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Candidate 1 evidence

SECTICN 1 — 20 marks
Attempt ALL questions

1. Agear train is shown below.

ﬁ
)

gear@
(@) State the type of gear train shown.

Comnf Il

(b) State the name of gear @

2. Anincomplete system diagram for a hair dryer is shown.

cold air — L » hot air
hair dryer
user fnput ———= . M

(@ Complete the system diagram above by adding the missing output.

(b) State the type of control that has no feedback.

dyen  Llosy? |
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3.

A force of 2200 N 15 required to push a workbench across a workshop floor,

Calculate the work done when the workbench is pushed a distance of 12 m

Ew - Fd
EW — D2OoOo X{(Z2

4. Transistors are used in many electronic products.

®

(@) Describe the functicn of a transistor.

To Le whed oo a volbagl

Sutled. e o volbege thiefhoth setp

(b) State the name of connection ® on the transistor symbol above.

M
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5. Atensioner is used to tighten the wire on a farm fence.

A 25 m length of wire was stretched by 0.012 m when fully tensioned.

(a) Calculate the strain in the wire. 2
C
{ = G022
25

€ = (?;81;10—%' m

The table below shows details of materials that were considered for the wire.

Material Corfosion resistant Property
A no ductile
B - yes brittle
C yes ductile
D no brittle

(b) Select the most suitable material (A-D) from the table for the wire and justify
your choice. 2

Choice of material & _
Justification Tef st Lpbtle od o
Wil wdk b e dAbopd Lo +le
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6. An offshore wind farm has wind turbines which are located out at sea.

A diagram of the inside of one of the wind turbines is shown.

supporting
tower

wind speed
sensing circuit

MARKS

(8) State which branch of engineering would be responsible for the design of the:

(i) wind speed sensing circuit 1
(i) supporting tower 1
(iii) gear box. 1
M acantad
(b) Describe one role an environmental engineer would have during the
construction of the offshore wind farm. 1

,To PrApn-e o d«/“, Grrentriend ™

neh
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7. Three forces, in equilibrium, acting on-part of a structure are shown below.

2500 N

4000 N

4700 N

Complete the triangle of forces scale drawing below for the given forces.

Forceés must include an arrow head to show the direction.

scale 10 mm = 500 N

\é //
7 0 0 / g
LY \2 /4 - Q
e o\

4000 N
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8. Asolar farm is shown.

Describe two environmental impacts of solar as a source of energy. 2
Tt el wpa v A ases any
it  son  ollbron,  AbTLA
Gzfted

[
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In a swimming competition, a system is used to automatically measure a

SECTION 2 — 90'marks
Attempt ALL questions

competitof’s time.

The system is operated by a microcontroller.

The input and output connections to.the microcontroller are shown in the table

below.
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Input connections

Pin

master switch

Outpui; connections
7 - buzzer
6 timer
lane switch 1
0

The system operates using the following sequence.

A master switch is pressed

A buzzer then sounds on and then off three times over 1.5 seconds

The timer then starts

When a lane switch is pressed the timer stops

The system will then reset ready to be used again-




9.

(continued)

(a) Complete the flowchart for the sequence, with reference to the data booklet
and input/output connections.

Include all pin numbers and delay units in your flowchart.

start ,
. &

=)
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9. (continued)
A program used in a different control system is listed below.

line  program

1 main: let count = 0

2 label 1: switch on 4

3 switch on 5

4 pause 600

5 switch off 4

6 switch off 5

7 pause 600

8 let count.= count + 1

9 if count = 20 then label 2
10 goto main ‘
11 label 2: if Input0 is on then label 3
12 goto label 2 -
13 ldbel 3: switch on 7

14 pause 3000

15 switch off 7

16 - goto main

(b) Describe the function of line 16 in the program.

re ot tle  program ©o

eR Tt

Lines 2 to 9 should repeat twenty times before moving on to line 11.
During téesting an electronic engi[geer found that this did not happen.
© Exp{ain why lines 2 to 9.did not repeat twenty times before maving on to
line 11.
At 1o pout
Adle T Gl

Ehe Pt
® opet *

Sl
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10. The road gritter shown below is used to spread salt on icy roads.

The warning circuit shown below is used to alert the driver of a low temperature.

+V
Vs © l,___ll o o
n N ¢
— NN
I ha,
—~t°
\4
ovo *
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10. (continued)

(a) Describe the operation of the warning circuit shown opposite. Make reference
to the resistance of the thermistor and the voltage V,. 4

. When the temperature decreases to a low temperdture . . .
ok o dale  otf bolbase (V) brteq
e vllage veedls) o7y e
Aol <he tAaMAAMo il
juuué&@wvf Ho Vﬁaég Tle k?&/@ﬁ(
W o  Glieled o bpozZZea-
ond W LEDS

The fixed resistor (R) is replaced with a variable resistor.

(b) Explain the effect on the operation of the warning circuit by replacing the
fixed resistor (R) with the variable resistor. 2

A PO, d;% b (Tum over
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10.

(continued)

The input sensing circuit (which is part of the warning circuit) is shown below.

VS Oo—

(¢) Calculate the resistance of the thermistor.
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10.

(continued)

The operating characteristics of a range of thermistors are shown on the graph
below.

10M ~ T
N h )
5 N
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2N NIX
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temperature (°C)

(d) Determine (with reference to the graph above) the resistance of a type 3
thermistor when the temperature is 10 °C.

20 Ooo L2

[Turn over
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10. (continued)

The gear train shown below is used to drive the salt spreading system.

ihput

(motor)

'gear B ‘ g gear A
120.T 12T

/72Wﬁ

. ) % D
gearC gl (] gggr_r
16T
output

(salt spreader)
12 revs min!

(e) Calculate thé input speed of the motor.

MARKS
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11.
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MARKS
A walkway linking two raitway platforms is shown.

A simplified freebody diagram of the walkway and sign (force F) is shown below.

3.5kN F
A A
5.0m ! 2.5m ‘I 2.5m
Ry

2.1kN
@)

(i) Calculate the force F by taking moments about R,.

v 7.5 = 5x 7-5
y =4

Fm 7.5 = 2%
Rerzz

15



11.

(a) (continued)

(i) Calculate the reaction force R,. 2
Ra == 775 +2.3~ 2l
Rae = 3.7 RN
Lifts are installed at both ends of the walkway.
(i} Describe one positive social impact of installing the lifts. 1

o)
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Yy eE=Emre 2R

Sstus

(ii) Describe one positive economic impact of installing the lifts.

frdtsy  revergaf—

(ii) Describe one negative economic impact of installing the lifts.

Thop cnt- abt g

ey
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11. (continued)

The electrical energy supplied to raise one lift up to the walkway is 44 kJ.
The lift has a potential energy of 32 ki when it is at the top of the walkway.

(¢) Complete the energy audit diagram below for the lift.
Include the main forms of energy and their values.

energy in energy out
o friead ooy

Ll W — s = D2

'

energy losses
Heat
V2w
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12. A ceiling mounted data projector and support pole are shown.

mm_sg. —— data projector

Logic circuits are used to control the data projector. A logic diagram for one of the
circuits is shown below.

T

o ]

(a) Complete the truth table for the logic diagram shown above.

A B C D E
0 0 0 ! |
0 0 | 1 | |
0 1 0 [ 1
0 1 1 l

o | o

o0 |0 ~|C|— |0~

a|olelol—
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12. (continued)
The Boolean equation for a second logic circuit is given below.
(LeM)+N=Y

(b) Complete the logic diagram below for this Boolean equation.
L }_L\
M D/o Y
N Ox—-—'

(c) Describe two advantages of using computer simulation to test a logic circuit
before constructing a prototype.
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12. (continued)

The support pole used to hold the data projector has a cross-sectional area of
190 mm? and a stress of 0.84 N mm™=.

(d () Calculate the force acting on the support pole. 3
A
F=prri
£ =140 %O. %
F= l6oN
(i) State the nature of the force in the support pole as the data projector
pulls down on it. 1
CaAVvnaf velicgn
The pole supporting the data projector is replaced with one which has a larger
cross-sectional area.
1

(e) Describe the effect this will have on the stress in the support pole.

[Turn-over
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13. A hoverboard is shown,

Part of the circuit used in the control of the hoverboard-is shown below.

4.7kQ

(@ (@) Calculate the total resistance of the circuit.

2
t { . {
Rt Rl Re
4 A A
Kt = ZIFD + &,‘7,:,0‘3
¢

= b e

Re= D626 _()

(i) Draw the symbol for a voltmeter, connected on the circuit above, to
measure the voltage across the 910 Q resistor.

(iif) Indicate, with an X, on the circuit above where an ammeter would be
connected to measure the total current.

21
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13. (continued)

Part of a'second circuit used in the hoverboard is tested using a 36 V supply.

O 36v O0—

(b) Calculate the value of resistor R to ensure that the-circuit current is 2.0 A. 4

[Turn over
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13. (continued)
The hoverboard and rider have a combined mass of 64 kg.

(0 Calculate the kinetic énergy of the hoverboard and rider when they.are
travelling at 3.4 ms™.

E =00% mxv®

Ek:D rf wécf’%%f(‘az
Ew = 370T

The hoverboard is an established technology.

A driverless car is an emerging technology that is not yet established.

(d) Expiain a possible impact of driverless cars on road safety.

Rl Safty migbt ntrey

bery oo ezl Ay (ppees
CerRads
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14. Hydropower is used to produce electricity from stored water in a reservoir. MARKS | BoNoT

A diagram of a hydropower station is shown.

reservoir powerhouse

long distance
power lines

motorised
gate

A steady flow rate of water must move through the penstock to rotate the turbine,
The water flow rate is adjusted by a motorised gate which can move up or down.

A sub-system diagram for the control of the motorised gate is shovyn.

water flow
rate sensor

Y

set
output gear actual water
L = - - A - -
watreartﬂow : control driver motor echanis gate flow rat

(@) Describe (with reference to the sub-system diagram) the operation of the
system. 5

Sorvore  bmpudd A fAae e if
%WVV‘J‘M@,W%W
on  ortput At G actadke o
i itk Cramnd A G2 mdehin Thond
ehot  gpend O Ut o gode pund
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14. (continued) j

Part of the gear mecharism used to control the gate movement has a velocity ratio
of 14:1 and an input spéed of 870 revs min™'.

(b) Calculate the output speed of this part of the gear mechanism.

3
(20 ¥ = 0¢ x(6
OS = g0 B i
—
Ve,
OS¢ :ﬂ@ 8>
\
)
A microcontroller is used in the control of the hydropower station.
(0 Describe one advantage of using a microcontroller instead of a hard wired
circuit. 1

Con oo e proprrmed

25
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14. (continued)

The hydropower station is 0.85 (85%) efficient and generates an output power of
15 MW.

(d) Calculate the input power. _ 3

=2 = N:WP Lo
SE

E=!7.6 MW

(e) Explain the impact of using hydropower on climate change. 2

Tl e @,WWWJ

£

‘A wheS  pemnil,  pomd il G
et eletiitlts Lhaich U Ow
Verttid g, pply
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15. A pneumatic circuit is used in part of a manufacturing process.
(@) Complete the piping of the pneumatic circuit below to outstroke the piston in

cylinder @ when valve @ and valve @ are actuated. The piston will instroke
when valve @1‘5 actuated.

@ o
Ofa a

A ®
~ .

a9

iR

The speed of the piston movement needs to be slowed down.

(b) Draw the symbol for a uni-directional restrictor to slow the air flow in the
direction shown.

direction of air flow

IR 2 il
Y EA
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15.

(continued)

Cylinder @1’5 supplied with an air pressure of 1.4 Nmm™ and the piston has an
outstroking force of 490 N.

(c) Calculate the area of the piston in cylinder @

—

—_—

A= S50 ﬁmz

An engineer compared the size of the outstroke force and the instroke force of a
double-acting cylinder when supplied with the same air pressure.

The result of the test showed that there was a difference in the size of the two
forces.

(d) Explain the difference in the size of these two forces.

O psh en a Olowt (vzed oses

Ko/ - oo M‘M

[END OF QUESTION PAPER]
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Candidate 2 evidence

1.

2,

SECTION 1 — 20 marks
Attempt ALL questions

A gear train is shown below.

gear@

(a) State the type of gear train shown.

(b) State the name of gear (A).

Comqnmo\ %e of

el veal
W)

An incomplete system diagram for a hair dryer is shown.

cold air ———=

user input ————m

hair dryer

——» hot air

(@ Complete the system diagram above by adding the missing output.

(b) State the type of control that has no feedback.

L . o Se

Open  \pop (o ol
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3. Aforce of 2200 N is required to push a workbench across a workshap floor.
Calculate the work done when the workbench is pushed a distance of 12 m. T2

EN:FA

1Moo x|

6 hoo®

4. Transistors are used in. many electronic products.

®

(@ Describe the function of a fransistor. 1

s o Jechic Wik

(b) State the name of connection ® on the transistor symbol above. 1

[Turn over
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5. Atensioner is used to tighten the wire on a farm fence.

A 25 m length of wire was stretched by 0.012 m when fully tensioned.

(@) Calculate the strain in the wire.

[
€4
ol L..8.00.0
TS

il VIS M\Ogl‘r

= 48000 -

The table below shows details of materials that were considered for the wire.

Material Corrosion resistant Property
A no ductile
B yes -~ brittle
o yes - ductile
D no brittle

(b) Select the most suitable material (A-D) from the table for the wire and justify
your choice.

Choice of material C

Justification 1—1[/ noct br: 'H’\{, ond 4>

g Torpdon  mSiStont
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6. An offshore wind farm has wind turbines which are located out at sea.
A diagram of the inside of one of the wind turbines is shown.

supporting
tower

wind speed
sensing circuit

(a) State which branch of engineering would be responsible for the design of the:
(i) wind speed sensing circuit

electroniC ol e,r\oﬁ neer

(i) supporting tower
structusl e eel’
(iii} gear box.

A C lf\OL[/\ rrC,C\L e/V\S\t LAY ée’,(,-

(h) Describe one role an environmental engineer would have during the
construction of the offshore wind farm.

bo  wonder Y efedd g Y2
Wild e penc \Of\_\

[Turn over
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7. Three forces, in equilibrium, acting on part of a structure are shown below.

2500 N -

4000 N

4700 N

Complete the triangle of forces scale drawing below for the given forces.
Forces must include an arrow head to show the direction,

scale 10 mm =500 N

=
Z
S
s
N,
* -

4000 N

\‘
Yo
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8. A solar farm is shown.

Describe two environmental impacts of solar as a source of energy.

1%3\) dont «\)(oo\wca Car

2 W Yake w9 omwels oyt tS

[Turn over
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In a swimming competition, a system is used to automatically measure a

SECTION 2 — 90 marks
Attempt ALL questions

competitor’s time.

The system is operated by a microcontroller.
The input and output connections to the microcontroller are shown in the table

—"" "

helow.

DO NOT
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Input connections Pin Output connections
7 buzzer
6 timer
lane switch 1
master switch 0

The system operates using the following sequence.

A master switch is pressed

A buzzer then sounds on and then off three times over 1.5 seconds

The timer then starts

When a lane switch is pressed the timer stops

The system will then reset ready to be used again

35



.

(continued)

(a) Complete the flowchart for the sequence, with reference to the data booklet
and input/output connections.

Include all pin nhumbers and delay units in your flowchart.
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9.

(continued)

A program used in a differént control system is listed below.

MARKS

line  program
1 main: let count = 0
2 label 1: switch on 4
3 switch on 5
4 pause 600
5 switch off 4
6 switch off 5
7 pause 600
8 let count = count + 1
9 if count = 20 then label 2
10 goto main
11 label 2: if Input0 is on then label 3
12 goto label 2
13 label 3: switch on 7
14 pause 3000
15 switch off 7
16 goto main
(b) Describe the function of line 16 in the program. 1
T+ felelS ¥ i 0o unkef
Lines 2 to 9 should repeat twenty times before moving on to line 11.
During testing an electronic engineer found that this did not happen.
(© Explain why lines 2 to 9 did not repeat twenty times before moving on to
line 11. . 2
Y sous "ooYe Mo \Dwen  F Should
J o) N
Sou ogo  label 1. T§, gn:\i\? ”%}’f’@ Lﬂbdql

Uhan 1t 4 Should Sooy 2o Lokl
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10. The road gritter shown below is used to spread salt ¢n icy roads.

e

I~
[l
1
i

ovo
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10. (continued)

{(a) Describe the operation of the warning circuit shown apposite. Make reference
to the resistance of the thermistor and the voltage V.. 4

When the temperature decreases to a low temperature . . .

e T8 ence  delleaseSANanA W S
obove Oy M 4arsiSter  Bums on
et [Jhich duses on  Thae relay.
o diode 1S Yle. o QC@H.C‘\’
Tt \‘c’\mﬂ bown & \ocdk ewmt,
Mo Tow buis on e Ll ager
Crawit. At oSe  (SSkal Rlatects
the YanSSiad fowi Yo wuch
U@l‘\’&%to-

The fixed resistor (R) is replaced with a variable resistor.

(b) Explain the effect on the operation of the warning circuit by replacing the
fixed resistor (R) with the variable resistor. 2

T Would  wAa¥e. e Ciroet wmoak
GGV\CIFHUG o/nol %O\A. co mf,& d/\ClV\Se

%-P ‘?W\eerovhw_/a M’L R MO\hLA ku(n
on ok.

[Turn over
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(continued)

The input sensing circuit (which is part of the warting circuit) is shown below.

&

Vg O0——

190 kQ/H/ V,=5.2V

() Calculate the resistance of the thermistor.

NooR
Nz ™ 2.5000

S vo

b1~ "
28 pries R
€,5<\d =R/

Q\'L: @ 6000 \LSI
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10.

(continued)

The operating characteristics of a range of thermistors are shown an the graph

below.

10M

1M

100k

10k

resistance ((Q)

1k

100

10
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N N
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5 \\\ N N \\‘ N,
3 N \\ N
2 N N q

™, \\ \\ A NN

N
g \\\ ] \\ N N
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NN
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8 M, 3 N YEAN
5 A 'N N NN,
3 N \\ h M \\
2 ™ NN N N\

N NN
A il \\ \}
g s N N \\
3 N N \ 4 K 6
2 RSUHTIENAN
TN 3

8
5
3
2
-75 -50 -25 0 25 50 75 100125150 200 250300

temperature (°C)

{d) Determine (with reference to the graph above) the resistance of a type 3
thermistor when the temperature is 10 °C.

Wk

[Turn over
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10. (continued) MARKS | S8 en
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The gear train shown below is used to drive the salt spreading system.

input
{motor)
gear B gear A
120 T < 27
gear D
gear C ] 9% T
16T
‘ output
(salt spreader)
12 revs min™’
(e) Calculate the input speed of the motof. T 4

A E g‘—ﬁ—\qé Z006 G po—aora15

“o\b
Vi — .
mwn(—To o.\ Vouke—¥2  —150
o.\ eys
. L g e TS0 wens Rex’
NOUS
neQ L QC{‘;A‘M A
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11. A walkway linking two railway platforms is shown.

A simplified freebody diagram of the walkway and sign (force F) is shown below.

@

.6
3.5kN F
Iy ' “ )
5.0m ' 2.5 m [ 2.5m
] i
Ry 2.1 kN

(i) Calculate the force F by taking moments about R,.

Z MRz O ' ¥

V1.5 =
= 11 -kN
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11. (@) (continued)
(i) Calculate the reaction force R,. , 2
Z Ty @ +
— >
([ ~°
Lifts are installed at both ends of the walkway.
(b) (i) Describe one positive social impact of installing the lifts. 1
veodle Can %&, Q\O\CGS Srer
(ii) Describe one positive economic impact of installing the lifts. 1
Ma(e (‘).Q,OQ\Q (Ol 8:\6 \LWwaelotul L
Uy Sont Lode 4o walk uo
N J _\’\ \ (S A
(iii) Describe one negative economic impact of installing the lifts. SICS 1
CoSt o \ok of wone
" W Soll
to Make  and wSdl
[Turn over




11. (continued)

The electrical energy supplied to raise one lift up to the walkwayis 44 kJ.

The lift has a potential energy of 32 kJ when it is at the top of the walkway.

(¢} Complete the energy audit diagram below for the lift.
Include the main forms of energy and their values.

energy in ) energy out

elebrcpl Aovement
bw — ue — 3w

'

energy losses

noase and ot

Kk
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12. A ceiling mounted data projector and suppart pole are shown.

support pole

. g%!g— data projector

Logic circuits are used to control the data projector. A logic diagram for ane of the
circuits is shown below.

50 FD__OZ

(@) Complete the truth table for the logic diagram shown above. 3

A B o D E z

o | o | o | | t 1O

0 0 A 1 | | |

0 1 0 l | | O

o | 1 1 1 L]\

1 o | o | O] O] O

1 0 1 ol 6 O

1 1 0 0 | o

1 1 1 o) [ |




12. (continued)
The Boolean equation for a second logic circuit is given below.

(L e M)+N=Y

(b) Complete the logic diagram below for this Booleah &quation.

() Describe two advantages of using computer simulation to test a logic circuit
before constructing a prototype.

11t Cl'\«&d?ef 0. do e SrV_V\\A\(M"OV\

+

2 TEks Lostel 0. C)sO O Q\HM u(ou}:OV\,
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12. (continuéd)

The support pole uséd to hold the data projector has a cross-séctional aréa of
190 mm? and a stress of 0.84 N mm?.

(d) (@) Calculate the force acting on the support pole.

O‘:% &
F= GrA

= 0.8 x \%o

= 169.6N

(i) State the nature of thé force in the support pole as the data projector
pulls down-on it.

%%%\\O A} _

The pole-supporting the data projector is replacéd with one-which has a larger
cross-Sectional area. -

() Deséribe the effect this will have on the stress in the support pole.

MARKS
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13. A hoverboard is shown.

Part of the circuit used in the control of the hoverboard is shown below.

4.7 kQ

@ (i) Calculate the total resistance of the circuit.

&

f 7 Q[a\mj

Rk - 100 XG( 0
(4900 4410\

LR [ INTSI]

(i) Draw the symbol for a voltmeter, connected on the circuit above, to
measure the voltage across the 910 Q resistor.

(i) Indicate, with an X, on the circuit above where an ammeter would be
connected to measure the total current.

MARKS

DO NOT
'WRITE IN
THIS
MARGIN

49



13. (continued)

Part of a second &ircuit used in the hoverboard is tested-using a 36 V supply.

(b) Calculate the value of resistor R to ensure that the circuit current is 2.0'A.

MA DO NOT
RKS WRITE IN
THIS

MARGIN

F—

———O 36V O0———

=
VZ3C

R:A?

-

[S’-—S”G:\T—"L*-

)
oo

R=\ LY \

[Turn over
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13. (continued)

The hoverboard and rider have a.combined mass of 64 kg.

MARKS

(©) Calculate the kinetic energy of the hoverboard and rider when they are

travelling at 3.4 ms™. 2
~ L
El‘ - /’l/ M \/(l
- 1 B
= %492N

The hoverboard is an established technology.

A driverless car is an emerging technology that is not yet established.

(d) Explain a possible impact of driverless cars on road safety. 2
Dover e oW be  feduced
LelouSe No )oC)Olj Wouwld be

I, 1 A}
dfivin ?\)». Maclhne.  efrof Wowld ' neresle

pukina  people. b U
\ ~ 0 '
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14. Hydropower is used to produce electricity from stored water in a reservoir. MARKS
A diagram of a hydropower station is shown.

reservoir
" powerhouse

long distance
power lines

motorised

A steady flow rate of water must move through the penstock to rofate the turbine.
The water flow rate is adjusted by a motorised gate which can move up or down.

A sub-system diagram for the control of the motorised gate is shown.

water flow |
rate sensor |

set
| | output | | | gear || _actual water
watre;rt(:low—g»control driver motor mechanism gate flow rate
1

(@) Describe {(with reference to the sub-system diagram) the operation of the
system. 5

Ho CONtran  inak QOUV\Q&QS thae
pgctual Stfe 4 e dxied
Stobe  ocnd £ ‘H"lﬂ dant  wiatoh
Hao oul pot Adruer Wl fuln an.
Whign 5uMmS o Al wmotor (Jck
S He  Motar melhonsptdd
WO Wi e b Open fae
ke o Xl Adeder Ao\ SerRor

Wi kel Yo contiol e woser €lpg))
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MARKS

14. (continued)

Part of the gear miechanism used to control the gate movement has a velocity ratio
of 14:1 and an input speed of 870 revs min™

(h) Calculate the output speed of this part of the gear mechanism. 3

oyl =419 242 1 @3 gef v

A microcontroller is used in the control of the hydropower station.

() Describe oné advaritage of using a microcontroller instead of a hard wired
circuit.

\{’3 _L02wex . +0. Q\nQ\J{\Q\\@ LeCouSe
\('/% dliachﬂ _ e
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14.

MARKS
{continued)

The hydropower station is 0.85 (85%) efficient and generates an output power of
15 MW,

(d) Calculate the input power. 3

25 =15 AW

ozt 5% 145217 - 2EM
ooz V1,25 MW

(e) Explain the impact of using hydropower on climate change. 2

TE  JoesSn't D(tao\uce an_ Co®™ Wwhich
S CX@@& %r \HAQ/ @{\\)‘(\QM@/\'&- g&

[Turn over
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15.

A pneumatic circuit is used in part of a manufacturing process.
(a) Complete the piping of the pneumatic circuit below to outstroke the piston in

cylinder (A) when valve (1) and valve @ are actuated. The piston will instroke
when valve @ is actuated.

@ o

Yo
H =‘ <]_/
— - _ =
/ !

A

M/
Vo

The speed of the piston movement needs to be slowed down.

(b) Draw the symbol for a uni-directional restrictor to slow the air flow in the
direction shown.

[~ ]

direction of air flow
.

MARKS

55



15.

(continued)

Cylinder @ is supplied with an air pressure of 1.4 Nmm™ and thé piston has an
outstroking force of 490 N.

(c) Calculate the area of the piston in cylinder .

LA\

149

= A
T
'Y

T 50wk

An enginéér compared the size of the outstroke force and the instroke force of a
double-acting cylinder when supplied with the sarne air pressure.

The result of the test showed that there was a difference in the size of the two
forces.

(d) Explain the difference in the size of these two forces.

Tz S wmofe £ece. Whan n

Frokene  becous Hoarr (X (eSS

_ J .
(DO VY W Yo CL‘;{J\‘V\O\@(.&

[END OF QUESTION PAPER]
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Candidate 3 evidence

SECTION 1 — 20 marks
Attempt ALL questions

1. A gear train is shown below.

ﬁ
)

gear@

(a) State the type of gear train shown.

Urizon yeo' oY

(b} State the name of gear @
fo\l-& Gzay”

2. Anincomplete system diagram for a hair dryer is shown.

cold air ——» ——» hot air
hair dryer
user input ———» — 5_09"? 2

(8) Complete the system diagram above by adding the missing output.

(b) State the type of control that has no feedback. Tov i sy
Cloded Loof
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3. Aforce of 2200 N'is required to push a warkbench across a workshop floor.
Calculate the work done when the workbench is pushed a distance of 12 m.

WDz D
wD=2200% 12
wDZ2640aq75

4, Transistors are used in many electronic products.

®

(@) Describe the function of a transistor.

o Srow® 3o s K He Noltage

(b) State the name of connection ® on the transistor symbol above,

NP N FronS: Stor—

[Turn over
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5. Atensioner is used to tighten the wire on a farm fence.

A 25 m length of wire was stretched by 0.012 m when fully tensioned.

(a) Calculate the strain in the wire.

_ A
€=

. onlz
(-5

£ = Lo gage

The table below shows details of materials that were considered for the wire,

Material Corrosion resistant Propérty
A no rgiucrtﬂe
B yes ~brittle
C ye§ ductile
D no brittle

(b) Select the most suitable material (A-D) from the table for the wire and justify

your choice.

Choice of material

Justification The Y‘\p\\"(,/‘:ﬂ\\ mdF be coyrodion f-ﬁfﬂ‘cm Y

ane ;(’ C.oLﬂT- '94. b/‘.l"H{_ "’*S ,'F wevy\é 31’20\""@—(
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6. An offshore wind farm has wind turbines which are located out at sea.
A diagram of the inside of one of the wind turbines is shown.

supporting
tower

wind speed
sensing circuit

(a) State which branch of engineering would be responsible for the design of the:

(i) wind speed sensing circuit

Eletrical engneer

(i) supporting tower

et Uvel cognec— R Eoot 2] otV

(iii) gear box.

Mcd"m;u\,\ e VPnser"

(b) Describe one role an environmental engineer woutd have during the
construction of the offshore wind farm.

) ) Sl S
Lookry oY end.romented cnbulS-the vind Gorm

Mt Hevre Sedn o U V2 L fe

[Turn over
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7. Three forces, in equilibrium, acting on part of a structure are shown below.

2500 N

4000 N

4700 N

Complete the triangle of forces scale drawing below for the given forces.
Forces must include an arrow head to show the direction.

scale 10 mm =500 N

<

2|50dV |
/
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8. Asolar farm is shown.

Dascribe two environmental impacts of solar as a source of energy.

1/\3\1)5 W Serce ' Vel el B L\ ke ive

2 eQuird rodins pnd va'j) & vz

[Turn over
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In a swimming competition, a system is used to automatically measure a

SECTION 2 — 90 marks
Attempt ALL questions

competitor’s time.

The system is operated by a microcontroller.

The input and output connecticns to the microcontroller a;'e shown in the table

below.

DO NOT
'WRITE IN
THIS
MARGIN

Input connections Pin Output connections
7 buzzer
6 timer
lane switch 1
master switch 0

The system operates using the following sequence.

A master switch is pressed

A buzzer then sounds on and then off three times over 1.5 seconds

The timer then starts

When a lane switch is pressed the timer stops

The system will then reset ready to be used again

63




9. (continued)

(@) Complete the flowchart for the sequence, with reference to the data booklet
and input/output connections.

Include all pin numbers and delay units in your flowchart.

(Far/
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9.

(continued)
A program used in a different control system is listed below.

line  program

1 main: let count = 0

2 label 1: switch on 4

3 switch on 5

4 pause 600

5 switch off £'~

6 switch off 5

7 pause 600 -

8 let count = count + 1

9 if count = Z0 then label 2
10 goto main ) -
11 label 2: if Input0 is on then label_3
12 goto label.?2

13 label 3: switch on 7

14 pause 3000

15 switch off 7

16 goto main

(b) Describe the function of line 16 in the program.

W Seld the Numbe— o 6 kg SY Vesdy (or~ Nexr

wor

Lines 2 to 9 should repeat twenty times before maoving on to line 11.
During testing an electronic engineer found that this did not happen.

(¢) Explain why lines 2 to 9 did not repeat twenty times before moving on to

line 11.

it (e/elBat T ond pct a¥ 2 cnd a3ur drengiw
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10. The road gritter shown below is used to spread salt on icy roads.

V; 0
A |
— NI
TN
-t
Vi
0vo
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10. {continued)

(@ Describe the operation of the warning circuit shown opposite. Make reference
to the resistance of the thermistor and the voltage V.

When the temperature decreases to a low temperature . . .
de (S tance wn e therm Sor Adecreecss
Ynerefor e (orrent DecrndS  o\lowing for e L2

X be Powesed o

The fixed resistor (R) is replaced with a variable resistor.

(b) Explain the effect on the operation of the warning circuit by repiécin'g the
fixed resistor (R) with the variable resistor.

the corent wonld e Ve Some .""'% \ory. o3 Ve verlble
LBIStr 1D St Ve Sayme ownowst ol JU oS Ve
Nerve] oq.C

[Turn over
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10.

(continued)

The input sensing circuit (which is part of the warning circuit) is shown below.

(c) Calculate the resistance of the thermistor.

Ji _ &
vo — R2

(=%
5 8'*)1\\0""&\?‘\0\0::00
‘5-’2’-: —\3-500@

T |9 a0 o Bl
@’F\{:

t-3p6y2
Lz 3kl
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10.

{continued)

The operating characteristics of a range of thermistors are shown on the graph
below.

10 M 8 < SETN
5 \\
N
3N I
2 \\ \\\
NN N
1M Py v
5 \\\ \‘ \\ \;‘ N
3 ™ \\ h
2 N N >
N[N N NN
100 k 8 N ™ \\ . .
: N N N N
<
~— 3 \\ \\ N ™ \\
g 2 N N N N \‘\
N
@ N NN N TN
< 10k 8 N N X AN
k] 5 N N HISTTRN,
@ 3 \\\ \\‘ h N \\
2 \\ NJ N N N\
N[N
PN NN, \5\.
1k 8 3 R
5 M N N \‘
3 \\\ N N 4 N 6
2 s SUTHPAINN
\\ \
100 . N1 3
5
3
2
10 : i -l
=75 ~50 -25 - 0. 25 50 75 100125150 200 250300

temperature (°C)

(d) Determine (with reference to the graph above) the resistance of a type 3
thermistor when the temperature is 10 °C.

loK S

[Turn over
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10. (continued)

The gear train shown below is used to drive the salt spreading system.

input
(motor)

output
(salt spreader)
12 revs min™!

(e) Calculate the input speed of the motor. 4
e NS NO gtz b
_ A s
Nr 2 —g;a, No of Fast
Nroo 'E-""“A \j = }E'__tzé—.
=17 \zo 16

g |
iy\' @ vr‘:l?. T :‘% o, Y

B2
Fnz 0. 794 g

T Q.53 (Pm
M 1.9200N




11. A walkway linking two railway platforms is shown.

A simplified freebody diagram of the watkway and sign (force F) is shown below.

3.5%N

|

F
5.0m ! 2.5m I 25m
|

Ry 2.1 kN

(@ () Calculate the‘force F by taking moments about R,.

_l=fr

~ Rign*
e 3500 x6%25
T
2.5 xZ\oe

Lo grpnl STN
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11. (@) (continued)

(i) Calculate the reaction force R,.

“Totl __Toret
LAz gum™ of

MMW 3552 -2\
@\A: 2 \N \,‘TS-Z—N

'l

Lifts are installed at both ends of the walkway.

(b) (i) Describe one positive social impact of installing the lifts.

Wore Peof le cpn eSS the Slaflen

(ii) Describe one positive economic impact of installing the lifts.

Con be we?2 1B branSfonrt 9c>oJS Q\A‘|C]<4F' e
Safe—

(iif) Describe one negative economic impact of installing the lifts.

CeSES wonegy pnd uSed £nedy

[Turn over
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11. {continued)

The electrical energy supplied to raise one lift up to the walkway is 44 kJ.
The lift has a potential energy of 32 kJ when it-is at the top of the walkway.

() Complete the energy audit diagram below for the lift. 3

Include the main forms of enérgy and their values.

energy in

Kend (C
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energy out

Petent.el

44K k) —

lift > ST ki

energy losses

ek . Soun b

!

2 K
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12. A ceiling mounted data projector and support pole are shown.

support pole

- BEES== | data projector

Logic circuits are used to control the data projector. A logic diagram for one of the
circuits is shown below.

30 , FD__QZ

(@ Complete the truth table for the lc;gic diagra;'m sr.lown above. 3
A B C D E yA
0 | o o |\ l o
0 0 1 ! } l
0 1 0 ! | 0
0 1 1 ! | |

o | o

o
© I o|lolo
-l |G
—| 10|00




MARKS
12. (continued)

The Boolean equation for a second logic circuit is given below.

(L«M)+N=Y
(b) Complete the logic diagram below for this Boolean equation. 3
L
M Y
N

() Describe two advantages of using computer simulation to test a logic circuit
before constructing a prototype. /2

1 Buidb— 8 and dolnt reluin Bl So tF Same
\’lzf,m/q Yol 5 AF DeesSNE patte—

S . _
2 T2l wou We (SSue  oh o Cw\m/a} q'rcuf’f
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12.

(continued)

The support pele used to hold the data projector has a cross-sectional area of
190 mm? and a stress of 0.84 N mm™2,

(@ (@) Calculate the force acting on the support pole.
Fz OXA

Fo 0.9ux\%

F-15%. 6V

(if) State the nature of the force in the support pole as the data projector
pulls down on it.

Dyray

The pole supporting the data projector is replaced with one which has a larger
cross-sectional area.

(&) Describe the effect this will have on the stress in the support pole.

be eSS weoald Ve wone

[Turn over
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13. A hoverboard is shown.

Part of the circuit used in the control of the hoverboard is shown below.

4.7 k0

910 0

T

(&) (@) Calculate the total resistance of the circuit.

~§L 1
ﬂ—r -’f_\rﬁ
\ \
b7 2 g00 + 6 %0

=7 624 JL

(i) Draw the symbol for a voltmeter, connected an the circuit above, to
measure the voltage across the 910 Q resistor.

(iii) Indicate, with an X, on the circuit,above where an ammeter would be
connected to measure the total current.
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13. {(continued)

Part of a second circuit used in the hoverboard is tested using a 36 V supply.

S I S R S

L0 36V C0—m-—
(b) Calculate the value of resistor R to ensure that the circuit current is 2.0 A, 4
NI L

NS 2A 5.6
V.o il2v

/
T usg

[Turn over
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13. (continued)
The hoverboard and rider have a combined mass of 64 kg.

(&} Calculate the kinetic energy of the hoverboard and rider when they are »
travelling at 3.4 ms™. 2

[(E - Vzv\dl
[Ke= ’bq_x').l{'z
lge:z369927

The hoverboard is an established technology:

A driverless car is an emerging techndlogy that is not yet established.

(d) Explain a possible impact of driverless cars on road safety. . 2

the Soft veas conld hul Or geb Mladbed ySulting

ow wn ofeslible carm XY 09 driven by Tedwdys
reSultiny [n ©RGLS, L

P cor coul & Ceduee Yuren envr or readd
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14, Hydropower is used to produce electricity from stored water in a reservoir. MARKS
A diagram of a hydropower-station is shown. ) :

reservorr powerhouse

long distance
power lines

motorised

A steady flow rate of water must move through the penstock to rotate the turbine.
The water flow rate is adjusted by a motorised gate which can move up or down.

A sub-system diagram for the control of the motorised gate is shown.

L

!

E water flow
| rate sensor
1

|

1

]

1

set
| | output | | | gear |
watrzrt (felow—:L- control driver motor mechanism gate
1

. actual water
flow rate

(a) Describe (with reference to the sub-system diagram) the operation of the
system. 5

Woe,m GBS webe— How rabe Yt {Aﬂmfgad a2

e (onlhol vwiich ten SendSol Siamal Yo e
oul Pab &riie— Y Skerl e motor $¢ iy WE the
jcu’g o¥enng tree galtie. P Flow rote Sateo— cheekS
Mow ntida ik 15 Flowing Wnen cengd (£ needald
0 uSe S5 Sef value
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14.

VIARKKRD

(continued)

Part of the gear mechanism used to control the gate movement has a velocity ratio
of 14:1 and an input speed of 870 revs min™.

(b) Calculate the output speed of this part of the gear mechanism. 3

A microcontroller is used in the control of the hydropower station.

(c) Describe one advantage of using a microcontrotler instead of a hard wired
circuit. 1

A Miero conbroller 1S Sralb— wd 88 1S3 W insd
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14. (continued)

© MARKS

The hydropower station is 0.85 (85%) efficient and generates an output power of

15 MW.

(d) Calculate the input power.

6 C_;o/o = \‘)_P\\IJ
485 213

Y= 0.\ 760w

Y00 MO
\Odjlf‘) = \7 (36 MV\/
V7,65 Mw

R

(e) Explain the impact of using hydropower on climate change.

US s f Vydrofous I bdrbe Lor &8 o\ imode. chunge.

oS D evbable

[Turn over
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(@) Complete the piping of the pneumatic circuit below to outstroke the piston in - HAROHY

15. A pneumatic circuit is used in part of a manufacturing process.

cylinder (A) when valve @ and valve @ are actuated. The piston will instroke
when valve (3) s actuated.

@Q.

@Q/

<H

"\/\\ll

294
/

Ve

The speed of the piston movement needs to be slowed down.

{b) Draw the symbol for a uni-directional restrictor to slow the air flow in the
direction shown.

Lg'ﬁ’g} direction of air flow

-
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15.

(continued)

Cylinder @ is supplied with an air pressure of 1.4 Nmm? and the piston has an

outstroking force of 490 N,

(o) Calculate the area of the piston in cylinder @

A7

. uSo
A‘I.Le

H= 3§ n’

An engineer compared the size of the outstroke force and the instroke force of a
double-acting cylinder when supplied with the same air pressure.

The result of the test showed that there was a difference in the size of the two

forces.

(d) Explain the difference in the size of these two forces.

The pulr smz:d}p boree \,/tm\A Le ly/%dfr/\[\m ‘(L::"S(’hz,lv{/

boree

[END OF QUESTION PAPER]
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