VICTORIAN CURRICULUM AND ASSESSMENT AUTHORITY ’

(
|
|
Victorian Certificate of Education SUPERVISOR TO ATTACH PROCESSING LABEL HERE

2006 |

|

\

STUDENT NUMBER L etter

Figures

Words

SYSTEMS AND TECHNOLOGY
Written examination

Friday 10 November 2006

Reading time: 9.00 am to 9.15 am (15 minutes)
Writing time: 9.15 am to 10.45 am (1 hour 30 minutes)

QUESTION AND ANSWER BOOK

Structure of book
Number of Number of questions Number of
questions to be answered marks
7 7 91

» Students are permitted to bring into the examination room: pens, pencils, highlighters, erasers,
sharpeners, rulers, one scientific calculator.

» Students are NOT permitted to bring into the examination room: blank sheets of paper and/or white
out liquid/tape.

Materials supplied
» Question and answer book of 21 pages including formulas on page 21.

Instructions
» Write your student number in the space provided above on this page.
» All calculations must show appropriate formulas and working.

» All written responses must be in English.

Students are NOT permitted to bring mobile phones and/or any other unauthorised electronic
devices into the examination room.

© VICTORIAN CURRICULUM AND ASSESSMENT AUTHORITY 2006



2006 SYS&TECH EXAM 2

Instructions

Answer all questions in the spaces provided.

Question 1

As part of your course you constructed an integrated system which required a control device. Design and/or
modification work to the system was also required.

Name the integrated system you constructed.

a. What are the two features of your system that allow it to be categorised as an integrated system?

2 marks

Name the design or modification work you carried out on your system.

b. Explain in detail the intended purpose of the design or modification work.

2 marks

c.  All systems can be described in terms of their input, process and output.

i. Onthe block diagram below briefly describe the input, process and output for the system you named
above. Specific terms must be used.

input process output

v
v

Question 1 — continued
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All systems require an energy source and, in the process of operation, the system converts the energy
source into a usable form.

ii. Explain in detail how the process of operating the system you hamed converts an energy source into
a usable form. Specific terms must be used.

In answering this question, you may either describe and/or illustrate and label this conversion.

3+ 3 =6 marks
Impact on the environment
All systems have some negative impact on the environment.
d. Name the negative impact the system you named has on the environment.
1 mark

Question 1 — continued
TURN OVER
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e. Discuss in detail the effects of your system on the natural environment.
You should discuss
 the advantages and disadvantages of your system
» whether the advantages are more important than the negative impact.
Specific terminology must be used.

5 marks
Total 16 marks
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Question 2

Movement subsystem and testing

The system you named in Question 1 will also have a mechanical subsystem(s) which produces movement.
Name the subsystem.

a. Your subsystem(s) produced some form of movement. Using correct terminology name the type of
movement.

1 mark
b.  What is the purpose of this movement?
1 mark
The action of this movement will have to meet acceptable performance criteria that can be tested.
c.  State two performance criteria.
2 marks

d. Name an item of test equipment that can measure the performance of the motion described in part a. This
test equipment must be able to measure in a scientific unit.

1 mark

Question 2 — continued
TURN OVER
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e.  Explain in detail how the named item of test equipment can measure the subsystem movement against the
performance criteria.

In answering this question, you may either describe and/or illustrate and label how this can be
measured.

3 marks

The operating principles of all subsystems can be summarised as hydraulic, pneumatic, mechanical, electrical
and electronic.

f.  Which principle best describes the operation of the movement you named in part a?

1 mark

Total 9 marks



7 2006 SYS&TECH EXAM

Question 3

Electromotive force subsystem and measurement

The system you named in Question 1 will also have an electrical/electronic subsystem(s).
The terms AC and DC stand for alternating current and direct current.

a. Your subsystem(s) will have a voltage. This can be either AC or DC or both if a mains approved plug
pack is used. Select and name the voltage type that best describes the one used in the operation of your
subsystem(s).

1 mark
b. Describe in detail why your named voltage type is AC or DC.

2 marks

The voltage of the subsystem will be of a value that can be measured.
C. i. State the value of this voltage.

ii. Why is this voltage value suitable to meet the subsystem performance criteria?

1+ 1=2marks

d. Name an item of test equipment that can measure the voltage described in part a. This test equipment
must be able to measure in a scientific unit.

1 mark

Question 3 — continued
TURN OVER
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e.  Explain in detail how the named item of test equipment can measure the subsystem voltage.
In answering this question, you can either describe and/or illustrate and label how this can be measured.

3 marks

Total 9 marks
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Question 4
Merry-go-rounds have been a traditional amusement ride in fairgrounds for many years.
Before electricity, fairground rides were driven by steam engines. An example is shown in Figure 1.

OO0OO0O0O0OOOOOOOOOOOOOO

merry-go-round

steam engine

[1
[T
T

7\ drive shaft L

Figure 1

a. Describe the operation of the merry-go-round in terms of its input, process and output.

input process output

v
v

3 marks

Question 4 — continued
TURN OVER
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A pulley subsystem is used on the steam engine to drive the merry-go-round (Figure 2).

pulley A Z
\'L ; 7 ] ] N pulley 7Ai
§ pulley drive
= ‘ subsystem
pulley B ||
\A < > pulley B
O

Figure 2

b. i. Redraw the pulley drive subsystem as shown in Figure 2 (pulley A and pulley B), and incorporate a
design for a mechanism that will allow the pulleys to be engaged or disengaged.

ii. Describe how your design operates.

2+ 2 =4 marks

Question 4 — continued
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c. Complete the drawing of the pulley system below, so that the merry-go-round will go in the reverse
direction, by modifying the pulley and belt system only.

pulley A

(N

~
L/

[T e
N

1 mark

d. The steam engine (pulley A) rotates at 12 revs per minute (rpm) and the shaft to drive the merry-go-round
(pulley B) is to rotate at 3 rpm. Calculate the diameter of pulley B. The diameter of pulley A is 12 cm.
Refer to formula on page 21.

2 marks

Question 4 — continued
TURN OVER
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e. I.  On Figure 3 add a gear system that would enable shaft A to drive shaft B (place gear A on shaft A
and gear B on shaft B).

— 1 |

shaft B
shaft A

|

Figure 3

ii. Name the type of gears that you have drawn.

2+ 1 =3 marks

Question 4 — continued
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gearc\ VL { _:I'\
fixed t ' ||
A sl

shaft C

rotating
shaft B

viewing point X - — — - ~ -
| Y shaft A

Figure 4

If shaft A in Figure 4 rotates clockwise from the viewing point X, in which direction will shaft C rotate?

1 mark
On the diagram below (Figure 5) label the effort, fulcrum and the load acting on shaft C.
\
[ I
gear C = |
fixed to MMM — |
shaft B [ | shaft C
rotating
shaft B
Figure 5 3 marks

Question 4 — continued
TURN OVER
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—_—

gear D

gear C

1

Figure 6

h. If gear C has 60 teeth and gear D has 12 teeth (Figure 6) what is the gear ratio of these two gears?

1 mark

To meet modern day requirements the steam engine was replaced by an electric motor with an rpm of 1200.

The drive shaft of the merry-go-round rotates at 3 rpm. The system will now need to have a reduction gear ratio
of 400:1. This is very difficult using a single gear.

i.  Design a gear system, to give a ratio of 400:1, to connect the output shaft of the electric motor to the input
shaft of the merry-go-round. (Complete the diagram below and state the gear ratio of each set of gears.)

[—1 electric motor

/

merry-go-round input shaft

3 marks
Total 21 marks
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Question 5
The electric motor of the modern merry-go-round has an electrical reversing circuit.

The following components comprise the motor reversing circuit: a push button switch that switches the relay and
a 12 volt DPDT relay that switches the motor.

h

B3 (e |
| -
i
push button switch 12 volt DPDT relay

a. Figure 7 shows the relay connections. Draw in two additional connections on the relay that will reverse
the DC motor when the button is pushed.

push button
-

o—©° +
12 volts DC
coll
— +
relay relay connections
1 2
c = common

N/C = normally closed
N/O = normally open

DC motor

diagram not to scale

Figure 7
2 marks

Often a power diode is placed across the relay coil in reverse bias. This dissipates the charge generated by the
coil when it is de-energised (back EMF). The diode is placed between the two connections.

b. On Figure 7, draw between the two connections ll a standard diode symbol, connected in reverse
bias to supply.
1 mark

Question 5 — continued
TURN OVER
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The electric motor also has an electronic motor speed control circuit. This is shown in Figure 8.
The motor speed control circuit can control the speed at which the merry-go-round turns.

D1
IN5404
220R
—o +
ZDI 12 volts DC
91V D2 1 Amp. suppl

10uF 400 W 1N4004 p. supply

16 VW m 10k @ LO-
= = 4 8

N
]»-»
=
(=)
mN—"0
® O
O
o))
\‘
©

12k| [ 10k 5 5 speed control

T LM555 _,[] VR110k @
sz. ®
0.1uF ma = + <

Figure 8

c.  The motor speed control circuit, Figure 8, has six electronic components labelled A — F. Write the correct
name of the component next to the circled letter.

Letter Components

@EEEE

®

The circuit designer has used two resistors in configuration across pins 6 and 7 of the LM555.
d. What type of connection configuration are the resistors across pins 6 and 7?

6 marks

1 mark

Question 5 — continued
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Calculate the total resistance (R,) across pins 6 and 7.
Answer using correct units.
Refer to formula on page 21.

3 marks
State the voltage that would be present on pin 1 of the LM555.
1 mark
The full 10.2 volts is supplied to the motor and the maximum current of 700 mA is drawn.
Calculate the maximum power used by the motor and answer using correct units.
Refer to formula on page 21.
3 marks

The circuit is supplied with 12 volts DC with a maximum input current of 1 A. The DC motor can draw
the maximum current of 700 mA when supplied with 10.2 volts.

Calculate the efficiency of the speed controlling circuit and give your answer as a percentage.
Refer to formula on page 21.

3 marks
Total 20 marks

TURN OVER
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Question 6

The merry-go-round is set up to run off the electric motor. You are now required to run a practical test to see
that the gears allow the merry-go-round to spin at 3 rpm. Look at the drawing (Figure 9) of the merry-go-round
and the person.

You are the person in Figure 9. Use where you are standing as a reference point and devise a test to see if the
merry-go-round spins at 3 rpm. You must use at least one item of test equipment that measures in scientific
units.

N\
J

Figure 9

a. Name the item of test equipment used for this test.

1 mark

b.  Name the scientific units that are measured with this item of test equipment.

1 mark

Question 6 — continued
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Use Figure 10 below for the following question.

c.  Use where you are standing as a reference point. Describe and draw and label how you would conduct the
test.

A
J

Figure 10

3 marks

Even when powered by the electric motor the merry-go-round will not be 100% efficient.

d. Name one major factor that you think will contribute to efficiency loss in the operation of the merry-go-
round.

1 mark

e. Describe how you think the factor named in part d. contributes to the efficiency loss in the operation of
the merry-go-round.

2 marks

f.  How could the efficiency loss be reduced?

1 mark

Question 6 — continued
TURN OVER
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Afirst step in establishing the efficiency of the system could be to measure the current and voltage of the system
and then calculate the system’s power consumption.

g. Figure 11 below shows the input voltage terminals and the electric motor. Draw, in their correct positions,
a voltmeter and an ammeter.

Include on your diagram all necessary connections and labelling. The polarity is not required.

electric motor input voltage terminals

4@"

=]

Figure 11

3 marks
Total 12 marks

Question 7
The steam engine generates power by burning coal at the site of the merry-go-round.
a. Discuss the environmental advantages and disadvantages of this.

2 marks

The electric motor requires power from a distant coal-fired power station.
b. Discuss the environmental advantages and disadvantages of this.

2 marks

Total 4 marks
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Formulas

Diameter pulley B _ rpm pulley A
Diameter pulley A rpm pulley B

teeth on driver

Gear ratio = -
teeth on driven

_ R xR,
' R, +R,

P=VxI

output power y 100

Efficiency =—
input power 1

END OF QUESTION AND ANSWER BOOK

2006 SYS&TECH EXAM
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