N5 Engineering Science Question Paper 2018 Candidate evidence

Candidate 1 evidence

SECTION 1 — 20 marks
Attempt ALL questions

1. A team of engineers is designing a kitchen blender.

(a) State the type of engineer that wotld calculate the size of the gears to
be used in the kitchen blender. , 1

Mehomsed, Eaopmeer

(b) State the type of engineer that would simulaté the speed control circuit
in the kitchen blénder. s 1

Elecranic €notaee”

2. An electronic circuit is being designed to méet thé following specification:
* Vj, should increase as the light level detected increases.

Complete the circuit diagram below to include an LDR and a fixed resistor so

that the circuit meets the required specification. 3
+V O *
S
N
Vin
0V o
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3. A bike and carrier are shown below. Each bike wheel applies a force of 15N
onto the carrier.

A A
0-2m 1-1m ] {0-1m
Y Y
Ry R,
Draw a free body diagram for the bike and carrier shown above. 2
SN bS N
L]
PalS 3 ¥
O 2 ' [1m \6-\:«?
e " R2 4/
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4. A motorway speed camera is designed to photograph any car that is being
driven above a set speed limit.

The sub-system diagram used to represent the control of the motorway speed
camera is shown.

j i
moving car —— speed i
: sensor :
1
i Y E
set speed output | h
- - ‘ photograph
K : control AP camera —‘i—> oo
I
e e s i
(@) State the type of control shown in this sub-system diagram. 1
Closed. Loop
(b) Describe the operation of the motorway speed camera. 3

The speed limit is set.

le, coctto\ Loty Chechs He ser vale
with te real vlue 5 the Coer It the veal wahe
”\,&’L‘L Cor 55 o recil Hhon tla cor S/_ee,i
[rmw, e CMHO{ wity  Sends &, gaa,\na( ro
A kUt e wolid. W\gﬂ iHes M»Q/
v nal t0 gouser Mo comora_ lach tabey
08 WLOVO by tho 3(@3“1@ Co.

5. A buzzer is a commonly used electronic component.
Draw the symbol for a buzzer. 1
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6. Two beams with applied forces (F) are shown below.

Fe—»i Beam A |e——F
F <—| Beam B f—» F

State the nature of the force acting on: 2
Beam A C O M‘lffessim
Beam B (T%SY o\

7. Complete the pneumatic symbol shown below for a 3/2 solenoid spring return
valve. 1

7
!

oH _t

a
| -
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8. The simple gear train, shown below, has been drawn using incorrect
conventions.

~
~
L ]
-
><:::'-/\
®
N e

’,
~
s

_____

______

Déscribe two errors that were made when drawing this simple gear train.

Error 1 T[‘e/ e Wlw in )/_Z“”} Y/ %@“qu )5
omdAloy leu Leon s Gindes myread o recrung os,

érror?_ Q/_,LQU‘;M% boe lon wed 1o ko tha
opan s el 2 ]l e

9. Draw the logic diagram for the Boolean equation shown below.

Z=(A+B)+C
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SECTION 2 — 90 marks
Attempt ALL questions

10. A ball firing machine used by tennis players to practise is shown below.

The machine is operated by a microcontroller. Input and output connections
to the microcontroller are shown in the table below.

Input connections Pin Output connections
. 7 ball ﬁh‘ng motor
6 red light
5 green light
4 ball release
start button 0

The machine operates using the following sequence.

1.  When the start button is pressed the ball firing motor starts and the red
light switches on.

2. There is a 5 second delay after which the red light switches off and the
green light switches on.

The ball release is then switched on for 0-5 seconds.
The ball release is then switched off for 2 seconds.

Steps 3 and 4 are then repeated ten times.

o U oa W,

The ball firing motor and green LED then switch off and the system
resets ready to be used again.
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10. (continued)
(@) Complete the flowchart for the sequence, with reference to the Data
Booklet.and input/output connections. Include alt pin numbers and delay
units in your flowchart. 10
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10.

{continued)

During the design stage, the strain acting on the machine was analysed. It was
found that when the machine was fully loaded with tennis balls, one leg'had a
strain of 0-0016.

(b) Calculate the change in length of this leg when its original length was
1200 mm.

L= AL
Lo

- Al
O —OO[() -z-go

A k,"/ [200%0’901g

A2 1A lew
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11.

A circus acrobat on a trapeze swing is suspended high above the ground. The
motion of the trapeze swing is shown below.

(a) State the type of motion shown.
Oscarlont oy

(b) The acrobat and trapeze swing have a combined mass of 69 kg.
For the acrobat and trapeze swing:

(@) calculate their potential energy when they are 6-8m above the
ground;

£ pansh
E]pl sl yﬂ,??(é—g
ﬁf; 4{/§ ag 16J

2
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(b) (continted)

Candidate evidence

(i) calculate their velocity when their kinetic energy is 970J

e 3 g N

U:gog"")s—(

(c) Part of the supporting structure for the trapeze swing is shown below.

S1 S2

F=680N

(i) State, with reference to the Data Booklet, the condition of

equitibrium which does not need to be considered when studying
forces.acting at a.single point.

=,
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11. (¢) (continued)

(i) Determine the size of force S2 using the scale drawing of the
triangle of forces sfiown below. 1

F=680N

[Scale 1mm = 10N]
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11. (continued)

d A maxirmum of two acrobats can hang from the trépeze swing at any one
time. When this happens the forces in“support wires $1 and S2 are as

follows:
S1 = 1300N S2 = 930N
The table below shows materials that were considered for the support
wires.
Material A | Material B | MaterialC | Material D
Maximum '
vasiie load 1000N 1300N 3250N 4500N
Durability High Low High Low

Select the most suitable material (A-D) from the table above to be used
for the support wires and justify your choice. 2

g

Reason for choice L&,\ haw ‘”)L\ hrehi] “‘“a S0 M
résxsa/ ew w\fk)c{mf, pw\dove, 5Mno) e,nw/fa
b e oble Ap gl T BOON ool AROV
-1?/\/\5?[,& {5ac)S =

Choice of material
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12. A design for a child’s secret diary is being developed. The design includes a
keypad to enter a code to unlock the diary.

The logic circuit for the controt of the lock is shown below.

Ao———— L =1 unlock

L=0 lock

Co I_

(@ (i) Complete the Boolean equation, in terms of inputs A, B and C, for

this logic circuit. 2
e CHRT) -
(i) Complete the truth table for the logic circuit shown above. 3
A B C D E L
0 0 ! Q| o
0 0 1 i O @
0 1 o | 0| | @
0 1 1 O o O
1 0 0 ! | @
1 0 1 \ | l
1 1 0 0O G | &
1 1 t | £ O | O
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12. (continued)

(b) An electronic engineer decides to use a microcontroller based system to
operate the lock rather than a logic circuit.

(i) Describe a functional advantage of using.a microcontroller based
system rather than a logic circuit to operate the lock. 1

Flo microcontolles com @M[ -
FJ-W‘\(MM&‘L  hue /vu&\w[:o Lty o
mwmioy tha Maicele oy w&zaa? (gwysrons:
DA L (Rromite T)M/ M(CrOCaﬂmW hoo
lo?SFMS Ond Con b pved rore eoflsy

(i) Explain why using a microcontroller based system, rather than a
logic circuit, is better for the environment. 2

Whon ot miceo—comdlar s clana sl
‘Q,\\hwl WWV(D@ v Con Lc_ r{pmﬁrwmol
0 \/10\4/2/ 8-l PRy o LML S be
Lsed. rulafle o o gy Mongd taseesd

o Lcmmeq o om L)fc/nclnw/ (Og)rc, c,?(th‘n/
I,U)mj u/]v Mtk%—tmdk\ﬁ NMyLroCanrroles &OW

lhave 10 oo XeetW sy due o 3T
(e—wsc\\{'\\\/&“) 4
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13. A sailing catamaran is

sail
boom

deck

shown below.

shown.

3-2kN

mast

hull

1-8kN

2:5m

2:5m

1-5m

Ry

Rg

A simplified diagram showing the forces from the catamaran and crew is

(@ () Calculate the size of reaction force R,, by taking moments about R;. 3

SCWMz= 2 AUy

Cr-S¥l I ¥ 3803-2) 3 SR,

g (599 s

Rez ) J41cn)

5
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13. (@) (continued)

(i) Calculate the size of reaction force Rg. 2

S Fpr S Pl
RaRe = 2.2+ 1-%

Rn?_g;”" 2.‘4
Rg= < -Fe ki

(b) Describe two specific roles a structural engineer ‘may have ‘had inh the
development of the catamaran. 2

1 He Ladd, [101)2/ o)&wnaﬁ, Ho Luu b/l morredals
{LOVV COWW\W«SWLNW@MW
2 \H&b \4/0\/\-10{ LLW éxc(‘ﬁne,i ‘((1‘-1/5_{"/1,(/(/!'\/)’3—

d’Lf/ Mas T So Jp S Q-cda(éamc)\co’h
w\J\n%mk N gora. g2 O the cand and A0~
L(a;l%u oov rQ(‘(/55w€’/
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14." A desktop fan is shown.

Fan-

Base

ymgerman/shutterstock.com

A possible circuit used to control the operation of the fan’s motor is shown
below.

6:0Vq
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14. (continued)

(a) Describe the operation of the circuit shown opposite, as the temperature
in the room increases.

Include reference to the resistance of the thermistor and the voltage V,.

As the temperature increases...

4le RSyt 0, —PLQ/ Hwﬂqgwc)@cﬂwes-

Tlo  wluge o Ho B pisir e oceases. T,
(J@'V)‘dg e oy :ﬁ/@/ (2455 42V | fncetoges o8 o
hos e l"f?vw Showe. G tho resssronce. Ll
Vpa s @Uuoi t fﬂw Horeshold o Ye
£ nsostdy | o S petvekes on - Tha krensis e o lows
Crtyeny &o {/llfvf/ ok Ghen Coverens ,Fla\pff/

e Mot &y o Hon N o
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14. (continued)

The input sensing circuit of the fan is shown below.

6:0V O

ov ©

(b) Calculate the resistance R, when V,, = 4-5V.

{h2e—t-s=( -5V

YZK:’FL o S aS L. e
@z [GRIN e = "o
Lol CA
e 16
R, Lsx (6
T £-S

=S 3k

(©) Describe how the input sensing circuit could be modified so that the user
can alter the temperature at which the fan motor switches on. 1

TL‘-LU\\\?.C&(L S v ﬁ«w’\a\ be /‘QV(Q(,PA L% M
Vool (estanr, Sk Gn Yen medivn (Ertiaie,
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14. (continued)
(d) Determine, with reference to.the graph shown below, the resistance of a*
type 4 thermistor when the temperature is 25 °C. 1
Lol sole
10M 3 < TN
5 AN
3 \ N A,
2N N
TV NEA )
g \\\ ;‘ ‘\\ \n A
N[N
% AN N Q‘
Al N y
100k P NN INL N
g Sl N N N N\
A N ) N
(=} % \‘\ TS k q :\
§ 10k \\\ \\ N N N \\
.g g N ™ NN
g 3 Ny 'N N N
o 3 N NG TN N
1k NI Ny
3 Iy N N4 |6
2 Rl
100 M| N3
8
5
3
2
10
I | 1 o N Ul N = = N NW
~ 8] N o1 O U O NI O 1O
(8] o o o o O OO
Temperature (°C)
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14. (continued)

(e) The base of the fan has a force of 25N applied to it and a stress. of
0-029 Nmm™2,

Calcula,ite the cross sectional area-of the base of the fan. 3
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machine is shown below.

1

input
(motor)
880 revs min~!

Gear B 32T

oy

Gear A 8T
Gear C

(@

Til Gear D 32T
| | P ]
16T

output
(mixer paddles)

(i) Calculate the output speed of the mixer paddles.

15. A food processing company uses an industrial mixing machine to combine
pastry ingredients. A compound gear train which forms part of the mixing

<Q

URZ clpwr she
Noaliti e

¥ g sie

r[/v\— s

; . 50
S V& oho:/rj[‘-?z.k.,

O Lrfor S :_“;_;?

{

(ii) Calculate the velo

g speed-= [Oreysmin~

city ratio of the compound gear train.

U=

N

uk= 3z

% Olurfw~ &
___,_".._——-/
?qfwgﬁﬁ
32
e

& 6

&b
vLz=F 3
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15.

(continued)

(b) During testing it was found that the mixing paddles were rotating too
slowly.
Describe one change that could be made to Gear B in order to increase
the speed of the mixing paddles.

Tec

2 t /

}s .Ch)

Gidf 23 €@ULM (e Mode o redue
e OR ét:) L]dmy WM@%@/@J’»
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15.

(continued)

Portions of the pastry travel along a conveyor belt where a pneumatic piston
presses them into pie casings.

The pneumatic circuit shown below operates the piston when the pastry is
sensed in position.

Afr bleed Cylinder (&)
~ ' [

J ] [ I Component
®— : ‘
=L 11|
Valve@ I = I C
1& 4 /’r l

—<t~===" Component
g Valve

@ V(bV .
(c) Describe, using appropriate terminology, the operation of the pneumatic
circuit, shown above.

When the air bleed is covered valve 1 is actuated.
ﬂ‘/v:S g@n(}o a 0“,‘0’ oA Srﬂ)r\@b\ to UC\JUC 2-

[ eSS I\a\ v fe CLMV\(/ STt Ty cawses Cc,,(MJa/
ke +o®wr§m§l% Lhen e o3 bloak o 10 Ly
coetd o Stynol ts e ol o hew

(\jldu/)dt valve 2 va;mo) B B W;Wt,[
O/NL,(/L{/ C/H\A\\Mﬁ( do (s tdhe .
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15. (continued)

the pastry.

(d) Explain why an air bleed was selected as an appropriate way of sensing

Wen g, adr Uﬂ@z)\/ (s Comed thew 15 o woy

2

“x S sty the Py, onde Uhorewst” the

W[Aﬂ"'\ % 561f\JQ’J\ -V{”‘“-Cb)l{nchr/ ot owymroLg,

0\/14 ﬂﬁsj M tnre ,}/ML /)a Cw}@m,g

73N.

(e) The piston has a cross sectional area of 810 mm? and produces a force of

Calculate the pressure supplied to outstroke the piston.

SQA | www.understandingstandards.org.uk
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16.

Electric cars have been developed as an alternative to fossil fuel powered
vehicles.

(@ () Describe one positive environmental impact of using an electric
car. 1

“Fhes) do nox use fossil }gwe(s o do aor mzrcl%
CO 2050 fhor Come L[Mdr\b ehonog miaxr llure

(i) Describe one negative economic impact of the increasing use of
electric cars. 1

Lt ‘“"W’\ P(M“ MW\'\WWMO\, dresel omdl
VMU"” OU/’/ Lusress 05‘ -i_ﬁg_} ol besss
fayle by ot vebiilors,
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16.

(continued)

Part of a circuit used in an electric car is shown.

5-6kQ 12kQ

15kQ

(b) Calculate the total resistance of this circuit.

ﬁ\": e’\ﬁﬁz—z,
Rire,
« \2%4-6
PR
¢y 5o

Re= 3.3%0

~ 29515
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16.

(continued)

(© (@) Calculate the voltage across the 15kQ resistor when the current

flowing through it is 0-6 mA.

SR - .
o o-6xI6T? X (A0

(ii) Calculate the current flowing through the 5-6 kQ resistor.

Vez eV = us-Ua

Ve g = L
(/l—-ﬁ UL"«BL/

L:@,gfmk

Electric vehicles are now considered to be an established technology. An
emerging technology is one that has still to be tried commelrcially within a

product or system.

(d) Explain the possible impact of an emerging technology that you are

familiar with.

Z’\mw«\ willuse Jv“ nes Afogr de( Ewn‘fv\ lpach@y&f-TLw-

Im% v C/Lc-l.wzg chers our ?)o[os,TC;S Ll et

pew 399t peyle w8 hy done to  cssromens
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17. A grilling machine is shown below.

The grilling machine has an input electrical energy of 1200J. Only 790J is
transformed as useful output energy in the form of heat.

(@) Complete the energy audit diagram below for the grilling machine.

Include details of the energy forms and their values. 3
energy in energy out
\etmial oy, lear Ero
l\200 |, __,| Griling | _ 740 |
I — machine ——

l

energy losses

Merond Serl Gy
4o

Space for rough working

Noo~— 10 — ‘HD’)/
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17. (continued)
(b) Calculate the efficiency of the grilting machine. 2
= 6&/]’
i
(]/ = "34°
(200
66 7 Eprictin
() The grilling machine uses feedback to maintain a constant temperature.
(i) State the type of control that uses feedback. 1
C/[,@ Sk L@C’\f
(if) Complete the sub-system diagram below for the grilting machine. 3
B e e e e B o S s ks |
| |
I
! Te mperore !
: ge/r\ s :
[ I
I I
I ) I
| |
]
Preset —:—» Cont{ol H %u_tput - H-QW —o—:—> Constant
temperature | um ik | temperature
{ I
I !
Lo s s s s s, e g . o o - o . . — . o o, o o = |
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17. (continued)

(d) An upgrade to the grilling machine includes an LED to shéw when the
required temperature has been reached.

(i) Draw the symbol for an LED in the position shown below. 2

#V D—Qﬂ—o ov
LED
(i) During testing of the circuit it was found that the LED was
destroyed.

Describe one alteration that could be made to the circuit to
prevent the LED from being destroyed. 1

Kot gnle gl tosies wh e
L,E,\O 0 Swyir L&ﬁ'ﬁ <>.7r<¢fl@<wu’")L with CUTte i
On0d descroyed .
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Candidate 2 evidence

SECTION 1 — 20 marks
Attempt ALL questions

1. Ateam of engineers is designing a kitchen blender.

() State the type of engineer that would calculate the size of the gears to
be used in the kitchen blender. 1

M&OL\AI\.{LG"L Cr\qi/\-a{(
N

(b) State the type of engineer that would simulate the speed control circuit
in the kitchen blender. 1

e/'LCC'{’('of\‘\C @Au\\.(\ee(

2. An electronic circuit is being designed to meet the following speciﬁcétion:
» Vi, should increase as the light level detected increases.

Complete the circuit diagram below to include an LDR and a fixed resistor so

that the circuit meets the required specification. : 3
+V O
N
Vin
o0V O <
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3. A bike and carrier are shown below. Each bike wheel applies a force of 15N
onto the carrier.

0-2m 1-1m 0-1m
Y Y
R1 RZ
Draw a free body diagram for the bike and carrier shown above. 2
lsN LEN
Io.z,\? L-1m T 0 -(m

! LT m
r

s B y
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4. A motorway speed camera is designed to photograph any car that is being
driven above a-set speed-limit--

The sub-system diagram used to represent the control of the motorway speed
camera is shown.

I
I
moving car —-»~ speed |
! SENsor. . i
] 1
N | — i
set speed oy " output i h
s : : - photograph
limit T’ f:ouiutr?l driver ik _i-» takgén
T
(a) State the type of control shown.in this sub-system diagram. 1
a~tom k¢ Closed (oo
(b) Describe the operation of the motorway speed camera. 3
The speed limit is set.

wlean \’t\(_ S2e ek SensSoc c/qut-erbl’b

& Cal rMovitty obove toe §-&%F

& ok \ S "\’V:SG‘(\J&(‘S Yo ow teoni

OL(\.M( Yo ke ke Qv?bvdqurwh

w (rin Ve Cécnmera.

5. Abuzzeris a commonly used electronic component.
Draw the symbol for a buzzer. 1

sl
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6. Two beams with applied forces (F) are shown below.

F—»‘ Beam A l<—F
F<—| Beam B ]—»F

State the nature of the force acting on: 2

BeamA_S Xz n

Beam B _ tens o

¢

7. Complete the pneumatic symbol shown below for a 3/2 solenoid spring return
valve, 1

/]
o}
a

E

[Turn over
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8. The simple gear train, shown below, has been drawn using incorrect
conventions.

e

e
\\
’
”
Senrmmrl
~
v

’
’
\
.
-
-

......

~~~~~~~

Describe two errors that were made when drawing this simple gear train.

Error 1 TL" C:\Jews' ovﬂ/f(é\f

Eror2_ X re S hef b5

&t Yoo
o 6-(/V‘-’—f

cloac

9. Draw the logic diagram for the Boolean equation shown below.

Z=(A+B)+C
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SECTION 2 — 90 marks
Attempt ALL questions

10. A ball firing machine used by tennis players to practise is shown below.

The machine is operated by a microcontroller. Input and output connections
to the microcontroller are shown in the table below.

Input connections Pin Output connections
' 7 ball firing motor
6 red light
5 green light
4 ball release
start button 0

The machine operates using the following sequence.

1. When the start button is pressed the ball firing motor starts and the red
light switches on.

2. There is a 5 second delay after which the red light switches off and the
green light switches on.

The ball release is then switched on for 0-5 seconds.
The ball release is then switched off for 2 seconds.
Steps 3 and 4 are then repeated ten times.

The ball firing motor and green LED then switch off and the system
resets ready to be used again.

il
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10.

(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.

Wa &+ Q-9 Sees

Y

bl celesseoee/
¥

Jwait 2sees |

grccr\ ‘L‘\%M‘ OFL

10
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— 10— (continued)

During the design stage, the strain acting on the machine was analysed. It was
found that when the machine was fully loaded with tennis balls, one leg had a
strain of 0-0016.

(b) Calculate the change in length of this leg when its original length was
1200 mm.

A =€l

p-00L6 x VLOO

B

K

[- 47 m ™M
- A=

————
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11. A circus acrobat on a trapeze swing is suspended high above the ground. The
motion of the trapeze swing is shown below.

\_/

(a) State the type of motion shown. 1

(‘{,c,-?(‘O co X h‘_j

(b) The acrobat and trapeze swing have a combined mass of 69 kg.
For the acrobat and trapeze swing:

(i) calculate their potential energy when they are 6-8m above the
ground; 2

g h
6 x AP 6-8
45 - l6 g

-/'_

te

() 1)y v

[Turn over
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‘H+ b)) (continued)—

(ii) calculate their velocity when their kinetic energy is 970 J.

4.

V= Bk
2

- @70

T Ly xéd
—1%-\1 $

oafe 911

2 %-S S

S

F=680N

forces acting at a single point.

(c) Part of the supporting structure for the trapeze swing is shown below.

(i) State, with reference to the Data Booklet, the condition of
equilibrium ‘which does not neecj to be considered when studying

2 M\ O
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11.

(©) (continued)

(i) Determine the size of force S2 using the scale drawing of the

triangle of forces shown below. 1
F=680N
[Scale 1mm = 10N
S2 A
s2-450 y
[Turn over
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—t1——(continued)

(d) A maximum of two acrobats can hang from the trapeze swing at any one
* time. When this happens the forces in'support wires S1 and S2 are as

follows:
S1 = 1300N S2 = 930N
The table below shows materials that were considered for the support
wires.
Material A | MaterialB | MaterialC | Material D
Maximum '
tensita land 1000 N 1300N 3250N 4500 N
Durability High Low _ High Low

Select the most suitable material (A-D) from the table above to be used
for the support wires and justify your choice. 2

Choice of material Mater L D

Reason for choice _L T ¥ S e DIM:\) maken 2\
Yol eom  Tibde brwe. Bowloirek
Veant 9 ke acfobatD,
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12. A design for a child’s secret diary is being developed. The design includesa
keypad to enter a code to unlock the diary.

The logic circuit for the control of the lock is shown below.

A o—————— L =1 unlock

L =0 lock

Co ,_

(@ (i) Complete the Boolean equation, in terms of inputs A, B and C, for

this.logic circuit. 2
L= (A- —E;} sl
' (ii) Complete the t;'uth table for the logic circuit shown above. 3
A B o D E L
o | o | o ‘ R )
0 o | 1 BN
0 1 0 O 0 0
0 1 1 Ol o 0
1 0 0 | \ (@)
1 0 1 ( A \
1 1 0 Q Ol 0
1 1 1 o 0 0
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(b) An electronic engineer decides to use a microcontroller based system to

operate the lock rather than a logic circuit.

. () Describe a functional advantage of using a microcontroller based
system rather than a logic circuit to operate the lock. 1

.\’rh'ﬁ ('e-er"o 'iprm"‘\""-«b“e \MWt)"’j
(bl Taskead o necdd g
)

Y\ e w _ea.f_"‘s.,‘ FLe M.cro Coatgoller

Can Just b e P S (PO 2 L.

(i) Explain why using a microcontroller based system, rather than a
logic circuit, is better for the environment. 2

be cenat FPewedt Peck are
feqvo-wml Cor oo v\l e cor b rolers
Lk ey Leg g %g Gchor s
frohece  barmed  eincg et Ty
Pul b=
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sail
boom

deck

shown below.

13.  Asailing catamaran 1s shown.

3-2kN

hull

A simplified diagram showing the forces from the catamaran and crew is

1-8 kN

2:5m 1-5m

(@

Rs

() Calculate the size of reaction force R,, by taking moments about Rg

> wm

F’JA

= £ e (N

=(fe d'l) o)

Et" % 8
Fe ’SiN

I

1 Gx 15T C3 L)k Leauts) o
757 S0 BNgang =1

%y
o

/

dt=\:5m
N Fax6s=1t4 dnzén
-5 dzz 6-5m
F 5,<(4- %
(/5 - 5’?)1

3
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13. (@) (continued)

(i) Calculate the size of reaction force Rg. 2

T

(b) Describe two specific roles a structural -engineer may have had in the
development of the catamaran. 2

1_de &es"wg»\-oe—k% Priie OF
\/\AL_,_ W C",& alrm—erahn
2 ["eﬂ'*[.\'v‘\ t e Lot~ rmalan ‘H«rzL_fk
S - J
wprnpader S\ malplesd o AL

[Turn over
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14. - A desktop fan is shown.

Fan

Base

ymgerman/shutterstock.com

A possible circuit used to control the operation of the fan’s motor is shown
bélow.

60V

16 kQ
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14. (continued)

(@) Describe the operation of the circuit shown opposite, as the temperature
in the room increases. 4

Include reference to the resistance of the thermistor and the voltage V.

As the temperature increases...

I e ¢ es) brnce ‘\r\,c/néos‘—esf' E

yws/("‘w" S S f-c-'kbo& 0N oS

we b a8 e LER, whick
W %0\&5 ‘Fur‘o“d h e

collbec bo ¢~ o pfle

rr"cvwb m TRl anN o b e

e/vw':sci’l—-c/.
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14, (continued) . -

The input sensing circuit of the fan is shown below. .

6:0V o -
_t°
R
16 kQ
ov © .

(b) -Calculate the resistance R, when V;, = 4-5V.

‘\/0wa—: I”g\/
g ..
—'_\-/;_é“?m

&5 _ hooo
6 e
1600019

b= s

(7 B

(c) Describe how the input sensing circuit could be modified so that the user
can alter the temperature at which the fan motor switches on.

by eddry g cTabbe msTehor
/
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14. (continued)
(d) Determine, with. reference to the graph shown below, the resistance of a
type 4 thermistor when the temperature is 25 °C. % A
10M g V\‘ \ 1)
B A
% \\ ‘\\
N N
1M 8
5 \; N N N A
F{EEAN NTH \\
2 N N
N NN
100K P PN ol
\\ N \ A N
a g ‘\\ h \\N A ~i
N 2 N
(] N NIIN
£ 10k g AS ) Rl
::é 5 NN \Q
\‘ N N N
g 3 SUERHR N
" SISO
8 NN \\
g “qh\ 4 6
2 L
100 | N3
8
5
3
2
10
§ & & ° ®23353 BES
Temperature (°C)
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14. (continued)

0-029 Nmm™2.

Calculate the cross sectional area of the base of the fan.

(e) The base of the fan has a force of 25N applied to it and a stress of
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machine-is.shown below.

15. A'food processing company uses an industrial mixing machine to combine
pastry ingredients. A compound gear train which forms part of the mixing

input
(motor)
880 revs min™
h  GearB32T
[ 1 = )
Gear A 8T 0 Ilr T Ji Gea: D327
Gear C 16T J i
output

(mixer paddles)

(@ (@) Calculate the output speed of the mixer paddles.

g
/g“ =
A0 ==
VO

4- 34
T

T e 1
9710
- )
e R " OPGVS Min
— o it

G

}

(i) Calculate the velocity ratio.of the compound gear train.

.\/{2:

-

Sgeed of et

th.____——--.'-ﬁ
Seeel o &~ o—tet
REO

J
\LO
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15. (continued)

(b) During testing it was found that the mixing paddles were rotating too
slowly. '

Describe one‘ changé that could be made to Gear B in order to iﬁc_réas'é
the speed of the mixing paddles. 1

4
dc@x(/r\-(/v%-@ e ./rvt«/Mb er OF

[Turn over
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5. (continued)

Portions of the pastry travel along a conveyor belt where a pneumatic piston
presses them into pie casings.

The pneumatic circuit shown below operates the piston when the pastry is
sensed in position.

Alrbleed . Cytinder (A)

_T - : l Component
o I
= i
Valve @ >

[}

Og e D ‘ i A Component

3 T
Q—
Valve (2) vev @
(c) Describe, using appropriate terminology, the operation .of the pneumatic
.circuit, shown above. 3

Ni

When the air bleed is covered valve 1 is actuated.

Ve llve | ieen gEP Flons

U vl 1 wh T o, oo Cheadac
FBa. c,td LTrnde A . e 47 e
chbouj CtaAe L 4 Cre  en T et

V‘f/S,Hf& 1’0(‘(/»0\1_ Fextrol & nalleg

Fre eo3twa  tese o Slewly.
§ ot
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15. (continued)

(d) Explain why an air bleed was selected as an appropriate way
the pastry.

of sensing

(e) The piston has a cross sectional area of 810 mm? and produces
73N.

Calculate the pressure supplied to outstroke the piston.

a force of

F
F= 1
= 25

P

Lo
= Y N

[Turn over
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16. HEectric cars have been devetoped as an altermative to fossit fuel powered
vehicles.

(@) () Describe one positive environmental impact of using an electric
car.

> R,

ke Nes fro m pokrol/dlesel

(i) Describe one negative economic impact of the increasing use of
electric cars.

Jobs  are Lov> cretag oyl
~J
At esel
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16. (continued)

5-6kQ

15kQ

Part of a circuit used in an electric car is shown.

12kQ

L

(b) Calculate the total resistance of this circuit. 3
Rz Q.+« R~
A\ X 22
— o6 xiT
- 6 §7 ]
— 74 fe (L
/——
O — Qi+ L2
= 4% b5
-'-——/‘7’
&-‘_-____-—‘
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16.

(continued)

©

Electric vehicles are now considered to be an established technology. An
emerging technology is one that has still to be tried comme‘raally within a

(i) Calculate the voltage across the 15kQ resistor when the current

flowing through it is 0-6 mA.

\/ﬂ L €
— e < \'SG)ch;

- p.o00e&e

= < G \/

T

(i) Calculate the current flowing through the 5-6 k() resistor.

product or system.

(d) Explain the possible impact of an emerging technology that you are

familiar with.
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17. A grilling machine is shown below.
The grilling machine has an input electrical energy of 1200J. Only 790J is
transformed as useful output energy in the form of heat.
(@) Complete the energy audit diagram below for the grilling machine.
Include details of the energy forms and their values. 3
energy in energy out
eleckCic ta e
—~
t-wo J , Grilling = C(/O J
S s machine e
. energy losses
(gt
Lo
1 Space for rdugh working '
{ pLov 720 = FLo 0
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17. (continued)

(b) Calculate the efficiency of the grilling machine.

\\

23 I @kh-ehk
P(-’\C“ """c:) D R o, LSS
C (-f\ft-\/k

4 O

i

xKLovo

(i) State the type of control that uses feedback.

Clos—e A

(¢) The grilling machine uses feedback to maintain a constant temperature.

Loo 72
]

(ii) Complete the sub-system diagram below for the grilling machine.

I
I
I
I
I
|
|
|
|
|
|

Preset —{—»

temperature |

Control
unit

Output
driver

e S

e Constant

temperature

[Turn over for next question

3
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—17—(continued)-

(d) An upgrade to the grilling machine includes an LED to show when the
required temperature has been reached.

(i) Draw the symbol for an LED in the position shown below. ' 2

[ Ir |
+V O—— ov

LED

(i) During testing of the dircuit it was found that the LED was

destroyed.

Describe one alteration that could be made to the circuit to
prevent the LED from being déstroyed. : 1
e ol o~ (CST ror  beeore

v &
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1.

SECTION 1 — 20 marks
Attempt ALL questions

A team of engineers is designing a kitchen blender.

(a) State the type of engineer that would calculate the size of the gears to
be used in-the kitchen blender.

\wlen (e | oG \ween

(b) State the type of engineer that would simulate the speed control circuit
in the kitchen blender.

_obetMiCel  anenineen

An electronic circuit is being designed to meét the following specification:
* V,; shouldincrease as the light level detected increases.

Complete the circuit diagram below to include an LDR and a fixed resistor so
that the circuit meets the required specification.

+V O

L B

&
=

0V o
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3. A bike and carrier are shown below. Each bike wheel applies a force of 15N
onto the carrier.

0-2m 1-1m -im
Y Y
Ry Rz
Draw a free body diagram for the bike and carrier shown above. 2
SN

e, Lobee . g
3] N

Ri R2
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4. A motorway speed camera is designed to photograph any car that is being
driven above a set speed limit.

The sub-system diagram used to represent the control of the motorway speed

camera is shown.
| s s e e e e o T T O T T S e 1
1
| speed

moving car —-»=| P

Y

1

1

]

1

! sensor i
i ;
| |
i i
I

set speed | outbut photograph
tmit -E-> control Soar camera —;—» e
! :
(a) State the type of control shown in this sub-system diagram. 1
opon  \eod  Gontwoll
(b) Describe the operation of the motorway speed camera. 3

The speed limit is set.

\rwu\ & Cor O post
Lomen/ @, Yhroy S@&fb
ConSorc il dlﬁ\awsv \‘\rQ/
WAV (VS Sowed ad L M
%@M_\_S_‘Lb_nﬂ/_wqm@ Bk
\\&M\ \W ool vl Lend w.%@%’ﬂw\
e We oot Qo v ki
W (ool Vo o o\r\©¥o€)\rw\r\ @%
\}\AV VV\QVI"‘é N

5. Abuzzeris a commonly used electronic component.

Draw the symbol for a buzzer. 1
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6. Two beams with applied forces (F) are shown below.

F ——> Beam A -«—— F
Fe-— Beam B —F
State the nature of the force acting on: 2

Beam A 6 LV\%S :
Beam B @—)S(\j\ov; A}

7. Complete the pneumatic symbol shown below for a 3/2 solenoid spring return
valve. : 1
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8. The simple gear train, shown below, has

been drawn using incorrect
conventions.

I"’ ~\\\\

~~~~~ ," \\

P ~ \

/ N \

/ \ -

\ 1

' ° i ° i

1 b H

\ ) ;

\ ra i

b S d ‘\\ /

\\\ III

~
~~~~~~

Describe thyv re made when drawing this simple gear train.
Error 1___» V J m%@w\)}w \E\'*(/S '
\ne o hoSonVive, MO Coor Rss airen,
Error 2 M NNV o) NI oS -

i Q)O\'\:&D ¢ W

9. Draw the logic diagram for the Boolean equation shown below.

Z=(A+B)C
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SECTION 2 — 90 marks
Attempt ALL questions

10. A ball firing machine used by tennis players to practise is shown below.

The machine is operated by a microcontroller. Input and output connections
to the microcontroller are shown in the table below.

Input connections Pin Output connections
7 ball firing motor
6 red light
5 green light
4 ball release
start button 0

The machine operates using the following sequence.

1.  When the start button is pressed the ball firing motor starts and the red
light switches on.

2. There is a 5 second delay after which the red light switches off and the
green light switches on.

The ball release is then switched on for 0-5 seconds.
The ball release is then switched off for 2 seconds.
Steps 3 and 4 are then repeated ten times.

oo oA W

The ball firing motor and green LED then switch off and the system
resets ready to be used again.
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10. (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. 10

start
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10. (continued)

strain of 0-0016.

1200 mm.

During the design stage, the strain acting on the machine was analysed. It was
found that when the machine was fully loaded with tennis balls, one leg had a

(b) Calculate the change in length of this leg when its original length was

.é:

«\20@

(g2 =

N
L

(;)~DO\~6 - .;A_i/—-——

V2o
« (Lo

DU

Ab= LA L v
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11. A circus acrobat on a trapeze swing is suspended high above the ground. The

motion of the trapeze swing is shown below.

‘\\\\\\\;___;,//////’

(@) State the type of motion shown.

1
(0 LO\/T/\
J
(b) The acrobat and trapeze swing have a combined mass of 69 kg.
For the acrobat and trapeze swing:
(i) calculate their potential energy when they are 6-8m above the
ground; 2
Ee= ™A s 1N

)

69 x= 0.@ = 6.8
e 598 16

W\

[Turn over
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11.

(b) (continued)

(i) calculate their velocity when their kinetic energy is 970J

Vo= S5pced o in pt
- ,%9606 ol el oot
us 9 8.6

g 70
U-7U w e

v

v

\!

(c) Part of the supporting structure for the trapeze swing is shown below.

S1 S2

F=680N

(i) State, with reference to the Data Booklet, the condition of
equilibrium which does not need to be considered when studying
forces acting at a single point.

1
2. Fv=0
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11. (c) (continued)

(ii) Determine the size of force S2 using the scale drawing of the
triangle of forces shown below.

F=680N

{Scale 1mm = 10N|
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11. (continued)

(d) A maximum of two acrobats can hang from the trapeze swing at any one
time. When this happens the forces in support wires S1 and S2 are as

follows:
S1 = 1300N S2 = 930N
The table below shows materials that were considered for the support
wires.
Material A | Material B | Material C | Material D
Maximum
tansite loud 1000N 1300N 3250N 4500N
Durability High Low High | Low

Select the most suitable material (A-D) from the table above to be used
for the support wires and justify your choice. 2

Choice of material

Reason for choice l\’ Con WWold \@'l’
ol \ood (B2W O WY 0O esa
\ne S o \Wigh  Jureleitiy
o it leel o \ens \Line.
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12. A design for a child’s secret diary is being developed. The design includes a -
keypad to enter a code to unlock the diary.

The logic circuit for the control of the lock is shown below.

A oO—mm L =1 unlock
L =0 lock

_ [

(@ (i) Complete the Boolean equation, in terms of inputs A, B and C, for

this logic circuit. 2
L= (A=B D 4
(i) Complete the truth table for the logic circuit shown above. 3
A B C D E L
0 0 0 o | @
0 0 1 I | & 16
0 1 0 ) O | ©
0 1 1 @ Q| ®
1 0 0 ‘\ \ 9)
1 0 1 | i \
t |1 ]olofolg
1 1 1 Q@ @ O
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12.

(continued)
(b) An electronic engineer decides to use a microcontroller based system to
operate the lock rather than a logic circuit.

(i) Describe a functional advantage of using a microcontroller based
system rather than a logic.circuit to operate the lock.

.

\

P (S M)OC@CQW oMb\~

-

<

(i) Explain why using a microcontroller based system, rather than a
logic circuit, is better for the environment.

\\r (%H Ste \ten”  Go

WM‘V\% \/@4& wWAOA U~
Vecdurirg  in Leclar®
W‘”‘@ oS QeentdS vedd.
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13. Asailing catamaran is shown.

sail L% mast
L
boom '
deck
hull

A simplified diagram showing the forces from the catamaran and crew is
shown below.

3-2kN 1-8kN

2-5m 2-5m 1-5m

Ry Re

(@

(i) Calculate the size of reaction force R,, by taking moments about R;. 3

A\Vara
\L(‘//f_:;'z_ = (?).2,*7‘2»6\4.\-(2*‘«8\
LA~2Z® QY
A \o.7

— = K35 kN
&

%
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13.

(a) (continued)

(i) Calculate the size of reaction force Rg. 2

(b) Describe two specific roles a structural engineer may have had in the
development of the catamaran. 2

Yo/ S0 ond Slhe o
Q{‘l MCO\/WWM\ undi s Sorls
2 bv\z/ vvxo/\ecwia'('s Uﬂf/ [e/\«»

A OvTean\ 'S VV\OOLe/ QA[Q\M-

SQA | www.understandingstandards.org.uk 78 of 186




N5 Engineering Science Question Paper 2018 Candidate evidence

14. A desktop fan is shown.

Fan

Base

ymgerman/shutterstock.com

A possible circuit used to control the operation of the fan’s motor is shown
below.

6’0VC
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14. (continued)

(@) Describe the operation of the circuit shown opposite, as the temperature
in the room increases. 4

Include reference to the resistance of the thermistor and the voltage V.

As the temperature increases...
e/ westlonte s \res
C,M,z/?,%\ A RN Wt gpla

o WL/ \N\o\/LZA/‘-&/\‘)t’%{r\r \rl/e/ _.

M (oolitn™ t;ig VOO .
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14,

(continued)

The input sensing circuit of the fan is shown below.

60V o

ov ©

(b) Calculate the resistance R, when V;, =4-5V.

R e g = i
2 L
Gy 16
a—— g
\- 5 Lz
3 = ¥
wie BT g o
2 e v

(c) Describe how the input sensing circuit could be modified so that the user

can alter the temperature at which the fan motor switches on.

Wty Cod add o dicd Vo

et o et \oanperotere

SQA | www.understandingstandards.org.uk

81 of 186



N5 Engineering Science

Question Paper 2018

Candidate evidence

14. (continued)

(d) Determine, with:reference to the graph shown below, the resistance of a
type 4 thermistor when the temperature is 25 °C.

ok L2

10M 8 =
5 ‘\ L
3
2 N N
M o
g N A \ \\S\\
b N N | N
% N N N‘
AN k S
100k 8 S N
. N B N N
@ 2 \‘ q \” \ N
g 2 N N NN
£ 10k S ) M N
@ g N N NN
g N N \ N\
o % N N N N
NN TTIIREEING. NN
1k g ——>
5 NTHTTNEING [N
3 N \4 6
2 A
100 4 133
5
3
2
L | [ O N U N = =SSN NW
~ 0 5 U © ioRNO © o
a S S e & od

Temperature (°C)
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14. (continued)

0-029 Nmm™2.

(e) The base of the fan has a force of 25N applied to it and a stress of

Calculate the cross sectional area of the base of the fan.

7 Slures s = ’F_
A

A=z ©
S\nessS

= 2D
o -0ZH
- @62 e
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15.

A food processing company uses an industrial mixing machine to combine
pastry ingredients. A compound gear train which forms part of the mixing

machine is shown below.

input <
(motor) “a/ %\'z
880 revs min™' 3
Gear B 32T
— . GearD3T 22 =
) gt T
Gear A 8T T | 6 8
Gear C 16T
output A
(mixer paddles)
(@ (i) Calculate the output speed of the mixer paddles.
- b P
%o < = = |60 vyt
('_’/— ~
(i) Calculate the velocity ratio of the compound gear train.

WIS

500
L
\O &

Loee
% .

—
——

g\e/

o -
od ik

Q.(\/ QI/LPU*
v\ .
— o .2

Z
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15. (continued)

(b) During testing it was found that the mixing paddles were rotating too
slowly.

Describe one change that could be made to Gear B in order to increase
the speed of the mixing paddles. 1

O\le, o eos B less
N
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15. (continued)

Portions of the pastry travel along a conveyor belt where a pneumatic piston
presses them into pie casings.

The pneumatic circuit shown below operates the piston when the pastry is
sensed in position.

Air bleed Cylinder

5 % T ::::l Coménent
v i

Valve (1)
7} H__ )

ol
OH === -+ F—<t————" ¢ t
<}-‘/ omponen

g Valve @ veov @

(c) Describe, using appropriate termmology, the operation of the pneumatic
circuit, shown above. 3

When the air bleed is covered valve 1 is actuated.

Ceads i ‘o NaBveho 7
D‘&\\LM \/\,\M'D{/\ M\—Uo/\/be@g) e
Cplindor A anoliiv®s i\ ot
Citc fovorm Vodve, 2o - 1S 89
ée”\\., Lo QOV"\@OV&&/\*’ -5 {'M_().
%zw\y (5 Qlowed  isn  \Wehilleey,
U\hhMA’ v b tf)own[.v\gw
0‘@’\»0/\/ gastf Q/lfov\’\ LW U\e/glwa—

NS locde ko "B valne/ 2
wmeking  (p\inday R ind ity
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15. (continued)

the pastry.

(d) Explain why an air bleed was selected as an appropriate way of sensing

73N.

v

(e) The piston has a cross sectional area of 810 mm? and produces a force of

Calculate the pressure supplied to outstroke the piston.

y

= B

.
= 1>

glo >
« @.0Y% N
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16.

Electric cars have been developed as an alternative to fossil fuel powered
vehicles.

(@ () Describe one positive environmental impact of using an electric
car.

(i) Describe one negative economic impact of the increasing use of
electric cars.

L\ ool ol
@{M’/OLA/?(‘/'?-Q@ Yo C/\/\WC‘?@
\AP{J S 50 i.k’ S
\hovo Lo Qin® o plec
‘o Choveae MO K,Duk;
Cet/Cl) Conaelion oN
oodd W oue VUWS o
ol dnseL~

1
Wedveed s ol Locgitty &&{,g
\
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16. (continued)

Part of a circuit used in an electric car is shown.

5-6kQ 12kQ e
:
I

15kQ

-

(b) Calculate the total resistance of this circuit. 3
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16. (continued)

(© (i) Calculate the voltage across the 15kQ resistor when the current
flowing through it is 0-6 mA. 2

v= | R
V= @'%*‘ | 5
e 12V

(ii) Calculate the current flowing through the 5-6 kQ).resistor. 4

Electric vehicles are now considered to be an established technology. An
emerging technology is one that has still to be tried comme‘raally within a
product or system.

(d) Explain thé possible impact of an emerging technology that you are
familiar with. 2

e (‘Jo?l'l-o\ ‘\'b 00loed) QoA
\A/\OCC\‘/\K oS uv\;\/\a CQ('/LJ ta &O\/\Q/

o@vmu@ be - o Cortofiness
(¥A% 74 Q»ovxe/va”\
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17.

A grilling machine is shown below.

The grilling machine has an input electrical energy of 1200J. Only 790J is
transformed as useful output energy in the form of heat.

(@) Complete the energy -audit diagram below for the grilling machine.
Include details.of the.energy forms and their values.

energy m energy out
oleclurico _lee*
\ 200, _. orting | _ 700 |,

machine

l

energy losses

ot g\he’ )

“lo |

Space for rough working
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17. (continued)

(b) Calculate the efficiency of the grilling machine. 2

elicwney <~ . P

4-—-/.

=.0.61Q | 200

Z 6K O/o

(c) The grilling machine uses feedback to maintain a constant temperature.

(i) State the type of control that uses feedback. 1
Chosed oo )

(i) Complete the sub-system diagram below for the grilling machine. 3
S ki s T i
! :
1 i = I
| i W oS iSho v |
I I
I i
I 1
: | W L

Preset —-}—» Cont'rol - ('C)iu.tput H % A -0-|L> Constant
temperature | s ey | temperature

I |
I I
o o s s oo e e e e e — = . G SES S S = = S ————— — o4
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17. (continued)

(d) An upgrade to the grilling machine includes an LED to show when the
required temperature has been reached.

(i) Draw the symbol for an LED in the position shown below. 2

+V =0 0V

LED

(i) During testing of the circuit it was found that the LED was
destroyed.

Describe one alteration that could be made to the circuit to
prevent the LED from being destroyed. 1

puk W LED
Poveltd o Naehd 1L dossnk
Leri i oWVS Lo,

[END OF QUESTION PAPER]

.
“

SQA | www.understandingstandards.org.uk 93 of 186



N5 Engineering Science Question Paper 2018 Candidate evidence

Candidate 4 evidence

-SECTON-1-—20_marks
Attempt ALL questions

1. Ateam of engineers is designing a kitchen blender.

(a) State the type of engineer that would calculate the size of the gears to
be used in the kitchen blender. 1

Ne chrenicas) ent)\\ aeec—

(b) State the type of engineer that would simulate the speed control circuit
in the kitchen blender. 1

elesign / electries) ersgneec

2. An electronic circuit is being designed to meet the following specification:
» V;; should inereasé as the light level detected increases.

‘Complete the circuit diagram below to include an LDR and a fixed resistorso
that the circuit meets the required specification. 3
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3. A bike and carrier are shown below. Each bike wheel applies a force of 15N
onto the carrier. :

A
0-2m " 41m 0-1m
Y \
Ry R
Draw a free body diagram for the bike and carrier shown above. 2
z. =
N
g VD o
) <
2 N
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4. A motorway speed camera is designed to photograph any car that is being

driven above a set speed limit.
The sub-system diagram used to represent the control of the motorway speed

camera is shown. :
i 3 S0 DO SO T o A R Ty [ 1
] 1
' :
moving car—-»| SPe€d |
! sensor |
] : 1
- |
set speed output !
Pt - photograph
timit | control drivar camera —E—» s
(@) State the type of control shown in this sub-system diagram. 1
O LoeP
(b) Describe the operation of the motorway speed camera. 3
The speed limit is set.
onee. o co hos pw e . S.ge,ed

—_comero.  ond s eko\‘f\\q) oves— the. set”

Speech e i Seneh e 6(9\\\:\0.\'. Yo el

conreco\ sa’;s\—c,ﬂ\ H\.Q.(‘e-ce&, ‘SM;V\% [T

_%\ Yo Svo, comerc bte vebrlve

o e A e (fcence plectl

5. Abuzzeris a commonly used electronic component.
Draw the symbol for a buzzer. 1

—
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6. Two beams with applied forces (F) are shown below.

F— Beam A le—— F

F — Beam B —— F
State the nature of the force acting on: 2
Beam A comp ressSioA
Beam B . Tension

7. Complete the pneumatic symbol shown below for a 3/2 solenoid spring return
valve. 1

_{
b
<rj/
=

[Turn over
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8. The simple gear train, shown below,

has been
conventions.

arawn using 1incorrect

.
7 h
e~ iy 7 N
e N ) \
NS
4 Ny \
! 1
! X \
} h t
1 L ] 1 [ ] 1
\ 1 h
A ¥ 1
\ A J
N A /
> S ,” A 4
..... \ /
N,
\ e
. s
N

-
- -
pt TS

Describe two errors that were made when drawing this simple gear train.

Error 1 ve o\ = AOWL it hickh
pree geos 1S inleont
Error 2 Skogleh e oo solMcl  \dve  tnstreacl
e e doshed) \Tal
9. Draw the logic diagram for the Boolean equation shown below.
Z=(A+B)+C
A
Bo—m —— Z
C o~
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SECTION 2 — 90 marks
Attempt ALL questions

10. A ball firing machine used by tennis players to practise is shown below.

The machine is operated by a microcontroller. Input and output connections
to the microcontroller are shown in the table below.

Input connections Pin Output connections
7 ball firing motor
6 red light
5 green light
& ball release
start button 0

1.

oou AW

When the start button is pressed the ball firing motor starts and the red

light switches on.

There is a 5 second delay after which the red light switches off and the

green light switches on.

The machine operates using the following sequence.

The ball release is then switched on for 0-5 seconds.
The ball release is then switched off for 2 seconds.
Steps 3 and 4 are then repeated ten times.

The ball firing motor and green LED then switch off and the system

resets ready to be used again.

SQA | www.understandingstandards.org.uk

99 of 186



N5 Engineering Science Question Paper 2018 Candidate evidence

10. (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. 10 -

=D

- AT

/P\’vx.o 017/ | 3

’

Y a—

& ;
/PM_ 6 c»'\/

§____§/Pm 6 ch’*/
cu\'s
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10. (continued)
During the design stage, the strain acting on the machine was analysed. It was
found that when the machine was fully loaded with tennis balls, one leg had a
strain of 0-0016.
(b) Calculate the change in length of this leg when its original length was
1200 mm. 3
br. &= O
“
o.oove = DL
oo
- l.A2mw~
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11. A circus acrobat on a trapeze swing is suspended high above the ground. The
motion of the trapeze swing is shown below.

(a). State the type of motion shown. » 1

asc oS ina

(b) The acrobat and trapeze swing have a combined mass of 69 kg.
For the acrobat and trapeze swing:

(i) calculate their poteﬁtia‘l energy when they are 6-8m above the
ground; 2

&p = M“Q\'\

- tax AT R 6.F

~ USRS
- yras .3 S
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2 b 1

(b) (continued)

(i) calculate their velocity when their kinetic energy is 970 J.

E-=Qe\

(©) Part of the supporting structure for the trapeze swing is shown below.

S1 52

F=680N

(i) State, with reference to the Data Booklet, the condition of
equilibrium which does not need to be considered when studying
forces acting at a single point.

SR
) J
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11.

(©) (continued)

(i) Determine the size of force S2 using the scale drawing of the

triangle of forces shown below.

F=680N

|Scale 1 mm = 10N]|

S$1

S2
s2=_LSO N

[Turn over
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T, (continued)

(d) A maximum of two acrobats can hang from the trapeze swing at any one
time. When this happens the forces in support wires S1 and S2 are as

follows:
S1 = 1300N S2 = 930N
The table below shows matérials that were considered for the support
wires.
Material A | Material B | Material C | Material D
Maximum : i
fonsils o 1000 N 1300N 3250N 4500 N
Durability High Low High . Low

Select the most suitable material (A-D) from the table above to be used
for the support wires and justify your choice.

Choice of material _ Nede e €

Reason for choice e L i Taawn

L«s’( O\Ses \oc»\euxg.\’—;s Sofb Wil tvwe \.-\_}‘q\_\)\\

aumb.' [ *‘&.
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12. A design for a child’s secret diary is being developed. The design includes a
keypad to enter a code to unlock the diary.

The logic circuit for the control of the lock is'shown below.

L = 1 unlock
L =0 lock

—

(@ () Compléte the Boolean equation, in terms of inputs A, B and C, for
this logic circuit. 2

L= _(M8).c. (A.B)rc

(ii) Complete the truth table for the logic circuit shown above. 3

A B c D E L
0 0 ) \ o
0 0 1 (] \ (4
o | 1 | ool &]i
0 1 1 | o] (]
1 0 0 1 1 (6]
1 -0 1 \ &3 |
1 1 0 \ o (&)
1 1 1 | ) )
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12. T{confinued)

(b) An electronic engineer decides to use a microcontroller based system to
operate the lock rather than a logic circuit.

(i) Describe a functional advantage of using a microcontroller based
system rather than a logic circuit to operate the lock. 1

PR e tscy, NMNerscoabrtal\es  ove.

__ e ¥ ilealY  aned & c\i‘}ﬁob\&m

—oconced (v sowlsh be o \s\- eosier

+o SOV et

(i) Explain why using a microcontroller based system, rather than a
logic circuit, is better for the environment. 2

Lk&h—deb&,_ VNS @ o G.—.‘e_(\o\\g\_

v less oOse ot unneeds  LPeske. mele oS
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sail
boom

deck

shown below.

13. A3ailing catamaran 1s shown.

3-2kN

1-8kN

2:5m

1-5m

Ra

Rg

A simplified diagram showing the forces from the catamaran and crew is

(@ () Calculate the size of reaction force R,, by taking moments about Rj. 3

N\’gx
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13. (@) (continued)

(i) Calculate the size of reaction force Rg. ; 2

(b) Describe two specific roles a structural engineer may have had in the
development of the catamaran. 2

1 _The. Selectc marecit\s Yo vaoke k|

liahy <as yole

2 Lrmulod—on O crnsor~e- &Ene Ppoduc;\—

S as kesy O8 ot~ Le |
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14. A desktop fan is shown.

Fan

Base

ymgerman/shuttesstock.com

A possible circuit used to control the operation of the fan’s motor is shown
below.

6-0VC :
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14. (continued)

(@) Describe the operation of the circuit shown opposite, as the temperature
in the room increases. 4

‘Include reference to the resistance of the thermistor'and the voltage V.
As the temperature increases...

As Ewne. Yemoeratruel. increcwces Lhe
resigcrance cdclloreases cordss HBre

N oV NIAY O ~OSin_

[Turn over

SQA | www.understandingstandards.org.uk 111 of 186



N5 Engineering Science

Question Paper 2018

Candidate evidence

14, (continued)

The input sensing circuit of the fan is shown.below.

60V O -
-t°
R
16 kQ
ov © ¢

(b) Calculate the resistance R, when V;, = 4-5V.

Viﬂ = 4'5V

NS

—

‘L - s
23O

“

= RS O

AN J= &~ .S

= .8V

1.8 = Lo N g

\U=\{2
0.8 21T x\6ooo

.~

[AX

o Sey

T

() Describe how the input sensing circuit could be modified so that the user
can alter the temperature at which the fan motor switches on.

AT Yo F,(Jf‘

~eodina, .
~
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14. (continued)
(d) Determine, with.reference to the graph shown below, the resistance of a
type 4 thermistor when the temperature is 25°C.
oo o
10M 8 j\- ]
5 =
% \\ ‘\\
N A
S INCNITIINTITN
3 XL b NN
2 N N q
\
100k N NN NS
8 N \ N
5 \‘\ h N N .“~
g g N g \'# N :'
(] N N \
£ kg L : N
© 5 N N ~\\
% 3 N NN N
o 2 N NJ N
1k F\\ "N 5\ \\ \}
: IR
Ny N 4 6
: i
100 | N3
8
v 5
3
2
10
1 1 ! o N Ul N = aa NN NNW
~ w N [5,] o U o N O U100
(3,] o (8] o U0 O OO
Temperature (°C)
[Turn over
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14, (continued)

(e) The base of the fan has a force of 25N applied to it and a stress of
0:029 Nmm™, :

Calculate the cross sectional area of the base of the fan.

=

i it

"

o.o0S

1)

e .\ M

=5 le-w\-l'
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[—15. "A'Tood processing
pastry ingredients.

input
(motor)
880 reys min™!

company uses an industrial mixing machine to combine
A compound gear train which forms part of the mixing

machine is shown below.

Gear A 8T

m Gear B 32T
——— —  GearD32T

| B | |
Gear C 16T [

[ —

U output
(mixer paddles)

(@ (i) Calculate the output speed of the mixer paddles.

o

2 2R S a8 AT

Speeck of inpos
—___'______.__..—-r
Lpeegsd ofF OU-PUS

7

L9

g€8®
——
2\

~

(i) Calculate the velocity ratio of the compound gear train.

\llL’_'

-
-

e

Do
220
50O

geo
q_’bﬁ
29 &
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19:

(continued)

(b) Dun"ng testing it was found that thé mixing paddles were rotaﬁng t0o
slowly.

Describe one change that could be made to Gear B in order to increase
the spéed of the mixing paddles. 1

decgrecage. sze. .o coo.
-~

[Turn over
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|15, (continued)
Portions of the pastry travel along a conveyor belt where a pneumatic piston
presses them into pie casings.

The pneumatic circuit shown below operates the piston when the pastry is
sensed in position.

Airbleed Cylinder (A)
m i |

_1 | Component
o |

o ¥ 7 ®
Valve®.

~<t====" Component

o
Valve @ é)ﬁ @
() Describe, using appropriate terminology, the operation of the pneumatic
circuit, shown above. - SO 3

11,
3
7

When the air bleed is covered valve 1 is actuated.
i o ~ NED T S/Z

Naive Uhida releases preso® o She

_dacb\e o\c,\"lw% c,s)\\‘pc)& e,oustm% Yo galgrrock

Once. possed m~e Ol AT Cechiann|_ 2885

_Cedtichke— onsh Cily (e resevatc  Cre

alts RAOrns o Bhe Sz VSWR caned

eavses S-e czds.lcmx-g_r o Irnsroke |
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15. (continued)

(d) Explain why an air bleed was selected as an appropriate way of sensing
the pastry. 2

NS SO N = bre. ol '-’c'sr_cwp.ts-rms

a ~AC_ o «roco\S\ L{\Q%E'g(
_Sm_v_\%_t\ssy e presgotems Beon

veles s\

(e) The piston has a cross sectional area of 810 mm? and produces a force of
73N.

Calculate the pressure supplied to outstroke the piston. 2

P':..Pth.
— 3~ %10
e SHIIN
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16, Electric cars have been developed as an atternative to fossit fuet powered
vehicles.

—

-\ N

(@ () Describe one positive environmental impact of using an electric
car. 1

No Poe\ emission

(il) Describe one negative economic impact of the increasing use of
electric cars. 1

upLuczn = ek\es.v\GlL
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16. (continued)

Part of a circuit used in an electric car is shown.

5-6kQ 12kQ ———
|12V
1
PR E—
15kQ
(b) Calculate the total resistance of this circuit.
P X, ¥~
- \Soso v Zoed
‘zJ RO
= 1ro o
O ; > 258
e QrVen = BOF\EF e
_____—)
Q‘L.«—?-'z.)
Stoo ¥ O Voo B2 s
- o e
o (2 av2)
SCon TILOSD
- RO 6'}?_060@0 = :_3’5_23 x
\)GO§ Gcoof’nmc>
- BE\EAZSHH
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16.

(continued)

() (i) Calculate the voltage across the 15kQ resistor when the current
flowing through it is 0-6 mA.

V=\2
2 ©.eaRST 2 3OO

z v

(ii) Calculate the current flowing through the 5-6 kQ resistor.

V= \ =

L = T &S600
o
secs

= L.\uxxo-sk‘

=

Electric vehicles aré now considered to be an established technology. An
emerging technology is one that has still to be tried comme\rcially within a

product or system. -

(d) Explain the possible impact of an emerging technology that you are
familiar with.

s \e— N OG (m

- \8svesn W\mt\) ST N — o MQWOD\'

C o\
o

2
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17. A gnlling machine is shown below.
The grilling machine has an input electrical energy of 1200J. Only 790/ is
transformed as useful output energy in the form of heat.
(@) Complete the energy audit diagram below for the grilling machine.
Include details of the energy forms and their values. 3
energy in energy out
eNecHT=oN eenX
—— Grilling ; L T J
N e machine =
energy losses
F
neor ’
LN\ J
Space for rough working
Vi S~ RS
— NS
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17. (continued)

(b) Calculate the efficiency of the grilling machine. 2

N~ 6!'\5"‘6% oor

(¢) The grilting machine uses feedback to maintain a constant temperature.

(i) State the type of control that uses feedback. 1

CAOSeAN \Oo

(i) Complete the sub-system diagram below for the grilling machine. 3

e e e e e e e S e s e et s e s o i S o o)

I |

1 |

i |

i Qeuxmt I

! ]

| |

| i

| |

' :

| AN

Preset —L- C%nt,?l . %‘:lt\?;t H SOTSNMAY | oL Constant
temperature | n Marchin< temperature

1

[Turn over for next question
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Mnﬁﬂued)

(d) An upgrade to the grilling machine includes an LED to show when the
required temperature has been reached.

(i) Draw the symbol for an LED in the position shown below. 2

+V 0——] — ov

LED

(i) During testing of the circuit it was found that the LED was
destroyed.

Describe one alteration that could be made to the circuit to
prevent the LED from being destroyed. 1

,o.dykinf\)e\ Aloohe. o« o neleg

Lol van

[END OF QUESTION PAPER]
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Candidate 5 evidence

r- MARKS | 20 r«w—l

SECTION 1 — 20 marks L)
Attempt ALL questions

1. Ateam of engineers is designing a kitchen blender.

(a) State the type of engineer that would calculate the size of the gears to
be used in the kitchen blender. t

thechanicql engiveer

(b) State the type of engineer that would simulate the speed control circuit
in the-kitchen blender. 1

deckeicol  ongineed

2. An electronic circuit is being désigned to meet the following specification:
* Vi, should increase as the light level detected increases.

Complete the circuit diagram below to include an LDR and a fixed resistor so
that the circuit meets the required specification. 3

+Vo

Yy

-

L AR EURCm A -
*X82375010:2*

page 02
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onto the carrier.

3. A bike and carrier are shown below. Each bike: wheel applies a force of 15N

0-2m| 1-1m 0-1m
Y Y
Ry R,
Draw a free body diagram for the bike and carrier shown above. 2
\SW
15%
Llm
o N
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4. A motorway speed camera is designed to photograph any car that is being
driven above a set speed limit.

The sub-system diagram used to represent the control of the motorway speed
camera is shown.

spéed

mMoving car ——m
sensor

set speed output | _ ) . photograph
limit _driver fammees taken
I i o i R e s i e i i i s g S MV B
(@) State the type of control shown in this sub-system diagram. 1

Opan \oop Conlm\

(b) Describe the operation of the motorway speed camera. 3
The speed limit is set.

ﬂ@; Seeed Sensoc  deledts  the waving Car, \g

the € % wok S(’"‘hﬁ e sencor saits. fer
Mo wed coc. \JP e cor is S_@mli‘h)q fhe sercor
’""\‘&g\c&- e COnkp\  ynin wiich M ac Ruates
Me  Comers  ad *  fle s talen.

5. Abuzzeris a commonly used electronic component.
Draw the symbol for a buzzer. 1

s
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6. Two beams with applied forces (F) are shown below.

F—>»

Beam A

F ~a——

Beam B

Beam A _(OmgCess o

State the nature of the force acting on:

Beam B t endlon

valve.

7. Complete the pneumatic symbol shown below for a 3/2 solenoid spring return

[Turn over
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~
.
-~

-

<
-

Sessm
°
- - o’

s
~

Describe two errors that were made when drawing this simple gear train.
Error 1 )A\e

8. The simple gear train, -shown below, has been drawn using incorrect

\i\\vs S\Aou.\o\ no-t boe AO""feA 3
Error 2 We& S\Nm\a be 2 crc\es Yo cepresent
A qeal, '

9. Draw the logic diagram for the Boolean equation shown below.

Z=(A+B)+C

ﬁ—ﬂ')z
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SECTION 2 — 90 marks
Attempt ALL questions

10. A ball firing machine used by tennis players to practise is shown below.

The machine is operated by a microcontroller. Input and output connections
to the microcontroller are shown in the table below.

Input connections Pin Output connections
7 | ball firing motor
6 red light
5 green light
4 ball release
start button 0

A.

/2.

/3.
/4.
zb;

6.

When the start button is pressed the ball firing motor starts and the red

light switches on.

There is a 5 second delay after which the red light switches off and the
green light switches on.

The machine operates using the following sequence.

The ball release is then switched on for 0-5 seconds.
The ball release is then switched off for 2 seconds.
Steps 3 and 4 are then repeated ten times.

The ball firing motor and green LED then switch off and the system

resets ready to be used again.
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10. (continued)

(@) Complete the flowchart for the seduence, with reference to the Data
Booklet and input/output connections. Include all pin numbers and delay
units in your flowchart. 10
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“10. (continued)

During the design stage, the strain acting on the machine was analysed. It was
found that when the machine was fully loaded with tennis-balls, one leg had a
strain of 0-0016.

(b) Calculate the change in length of this leg when its original length was
1200 mm. 3

0.001b x\100 - AL
ALz L42mm

R
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1.

A circus acrobat on a trapeze swing is suspended high above the ground. The

motion of the trapeze swing is shown below.

(a) State the type of motion shown.

Rokaliona)

(b) The acrobat and trapeze swing have a combined mass of 69kg.
For the acrobat and trapeze swing:

(i) calculate their potential energy when they are 6-8m above the

ground;

Ep: “\9\\
E—Q = (Ax9-€xb-3

Co = ,598.16 3§
— ;

[Turn over

2
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1. b) (continued)

(i) calculate their velocity when their kinetic energy is 970 J.

Er= \/,_ Myt

A0 g%
0.5%xbq "~

2 ato
v = 3.5

V2 = 2%.118a0205
v~ -\;?_&-\\SQL\IOS

V= 5. 20 2146196
V= 5.3

pr———]

9440 - % x6d xV*©

S1

(c) Part of the supporting structure for the trapeze swing is shown below.

F=680N

(i) State, with reference to the Data Booklet, the ‘condition of

equilibrium which does not need to be considered when studying
forces acting at.a single point.
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11. (¢) (continued)

(i) Determine the size of force S2 using the scale drawing of the
triangle of forces shown below. 1

S1

F=680N

[Scale 1 mm = 10N]|

S2

SZ=_LSO_N

[Turn over

SQA | www.understandingstandards.org.uk 135 of 186



N5 Engineering Science Question Paper 2018 Candidate evidence

tt. (continued)

(d) A maximum of two acrobats can hang from the trapeze swing at any one
time. When this happens the forces in support wires S1 and S2 are as

follows:
S1 =1300N S2 = 930N
The table below shows materials that were considered for the support
wires. )
Material A | Material B | Material C | Material D
Maximum
tonitle Toad 1000 N 1300N 3250N 4500 N
Durability High « Low High Low

Select the most suitable material (A-D) from the table above to be used
for the support wires and justify your choice.

Choice of material C

Reason for choice _fs malenal i¢  Stcong enough 3o beld

*“"Q wWand and 1 durible
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12. A design for a child’s secret diary is being developed. The design includes a
keypad to enter a code to unlock the diary.

The logic circuit for the control of the lock is shown below.

Ao— L =1 unlock
L =0 lock

Co r—

(@ (i) Complete the Boolean equation, in terms of inputs A, B and C, for

this logic circuit. 2
L= {AB).C
(i) Complete the truth table for the logic circuit shown above. 3
A B C D E L
0 0 0 \ o 6
0 0 1 \ o 0
0 1 0 G o o
0 1 1 G o (]
1 0 0 \ \ 0
1 0 1 { { \
1 1 0 0 o o
1 1 1 9 0
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12, (continued)

(b) An electronic engineer decides to use a microcontroller based system to
operate the lock rather than a logic circuit.

(i) Describe a functional advantage of using a microcontroller based
system rather than a logic circuit to operate the lock. 1

““AQ Mo conteallec 1S Very swall

(if) Explain why using a microcontroller based system, rather than a
logic circuit, is better for the environment. 2

W Nokes  wp  less eatecia Meaning nok

ove
as_  mach  wiachines ” vsed Yo wmanufatiwe

M peodudt Wik ymeaus \EM&:&___

w X\ dvr
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13. Asailing catamaran is shown.

sail
boom

deck

shown below.

3-2kN

A simplified diagram showing the forces from the catamaran and crew is

2:5m 2:5m

1-5m

Ry

Rs

(@ () Calculate the size of reaction force R, by taking moments about Rg. 3

Scum = Lalwwm
(g= \—'S)+(o\ %5) = 38x 28
2.7x56 = &
Do = ¥-2.7
S« =53
az=\.0b
QA -\.0bkN
—
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13. (@) (continued)

(i) Calculate the size of reaction force Rg. 2

Z.T = i.l—
L.OvaQ: S0 Ly
VR A
R =Y —~\1.0b

RS = 3.94kN
e\
/

(b) Describe two specific roles a structural engineer may have had in the
development of the catamaran. 2

1 B M o) Sores and wher (res ate
By ogpVed ..
2 Souse. Mo cerrech— waherial

[Turn over
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14.

A desktop fan is shown.

Fan

Base

!

ymgerman/shutterstock.com

A possible circuit used to control the operation of the fan’s motor is shown
below.

6'0VO
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14, (continued)

(@) Describe the operation of the circuit shown opposite, as the temperature
in the room increases. 4

Include reference to the resistance of the thermistor and the voltage V.

As the temperature increases...

e A:é;;w dectmses  acoss  Yae  Yrermistor, fis
oMows Wi Corcent to flow XWouh We 5} reortor
g, x\'\(bu(a,-k Me .\\\?\\ beugdor  and Yowards
Qe eodor cogus‘oud e, molor Yo mgsa dum

an.
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14 (continued)

The input sensing circuit of the fan is shown below.

6-0V o &
-t°
(LS R L
L'L 16kﬂ V,n=4-5V \)z
ov © .
(b) Calculate the resistance R, when V;, =4-5V. 4

V: T R
XA
\.5 -
ok
Q\ & _\,S—-x\la

L.B
R\ - s. 3333533333

Q\ = 533 %S
i

(c) Describe how the input sensing circuit could be modified so that the user
can alter the temperature at which the fan motor switches on. 1

A Vedelde  @sister cov be oflded
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14. (continued) h
(d) Determine, with reference to the graph shown below, the resistance of a
type 4 thermistor when the temperature is 25°C. 1
je.a.
10M 8 = N
5 NG
3 NN
2N N
TN A
g \\\ N \\ \ N
3 NN
. N N NN
100k P ANEAA )
5 \\‘ B \‘ N
~ N N NI
% % ‘ A \V $ N 3 \
N
g 10 NN
g 8 N\
- 5 N N N
8 3 \s k ) A \
o N NN N
2 Y
1k 8 M" ~~ \ N \5\
NJ N
5 ¥ N \*\\ \4 N 6
; il
00 ~.\1 \3
1 8 :
5
3
2
10
4 & v ° B 8 dornm 858
o o o o Ui ©O OO
Temperature (°C)
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14, (continued)

(e) The base of the fan has a force of 25N applied to it and a stress of
0-029 Nmm™,

Calculate the cross sectional area of the base of the fan. 3 3

o . £
A

¢g.029Q = 25

—

A
b= 28
c.029
A = %b2 .66%A655
A=862.01 mm*

s
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@

(motor)
880 revs min™

157 A food processing company uses an industrial mixing machine to combine
pastry ingredients. A compound gear ftrain which forms part of the mixing
machine is shown below.

input

_ | Gear B 32T
| | |
: fl Gear D 32T
Gear A 8T — T |

Gear C16T

output

@i Calculate the output speed of the mixer paddles.

(mixer paddles)

[W SPeed X \W SWe = gyt 3Pesd XGUrSipe

gEOX 8 = & X 5L

BEOxB &
—— -
322

o= T10kLo

32
A= 220

oukeuY seeed = 220 (evs Mhn.“

(i) Calculate the velocity ratio of the compound gear train.

Leecd )
e —— ’tz
Spead ouk
%o

ey

- Jie

V2= 4

——
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15.

(continued)

(b) During testing it was found that the mixing paddles were rotating too
slowly.
Describe one change that could be made to Gear B in order to increase
the speed of the mixing padd|es.

v codd be wmale S\ g
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15. feontinued)

Portions of the pastry travel along a conveyor belt where a pneumatic piston
presses them into pie casings.

The pneumatic circuit shown below operates the piston when the pastry is
sensed in position.

Air bleed Cytinder ()
gl

Valve (1)

| Comégnent
X
0 'S

~<t====* Component

@ V(l)¢ @

§ Valve

(c) Describe, using appropriate terminology, the operation of the pneumatic
circuit, shown above. 3

When the air bleed is covered valve 1 is actuated.

whidh  acluates e  yalve @ . S then  melies
%f @ out Shcokee | Af olSo  goes 4o Combonent@®
and /“'\(‘ougk OOMM_(D__LLL\&_U@ a_ Hme Ad;q

bCYOQ, i\olvs back Y Ouyn Vale @ qusi_u}

Wlivder B Yo  wstoke.
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15. (continued)

(d) Explain why an air bleed was selected as an appropriate way of sensing
the pastry. 2

W Can be  noaualy OPerphd

(e) The piston has a cross sectional area of 810 mm? and produces a force of

73N.
Calculate the pressure supplied to outstroke the piston. : 2
B
A
=73
%\o

P=0/0q0\ 231 5414

P=o.09

—
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16. Electrnic cars have been developed as an alternative to fossil fuel powered
vehicles.

(@ () Describe one positive environmental impact of using an electric
car.

NG% Cuel qasses  ace lease] Mo Raes

\

oy

(i) Describe one negative economic impact of the increasing use of
electric cars.

Chocgun  Yhan  coste  money,
R =

SQA | www.understandingstandards.org.uk

150 of 186



N5 Engineering Science

Question Paper 2018

16. (continued)

Part of a circuit used in an electric car is shown.

5-6kQ

f—o—{

15kQ

-

12kQ

(b) Calcutate the total resistance of this circuit.

(Z\ KQ.'Z
Rlae2

_5.bx12
5.6 ¥z

(o

T.2

|

-

\1.b

19.8 18181518
R\ L 2

——

:3.6\8181gig + \5
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16. (continued)

(©@ (@) Calculate the voltage across the 15kQ resistor when the current

flowing through it is 0-6 mA.

Vi
I 2 G
g = B

Vzlx®zo6x\5 =9

(ii) Calculate the current flowing through the 5-6 kQ resistor.

V=4
=9
ULise
v _ A
v iz wm

11

V.ot agg
= \.LlA

———
i —

Electric vehicles are now considered to be an established technology. An
emerging technology is one that has still to be tried commelréially within a

product or system.
(d) Explain the possible impact of an emerging technology that you are
familiar with.
AC\“\C_\QD.\\ (oxwiwg N o coPs  Cawn  be
(;\,(Uwvx

2

2
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17. Agnlung machine 1s Shown below.

The grilling machine has an input electrical energy of 1200J. Only 790J is
transformed as useful output energy in the form of heat.

(a) Complete the energy audit diagram below for the grilling machine.
Include details of the energy forms and their values.

energy in energy out

2\edt en

Heat

machine e

l

energy losses

Kina o €

Lo J

Space for rough working
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| W
temperature | Element

(continued)

(b) Calculate the efficiency of the grilling machine.

(c) The grilling machine uses feedback to maintain a constant temperature.

(i) State the type of control that uses feedback.
ofw  \0oP

(i) Complete the sub-system diagram below for the grilling machine.

Control |} Output Constant
unit driver

temperature

Preset

3
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—17—(continued)

(d) An upgrade to the grilling machine includes an. LED t6 show when the
required temperature has been reached.

(i) Draw the symbol for an LED in the position shown below.

+V O A& O 0V

LED

(i) ‘During testing of the circuit it was found that the LED was
destroyed.

Describe one alteration that could be made to the circuit to
prévent the LED from being destroyed.

8NV Ypde - e eSS Vollage /odd  resistor.

[END OF QUESTION PAPER]

\
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Candidate 6 evidence

SECTION 1 — 20 marks
Attempt ALL questions

1. Ateam of engineers is designing a kitchen blender.

(a) State the type of erigineer that would calculate the size of the dears to
be used in the kitchen blender. 1

(b) State the type of enginéer that would simulate the speed control circuit
in the kitchen blender. 1

1

2. An electronic circuit is being designed to meet the following specification:
* Vi, should increase as the light level detected increases.

Complete the circuit diagram below to include an LDR and a fixed resistor so
that the circuit meets the required specification. - I

+V O

. I ( V1n

gy
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3. A bike and carrier are shown below. Each bike wheel applies a force of 15N
onto the carrier.

0-2m|. 1-1m . 0-1m
Y Y
R R
Draw a free body diagram for the bike and carrier shown.above. 2
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4. A motorway speed camera is designed to photograph any car that is being
driven above a set speed limit.

The sub-system diagram used to represent the control of the motorway speed
camera is shown.

e e e i s H
1 ]
moving car —»-| SPe€d i
: sensor !
) ]
" |
sef speed output 1 h h
g control | 2 — camera photograp
timit driver . E taken
i !
] I
I |

(a) State the type of control shown in this sub-system diagram.

Oper e

(b) Describe the operation of the motorway speed camera.
The speed limit is set. g

5. A buzzeris a commonly used electronic component.
Draw the symbol for a buzzer.
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6. Two beams with applied forces (F) are shown below.
F —»{ o . Beam A |<— F
F 4—‘ o Beam B l——»— F

State the nature of the force acting on: 2

Beam A _Qm@s&m
Beam B M

7. Complete the pneumatic symbol shown below for a 3/2 solenoid spring return
valve. 1

(]
&b _t
i
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8. The simple gear train, shown below, has been drawn using incorrect
conventions.

________
- -

’
e N,
- £ N
o “~ \
e ¥ \

/ N/ \
/ X \
[ H [
i
] L H L ] 1
\ V {

\ X i

\ VA ]
¥ P /
R T . \ /
\ /
"\ s
N /
08 o3

_______

9. Draw the logic diagram for the Boolean equation shown below. 3

Z=(A+B)+C
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SECTION 2 — 90 marks
Attempt ALL questions

10. A ball firing machine used by tennis players to practise is shown below.

The machine is operated by a microcontroller. Input and output connections
to the microcontroller are shown in the table below.

lnpﬁt connections Pin Output connections
7§ ball firing motor
6 red light
5 green light
4 ball release
start button 0

The machine operates using the following sequence.

1.  When the start button is pressed the ball firing motor starts and the red
light switches on.

2. There is a 5 second delay after which the red light switches off and the
green light switches on.

The ball release is then switched on for 0-5 seconds.
The ball release is then switched off for 2 seconds.
Steps 3 and 4 are then repeated ten times.

Oy 91 it

The ball firing motor and green LED then switch off and the system
resets ready to be used again.
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10. (continued)
(@) Complete the flowchart for theé sequence; with reférence to the Data
Booklet and input/output connections. Include all piii numbers and delay :
tinits in your flowchart. 10
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10.

(continued)

During the design stage, the strain acting on the machine was analysed. It was
found that when the machine was fully loaded with tennis. balls, one leg had a
strain of 0-0016.

(b) Calculate the change in length of this leg when its original length was
1200 mm.

o B
ol

AL=¢€lL

= [.92am
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11. A circus acrobat on a trapeze swing is suspended high above the ground. The
motion of the trapeze swing is shown below.

(a) State the type of motion shown. 1

1ol
uJ

(b) The acrobat and trapeze swing have a combined mass of 69 kg.

For the acrobat and trapeze swing:

(i) calculate their potential energy when they are 6:8m above the
ground; 2

- b4 nq-‘?*é.&b
- (Se2. 1L T
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11. (b) (continued)

(i) calculate their velocity when their Kinetié energy is 970 J.

(©) Part of the Supporting structure for thé trapeze swing is shown bélow:

s > S2

F=680N

(i) State, with reference to thé Data Booklet, the condition of
equitibrium which doés riot need to be considered when studying
forces acting at a singlé point.

-
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11. (c) (continued)

(i) Determine the size of force S2 using the scale drawing of the
triangle of forces shown below. 1

S1

F=680N

[Scale 1mm = 10N|

S2
2= 4§00 N
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11. (continued)

(d) A maximum of two acrobats can hang from the trapeze swing at any one
time. When this happens the forces in support wires S1 and S2 are as

follows:
S1=1300N S2 = 930N
The table below shows materials that were considered for the support
wires.
Mat'terialA Material B | Material C | Material D
Maximum | 4550 1300N 3250N 4500N

tensile load

Durability High Low High Low

Select the most suitable material (A-D) from the table above to be used
for the support wires and justify your choice. 2

Choice of material MaW C.

- . ~ I
Reason for choice
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12. A design for a child’s secret diary is being developed. The design includes a
keypad to enter a code to unlock the diary.

The logic circuit for the control of the lock is shown below.

Y — L =1 unlock
L = 0.lock

Co I_

(@ (i) Complete the Boolean equation, in terms of inputs A, B and C, for
this logic circuit.

- _(A.R).c

(ii) Complete the truth table for the logic circuit shown above.

A B c | o E £
0 0 0 | () |

0 0 1 | o o i
0 1 0 0 i o

0 1 1 O | [

1 0 0 | I 1)

1 0 1 | | I

1 1 0 0 0 )

1 1 1 0 ) 0
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12. (continued)

(b) An electronic engineer decides to use a microcontroller based system to
operate the lock rather than a logic circuit.

(i) Describe a functional advantage of using a microcontroller based
system rather than a logic circuit to.operate the lock.

It o QMM_&G_@M

(i) Explain why using a microcontroller based system, rather than a
logic circuit, is better for the environment.
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13. Asailing catamaran is shown.

sail mast
boom
deck
hull

A simplified diagram showing the forces from the catamaran and crew is
shown below.

3:2kN 1-8kN

2-5m 2-5m 1-5m

(@ () Calculate the size of reaction force R,, by taking moments about Rg.

éol%é‘@&wwl»":émﬁ~ddéma e
(1.9x15) = Ga<2.5)

2.7 = &
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13.

(a) (continued)

(ii) Calculate the size of reaction force Rg.

(b) Describe two specific roles a structural engineer may have had in the
development of the catamaran.

2
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14. A desktop fan is shown.

Fan

Base

ymgerman/shutterstock.com

A possible circuit used to control the operation of the fan’s motor is shown
below.

6'0VC

ov©
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14. (continued)

(a) Describe the operation of the circuit shown opposite, as the temperature
in the room increases. 4

Include reference to the resistance of the thermistor and the voltage V,,.

As the temperature increases...
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14. (continued)

The input sensing circuit of the fan is shown below.

6-0V O -
-t°
R
ek ([ v, =45y
ov © "

(b) Calculate the resistance R, when V, = 4:5V.

o,

N (]
LN

—L:_g 7
.

3 =

n = |. 2% )6
= 90,8 fu

() Describe how the input sensing circuit could be modified so that the user
can alter the temperature at which the fan motor switches on.

By oty de Cmivs A o ozt
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14, (continued)
(d) Determine, with reference to the graph shown below, the resistance of a
type 4 thermistor when the temperature is 25 °C. 1
Joo k
10M 8 N TN
5 N
3 ANEL
2 N S,
N[N
™ g NN ‘s\
5 HANNCHHNT NG
: i
N N
N NN
100k P N )
5 [LISKTISINTT N
@ NN NIIN
€ 10k 4 PN HS RN
4~ N N N \
172 5 N N N
E 3 N N N N \
N NN N
2 4&\ i N
1k 8 N N e
5 NI TN N
3 N N N 4 N6
2 ity
100 1 \3
8
5
3
2
10
: h % © B 3 dgpz BRY
Temperature (°C)
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14. (continued)

(e) The base of the fan has a force of 25N applied to it and a stress of
0-029 Nmm™.

Calculate the cross sectional area of the base of the fan.

- PL1.0LY
= &L’
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15. A food processing company uses an industrial mixing machine to combine
pastry ingredients. A compound gear train which forms part of the mixing
machine is shown below.

input
(motor)
880 revs min™

[\P Gear B 32T
L | =i ]
Gear A 8T T Gea? bazr
Gear C 16T m
output
(mixer paddles)

(@) (i) Calculate the output speed of the mixer paddies.

ik Sperd <l Sice. =l Spuol < i Sioe
Pe0 x & = oupsb tpal = 3T

7040 = culid Spad x%2
gf—-bgf‘w[: ZQ_EQ-

3T
= 270 1o miA

Ln.pu*-[P@'L xb;al Stze = o‘upfb Sl ‘W—c@

220 % {6 =®mff‘”‘L‘37’

352 = adih Spal <32
2
colpbgel = T

—

= [IOrers ml;u" _

(i) Calculate the velocity ratio of the compound gear train.

VR ,_‘QPMOT—W
Speal & eulih

F&o
o

= &
:(?’-"

\
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15,

(continued)

(b) During testing it was found that the mixing paddles were rotating too
slowly.

Describe one change that could be made to Gear B in order to increase
the speed of the mixing paddles. 1

AL nee %m‘ Mm’)@p@é
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15. (continued)

Portions of the pastry travel along a conveyor belt where a pneumatic piston
presses them into pie casings.

The pneumatic circuit shown below operates the piston when the pastry is
sensed in position.

Air bleed Cylinder @

~ |
o %_l 2 | : Comgnent
i L i

Valve (1) ‘
D[ i 'S

O _g-—--- D e i t
<14‘/ omponen

@ VeV @

(c) Describe, using appropriate terminology, the operation of the pneumatic
circuit, shown above.

When the air bleed is covered valve 1 is actuated.
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15. - (continiied)

(@) Explain why an aiF bleed was selected as an appropriate way of sensing
the pastry: 2

(e) The piston has a €ross séctional area of 810 mm? and produces a force of

73N.
Caleulate the pressure supplied to otitstroke the piston: 2

5,
P4
< '3

o, S—

&lo
= 0.090 #H Nu™
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16. Electric cars have been developed as an alternative to fossil fuel powered
vehicles.

(@ (i) Describe one positive environmental impact of using an electric
car. 1

(ii) Describe one negative economic impact of the increasing use of
electric cars. 1
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16. (contihued)

Part of a ¢ircuit used in an electric car is shown.

5:6kQ 12ka —
| [ rse
P12V
1
15kQ
(b) Calculate thé total resistance of this circuit: 3
“'(7: ﬂl nv'l ﬂ“e:rl" +ﬂ?_
(ﬂ' "'ﬁ‘lj .
= AN e
&t +10 = ’?~?-’L
ol T g 97 ¢
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16. (continued)

(©) (i) Calculate the voltage across the 15kQ resistor when the current
flowing through it is 0-6 mA. 2

V=In

q

I

(if) Calculate the current flowing through the 5-6 k@ resistor. 4

X 3

v

il \; sl
o~

\

216 A

Electric vehicles are now considered to be an established technology. An
emerging technology: is one that has still to be tried comme‘rcially within a
product or system. .

(d) Explain the possible impact of an emerging technology that you are
familiar with. , 2

> T naease

« You C&«E@éwjljafv
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17. A grilling machine is shown below.

The grilling machine has an input electrical energy of 1200J. Only 790J is
transformed as useful output energy in the form of heat.

(@ Complete the energy audit diagram below for the grilling machine.
Include details of the energy forms and their values.

energy in energy out

1006 J Grilling Jdo J

machine

l

energy losses
‘(LH'MZL;!GI-C

4 1o J

Space for rough working
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17. (continued)

(b) Calculate the efficiency of the grilling machine.

Enecﬁ in
740
itow

L5.93 %
L%

=

(00

1)

1)

(c) The grilling machine uses feedback to maintain a constant temperature.

(i) State the type of control that uses feedback.

_ lhsed Lep

(ii) Complete the sub-system diagram below for the grilling machine.

| Control || Output || :
Preset [} unit driver l"‘j’?
temperature |

Constant
temperature

3
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17, (continued)

(d) An upgrade to the grilling machine includes an LED to show when the:
required temperature has been reached.

() Draw the symbol for an LED in the position shown below, 2

7.7

LED

(i) During testing of the circuit it was found that the LED was
destroyed,
Describe one alteration that could be made to the circuit to
prevent the LED from being destroyed. 1

[END OF QUESTION PAPER]
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