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DEFINITION

Safety of electrical equipment

Is ability of electrical equipment not to be
dangerous by defined operating conditions for
persons , livestock, or property and around area by
effect caused electrical current or voltage or effect
caused electrical function and to protect against
dangerous non-electric effect, which should be by
electrical equipment malfunction caused.



BASIC PRINCIPLES OF SAFETY FEEC

» Safe electrical installation (wiring)

* Safe electrical equipment

e Skilled person
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TYPES OF EE REGARD TO VOLTAGE (AC SUPPLY)

Nominal voltage U
Voltage | Abbrev. earthed system isolated systém
category | (CZ/EN) Nl
between conductor
between conductors | between conductors
and earth

I mn | ELV | Extralow, Small U< 50V Uu<s0v Uu<sov

Il nn LV Low 50V<U<600V 50V<U<1000V 50V<U<1000V

A vn | (MV) High 06 kV<U<30kV 1kV<U<52kV 1kV<U<52kV

B vvn Very high 30kV<U<171kV 52 kV < U< 300 kV 52 kV < U< 300kV

C zZvn HV Extra high 300 kV < U<800kV

D uvn Ultra high nad 800 kV

Nominal voltage of AC socket in CR: 230/400 V (three phase system)
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IDENTIFICATION OF CONDUCTORS AND TERMINALS

(CSN EN 60445 eD. 4)

Desianation Notation N&zev Oznaceni
g Conductor | Terminal Vodi€ | Svorka
Stfidava soustava Zvlastni druhy vodicu a svorek
Phase L u Protective earthing PE PE
1st phase = S Conductor with protective
: PEN PEN
2nd phase L2 Vv and neutral function
S8 [EnEE L3 W Conductor with protective
A : PEM PEM
Neutral N N and mid-wire function
Stejnosmsrna soustava Conductor with protective
) : PEL PEL
Positive L+ +, C |andline function
Negative L- -, 0 | Functional earthing FE FE
Mid-wire M M Functional bounding FB FB
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COLOUR IDENTIFICATION OF CONDUCTORS
(CSN 33 0165 ED. 2)

* AC supply system

Conductor Identification colour
— Insulated / L Phase black, brown, light gray
conductors — N |Neutral light blue
IEEEN PE Protective earthing green/yellow
EEED PEN | PEN conductor green/yellow + light blue
Conductor Identification colour
— Bare conductors Srnom o L Phase orange
N Neutral light blue
IEE NN PE, PEN | Protective earthing green/yellow
[
DC supply SyStem Conductor Identification colour
o L+ Positive dark red
e L- Negative dark blue
M Mid-wire light blue
IEEEE PE, PEM | Protective earthing green/yellow
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COLOUR IDENTIFICATION OF CONDUCTORS - EXAMPLE

e =
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EXAMPLE OF COLOUR AND SYMBOL IDENTIFICATION

— Y ® L1
oYY L —— ® L2
AR — ® L3
— 2 N

7

*— — * — PE

P1|P2|P3

PE  Electrical equipment

E | Network earthing
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SAFETY SIGNS

Prohibition signs (Do not do)

Signs prohibiting certain behaviour
e.g. No Smoking

Warning signs (Caution, Danger)
Signs which indicate a specific course of action Exa m p I S

is to be followed
e.g. Danger high voltage

Mandatory signs (You must do)

Signs which indicate a specific course of action
is to be followed

e.g. Safety helmets must be worn

Safe Condition Signs (Safest way)
Signs giving information about safe conditions,
doors, exits and escape routes

e.g. Fire exits Danger NO Sto_rage
Electrical room [ autliizle

Fire signs (Fire fighting equipment)
Signs indicating the location of

fire fighting equipment

e.g. Fire point
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TT SYSTEM

DIRECT ELECTRICAL CONNECTION OF THE EXPOSED PARTS TO EARTH

SECONDARY WINDINGS

OF TRANSFORMER Fuses

— ® @ ® L1
—— @ L 4 L2
— ® ® L3
A~ * * N
}\\ ‘\\ /7. ‘\\ ®

ulviwl NLPE@ | U VWP.J Cul viw
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POWER SYSTEM | —®—¢— N et N

| EARTHING Ph PR
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Three-phase load of¢lass | Three-phase load of class | One-phase |6ad
3 PEN 3 PE of class |

EXPOSED CONDUCTIVE PARTS
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NEUTRAL AND PROTECTIVE FUNCTIONS ARE COMBINED IN ONE WIRE

— ® @ @ L1

— @ ? L2

— @ @ L3
I\\ l\‘\\ k\ I\‘\\

POWER SYSTEM
EARTH

One- phase load
class |

phase load
3 PE

EXPOSED CONDUCTIVE PARTS
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TN-S SYSTEM
SEPARATE NEUTRAL AND PROTECTIVE CONDUCTORS

fuse

— @ @ @
— @ @

— 2

POWEHER SYSTEM

EARTH

'w- pwd

EXPOSED CONDUCTIVE PARTS
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One- phase load

L1
L2
L3

PE
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LIVE PARTS ISOLATED FROM EARTH r FE E C

— ® ® ® L1
= * * L2
—_— ® ® L3
. — N
I
l .\\ .\\
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‘U LV IWLIN & UlLV.IWIPE ‘U LN (S
impedance
' QU0 oo g
|
| POWER EARTH | —®&¢— | | —&— N
E_I_SYSTEM PE
Three-phase loa Threg-phase load of £lass | One-phase load
3 NPE of class |

EXPOSED CONDUCTIVE PARTS
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SOCKETS OF LOW VOLTAGE INSTALLATION FEEC

One-phase system

One-phase system Three-phase system
Three-phase system
L P N L1 L2 L3 L1 L2 L3 N L PEN L1 L2 L3
E|
|
O O O O
o O O O
O -/ PE O —/-PE
a) b) C) d)

TN-S and TT system TN-C system

Not allowed in new installations
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SAFETY IN LABORATORY

1. Studentin school laboratories may work only
under the supervision of a nominated person
(teacher)

2. All students must be instructed in the safety
requirements, safety rules and laboratory
instructions applicable to their work.

3. The student shall be equipped with and use
appropriate tools, measuring and testing
devices and individual protective equipment,
which shall be maintained in a good condition

4. All student shall be provided with training and
information so that able to give appropriate
first aid treatment for electric shock.

5. School laboratory shall be provided with means
for emergency switching off (Central Stop), first
aid kit, and fire extinguisher

6. During any work adequate signs shall be
displayed to draw attention to any relevant
hazard.

Safety in electrical engineering
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THE HAZARD OF ELECTRIC CURRENT FEEC

* The hazard primarily depends on the value of current passing
through human body or on other effects caused electric or
electromagnetic field

* Important parameters regarding the risk of electric shock:
o Value and way of current through body
o Time duration of current
o Kind of current (DC, AC - frequency)
o Phase of cardiac cycle
o Individual health stage of person
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TIME/CURRENT ZONES OF EFFECT OF A.C. CURRENTS -
FEEC

ON PERSONS (IEC 479-1)

Probability of

fg 10 000 fibrilation
= 7 /
* 5 000 <% //
2 000 . <50% 7//
R 7
1 000 Limit of no 2 e 4 7//
harmful effect //
500 pa %
2\ 7
|
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100 //%\ 7 %
TN Z
50 - N\ Z# 7
Limit of no Z \Z7 %
organic /2 %
20 damage /f/ 77
0 00
0,1 12 5 10 20 50 100 200 500 1 000 2 000 5 000

—=— | (mA)
This diagram is valid for AC 15-100 Hz , way of current left hand to both legs
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CARDIAC CYCLE

ERETS - . )
| r Normal .  Electric  Ventricular
osl cycle shock fibrilation
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DIFFERENT PARTS OF EE FEEC

* Live parts
designed to conduct electrical current (or have
conductive connection to them)

* Exposed-conductive parts
not designed to conduct current, can be
touched, are not normally non-live, but can
become live when basic insulation fails.

* Non-live parts, dead parts

-] %
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PRIMY A NEPRIMY DOTYK

Direct contact with
dangerous live part

Safety in electrical engineering

Indirect contact with exposed
conductive part
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PROTECTION AGAINST DIRECT CONTACT

* Basic insulation
* Enclosures
plastova izolace

° O bsta C I es izolace Zl

* By placing out of reach
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PROTECTION AGAINST DIRECT CONTACT
SELV

SELV (Safety Extra Low Voltage)

Max. 50 V~, 120 V=

Independent supply or supply with isolating barrier

Separation from other circuits (level as doubled
insulation)

Non-interchangeable plugs and sockets without
protective contacts

Any part of circuit is not connected with earth or
any part of other circuits

SELV

.
230V

(S
: Isolating/
i barrier

Transformer SELV  Uninterchangeable socket

AN
gy
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Softstart Electronic
Halogen Transformer

LT 60

dimmible with reverse
phase control Dimmer
Output 10-60 VA
Protected
Temperature, Short circuit Overicad

Our: 118V
In: 230mA Ta : 40°Counx
cos¢: 099 @Tc:80°Cuw
Do not use with inductive load !
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DEGREES OF PROTECTION PROVIDED BY ENCLOSURES

IP CODE — INGRESS PROTECTION MARKING (CSN EN 680529)

0 —
1 >50 mm
2 >12.5 mm
3 >2.5 mm
4 >1 mm
Dust protec
5
ted
6 Dust tight

IP XX
|

No protection against contact and ingress
of objects

Any large surface of the body, such as the
back of a hand, but no protection against
deliberate contact with a body part

Fingers or similar objects

Tools, thick wires, etc.

Most wires, slender screws, large ants etc.

Ingress of dust is not entirely prevented,
but it must not enter in sufficient quantity
to interfere with the satisfactory operation
of the equipment.

No ingress of dust; complete protection
against contact (dust tight). A vacuum
must be applied. Test duration of up to 8
hours based on air flow

Safety in electrical engineering
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Protection
against
None

Effective against

Dripping water

Dripping water (vertically falling drops) shall have no harmful
effect on the specimen

Dripping water
when tilted at
15°

Vertically dripping water shall have no harmful effect when
the enclosure is tilted at an angle of 15° from its normal
position

Spraying water

\Water falling as a spray at any angle up to 60° from the
wvertical shall have no harmful effect

Splashing of Water splashing against the enclosure from any direction
water shall have no harmful effect

. \Water proj nozzle (6.3 mm inst enclosure from
e i ater projected by a nozzle (6.3 ) against enclosure fro

any direction shall have no harmful effects

Powerful water
jets

\Water projected in powerful jets (12.5 mm nozzle) against
the enclosure from any direction shall have no harmful
effects

Immersion, up to
1 m depth

Ingress of water in harmful quantity shall not be possible
when the enclosure is immersed in water under defined
conditions of pressure and time (up to 1 m of submersion).

Immersion, 1 m
or more depth

The equipment is suitable for continuous immersion in water
under conditions which shall be specified by the
manufacturer. However, with certain types of equipment, it
can mean that water can enter but only in such a manner
that it produces no harmful effects.
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EXAMPLES OF EE WITH DIFFERENT IP CoDE
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Socket IP 66

Socket IP 2X Socket IP 44 Socket IP 55
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CLASSIFICATION OF ELECTRICAL EQUIPMENT
(CSN 33 0600)

Class | Symbol Principle of protection Comment
0 — ] Mithout protectve system
—h Mot allowed in C2
| @ |: "1 I Connection of exposed part with
1] / protective conductar of supply
A
Il I:I I } I Doubled or reirforced insulation
y 7 of electrical equipmet
—h Socket mustnot be unchangable
Il i | Supply EXTRA LOW VOLTAGE
I w— 1
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EE CLASS |

Safety in electrical engineering
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EE CLASS ||

Safety in electrical engineering
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EE cLASS I

Safety in electrical engineering
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PROTECTION BY AUTOMATIC DISCONNECTION
IN TN-S SYSTEM

—— L L1

L2

— L L3

. ”
._ /7-

-Th — PE
Overcurrent |,

Tl

l\ A\ é' é'
Fuses or overcurrent break __ \

Insulation
failure

Safety in electrical engineering
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FAILURE OF PEN CONDUCTOR FEEC

TN-C TN-S

L1

L2

‘ L3

PEN N
7 PE

l\ H .\
UONOPE
« Exposed parts are @
connected to line! H
Uzemnéni
Esité L e L. e
- Jednofazovy spotrebic tr. | Jednofazovy spotrebi€ tr. |
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DOUBLED INSULATION
(EE cLAss )

izolacni

izolace mezi motorem
a prevodovkou

izolacné
zapouzdreny
motor

izolaci potazeny
vypinac

Safety in electrical engineering

Appliance Outer Casing

Insulating Plastic ™
r
neutral
wire
live wire
~ O
=
2
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Safety in electrical engineering

FIRST AID
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RESULTS OF ELECTRIC SHOCK FEEC

* Burns of skin and internal organs

* Great convulsions leading to fractures of bones

 Heart fibrillation

* Stop of breathing

* Secondary hurt — bleeding, fractured bones (after falling
down)

Safety in electrical engineering
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FIND OUT STAGE OF INJURY AND START FIRST AID -
FEEC
TREATMENT -

o Further injury ?
e bleeding
e Injury of spin?
e Fractured bones
e Burns
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THE PROCEEDING OF THE RESCUE OF AFFLICTED
PERSON

* Find out cause of injury and set afflicted person
from the range of current

* Find out stage of injury and start first aid
treatment

e Call for a medical first aid

* Inform adequate supervisor about the accident

Safety in electrical engineering
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CALL FOR FIRST AID

* National telephone numbers

> 150 Fire rescue brigade of CZ
o 155 Medical first aid service of CZ
o 158 Police of Czech republic

* Europe first aid telephone number
112

o Integrated first aid system
° In EU are national first aid telephone numbers also respected

Safety in electrical engineering
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AED — AUTOMATED EXTERNAL DEFIBRILATOR

Intended for use by non-skilled person:

Safety in electrical engineering

AED
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... and that’s all

T |FEEC

Safety in electrical engineering
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