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Wor ksheet 1

Anal ogue vs digital

We hear mor e andadbéamo d e@&dla
wor disgi t al taebddegdi gi ¢ @ |
as ec.ardesommerdbeolks kid-1| s

l earning ... Why is th
t h@bwor-dnal ogue?

This worksheet | ooks at
anal ogue and digital si

The photograph shows a

WENLI 115 rrue rus muTmeTer

o

o o o o o

Over to you:

1 Set up this circuit with a multimeter on the
the 5k6 resistor.

1T Set the power supply voltage to 12V and swit
fWarm the thermistor between your thumb and f
T What happens to the output voltage? Write yo

So what ?

This is a-dempiem@atwmiet made fr om-de ptemaremits trcers
i n seriesWwegdgihstaor. 6lkdan @glemspiugantaels, anmdi cated on
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Wor ksheet 1

Anal ogue vs digital

[FMV{=M 115 rRue Rus muLTMETER

250€2 pot

The previous feixEedluesi ssed. a

A potentiometer (@sdt)asl vy dseH oyv usieedd kmsetaor i n s
such asehsighg and-steennsp enrga tunrie s .

Pots can al so be used to create a variable vo

Over to you:

TBuild the circuit shown in the | ayout above.
T Switch on the power supply, set to 12V.

TClose the switch and slowly turn the knob on
T Notice the effect on the brightness of the |
M Record your observations in the Student Hand

So what ?

Used | i ke this, the pot al so generates an ana
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Wor ksheet 1

Anal ogue vs digital

== == = == o ==

The n

Over

T Bui l
T Swi t
1 Meas
T Next
1 Me as
1T Reco

So wh

T An a
t emp

1 The
and

T A di
t wo

| -t o o o] a o

| o] a O a a

[ZRVA 115 rRuE RMS MULTIHETER

o joi .

Switch

ext circdiiigistgagmalr atesi mg a switch, connec
to you:

d the circuit shown in the | ayout above.
ch on the power supply, set to 12V.

ure the output voltage when the switch i
, I nvert the switch unit i.e. swap over

ure the output voltages again, when the

rd your observations in the Student Hand

at ?

nal ogue sensing-ancopygiokbsthe beldVaovihgurhe
eradmnugieng unit, as temperature rises, the

out put mimics the temperature. We can <ch
then the output voltage changes by very

gital sensor, onsttahtee oatfhfeari rh.a nAd ,s wistscah tiws
possible states. Hence, the output volta
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Wor ksheet 1

Anal ogue vs digital

The -Heefd graph, bel ow, shows an anal ogue signa
temperature changes.

The +iagghdt graph shows the digital signal produ

switch doessmmwdtfictlbynysngéf dobenslightay on, the
and so forth. 1tdi@exors orhoiwts iwhenf ft heTlkkdhange

voltage has only two values.

(OF QA

& S .

S Analogue E Digital

2 3

3 3

Temperature Switched here Time

I n the vocabulary of digital eldecci@endiodlséc t he
Somewhere in the design, these are defined, u.
0O may be specified as any voltage between 0V
12.0V. Using a range recognises that signals
el ectronic system.
A major advantage of digital signals is that
make a pretty good guess at what the signal s

a voltage between the dadalf igrueeds sr arhgpets ,i ts awa s8 .r7e

This ability to recreate the original signal
efits of digital signals. Analogue signals do not allow us to do this.

Copyright 2023 Matrix Technology Solutions LimitF)da g&



Wor Kksheet

2

locktronics

Driving output devices
The vé&hiedleet ronic contr ol per a
I'ts outpappdep.t chRIiBied yi ncl u
visual di splays, audi o sys age
componege¢isr,ity and safety at e
control devices.
Actuators are devices- that al |l
opening or c¢closing a valve ock
wi ping a wet windscreen, d . - | C .
photograph shows some automotive actuator s.
The control system must deliver and control e
operate correctly. Usually this means transfo
sensor, into high current signals to operate
This worksheet | ooks at two tryeleandfassbstyet €
1. The rel ay:

. . 12V L.
A relay is an electromechanica T 1
A smal l current in the control c I::|Relay\ manag
the controlled circuit. i
The diagram on the right shows a/ ulsed t

. ) ov Cphtrpl Controlled
The next diagram il lustrates howcircuit circuit | lay wo
When the switch is closed, the current fl owin:
the armature towards the core inside the coil
As it does so, it pivots and pushes the switc
i ng on the device connected in the controll ed
Switch contacts To
controlled

Pivot —
Armature' |'"

control circuit

circuit

Copyright 2023 Matrix Technology Solutions leltpda g?e



Wor ksheet 2

Driving output devices

Over to you:

The aim of this investigation i s to measure a

circuit and the controlled circuit.

fBuild the circuit shown in the | ayout.

1 Make sure that the power supply is set to 12

T Energise the relay by closing the switch in
spin.

f Measure the current in the control circuit

either by removing the connector and repl aci
clamp meter.

T Then measure the current in the controlled c
again using either an ammeter or a current c
1 Record the values in the Student Handout and

Copyright 2023 Matrix Technology Solutions Limitpda g&



Wor ksheet 2

Driving output devices

2. The transistor:
) The transistor is the building bl o
2%# The picture shows that they come i
& The basic property of a traesxactly

. Q
‘i.s U & what we want for driving output de)
‘ The next circuit demonstrates this

Over to you:

fBuild the circuit shown in the | ayout.

M Make sure that the power supply is set to 12

T Check that when you close the switch the | am

f Measure the current in the transistor input
by removing it and replacing it with an amme

T Then measure the current in the output circu
same way.

f Record the values in the Student Handout and

Copyright 2023 Matrix Technology Solutions LimitF)da g%



Wor Kksheet

Driving

So what ?
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locktronics

Wor ksheet 3

ECU structur e

Within a modern vehicle, m
control |l ogic are hidden a
Control Unit).

These are usually housed i

rugged connector-propfpvedvi
proof andprvadfr apgriocothect i on f
ECUs may vary in their str
the same types of circuit

The photograph shows a Gol

Over to you:

fBuild the circuit shown in the diagram above
wi || use in the remaining worksheets. 't is
of the ci cuintv.e sRiirgsatt el ett .

1 Di sconnect the ECU from the power supply.
T Use an ohmmeter to measure the resistance be
T point |l 1 and O0V;
Tpoint 12 and O0V;
Tthe relay terminals 0O2a and O2b;
T 01 and O0V.
M Record the values in the Student Handout.

Copyright 2023 Matrix Technology Solutions Limipea glel



Wor ksheet 3

ECU structur e

So what ?

T The heart of thepB@¥®risompsmall chow. I ts inp
resistance and so the input resistance i1s di
it is aWmade LPkof Wrhesitwtoorbs 6konnected i n s

M The resistance of a relay in the off state i

T The resistance acrasbsfhaut dabsi seoy hhagh.i s

T To ffaiund an ECU when the power is off, you mt

Over to you:

TAdd a second base board to provide power thr
T Power up the ECU with a 12V supply.

T1n this configuratio@ul-tbdno n@PvtshmwWieagimdd b@ls
TfUse a voltmeter to measure the voltage bet we
M Record the values in the Student Handout.

Copyright 2023 Matrix Technology Solutions Limipea glez



Wor ksheet 3

ECU structur e

So what ?

The voltage at an ECU input when disconnected
I's determined by the vehicle and ECU designer
same, even, for all the inputs of any one EC

el 1o

INPUTS

Over to you:

T Alter the |l ayout slightly as shown in the di
@ul 6 huep i nput, usiWrgesd sseaqn dpail.Heétdloevma np ti b .

T Power the ECU wup with 12V supply.

fUse a voltmeter to measure the voltage bet we

M Record the values in the Student Handout.

Copyright 2023 Matrix Technology Solutions Limipea gles



Wor Kksheet

3

locktronics

il lustraue 8Bhd ogvint f er

you

need t

nsi de

(0]

of

know
t he

ECU structur e

So what ?

1T The two circuits bel ow
resistors on the inputs.

MTTo debuba&€d circuits,
about the circuit on t he
15v 120v

Ej{g%
-E?éa
I?__— 5k6 ———————{Ej

uC

ov i —
o 5ke ———————{ O1
12

(A

ECU

ov

oV
oV L

oV ov

[1 pull down
12 pull down

Copyright

MG

RS

12V

MG

uC

S

J>——o

{:7()2b

0O2a

1 Ecu
o oV oV
11 pull up
[2 pull down

some
ECU.
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Wor Kksheet 4

The NOT functi on

locktronics

The ECU is a small comput e npu
decisions based on them angkes ram
inside it and adjusts the gl vy
I f you understand |l ogic th d a
how compwhtbenrks
There are sever al l ogic fu rks
at the siNM@PTTastti bhe
The photograph shows an ECE r c
T —— T m UL LU NN
1 =Gt s eSS 3
O «( i
st s ol s .: é
1 a0 = e ' G I ;%
~ |
'™ " = = =
I o O O : . o =i o
I o o iai o i =i i E%
"ot INPUTS OUTPUTS
PrograName lZEUm:natOz:ri]iUtnal(s)
1 Logic NCC B
Over to you:
T Set up the circuit shown in the |l ayout.
f Locate prdooggiacnd INLQeTs sOKOkhiet t on t o run this progt
fTWith the switch open, measure the voltages a

TClose the switch and measure the voltages ag
g Complete the table in the Student Handout wi

So what ?

T The program | ooks at td@éandgi gundd@Ué® E G UBGne rnnail

91 n thish sggibccemepresent ed bdo@idbdy2\a DiVg rsa lg nan d

T We oftend odgidesH| & nd ogld&sh OWHer@®@wi t chor epeint s i
a HI GH &wt p et .brcd solsletds i n a LOW outoput.

Copyright 2023 Matrix Technology Solutions Limipea gle5



Wor ksheet 4

The NOT functi on

Over to you:

fBuild the | ayout shown above. It uses the sa
ECU is modified to puC.l up the input at term

f Repeat the previous exercise:
Tl ocate pahogrham NOT
fpress the OK button to run the program.
fwith the switch open, measure the voltages
fclose the switch and measure the voltages
g Complete the table in the Student Handout wi

So what ?

T The program is the same as before.

T This time@whowdedw epieint s i n SwioOWhonwd pultetds i n
HI GH output. The Il ogic is reversed.

T For a computer, whether a HIGH or LOW is pro
the program can be adjusted accordingly.

1T To debug ECU circuits you need to understand
itself and whether inputs are pulled up or p

Copyright 2023 Matrix Technology Solutions Limipea gle6



locktronics

Wor Kksheet 5

The AND function

Often, devices in a vehicl g g
only when the headlight swi i
are both turned on. Hence, A

I n this worksheet, the ECU
on output A and the NAND f

A ........mmHW]W
. E o

%i o i
-——

MES LED

. o e i isi =

s o o
4

S—rel lei lef =
MES
12V 0.1A

o == (00

s s o] s o O
w2 INPUTS CIJTPUTS
- oS o o ol s o I
= P = |—| = = = =
l nput Out put
PrograName terminaterminal (s)
. A( NAND)
2 Logic ANC D B ( AND)
Over to you:
Set up the circuit shown in the | ayout.
Make sure that the power supply is set to 12

Fi mad ogr &m g2 ,céaAND pr a3Kéb utthteo n .

Two swit8&hmhnBmRi tpsrrovi de i €pundD signals to

There are only f our-bcootnhb isnaitti &Hoegse poos@snd b b e d
the reS8krisoese $2amedn and both cl osed.

For each of these, measuAB Cam®owoltthagds cat EC
T Record your observations in the Student Hand

= =4 =4 -

=

Copyright 2023 Matrix Technology Solutions Limipea gle7



Wor ksheet 5

The AND function

So what ?

T The program uGarsDasrinmm pmuatl s afadn Btaesr noi untapl ust s .
f Two switch units provide four pdcCsasniBbbl e combi

T When a switch is open, the switch unit produ
is closed, the switch unit produces a HI GH s
T The i ncandescent | amp shows B.heTlsd alteemmpfi & her

when 6ANBDare HI GH.

T The LED | amp shows the sA.at®hiod itdheorsiwman tal
ei t@edDor both are LOW. TIHRNAN® wsn cteifNont rid.deDt o a
T An ECU is constantly making | ogical decision
only when the start but &orf oiod pdrse sosned hAeND rtalk
that the signals pé&oaduc¢edui damidihrpar keeS Speddldy a | pr e
could be high or | ow depending on the system

Copyright 2023 Matrix Technology Solutions Limipea gle8



Wor ksheet 6

locktronics

The OR function

I n the same way as <circui .
when voltage A AND voltag

times | ogic circuits needg
voltage A OR voltage B ar

wor ksheet ORfhionwest ithanwv
the Matri x ECU.

Thi s
wi t h

S i
,ﬂ'_“ N‘-_' :
EmDﬁ

=0 &S o

T

E“’ , 

Progr a Name

4 Logic

Over to you:
1T Set up the circuit shown

T Fi pd ogr @m g4 ,conORMher o&Cd)
switches offer only four
reve-rSdel osSse2dpen; both cl

T For each of these, MeBRGa
M Record your observations

Copyright 2023 Matrix Technology Solutions Limipea gleg

MES
12V 0.1A

GlUTPUTS

OQut put
naterminal (s)
A( NOR)
B ( OR)
in the |l ayout.
then press the OK bu
c & dobp enna Sakoobnoss: e db;o tthh €
osed.
m@ the voltages at
in the Student Hand

de
som
on



Wor ksheet 6

The OR functi on

So what ?

T The program defCam®&astenmunal shadn B, erami mallt put s
T You can see the state of inputs and outputs

T The incandescent | amp shows B.heThitsaties odd twhee
ORD(or both) are HI GH.

T The LED | amp shows the sA.at®hiod itdh eoGORPMan ai
are LOW (or both). d&NORsumct ireaiter@@Rea. t o as a

T An ECU is constantly making | ogical decision
come on when front | eft door OR front right
open.

Copyright 2023 Matrix Technology Solutions Limipea gko



Wor Ksheet 7

P WM
Pul-wiedt h modul ation (PWM) is wused to control t
brightness of I ightsthd¢tsiioggr =~ 1~~~ hniq
rapidly pulsed on and off t = : powe
I'ts advantages include:
f superior energy efficiency anal
control techniques;
fcompatibility with digital?aj mi ¢
The photograph shows an aut i ¢ m
Il nput Out put
ProgranName terminaterminal (s)
5 S ow PWNC D B
Over to you:
fBuild the circuit shown in the | ayout.
T Make sure that the power supply is set to 12
f Locate pr&®@lgoPveVivhP5 ,es sOKthiett on to run it.
T Notice what happens to the incandescent bulb

Tclose Swibeh | e&8epesnwi tch
Tcl ose SWibeh | e&%lepesnwi tch
Tclose both switches?

Copyright 2023 Matrix Technology Solutions Limipea gkl



Wor Ksheet 7 locktronics ¢

P WM

So what ?

T This form of comnairdotlh inso dcuallalteido np u(lPsVeM) . The r
time Ii's cHMadubbt edghbg ™o difthyRuilgsitehtehie. e. changi
mar k: spa@ en: spatifothe ool abf

. Voltage
ratio. ‘Mark’ = 3 units
1T Referring to tnaedbdtiamge )a., P
|l asts for three units o e
G p akoeftfi me) | asts for on
1 This is kinanks paasc ea r at i ¢ Space
3:1. 1t can also be @w®ets. o Tt f L, erm
cy(f)-ltehe fraction of t he 51 yiai 1 U vvulTLI,mlel t he
bul lib®As m: s of 3:1 is the same as duty cycl e

INPUTS 0l outpuTs

l nput OQut put

PrograName terminaterminal (s)

6 Fast PWNC D B
Over to you: Oscill oscopeg set
TBuild the Il ayout shown in the,,dis3d L8 Bs PP € -
f Locate agmrd glrodaa FBWN . +2fGFIASEMIHETS
T Measure the volOtlagehaa mek mi &3 S Nw S RIRIS
TUsing an oscilloscope, measu ¢eN~“é'ﬁ8NJs/Q“@‘t3f¢f$fth

at the output of the transis{®%W"3I@pWnSMPTHIYPH Z¥y

f Report on your findings in t (H\l‘p‘gtzls%J MH\US 5K1%deo

Copyright 2023 Matrix Technology Solutions Limipea gkz



Wor ksheet 7

P WM

So what ?

When controlling the speed of a motor or the I
used in PWM is much hi gdleow téhVeNhu s heat used i n |

The pul ses happen so quickly that the inertia
es, or the slow response of the human eye doe:

A note on ECU constructi on

T When an ECU needs to deliver more power it n
power . I n this case we used a power Field Ef-
Mi cr oECU.

T The FET i®@rased tbe circuit rather than supp!
ate the motor.

Copyright 2023 Matrix Technology Solutions Limipea ng



Wor ksheet 8

Fi bre optics

Fibre optics are used inc sl be
fthey allow | arge amount s ':==\ rans
fthey are i mmune to el ect ce a
greater signal security S .

Fi bre optics are used to dat
a transmitter and a recei
The photograph shows a co t|i c

S1 S2

Il nput Out put

PrograName terminaterminal (s)

5 Sl ow PWNC D B
Over to you
1T Set up the circuit shown in the | ayout above

recedyweur do not need to tighten the screw hou

1T Select program 5 on the MicroECU. The PWM ou
|l ength of optical fibre to the receiver, whe

fLook closely at the optical fibre. You shoul
the fibre.
f Report on your findings in the Student Hando

Copyright 2023 Matrix Technology Solutions Limipea 9%4



