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SECTION 1 — 20 marks THIS

MARGIN

Attempt ALL questions

1. A specimen was tested in a materials laboratory. The results are shown in the
graph below.
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(@) Describe the effect on the specimen of applying and then removing a
stress of 125 Nmm™2. 1

(b) Describe the effect on the specimen when applying a stress greater than
435N mm™. 1

(c) Annotate, on the graph above, the yield point and the ultimate stress of
the material. 2
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2. A concurrent force system is shown below.

1100N

510N

Calculate the magnitude of the force R, and the angle 6, to maintain
equilibrium. 4

L AR RL D -
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3. A beam to be used in the construction of a new holiday cottage is being
tested.

2-5kN m—1 4-0kN

Y -

6-1m ‘
| |

1-6m

Calculate, by taking moments about B, the vertical reaction at A. 3
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4, A water feature in a children’s play area is designed to pump jets of water
when a child blocks the light to a darkness sensor.

A circuit diagram of the system is shown below.

6:0V O * *
3-3kQ
Ve
610Q | |
oV O ®
(@) Calculate the current flowing through the LDR. (V,, = 0-7V) 1

[Turn over
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4. (continued) s
(b) Calculate the current flowing through the variable resistor. 1
(c) Calculate the base current flowing into the transistor. 1

5. Driverless vehicles are an example of an emerging technology that may have
an impact on our day-to-day lives.

(a) Describe two economic impacts of driverless vehicles. 2

1
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5. (continued)
(b) Describe two social impacts of driverless vehicles. 2

1

6. An electronic engineer is designing the control system for a food mixer.
Transistors are required to drive the mixer’s outputs.

(@) Describe the difference in the way that MOSFETs and bi-polar junction
transistors (BJT) control their output current. 1

(b) The engineer chooses a MOSFET to drive the electric motor.

Explain why a MOSFET was chosen instead of a BJT. 1

[END OF SECTION 1]
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SECTION 2 — 70 marks
Attempt ALL questions

7. A control room in a chemical plant monitors many different systems.

(i) Complete the Boolean equation for this logic diagram. 3

7=

AT TR RL D -
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7.

(@) (continued)

(i) Complete the truth table for this logic diagram.

D

E

A
0
0
0
0
1
1
1
1

B
0
0
1
1
0
0
1
1

- O | = OO0 N

(iii) Draw the NAND equivalent for the logic diagram, shown opposite.
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7.

(continued)

(b) An electronic engineer is asked to design the control system for an
automatic sprinkler for the chemical plant.

Describe one skill and one piece of knowledge the electronic engineer
would use to complete this task.

Skill

Knowledge

(c) An extension to the chemical plant building is proposed.

(i) Describe a role that an environmental engineer would take in the
design of the extension.

(ii) Describe a positive and a negative economic impact for the plant
by it becoming more environmentally friendly.

Positive impact

Negative impact
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8. A prototype of a delivery drone is being tested.

A proportional control system changes the speed of the rotor blades to reach
the user’s desired height for the drone. An altimeter is used to monitor the
current height of the drone.

(@) Complete the control diagram for the drone.

* X723760111+%*
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. (continued)

(b) Part of an electronic engineer’s design for the control system for one of
the drone’s motors is shown below.

During testing it was found that the motor requires a current of 97 mA
for the drone to hover. The transistor has a current gain of 210.

Calculate the value of V, required to make the drone hover.
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. (continued)

(c) The diagram below shows another part of the control system. It combines
a signal for any required changes to the motor speed (V,) with the signal
required to keep the drone hovering (Vyover)-

Calculate, using your answer for V, the value of Vgyer. (Assume that V, is
0V at this point).

[Turn over
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. (continued)

(d) The value of V, is set using the circuit below. It compares the drone’s
current height with the operator’s desired height.

Signal from
g Vs O— 1

altimeter

Desired height V,

During testing V,, was changed to 3-0V and V, was found to be 1-6V.

Calculate the value of V, ; for this condition.
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8. (continued)

(e) The complete circuit diagram is shown below. V,qer is the voltage
required to make the drone hover.

6V0—7)
Q
- oa DU

v +Vec
Var 10kQ +Vee
Desired 1-2kQ)
height
“Vee
“Vec
o0V
Describe, with reference to the circuit diagram above, what happens
when the operator increases the desired height. 3

L ARTITRRn -
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8. (continued)

(f) The diagram below shows a further sub-system which will light a series of
LEDs when light levels are low

The characteristics of the LDR are shown in the graph below.

Cell resistance (kQ)
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8. (f) (continued)

The LEDs must switch on when the light level drops to 200 lux. The MOSFET
switches on when Vgs = 3-6V

Calculate, with reference to the graph opposite, the required value of R. 2

[Turn over
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9. Ateam of engineers are working together to design a new theme park ride. —e

(@) Each of the ride cars is supported by mild steel beams as shown. When
the ride is operating the force on a beam was found to be 900-0N.

o
Ln
S 5-0 All dimensions
Q in mm
o
) 30-0
(i) Calculate the working stress of the beam. 2

L AT RLCD -
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. (@) (continued)

(ii) Calculate the strain of the beam.

(i) Calculate the factor of safety of the beam.

(iv) Comment on the appropriateness of the factor of safety of the

beam.
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. (continued)

(b) The ride has eight cars. Each car is subjected to wind resistance of 130N
as shown in the diagram below.

7-0m |

130-0N
wind resistance

(i) Calculate the torque produced by the drive shaft to overcome the
total wind resistance.
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. (b) (continued)

(i) Each car on the ride completes 18 revolutions in 3 minutes.

Calculate the mechanical power required by the motor.

(iii) Calculate the efficiency of the motor, if it is supplied with a voltage
of 240V and draws a current of 30-0 A.
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9. (continued)

(c) A microcontroller is used to control the speed of the motor.

Sketch a graph to show how pulse width modulation could be used to

gradually increase the speed of a motor from rest. Your graph should
include at least 6 pulses. 2

L AR R -

* X7237 60122 *

Page 22




. (continued)

(d) As the ride spins, a force of 1030N acts on a point of the structure as
shown in the diagram below.

1030N

Calculate, using simultaneous equations, the magnitude of the forces in
members M1 and M2.
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10. A car manufacturer uses a pneumatic system during the production of car
doors.

Cylinder : %

v ®

oy
N\ ==

____________________________________________________________________
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10.

(continued)

(@ (i) Describe, using appropriate terminology, the operation of the
pneumatic circuit.

When the system is at rest and valve 2 is actuated...

After installation, the system is altered to meet the following criteria:
1. the system should be started using an electronic signal;

2. theinstroking sequence should be delayed.

(i) State the components and explain where they should be placed in
the circuit for the changes to take place.

1. Component(s)

Explanation

2. Component(s)

Explanation

[Turn over
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10.

(continued)

After the doors have been assembled, an automated system is used to ensure
quality checks are made.

Part of the system operates on the following sequence:

A motor must switch on to move doors along a conveyor;
A light sensor detects when the door has reached the inspection point;

A pneumatic piston outstrokes for 1 second and diverts every fourth door
for inspection;

If an operator presses the sampling switch when a door is in position it
will also be diverted using the piston;

When a door is diverted a checking light flashes on and off 6 times over
3 seconds;

This system continually repeats.

The relevant microcontroller connections are shown in the table below.

MARKS

Inputs Pins Outputs

7 Pneumatic Piston
6 Conveyor Motor
5 Checking Light
4
3
2

Sampling Switch 1

Light Sensor 0

Light Sensor (High signal indicates a door.)
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10. (continued)

(b) Draw a flowchart to show the control of the quality checks. 8

[END OF QUESTION PAPER]
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