N5 Engineering Science Assignment 2018 Candidate evidence

Candidate 1

Car wash
A team of engineers is involved in several tasks during the development of a new car
wash.

These tasks include the development of proposals for the following sub-systems:

Task 1 - car sensor sub-system

Task 2 - cleaning brushes - rotational movement sub-system
Task 3 - cleaning brushes - horizontal movement sub-system
Task 4 - cleaning brushes - speed control sub-system

Task 5 - water heater sub-system

Task 6 - end of wash cycle alert sub-system
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N5 Engineering Science Assignment 2018 Candidate evidence

Task 1 - car sensor sub-system

The car wash should only operate when a master switch A is on (logic 1) and a sensor
B detects a car has driven into the correct position (logic 0). The car wash can also
be tested by pressing an override switch C (logic 1).

The design for a logic circuit to control the operation of the car wash is shown below.

B
- Do D

co

1a Simulate or construct the logic circuit shown above. You must include input
devices to allow for testing.

Print the evidence (screenshots or images must be clear and easy to read) on
A4 single sided paper with the task number clearly labelled.

(1 mark)

la candidate response

Task |
] T
1C2a
(4081)
- —> — >—0
IC1a IC3a
(4069) (4071)

=

SQA | www.understandingstandards.org.uk 2 of 55
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Task 1 - car sensor sub-system (continued)

1b Test your simulated or constructed circuit and complete the truth table below
with your results for output Z.

(1 mark)
A B C Y4
0 0 0
0 0 1
0 1 0
0 1 1
1 0 0
1 (1] 1
1 1 0
1 1 1

1b candidate response

A B c Z
0 0 0 o
0 0 1 |
0 1 0 0
0 1 1 I
1 0 0 l
1 0 1 b
1 1 0 0]
1 1 1 |
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N5 Engineering Science

Assignment 2018

Task 2 - cleaning brushes - rotational movement sub-system

Cleaning brushes are required to spin over the car during the cleaning process.

An electronic engineer has designed the flowchart and circuit shown below
as a possible solution. The pin numbers used to connect the circuit to the

microcontroller are shown in the table below.

2a  Simulate or construct the flowchart and electronic circuit integrated together
as shown. A microcontroller of an alternative size may be used but the pin

numbers must match the connections given.

Print the evidence (screenshots or images must be clear and easy to read) on

A4 single sided paper with the task number clearly labelled.

(5 marks)
Input Connection Pin Output Connection
7 motor
6 LED
stop switch 1
start switch 0
5Vo
5 |
x |
input 0
= output 7 3000 E
Sl output 6
input 1
) e 10k
microcontroller A
N
ovo $

wait 5 seconds
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2a candidate response

Task 2a

Flowchart_1

] Start: |

StartSwitch On? 5 v 2
25
vy

Set: LED 011, Motor On . - s
= n L ‘e o~
555 :*‘—1_,_{
StopSwitch On? StopS... LEQ o
i B—Ilnputl Qutput3 AH
Y
Set: LED Off Input3 Outputz 10k !
v Input4 Outputl ‘1
Wait 5s l Outputo 3+
Y L=l >
Set: Motor Off

Task 2 - cleaning brushes - rotational movement sub-system (continued)

The cleaning brushes are to be operated by a microcontroller using the following
specification:

i.  When a start switch is pressed an LED, protected by a resistor, switches
on and an SPDT relay activates a 6V motor, spinning the cleaning brushes.

ii.  When a stop switch is pressed the motor turns off and then after a
5 second delay the LED turns off.

ili.  The sequence should then repeat.

Errors were found with the design during testing.

2b Complete the testing table shown on the following page, by carrying out
the planned tests given, making amendments as necessary before moving
onto the next test. You must write descriptions of the actual results you
observed during testing and appropriate amendments that you made to enable
the system to satisfy the specification.

If necessary, print the evidence on A4 single sided paper with the task number
clearly labelled.

(5 marks)
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2b candidate response

Task 2 - cleaning brushes - rotational movement sub-system (continued)

Task 2 b (continued)

Planned test

Expected result

Actual result

Amendments made

Test 1
Activate the start switch.

The 6V motor should start turning
and the LED should turn on.

the GV moter dous  turn
chen e Hrart sLitth o
AL trvercech bur YL LED

does, not turn oa

\ have Chonged ele
(Covsyane  oN th eowter
connected. to th LED
{IOr w10 L on

~he LEO wuras Off

i nove Chonged € ond

Test.2 s AN § A 7 on V0
Activate the stop switch. The 6V motor should stop turning [eraugne Aoary o P
and then after 5 seconds the LED sepenta \papr Maommol0F  lgere me the mptor
should turn off. tucas off tums  off ,f‘. rsc  thn

te LED

Test 3
Repeat tests 1 and 2 to make sure
the sequence is repeatable.

The sequence should loop back to
the start and repeat.

For th seguenl to e
fepeatedd  th Swse St
Musc oe ems&e(\ CLSG‘\'\
onll di same O th 0P
Sunun
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Task 2 - cleaning brushes - rotational movement sub-system (continued)

2c  Your amended flowchart should now match the specification given at the start
of task 2.

Print the evidence of your amended flowchart and electronic circuit
integrated together after completing task 2b on A4 single sided paper with the

task number clearly labelled.
Screenshots or images must be clear and easy to read.

(2 marks)
2c candidate response

Task 2¢

Flowchart 1

a Start

StartSwitch On?

s
sy ot I
Ty FAN Tl
2 i
Set: LED On, Motor On LJ# 1[

500 Q
e ~ a5 Starts... F*—} Motor s -1’

JA/\N,_L
{ | 2 L_.{ '/
i StopSwitch On? " StopS... 1 LED )|

5% —"—Input2 i Output3 i ‘ll

Set: Motor Off Inputd 0 |Loutput2, )
v Inputd l Qutputl

Wait Ss ! Outputo

v e

Set: LED Off

Ove

2d Produce high-level microcontroller code to fully match the function described
in your amended flowchart from task 2c.

If necessary, print the evidence (screenshots or images must be clear and easy
to read) on A4 single sided paper with the task number clearly labelled.

(1 mark)
2d candidate response

H(.\m:
Labzio

:.{ \I\P\J\O s On A oo 4 80 to  \abd\ O
Lovoel A
Quint~ on S
Duirth on 4
faba 2
lf mpuai. s on thea (e 3 g ke 102\ 2
LQ.b’L\ 3 fépjﬁ
Suisenm off §
pm;sg o000
Blivi off &
9 o labr 0
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N5 Engineering Science Assignment 2018

Task 2 - cleaning brushes - rotational movement sub-system (continued)

2e Evaluate the performance of your amended solution from task 2c against the
specification given in task 2b, by describing:

o the performance of your amended solution to meet each of the three
specification points, referring to testing and any amendments that you
may have made

e the overall effectiveness of your amended solution for use in the car
wash environment

If necessary, print the evidence on A4 single sided paper with the task number
clearly labelled.

(4 marks)

2e candidate response

The Poblem  wisn s Ofer o thae mme\orc\o nay
fo prees th onand off botwas S0 that W
e vogh can QPerm d N0 qur vashes  have
& vothers pushin Ducwons, My solwon o thals
> Lo puc sesors  under tl car o4 th {\or
Of the ar vas. so that L (o activales
Wﬁt/lﬁ WL car vas™ by s M aad k005

it bJ s Se\  Withoot Tho arended \gmt) cheR
P\)Sh\o bn(c&'
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Task 3 - cleaning brushes - horizontal movement sub-system

A pneumatic system is to be used to move the cleaning brushes into the correct
position before they start to spin. The pneumatic system must meet the following
specification:

i. When the first electrical actuator receives a signal an adjustable
pneumatic time delay occurs.

ii.  After the time delay a double acting cylinder (controlled by a 5/2 valve)
outstrokes, moving the cleaning brushes into position.

ili.  When a second electrical actuator receives a signal the double acting
cylinder instrokes.

iv.  The piston’s speed is controlled so that it outstrokes slowly.

3a Design a pneumatic system that will meet the given specification. The name
of each component, valve and actuator must be identified and the direction of
the piston outstroke must be indicated. Show connections between all
components and valves.

If necessary, print the evidence (screenshots or images must be clear and easy
to read) on A4 single sided paper with the task number clearly labelled or
securely attach below.

(6 marks)

For example: a 5/2 valve could be simplified as shown below

] B
pilot-pilot
e P B b = . | S5/2valve
T T
VeV

3a candidate response

t Task 3a l
4
Double Acting . ]i
Cylinder
. | ———
7
\"D:rechon of Piston
,/—\\
( -~
( ) o
 ———
Reservoir
i &
! . Uni Directional
Uni Drectional | —. 5(1?\‘41! \F/l;:;:veConlrol
Flow Control Valve . I’u\l <
WA 3
/[ |
Jug—s
b
) 2
»
\
——e{\/*-r\_ vy /I_/\V
Y b ¥ 372 Solenoid
59 :{ 3 Acluated
512 Pilot Pilot Valve R4 \5/2":,29 Retum
2 4 2
A 3/2 Solenoid Actuated 1 \
\ Spring Retum Valve \
\_ | Q
¢/ TT\(\N\' ¢/ W W
% e
1 (k v 3 199 4
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Task 3 - cleaning brushes - horizontal movement sub-system (continued)

Electrical actuators and diaphragm actuators with air bleeds were both considered
to operate the pneumatic valves within the car wash.

Actuator Characteristics

Electrical actuator allows for flexibility of control
no loss of signal over a distance
safety issues with electrical signal in a wet environment

could be operated by a microcontroller

safe for use in a wet environment

air bleed may become blocked

source of pneumatics already at location
non-contact method of sensing

Diaphragm actuator

3b Select the most suitable actuator type for the car wash. Explain your choice,
giving two reasons.

If necessary, print the evidence on A4 single sided paper with the task number
clearly labelled.

(2 marks)

3b candidate response

Selected actuator {},aphragm  ACxvator
1 J

Reason 1 &lj‘;a_ 0 U \a 2% Cavwenment  whea

bue acwawe o e v\ 0« \ov ol wakes
)

SO . oL ST vov

Reason 2 becowse v i Non-convace mednad o}
P et {

satsmg <0 thav y\’\ou don< have 0 (jat ot

S\\)o\,r car anch ‘Q\&V}__‘Qggu.m
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N5 Engineering Science

Assignment 2018

Task 4 - cleaning brushes - speed control sub-system

The speed of the motor used to turn the cleaning brushes needs to be reduced.
A compound gear train is required that will meet the following specification:

i.  Reduce the speed of the motor by at least a factor of 25.

ii.  Fit into a compact space inside the car wash.

4a Design a compound gear train that will meet the specification. You must
identify the input and output gears and include all gear sizes.

Sketch your design below or on A4 single sided paper with the task number
clearly labelled. You must not use simulation software to complete this task.

4a candidate response

(2 marks)

1200 [AOteen

1
.

Oc (pm
20 A O reen

Len 7]
y70 P
) 0 Teeen

UO veath

L0 eews

4 S r?.‘r\

\n?') 9 :-‘CQ\‘ln s)\."i >P€k‘(.\ = QGu \P.;g Sl
>

Qus .Lpﬁd\

1Z00xO= 20 =5

mfmh el seaeu..- QusPst s.2e
A
Gapsr speed

COORC = {ox S
S= SO rPrv\

WPVE 3122 snpus speeis oupuvt S

Qs ™
S et
BOAVG: 4o xS

o= ‘-\SIPH\
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Task 4 - cleaning brushes - speed control sub-system (continued)

4b Simulate or construct your design from task 4a. You must identify the input
and output and include all gear sizes. You must include an input component to
allow for testing.

Print the evidence (screenshots or images must be clear and easy to read) on
A4 single sided paper with the task number clearly labelled.

(2 marks)
4b candidate response
Task 4b
: “% Number of teeth (Gear 1) :‘ 12 ‘ “f) Number of teeth (Gear 2) : 40
i Ang. vel. : 4.5 rpm
. 2 » Number of teeth (Gear 1) : 10

“t5 Number of teeth (Gear 2) 40
% b =l

o Ang. vel. (Gear 2) 5 -15 rpm i ey R

- a

Y| i “5 Number of teeth (Gear 1) , 1o
f o o
. 45 Number of teeth (Gear 2) , 20
£ pre "

L 5 Ang. vel. (Gear 2) , 60 rpm

C b
5 ;__._} Ang. vel. = 120 pm

4c  Complete the testing table below by entering the actual results for the input
and output speeds of the gear system that you observed during simulating or

constructing.
(1 mark)
4c candidate response
Expected result Actual result
Planned test Input Input
speed Output speed speed Output speed

Measure the input speed and | 25 revs min' | Nomore than | {20 pm L Srem
output speed of the gear or 1 revs min”

system. 25 turns. or

1 turns.
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Task 4 - cleaning brushes - speed control sub-system (continued)

4d Evaluate your solution from task 4b, by describing how well the two
specification points were met, referring to testing where appropriate and any
amendments that you may have made.

If necessary, print the evidence on A4 single sided paper with the task number
clearly labelled.

(2 marks)

4d candidate response

Candidate evidence

“the (\(6‘: bpec'f‘m"‘m\ was met  ax UZhaue dredueed
cl speed\ bO o Eac,cor o(. 2S . Al npes wpeect \ tested
vas V20 fpm oand e veducatt 1l %P\’-Q(L to L\.S,.Pm’
Ut ‘\'.lk {Q(_LH‘ C‘- 2SS A A0 v a ih% ,-P.ﬂl cgluant
bolow Wct, buc 6s G (o wasw  ths ameunre of
{feVsS {ant amd Q.ﬂod\t)i— lf e blfuswes 0{'\\0 yura L4
Evmes

T Seeend spt'c‘(fmtto-» tos mut @S oM SQ'M:

Compaced o thy can Bave  pace Dot . Cons
d%lauw\o made  Sma\e”

(<R
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Task 5 - water heater sub-system
The water used in the car wash must be heated. An input sensing circuit is required
to activate a heater, meeting the following specification:
i.  When the temperature of the water falls below a set level the heater
should switch on.

ii.  When the temperature of the water rises above a set level the heater
should switch off.

iii.  The temperature that the heater switches on at should be adjustable.

To allow the input sensing circuit to be tested a lamp is used instead of a heater and
will be activated by a transistor as shown below in task 5a.

5a Complete the circuit diagram shown below by designing a suitable input sensing
circuit that will meet the given specification.

Component values are not required.

(3 marks)
Input sensing circuit
(e o e |
5V O—+ +
' 1
! ]
I 1
1 . |
| ]
1 |
| 1
1 1
1 1
| 1
! ﬂ !
I
I A :
I )
f  ® !
1 -‘f’ 1
; Vour !
| 1
| |
i )
1 |
ov O : |
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5a candidate response

Assignment 2018

OV orts=

Task 5a
5yv ot 3
362.5Q %
500 @ )

:40 1
:20 5
0 M 10344 @

2y
-20

5y ot ¢
362.5 Q.J#
500 Q
>p-40
gl
4 ‘Hinseo
. A
0 V o OC
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Task 5 - water heater sub-system (continued)
5b Write a test plan for the input sensing circuit by describing:

o three tests that could be carried out
o the results that would be expected from each test in terms of the output voltage (V) from the input sensing
circuit
If necessary, print the evidence on A4 single sided paper with the task number clearly labelled.

{6 marks)

5b candidate response

Planned test Expected result

The yonaele om0 15 O MG d M onwice | i eapecred reso i thak  Ehe hoate! L

Uitn bt ghaefemstee doua L "ZOQC/ Lo by |
| S ok hWogker turns On |
E

|

| lL vanaoe eimor 15 E0 4l MEnMmum (psisneg ’YQ e\f‘QU&d exvle 3 thak  d WReker uin g Cﬂv
| ik g diesaimiee 9p co B o se f
1 X'y}

e heawer wens off

| dhsl : e z J

Poss\\o\cg! wit\h Tl t\(\Qfm‘b1°’ u? R0 1/0°C te =ee ac wlh \,],0\,\9:,, tempriater |
“* ey heater uras 0%(— oY on

!
f
!

‘r’\(;_ OO iesiel s C\Ou.’\ Lot \Quese maoswaneR ‘KL. QXQQQtBCL fese\t 1>t heacer il remcui o\ 1

s —
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Task 6 - end of wash cycle alert sub-system
The specification for a microcontroller based circuit used to alert the driver that the
wash cycle is about to finish is shown below.
i.  When a car is in the correct position it activates a limit switch and a red
lamp will flash on and off 20 times.

ii.  After the red lamp has finished flashing it will turn off and a green lamp
will turn on.

6a Complete the system diagram below with reference to the specification.

(2 marks)
6a candidate response
I g end of wash
Ia?cc ~—PINRCCOCO NG ! cycle alert
L -
Task 6 - end of wash cycle alert sub-system (continued)
6b Complete the sub-system diagram below with reference to the specification. You must clearly show all sub-systems, the

system boundary and interactions between sub-systems.

(5 marks)

6b candidate response

—_——— —_ —_— —_ _— e —

I

L}
St Suivtin
on, i 5uy>~'>.\)3zm microcontroller

[}
6\)\:3331 em
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Candidate 2

Car wash
A team of engineers is involved in several tasks during the development of a new car
wash.

These tasks include the development of proposals for the following sub-systems:

Task 1 - car sensor sub-system

Task 2 - cleaning brushes - rotational movement sub-system
Task 3 - cleaning brushes - horizontal movement sub-system
Task 4 - cleaning brushes - speed control sub-system

Task 5 - water heater sub-system

Task 6 - end of wash cycle alert sub-system
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Task 1 - car sensor sub-system

The car wash should only operate when a master switch A is on (logic 1) and a sensor
B detects a car has driven into the correct position (logic 0). The car wash can also
be tested by pressing an override switch C (logic 1).

The design for a logic circuit to control the operation of the car wash is shown below.

B
- Do D

co

1a Simulate or construct the logic circuit shown above. You must include input
devices to allow for testing.

Print the evidence (screenshots or images must be clear and easy to read) on
A4 single sided paper with the task number clearly labelled.

(1 mark)
la candidate response
Task 1a)
A
)

bty

1C2a
B ) >0 (74HC08) e g2

ICla
. IC3a
(74HC04) {74HC32)

c £ s
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Task 1 - car sensor sub-system (continued)

1b  Test your simulated or constructed circuit and complete the truth table below
with your results for output Z.

(1 mark)
A B C Y4
0 0 0
0 0 1
0 1 0
0 1 1
1 0 0
1 0 1
1 1 0
1 1 1

1b candidate response

A B C 4
0 0 (] Y
0 0 1 |
0 1 0 A
0 1 1 \
1 0 0 |
1 0 1 \
1 1 0 ]
1 1 1 \
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N5 Engineering Science

Assignment 2018

Task 2 - cleaning brushes - rotational movement sub-system

Cleaning brushes are required to spin over the car during the cleaning process.

An electronic engineer has designed the flowchart and circuit shown below
as a possible solution. The pin numbers used to connect the circuit to the

microcontroller are shown in the table below.

2a  Simulate or construct the flowchart and electronic circuit integrated together
as shown. A microcontroller of an alternative size may be used but the pin

numbers must match the connections given.

Print the evidence (screenshots or images must be clear and easy to read) on

A4 single sided paper with the task number clearly labelled.

(5 marks)
Input Connection Pin Output Connection
7 motor
6 LED
stop switch 1
start switch 0
5Vo
5 |
x |
input 0
= output 7 3000 E
Sl output 6
input 1
) e 10k
microcontroller A
N
ovo $

wait 5 seconds
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2a candidate response

Assignment 2018

Candidate evidence

Flowichart_1

5 start TFF

Pin_0 On?
Y

Set: Pin_6 On, Pin_7 On

v

Pn_1 On?

Y
ov

Set: Pin_s Off

Wait 55
v

Set: Pin_7 Off

pn0  []  Pin7

Pin_1 Fin_6

[ outputo

10 k2

Task 2 - cleaning brushes - rotational movement sub-system (continued)

The cleaning brushes are to be operated by a microcontroller using the following
specification:

ii.

iii.

When a start switch is pressed an LED, protected by a resistor, switches
on and an SPDT relay activates a 6V motor, spinning the cleaning brushes.

When a stop switch is pressed the motor turns off and then after a

5 second delay the LED turns off.
The sequence should then repeat.

Errors were found with the design during testing.

2b Complete the testing table shown on the following page, by carrying out
the planned tests given, making amendments as necessary before moving
onto the next test. You must write descriptions of the actual results you
observed during testing and appropriate amendments that you made to enable

the system to satisfy the specification.

If necessary, print the evidence on A4 single sided paper with the task number

clearly labelled.

SQA | www.understandingstandards.org.uk
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2b candidate response

Assignment 2018

Candidate evidence

Task 2 - cleaning brushes - rotational movement sub-system (continued)

Task 2 b (continued)

Planned test

Expected result

Actual result

Amendments made

Test 1
Activate the start switch.

The 6V motor should start turning
and the LED should turn on.

o carvien Aimesks

Yo be

Repeat tests 1 and 2 to make sure
the sequence is repeatable..

The sequence should loop back to
the start and repeat.

Test 2 ; : -n e AU e
Activate the stop switch. The 6V motor should stop turning e e ; 5"“5‘/’ W od ﬁ;e o £
and then after 5 seconds the LED o &duff' ﬁt. v M
should turn off. d?f
LED dees
Test 3

C;O&S _’ﬂ\.&%— »/’b ﬂz&
E’-@V\'\h‘j l’thij

Jw‘:

T thebe d W
vttt for v
errors, b o

la} Alwd“ AM
,)%, CL:J; L JJ’I.S (“ﬁ

" lhicqe.

HE g U:)
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Task 2 - cleaning brushes - rotational movement sub-system (continued)

2c  Your amended flowchart should now match the specification given at the start
of task 2.

Print the evidence of your amended flowchart and electronic circuit
integrated together after completing task 2b on A4 single sided paper with the
task number clearly labelled.

Screenshots or images must be clear and easy to read.

(2 marks)
2c candidate response

[ changed the resistance of the resistor and swapped the order of the motor and light
so they turn off when supposed to.
Flawchare_1
3 stare T
4
0 On?
I Y
Set: Pin_6 On, Pin_7 On sV 2 .
6V
Bn_1 On? ! ” 1
¥
e PO Tl pin:g S‘i}_n AF
Sat: Pin_7 Off Inputd LLR
P 1 /n S L
! s taputd Qutput2 s |
vt S Car_se... Outputl g
Ou(EL\IO
d
Sat: P 6 Off
s

2d Produce high-level microcontroller code to fully match the function described
in your amended flowchart from task 2c.

If necessary, print the evidence (screenshots or images must be clear and easy
to read) on A4 single sided paper with the task number clearly labelled.

(1 mark)

2d candidate response

| Flowchart_1 ~ , e (\Q)Ad 07 7 onclatur]r
main:
| labelo:
i if Input0 is On then labell
goto labelO
labell:
Switch on S
Switch on 4
label2:
if Input2 is On then label3
goto labhel2
|12 label3:
1 Switch off S
pause 5000
Switch off 4
goto labelO
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Task 2 - cleaning brushes - rotational movement sub-system (continued)

2e Evaluate the performance of your amended solution from task 2c against the
specification given in task 2b, by describing:

o the performance of your amended solution to meet each of the three
specification points, referring to testing and any amendments that you
may have made

e the overall effectiveness of your amended solution for use in the car
wash environment

If necessary, print the evidence on A4 single sided paper with the task number
clearly labelled.

(4 marks)

2e candidate response

bo el e gaw ot T s 5 S

b 28 addin = il gueshion ﬁmd,\w%
. = CeF Whg ey od, This weoid

P Ce0 TS Cleen er ot

}z’muu idf
e e

o The cotke nle e b gl So 3 Lpd fo
f{a[«uc(_ﬂe/ Lelue /W SOC)_Q—% N /z’j@ﬁ-/l/hs G
e L also [w‘iJ—a Swe/aﬂg e e— 7——%&/‘4’»&/
mb LD S Wy oo g v Sl Ao,
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Task 3 - cleaning brushes - horizontal movement sub-system

A pneumatic system is to be used to move the cleaning brushes into the correct
position before they start to spin. The pneumatic system must meet the following
specification:

i. When the first electrical actuator receives a signal an adjustable
pneumatic time delay occurs.

ii.  After the time delay a double acting cylinder (controlled by a 5/2 valve)
outstrokes, moving the cleaning brushes into position.

ili.  When a second electrical actuator receives a signal the double acting
cylinder instrokes.

iv.  The piston’s speed is controlled so that it outstrokes slowly.

3a Design a pneumatic system that will meet the given specification. The name
of each component, valve and actuator must be identified and the direction of
the piston outstroke must be indicated. Show connections between all
components and valves.

If necessary, print the evidence (screenshots or images must be clear and easy
to read) on A4 single sided paper with the task number clearly labelled or
securely attach below.

(6 marks)

For example: a 5/2 valve could be simplified as shown below

pilot-pilot

e P B b = . | S5/2valve
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3a candidate response

Assignment 2018

Candidate evidence

Took)

4 ol

ij)cum;\h(_ C;(CO;(;

Batn

= i e S 14

T‘/“s S W‘D Vﬂéuw\e\kpc, %5(’% wilh the. vn
(Shtickr . e Zdifm pofstelaas Slenely, /‘(S
Sl Lo

AI ceeHor e

Task 3 - cleaning brushes - horizontal movement sub-system (continued)

Electrical actuators and diaphragm actuators with air bleeds were both considered
to operate the pneumatic valves within the car wash.

Actuator

Characteristics

Electrical actuator

allows for flexibility of control

no loss of signal over a distance

safety issues with electrical signal in a wet environment
could be operated by a microcontroller

Diaphragm actuator

® & & o

safe for use in a wet environment

air bleed may become blocked

source of pneumatics already at location
non-contact method of sensing

3b Select the most suitable actuator type for the car wash. Explain your choice,

giving two reasons.

If necessary, print the evidence on A4 single sided paper with the task number

clearly labelled.

(2 marks)
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3b candidate response

Selected actuator D “‘*th\’)*“ acduades
v 4

Reason 1 j: 5 Ml‘lU{, )1) e in A M}- e (rimanf
ol e 05 5 oo bevests T radl S
ack buck

/

Reason 2 ﬁéa;‘bl‘/’ b hee o o —conlput
Stmsu—hida s usey L w1 e buth androigy]
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Task 4 - cleaning brushes - speed control sub-system

The speed of the motor used to turn the cleaning brushes needs to be reduced.
A compound gear train is required that will meet the following specification:

i.  Reduce the speed of the motor by at least a factor of 25.
ii.  Fit into a compact space inside the car wash.

4a Design a compound gear train that will meet the specification. You must
identify the input and output gears and include all gear sizes.

Sketch your design below or on A4 single sided paper with the task number
clearly labelled. You must not use simulation software to complete this task.

(2 marks)

4a candidate response
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Task 4 - cleaning brushes - speed control sub-system (continued)

4b Simulate or construct your design from task 4a. You must identify the input
and output and include all gear sizes. You must include an input component to
allow for testing.

Print the evidence (screenshots or images must be clear and easy to read) on
A4 single sided paper with the task number clearly labelled.

(2 marks)

4b candidate response

This is my compound gear train. The input speed is 25revs per minute and the output
speed is 1 revs per minute.

MOW/in,?df 275 fevs mim™
Lo (rpm)
£ ) i lgh 2e
Ang. vel.
\G | — 20 4
> Ang. vel. (Ge
—_— e 1 +
Ang. vel. (Ge
3z1 0 f
. & s
I k. J5r
> 0 t t A= t
" =3 144 152 160 168
7l OUbaui‘
T - )/¢v5 Phin! (s) = Simulation time
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4c  Complete the testing table below by entering the actual results for the input
and output speeds of the gear system that you observed during simulating or

constructing.

4c candidate response

Assignment 2018

(1 mark)

Candidate evidence

Planned test

Expected result

Actual result

Input

Input

!

speed Output speed speed Output speed
Measure the input speed and | 25 revs min’' | No more than | ¢
output speed of the gear or 1 revs min! i 25 revs ﬂ' revs
system. 25 turns. or b iasiet W~
1 turps. |
i

Task 4 - cleaning brushes - speed control sub-system (continued)

4d Evaluate your solution from task 4b, by describing how well the two
specification points were met, referring to testing where appropriate and any
amendments that you may have made.

If necessary, print the evidence on A4 single sided paper with the task number
clearly labelled.

4d candidate response

(2 marks)

% }Lc}o}- 4
/n/’g"’ Ollbf’ bosd b puork o e jeﬂ vedozs
» Loty T died My ger
)
W p\Ji{':j [res s Sjmd,,nj wvalss  Lu<re
I ﬂﬁnl:,‘z S ‘S_;(,‘azssd-ut/

’ I?‘?’ﬁnk ﬂM} i Sduhoﬂ LS %/(,(Ju’w JOQ[LUSC

Vhoter ol 2SS ! and

tah with caly 2 eyeecs
alcvzde
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Task 5 - water heater sub-system
The water used in the car wash must be heated. An input sensing circuit is required
to activate a heater, meeting the following specification:
i.  When the temperature of the water falls below a set level the heater
should switch on.

ii.  When the temperature of the water rises above a set level the heater
should switch off.

iii.  The temperature that the heater switches on at should be adjustable.

To allow the input sensing circuit to be tested a lamp is used instead of a heater and
will be activated by a transistor as shown below in task 5a.

5a Complete the circuit diagram shown below by designing a suitable input sensing
circuit that will meet the given specification.

Component values are not required.

(3 marks)
Input sensing circuit
(e o e |
5V O—+ +
' 1
! ]
I 1
1 . |
| ]
1 |
| 1
1 1
1 1
| 1
! ﬂ !
I
I A :
I )
f  ® !
1 -‘f’ 1
; Vour !
| 1
| |
i )
1 |
ov O : |
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5a candidate response

Assignment 2018 Candidate evidence

Input sensing circuit

oV o

SV ohX
. = b 1;9104 15 ea,
48.75 ko = hot My petnker
7 = on@ Ak Lk
680 Q R
—— K and whike.
:40
=20 o
0 ")ff 181.04 kQ
21
0V o oﬁi‘-?ﬁ

This is the circuit with the heater on because the temperature is below Zero.

S5V ot
a]
48.75 ka "
680 O
:40
» -0 o
0 Ui}’ 67.73 kO
0Vos = 20

This is the circuit with the heater off because the temperature is too hi gh. The
temperature at which the heater comes on at can be changed by altering the value of
the variable resistor either up (lower temp) or down (higher temp).
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Task 5 - water heater sub-system (continued)
5b Write a test plan for the input sensing circuit by describing:

e three tests that could be carried out
o the results that would be expected from each test in terms of the output voltage (Ve.) from the input sensing
circuit

If necessary, print the evidence on A4 single sided paper with the task number clearly labelled.

{6 marks)

5b candidate response

Planned test Expected result

C)UI"‘FUP vol 2 [AJDO[A creSe_

o . I,,“k& U [/""‘/LU'
, }@Qﬂ’(l" o fo )Décausc_ ’ﬂde,_ ,.J'x:f.s ol

ij;(_r o _alloms T tmber b0 (‘)Q\f‘polf— ol b ge copotd dueccease
Cool L‘&ccwsc, e l’)lefb CD(H/

G

Hocer on bol- mAJdblﬁ fo required OU\"yN}’ vol -45 (e . “9,/2:
L o\ ther lfb Loc:,D(,\ or Lm, uY o~ Ow o :j_ Ein =
5V”f : l/]Zﬂu"% Cla o '/\/J\'-,Ll’wwli PYASY 7/,: ’
on g /"’515)“”“‘?-#" Urichle (=5i8/<rZ
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Task 6 - end of wash cycle alert sub-system

The specification for a microcontroller based circuit used to alert the driver that the
wash cycle is about to finish is shown below.

i.  When a car is in the correct position it activates a limit switch and a red
lamp will flash on and off 20 times.

ii.  After the red lamp has finished flashing it will turn off and a green lamp
will turn on.

6a Complete the system diagram below with reference to the specification.

(2 marks)

6a candidate response

end of wash
cycle alert

Red light > light

Car o End of cycle
Wash alert

Green light ——>Jight

004

Limit switch —> Sound

This Systems diagram shows the basics for
This system. The car is put in the front as an
Input and the lights and switch are the outputs.
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Assignment 2018

Task 6 - end of wash cycle alert sub-system (continued)

Candidate evidence

6b Complete the sub-system diagram below with reference to the specification. You must clearly show all sub-systems, the
system boundary and interactions between sub-systems.

6b candidate response

(5 marks)

v

LbO)o X 70 ]
#( oun €

L PN L)uH’(M
e | %[ - microcontroller

T

L

-»

Censor

5 ‘ il Stz l—-> B

l1ght
Green it |

# |
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Candidate 3

Car wash
A team of engineers is involved in several tasks during the development of a new car
wash.

These tasks include the development of proposals for the following sub-systems:

Task 1 - car sensor sub-system

Task 2 - cleaning brushes - rotational movement sub-system
Task 3 - cleaning brushes - horizontal movement sub-system
Task 4 - cleaning brushes - speed control sub-system

Task 5 - water heater sub-system

Task 6 - end of wash cycle alert sub-system
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Task 1 - car sensor sub-system

The car wash should only operate when a master switch A is on (logic 1) and a sensor
B detects a car has driven into the correct position (logic 0). The car wash can also
be tested by pressing an override switch C (logic 1).

The design for a logic circuit to control the operation of the car wash is shown below.

B
- Do D

co

1a Simulate or construct the logic circuit shown above. You must include input
devices to allow for testing.

Print the evidence (screenshots or images must be clear and easy to read) on
A4 single sided paper with the task number clearly labelled.

(1 mark)

la candidate response

Gl Tt - [T L loger ptesimid
* M Vew Pmwt Wedow Hes
&8 » s B-B- 3/0Q I Qe

| T smosm
BD
ot e 4 P8y PRt § P24t - ’
for iy Vetoge S SRS § W <3 Teme G330 " Q 200 0P OMLC Resdy
e e e G o s
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Task 1 - car sensor sub-system (continued)

1b Test your simulated or constructed circuit and complete the truth table below
with your results for output Z.

(1 mark)
A B C Y4
0 0 0
0 0 1
0 1 0
0 1 1
1 0 0
1 0 1
1 1! 0
1 1 1

1b candidate response

—l0|-|=|~o|- o
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Assignment 2018

Task 2 - cleaning brushes - rotational movement sub-system

Cleaning brushes are required to spin over the car during the cleaning process.

An electronic engineer has designed the flowchart and circuit shown below
as a possible solution. The pin numbers used to connect the circuit to the

microcontroller are shown in the table below.

2a  Simulate or construct the flowchart and electronic circuit integrated together
as shown. A microcontroller of an alternative size may be used but the pin

numbers must match the connections given.

Print the evidence (screenshots or images must be clear and easy to read) on

A4 single sided paper with the task number clearly labelled.

(5 marks)
Input Connection Pin Output Connection
7 motor
6 LED
stop switch 1
start switch 0
5Vo
5 |
x |
input 0
= output 7 3000 E
Sl output 6
input 1
) e 10k
microcontroller A
N
ovo $

wait 5 seconds
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2a candidate response
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Task 2 - cleaning brushes - rotational movement sub-system (continued)

The cleaning brushes are to be operated by a microcontroller using the following
specification:

i.  When a start switch is pressed an LED, protected by a resistor, switches
on and an SPDT relay activates a 6V motor, spinning the cleaning brushes.

ii.  When a stop switch is pressed the motor turns off and then after a
5 second delay the LED turns off.

ili.  The sequence should then repeat.

Errors were found with the design during testing.

2b Complete the testing table shown on the following page, by carrying out
the planned tests given, making amendments as necessary before moving
onto the next test. You must write descriptions of the actual results you
observed during testing and appropriate amendments that you made to enable
the system to satisfy the specification.

If necessary, print the evidence on A4 single sided paper with the task number
clearly labelled.

(5 marks)
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2b candidate response

Assignment 2018

Candidate evidence

Planned test Expected result Actual result Amendments made
Tost The EV metur stled | The size af He wishor
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WOk 3 27002,
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Task 2 - cleaning brushes - rotational movement sub-system (continued)
2c  Your amended flowchart should now match the specification given at the start
of task 2.

Print the evidence of your amended flowchart and electronic circuit
integrated together after completing task 2b on A4 single sided paper with the
task number clearly labelled.

Screenshots or images must be clear and easy to read.

(2 marks)
2c candidate response
A eard) 1w B, Wl vervmncne ] >
He [t Vew Prgec Wodow bely -
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2d Produce high-level microcontroller code to fully match the function described
in your amended flowchart from task 2c.

If necessary, print the evidence (screenshots or images must be clear and easy
to read) on A4 single sided paper with the task number clearly labelled.

(1 mark)

2d candidate response

Candidate evidence

’::.x;::xf*:: :i.‘.w:::ﬂ:r 4 .‘: ;:-
. ‘! e o . a8 = ]
© Gotery ‘8
* 'Task 29 ‘ &
i start = ¢
label 1: pi———
if input © 0 then goto label 1 =
out 11000000 ' metor and LED on i
label 2: Pr—
if input 1 = 0 then goto label 2 &
out 00000000 ' LED off B
wait 5 =-'-"
out 00000000 ' mover off o
goto label 1 £ i -
r;- Catued Diogporn [ PCBioyend  Flomenurt B1 | BASIG LY | 8 of Masematy E—- '-
Task 2 - cleaning brushes - rotational movement sub-system (continued)
2e Evaluate the performance of your amended solution from task 2¢ against the
specification given in task 2b, by describing:
o the performance of your amended solution to meet each of the three
specification points, referring to testing and any amendments that you
may have made
e the overall effectiveness of your amended solution for use in the car
wash environment
If necessary, print the evidence on A4 single sided paper with the task number
clearly labelled.
{4 marks)
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2e candidate response

Task 2e

Both the amended circuit diagram and flowchart were tested to make sure
that all of the specification points were met. In my version the LED switched on
and the relay switched on the 6V motor (spinning the cleaning brushes) at the
same time. After the stop button was pressed the LED stayed on 5 seconds
longer than the motor which turned off immediately after the stop switch was
pressed. In every test the LED came on after the 10k resistor was replaced by
the 270 ohm resistor. The system also always repeated itself and restarted
when the start switch was pressed, | didn’t have to run the entire program
again.

Overall my amended solution would be pretty effective in car wash
environment if soap and water for cleaning the car was supplied either by
adding dispensers into the system, supplying it at the petrol station (where the
car wash will probably be) or making people bring their own as all of the
scrubbers work and the LED would tell other people and cars waiting for the
wash if it’s still in use. The only thing not yet added is the soap and water
dispensers needed.
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Task 3 - cleaning brushes - horizontal movement sub-system

A pneumatic system is to be used to move the cleaning brushes into the correct

position before they start to spin. The pneumatic system must meet the following
specification:

i. When the first electrical actuator receives a signal an adjustable
pneumatic time delay occurs.

ii.  After the time delay a double acting cylinder (controlled by a 5/2 valve)
outstrokes, moving the cleaning brushes into position.

ili.  When a second electrical actuator receives a signal the double acting
cylinder instrokes.

iv.  The piston’s speed is controlled so that it outstrokes slowly.

3a Design a pneumatic system that will meet the given specification. The name
of each component, valve and actuator must be identified and the direction of
the piston outstroke must be indicated. Show connections between all
components and valves.

If necessary, print the evidence (screenshots or images must be clear and easy

to read) on A4 single sided paper with the task number clearly labelled or
securely attach below.

(6 marks)
For example: a 5/2 valve could be simplified as shown below
J | |
pilot-pilot
=i o]~ = | S5/2valve
7S
3a candidate response
Task 3a
| P T Yo fa g &=
JHe Lt buon Dme Pige Gmuse Detachct Ot View Lbwy Took Wik Hop ™
JSHA B 3 NI @e  ar> Y & & o «FE@E2 3 @
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£ ) Santwd Sremm
. i ) i
2= e Double acting cylinder o B
{57 4 | 3 @ | e 7‘ solenod spring retum 372 vaive
~“""" e s ma g.-—:.m ;_,.'_ =
@) Mo = £ =
S e ; s : - 1
s : **f T4 | )
", solenoid spﬁng-}elumlmvawe l 5 .
R uni-directional restrictor | 3
“‘—nm«u' i a 4 {4
Piow arast v Tt ven in peen e
::::;’:—’::.dm i 5 “j 3 pilct air
) m pilot pilot 5/2 vaive
D Lation
Drgeal inchneiey
* GRACET
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3 ].:mmvvr.“ﬂmﬂ"‘
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Task 3 - cleaning brushes - horizontal movement sub-system (continued)

Electrical actuators and diaphragm actuators with air bleeds were both considered
to operate the pneumatic valves within the car wash.

Actuator Characteristics

Electrical actuator allows for flexibility of control
no loss of signal over a distance
safety issues with electrical signal in a wet environment

could be operated by a microcontroller

safe for use in a wet environment

air bleed may become blocked

source of pneumatics already at location
non-contact method of sensing

Diaphragm actuator

3b Select the most suitable actuator type for the car wash. Explain your choice,
giving two reasons.

If necessary, print the evidence on A4 single sided paper with the task number
clearly labelled.

(2 marks)

3b candidate response

Selected actuator E\ech' fco.\ QC}L{C&O i

Reason 1 Q“ JreR ‘Q)(‘ use gpu‘H‘) ‘\‘\'\Q'

m?grgcm\‘rgngr srg. el previously
r)esfaneo\ ;
J

Reason 2 anowq ‘}‘Q‘ Le, “u(‘ne,w{ on

'@Fom 'ﬂm"‘v\ff oL ok ST0) ‘person
(‘)ﬂe&l\'vm we)uu n '4' aelt” w e{'.
1 ) J
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Task 4 - cleaning brushes - speed control sub-system

The speed of the motor used to turn the cleaning brushes needs to be reduced.
A compound gear train is required that will meet the following specification:

i.  Reduce the speed of the motor by at least a factor of 25.
ii.  Fit into a compact space inside the car wash.

4a Design a compound gear train that will meet the specification. You must
identify the input and output gears and include all gear sizes.

Sketch your design below or on A4 single sided paper with the task number
clearly labetled. You must not use simulation software to complete this task.

(2 marks)

4a candidate response

by a fcler of 8B 25.
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Task 4 - cleaning brushes - speed control sub-system (continued)

4b Simulate or construct your design from task 4a. You must identify the input
and output and include all gear sizes. You must include an input component to
allow for testing.

Print the evidence (screenshots or images must be clear and easy to read) on
A4 single sided paper with the task number clearly labelled.

(2 marks)

4b candidate response

Task 4b

iears cem

il
|
i

;) Dowdta goar
@ Chan dree
24 worm gosr
Ol ndd o driven 1

- 4 40 teeth

& Rack andt pawon
Outputs
Preventaten

/' capn

B sopwatch o

ivet | (initial inpest)
8 tecth

driven 2 (final output)
teeth

40

(i +

G ot e B o I

4c  Complete the testing table below by entering the actual results for the input
and output speeds of the gear system that you observed during simulating or

constructing.
(1 mark)
4c candidate response
Expected result Actual result
Planned test Input Input
speed Output speed speed Output speed
Measure the input speed and | 25 revs min' | No more than |
output speed of the gear or 1 revs min™ (ZS (“E\:S \ éev min
system. 25 turns. or o
1 turns.
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Task 4 - cleaning brushes - speed control sub-system (continued)

4d Evaluate your solution from task 4b, by describing how well the two
specification points were met, referring to testing where appropriate and any
amendments that you may have made.

If necessary, print the evidence on A4 single sided paper with the task number
clearly labelled.

(2 marks)

4d candidate response

Task 4d

The design | made reduced the speed of the motor by a factor of 25. To test
this the speed of the motor was set to 25 in the simulation and a graph was
added to measure and record the speed of the final output gear driven 2. The
graph showed that the final output speed was 1 revolution per minute,
showing a reduction in speed by a factor of 25- meeting the first specification
point. The gears used had either 8 or 40 teeth, making them as small as
possible with the gears still being able to mesh and turn- meeting specification
point 2.
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Task 5 - water heater sub-system
The water used in the car wash must be heated. An input sensing circuit is required
to activate a heater, meeting the following specification:
i.  When the temperature of the water falls below a set level the heater
should switch on.

ii.  When the temperature of the water rises above a set level the heater
should switch off.

iili.  The temperature that the heater switches on at should be adjustable.

To allow the input sensing circuit to be tested a lamp is used instead of a heater and
will be activated by a transistor as shown below in task 5a.

5a Complete the circuit diagram shown below by designing a suitable input sensing
circuit that will meet the given specification.

Component values are not required.

(3 marks)
Input sensing circuit
(e o e |
5V O— 1
| 1
! ]
| )
1 4 |
| !
1 '
] I
| 1
1 ‘ t 1
] ]
! 1
I
I A :
I )
i . I
1 -(‘J t
; Vour !
1 1
| 1
i '
] )
ov O : |

5a candidate response

Input sensing circuit
|t s i e ki s v 1
5V o— 1
| 1
! |
| 1
I ! |
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| 1
| |
I 1
| 1
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I 1
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| 1
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I 1
! |
I |
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1 ]
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Task 5 - water heater sub-system (continued)
5b Write a test plan for the input sensing circuit by describing:

o three tests that could be carried out
o the results that would be expected from each test in terms of the output voltage (V) from the input sensing
circuit

If necessary, print the evidence on A4 single sided paper with the task number clearly labelled.

{6 marks)

5b candidate response
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Task Sb

Task 6 - end of wash cycle alert sub-system

The specification for a microcontroller based circuit used to alert the driver that the

wash cycle is about to finish is shown below.

i.  When a car is in the correct position it activates a limit switch and a red

lamp will flash on and off 20 times.

ii.  After the red lamp has finished flashing it will turn off and a green lamp

will turn on.

6a Complete the system diagram below with reference to the specification.

6a candidate response

{2 marks)

end of wash
Ca r cycle alert

geen |ight

—» heat
rel ls\f

Task 6 - end of wash cycle alert sub-system (continued)

6b Complete the sub-system diagram below with reference to the specification. You must clearly show all sub-systems, the

system boundary and interactions between sub-systems.
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6b candidate response
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