-sectional area.

Question 1 (a) (iii)
(iii) The joist has a mass of 43.14kg.

Calculate the density of the steel in the joist. Give your answer in kgm .

The main error here was an incorrect conversion from the volume in mm?2 to m?.

Key point: Conversion of units

Candidates need to be aware that if they are converting a volume from mm? to m? they need to divide
by 10003, not just 1000.
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Question 1 (a) (iv)
(iv) The steel in the joist has a Young’s modulus of 210 GPa.

Calculate the axial, compressive force required on the cross-sectional area of the joist that will
cause its length to be reduced by 0.05 mm.

This was done well by many candidates. The two most common errors were using the incorrect power of
ten for the prefix Giga and the incorrect conversion of the area from mm? to m2.

Key point: Conversion of units

Candidates need to be aware that if they are converting an area from mm? to m? they need to divide by
10002, not just 1000.

Assessment for learning

Ensure that candidates are proficient at using the correct prefixes in calculations.
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Question 1 (b)

(b) A semicircular plate with a radius of 40 mm aligned with a Cartesian axis system (x, y) is shown

below.
b4
A
80 )/
7
601
401

\

N

0 \ - X
20 40

Calculate the coordinates of the centroid of the plate.

........................................................................................................................................................ [2]
Most candidates correct calculated :—; correctly but then did not subtract it from 40.
Question 2 (a) (i)
2
(a) A class one lever with a mechanical advantage of 1.84 is used to lift a load of 290 N.
(i) Calculate the minimum effort required to lift the load.
........................................................................................................................................................ 2]

This was done well by most candidates.
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Question 2 (a) (i)
(ii) The distance between the fulcrum and the load is 1.4 m.

Calculate the distance between the position of the load and the position of the effort.

Many candidates correctly calculated the distance from the fulcrum to the effort. However, they then did
not add that to the distance from the fulcrum to the load to give the distance between the load and the
effort as asked in the question.

Key point: Read the question carefully

Encourage candidates to read the question carefully so that they are aware of what exactly is required.

Question 2 (a) (iii)

(iii) Draw a labelled diagram of the lever showing the load, effort and fulcrum.

This was done well by most candidates, although some did not label the fulcrum.
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Question 2 (b)

(b) Three gear systems are listed in the table below.
Put a tick (v') in the boxes to indicate the correct properties of the listed systems.

Systems can have one of the properties, more than one of the properties or none of the properties.

Properties
. . Converts rotational Direction of
Axis of rotation . -
o movement to linear | transmission can be
changes 90
movement reversed

Bevel gear

Rack and pinion

Wormgear and
wormwheel

[3]

This was not a high scoring question for the majority of candidates. Many assumed that each gear could
only have one property.

Question 2 (c)

(¢) Give one reason for placing an idler gear between two adjacent gears in a gear train.

This was done well but some candidates needed to use the word rotate rather than move.
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Question 3 (a)
3 Anparticle lies on a smooth horizontal surface and is acted on by four coplanar forces as shown in

the diagram.

10N

> 25N

10N

Most candidates recognised the need to use Pythagoras to calculate the resultant force from their overall
horizontal and vertical forces, so most scored at least 1 mark. However, it was not always apparent how

the horizontal or vertical forces had been calculated.

Key point: Answers requiring more than one calculation

In answers where more than one calculation is required, it is good practice to show these separately
rather than just writing all the numbers down in one line. The exemplar shows a good response of how

this can be done.
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Exemplar 1

3 Aparticle lies on a smooth horizontal surface and is acted on by four coplanar forces as shown in

the diagram. @ LSV T y:ls ‘SFACBO)
10N J e X 213 cos (30)

25N ~ ————— —

™ ~
@ p’v Y 9z 105:n(%5)
I| Ao & xz 10 eos(ES)
(a) Calculate the magnitude of the resultant force.

(0+) = 33 = (G4es (#5) - 15 Lene(30) = 4.3 £ 5511

This is a good response of how the calculations are shown clearly at each stage and that the final
response has been quoted with correct units.

Question 3 (b)

(b) The particle has a mass of 2.5kg. Calculate the magnitude of the acceleration of the particle when
acted upon by the four forces.

This was done well by most candidates using their force calculated in part a.
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Question 3 (¢)

(c) The particle accelerates from rest at the rate calculated in part (b). Calculate the magnitude of the
velocity of the particle after it has travelled a distance of 6m.

This was done well by most candidates using their acceleration calculated in part b.

Question 4 (a)

4

(a) The instantaneous power of a car travelling at 16 ms ' is 50kW. Calculate the force exerted by the
car at this time.

The main error here by candidates was failing to convert kW to W, so many scored 1 mark out of the 2
available.

Question 4 (b)
(b) A toy rocket is launched vertically from ground level with an initial speed of 30ms~'. Assuming

that the motion of the rocket is only affected by gravity after it is launched, calculate the
maximum height that it reaches.

Most candidates recognised that a suvat equation could be used to solve this, but a large minority did
not appreciate that the value for acceleration, a, was 9.8ms™ due to gravity.
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Question 4 (c)

(c)
125N
A
80N =
2m
_6.
3m Y
0

Three forces are applied to a uniform plate resting on a smooth, horizontal surface, as shown
above. Calculate the magnitude of force Q so that there will be no turning moment about
corner O.

Most candidates found this challenging and didn’t show their calculations clearly. Many were confused
by which distance should be multiplied by which force.

Exemplar 2

Cng;J »r(/:LSx 3) = 3R

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

[0 + 37 S = 3.

------------------------------------------------------------------ a4 b A A e AEE R s EENA O s N PATIaBTRUIRINFPaTP I TIEsRsraqtaT T IEIR IR TR R FIIRSISIIARLassansdny

= 033 :1757;3/\/- ................................................ 2]

-------------------------------------------------------------------------------

This is another good response of how the calculations are shown clearly at each stage and that the final
response has been quoted with correct units.
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Question 5 (a) (i)
5
(a) A horizontal, simply supported beam is shown below.

X

. P

(i) Name the types of load indicated on the diagram.

L0 X e

Examiners’ report

A large minority of candidates weren’t able to answer this correctly.

Question 5 (a) (ii)

(ii) Name the type of force indicated by arrow Z on the diagram.

BOTCE e

The majority of candidates didn’t get this correct.

15
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Question 5 (b) (i)

(b) Aloaded, horizontal cantilever beam attached to a wall is shown below.

90kN
|
25kN 40kN ‘
2m | 1m | 3m
I | |

(i) Calculate the vertical reaction at the wall. The self weight of the beam can be ignored.

There were a sizeable number of candidates who calculated the magnitude of the force correctly, but
then did not state which direction the force acted in. A large minority also calculated the bending moment
instead of the force.

Key point: Read the question carefully

Encourage candidates to read the question carefully so that they are aware of what exactly is required.

Question 5 (b) (ii)

(ii) Calculate the bending moment at the wall.

Most candidates were able to calculate the three bending moments correctly, but many didn’t take the
different directions into account when calculating their final answer.
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Question 5 (b) (iii)

(iii) Draw a labelled bending moment diagram for the beam on the grid below.

Very few candidates scored marks for this question, despite 1 mark being available for labelling the axes
with a reasonable scale. Many incorrectly label the y axis with force/moment in kN instead of bending

moment in kKNm.

Misconception

@ The units of a bending moment are (k)Nm, not just (k)N.
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Question 6 (a) (i)

6
(a) A stress—strain graph of a metallic material is shown below.

Stress
A
> Strain
(i) Indicate with an arrow on the graph the location of the elastic limit of the material. [1]

Most candidates did this well.

Key point: Annotating diagrams

Please encourage candidates to draw the arrow so that it touches the graph rather than stopping in
mid-air.

Question 6 (a) (ii)

(ii) State what happens when the operational stress levels of the material exceed the elastic limit.

This was done very well by most candidates.
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Question 6 (a) (iii)

(iii) The aluminium in a bar has an ultimate stress of 550 N-mm *. The bar is used in a structure that
has a safety factor of 1.75.

Calculate the allowable working stress of the structure.

Most candidates scored full marks for this question.

Question 6 (b) (i)

(b) The mass of a rollercoaster car is 8700kg. The car is stationary on the top of a downward-sloping
track at a height of 24 m above the ground.

(i) Calculate the gravitational potential energy of the car relative to ground level.

A large minority of candidates didn’t score the second mark as they didn’t include the correct units with
their answer.

Key point: Include units with answers

Please encourage candidates to include units with their answers.
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Question 6 (b) (ii)

(ii) The car then rolls down the slope until it reaches ground level. Neglecting frictional forces and
assuming the conservation of energy, calculate the speed of the car when it reaches ground level.

More candidates than in January used the principle of conservation of energy which was pleasing to see.
However, there was still a larger majority that ignored that instruction and used suvat instead.

Key point: Read the question carefully

Encourage candidates to read the question carefully so that they are aware of what exactly is required.
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