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Structure of this paper

Number of Number of
. . . Marks
Section questions questions to available
available be attempted
SECTION 1: Core Engineering, all candidates
Part A Multiple-Choice 10 10 10
PartB  Written 3 3 60
SECTION 2: Specialised fields
Candidates choose from ONE of the following fields.
o Systems and Control
e Materials, Structures and Mechanical Systems
e Electronic/Electrical
Each field contains:
Part A Multiple-Choice 10 10 10
Part B Written
e Systems and Control 3 3 90
e Materials, Structures and Mechanical Systems 4 4 90
o Electronic/Electrical 3 3 90
Total marks 170

Instructions to candidates

1. The rules for the conduct of Western Australian external examinations are detailed in the
TEE/WACE Handbook. Sitting this examination implies that you agree to abide by these
rules.

2. SECTION 1: You must answer all questions from Part A and Part B.

3. SECTION 2: You must answer all questions from Part A and Part B for one of the
following three fields:
Systems and Control,
OR
Materials, Structures and Mechanical Systems,
OR
Electronic/Electrical.

4. For Part A questions, you must use a blue or black pen or a B or 2B pencil to record
your answers for the multiple-choice questions.

For Part B questions, you must write all your answers in the Question/Answer Booklet.
A blue or black ballpoint or ink pen should be used. The space provided for each
question in the Question/Answer Booklet is an indication of the length of answer required.
Spare answer pages are provided at the end of this booklet. If you need to use them,
indicate in the original answer space where the answer is continued (e.g. write “continued
on page 317).

5. Where appropriate, use sketches to illustrate your answer. Do not sketch in ink. All
dimensions are to be shown in millimetres.

6. (Note about significant figure requirements)

7. (Note about need to show working)

SEE NEXT PAGE
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SECTION ONE: CORE ENGINEERING (70 Marks)
This section consists of two parts.

Both parts are to be answered by all candidates.

Part A (10 marks)

For Part A multiple-choice questions, you must use a blue or black pen or a B or 2B pencil to
record your answer. Circle (a), (b), (c) or (d) to indicate your response. There are ten questions
in this section. You must answer all ten questions. Each question is worth one mark. Marks

are not deducted for incorrect answers. If you wish to change an answer, make sure you
indicate clearly your final answer.

1. A company wishes to produce an electric drill for home handyman use. The first step
that the company should take is to
(1 mark)
(a) purchase and test the most expensive rival manufacturer’s product.
(b) engage an industrial designer to sketch some ideas .
(c) develop a prototype based on the product specification.
(d) review the range of similar products currently in the market.
2. A child’s toy has been designed for a manufacturer who wants to mass produce the
product. The most important design objective is its:
(1 mark)
(a) function.
(b) ergonomics.
(c) safety.
(d) finish.
3. The Australian Standard symbol for showing a radius on an engineering drawing is
(1 mark)
(@) ¢
(b) R
() r
(d) Rad.
4, A designer is working on a new mobile phone. One of the activities the designer

undertakes is to make an initial working version of the design. This activity in the design
process is formally called

(1 mark)
) prototyping.
) modelling.
) manufacturing.
) specification analysis.

SEE NEXT PAGE
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5. A 1.00m diameter pulley attached to a large motor is rotating at 240.0 rpm. The velocity
at the pulley’s outer surface is closest to:
(1 mark)
(@ 6 ms’
(b) 12 ms™
(c) 720 ms™
(d) 240 ms’
6 The reading on the vernier callipers is
(1 mark)
(a) 37.46 mm.
(b) 3446 mm. o B o
(c) 60.40 mm.
(d) 37.60 mm.
rom: Buffler, A. 2003]
7. A waste product from a manufacturing plant is said to be biodegradable if it
(1 mark)
(a) is reduced to harmless natural materials in the presence of living organisms.
(b) is disposed of in a land fill reclamation site which is used for new housing.
(c) is burnt to ashes in a high temperature furnace and the ashes used for garden
soil enrichment.
(d) is sold to a waste disposal company that recycles the product.
8. The surfaces of some components in a computer are coated with gold. The purpose of
this to
(1 mark)

(a) make the computers look attractive.

(b) add value to the computers.

(c) reduce the chances of surface corrosion on the components.
(d) enable the components to be exchanged in the field.

SEE NEXT PAGE
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9.

10.

Anthropometric data results from the study of
(1 mark)
(a) human movement.
(b) ergonomic design.
(c) average human limb measurements.
(d) workshop output.

The graph below shows the forward voltage in response to temperature for a special
type of silicon diode.

For copyright reasons this graph cannot be reproduced in
the online version of this document, but may be viewed at
http://www.omega.com/Temperature/pdf/CY7.pdf

The diode is most sensitive to temperature in the range:
(1 mark)
) 5 to 15 Kelvin.
) 15 to 30 Kelvin.
) 30 to 70 Kelvin.
) 5 to 70 Kelvin.

SEE NEXT PAGE
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SECTION ONE
Part B (60 marks)

This part contains four questions, that require written responses in this Question/Answer
Booklet. Each question is worth 20 marks. You must answer only three of the four questions.

Question 1 (20 marks)

A designer has sourced an electric motor from a popular Perth components supplier to power a
small robotic buggy. The designer has chosen to use two of the motors to provide the drive and
steerage to a pair of axles. The buggy will be rubber caterpillar-tracked and skid-steer driven.

The complete specification of the available motors is included in the provided Document
Booklet. The initial motor selection is the 1271-12-21 model code.

The chassis is made from 4.5 mm thick flat aluminium plate. The initial design sketch of part of
the buggy chassis as produced by the designer is shown below.

SEE NEXT PAGE
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Use the information in the Document Booklet and the designer’s initial design sketch, to answer
the following questions:

(a) What should be the minimum height above the chassis for the centre of the central hole
in the upstands used to mount the motor? Justify your answer.

(2 marks)

(b) What should be the diameter of the central hole drilled in the upstand used to mount the
motor? Justify your answer.

(2 marks)

(c) What would be the best width of the drive wheel to be attached to the motor shaft?
Justify your answer, including why the width should not be greater or less than this value.

(4 marks)

(d) What should be the minimum width of the chassis that would allow both motors to be
fitted after the two upstands have been formed? Justify your answer.

(4 marks)

SEE NEXT PAGE
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(e) After further design consideration, it was suggested that a second buggy could be
manufactured using the same chassis. A base model would have a total torque of 5.0
Ncm, and a deluxe model would have a total torque of 16.0 Ncm with both models

running off a 12 V power supply. What design changes to the dimensions of the chassis
would be required?

(3 marks)
(f) Considering the specifications of the two different motors referred to in (e) describe one
major problem that will require resolution before this design option could be
implemented. Suggest one method for solving this problem.
(5 marks)

SEE NEXT PAGE
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Question 2 (20 marks)

You are an engineer working for a company which makes aluminium hull recreational motor
boats of less than 7m length. Your workshop includes metal fabrication equipment, a machine
shop, an electrical/electronics shop, a paint finishing shop , an assembly area and an office.
Your company’s business has out grown its existing premises and your specific task is to design
a new workshop.

(a) The following key design factors have been identified for this design. For each design
factor add a short justification that could be used to help convince your boss that the
new workshop design should address these factors.

Design Outcome Justification

Materials handling

Lighting in workshop

Ventilation and air
extraction

Sound levels

Waste disposal and
recycling

(5 marks)

SEE NEXT PAGE
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The floor of the new workshop will be made from steel reinforced concrete and has the following
‘L’-shaped plan. The whole floor plan is to be reinforced with a steel slab mesh, and the whole
length of the edge footing will be covered by an additional steel footing mesh.

S0.0
| |
| |
| |
FHdm | |
* Plan of Floor |
: | J Slab mesh
a I I 5 .
| | | #5am
_________ I |
— | |
00 m I |
I | 300 men |;
| | :
| :
u_________! :5’:":'"1-II Edge fooling mesh
200m "
[jﬁﬁiiiiiﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁiiiiﬁj 500 mm

ross Sacton A-A of Floar Concrate Floor Edge Detail

(b) Demonstrate that the total volume of concrete that would be required to complete the
floor and footings is approximately 587 m®.

(5 marks)

SEE NEXT PAGE
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(c)

If the cost of the steel slab mesh is $20 per sgm, and the cost of the steel footing mesh
is $10 per linear metre, what is the total cost of the steel reinforcing? To simplify the
calculations assume that the slab reinforcing mesh goes right to the edge of the slab and
that the footing mesh fully overlaps at each corner.

(5 marks)

The concrete is delivered to the site by trucks. Concrete delivery trucks come in two
sizes: 5 m® and 3 m®. The price for concrete is $200 per m® when delivered in the larger
capacity trucks and $300 per m® when delivered in the smaller trucks. Trucks can only
be ordered with a full capacity. Calculate the cheapest cost for the supply of concrete to
complete the slab and footings, and compute the required number of deliveries of each
truck size.

(5 marks)

SEE NEXT PAGE
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Question 3 (20 marks)

The following diagram shows the simplified life-cycle of a plastic bottle of the type used for fruit

juice as commonly sold in a supermarket.
Mining raw
materials
Blottha
Manufacture

Land fill
Incinerate

Recycle materials .
ransport fo juice
factory

Place in recycling Clean & fill bottle
bin & transport Wash hottle
Consuma contenis Transport fo shop
Rafill at hame

Place in
refrigarator Purchagza juice

Transpord to home

Each ‘node’ (labelled activities) in the diagram represents some action that is performed in the
lifecycle of the plastic bottle. A ‘pathway’ shows the movement of the bottles between nodes.
Each action may require energy inputs, and may generate energy outputs as well as waste and
pollutants (solids, liquids and gases).

(a) Identify three nodes where different types of energy sources would be required and
state the type of energy source required.

(6 marks)

SEE NEXT PAGE
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(b) Identify three nodes where you would expect different types of pollution to be generated
and describe the type of pollutant expected.

(6 marks)

(c) Identify two pathways in the life-cycle diagram that can reduce the amount of raw
materials required to maintain the supply of plastic bottles. Explain your reasons.

(4 marks)

(d) A product lifecycle must be carefully managed if it is to be effectively used to minimise
energy use as well as production of pollutants. In the above lifecycle diagram which
node should be targeted for particularly careful management? Justify your answer.

(2 marks)

(e) If the incinerator could be managed to reduce the potential gaseous pollutants to an
absolute minimum, with the resulting heat energy being available for use in some way,
suggest two ways this energy might be used in the above lifecycle diagram to reduce

the total required energy inputs.

(2 marks)

SEE NEXT PAGE
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Question 4 (20 marks)

Information required for parts (a) to (e) of this question is included in the attached Document
Booklet under the title ‘Queensland Government Marketplace’. This information is a printout
of a page on the web. You should read this information carefully before responding to parts (a)
to (e) of this question.

(a) Calculate an estimate for the unit cost of electricity in Queensland for Government
agencies in $/kWh.

(3 marks)

(b) Describe why the use of natural light will save energy use in buildings, and describe
three ways in which saving can be made by using appropriate lighting management
techniques.

(4 marks)

(c) What strategy has been suggested to encourage agencies to reduce their energy
usage”?

(2 marks)

SEE NEXT PAGE
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(d) In the Norman Park State School, what device has been used to reduce the need for
artificial lighting, and how was it designed?

(3 marks)

(e) For the Norman Park State School, some special features were designed to treat
sunlight falling on the western facing windows. Describe what these design features
are, and what advantages they offer.

(4 marks)

) Consider the following information:

¢ A medium sized car with a petrol engine produces 0.34 kg of CO, per km travelled.
e The production of the electricity produces 0.94 kg of CO, per kWh.
e The average computer consumes 300 W of power when it is turned on.

Using this information, is it reasonable to claim that a car driving from Sydney to Perth
(3, 600 km) generates about the same amount of CO, as a computer left turned on for
12 hours overnight for every day of the year? Justify your answer.

(4 marks)
END OF SECTION A

SEE NEXT PAGE
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For the remainder of this examination, you must answer questions only related to the field you
have studied in detail (Systems and Control; Materials, Structures and Mechanical Systems; or
Electronic/Electrical).

o Systems and Control context questions begin on this page.
e Materials, Structures and Mechanical Systems context questions begin on page 31.
o Electronic/Electrical context questions begin on page 46.

SECTION TWO: SYSTEMS AND CONTROL FIELD (100 Marks)

Only candidates who have studied the Systems and Control field should answer these
questions.

This section consists of two parts. All questions from each part are to be answered.
Part A (10 marks)

For Part A multiple-choice questions, you must use a blue or black pen or a B or 2B pencil to
record your answers. Circle (a), (b), (c) or (d) to indicate your response. There are ten
questions in this section. You must answer all ten questions. Each question is worth one mark.
Marks are not deducted for incorrect answers. If you wish to change an answer, make sure you
clearly indicate your final answer.

1. The flow chart symbol on the right represents:

(1 mark)
) an output operation.
) a branch in the flow of computation.
) a clock.
) a counter.

(1 mark)
) Advanced Digital Conversion
) Analogue and Digital Combination
) Analogue to Digital Converter
) Approximate Digital Code.

(1 mark)
) provide power to a device.
) allow a device to shut down gracefully.
) switch signals between two or more devices.
) adjust the inputs to a device depending on its outputs.

4. A program loop is
(1 mark)
(a) a set of program instructions that are executed one after the other.
(b) a branch in the flow of execution that allows alternative execution paths to be
executed.
(c) a set of instructions that are repeatedly executed a set number of times.
(d) a part of a program that can be used from different parts of the program.

SEE NEXT PAGE
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5.

10.

An actuator is a device that
(1 mark)
) determines which command in a program is to be executed next.
) senses the state of a physical switch.
) detects the speed of a motor.
) allows a computer to open and close a control valve.

An example of an analogue component that can be used to sense the angle of rotation
of a rotating shatft is:

(1 mark)
) a reed switch.
) a potentiometer.
) an LDR.
) a thermistor.

Which one of the following devices can be used as a sensor in a control system?
(1 mark)
) a double acting pneumatic cylinder
) a light dependent resistor
) a light emitting diode
) a solenoid.

+ 1 1 (1 mark)
) a pulsed signal.
) a digital signal.
) the ouput from an AND gate.
) an analogue signal. 1

"'-'-_J]llih’k.'

5 10 15 20 25 30 35

Time (s)

A fuse would be placed in a control circuit to:
(1 mark)
) limit the current through the circuit.
) indicate when the power was switched on.
) prevent an incorrect voltage polarity being applied to the circuit.
) limit the voltage applied to the circuit.

(a
(b
(c
(d

The diagram shown below represents:
(1 mark)

POSIT IO —
SEMSOR

I
1
1
|
1
1
I
1
1
I ARM
AMPLIFIER : -
COMBAARD M OT QR Wl GO EMEM T
I
1

) an open loop system.
) a logic circuit diagram.
) a closed loop system.
) an interface diagram.
SEE NEXT PAGE
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SECTION TWO: SYSTEMS AND CONTROL FIELD

Only candidates who have studied the Systems and Control field should answer these
questions.

Part B (90 marks)

This part contains three questions requiring written responses in this Question/Answer Booklet.
Each question is worth 30 marks. You must answer all questions.

Question 1 (30 marks)

The following logic circuit diagram is the focus of this question.

m
|

&1
| [ -
- Z a3
D

(a) For each of the three logic gates (G1, G2 and G3) in this diagram, describe the gate
type and its operational characteristics.

(6 marks)

SEE NEXT PAGE
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(b) Explain what a truth table is, what determines its number of rows and columns, and what
it can be used for.

(4 marks)

SEE NEXT PAGE
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(c) Construct a truth table for the above logic circuit.

(8 marks)

SEE NEXT PAGE
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(d) Create two alternative re-designs for the circuit so that the output is the inverse of that of
the current design, for all possible input values. Sketch each design.
(4 marks)

SEE NEXT PAGE
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(e) If the above circuit was made from discrete digital components on a breadboard,
describe
o what measuring device you could use to check its correct operation, and
. how you would go about performing the checks.
(4 marks)
(f) If a single IC package device could manufactured so that it contained two of these

devices each, with the same behaviour (i.e. a matching truth table):

(i) how many pins would you expect the IC package to have? Describe the
purpose of each pin; and

(2 marks)

(i) describe two advantages of using such a device.

(2 marks)

SEE NEXT PAGE
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THIS PAGE HAS BEEN LEFT BLANK INTENTIONALLY

SEE NEXT PAGE
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Question 2 (30 marks)

The flow chart for the movement of a robot buggy is shown below. For this buggy the available
operations are:

Start (and power on)

Motor On (and move forward at a constant speed)

Motor Off (buggy stops moving)

Stop (and power off)

Turn left (90deg)

Turn right (90deg)

Wait (the program waits for a number of seconds before executing the next instruction)

The buggy travels at a constant speed of 0.25 m/sec on a smooth and level surface. Note that
the buggy will continue to move until the Motor Off instruction is performed.

[ Start )

[ Shop )

(a) Draw a fully dimensioned sketch of the path you would expect the robot buggy to take.
Assume speed is constant.
(2 marks)

SEE NEXT PAGE
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(b) For how long is the robot buggy moving and what is the total distance travelled?

(2 marks)

(c) Redraw the flow chart on the previous page, inserting an execution loop, to ensure that
the two commands (i.e. “Turn left” and “Wait for 1 second”) are repeated a pre-defined
number of times.

(6 marks)

SEE NEXT PAGE
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(d) Create and draw a flow chart so that the robot buggy moves along a rectangular path
2.0 m by 1.0 m, returning to its starting position and facing the same initial direction.
(9 marks)

SEE NEXT PAGE
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(e)

Because of its design, the buggy can only determine the distance travelled by using a
clock timer together with knowledge of its travel speed. In some applications this might
cause problems resulting in inaccurate travel distances. Describe what might cause
such problems and how they might be avoided. Suggest one design change to the
buggy that might assist in avoiding such problems.

(5 marks)

It is of some concern that the buggy might run into an obstacle in its travels. This might
cause the buggy to stall or damage the buggy or obstacle. To avoid this, it is planned to
add a sonar sensor onto the front of the buggy that will trigger a HIGH signal when the
buggy comes within 10cm of an obstacle. Create a flow chart to drive the buggy in a

straight line until an obstacle is encountered and then to stop before it hits the obstacle.
(6 marks)

SEE NEXT PAGE
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Question 3 (30 marks) [Adapted from: Scottish Qualifications Authority]

A food manufacturer uses a micro-controller to control the mixing of the ingredients in the
following mixing tank.

Full sersar

Wesar inlet
wiah

Mixing Tank

-

Emipky =8 reaar

Pump
Stirrar
Mosor
The mixing process is described as follows:
Event Operator Action Control Activity Note
1 Weigh the solid None
ingredients into mixing
tank
2 Press Start switch Sequence commences
3 Nil Open water inlet valve (fully) Fill subroutine

until full sensor output is high
(output = 1), then close valve.

4 Nil Switch on stirrer for 10 secs Mix subroutine
forward then 8 secs backward.
Repeat 20 times.

5 Nil Switch on pump motor until Empty subroutine
empty sensor output is low
(output = 0), then switch off.

6 Nil Go back to start of program

The process is controlled by a microprocessor that has four digital input signals and four digital
output signals and is wired as follows:

SEE NEXT PAGE
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Microcontroller Wiring Diagram

[ Pin 9 (output): stirring motor backward
B  Pin 8 (output): stirring motor forward
| Pin 7 (output): pump motor
B Pin 6 (output): inlet valve
(nput) Pin5 M
Full sensor: (Input) Pin4 M
Empty sensor: (Input) Pin3 1l
Start switch: (Input) Pin2
Pin 1 n
Ppino I
(a) In the microcontroller wiring diagram (above) two pins (Pin 0 and Pin 1) are unlabeled.

Describe what these two pins are most likely to be used for to make the micro-controller

fully operational.

(2 marks)

SEE NEXT PAGE
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(b) The following flow chart has been created to describe the major steps in the micro-
controller program. It shows the three detailed operations (Fill, Mix and Empty) as
subroutines.

| Start ]

Initialize system

Switch all
components off

I start
switch on?

(i When a subroutine call is reached in a program, what happens?

(1 mark)

(i) When a subroutine finishes execution, what happens?

(1 mark)

(iii) How would you indicate when you wanted the subroutine to stop executing?

(1 mark)

SEE NEXT PAGE
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(iv) Describe one situation where it is desirable to use a subroutine in a program.

(2 marks)

(V) Describe how subroutines can be used to improve the quality of a program.

(1 mark)

SEE NEXT PAGE
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(c) Create a flow chart for the Mix subroutine to achieve the requirements of the Mix
process as described above.
(10 marks)

SEE NEXT PAGE
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(d)

For the Fill operation:

(i Construct a control system block diagram to match the required behaviour of the
Fill operation.
(2 marks)

(i) For this control strategy describe what type of control loop is being used and
what type of control strategy is applied.

(2 marks)

It has been found that it takes a period of time (at least 30 secs) to close the input valve
and as a result there is a danger that the tank may overflow before the valve can be fully
closed. The input valve could be replaced by one that can be closed proportionally, i.e.
the controller can close the valve to any set amount (e.g. 20% closed, 75 % closed etc).

(i) If a proportional valve replaced the existing one, what additional information
could be collected by another sensor to enable the capabilities of the proportional
valve to be used in the controller? What type of sensor could be used?

(1 mark)

(i) Describe how the information from this new sensor could be used in combination
with the existing sensors to allow the valve to be closed gradually as the level of
the ingredients rises to the full level, and results in the valve being fully closed
just as the level reaches the full level.

(3 marks)

SEE NEXT PAGE
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(iii) Draw a control system block diagram to incorporate this new sensor.
(4 marks)

This is the end of the examination, for candidates studying the Systems and Control field
of Engineering Studies.

SEE NEXT PAGE
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SECTION TWO: MATERIALS, STRUCTURES AND MECHANICAL SYSTEMS FIELD
(100 Marks)

Only candidates who have studied the Materials, Structures and Mechanical Systems field
should answer these questions.

This section consists of two parts. All questions from each part are to be answered.
Part A (10 marks)

For Part A multiple-choice questions, you must use a blue or black pen or a B or 2B pencil to
record your answers. Circle (a), (b), (c) or (d) to indicate your response. There are ten
questions in this section. You must answer all ten questions. Each question is worth one mark.
Marks are not deducted for incorrect answers. If you wish to change an answer, make sure you
clearly indicate your final answer.

1. Bending moments are measured in
(1 mark)
(a) newton metres.
(b) kilograms.
(c) pascals per millimetre.
(d) newtons.
2 Shown opposite is an example of
(1 mark)
(a) a stub axle assembly.
(b) a taper roller bearing.
(c) an axle oil seal.
(d) a stainless steel test blank.
3. A material is subjected to a tensional load, as a result of which it increases in length by a

microscopic amount. When the load is released, it returns to its original length. This
behaviour shows that the material is

(1 mark)
) ductile.
) loaded within its brittle limit.
) highly malleable.
) loaded within its elastic limit.

(a
(b
(c
(d

4, Which of the materials below is a non-ferrous alloy?

(1 mark)
) copper
) steel
) brass
) nylon

SEE NEXT PAGE
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5.

The name of the mechanism shown opposite is a
(1 mark)

) ratchet and pawl.
) worm and wheel.
) compound gear.

) cam and follower.

Galvanising is the
(1 mark)
) quenching of steel heated to 300°C in oil.
) plating of steel with zinc.
) coating iron carbon alloy with minimum 10.5% chromium.
) quenching of steel in tepid water.

(1 mark)
) brittle.
) ductile.
) weak.
) tough.

A load is applied to the structure below, acting downwards at point E. Assuming that all
of the members in the structure are of equal length, which one of those listed below is in
compression?

(1 mark)

) AE
) ED
) BC
) BE

SEE NEXT PAGE
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9.

10.

Stainless steel is often used in applications where
(1 mark)
) cost is not important.
) high thermal conductivity is necessary.
) corrosion resistance is required.
) a polished surface is required.

A winch raises a lift with a total mass of 1000 kg to a height of 20m. The minimum
amount of work that must be done by the winch is

(@) 196000 J

(b) 2000 ¢
(c) 2041J

(d)

20 000 J.

(1 mark)

SEE NEXT PAGE
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SECTION TWO: MATERIALS, STRUCTURES AND MECHANICAL SYSTEMS FIELD

Only candidates who have studied the Materials, Structures and Mechanical Systems field
should answer these questions.

Part B (90 marks)

This part contains four questions requiring written responses in this Question/Answer Booklet.
You must answer all questions.

Question 1 (20 marks)

Details of a motorised winch system are shown below.

Winch drum
diameter
200mm

Single

start

worm

Motor speed
2000 rev/min 600 N

(a) Demonstrate through calculations that the speed of rotation of the drum is 33 1/3 rpm.

(6 marks)

(b) Calculate the distance that the 600 N load is raised in 50 seconds.

(6 marks)
SEE NEXT PAGE
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(c) Explain what is meant by ‘torque’.

(2 marks)

(d) Calculate the torque on the winch drum caused by the 600 N load. Ignore the thickness
of the rope.

(2 marks)

(e) The graph below shows the input/output torque relationship of the winch system.

20

-
(63}

b
5

N
o

(¢}

Input Torque (Nm)
b

20 40 60 80 100
Output Torque (Nm)

Use the graph to estimate the torque that the motor must deliver to hold the 600 N load
off the ground.

(4 marks)
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Question 2 (24 marks)

(a) State the names of the points A-D in the graph shown below.

0 >
EXTENSION (mm)

o

~_~ A~ o~ o~
oY)
~

)

(4 marks)

Four material samples as shown below were subject to a test to determine their properties when
placed in tension. Each material sample had the same length, diameter and general
configuration before testing.

SEE NEXT PAGE
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After the testing was complete, the samples were laid out as shown below.

(b) Name and describe the test being carried out, and the processes followed to complete it.

(4 marks)

SEE NEXT PAGE
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(c) The materials tested were aluminium, mild steel, cast iron and nylon (in no particular
order). Draw and label a stress strain graph for each specimen on the single set of axes
provided below.

(16 marks)

v

SEE NEXT PAGE
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Question 3 (24 marks)

When the Apollo 11 astronauts left the moon, they were travelling in a spacecraft with a total
mass of 4550kg (of which 2275kg was fuel). Their rocket engine could produce 16 kN of thrust.
They had to overcome the acceleration due to the moon’s gravity (1.62 m/s? about 1/6™ of that
experienced on earth) and rendezvous with their colleague in another spacecraft in orbit around
the moon. Note that there is no atmosphere on the moon, so there are no drag forces to
consider. You may neglect the curvature of the moon’s surface.

(a) Draw a free body diagram of their spacecraft at the moment it leaves the moon’s surface.
(3 marks)

(b) Calculate the maximum acceleration of the spacecraft at launch, and the height and
velocity of the craft after 10 seconds.

(9 marks)
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(c) Assuming constant acceleration vertically away from the moon’s surface, calculate the
velocity of the spacecraft at the point when its fuel runs out, 7 minutes 14 seconds after
launch. Explain why this is a gross underestimate of the final velocity.

(4 marks)

(d) For a spacecraft to achieve orbit around the moon, it must exceed v,, the moon’s
“escape velocity”,
where v, = (gr);
g is acceleration due to the moon’s gravity, and
r is the radius of the moon, 1737.1km.

Calculate v,.

(2 marks)
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(e) In reality, the Apollo spacecraft only travelled vertically away from the moon’s surface for
about 10 seconds before adding a horizontal component to its direction of travel. At the
point when the spacecraft achieved a true orbit around the moon (known as “orbital
insertion”), it was travelling at 1688.1 m/s in a horizontal direction and 9.8 m/s vertically.
Sketch and annotate a velocity triangle of the two components of the spacecraft’s
velocity, and calculate its velocity (including the angle) relative to the surface of the

moon.

(6 marks)

SEE NEXT PAGE
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Question 4 (22 marks)

The chief designer of a multi-part machine proposes that certain parts of the final assembly can
be slid together and located (and slid apart for maintenance) along bars made of hexagonal
cross-section brass. At a meeting of the design team, one of the senior engineers suggests that
the bars are too long, and that they will droop under their own weight, preventing various parts
of the machine from aligning correctly. You have been assigned the task of calculating the
deflection of the longest of the brass rods, and reporting your findings to the next design team

meeting.
’ 6er' =

.\\}"ﬂ_,ﬂ.—-_-_—-_‘-_——__.___
Noe: 1> Show
RRoven) TO SAE

\mﬁuwr: c_:i@

The figure above shows the bar projecting horizontally from a rigid mount in a vertical panel.
The unsupported length of the bar L is 745mm. When viewed in cross-section, the hexagonal
bar has equal faces of length a = 6 mm.

Note:
e The area of a hexagon is given by (3/2)V3. a°.
e The second moment of area of a hexagonal body is given by (5/16)V3. a*,
regardless of the orientation of the bar (i.e. point upwards or flat section
upwards).

(a) Show by calculation that the mass per unit length of the bar is 0.817 kg/m, and that the
load per unit length of the bar w= 8.0 N/m.

(4 marks)
SEE NEXT PAGE
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(b) Calculate the end deflection of the bar in mm.

(12 marks)
(c) If the design team decides that this deflection is too large, suggest and briefly explain
three ways in which the deflection could be reduced.
(6 marks)

This is the end of the examination for candidates studying the Materials, Structures and
Mechanical Systems field of Engineering Studies.

SEE NEXT PAGE



ENGINEERING STUDIES STAGE 3 50 SAMPLE PAPER
SECTION TWO: ELECTRONIC/ELECTRICAL (100 Marks)
Only candidates who have studied the Electronic/Electrical field should answer these questions.
This section consists of two parts. All questions from each part are to be answered.

Part A (10 marks)

For Part A multiple-choice questions, you must use a blue or black pen or a B or 2B pencil to
record your answers. Circle (a), (b), (c) or (d) to indicate your response. There are ten
questions in this section. You must answer all ten questions. Each question is worth one mark.

Marks are not deducted for incorrect answers. If you wish to change an answer, make sure you
clearly indicate your final answer.

1. Voltage is the measurement of
(1 mark)
) potential difference across a power supply or component.
) current through a power supply or component.
) resistance of a power supply or component.
) the difference of current across components.

) " (1 mark)
) 5V

) 240V

) 250 VAC

(1 mark)
) protect the component from surges.
) divide the current across the components.
) control the voltage through the components.
) adjust the voltage across the components.

(1 mark)
(a) create an open circuit if the circuit current is too large.
(b) create a short circuit if the circuit current is too large.
(c) create an open circuit if the circuit voltage is too large.
(d) create a short circuit if the circuit voltage is too large.

(1 mark)
) NPN
) FET
) LDR
) PNP

SEE NEXT PAGE
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6.

10.

Potential difference

Potential difference

ENGINEERING STUDIES STAGE 3

Which of the following graphs represents a digital signal for a control circuit?

(1 mark)
(c)
3
o
T' [0]
me % Time
<
5
[e]
o
JL—F”H ’
[0]
dl
n - 5
T
|-r|_| U J_‘ 'me % Time
®©
5
g
A diode is a device that
(1 mark)

(a) protects components from voltage surges.

(b) protects components from current flowing in the wrong direction.
(c) controls the amount of voltage across other components.

(d) enables transistors to switch on.

Three 12 V batteries are connected in parallel between two points. Their total voltage
between those two points is

(1 mark)
) 36V
) 24V
) 12V
) 4V

A 24 uf, a 12 uf and a 6 uf capacitor are connected in parallel between two points. Their
total capacitance is

(1 mark)
) 3.43 pf
) 14 pf
) 27.50 pf
) 42 uf

A 24 Q,a12 O and a 6 Q resistor are connected in parallel between two points. Their
total resistance is

(1 mark)
) 3.43Q
) 27.50 Q
) 42 Q
) 14 Q
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SECTION TWO: ELECTRONIC/ELECTRICAL

Only candidates who have studied the Electronic/Electrical field should answer these questions.
This section consists of two parts. All questions from each part are to be answered.

Part B (90 marks)

This part contains three questions requiring written responses in this Question/Answer Booklet.
Each question is worth 30 marks. You must answer all questions.

Question 1 (30 marks)

This question refers to the figure shown below.

|
A s 100 Ve At Vo
. - I 1 - ._ - | . .
C D
o
= R U 200 U
B L L

@

Note that node voltage V¢ is the voltage drop from node C to the ground node; node voltage Vp
is the voltage drop from node D to the ground node.

(a) If R =120 Q then determine

(i Ras, which is the equivalent resistance between the battery terminals A and B.

(8 marks)
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(i) the supply current I,

(2 marks)
(iii) the power delivered by the battery to the resistor circuit, Ps.

(2 marks)
(iv) the node voltage V.

(4 marks)
(v) the node voltage Vp.

(2 marks)
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(b) If the value of R is unknown, and if a measurement of the node voltage Vp is 2V, then
find the value of the unknown resistance R.

(10 marks)

(c) Kirchhoff's current law states:

I =0

Explain what Kirchhoff's law means in relation to node C. Use a diagram to explain your
answer.

(2 marks)

SEE NEXT PAGE
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Question 2 (30 marks)

(a) The electric motor shown below has an output power of 100kW and operates at an
efficiency of 80%.

i L |
. Vo o
Py O : P ot I A
\.‘ \_/L,i D
G Motor / I
P~ \\
Determine
(i) the electrical energy in joules delivered to the motor in 15 minutes.

(7 marks)

(i) the electrical energy in kWh delivered to the motor in 7 hours.

(3 marks)
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(b) A transformer which has 60 turns in the primary coil is used to convert a time-varying
input with a peak value of 3V into a time-varying output that has a peak value of 12V.

(i) What type of transformer is it?
(1 mark)
(i) How many turns (N,) will there be on the secondary coil?
(2 marks)
(iii) Sketch a simple transformer, and clearly label each of its parts.
(3 marks)

(iv) Does the transformer function on time-varying (AC) or constant (DC) current or
both? Briefly justify your answer.

(2 marks)

SEE NEXT PAGE
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(v) A different transformer is used in the circuit shown below. This transformer has
60 turns in the primary coil and 480 turns in the secondary coil. The source
voltage v4(t) has a time-varying waveform with a maximum value of 3V. Find the

maximum values for the output voltage v(t), the output current i, (t) and the input
current i4(t).

ih(t) : i2(t)
60 : 480
* * +
+ t’ °
vi(t) 3 10Q | | vt
[
(5 marks)
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(c) A diagram of a relay is shown below.

(i)

Armature Iron Core 7 /—Contacts

N

% ' ";‘——INIO
—x

/’ Electro-magnetic coil
Spring —e
l.-—_q,/“_ :

Relay

Explain how the parts interact to make the relay function.

SAMPLE PAPER

(4 marks)

Why is a relay commonly used in the electrical/electronic engineering industry?

Give a typical application to explain your answer.

SEE NEXT PAGE
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Question 3 (30 marks)

In the circuit shown below, the transistor has a base-emitter on-voltage of 0.7 V, a current gain
of =100, and a collector-emitter saturation voltage of 0 V. The light-emitting diode has an on-
voltage of 2.0 V.

—
-
o
J5
5k Ro )
2000 +|
VH . — 12V
IB 1
—
. Q
¢ILDR B
E
. U LDR
—
(a) In the dark, the LDR has a very large resistance, and so can be treated as an open
circuit.
(i) Assuming that the transistor is saturated, calculate the currents Igr, I\ pr, Iz and

Ip.

(8 marks)
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(i) Do your current values confirm that the transistor is saturated? Explain.

(2 marks)
(b) In bright light, the LDR has a very small resistance, and so can be treated as a short
circuit.

(i) Is the transistor saturated, cut-off, or operating in its forward-active region?
Briefly explain.

(2 marks)

(i) Calculate the currents Ig, lpr, Iz and Ip.

(4 marks)

SEE NEXT PAGE
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(c) Under a given low-light condition, the resistance of the LDR is 350 Q.

(i) Assuming that the transistor is operating in its forward-active region, calculate
the currents Ig, Iipr, Iz and Ip.

(8 marks)

(i) Calculate the voltage at the collector of the transistor (point C). Does this
voltage value confirm that the transistor is in its forward-active region? Explain
your answer.

(3 marks)
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(d) The only available light-emitting diode has a maximum allowed current of only 20 mA.
What is the smallest value for resistor Rp that could be used in this circuit?

(3 marks)

This is the end of the examination for candidates studying the Electronic/Electrical field
of Engineering Studies.
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