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Electrical safety

Typical electrical safety devices:

=1

1. Fuse \&ET25

A copper wiring with a set current fusion value, 1f
exceeded, the fuse will blow & the current 1s cut-off

%2,

2. Circuit breakers B4 25

The current enables the coils of the circuit breaker to
magnetise & disconnect the electric source, e.g. air
circuit breaker (ACB), miniature circuit breaker (MCB)

3. Earthing 375

Provides a low resistance way of discharging electricity
to the ground in case of current leakage




Electrical safety

4. Earth |

leal
BEHI R

cage circuit breaker (ELCB or RCD)
T BT S B

Typical electrical satety devices: (cont’d)
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iS¢ A
Monitor the operation of “neutral” or “live” wires &

detect an imbalance to cut-off the electrical source
5. Double insulation #£E

E AT

\\
)W

An electrical appliance protected by a supplementary

insulation layer in addition to basic insulation

6. Extra-low voltage (ELV) 3K JER
Voltage of less than 50 V (AC) to minimise injury in
case of electric shock

—




Safety devices: fuse, circuit breakers (MCB), double insulation, earthing

Double insulation mark

\
mDI

Double insulation

Connected to plug and socket

l () Electrified casing
Live wire (< '
\ i
Neutral wire - - ---=---c-uo--- T AN Ty . = § " s
- (4 - A - l

I
|
L User being protected

— Earthings brings electricity to ground

[Source: http://www.oshc.org.hk/oshc data/files/books/2017/B25217-Electrical-Safety-Eng.pdf]




Electricity supply voltage & installations for extra low voltage

Voltage range AC RMS voltage (V) | DC voltage (V) Defining risk
High voltage > 1000 > 1500 Electrical arcing
Low voltage 50 to 1000 120 to 1500 Electrical shock
Extra-low voltage <350 <120 Low risk

Hot

Neutral

Mains AC

Ground

SELV
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¢ 24V
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SELV
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FELV

> O

PELV

FELV = Functional extra low voltage; PELV = Protective extra low voltage; SELV = Safety extra low voltage

(Source: Extra-low voltage - Wikipedia https://en.wikipedia.org/wiki/Extra-low voltage)




Electrical safety

Steps to handle fault & emergency repair:
1. Assign qualified repair personnel
2. Shut down & 1solate the affected area/parts
3. Properly 1solate other live parts
4. Inspect the fault part & 1dentify main causes

5. Confirm the part that needs repair/replacement
& the required components/parts

6. Arrange the necessary tools, materials for repair
7. Perform final testing & resume power supply




3 steps to electrical work safety

[Source: Labour Department, Hong Kong https://www.labour.gov.hk/]




Precautions for ispection on fixed electrical
installations

1. Use of lockable switches (to prevent accidental
switch-on of circuit breakers)

Electrical safety

2. Permit-to-work shall be 1ssued for carrying out
electrical work on de-energised equipment

3. Electrical safety assessment shall be carried out
for live work

4. Working on 3-phase 4-wire AC system shall
disconnect 1ts neutral conductor




Locking Device $HEEE A

@

DO NOT
REMOVE

LOCKED

[Source: http://www.ksmak-sir.com/pdf/EIT.zip]

DO NOT
OPERATE

ELECTRICIAN
WORKING
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Risk assessment report on electrical live work 77

Risk Assessment Report on Live Work SR T{ERBNGIRES

Report No. Date

SR - G-01-130102 i : 20134E1H2H
e — B SREE Detals of work to be done__ gy B2 17 SEE 32 5 R BEEREL A,
WoE: %% (W000001) Endorsedby #2746 (W000002)
Risk Assessment (Note)
Hazard |People Affected|  Existing Control Measures BigS d2) Recommended Action Remark
BE SPEAL RBEEHEMR Likelihood [Consequence| Risk Level BRTE {#ix
oJaetE #“HRe Bi2E
R AL |a. M A B 1. BRI AT
Y, = LI =Pn7 Mi L . & = o
A rE | o | T N
b. HET » PV ARTEMEL T AE TR
A IS 2. NEFSEAENE  [BoAEE
Rk %ﬁ%ﬁ% ST AT
SIS - Hi R HIEREY
o A R WTH % a  IREAR
s ‘ RIDIE M » 77 &
27 i TR
Note §# : 1. Likelihood SJfiEt - 2. Consequence &R 3. Risk Level [RESIZSE : [ Tikelihood C
Ac—Almost certain #F#7F  Ca—Catastrophic ﬁasmm& E - Extreme RiEEES it TG Ma Mo i T
Li-Likely f3iN@S+ Ma - Major 14T H - High E/E RS AC
Po — Possible F50JfERI4 Mo — Moderate —gi®R M — Moderate DE R 0 M
Un = Unlikely A Xo]fiESE Mi = Minor $#ffl{& R L - Low $HEMES M L
Ra—Rare &= In = Insignificant MREME R !VI L L

[Source: EMSD]
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[Source: https://www.emsd.gov.hk/filemanager/tc/content 1431/sem20210126-Topic2.pdf]




Specification of electric plugs in Hong Kong

Insulating sleeves

Rating 5-Ampere plug 13-Ampere plug 15-Ampere plug

Standard BS 546 BS 1363 BS 546

e Plugs for electrical equipment shall match the power/current rating
(calculated by voltage 220V).

Maximum power
Watt (W) 1100 2860 3300

[Source: http://www.oshc.org.hk/oshc data/files/books/2017/B25217-Electrical-Safety-Eng.pdf]




Earthing & bonding

Earthing system (or grounding system)

It connects parts of the electric circuit with the
ground, thus defining the electric potential of the

conductors relative to the Earth's conductive
surface

Purposes:

To protect a structure from lightning strike (direct the
lightning into the earthing rod in the ground)

Form part of the safety system of mains electricity
Common ground plane for radio antenna

(See also: Earthing system -- Wikipedia http://en.wikipedia.org/wiki/Earthing system)




Basic concepts of earthing and bonding
path for earth fault current

—_—-
-------- —\ fault

exposed
conductive parts




Earthing & bonding

Earthed equipotential bonding and automatic
disconnection BRI FH B PEE A H #lET &

To bond all the exposed and extraneous
conductive parts to earth in order to create a zone
at earthed potential so that the potential difference
(touch voltage) between those parts are minimized
in the event of an earth fault inside the zone (touch
voltage would be reduced by bonding), and then to
cut the supply within the maximum safe time
duration

l

(See also: Earthing system -- Wikipedia http://en.wikipedia.org/wiki/Earthing system)




What can happen if electrical appliances are not earthed

Electrical appliance that has
not been earthed and has
become live due to a fault.

A

Local sub-station

Sshock current
passes through
Earth electrode the body to earth.

at sub-station

[Source: De Saulles, T., 2001. The Illustrated Guide to Electrical Building Services]




How earthing of electrical appliances can protect from shock

Faulty electrical appliance
that has been earthed.

Local sub-station
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[Source: De Saulles, T., 2001. The Illustrated Guide to Electrical Building Services]

No shock is received because
the fault current is able to flow
directly to the installation’s
earth electrode, which is
connected to the appliance. If
fitted, a supplementary
protective device will further
minimise the risk of electric
shock by disconnecting the
supply in response to the earth
fault.

Installation’s earth
electrode (TT type
earthing system shown
for clarity, see Earthing
arrangemenis)




What can happen if extraneous conductive parts are not bonded

Kettle that has not been
earthed and has become live
due to fault.

I e SN - e —— i

Normal path of fault current (TT type earthing
system shown for clarty, see Earthing
arrangements).

[Source: De Saulles, T., 2001. The Illustrated Guide to Electrical Building Services]

A shock current passes
through the body when
the kettle and tap are
touched simultaneously.

The incoming water supply
is not bonded to the
building’s earthing system
and consequently provides
an extraneous earth path
for the fault current.

Extraneous earth path




Main bonding of incoming services

Connection to
lightning protection
system.

Bonding
connections

Incoming electrical to other

supply and distribution services and

equipment. equipment in
the building.

Copper earthing

conductor
(This may not be required in
installations where the earth
is provided by the metal
sheath of the incoming supply
cable, see Earthing
arrangements)

Main earthing
terminal.

Incoming services
such as metal gas
and water pipes are
bonded together
and connected to
the main earthing
terminal.

[Source: De Saulles, T., 2001. The Illustrated Guide to Electrical Building Services]




Earthing & bonding

Four types of protective conductors:
1. Circuit protective conductors (CPC)
2. Main equipotential bonding conductors

3. Supplementary bonding conductors

4. Earthing conductors

Local supplementary bonding to metal parts to
maintain the equipotential zone (to prevent a
hazardous potential difference)

(a) Extraneous conductive parts

(b) Simultaneously accessible with exposed conductive
parts or other extraneous conductive parts




Earthing and supplementary bonding protective conductors

metallic main
services

(oil extraneous
conductive parts)

NV

/'/_:E

main
bonding
conductors

exposed conductive part

conductor (conduit)

used as circuit protective —s-

main earth bar

CODE OF PRACTICE FOR
THE ELECTRICITY
(WIRING) REGULATIONS
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supplementary bonding
conductor —-
exposed
IT conductive
U supplementary part (metalclad L8
bonding conductors / final
circuit exDosed,
I I fuseboard) conductive parts

(metal socket
plates)

circuit protective
conductors

cooker
control

panel

a 4

earthing ‘
conductor

= earth electrode
or other means
of earthing

[Source: https://www.emsd.gov.hk/]
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parts
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TYPES OF PROTECTIVE CONDUCTORS




Earthing & bonding

Earthing arrangements: letter coding

First letter — type of earthing (at the source of energy)
T: at least one point of the supply 1s directly earthed (Terra)

I: the supply 1s not directly earthed, but connected to earth through
a current limiting impedance

Second letter — 1nstallation earthing arrangement
T: all exposed conductive metalwork 1s directly earthed

N: all exposed conductive metalwork 1s connected to an earth
provided by the supply company

Third and fourth letters — earth conductor arrangement

S: earth and neutral conductors separate

C: earth and neutral conductors combined

C-S: earth and neutral conductors combined in part of system only

Three common types of earthing systems
TN-S system, TN-C-S system, TT system




TN-S system
Separate neutral conductor and protective earth conductor
within the supply to the building.

Consumer unit

Earthing terminal
Supplier's fused
cut-out

@ ——  Metal sheath of the supply

cable provides the earth

[Source: De Saulles, T., 2001. The Illustrated Guide to Electrical Building Services]




TN-C-S system
Metal sheath of incoming supply acts as both the neutral and the
earthing conductor (PEN conductor). Also known as protective
multiple earthing (PME)

Earth connections
to incoming gas
and water pipes
etc.

Meutral and earth conductor
are combined

[Source: De Saulles, T., 2001. The Illustrated Guide to Electrical Building Services]




TT system
Incoming supply does not incorporate an earthing conductor;
local earthing 1s created on site (e.g. by earth electrode rods)

Earth is independent of

i the supply cable and is
provided by an earth
electrode inserted into
the ground

[Source: De Saulles, T., 2001. The Illustrated Guide to Electrical Building Services]




Earthing requirements

- Customer provide own effective earthing
system including connection to earth
electrodes

- Exposed conductive parts connected to earth
(CLP Supply Rules & COP for Electricity
(Wiring) Regulations)

- Not less than 70mm? copper or equivalent
earthing conductor to all units via earthing
terminal block at each floor

- For HKE, if the customer main earthing
system 1s bonded to its main earthing system,
an insulated disconnection link should be
provided




Earthing & bonding conductors Fi f1FEEE EHE
TT system ! L1

TX
transformer

BAL ...
- - i main earthing
600 mm maxj_ ,termmal
o 5
gas meter X = -y
earth

conductor - '
electricity

water

if this section is insulated bonding bonding leads
must be at B rather than A for sizes see [413-02)

[Source: https://www.eeunion.org.hk/]




From main earth terminal to different circuits & appliances

ring circuit

in flexible cord

circuit protective conductor ;

to external
installation

metal

sheath
conduit

]

_ﬂ 7&1 if all insulated

earth terminal

@ switch

earth conductor ——={ terminal

[Source: https://www.eeunion.org.hk/]
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>circuit protective conductor

in sheathed wiring

—

o
L fixed appliances
separate circuit
earth protective conductor




Examples of bonding connections

water heater

socket outlet

supplementary bonding
conductor

bonding connections

waste

cold water

[Source: https://www.eeunion.org.hk/]




Lightning protection system ==

CoP for the Electricity (Wring) Regulations
Code 261 Lightning Protection Installation

Related standards™

IEC/BS EN 62305, AS/NZS 1768, NFPA 780

[EC/BS EN 62305

Part 1: General principles

Part 2: Risk management

Part 3: Physical damages to structures & life hazard
Part 4: Electrical & electronic systems within structures

[*See also: https://www.electrical-installation.org/enwiki/Lightning protection standards]

]




Lightning effects on electrical installations

(duration = 100 ps)

b
\_f/‘a(\% ; \ "Operating impulse”

Voltage , . .
a ” Lightning type impulse

................. type dumped ring wave

, : (F = 100 kHz to 1 MHz)
%‘3 : installation
d|. 5 /\ \

|; e > Irms

M Installation
L earth lead

Imd
Ph Ph
A ) A )
Equipment U voltage surge .
N Ime N differential mode Equipment
x > <
Imd

Voltage surge
common mode

[Source: https://www.electrical-installation.org/enwiki/Overvoltage of atmospheric origin]




Lightning protection system

Basic principles
Protect structures against direct lightning strokes
Capture the lightning current & channel it to earth via
the most direct path

Protect electrical installations against direct &
indirect lightning strokes

Perform equipotential bonding of the installation,
supplemented by Surge Protection Devices (SPDs) or
spark gaps (e.g., antenna mast spark gap)

Minimize induced & indirect effects by installing SPDs
and/or filters

]




Lightning rod & lightning conductor with meshed cage (Faraday cage)

Simple

lightning rod K ‘

Earth
down-conductor
(copper strip)

Check
terminal

"Crow's foot"
earth lead

[Source: https://www.electrical-installation.org/enwiki/Building protection system]




Basic principle & components of lightning protection system

P -

Yy &

stream of ions E‘B(:-I) é_’
reduce charge
on cloud -__,_‘é_)é_) @5

induced
charge ++ +

lightning
rod

conductor ——

building

connection




Example of lightning protection for a high-rise building

1
©
8

DC-3 gy ;:_95002
w y n H { - 2
DG et - DC-1
, \:_7’ ™Y L
— =y B »
¥ » ./ Main Roof " 5

DC = down conductor
LP = lightning protection rod

L‘ cse @ 3cs rr

[Source: https://www.eeunion.org.hk/]




Comprehensive design of lightning protection system

[Source: https://www.eeunion.org.hk/



Example of protection of a large-scale electrical installation

[] MV supply
.l |; t l
. : SPD
A Underground
N MV supply If L >10m |
MV supply

mu i

SPD é
SPD >

b
J .. \_ Underground

[Source: https://www.electrical-installation.org/enwiki/Lightning protection - Electrical installation protection system]
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Lightning protection system

Surge protective device (SPD) & B {riE s

To protect electrical devices from surge events by limiting
transient voltages & diverting surge currents

For electric power supply networks, telephone networks,
and communication & automatic control buses

Three types of SPD:
Type 1: 1n the specific case/area of the building

Type 2: main protection system for all low voltage
electrical installations (in each electrical switchboard)

Type 3: supplement to Type 2 SPD & 1n the vicinity of
sensitive loads

]




Principle of surge protective device (SPD)

Incoming
circuit breaker

Lightning / SPD l l

current

Sensitive loads

[Source: https://www.electrical-installation.org/enwiki/The Surge Protection Device (SPD)]




Protection distributed levels of surge protective device (SPD)

Main LV Subdistribution Fine Protection
Switchboard Board Enclosure

(incoming protection)

E ] : E ] ; E I ' | Sensitive

: r/ : : r/ : : r/ : Equipment
E Type 1 E E Type 2 E E Type 3 E

,  SPD | + SPD :  SPD

Discharge Capacity (%)

[Source: https://www.electrical-installation.org/enwiki/Elements of the protection system]




Lightning protection system ==

Test report/certificate

1. Inspection 1items
Lightning rod base & air termination network
Down conductor system

Earth termination system

Lightning strike counters

Circuit lightning protection =+

Lightning current arresters

2. Testing 1tems
3. Report & results




Best Practices for Operation & Maintenance Service

Best Practices for

Best Practi
est Practices for Operation and

Operation and . s
Maintenance Service of Maintenance Service of

ELECTRICAL LIFT AND ESCALATOR
[INSTALLATIONS [INSTALLATIONS

[Source: https://www.emsd.gov.hk/en/publications/emsd operation maintenance best practices booklets/



Operation & maintenan

ce

Documentation (or asset information) Y §g

For all major items of electrical installations

l:[ G N
[ |

Operation procedures F{EFEF

Standardised checklists
Safety guidelines & training

Emergency preparedness JlE S 4E{#

Planning & response, regular review & training

Preventative maintenance 8|5’

’\/L'_. _3:,—n-
F4EEE

Planned maintenance activities, cl

heck & testing




Components of electrical control panel (outer view)

Name Plate

Digital Ammeter
Selector Switch

Alarm/ Indication
Lamps

~ Motor Control Unit (Outer View) ~

Voltmeter

On-Off and
Emergence Push
Buttons

[Source: http://open jicareport.jica.go.jp/pdf/12308334 24.pdf]




Components of electrical control panel (inner view)

~ Motor Control Unit (Inner View) ~

T —

Current
Transformer

Thermal Overload

Relay
- Magnetic Contactor
MCB
Timer
Circuit Breaker
(Molded Case)
Under / Over

Voltage Relays

[Source: http://open jicareport.jica.go.jp/pdf/12308334 24 .pdf]
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Operation & maintenance .

Typical maintenance & repair works for
electrical installations BEAYZEERI4E(Z T AF

N

Lubrication for mechanical operation parts
Fastening of busbar bolts, nuts & connections
Cleaning & repair of busbar & connections
Repair contacts for damaged air circuit breakers
Replace/repair of damaged/faulty devices
Inspect & repair faulty control circuits




Main components for maintenance & inspection (1 of 6)

7 f B R % s i 35 B R B B B b 7 35 %

Air Circuit Breaker Fuse Switch Switch Fuse

[Source: https://www.eeunion.org.hk/]




Main components for maintenance & inspection (2 of 6)

o R T 28 33

Disconnector MCCB MCB

[Source: https://www.eeunion.org.hk/]




Main components for maintenance & inspection (3 of 6)

RCD Contactor Capacitor

[Source: https://www.eeunion.org.hk/]




Main components for maintenance & inspection (4 of 6)

) 5 B B AE F] B
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Power Factor Controller Protection Relay

Meters

[Source: https://www.eeunion.org.hk/]




Main components for maintenance & inspection (5 of 6)

TERPER B4k & E i

Current Transformer Busbar & Support Battery

[Source: https://www.eeunion.org.hk/]




Main components for maintenance & inspection (6 of 6)

B 55T 1 5] 47 38 B B AF

Battery Charger Control Wiring & Components

[Source: https://www.eeunion.org.hk/]
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Operation & maintenance G

Corrective maintenance 18 445
Breakdowns of critical plant & equipment
Maintenance record management (2L pE e HE
O&M manuals, documents & records

Filing system & statutory compliance

Spare parts management &&=
Spare part list & inventory control

Addition, alternation & replacement J7sfl, 65 K 5 #A

Planning & implementation




