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Worksheet 1b

oiractuated
8/2 Valve

- ~{Selensd actuated]
3/2 Valve

(5 marks)
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Candidate evidence

ASSIGNMENT
TASK 2
PART A:

Flowchart_1
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Candidate evidence

TASK 2
PART B:

Flowchart_1

O Start 36
1

K2
1
v
Set: Outputo On~ /
/ 1
t /  set: outputo on
Y
wait 0.5
1
|/ set: outputo on
1
wait 0.3 s

BASIC viewer
|Flowchart_1

|2 main:

3 labelO:

4 if Input0 is On then labell
5 label2:

if Input0 is On then labell
Switch on O

goto label2

’ labell:

Switch on O

Switch on O

| pause S00

13 Switch on 0O

pause 300

goto labelO

goto labell

: —
Inputo On? -

= 3 —~— N
Input0 On?v

t A
: ]

/  Set: Outputod On

9V
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Test 1 .

Turn on the test switch
(input 2) for around

20 seconds and then turn
it off.

The motor starts to turn
and the LEDs flash.

When the test switch is
turned off, the LEDs turn
off and the motor slows

When the test switch is
turned on ...

TunsiSkoc+ '
- |Diode exfloded, LEQS
Sl

hed On +O 5

When the test switch is
turned off ...

heflered- LEDS

circuit/flowchart

urned on ...
M LEDS Blash on+ o8

When the test switch is

Mobor S0inS

When the test switch is
turned off ...

LED'S burn 0Ff

motor slows to a stop.

to a stop. H Ev Ao i Mool Sipwd to
o Stof
Planned test Expected result Initial test result Plazi':iﬂi:;:; ":’c':::f fo Retest ‘result
Test 2 The motor starts to turn | When the movement flow Chart amendmeént When the movement
Press and hold the and the LEDs flash. sensor is pressed ... (see 0n okher 5%2@6} sensor is pressed ...
movement sensor Nothing hadeens LED'S FlaSh on+055
(input 0) for around 20 i M tor Sﬁ r‘g
seconds and then release 0 :
it. : When the movement When the movement When the movement
sensor is released, the sensor is released ... sensor is released ...
LEDs turn off and the M)Hq}ﬂﬂ huftenS - LED Y turn O% ¥

Moto Slows$ Eo
o Skeg

(6 marks)
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Worksheet 2c
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SQA | www.understandingstandards.org.uk

5 of 49



National 5 Engineering Science Assignment 2024 Candidate evidence

Tk 72
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TASK 2
PART D:

Flowchart_1

[»] start 8}

1

Input0 On? } STl
Y e g <
_Input2 On?
1 iz ) e,
- / set: output? Off
1

Set: Output? On
2

Set: Output5 On
1

wait 0.5s
Set: Output5 Off
¥

Wait 0.3 s

CAY
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Worksheet 3a(i)
| Light (lamf)
“Ae_ shop front
OUBSLA night setting

— B/tnco > OQQn/C/OSQCﬂ

(2 marks)
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Worksheet 3a(ii)

it - : \

e ey
\ 1441 - '

| i | L2 .
DU‘%\A € —‘\—» light sensor microcontroller D r;v e W > 8 l I(‘J 5 OQQN /C[OS‘Q

\(‘jhh el \ ' o Lom® }%—) |,’3 ht ((a/l/i?) '
: ‘ :

(6 marks)
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Worksheet 3b

input sensing circuit

5v O 1‘]—-‘

ov O

O L e e R R

(3 marks)
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Worksheetv3c

Planned test - Expected resutt :
;:;E:e the light level. T"\e’ lWhe b\f\ \\ E\Arﬂ on O’n‘% bhe n’k)(:o( (J\J\ ”

S/ull(j CloSe Ehe blind

Planned test Expected result

e AWk level | The ol LAl Gurn 055 0nd e fobor
HC(QzéQtQ\(jl"t\Q’ ! Will ofen e bliméfulbs

(3 marks)
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Candidate evidence

National 5 Engineering Science Assignment 2024
Worksheet 4a
Speci:i.tr:‘attion Y:;t;o 3 Justification
poi
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TASK 4
PART C:

1 INPUT SPEED |

R R U

: Ang. vel. :[ 257 C?rpm

i GEAR B = 80 TEETH

| GEAR A = 20 TEETH |

| NSRSt i

s L e - - - - -
..% Number of teeth (Gear 1) i 20 L% Number of teeth (Gear 2) i 80

| GEAR C = 20 TEETH e A b
N e | : GEARD=80TEETH1‘

| OUTPUT SPEED
[y s v ., oy o
|.® Ang. vel. 1.56 rpm

]
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. ] AN
OW?VA - o=t (2 marks)
AQ D ‘ (evS MN
Worksheet 4d o keeth B
: : Required :
Input Output ! 5 Actual Velocity
Planned test e speed \l:::?:lty Ratio
Measure the inpdt speed . S ‘
and output speed of the 25 cevs min! L) - _| | Between |6.03 : 1
gear system and 4_, 5 {evMin” | 12:1 and
calculate the actual . 20:1
velocity ratio.
(2 marks)
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Worksheet 5a

(2 marks)
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TASK 5
PART B:

4 ot
i (74HC0A)

(74HC08)

IC2c

(74HC08)

(

74HC08)
IC1a

(Z4H(CD4)

1C2b
(74HC08)

IC3a
(74HC32)
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Worksheet 5c¢

ey 0dd n amkh infut With more logic

_ - gatﬁg.

et by addng onobher (nflu, ic deceses
‘ [he Probability 0§ guBSing What Ghe

|Code iS.This thérepre Makes the
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Candidate 2 evidence

43 Choose a suitable actuator from the table abave, to sense when a train has passed. |

omplete worksheet 1a, justifying your cholice. i

] resent your evidence on A4 single-sided pages, with the task number clearly 1
abelled. )

=

Actuator |

Roller trim

oo e e e o

Because it will detect when
the train passes.
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Candidate evidence

Task 1B:

| valves,

Task 1 — model railway (continued)

Sb Complete the design for the pneumatic circuit on worksheet 1b, to meet the
| specification, using your selected actuator from task fa.

r You must identify the name of each component, valve, and actuator, and indicate
| the direction of the piston gutstoalie. Show connections between all components and

l

1)

pilot-pilot
5/2 valve

20
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Task 2a:

a Simulate the flowchart sequence and electronic circuit integrated together, as ]
shown on the following page. You can use a different sized microcontialler but the
pin numbers must match the connections given.

Note: for test purposes, the movement sensor is replaced with a push-to-make
switch.

Present your evidence on A4 single-sided pages, with the task number clearly
labelled. Screenshots or images must be clear and easy to read.

270 Q A
o inputo _[77] outputz
= Input1 Output6
Fhek Input2 Outputs
] Input6 Outputa
Input? Output3
Output2

Outputl 100 Q@
L_ Outputo '
. Y. ¥,

oV
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Task 2b:

25 Praduce hilgh-level micracantialler code ta tully match the flawchart from task 2a.

Présent your evidence on A4 single-sided pages, with the task number clearly

labelled. Screenshots or images must be clear and easy to read. |
The must meet the following specification:

{ Whenever the test switch (input 2) is activated, the motor will rotate, and the LEDs
will flash on and off continuously.
ii Whenever the movement sensor (input 0} detects a customer, the motor will rotate,
and the LEQs will flash on and off continuously. ‘
“ iii  When the movement sensor no longer detects a customer, the motor and the LEDs
will switch off. l
l
t

Errors were found in both the flowchart and electronic circuit during testing.

Flowchart_1

( 7 Start

: == - v N
__ Inputo On? L
—
Y

-
/

7 ./ Set: Output7 On /.
/  Set: outputs  /

A
A \ i

/ /
/  Set: Output7? On /
4

Wait 0.5s

Y

/ )

/ Set: Outputs Off /
\ ¢
Wait 0.3 5
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Rc  Complete the testing table on worksheet Zc, by carrying out the planned tests and ,
a S C L describing each initial test resutt. N
- Describe your planned amendments to the flowchart and/or circuit, 5o that it meets I
the specification and make the amendments. |
Carry out each test again, describing the result of your retest, before moving onto }
the next test. l
Present your evidence an A4 single-sided pages, with the task number clearty }
labelled. —
{6 marks} ]
Plarined test Expectedresult | |  Initialtestresult | | [
= ‘ circuit/flowchart
est 1 e motor starts to turn ] en the test switch is Flip the diode the
| furn on the test switch End the LEDs flash. Eumed on ... I ot;er way around
input 2) for around The transistor and diode The motor starts to
| | 20 seconds and then turn &‘:"‘ u "‘ﬁg’mm turn and the led
|| It off. flash ;
en the test switch is en the test switch s | When the test switch Is I
umed off, the LEDS turn | purned off ... J kumed of ...
ff and the motor slows | The motor sto The LEDs turn off
astop.  |slowly and I-Eg and the motor turns
turn off off slowly.
, amendment t Retestresult |
Planned test | ]
estZ e motor starts to turn Qeﬂ the movement I Flip the diode the
| | Press and hotd the the fash. nsor_is pressed ... other way around sensor is pressed ...
| | ovement sensor The transistor and diode The motor starts
|| kinput 0) for around 20 Riow up the LEDS Res to turn and the led
\ nds and then release flash
| Fjee et SR movemen en the movement | When the movement
} sor s released, the nsor fs reteased ... | Lensar Is released ...
i turn off and the | | The motor stope The LEDs turn off
| tor slows to a st slowly and LE and the motor turns
turn off off slowly.
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Task 3a:

3a(i} Complete the system diagram on worksheet 3a(i) to meet the specification.
You must clearly show all external inputs and outputs.

Present your evidence on A4 single-sided pages, with the task number clearly
labelled,

Sun light Light

shop front

might setting

Closed blind

SQA | www.understandingstandards.org.uk 23 of 49
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Candidate evidence

Task3a:

i) Cemplete the sub-system diagram on worksheet Ja(ii) to meet the specification, }

You must clearly show all externat inputs and outputs, all sub-systems, the system
boundary and the interactions between sub-systems.

Note: each output device requires a driver.

Present your evidence on A4 single-sided pages, with the task number clearly
labelled.

i

19]|0J3U020OIW &diosuss 1y6r7 &= 1ybI| ung

=1 Q(\ 7.
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Task 3b:

Complete the circuit diagram on worksheet 3b, by designing a suitable input sensing
circuit that will praduce a high signal (Yue) when it is dark. Component values are
naot required.

Mote: you must not construct or use simulation software to complete this part of the
task.

Present your evidence on A4 single-sided pages, with the task number clearly
labelled.

input sensing circuit

5v O
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Task3c:

3c  Using the input sensor circuit you designed in task 3k, complete the test plan on
worksheet 3¢ by describing:

# the expected result from the planned test given in terms of Y,
¢ & second planned test and the expected result in terms of Yay.

Present your evidence on A4 single-sided pages, with the task number clearly

labelled,
| Plannedtest | Expected result |
Testi J Output 1: light turns on and blinds close
Reduce the light level.

Planned test | Eatieit
Ttz Output 2: light turns off and opens blind
Increase light level

SQA | www.understandingstandards.org.uk 26 of 49
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Task4a :

Wa Evaluate the initial gear train design against the specification and complete the table
on worksheet 4a, You should: '

+ state if each specification point is met
& fusiify your decision

Frasent your evidence an A4 single-sided pages, with the task mumber clearly
Lebelied.

Justification |
Gear A is is too big to fit in a tight space

i Fpedﬁution et? |
__point es/No ||

Gear B and C act as an idler which makes gear D spin in the same direction
yes |asgearA

| The ouip& sﬁee;i is si&niﬂcantly greater than the?rr\;ut speed
no

SQA | www.understandingstandards.org.uk 27 of 49
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Task4b:

Design a gear train on worksheet 4b, based on the gear sizes available to you. This |
needs to give a speed reduction of at least a factor of 12, but not greater than a
factor of 20. Label the input gear and include all gear sizes.

Note: you must not construct or use simulation software to complete this part of the
task.

Present your evidence on A4 single-sided pages, with the task number clearly }
labelled. !

40T

Out/in= 10/40x 10/40
Out/20= 1/16
Out = 1.25 RPM
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Task 4c:

4c  Simulate or construct your design from task 4b. You must include an input 1
component to allow for testing and label all gear sizes. x

Present your evidence on A4 single-sided pages, with the task number clearly |
labelled. Screenshots or images must be clear and easy to read. |

(rpm)
— ) 150 =8
Ang. vel E o
g. vel. E e
100 L
—_ 8y E M
5 I £
Ang. vel. (Ge. S0 £ ’
e =
o —L}.—l—l—l_d__‘_l_J_A_l_‘_L_&_Ll_‘_A_&_ﬂ_]_'_L‘_.l_

8 10 12 14 16
(s) ¥ Simulation time
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Candidate evidence

Task 4d:

ad Complete the test resuit table on worksheet 4d by: |

construction

output speeds

abelled.

+ entering the results from task 4< that you observed during simulation or after

+ calculating the actual velocity ratio, using your recorded values for the input and

Present your evidence or A4 single-sided pages, with the task number clearly

VR= 20/1.25 RPM
VR=16:1

P ] utput | equired | | v al Valocity
Planned test_| peed | elocity L
- atio =

gasure the input speed || o0 RpM ‘ 16:1

nd output speed of the | 1.25RPM il

r system and 3 2:1 and
alculate the actual | 0:1

ocity ratio. !

VR= in/out

SQA | www.understandingstandards.org.uk
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Candidate evidence

Task 5a:

ba  Complete the logic diagram on worksheet 5a to unlock the safe by sending a high (1)
| signal to output 2 when:

fnput A s high (1} and input B is low {0} and input Cis high (1) |
jote: vou must not construct of Use s simulation software to complete this part of the
ask.

1.
|
|
1

resent your evidence an A4 single-sided pages, with the task number clearly
abelled. .A :

———

SQA | www.understandingstandards.org.uk
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Task 5b:

Bb  Simulate or canstruct the logle diagram showh above. You must include suitable
input and output devices to allow for potential testing. If constructed, you must
clearly label the integrated circuit (§() numbers.

Present your evidence on A4 single-sided pages, with the task number clearly
labelled. Screenshots or images must be clear and easy to read.

0 D.,i-
IC2a
(74HCD4)
D 1C3a
(74HC08)

O

—y IC3b

(74HC08)
1C3c
(74HC08)
1C4a
(74HC02)
1C2b )
(74HC04) 1C3d
(74HCO08)
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Task5c

5¢  Using worksheet Sc, describe a suitable modification to the logic circuit in task 5b
that would meke the code for the toy safe harder to solve and justify your reason.

Present your evidence on A4 single-sided pages, with the task number clearly
labelled.

J\\.. B
(2] i IC3a
1C2b (74Hco8)

(74HC04)

O e

Medifeation | |Move the not gate from the A input to the B input

as when ABC were high and when the AC were
nd now. With the not gate moved the only correct
combination is AC

| Bustification ] Ereviously the only time when the outputs was hi?ﬂ 2
9
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Candidate 3 evidence

Worksheet 1a

Actn Clectrica\  solenoid

Justification This woy m Cho,@_ becauye thelC will b no  pefson
Needed.  ¢o Qw, &w» Hh@  and~ yhare  won + e
a"\‘j Contact HZZM Swl’rch’tj between o lS. 1 v 1)

be ewer gnd Mol %Lfmmf Soc Eram  coppances

(2 marks)
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Worksheet 1b

(5 marks)
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v

Task 23

3 Start 1 _F
- v

Input0 On?

'y

Set: Output? On
v

Set: CutputsS On ;

v
wait 0.5 s
= -

Set: Outputs Off
h 4

wWait 0.3 s

Input2 On? A ——

—————— 3y

n
<
g
4

| Y

ki

270 é

e s=n Inputo } | Output?7 -
= Inputl OutputsS
~ — Input2 | Cutput3
= Input3 | Output2
Inputs | | Outputl

_outputo 100 ©2
X, R

&
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BASIC Viewer
[ask 2b e
main:
labelO:

if Input0 is On then labell
label2:

if Input2 is On then labell

Switch off S

goto label2
labell:

Switch on S

Switch on 4

pause S00

Switch off 4

pause 300

goto labelOD

goto labell

SQA | www.understandingstandards.org.uk
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Candidate

evidence

Worksheet 2c

Planned test

Expected result

Initial test result

Planned amendment to
circuit/flowchart

Retest result

Test 1

Turn on the test switch
(input 2) for around

20 seconds and then turn
it off.

The motor starts to turn
and the LEDs flash.

When the test switch is
turned off, the LEDs turn |
off and the motor slows
to a stop.

When the test switch is

O‘V\A
blow
prd Hhe Leds dan
£hen vﬁ-

When the test switch is

3{&35 ‘560

back oN-

“turned off ... he vobef

Yo LEDs dort fow

L will ove Mg duods
180" 50 1+ 10 on TR
cortect side bopue
> way  yeeids
down .

When the test switch is
turned on ... 7y,

M on . ank ,,%dlj
and MO )y

When the test switch is
turned off ... The LEM
Stop  and L mobd
xww\b oMLy bo o
AL

Planned test

Expected result

Initial test result

Planned amendment to
circuit/flowchart

Retest resuit

Test 2

Press and hold the
movement sensor

(input 0) for around 20
seconds and then release
it.

The motor starts to turn
and the LEDs flash.

When the movement
sensor is released, the
LEDs turn off and the
motor slows to a stop.

When the movement
sensor is pressed ...

f\ofhfr\is hQPﬂC/‘) ) E
ceint tuin on.

When the movement
sensor is released ...

Nothing happar) 1f
SE\JP 7‘412 woj 't

Wod-

i made it an ohra
Pcoglamme  bu Cchangmn
Wsihpuf 7305%% 52 J
it owl 9° Dack-
Yo Yhe Shark owp
re-ask Yhe guestion
Os fipwt 0" on1t

When the movement
sensor is pressed ...
oto¢ - stafty
(;\-L})\'L M\T LEDBB go
6n QM ° H
When the movement
sensor is released ...

‘TWL Motor o'ow\b

(OMLY G o~ SiPep
<Mt [ED ¢y

&'A‘}\iﬂﬁ '
J

(6 marks)
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Candidate evidence

Flowchart_1

] start T}

Input0 On?

Set: Output7 On
Set: Ou;putS on
Wait 0.5s
Set: Outputs Off

wait 0.3 s

BASIC Viewer
Flowchart_1

main:
labelO:
if Input0 is On then labell
if Input2 is On then labell
Switch off S
goto labeld
labell:
Switch on §
Switch on 4
pause S00
Switch off 4
pause 300
goto labelO
goto labell

Task 2d

Input2 On?

Ty

Set: Output? Off

Flowchart_1

o s}

Inputd On?
Y

Set: Output? On
/ Set: Outputs On |
Set: Outputs Off

Wait 0.3s

BASIC Viewer
Flowchart_1

main:
label0:
if Input0 is On then labell
if Input2 is On then lebell
Switch off S
goto lebell
labell:
Switch on S
Switch on 4
pause 500
Switch off 4
pause 300
goto labelO
goto labell

Input2 On?

Set: Output? Off

sv

oV

On
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Worksheet 3a(i)
L » MO0boSl
_@hﬁ_&mm’ shop front
night setting

(2 marks)

SQA | www.understandingstandards.org.uk

40 of 49




National 5 Engineering Science Assignment 2024 Candidate evidence

Worksheet 3a(ii)

- [_]Sh{; swifeh

i \
Lﬁu‘—-‘—— light sensor microcontroller | m m l' pﬂ l/s mMerit
[ \
~ - = 4 ZLW,\ — Lyt

— \

\ —

(6 marks)
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Worksheet 3b

input sensing circuit

5v O

ov O

e m e e c e e m e e r e e st mm e —————————
ol

(3 marks)
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Worksheet 3c

Planned test Expected result
Test 1 The \ight depeldint roystr w11 Sente Jower Tevel oF ight s becawe
Reduce the light level. o\— yh\\ 5 W esistunca i) be. fn( ) eA hﬁ/‘?“’j ”_ So T o

Vﬁgh sigML

Planned test Expected result
Test 2 TR wil gllow the  lighe degerdent resistot (LDRY to be adJuyee
cmﬁzw ey ot e |l gllow i+ o 601?@ o lighter o doster gt puel.
VaNoble  (esisfol

(3 marks)
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Spec::i.cr:;tion y'::/t;o Justification
1
be cawse ag 0k sped out | the  gaps i betuweern a1 ale  teo
b‘ﬁx ) & will pot £if  (nf0 Corpect spoce.

NO

\ < — L R \ Helockwise
beanse Semf A spiny  clockwil - thiy Wd\\ foie goc B Ao Spin anti

‘7\ bcanse 'S and ¢ are (onﬂeﬂfeﬁ* ﬁoyzz/ﬂf | Joined- ﬁcaet/wr wilk spin
0> .

M e Seme wwg,.be(cwr, VAN 30;”\‘) anbiclockwiyz 1f wi N force
N Yo sein clockwise -

beuX e ar chain  Shary with ~ big  deas nykead™ of e~  spul

No. | PoF beame of s e geass w1l make Gf Yhat the outpur
i T leed wik be piger dhan 9.

(3 marks)
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_\, AHrem Lep
Worksheet 4b M \ vi = DOn " Dn
- «?’ De De
o
Q =68 X 1&
Le ] ™ [
- 6 xZ
TTv
- 1L
(2 marks)
Worksheet 4d
Input Output Required Actual Velocity
Planned test Velocity ;
speed speed Ratio Ratio
Measure the input speed 60 x%o_
and output speed of the Between AR
gear system and Ll ™ Tepm 12:1 and - \wo00
calculate the actual 20:1 \o0
velocity ratio. < \L
(2 marks)
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Task 4c

:—D Ang. vel. : Pm

-

-
..G)@ Number of teeth (Gear 2) 60

-

,_
‘.% Number of teeth (Gear 1) 10

“

.
-.% Number of teeth (Gear 2) , 20

A

=
..% Number of teeth (Gear 1) , 10
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Worksheet 5a

O-

(2 marks)
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Task 5b

1C2a
(4071)

IC3a
(4069)
( = o
ICic
> (4081)
IC3b -
(4069) =
:‘_/
1C1d
(4081)
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Worksheet 5¢

Modification V' wowld  make it pave  more  vaputy eg
Ao
Qo—
Co—
De-
[

Justification This will make 7+ tht e person wil) have &

3%3% more  aumbess o o~ Jot More  ruumbs

Combinagion, Thiy will make (F hardet” and  challedin
o no-one i\ brgke (o Yous Safe. J

(2 marks)

SQA | www.understandingstandards.org.uk 49 of 49



	Candidate 1 evidence
	Candidate 2 evidence
	Candidate 3 evidence



