Higher Engineering Science Question Paper 2019 Candidate 1

Candidate 1 evidence MARKS
SECTION 1 — 20 marks
Attempt ALL questions

1. An electronic ehgineer requires the following circuit as part of a hand-held
product. It is to be made using individual integrated circuits (ICs).

(a) Draw a NAND equivalent for the circuit shown above. "3

c/«ﬂ%—J

(b) Explain why the engineer chose to use the NAND equivalent circuit in the
product rather than the original circuit. 1

T MAND cguvelink 4 ek could o onach
s e om(p, o orbwe IC %, whde 4o eﬁ‘(@(\w\
ww@o reomz P, <opesiale areS, \'\w% iod s Lo

i efechie f use NAND equivalnts ad Wss
TCo sl veguivedd.
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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
15kQ
0V —
(a) Calculate the output voltage from the op-amp shown above, 1
W, = \1 F r-T%— )
Vo= {1 r2f ) V,
320 =
=\ %—\’S-’ X ZXx0 3
1 0.046 V
= LemV/
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2. (continued)

(b) Describe how the gain of the op-amp circuit could be increased. 1

Tee SR ,COM(OQ L}L\mcwm,%_p(ﬂ ED}& 2dlr M(:f‘e.m{cﬂ
Yoo esarance o o lee\pzrel. ves or, e Joceessng
o esifyand dAu tmpdk esiflos (1S,

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

(c) State the op-amp configuration required to perform this task. 1

S QMM \\ftf\) AN\P‘ J]’\\C/r
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3. Aframe structure is shown below.

130m

AN & E—
§:ﬂ 38°

2-25kN

¥

Calculate the magnitude and indicate the direction of the reaction at B. 4

fan é""—z“
D=2

e N3

O=1.0Ww% M

TM O
%f}(!.a\,b = Q’L§X\v3
OV = 2425
G = 2 SF LN (horzontal)

-
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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 presses a start button

+ The pumping system then switches

on

* The air pressure is monitored by 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 level

* The system then resets, ready for the next user

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

Part of the same test program is shown

let dirs = %11110000
symbol pressure = b4

main: if pin1 = 1 then main
high7
check: readadc 0, pressure
if pressure < 200 then check
low7
forb3=0to5
high 6
pause 200
low 6
pause 200
next b3

goto main

below in PBASIC and ARDUINO code.
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int Pressure = 0;
. Int Pressuresensor = 0;
int Pump-=7;
int Light = 6;
int Startbutton = 1;

void setup(){

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

§

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

Pressure = analogRead (Pressuresensor);
if (Pressure <= 200){
digitalWrite (Pump, LOW);
f
for(int counter=0; counter<=5;
counter=counter+1)
[digitalWrite(Light, HIGH);

delay(200);
digitalWrite(Light, LOW);
: delay(200);
}
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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 ARDUINO.

The first fault is shown below.

‘Correction 1 PBASIC main: if pin1 = 0 then main

Correction 1 ARDUINO if (Startbutton == HIGH) {

Correction 2

Candidate 1

MARKS

f: (f"?m& >=100)§.
Correction 3 )

ugiral Woite( Buonn, L oW,

[Turn over
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5. A concurrent force system is shown below.

840N

Calculate the magnitude and angle of the force R required to maintain
4

equilibrium,
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Shv o

Ry ¥ 6M030k3 = FeOanbls
.+ U0 S7RY 2 T8N
R, = 28Lk)

Zh=o
Ry = 690cos\ed ¢ $leO o ble

= $72.%566

2 = \/Q¢7’i-‘zh1
DA —
“'\/‘2»?5%@1 672945

Z91%., 0326
= YVE N

fan & = =
Ll

gt TR .
é = Trets = 1%.042= \¥

SQA | www.understandingstandards.org.uk

7 of 32




Higher Engineering Science Question Paper 2019 Candidate 1

‘MARKS [ ponot

WRITE IN
THIS
MARGIN

6. The temperature in a room can be set by a signal from a macbile phone or
directly using a control panel.

A heating system monitors the temperature of the room and maintains the
set temperature.

Complete the control diagram below for the heating of the room. 3

m}(‘l""-\%k@r

1 s
1
1
set microcontroller Fal - heater room
i
1
1

temperature

TOeovel temperature

[Turn over
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A prototype of an electrically 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,

(@) Calculate the rotational speed of each motor if it producés 23Nm of

torqué.

P:: 1’(r'nT
\$o60 7 2w xnx 3
T 1Ll 956 yevs 5!

AL pesrs g

When operating at full power the aeroplane is 73% efficient. The aeroplane’s

battery stores 320 MJ when fully charged.

(b) Calculate how much time the aeroplane can run at full power before the

battery runs out.

; ."C)ot:f:—
q,: ’\:\ 7\)\%
. C\secox2tx b
G- 773 - 8 X108
Es
2.33E0C0CO = 3H6060 &
L: 3%9.699 s = 9599
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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 efficiency
of the aeroplane. 2

Economic_. 134 e Oy Q{.(ftzﬂaﬂtﬂ% (-9/53 LG
U i \! i \J U\J
wdl ‘«x,vew weed @ powes & P@ﬂ-r\ﬁ_. e e o Lzus%
(suprlgay re
M,cncu: il e Som\wn ,.bwe_mvci te, dwo. QW?I@)
Social ‘?@aﬂ(L vu\/b ﬁ%l \"\QLQP“I CMC/Q MQ&?Q n( (cmd =
e  Re Pl-@u\{ﬁ [gbi’\C)l/U\\ﬂ-Cfl "&’LCLQ !*Q(Pu(NB LDH(-(.,

opargy  Se ik ey oradds po @nu(mnwwi ,

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

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

(d) Calculate the energy recovered if the aeroplane’s velocity changes from
95msto 25ms™. 3

£
T le&OK 4% = ’Z&%SOOK AN

= L6 CCCC I =S5O0 \T
21 6ECCO— 1SCCRES
- 2OVECGT ¥

nJ = ._G_."'_}—E-b( VOO

(3
&ble = S5t coc
ovh = YLK o0 &
= L9 Mg

[Turn over
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7. (continued)

Bearings are required on the propellers to ensure that they can spin and
transfer kinetic energy to make the aeroplane move.

(e) Explain, giving two reasons, why friction needs to be minimised in the
bearings. 2

Eal, recﬁce.aoj oz on w fo beanrugs, Ha propoll s
wil b e o etepy er/@.’:fdé{\\\, as legg
asargn wil Noe logk duels Yok and soond
enecty hoo frolmn. Giton alse aseds, b
vannecred b teclevee e g ook o weec

on e \?rcau\u&Sf So E'u;q) Worie G k’t“-@sﬁ@‘c@o\ 4
(e ok?ne;'ﬂ coha i S vuuee o 0 [jeeive.
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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 microcontrolter 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.

12kQ
5-0V
24 k0
Qv
48 kO
5-0V
Ovo
{f) Calculate the value of the feedback resistor, Ry, when Vo is 4-8 V. 3
1z,
V.= J Vi
o ¥
Lr,/b’a - "’ « \/r
Vv, =-%.6 V

U‘o ,\z(f ( 7_ \sz

@1,
~Gnt
—o, > ~rf (S
~1%up2 = - 2f

2} = & &322 I

-\ Oso S LRI

(W]

- rL{'(\%C—m %’Whﬁ:—wg

U
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8. An exercise bike has an electronitc monitoring System ta tell.users if they are

pedalling within a set range of speeds.

A speed sensor produces an output voltage, Vy,..q, in proportion to the speed

of the-pedals,

If the voltage is bélow the lower limit, a bank of'LEDS lights to say, ‘SPEED-UP’.
If the voltage is above thé higher liniit, a second bank of LEDS lights to say,

“TAKE IT EASY’.

The control circuit is shown below.

BQVorsg—o .o :
VA Vo Vo Vo
15ka] bank A bahk B
_ 7 Va Vo Vs
|

15kQ ” Vieta

transistor A '

2.7k0)

Vspegd T ‘ LI\EQ‘B-OV

15 kﬂq Viers op-amp.B

OVo

20|l

transistor B

SQA | www.understandingstandards.org.uk

13 of 32

DO NOT
WRITEIN
THIS
MARGIN




Higher Engineering Science Question Paper 2019 Candidate 1
MARKS
(continued)

5-0Vo—y

15ka]

Y W

Vieta I’
]

—

15kQ[
V o

speed

15 kQ! Vel
oVo—+

A section of the circuit is shown above.

(8) Calculate the reference voltage V. 2

[Turn over

SQA | www.understandingstandards.org.uk 14 of 32

DO NOT
WRITEIN
THIS
MARGIN




Higher Engineering Science Question Paper 2019

(continued)

A section of the circuit is shown.

5-0Vo -
Ze\\ SZ% SZ;\\SZ

LA

bank A

transistor A

Candidate 1
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(b) (@) Calculate the base current for transistor A when op-amp A is

saturated positive. (Assume V,, i5'0-70V).

O&HING U =TR
=763V @_G[%:DYZ7CZ§

- G‘C(’%V :—Q :%7 M/df )

¥

k]

2.65-07 T 1570 A

Transistor A has a-gain (hgp) of 140.

(ii) Calculate the collector current when op-amp A is saturated.
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8. (continued)
5-0Ve
SZ% SZ;\\ AN SZ\}
15kQ H bank B
ARUARARAN
; A :
15k0[| Ve
@ 220
Vspeed
. m transistor B
A /]:o -9.0V

15 kn[lj Vil | carmre

0Vo

() Describe, with reference to the circuit diagram, what happens to the

SQA | www.understandingstandards.org.uk

LEDs as the voltage from the speed sensor (Vypeeq) rises from 0V to 5-0V.
The complete circuit d1agra is shown above again for reference. 6

Wenda wkcm“mbs arore. 167V, cp-ampB
Sokeceles MMM‘L\ Hes Swileh “@ dM b '6‘/0"‘3
b e LEDS @T Y awﬁc}laﬁ e,

v be \/59.@@:& rreS a¥oul %‘33\/: Cco P
A sakudes  poshneln, wzh Spulkehes o1
brevastlor A, oo e H:\Ds ol banle A
S\N\J‘vdﬂ on,

Bebveen O - 1672 V \acmi&B  on, velbween

L6 = 3-33Vpedc ‘aqugdl LEDs avon,
o_v\gg)\ \aez@w,en %33 %\/ &gc,v.,ﬂ))(_,/&s VS O,
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8. ({(continued)

(d} Describe how the control circuit should be adapted to allow users to
change the speeds that switch on the LED banks. 2

Reclew 18 bored cesgocs (. ol v%k_o_)
Wit po(ﬂ\b,owéee"s f 0i _eviale t»QwS\I_JF% /
% ca.@owwc:nj osess fo @il tee ﬁé!;cmck
wlkages  so Re  LEDs swdlion o 3

&Mf Qs 0e0dS,
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a natural history museum.

beo 4T
masﬁjliaqmtock.co :
L ok Gl
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Tensile test results for three materials considered for use in the walkway are
shown in the stress-strain graph below.

450 A

material A

220
192 [
material B

stress, o (Nmm™)

60

e

0 -

strain, €

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

Maderia| B & Me bkl compured & A,
as onee &S 1 ol ﬁom(rh@% bea 1 sc.tpassel
& breples, WW podened A wll etk o e
et nestner, defsomuy befire eabuy. Mot
A— oS ‘/L‘LS @ hwp\:\f md&‘ pomfF S0 Al
ok o Jodic wdie ﬁmegﬂf Shess Hun
&, whie B hes wee %ﬁa@&w.%fo('tu«m € cs ds
pield_gomb o> Wiher,

(i) Identify, with reference to thé Data Bookiet, material A and
material C. 2

Material A /\'UICQ %w
Material ¢ Pleathoc , ATC Pz)(gcm\amkﬂ
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A partially completed free body diagram of the design for the walkway is

shown.

T24-2 kN

(b) Calculate, using nodal analysis, the magnitude and nature of the forces
in members AB, AC, BC and BD,

Complete the table below.

Show all working and final units on the page opposite.

Member Ma;gnitude Nature
_AB QLETEN STRUT
AC .25 k) ‘ TIE
BC 7.7, 4kleN T\ =
BD R Y 2N TIRWT
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Space for working

FASY(=

9 L2 A
AR = ambS > fages
o L. TOVT N 1L 28 A b
2267 kN st
2 2.
BE~ gnso
- 2. q]‘t LN Lre
2 2. T ard SL P21
ke . 2% KN
A (?)Jc‘7 («I YE\D":’ @%.L&k_\p S{‘ru/{'
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10. A mechanical engineer produced 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 33-2 kN.

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

rod.

pr=Te?
~,T{9LL|:Z
- &0, V7 v

. 3O
0.2
= 660 . g N ™

(,L,Ut M
Fo® = s

QS
= g

AR ATZ
= 0. ¥Ou
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10. (@) (continued)

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

piston rod. 1

TKL M%Fdl CS‘ 5 c@m%rcm%(v (ow, SRR
B cod ik w_m%(r (Acim bpeade o wier dr&andveis,
NR;/"&C\D bcc@(_% d-can pm}( kmcﬁxﬁ aév ﬁ;’ﬁlCdI- M(\uU

The mechanical engmeer decides to use a different pneumatic cytinder
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

iy
&=t

. B3O
et
2€2.60 Nowm™@

~
e

1= 820%

¢ =b\Gzxt0™

Ol
[

A
61707 Toe

AL = .29 X0 g m
T 0! LP?C\ v
c O T mrA
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(continued)

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 48-4 kN m™.

1-2m
0-90m . L020m
— 48-4 kN M '
: : ..
| » — o
745
/]
FCYLlNDER

(b) () Calculate the magnitude of force Fey per-

(i

ZM0
Cesm 79 %Ol = LWs.L vO,.o X CO.WS*(‘);@

GLF s = BULET7
Ta :'lé%’%s

B oz eazkN =170 kN

Calculate the magnitude and direction of the reaction at the hinge.
‘Z‘fu =&

A
Lok G4 R, = 164D xsm?l P

W .56 2, = 16230 o & = ,izd(_
e ([ - e 24
T, o= V&7 By v - o A
L6
Ep=0 o
T \GUAZETET = 6% bk
-:LPQ’BL\‘ [LN -7 ;6g‘60

D—:WW*

=\2% C L@ (5.6° I
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- A proposed design for the operation of a conveyor belt motor has the
following specification.

1.

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

MARKS

2. The motor will run if a pressure sensor(B) is high and a light sensor(C) is
low
3. The motor will run if a test switch(D) is high
(@) Complete the Boolean equation for when the motor switches on. 4
n- F{(22) D

When the conveyor belt motor starts it uses pulse width modulation to
accelerate to a set speed.
The 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
+ Abrake engages for 3 seconds
* The sequence repeats

INPUT PIN OUTPUT
7 motor
6 brake
override switch (released = 0) 1
emergency stop (pressed = 1) 0
SQA | www.understandingstandards.org.uk 25 of 32
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{b) Complete, with reference to the specification and input/output table
shown opposite, the flowchart for the control of the motor. 13

{ Start )
k:
3

MARK =4 ms

Y

" SPACE=2ms

v i
v

JhRY=MAREr]
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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
o= / Vv
valve 9 A ® e
LT 1 1
R e T
1 cpe=d 1 1 1
' | i : :
| f L valve7 i )IG ;
o
LINE i |
‘ VT :
<= : i M~ !
valve 8 =, | : E S i
I i 1
i ] 1 | 1 !
A - : '
T et e DT H=bmm e E valve 4 1
b cylinder A i cylinder B ? ' i
1 1 r
1 1 A 1
i Q%L valve 3 1: ‘N\T "
2 @4 ! | valve 6
FI ey
| M
: = :
| 1
) 1
S TP |
Vi
signal valve 2 ) ;
from _-—P[—°0V b
control i
circuit ol __;_____j
valvei =

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

When valve 1 is actuated,

' J‘?i(a‘kodr* & Seth to walve 2 and valie 9 - yelw 2
dongrs Bede gonsid cqlndsr A o wshle, wiith
cechucls ¥ clleckes  on valne 3; volve ¢ ke 903
Sl s W\'\,o'd/\ J’(-o,?a..Qg, claflr)ﬁ-cur \am{\/ el v balwe 7%
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(@ (continued)
phe @i € { C’MM&( A3 pibade ols slwps Qcc&ujdﬂ—ff vale]
&, W eeewd aor Plow o vele 2, howesee Bus cQue/J

M(f\m% oy o o> el ¥ Hopped air ﬂﬂw\ elve B ten
(Ls ol Hueegn ol G to vale kch
ch\.&UL&:u‘\ &Trr.dL a ) oulgicdes cq(u&ch,r 3 T\'\LB
pebosks, velve S (axdd sl s ek wa_wale 7),
ol S wen eadud alr o a re.%e,rvolr ancl
velie & f B slepS ady lr(aua/ &DMW&& 5, m@ulcwﬁ &
psestble [’” volile o chocgr gluk Cwun\ O e
fe SO D f,f\,u([ (deadhed s o b dofeers o> (e
widelfiechanol eseorboc Aowed e flowd , b wele Y
and A chouse Slebe agen ~ Veele pmns
c%(mfc&\r B fo miwdhe et cplpubes vole 7

cgan s vahe A_oallows aw fow B trrewgitie |

neod_opan velue? qued vabe & o valwe 2,
w\'uﬁz,\/\ choags ode w@ﬁ%@ thuc&x A
cuksive ‘f’\/‘u‘h ececliuded valye &, S(IDP‘PtU«C( At
[/@w fo UC»’LM—2 so e By can drange fode eagcm\’
cgh e 39 Bam reshs,

[Turn over
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12. (continued)
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. ‘
5-0Vo 012V
signal to
solenoid
type 2
ovo
10M g ,\'\
5 * \\ -
HAN N
2 W \\ \\\
N
M g NEA
y L\ N N
5 \\ N ‘\J \I
g N
2 ‘ N A
N N N
100k 8
g \\ N N N \\ \
0 N N
g g »\ \\ \\ N N
8 N N ‘\\ \\ NI -
£ 10k S N i
E 8 N hl AN
& 5 N A N \.\\
E 3 = N \ \‘\
2 N NNITHIN N
N N
1k ™ N \IHITAN NN
8 NOTHTING T N
2 \\\ N \4
3
2 LN
100 Iy | N
8
5
3
2
10

temperature (°C)
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(b) Calculate, with reference to the graph opposite, the resistance of the e
fixed resistor to produce a gate voltage of 3-2V. 3
Haocpsbor B= SxOSL
= ‘_Z
Vo 7 ia, Vs
To)
3.2 o awtS
sSCce
3 éLg =
G 2Z+ges
Oz, > 1L
=3O St
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. 2
Skill Bw‘fﬂ e to  @hSkract oo "Drabfq‘} p-L
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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 3-0mm.
The rack is required to move 2-75 m in three seconds.

(d) Calculate the required speed of the motor. 3
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12. {(continued}

Part of the circuit controlling the motor is shown below.

12V o—
N ;M)
||.'I
Vin —
cVo———

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

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

(e) Calculate the MOSFET drain current.

Candidate 1
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[END OF QUESTION PAPER]
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