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Isolating the victim

If a person sustains an electric shock, turn off the
supply of electricity immediately, either at the
consumer unit or at a socket (1). If this is not
possible, pull the victim free with a dry towel, or
knock their hand free of the electrical equipment
(2) with a piece of wood or a broom.
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Higher Resistance Lower Resistance
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Note:
L = Length

v D = Diameter
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Note

L = Length
3L 3L D = Diameter
A =Area
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v

Gams
L = Uitk A = §US

Resistance = (pA%L) ohms(Q)

RI0M:{ANLS

_(pxL)
k= A

_ 178x 1078Qm * 100m

120 * 1076 m?
= 0.0148(Q (ans)

(b) annsigyemaisiggmuwdivmsiuith som S s aho.067a (HARIA
HWHMY = 2.84 x 10-8am)

RI0M:{ANLS

Rz(p*L)

A
L
Az(p*)
R

284+ 1078Qm * 50m

0.067Q
9N




= 0.00002119m? (ans)
= 21.19mm?(A4ns)
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o @RAJH DC: 200mV, 2000mV,20V,
200V, 600V

o HRAJH AC: 200V, 600V

o UIS DC: 2004:A, 20004A, 20mA,
200mA, 10A*.

o Glgnaial: 2000 , 20009 , 20ke |
200kQ , 2000ke , Diode Test. (The
values given are the maximum reading
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400KV
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00KV 400\/@ INDUSTRIES COMMERCIAL 22KVIA00V
400V
! ! ! !

INDUSTRIES, COMMERCIAL, RESIDENTIAL, LIGHTING
Electrical Supply in Singapore

P =3V + 1  cos(0) watts
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Station o 0 0 Qg o g O @ [ —
Transmission Lines Feeders Distributors
Transmission Distribution
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"

230V
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Neutral 400V
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T A 4 B

Typical 3-Phase 4-Wire Distribution
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e 230V, 50 Hz, single-phase, up to maximum of 23 kVA, 100A
e 400V, 50 Hz, 3-phase, 4 wire.
e 22KkV, 50 Hz, 3-phase, 3 wire for a contracted capacity up to 25, 500 kW.
e 66 kV, 50 Hz, 3-phase 3 wire for connection with minimum
contracted capacity of 25,500 kW
e 230 kV, 50 Hz, 3-phase 3 wire for connection with minimum
contracted capacity of 85,000 kW

mifnnaugognan igjouh Bsunius

CP5 (Singapore) AANAS NU§UIUSNUIgIGYRIRMUMGUATUSTS (HIAMGAMNG
nsmuuinmuisiag (Print I0FAIgH) EﬁVmQ%nnﬁLm MY

n0figE 11289 g 2009 aigl midigTunAnSEAhne [vSRmivigu sy migeys

a 9

whsrAng iRumsant Aphiinan ig)8sinmaT

o A ®, 9 19 25 al al
IUeARNAN{HISRIZJUATUS TRUIU (AJBIBIUMNN9G.961)

New Cable Color Code
SinglePhase | ThreePhase Single Phase ThreePhase
Phase Red or Line 1 Red Line 1 Brown
Conductor Yellow orBlue Line 2 Yellow Brown Line 2 Black
(Line) Line 3 Blue Line 3 Grey
Neutral
Conductor Black Blue
Protective
Conductor Green and Yellow Green and Yellow
(Earth)
A ) a al
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1 Three-phase three-wire system, Star Connection
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2 Three-phase three-wire system, Delta Connection
Three-phase three-wire system, Star Connection
miapuisghomandisigmywpioitvnsuipmakjumn 11.8.1 RUsgUS
alternator §{i4 star-connected G¥ i1 MG (HIM sif4 (29UIAN R, Y1, B TR2, Y

2,B2)1
fansgs common (N) A suTiGanoiwiGans dhad

iv9 9.9 Three-phase star-connected syste

Star Relationship

U 99.6 Mg

isipk{ungstars JUAMN 11.9.1
BREMUSIA 1V, = V3 « V,, ShaRagju asibani agities 30°

The line current I, = I,,
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Delta Connection

>

14 18 alternator M&s MOAMURTMSURE 6% {U 99.90.99 huifam
hfedahwms g MUY ( 290100 MIAMUIS R28k Y1, Y284 B
1, B2 80 RtiwigjpimsmuisiGanoiuan s 1 DEHAANT three-

phase, three-wire delta connection

1U 99.€ Three-Phase Delta-Connected System

Delta Relationship
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In a Star-Connected Load

Hnsmn= V3 %V, % I, * cos(0)
INWY, = V3 * Vpy

Hm{mn,p =3 *%* I, * cos(6)
V3 %V, % I, * cos(0)

In a Delta-Connected Load
HMSMAN = 3V,,1,, cos(8)
U8 1, = V3 1,80, = v,
I
HISAN, P =3%—V,; cos(8
1 \/§ L ( )
=3 V,I,cos (6)
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IRMAE 400V, 50Hz U ER MU AT alagahh Igthaamytig)uiadha A
230V, 50Hz, thadaji e

% 230V
400V

Neutral 400V

@/__ 230V
jp— 230V
v l v Y
400V
y A B

ugAnSANIMN §h psangmn

A balanced 3-phase circuit is one which satisfies the following conditions:
(a) the phase voltages are equal in magnitude,
(b) the line voltages are equal in magnitude,
(c) the phase currents are equal in magnitude,
(d) the line currents are equal in magnitude,
(e) the phase impedances are equal and
(f) the angle between the adjacent phase voltages, between adjacent
line voltages, between the adjacent phase currents and between
adjacent line currents are the same.
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eqgual to the phasor sum of the currents flowing in the 3 lines.
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Earth Link
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RCD 63A _63A. 20A 20A 16A 10A 10A 10A 10A 10A ®
5 - o] B’ s SN N S D .
Residual Current Device DP |2 - - e e e ®
McBlE (8 I
Bl HER T T T T T T T 0 e o
P McBs cecpeeeeooe e ©
Single Pole MCBs 1=i ] ®
1
RCD @
2 No x 16mm? Common Bus-Bar Segment (for MCBs) = o
(CulPVCIPVC Cable) i Q
U S
g
3
[©00000000000) g
Energy 8 " Neutral Link “:.E
Meter - —
1.2 3 45 67 8 To Earth Electrode
Neural Wire for Sub-Circuits — Final
Sub Circuits. (No 1to No 8)
P =i > Cable Size depends on Wiring Type and Diagram
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elementary method of generating electromotive force, emf, is by rotating a singleloop wire in a
uniform magnetic field as shown in Figure 1. The value of the emf varies both in magnitude and
direction according to the instantaneous position ofthe loop.

In one revolution of the loop wire through 360 electrical degrees, assuming the strength of the field
is uniform, the form of the emf wave is of the shape shown inFigure 2. The shape is that of a
sinusoidal waveform (sine wave).

If slip-rings be fixed to the free ends of the loop and sliding connections arranged tobear upon
them, the alternating emf will produce an alternating current in a closed external circuit. The
current
will vary in a similar way to the emf, i.e., the alternating current waveform is the same as that
shown in Figure 2.

SRR S MRS

B (A) Y u

-4

2

_Commutator Resistance
Figure 2
Figure 1
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Instantaneous values
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1
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eak value

|Peak to Peak value

v

Rms value (0.707 x max)

< 1 cycle

\ 4

Cycle

Frequency(f)

Periodic Timer (T)

Peak Value (Maximum Value)
Peak to Peak Value
Instataneous Value

Average Value(ave)

Root Mean Square Value(rms)
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(a) primary wmdlng,
(b) secondary winding,

(c) yoke of the laminated core and

(d) limb of the laminated core.

imuminn is pavdmi

Figure 1 shows the general arrangement of a transformer. An iron core C
consists of laminated sheets insulated from one another. The purpose of
laminating the core is to reduce the loss due to eddy currents induced by the

alternating magnetic flux. The vertical portions of the core are referred to as

I i ettt 12
[ V2 [i:l Load

the limbs and the top and bottom portions are the yoke. Coils P and S are

99
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wound on the limbs. Coil P is connected to the supply and is termedthe

primary: coil S is connected to the load and is termed the secondary.

Figure 1

Transformer works on the principles of mutual induction between 2 cails,
which are linked bya common magnetic field. When an alternating voltage is
applied to P, it circulates an alternating current through P, which produces an

alternating flux, represented by the dotted.

line D, in the iron core. The whole of the flux produced by coil P passes

through coil S, thusinducing e.m.f. in the coil S.

Step-up transformer — the primary voltage is lesser than the
secondary voltage Step-down transformer — the primary voltage is

greater than the secondary voltage

Ideal Transformer
An ideal transformer has the following characteristics:
(a) no flux losses; the same flux linking each turn of both the primary and secondary
coils,

(b) the volts per turn is the same for each winding, i.e Z—l = Z—Z and
1 2

(c) the primary and secondary volt-amperes are equal, i.e. V;I; = V,1,

Turns Ratio

The ratio between the primary and secondary turns of the transformer id
called the turn ratio.For an ideal transformer ( no losses, ho magnetic

leakage ), the following ratio is true:

Ny Ey Vi L
N, E, V, I

N1 = number of turns on the primary windings of the transformer
N2 = number of turns on the secondary windings of the transformer

E1 = e.m.f. induced in primary

3l



E2 = e.m.f. induced in secondary
V1 = primary applied voltage

V2 = secondary terminal voltage
[1 = current flowing in primary

[2 = current flowing in secondary

Transformer Ratio

If transformer ratio is more than 1, it is a step-down transformer.If transformer ratio is

less than 1, it is a step-up transformer.

Transformer Rating

t"mme“‘mﬁmGthiﬁim GiS:aam AU R aISiaRag]
w1 Shadgnnmnust mipfwiboigituhigieh siusihwans
mgmmumﬁtm Lnﬁfgimfmn* fithvoltamperes (VA) Ssius paniig
(W).
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Methods of Connection

There are two main methods of connecting the 3-phase windings. They are STAR or WYE
connection (Figure 5) and Delta Connection (Figure 6).

IL = current flowing in each conductor = line current.lp = current flowing in each phase = phase
current.

VL = voltage across any two-line conductors = line voltage.Vp = voltage across each winding =
phase voltage.

For Star connection, Vris voltage across each winding or between a line conductor and the
neutral point.

\ A=

R —¢ Y R 7Y —>
Ip
Ve 3
Vi Ve
Vi
v Neutral
B B
Figure 5 Figure 6

Relationship Between Line/Phase Currents and VoltagesStar Connection

Refer to Figure 7 showing a Star connection of 3-phase windings connected to a balanced
load.

IR=Iv=Is=IL=1Ip

VNR = voltage across red phase winding = Ve VNy = voltage across yellow phase winding = Ve

VB = voltage across blue phase winding = Vp

VRy = voltage across R and Y lines = phasor difference of VNr and Ny = VLV YB = phasor difference of

VNY and VNB

Ak



VBR = phasor difference of VnB and VVNRFrom phasor diagram:

VRY = VL = VNR COS(3OO) = \/§*VNR = \/§*VP
VYB=‘/§*VNY=\/§*VP
Ver =‘/§*VNB=\/§*VP

Summary

IL=IPandVL=\/_*Vp

The line voltages lead the respective phase voltages by 30°
The phase angle of the load is the angle between the phase voltage and the phase current.

Delta Connection
Figure 9 shows a Delta connection of a 3-phase windings connected to a balanced load and
Figure 10 shows the phasor diagram of all the line and phase currents of the 3-phase

balanced load. 11, I2and I3 are the phase currents flowing in the Red, Yellow and Blue
respectively.

R 3 —
I3
120°
Vi N
Il 120°
Iy 12
IB
B »

VRY = VL = VpPVYB =

VL=VpPVBR=VL=VP
Ir = current flowing in R line = phasor difference of 11 (Ip) and I3 (Ir) = IL
Iy = current flowing in Y line = phasor difference of 12 (Ip) and I1 (Ir) = IL
Ir = current flowing in R line = phasor difference of I3 (Ir) and 12 (IP) = IL
From phasor diagram,

Ip =1, =2 %1, *cos(30%) = V3 I
IY:\/§*12:\/§*IP

ald]



IB=\/—*I3=\/§*IP

Summary
IL =\/§*IpandVL =Vp

The line current lags the respective phase currents by 30°.
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- 50 mm x 50 mm

- 75mm x 50mm
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- 75mm x 75mm

- 100 mm x 50 mm
- 100 mm x 75 mm
- 100 mm x 50 mm
- 100 mm x 100 mm
- 150 mm x 75 mm
- 150 mm x 100 mm
- 150 mm x 150 mm
- 200mm x 100mm
- 225 mm x 150 mm
- 250 mm x 150 mm
- 300mm x 250mm
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https://en.wikipedia.org/wiki/Electrical_safety_testing
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Measuring range and accuracy(under 20°Ct5'C&<75%RH):

Functions Measure Range Best Accuracy
Earth Voltage | 0V~400V(50/60Hz) +(1.0%+6)

4062 0.000~40 000 | (2-0%+20) (400 range)

mar + (2.0%+3)(400<2 or 4000€2 range)
Resistance | 40022 | 0.0 ~400.0Q

(Auxiliary earth resistance 5000

40002 09 ~40008

(accuracy *5%);earth voltage £10Vac)

o
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) fageii
Acimoiiy

8GR0y mimimisAnA Y miasitstayaifigihmg
conductorsfyiy sh si ihwifmivgouiuoc utyanworg §ois:idime
Anndalnflaghiuaifgehy wandsaugiade Wiomdidpianstpan
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g atdumonf e Sia) Bt uiphiday diiwuuainhidunwsi
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3) MAAHU(Continuity)
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T Ty L o L
SHRIBRIIRNIpIMIRYIUIe[fY UMY BS 76711

2
LYo
-

Nominal Circuit Voltage 1aeging ] HUJUIE

Gl



Mhhov8hsovac 250V DC 0.5M ohm
hi 50 v §% 500 V ac 500V DC IM ohm

1hi 500 V 841 1000 V ac 1000 V DC 1M ohm

4) Uy (POLARITY)
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mufinans:pinsusimigimats

Socket outlet

ol AN “
/

Note that in practice a
LONG test lead will be

required
D Ohmmeter

Distribution Board

Test of Polarity Socket Circuit
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Self-Check Questions &.19.19 - M
1. iEmhasiiho s snhmitigianant nsgg: 2
Amp
Earth
Herz
Insulation

Continuity
Tests of protective devise

—e o0 o

2. Rdimaiamailmidigihniuiannisits yanpnAgEins 2
Circuit breaker
Earth electrode

Switch
Fuse

oo o

3. iimswsiopaiast Bunsdifinigine
a. NEUgjA
b. DNGURIA NARUIW
c. MwuARMILIgH
d. mﬁzuﬁzmﬁjﬁgﬁﬁmé‘ Shignjevyd

4. spFTimusankismimaiimmiamu
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Gonkidk . mndnadsmitigihywme
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m:gﬁgﬁ /6Ei: - Three Points of Earth circuits
) - QUAIRNIGIAA Earth tester
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wasihaiauliast < 400, ulmtmAvduigit 4009; 1T < 409

4 ™
E P c
(.../' T B
J C o) | —a
S
\ R | L] . ]
M,
5~10m _ 5~10m \ . R —
A MIEEEES,
Auxiliary EaEhEE’T 'Z'fdmde \ — y
\_Earth Stakes Neer 1 Figure2

C: auxiliary electrode P: potential electrode E: earth electrode
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Gonkidk . mnfiagismitigiaywih

imutaniismigt - idahfaggihisggoghany Sk

Protective conductor ( 8 ANyun)

D}

MIGARY/AI:  RRIgRIA) FHANS

v QUATANTAIHAIS]H (Megger) 500V DC
ApoUith:igg

Y

INIMU

N
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h (g hGgsudumisayuisiaiRuighi

Aifie Lampe

Huns/_A
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Link
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Insulation
Resistance
Tester
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Gonkidk . mnfinagismidigikiagwmy
mubaniismigty - mndmamnthUmisiagf (Continuity)
MIGARY/AI: RN G EL L
vt ;- hUisRRnAmEA
NN
1. Byh (piRa ean somb
i)

2. numAsYhpinsiiaY
3. fuses

RN ST SRATHMN
4. ahmh QhHpinsida

5. HOUPRHNRHINS
mumAigidaing

6. MUigJinaiglis multimeter 1§16

7. MUISHRAIYIS multimeter 191 0N
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AnmATYRRINSIOA

fuses EINS IFINSRAIGM

N2

ARMA PUHNRINSMU

. HYURRHNFIOSMUMAILIFalh

muignaighs multimeter 191t ey

mulgnapIEis mulimeter IF10NR
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Note that in practice a 0.08
LONG test lead wil be -

required O

Ohmmeter

Distribution board

Switch

v
/
Distribution board S

/

/
Note that in practice a
LONG test lead wil be

required O

Ohmmeter
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Gonkidk . midnaismitigihinywing
MIBARA/ NI TV

uigi . = Hults

NN

1. DEIhR(EA LINE 8%

NEUTRAL 9
E| N F&\

2. DeUthR(GA LINE SR EARTH | ° °

Distribution Board

(1
3. heoihhpnAnne Shins

pu ]

required

Mote that in practice a
9 LONG test lead will be

Socket outlet

Ohmmeter
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fy§ i OPERATON &.19.M-G

Gankiih . mufinagismitigihying
mutaniismingis - Mol ahissd

MIgARR/I: RN CE RIS

ot - quninifinagialashinsE 3000 (UNLT/UTS21 )
nums/RATH:

e ™
LCD Display
LIGHT/LOAD button

HOLD/SAVE button

TEST buftton

Rotary switch for function
selection

Input terminals
Standard 3-Wires test leads

Simple 2-Wires test leads

Auxiliary earth stakes

Y

AR A hE [p;fmsu IMwuipmh auaindgaisiymy
3. {W LCD U@ﬁ@mmffﬁ@ﬁ‘f sinumsharg wasiBhar idgahinsis <
Buigls 2000; < 20e ulhiAR@AURUISIGT 209;
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Gankilih . mufinagisminigih ywine
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MIBARA/ NI B CIEE RIS

) . QUAINNIAAIRAISTA SRS (UNI-T/UT501A)
nums/RATH:

OO ~NO O WDN P

b

"INSULATION RESISTANCE TESTER

0]0]10)
TT::

A 1o1vls R auaeuaiahifian

. EARTH: Insulation resistance input jack.

. G: Negative voltage input jack.

. V: positive voltage input jack.

. LINE: Insulation resistance input jack (high voltage output)
. LCD screen

. Backlight button

. Data-hold button

. B. Insulation resistance test button

. Functional knob

B. mndime
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moGahysin ifyiofaiuinagamy
100V/250V/500V/1000V4
1. ysinuidiaagia ahiagerh |
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de-energizelGMFA{fu SHNGIGM Tle Jo—
fiag) BRARASENNY pa——— -

2. uiig k e
1ﬁ%ﬁﬂﬂhLﬁmAHTﬂghLﬁﬁUrgm"LINE" =¥a "\A@“( \)
SHIeHRYNNNIGlFIAR{BAUMN R Y
EARTH | ,,

)

3. muBnonapiipEny faglie e Bitudnifina
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1DOV) GG TEST 2uaIAN Sh{pims A wg shidgihaihuguuy
iusaegS i s siwah TEST §45 )
UMM ATIHOSUNG fugoTal TEST ilgfithian Shumpomimaiiig
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fy§ A OPERATON &.19.M-90

Gonkidk . mndnadsmitigihywhe
imutonhismisgin 0 MNRUS
MIBARA/ NI R L
)t . 33605 Multimeter (UNL-T/UT131B)
NS
A. I0UUESHARNANY

1. $H{p# LCD

2. ARMAYIYSN

3. Jack 1076\

4. Jack COM

5. Jack IS

6. Ganimndgsw

7. Uik Backlight

B. mihaiiamnmhim (Continuity)

mige s iR hhmisARA S auAN A fglicontinuitytsliliag) §
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mgﬁnﬁms No .&.19.c¢-9 Components of the Electrical Control System
Wiring Panel
imeusismisdAn:
-ngyuiigmigih oisiui s S vptiimmmiuammun

0. igmh dswisugnaugHias
(1) Power Supply (2) Input
Module (3) Output Module

Input Output

Module Module
A E-STOP c | fiapgl A&B | fAgiual | igjpniy §higl
B E-STOP NC| aypwvs | DeE | Aguinia | igypue S gl
D Ganivan c | igpgl G&H | fpupny| gy 84 1gl
E Ganiuah No| fejieli | J&K | Buzzer tgjpny 8 1gl
F Ganiuah NC| gy
G Gakigl c | igngl
. Gakigl NO| igjig)t
I Gatigl NC| gy
J Gaupuny c | fepgl
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K Ganpuny NO| igfig)t
Gaupny NC| iejpny
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stmimienig:iuliuganfamip i mwwiﬁg Al sMItGoIgHA8 §
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Anansinkidie

2UATON Output
yoniuRI2UAIAN OutoufifiginstaRomithAnn Ayt Yilgigastidhig iy
g g

aRNRED
ANSMANAMNATSIUASY 210NIANTSUAIND Output A & i

0u, buzzer, 5% DC, DC

Solenoid
Tig[ ShahmAd
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galu etk 38aaum
13 & 14
i07i9] (CR) 0‘@*’
9 & 5 C
.. 10 & 6
ﬁ:ﬁﬁ]ﬁiﬁﬁﬁmi (NO) 1 & 7 C ” C
12 & 8
9 & 1 c
10 & 2
Q_,f_o
. 11 & 3 /
ARMAIRRMU (NC)
12 & 4
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I/O interface
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TASK SHEET &.9.c-9

Title : MIAR M
i) gint

Performance

Objective/s

Supplies/Materials Y3UUENUAS
HANS

Equipment

Steps/Procedure:

step 1: A8 Shwabgenthanbgdunimy

POWER (2) INPUT MODULE (3) OUTPUT
MODULE

L 3

-

(1) Power Module :
. WANUAMUIEYWATANEALTY
o unAInnGinvESyn (Giukn 230V ac 191 24V dc.)

e Circuit breaker
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. (pamigwasantennomieiid

. wsTahaifmngw (Gatpned)

sy
08y
msithnvigndhiom Shgn

v

O]
NGO Start NAN{AUNY 18] Shiunk

o« wsHgua iuak §aRc Sapny
o BISANNSAIIURYW
. wsilthotispdhiom Shgu

| —~“~ FPTETTERTEECE D8P ¢ :
S s (R0 00 (X0 00 ) ey

(4) iiikTrg] RuTigiAnnaing

ihigiAandinm

- .-
- - e~ o

-

S W W

(2) Input Module:

(3)Output Module:

"

ol

)

e

T8 )
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(5) CONVEYOR

[ = -

Assessment Method:

- faghong SR et auaind

Performance Criteria Check List
Did you...

YES

NO

1. MSAMNE §hi[ﬁ £JTTe0 Power supply

2. MSAMNA SR uiTas Input module

3. MSAMNA kiR euiTas Output module

4. MSANNG SRR AIITES Relay and timer relay
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RISANENS No .6.9.6-1 UApNWIAYBHA ]

ImusaNkigoan:
-18§068 block diagram, 185 UM, {aia)fummensiinis)
MIVA{AN WA S

Block diagram §S{ASULM

wosumzigiRihwiina: Input, Processing and Output

- Signals 2Uni
QUAIAN . <
— | Processing | ——» Outputi

Input
Actuator

1ag)§ugn Shiaj§owenm
1) famuuinmianuinhisia) fusmywing vgnigifidhiminglye
Suunimwisigjmsconveyor iRL1 famuigligithe SaLemiig

fgjana
L‘l L‘l
forward
M2 M1 oL
L4 1 3
+F O +F
M1
| |
| |
reverse 5 M1 5 M2
1 | )
+F W
M2
||
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1ag) fusmihwligg
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> tinhimisrsGisyeinigjdaf NoT , AND, 0rRY geinigindis:
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aqinnakimyuinnimndnhmarsatie] M §4 me ifgjim
wwsHitnimgomiAnna

mtmﬁﬁjgﬁn m“m mgrm 0] umm? (Binary) (ON/OFF)( Low/High)
AUNT NOT (Inverter)
e 0 o 1
e OFF e ON
e No e Yes
e Ovolt e 5Svolts
¢ Not Activated e Activated

o 1813 NOT agm 4 1SS SGoTAR Start S1, I {UIAS
ARMA NC i8S1 AMUTIS[ANU

o INWANMASI HUGIS SHWHO UL J

e INUGOARMAS SHMWITANCEGOIS SeSIRQN L Iua

o« 29uAN: InuSswsiniamAy e S Al /IR UG MRl S ATy 1
NSinMAYe &M asm 04

S1 ah | . .
—elld W i
+| Y THH)
= HE)
0 |
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Voltage + Voltage -

s1 Relay

N

o
)

Voltage + Voltage -

Nt AND ( &EhI&TT)
o nwuiRuGaidiaii st 84 s2 (giMsTo (MUGIS) 15U
ULA

qenian: Sinsdidhimidnaisma asiagaugnéastaid AhfndGandimuw
Hasmay imutaniis:Aildimanthitiuaigavgnansaidmnicmidusmay
S S Gan (go T g (gl
I I HH) HH)
S S L
-I:O o—0 O—I 2
0 0 0
+ L 0 1 0
- 1 0 0
| I I 1
Voltage + Voltage -
M M -
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NG OR (#thigh)
o inuiRuGanduni siTs2 (HINSTo i :fguL 848
o 2NN AIGHIBASAGANRUSHIDISRUIG

Wi siiéhsSsiptms TBsvsapURY

N GIFT TN OIS MATIZH M SIE S METdoAmSITgiuiiam
WP EQN OR TEMMIATREHIISamSMFERNAND 134T gTuemAY v

$1

INPUT OUTPU
© O Switch T
SZ&I Light
—0 O— ® S S L
+-..- 1 2
- 0 0 0
0 1 1
1 0 1
1 1 1
Voltage Voltage -
+ s1 Relay
s O
S2 Relay
- &
Voltage-
Volt
oltage+ M1 L
| |
—| X
[ |
|
M2
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AU NAND (Bquthigh)

o Taheihin st 8us2 IRuhuiAgnNe (Fingoea
i Wi

o 290N Haumngduasiiinidihmid
mndsnSMARWRITNIMT §1 limit switch ({NT
oUiminiSs nSthAmwRidhimg

S1
Q | !9 INPUT OUTPU
Switch T
S2 Light
" —ellg—! ® L S $2 L
= 1
0 0 1
0 1 1
1 0 1
1 1 0
Voltage+ Voltage-
Relay
e N
©© .
°° W,
Voltage+ L
M1
i R—
[
M2
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AT NOR (AEIthidT)

Ganst Shs2 iuthiuiagnc iIBooyWAMS:finULEY
Tuhd

2 InN: ifhegnicniShfigiiba s hbahaif
mndspinsoo SiwsainSadannmndsnsus
MNioa

S1 S2 INPUT OUTPU
Switch T
_QJ]-Q_y Light
+ L S S L
- 1 2
.|- 0 0 1
0 1 0
1 0 0
1 1 0
Voltage Voltage -
. -~
°° )
T o~
° e N
Voltage Voltage -

*
I
=
o I
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Exercise:

Complete the truth table for the following circuits:

51

52
CEOE

|+

= @L

Exclusive OR ( XOR ) Gate

51 52
ello—ellg
O O O O

" D

Exclusive NOR [ XNOR ) Gate

L+

INPUT | OUTPUT
Switch Light
51 | 52
0 | 0
0 | 1
T [ 0
T | 1
INPUT | OUTPUT
Switch Light
51 | _S2 L
0 0
0 1
1 0
1 1

The above circuits need to use two sets of Single Pole Double Throw Switch as shown

below:

0

O O

219G




W§ANSES No .&.v.¢-m §§A Inputoutput ISTUASUEM
imutaniisianan:

- NSJRURATEA input 8% Output

g aisgrugm
Output
Input Signals Devices or
Devices > Processing |/ Actuator
User Interface Decision Making Perform a task/Alert use

UAIRN Input
AN Input Sy mAsgumsifal Aama Shirsaingii Iig)atR s
Ivhugan U wisimumusda8e ahma Shiusafisiim:
®SHoaRUNMEY s imomnsipineh

Toggle Switch Push Button Switch

.
¢
o

9..

’~ Amplifier unit .:?m. : i .'-
O v (Omicalfih-er /’7 &m

Types of Input Devices

1 ¢&



Processing Section

)

islinuiRum saan st 2uAIANInput [UASUNN AT WiviaEiE

RE0A SR ENUIF auAInNOutpul RUHI S e IR UM

o U

ANBARUAINNUEM Y MAMIUGNIS s oAANfIwn]u §
YU 'wmm‘t’ajgwﬁﬁ2Uﬁmhauwmqwga@mmﬁ§ WM
AU MBIN 2URIANUEN Y MinigthiuAsmsSwhyein:
vemAphisiixedinygwimastinm:4 Sianammminiay
meien idhmodigemismivgnasidstiniih wimSinyy

imutatigme«
Hard-wired Systems Programmable Systems
Relays Computers
Electronic Logic Microprocessor
Pneumatic Logic Programmable Controller (PC) system

@ Logic Circuit

Trainer ceao

00 S00s0e0e
B [LLE

o 5L

B

Microprocessor based Digital Logic
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Output Section
quAIANETE §¢1 Tig) Agn oo iimidivha o iipdsummisitugiuam
yw9 20N deikgiimitiniicugmnuwisiouiumSapE

Types of Output Devices

Considerations for planning the layout of a control panel

e Control panel layouts shall comply are identified, obtained, and
understood.

e Equipment is selected that complies with technical

standards and job specifications and requirements.

e Control panel layouts are planned to accommodate all
necessary equipment with sufficient clearance to enable
wiring/connecting and servicing with constraints imposedby
job specifications

e Control panel layouts are planned to comply with safety

2M9



General DC circuit principles

Formula

energy = power X time

W =pt

resistance =potential difference/current

rR=1Z

1

14
power = potential difference x current P=VI=I’R= Y
resistance = resistivity X conductor length

Pl
R=—

a

cross-section area

total resistance of resistors in series

Rt=R1+R2+R3

total resistance of resistors in parallel

i, i 1

1
Rz  R3

total resistance of two resistors in parallel

RiR,
Re = R, +R,

e regulatory and functional requirements.

Importance of neatnhess and tidiness in control panel wiring

Cables in the control panel can be messy. It is therefore important to maintain

neatness and tidiness in the control panel to reduce end cable confusion

and for the ease of troubleshooting.
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Appendix
MC2002FP Electrical Installation Formulae:

General AC circuit principles

Formul

periodic time = 1/frequency

T_1
F

r.m.s value of voltage

Vims = 0.707 Vipax

r.m.s value of current

Lrms = 0.707 Loy

Impedance in Resistive —Inductive SeriesCircuit

vV
Z=7= (R2+X£)

Impedance in Resistive —Capacitive SeriesCircuit

T
T

v
Z=7= |R*+XD)

true or active power in AC circuit P =VIcos(9)
power factor cos(®)
_ R
- Z
current, voltage & turn ratio of a Transformer N, OV, L
N,V I

omMmm




Three phase system

Form

ula
IL=1p
Star connection ( Balanced load ) Vi=v3V
[L=v3
Delta connection (Balanced load ) Ip
Vi=Vp

IMc




S ARG Operation Sheet &.19.M

Soniidla {

2
=

SMIRISIHywh e

o)

-0 -—ry

=
175
=Ce

imutaniismingin

=
5t

o
by
b

mum (Continuity)
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. mnmggﬁ Multimeter

e 3TN Multimeter
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