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SECTION 1 — 20 marks
Attempt ALL questions

1. An electronic engineer requires the following circuit as part of a hand-held

product. It is to be made using individual integrated circuits (ICs).

3 | F_D_Z

(a) Draw a NAND equivalent for the circuit shown above.
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(b) Explain why the engineer chose to use the NAND equivalent circuit in the
product rather than the original circuit.
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2. A microphone in a recording studio produces a maximum output signal of
2-0mV.

The following circuit is used to amplify the signal so that it can be recorded.

330kQ

2:0mv
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2. ({(continued)
(b) Déscribe how the gain of the op-amp circuit could be increased.
e cun o Yo word bt tilr mdan
O \V, )
Q,' G éml{ef ELIiSMUY_  or Q(? e {t}(i\ij_
epioterd -

The mixing desk.in the studio needs to combiné-the signals from a number of
microphones and instruments to produce one output signal for the speakers.

() State the op-amp configuration required to perform this task.

A cumian  ampliter,
N
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3. Aframe structure is shown below.
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An air pressure supply system in a car garage will be operated by programmable
control. The system must meet the following specification.

» The system is activated when a user présses a start button

¢ The pumping system then switches

on

« The air pressure is monitored hy an analogue sensor

» When the air pressure rises above a set level (100), the pump switches off

« A light must flash five times to indicate that the air pressure has reached

the set [evel

« The system then résets, ready for the next user

~Pin

Output

Input
7 o Pump
6 Light
Start button 1
Pressure sensor 0

Part of the same test program is shown below in PBASIC and ARDUINO code.

let dirs = %11110000
symbol pressure = b4

main: if pin1 = 1 then main
high 7
check: readadc 0, pressure
if pressure < 200 then check
low7
forb3=0to5
high-6
pause 200
low 6
pause 200
next b3

goto main
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int-Pressure = G;

int Pressuresensor = 0;
int Pump =7;

int Light = 6;

Jint Startbutton = 1;

void setup(){

pinMode (Pressuresensor, INPUT);
pinMode (Startbutton, INPUT);
pinMode (Pump, OUTPUT);
pinMode (Light, OUTPUT);

b,

void loop()f
if (Startbutton == LOW) {
digitalWrite(Pump, HIGH);
jelsef
digitalWrite(Pump, LOW);
!

Pressure = analogRead (Pressuresensor);
if (Pressure <=200){
digitalWrite (Pump, LOW);

i

for(int counter=0; counter<=5;
counter=counter+1)
[digitalWrite(Light, HIGH);
delay(200);
digitalWrite(Light, LOW);
delay(200);

o
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(continued)

There are three faults in the program shown opposite.
Identify the lines where the faults are and write the corrected code.
Complete for either PBASIC or ARDUINC.

The first fault is shown below.
Correction 1 PBASIC main: if pin1 = 0 then main
Correction 1 ARDUINO if (Startbutton == HIGH) {

Correction 2

Arzlbvfnﬁ : J’B(ﬁf’m >=100)f

Candidate 2
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5. A concurrent force system is shown below.

Calculate the magnitude

and angle of the force R required to maintain

equitibrium. 4
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The temperature in a room can be set by a signal from a mobile phone or
directly using a conirol panel.
A heating system monitors the temperature of the rcom and maintains the
set temperature.
Complete the control diagram below for the heating of the room. 3
thermotople
kalagn,.mxﬂ__(\'zm rn&)
A 3
i 1
| 1] guper
e : —={microcontroller -1 (&ﬁ\,p_.{* =1 heater room
temperature i i —! temperature
] 1
[Turn over
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r SECTION 2 — 90 marks MAR
Attempt ALL questions

7. A prototype of an electricé[ly powered aeroplane is being developed and
tested by a team of engineers.

The aeroplane is powered by 22 motor-driven propellers that each supply
18 kW.

{a) Calculate the rotational speed of each motor if it produces 23Nm of
torque.

1
| (G
7= 2T
800 = Zx oty Nx DD
QODO -~ [T(/\'Z":’) p _%9: =N P 09]2&.—954.
d = 125am K
When operating at full power the aeroplane is 73% efficient. The aeroplane’
battery stores 320 MJ when fully charged.
(b) Calculate how much time the aeroplane ¢an run at full power before the
battery runs out. 2
Neomee—ioo7s @f = (o7,
g { 7o = 6'08
UL+ \BOOO 3%z S 8.
E 39(700'06./ 6 = ‘SC)O.S
Lox 0
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Improving efficiency is a key task for the engineers who-design the aeroplane.

(©) Explain one economic and one. social impact of improving the ef‘ﬁc:enc_v
of the aeroplane. 2

Economic 4“’/ [W/ﬁm Mmtz/ [OM\LP _(o-_mu\o 6

A 6\"‘“‘@/ J\W\é— dpiing i \/emj be cLM\‘«b

[o»Jt’Aqu +@/ lo&bL?Q’ MVM}J @M ps ks 5£‘f”‘f‘“\ 15 w/&

Social 2 #@/ﬂ/ﬂw bon ‘WL/C[ [na, L[LSWU/_') fafl
Lc/ (More- !ﬂl,[m}\)\ J@N\/ ((owmr\ /vtn(,t,

(’9"(3{"/ v be bl b o bﬂ{\)v f"éiml@’fb ist-ofgs,

When the aeroplane lands, the propellers are used to transform its kinetic
energy back into electrical energy to recharge the batteries as part of a
regenerative braking system.

The combined mass of the aeroplane and passengers is 4800 kg and the
regenerative braking system is 64% efficient.

(d) Calculate the energy recovered if the aeroplanes velocity changes from

95ms'to 25ms™ 3
[/].,wﬁoo
@%Mﬂb 246G % F- 7S = 70!

U o 7% 004 70
(4 0006
(oo %o (26

17, <« 149 3T
b % = 1076265
e ———
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Bearings are required on the propellers to ensure that they can spin and
transfer kirietic energy to make the aeroplane move.

(e) Explain, giving two reasons, why friction needs to be minimised in the
bearings.
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7. (continued)

The pilot controls the speed of the aeroplane by moving an accelerator lever.
A signal is sent from the lever to a microcontroller which, in turn, sends a
signal to an op-amp circuit and the motors’ drive systems.

The op-amp circuit is shown below. Each pin from the microcontroller gives a
5.0V signal when on.

12k
5.0V R,
- 24kQ T 12k0
, 48KQ RE
5-0V - 24 k0
+ 4-8Y
_Vcc 7 o
—Vcc VOUT
0vVo e
(f) Calculate the value of the feedback resistor, R;, when Vg ; is 4-8 V. 3
i v
‘ oy - (6
\/ou/f - [{’&r \é 7
wF AT X 5
- -8 Y
?r *’9’6” - Q—f"zﬁxf
,\{;; . & e
! @‘ vE g * 3
LR _ 2
Vi T T2 Co= Qg
«g L 6 ~ By
v 7 ;
Pl S6 . @
Vi = =05 5 Q]l ¢
1 6 Fr
Vie <96y Y-t 0-8Lrg
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8. An exercise bike has an electronic monitoring system to tell users if they are
pedalling within a set range of speeds.

A speed sensor produces an output voltage, Vy,e.q, in proportion to the speed
of the-pedals.

If the-voltage i$ below the lower limit, a bank of LEDs lights to say, ‘SPEED UP’,

If thé voltage is above the higher timit, a second bank of LEDs lights to say,
‘TAKE IT EASY’. :

The control circuit is shown below.

5-0Vo—
VaVaVa¥a
15k0] ) bank A _ bankB
op-amp- : ]
A transistor A -
15 kQ[ Vl'éfA r _g_ov OV 220
Vspegd |_ 9.0V
[, [ _ e ~ fransistor B
/[o—Q'OV

15 kg[l] Vees| | op-amp B

0OVe
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8. (continued)

5-0Vo———
15k0]

15ka| V,em‘l I‘

Vspeced L

15-k-Q || VrefBI
ov

A section of the circuit is shown above.

(8) Calculate the reference voltage V, .z
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8. (continued}
A section of the circuit is shown.
5:0Veo
(b) (@) Calcutate the base current for transistor A when op-amp A is
saturated positive. (Assume V,, is 0-70V). 3
=% R
R Neo<7
Q-:— 2705
O
1= 270
= 6.20mA (Z@
Transistor A has a gain (hy) of 140.
(i) Calculate the collector current when cp-amp A is saturated. 1
O-% xli«o
z H-temh

L A -

page 16
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8. (continued)

5-0Ve
SZ% SZ:\\ SZ\} SZ%
‘ " VaVYa¥a¥a
y transistor A
15k H VrefA —9.0V oV 220
Vspegd 9.0V -
\‘[o Z'Lkp transistor B
/[o -9:0V
15k Viesis| - op-amp B
OVo I

(c) Describe, with reference to the circuit diagram, what happens to the
LEDs as the voltage from the speed sensor (Y peeq) rises from 0V to 5-0V.

The complete circuit diagram is shown above again for reference.
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8. (continued)

(d) Describe how the control circuit should be adapted te allew users to
change the speeds that switch on the LED banks.
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9.

A team of engineers is asked to des1gn a walkway over a dinosaur exhibit for
a natural history museum.

An initial design for a walkway over the top of the éxhibit is shown below.

/A )

AV \/’

AN

AR IR

*X823760120%x%
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(continued)

Tensile test results for three materials considered for use in the walkway are
shown in the stress-strain graph below.

4502
material A

£
£
£
o
w 220
B 1024 '
i material B

60 14

# /maten’alC

. strain, €

(@) () Describe, with reference to the stress-strain graph, three different
properties of material B in relation to material A or material C. 3

Mutennl 5 is loss A‘*Cw‘)'/ﬁ/ e both mw‘m‘d/
,4’ Nw( ¢ /\/}“M""\ B Mobeamotlrr
—'iééév%% less c(o&‘c/ Jrgmn Modkers] £, ot
& g WWQ Mice_ (MJL Mmm\
?:5 i {E@I (Molt- {()/)H’[e/ «5 _LD.‘VL
Midergl C ¢ A

(i) ldentify, with reference to the Data Booklet, material A and
material C.

Material A Ml[& Sm\
Material C FZ""é‘h-(/!' A%S E}Jl\"i\)mmk/
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(continued)

A partially completed free body diagram of the design for the walkway is

shown.

Question Paper 2019

(b) Calculate, using nodal analysis, the magnitude and nature of the forces

T24-2 kN

in members AB, AC, BC and BD.
Complete the table below.

Show all working and final units on the page opposite,

Member Magm.'tude Nature
AB “26.7 N STRUT
AC N TIE
BC Z7- Qv SRyT
BD L Bups Srevt
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(b) (continued)
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Space for working
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10. A mechanical engineer preduced a preliminary design for a pneumatic system
to open and close a dinosaur skeleton’s jaw.

The pneumatic cylinder used to move the jaw has an 8-0mm diameter
aluminium alloy piston rod to support a load of 33-2kN.

(@ () Calculate the factor of safety applied to the design of the piston

rod. 4
A)VMW.VM VJ/DQ‘— 70 K\lr’\m’L %m\oss /Vimuog
o
g =
/ l &_ e o Jlﬁo’l(a
Ubmetes [oak = KO Mg 6= gﬁi‘
T
= (C
A 6O 2y
%,_ ({ - %90
Z
A el
~ 60‘%6.-.
= SODwmt
i I
& CGD[\I S
. O S0
<03
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(i) Comment on the appropriateness of the factor of safety of the
piston rod. 1
Thig me‘é)r &{pew“l g ﬂwfe/ o, MD%M//
J/ fas tb A, rlMC)A 1o Lb Voﬁ& &
44',4/ [)\fL)["Cm
-
The mechanical engineer decides to use a different pneumatic cylinder
to support the 33-2kN load.
The piston rod area is 491 mm? and is made from titanium alloy with a
length of 0-78 m.
(i) Calculate the change of length in the piston rod under these
conditions. 4
MRS
-
C = (O dNmmt o200
ag-
gg ~ 8762 pn
Wb -
7
63 (s )
LI )
hoooo
£E= 00063, ..
. Ak
[
sl
O .00Y = —
600062 ¢ 6.7 » AL
pl= 0-c00%8. . M
= Ol
B e T
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10. (continued)

MARKS

After testing, the pneumatic cylinder is repositioned to move a hinged beam
in the jaw of the dinosaur as shown below.

The uniformly distributed load of the jaw is 48-4kNm™.

)

Sovl tni{ ToA

% }l-—lO<~

Sa7ez Yo
%

1-2m

0-90m g 0-20m

: 48-4kNm™! l

749
/o

FCY LINDER

(i) Calculate the magnitude of force Foy nper-

4 Lt wm 3
0.4 =585 -%v & (/I.ZXD-C))?-O'Q

Eor = Eagurtnr = 0 Bm

(5'3 g x Or7j)c % @6{117@ 9 0,9

‘*"—;‘?2@ e T2 v Sia T ‘

Gin7e /

tepms. 272 . F B 799,

(ii) Calculate the magnitude and direction of the reaction at the hinge. 4

me:@ﬁ'SZN @ 0.7&'\ : = Egr (535;&0-'@ = Qo,ZiN

w2099y € 0L = (204000 = .98

facin 1 Egrry

= ’ & é ’b kN %J{){LOJ e / .c‘ow/lh(ﬂ'lkis

B didan = 419y ~ GoYoL, - ey
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proposed design for the operation of a conveyor belt motor has the

following specification.

1.
2.

(@

The motor will not run if emergency stop(A) is high

The motor will run if a pressure sensor(B) is high and a light sensor(C) is
low

The motor will run if a test switch(D) is high

Complete the Boolean equation for when the motor switches on.

M-F(8-T)k D

When the conveyor belt motor starts it uses pulse width modulation to
accelerate to a set speed.

Th

e control sequence for the acceleration of the conveyor belt motor has the

following steps.

Initially the MARK = 4 and the SPACE = 2

Each new pulse increases the MARK by 1

The acceleration continues until the MARK reaches 20
The motor turns on

The motor will then stop when the emergency stop is high or the override
switch is low

A brake engages for 3 seconds
The sequence repeats

INPUT PIN QUTPUT
7 motor
6 brake
override switch (released = 0) 1
emergency stop (pressed = 1) 0

SQA | www.understandingstandards.org.uk 25
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11. (continued) : L

(b) Complete, with reference to the specification and input/output table
shown opposite, the flowchart for the control of the motor. 13

c\el(;@ (Nﬂﬂc}s

delogy (065),

Y
A | M- Mot

/ﬁflé fouJ_
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12. A pneumatic system will be used in a manufacturing process for holding
material in place and then moving it along the production line. The system
diagram is shown below.

valve 5 ® A
oy |/ W

valve 9 LAO® .

e | T N ‘-‘l

o] oy T

1 - 1 I 1

1 r=+ t L 1

i : ] i i

i L3t valve7 ; )@ ]

I

EN \ Y 2 E_____@ i

’ T L

valve 8 ! ! iy i

il [ = :

;, i | 1] 1

I 1 = T 1

B R S e R i = S A valve 4 !

i cylinder A i cylinder B o i

| er_é | | |

i Qﬁ t | r

] i I 3 1

| ) valve 3 E Wi ['47'

i @__. N ! | valve
H @ temmaaaa e 5 e e s e e e a
| a4
i = i
{ [
i {
T .:\ 'y /:.'4 _____________ ‘:'
signal valve 2 i
from —H—OOV L
control I
circuit N i
|
valve 1 =

(@) Describe, making reference to the diagram above, the operation of the
pneumatic circuit. 7

When valve 1 is actuated,

Ole wic %.,JS Jo veln 2 w& whe 9. Ve
9 chonoes S 5+oppw\ f\‘o{- dir Yo o whers 7
WQ? \é[w/ oLnMO\m Shle Lasoin w\l.n&’»
A i inge 4 ﬁd\’v)vot%ﬂ\ff\lw 3/‘ H%O'\

1
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12. (a) (continued)

6&/\\4 ﬂ\o{’ ~ Jahe é MW%/N\ VJ%(-&
R R
6 \)ac:j(k% wrde 5 whicly SQAL—&\P)M—
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ARV W& o Nahe 6. \mlw,(, o
C/[/\Ol/ld\ﬂé St b / Ge iy /”lfrf- Al ﬂ\,\/ o
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12. (continued)

Question Paper 2019

Candidate 2

A diagram of the control circuit for the solenoid is shown below. The MOSFET
switches on when the gate voltage reaches 3:2V. This happens when the

thermistor is at 85 °C.
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12. (continued)

(b) Calculate, with reference to the graph opposite, the resistance of the
fixed resistor to produce a gate voltage of 3-2V.

o = i

- 2000
{ Qf L V5
gz 800
200 5 s 7 e
g = ‘ % <
¥ o 3o 0 =2
L

= - 300
g,= 120

The next stage of the manufacturing process requires a drive system

(©) Describe one skill and one piece of knowledge a mechanical engineer
requires to design the drive system.
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MARKS
12, (continued)

Part of the design involves rotary motion, from a motor, transforming into
linear motion.

motor

The pinion.gear has 24 teeth and the pitch of the teeth on the rack is 3:0 mm.
The rack is required to move 2-75m in three seconds.

(d) Calculate the required speed of the motor. 3

Rown % LG
> 72mm
= 72 ﬂif fotadson

= ~ 32 ibons  ufnl %ﬂf&

%%M&_@-

= 35 aldions 4 Jma

e
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12. (continued)

Part of the circuit controlling the motor is shown below.

12V o—
Vi ;M)
—
‘Vin |t

The motor has a rating of 12V and 8-5W.

When the mator is switched on the MOSFET has a resistance of 0-65 Q.

(e) Calculate the MOSFET drain current.

Candidate 2

MARKS

0- 1y 2- %
g5= (= 12 JZ,J?—SI-%(

2GS _
e = G- |
[ = O 705)3‘- 1619_ “ 0 é_S
O A = |7-55
— Uf) 1z
B s
- 3
[« 1=
17-5%
(= O.68Y.

[END OF QUESTION PAPER]
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