Higher Engineering Science Question Paper 2019 Candidate 3

MARKS

Candidate 3 evidence

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).

A
E |_ '
(@) Draw a NAND equivalent for the circuit shown above. 3

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

[}
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2. A microphone in a recording studic 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

ov
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(continued)

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

ol He hoo cesshons 4 ves |

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

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

SDl"\\r\r\ g sp-oumy
< t '
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3. Aframe structure is shown below.
_1-30m _
AN & —
§‘:ﬂ 38°
2:25kN
e
Calculate the magnitude and indicate the direction of the reaction at B. 4

oo’ + 3g=128°
o o o G
go - 1287 =82
7 95t 5inS2 + 1250esS2
-~ {7#3.02 + 1385 .2
- 35%-22N
f”\cﬁn:'/'ode,: 3isg. 22N
c;:rzc;('for\ - 5T T 3FT
= 2i%°

Bugf-2e B2
———
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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

= Thé 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 - ‘Pﬂmp
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 pin = 1 then main
hich 7
check: readadc 0, pressure
if pressure <200 then check
low7
forb3=0¢tc5
high 6
pause 200
low 6
pause 200
next b3

gotg main
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int Pressure = 0;

int Pressuresensor = 0;
int Pump =7; ‘
int Light = 6;

int Startbutton = 1;

void setup(){

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

}

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

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

HdigitalWrite(Light, HIGH);
delay(200);
digitalWrite(Light, LOW);
delay(200);
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4, (continued) e

There are three faults in the program shown opposite.
ldentify the lines where the faults are and write the corrected code.
Complete for either PBASIC or ARDUINO. 2

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

Correction 2

pBASIC | Fpressores voo Then chac lt

Correction 3

A0OVING 1 (Pessore <= o0){

[Turn over
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5, A concurrent force system is shown below.
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Calculate the magnitude and angle of the force R required to maintain

equitibrium.

4

,ﬁ? ﬂ/lo.d’m\l’vek, =0 23460 cosi3) + (~Bkosin blet

=3 ¥§- L3
T
@:_éanw\ CS'XK'L‘3>
= §9.9°
_

Shocesth)

= (LFo.$+ S0L.6)+ (- 5i1q + 3658)
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6. The temperature in a room can be set by a signal from a mobile phone or
directly using a control panel.

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

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

HLMM (ko

A i
1 I
1 I
i 1
sat ; —= microcontroller - &P ~G.mpP p-heater room
temperature E i : temperature
L 4
[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 produces 23Nm of
torque.
P = Xoos e Fv
JeF
- 23 - ‘5
V=2 = q‘fz'éms_‘
=

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.

Pr \ge00x22 P23 xic

= 3q6;d03 -
E:- ]20x1°
£27

3Q é:-s.\o

gD@ O% 5&0@5
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e

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___leSS p@U{ 'S osed r‘«aam':/q less

\]OO“UH@V\

Social__ 1T 1S rmere  cost %[a,l,' ve o
EO" )/\ 0@53’?-“?,6(5 a V\A d: & [ I(I’lﬂ. QEPA Do iy
' 7 . b

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 4800kg and the
regenerative braking system is 64% efficient.

{(d) Calculate the energy recovered if the aeroplane’s velocity changes from
95msto25ms": 3

- '(ZFHXOO”?O'L
- | [FEocoo]

it .

d

\J?_‘; X3 -2%

[Turn over
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(continued)

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

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

QTQHQY\ ”-CQ(BS Fé m;f\:M:S,ch L’<@u§g M\c}-[‘m
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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 systemis.

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

12 kQ
5-0V

24k0

48KO
5.0V 0—

OVo—

{f) Calculate the value of the feedback resistor, R, when Vg, is 4-8V. 3

\p = b€

0g-?
gy =lrece ik

V; =3

2
\/@ :—%V;

Vi
et

<
=
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An exercise bike has an electronit monitoring system to tell users if they are
pedalling within a set range of speeds.

A speed sensof pfoduces an output voltage, Vipeeds N proportion to the speed
of the-pedals.

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

The control circuit is shown beélow.

5-0Ve s
: stfé SZQ SZQ \VAN
i5ke “ bankA . bankB
SZ;\\ AN SZ{\ SZ{\
o ' | transistor A g
15K || View
o 220
Vspeed
2-7kQ o
=== transistor B

15 km[l] Vs

OVe
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8. (continued)
5.0Veo—
15ka||
A
15K Ve r
Vspe%d l_
A
15 kn[a Ve
0Vo-
A section of the circuit is shown above.
(@) Catculate the reference voltage V . 2
\{ .9
PLFA T b — ﬁi—.—— oL \} S
\jrzpﬂ‘ = vE LAy
\fg =5 _ \SECO A~
T Zaoo
ﬂ.{ < 'Sovo
2 255y
Ly - e ey
[Turn cver
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(continued}

A section of the circuit is shown.

5.0Ve

led

7 VaVa¥

»

bank A

transistor A

Candidate 3

MARKS

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

saturated positive. (Assume VY, is 0-70V).

J ot Nz e

| &7 oY

d % 'l
Q: 7.'?/1 O"¥
o
: 2-Fle

Transistar A has a gain (hgg) of 140,

(ii) Calculate the collector current when ap-amp A is saturatéd.

)L\pe’ ko L‘FE— :,1\_,;’;_
= 9
\C’ T \(_- LFEXIB

ly = 2.8 2™

o ).sq gt

©03¢4
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8. (continued)

5-0Veo
SZ:\\ SZ:\\ SZQ SZ%
15kal] bark A bank B
op-amp A 220
_ : VaVaVaVa
fransistor A
15kQ[] VrefA : _9'0V OV 220
Vspegd 9.0V
2-7
\‘[O '—k-Q transistor B

T Tosov
15ko[av,efB 6=t B

OVe

{¢) Describe, with reference to the circuit diagram, what happens to the
LEDs as the voltage from the speed sensor (V,ye.q) rises from 0V to 5-0V.

The complete circuit diagram is shown above again for reference. 6
hen Vgped rises fron oV Fo Sy
He Voltege s Seb fo both op-omps
and _breacst He volbag. offer lo op-amp
s hiqh encudh Fo sstorate  lmoth Fransshn
bobl LED dpebsesttl  korn on ok
Bonk B W0 Q:Séblqu felling P[{ww
o slaw Sawn. -/
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change the speeds that switch on the LED banks. 2
“Lﬂ& aor\!‘l‘o( cirtull Sl\oo(r) [\aU‘& <
,\\aﬁ‘\a\a\-ﬂ— P'QS\\GAT)F {’D a ”om e s LED
é’b c‘/\anc/p, LQLM\ }Lu ,/Zur-m en AlSD (=3
L \ L 4 /
" Usllbecge  Supple .
¥ 7 | lu
L R EN -
X823760118*
page 18
SQA | Www.understandingrstandards.org.uk 17 of 32

(continued)

(d) Describe how the control circuit should be adapted to allow users to

MARKS

DO NOT I

WRITE IN
MARGIN




Higher Engineering Science Question Paper 2019

Candidate 3

n

9.

L

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

N

page 20
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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 .

material A

stress, o (Nmm™)

220
192 [
material B

60 11/
55

material C

Y

strain, &

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

modreciol 8 'S @ (oF more 1:)“\'“'{
Fhen  mabetal A . s Maberlal C
cong tole o lob more  Shain Lhgn
paalamad B Boub sl 6% much Sheesc |
Com@o«*e} s BHe OPLM- Poo tmpderiol s |
makeell R's | ey geloahc.éu/‘ he) e
av[’ f[z. Sanwf,ma,

(i) Identify, with reference to the Data Booklet, material A and
material C. 2

Material A Mlé Sheel

Material ¢ __ A RY Pabr corhonole

A .

page 21 [Turn over
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9. {(continued)

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

124'2 kN

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

Complete the table below. 7
Show all working and final units on the page opposite.

Member | Magnj‘tudé | Nature
AB 9 (.,. AN " STRUT
AC L{Ltfpghm "IiIE |
e T | TE
BD Lol ton Sr-@—r
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(b) (continued)
Space for working
‘ - i v 4520 -LeesEy
AQ—[LL{’LS“,\gj TZL*'(LC@SfS')-F@L:-lﬁpn L5t ’j
= D LN
; 9 51nbO+ 2l
(2L sl b~ 2L cenéS) HIk \
ac=a%
- Lk F 6N
(= \go—1 o
— GOD t s E—ZL;.ZCG_ @
v -+ CZL\-Z Sin S
/L:?-L\ i 5:9\60 + Z.L‘ -ZC—OséD)
Re A=

. ~2.Q kN

LL.othn

(5 A28
OREIRIPTATEC S LR
’ L,‘Zg,,léo ZL\ Zch
o 22
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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,

(@ (i) Calculate the factor of safety applied to the design of the piston
rod. 4

%U!Hma}?_ S)‘rzsj
=
Saﬂboorh.'\,j Sfress
- 299

660-5¢
[- 36

1

Fos.
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(i) Comment on the appropriateness of the factor of safety of the
piston rod.

1
Tla Q)—Q[‘O“ Q‘P SO—P&]‘:/ Coofc& Iae. LL'\9L£F
b "# i N v
o (3 ﬁné as F s
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.
(iii) Calculate the change of length in the piston rod under these
conditions. 4
: — 2.
E = llo €= "
&
& 7=
&= 6%-6 =
E= E: o SO
&G
= .62
6=
.4 € = Al
= 332k C
i
4at Als €&l
€& F.6 (-E)xo. 7§
- |« 26 ¢
/’-—_-_‘
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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 kKN m™,

1-2m

0-90m .0-20m

i I
: 48:4kNm"™ l
= n A : o

749
/-

FCY LINDER

(b) (@@ Calculate the magnitude of force Feymper-

(i)

E \! derr Hixo2 =l 3Sbo < 1-L

J

43S 6D=1-2
File s %

I:qﬁlr\méc’-r“ =

= SERU-BAY
—e—

WRITE IN
THIS
MARGIN

Calculate the magnitude and direction of the reaction at the hinge.

G & 3).Fs a7l —35BLgcasFL ) T 1T¥UBsEo=
P g'z_(,\Z(_L\_i_S"Z.'Z??

- S463.LN
Py
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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
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
M=(AsD . Zj+

When the conveyor belt motor starts jt 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.
« [nitially 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 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 spécification and input/output table
shown opposite, the flowchart for the control of the motor. 13

SPACE =2ms

N
MAQ\‘é' 2, n
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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.

valve5 @ A
o5 |/ W ,
valve 9 A ® f g i

]
A

F———————————————

[}

1

1

1

1

|

[}

1

1

i

1

: | X !

valve 8 = : \b% i

] l <L :

1 =P 1

T = ———— (3 Y S 4 valve 4 1

| _oytinder A t | i cylinder B ? i

i . I % i i | i

1 1 A 1

i o valve 3 M. ’/'r -

i o i __________________ i valve 6

i <1_/ i -
| =
1 1
1 1
LY — ;
signal VOV valve 2 i
from — . _F——o0V i
control :
circuit o T |
¢/
valve 1 <=

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

When valve 1 is actuated,

aolel ol is ek fo wlve koo LO')'I\CL
1 =
ackoeafes Sr’alfv)ﬂf“ ABoich aclypfes valve

% g Wa’i\/ﬂf Pﬁa[ei—' air— fo \Jo}\ﬁ— 2 3 C_Q_O.S:/lﬁr
Cq[fnécbr— A- J’D ;,I'\S;—PO}'LL OLC(LQO-H NG Uckue
) : - -
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L;L\v.\cif\ CZ_C/LUQ/‘ZS ua,‘ue, g LsL\;cg wll\
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_Bbon |n5/’(‘0[2& \Ja,l%q w,{( Send ﬁIO/C//’ ac
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A diagram of the control circuit for the solenoid is shown belew. The MOSFET
switches on when the gate voltage reaches 3-2V. This happens when the

thermistor is at 85°C.

solenoid
10M 8
5
MAN
2 N
N
1M 8 4
5 S
3
2 N
AN
100k 3 .
5
- 3 N N
e} N
g 2 N NN
§ 10k g . Y
‘Jé N \\\
g 2 N
g N e
\ N
1k NI NN
8 N NN \
5 ™ g \4
g Mz
e | N
100 g
5
3
2
10
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(b) Calculate, with reference to the graph opposite, the resistance of the ==
fixed resistor to produce a gate voltage-of 3-2V. 3
-4 ) V= (J7N -
\/ () ( U Q‘Ffmzﬁ /? 3
= T (=6-L5*(o
- OO Ny -
ﬂ-u- 80 T — \j - 3‘ L
goo
~3
= (1S v= L
s
- e
gete o
pic /é'_fsu\o 3
- S (u

The next stage of the manufacturing process requires a drive system

(c) Describe one skill and one piece of knowledge a mechanical engineer
requires to design the drive system.

Skill }3&”\‘? %GHZ {"6 L\)or'lL. L H-\ QI&C“"S
vaw\ mcwlca. _QJS/-WS‘

Knowledge 'U"‘C)”SJ“C“'\JI‘V\L? 072 e ;}ﬂo.r‘
('(\CL:\/L --&«P\—J b\)"\o—o(— Fhe Fo USe.

[Turn over
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Part of the design involves rotary motion, from a motor, transforming into

linear motion.

moftor

The pinion gear has 24 teeth and the pitch:of the teeth on the rack is 3-0 mm.

The rack s required to move 2-75m in three seconds.

{d) Calculate the required speed of the motor.
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12. (continued)
Part of the circuit controlling the motor is shown below.
12V 00— )
i\ ;M)
-
vin —
oVo——mmmm—
The motor has a rating of 12V and 8-5W.
When the motor is switched on the MOSFET has a resistance of 0-65Q.

- (&) Calculate the MOSFET drain current. 3

N g, = AlJ /AUJ,S
A\/Js =¥Z ald = JM/A\(JfS

= 0-FA
/M;”'—,——_

[END OF QUESTION PAPER]
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