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PREFACE 3

PREFACE

The primary objective of this textbook is to faraiize students with the occupational safety and
health concerns which should be inherent to eviestrgcal system. In designing, operating, and
maintaining electrical systems, the engineer maossicler the occupational and environmental
hazards associated with electrical components dswéhe safety of the surrounding
community from fires and explosions.

Textbook ‘Introduction to Electrical Engineering” is intended for the students of the first and
the second semesters of study at Faculty of EbattEngineering for all study programs of
bachelor's degree. This book serves as educatmolab preparation for the written test "Safety
in Electrical Engineering ” (in accordance with tleguirements of Decree No. 50/1978.).

The purpose of the course is to give the studeassclknowledge of electrical equipment
and installation as to avoid danger arising fronerapon of it. In this way the students receive
qualification of instructed persons that enablesrthio work on electrical equipment, which is
necessary for their study.

The first edition of this textbook was publishedl®94, the second in 1996.The third edition
in 2003 and the new one were revised and adaptexnicicg to the current stage in the sphere of
technical regulations and standards.

We wish to thank Mr. Vincent Csirik for reviewingiowork.

Prague, April 2018
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1. VALID TECHNICAL RULES

There exist many spheres of human activities. Paifg these activities, people come into
contacts one to another as well as to the wholetsod.aws, notices, directions, etc. serve for
the legal arrangement of human relations. Techmcdb@nd scientific activities represent a sort
of very important human activities bringing a Iétimportant gains to the mankind.

We cannot imagine our life without products base@&dvanced technology. Electrical light,
central or gas heating, hot water in our homes &t ag the utilization of telecommunication
services, computers, TV sets, etc. belong to oeryelay life. Technological activity as other
activities, e.g. commercial and social ones, calkflegal frame.

Following legal technical rules related to the sphef electrical engineering and to the
people working in this sphere are valid in the @GzRepublic:

1) Act No. 22/1997 on the Technical Requirements fedBcts and on the Amendments to

Some Acts.

2) Notice No. 50/1978 for the determination of quahifions for persons working in touch

with electricity.

3) Notice No. 73/2010 on the important electricalipment, installations, and plants.

1.1. The Act No. 22/1997 (Technical Requirements fo r Products)

deals with technical regulations, standards andgatibns of producers, importers and
distributors of products in its first part. Secquatt of this act deals with state testing which is
complex of activities the purpose of which is te@me the assessment of conformity of products
valid in the Czech Republic. The non-obligatoryuiegments of standards should be fulfilled as
well. But there is a little difference between thdwo types of requirements. In this case, the
producer or installer can proceed in a way differflom the way complying with the
requirement given in the standard. The assumptordding that is that the solution chosen by
him fulfills the aim of the standard and that alrficipants, i.e. the competent authority as well
as customers, are satisfied with this digressadisal

The act is based on the following principle. Evexg¥ who has anything to do with
manufacturing and distribution of any product slealle for safety of anybody who will to buy or
hire it. For that reason he shall keep and maimales according to the Act. The basic aim of
this act is to create legal conditions to distrébahly safe products. For that reason it is necgssa
to define this aim as well as to create a systamefaching it. This system is basedtenhnical
regulations, standards, harmonized standards and different levels of autharation.
According to this Act it is possible for the autities to use penalties as a tool to force producers
as well as businessmen and dealers to follow this a
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Act No. 22/1997 brings folloing definitions:

product - any thing that has been manufactured or othergésned and is intended to be placed
on the market,

technical regulations - legal regulations published in the Collection lafws of the Czech
Republic which includes technical requirements pooducts or related mandatory
production, checking, recording and other admiaiste procedures,

standards - documents created according to this Act and ewhrkith letters ¢ SN* publication
of which has been announced in the Official joufahe Czech Office for Standards,
Metrology and Testing,

harmonized standards - standards determined for the meeting of teclhnieguirements of
technical regulations,

authorization - entrusting of a legal entity with the activitiegsncerning conformity assessment
of products specified under this Act,

product conformity assessment- a process result of which is the statement wdrethe
properties of the product are in conformity withe threquirements of the technical
regulations,

declaration of conformity - a written declaration with a statement thatgheduct conforms to
the requirements of the technical regulations dwad this declaration is the result of
the specified assessment procedure. The producemporter shall issue this
declaration before the product is placed on thekatar

According to the Act, the producer and importenidiged to place on the market only
products, which are safe.

A product is considered safe when it complies wib requirements of the respective
technical regulation. The compliance of the produith this regulation is deemed to be fulfilled
when it complies with standards harmonized withtdadnical regulation.

There exist a system supporting procedures of mtamuand distribution of safe products.
There are activities connecting with testing andifcation of products. There are different rules
in different technical regulations considering itggtand certification. Sometimes it is obligatory
to let the product test in independent and autbdritesting laboratory, sometimes it is not
necessary nevertheless it could be advantageoubd@roducer to support its own declaration
of conformity of the product with the certificatéindependent authorized entity.

A producer or importer may place a specified prodoc the market only after the
assessment of the conformity of this product. Petslushall comply with requirements
concerning their safety. These requirements areifggekin these Act and technical regulations.
Requirements of technical regulations are moreess lof legislative nature and of frame
character. In particularities they are specifiedaymonized standards. The basic difference
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between technical regulations and harmonized stdada that Technical regulations constitute
part of the Czech legislation and disobediencédeirt is to be penalized. Harmonized standards
as well as other technical standards are volumtacyments. This is advantageous to keep them
because when following harmonized standards retetgatechnical regulation valid for product
protects the producer against braking regulatioevextheless it is possible to manufacture the
product without using harmonized standards. In¢hie it is necessary to prove that the product
is made and distributed according to the regulatinather way than prove that the product is
meeting the requirements of relevant standardss iShrue that it is necessary usually only in
case of some accident. Then it is very difficultstoow that everything was all right, only the
standards were not used.

There are 14 or 16 of technical regulations acogrdo the Act No. 22/1997 published
nowadays in form of government order and numbehei is increasing continually. This is not
any secret that the system of technical regulatiand harmonized standards was created
according to the European system, i.e. system refctives of the European community and
European harmonized standards. We will not speaktaddl of them. We will mention some of
them concerning electrical engineering.

Government order No. 168/1997 on low voltage equipm  ent
is laying down technical requirements relating tectical equipment designed for low

voltage. It is a legislative basis for the condtiut of the most of electrical products. This order
gives particular requirements concerning assessianathtdeclaration of conformity and in its
annex is laying down principal elements of the tyadbjectives for electrical equipment. Shortly
saying:

The general characteristicsconcerning safe use of electrical equipment ad a®lthe
manufacturers brand name shall be marked on iteladrical equipment should be so designed
and manufactured as to ensure protection agaiegotiowing hazards:

Hazards arising from the electrical equipment, abov e all, i.e.
a) danger of physical injury or other harm which migktcaused by electrical contact direct

or indirect;
b) high temperatures, arcs or radiation which wouldsea danger;

Hazards which may be caused by external influences on electrical equipment, i. e.
a) mechanical impacts and other mechanical influences;

b) expected environmental conditions (temperature,ititynradiation etc.);
c) foreseeable conditions of overload (overcurrent).

Government order No. 169/1997 on electromagnetic co  mpatibility
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covers nearly all kinds of electrical apparatuse Tnder itself does not specify emission
limits and immunity levels but transfers this taskrelevant standards. This order gives some
principles for certification and conformity declaoms. Because of a little complicated situation
in the field of assessment of products accordingekevant standards, cost of testing equipment,
it is advisable to cooperate with the relevant arities.

Government order No. 170/1997 on machinery
gives requirements concerning assessment and agataof conformity, which is necessary

to maintain for every machine. In its annex a lésgof essential health and safety requirements
to which all machines are deemed to comply. Remergs concerning electrical equipment of
machines are among them. These are requiremergaftdy connected with reliable operation of
control systems actuators. These requirements aie preferably for electrical equipment of
machines. To give the industry and users a coemenool to cope with this order a system of
European standards was developed. There existtansys European standards for electrical
equipment of machines inside of the whole systestaridards for machinery.

Government order No. 178/1997 on products used in b uilding construction industry (civil
engineering)

gives a space for authorities in the process @sassent products. There exists an important
clause, which assumes that all products used isghere of civil engineering and in building’s
construction shall be used in sensible manner. fe@ns according to electrical equipment that
all elements of electrical installation shall beedisaccording to regulations for electrical
installations (wiring regulations). That is the sea why among standards harmonized to this
order are basic standards for electrical equipraedtinstallations.

1.2. Notice No. 50/1978 (qualification of persons)

deals with the qualification of persons working electrical equipment. The reason for
publishing this notice was evident. When constiobe operated in an inappropriate way,
electrical equipment may cause a danger for perséwastock, as well as for property. Therefore
persons immediately constructing, producing or irégathe electrical equipment, installation,
etc., as well as people operating complicated mtattequipment (electrical station, substation,
etc.) shall be people with definite qualificatiam order not to endanger themselves or other
people with their activities. The qualification pérsons intended for the work and operation on
electrical equipment follows the rule: "the moré#idult, complicated, and dangerous the work
is, the higher qualification shall the competentpe fulfill". There are three basic qualifications
of persons in relation to the work on electricalipgent and installation. These are:
ordinary person - person who is neither a skilled person nor atrutcted person - person

without electrical qualification,
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instructed person- person adequately advised or supervised byeskgersons to enable him or
her to avoid dangers which electricity may create,

skilled person - person with relevant education and experiencentble him or her to avoid
dangers which electricity may create.

The three categories of qualification mentionedvabare not the Czech specialty; they are
used in Europe and all over the world. But in tlze€h Notice No. 50/1978 the detailed division
of the qualification of skilled persons is givemyAskilled person may not do any activity in the
field of electrical engineering. That is the reasdry, according to the Notice No. 50/1978, the
qualification of "skilled person” is subdivided intategories such as:

- skilled person determined for mounting of eleatiequipment and installation,

- skilled person for designing of installations,

- skilled person supervising the work on electreglipment,

- skilled person verifying electrical equipment anstallations.

In particular cases some of above mentioned cagsgoan be combined so that one skilled
person can have the qualification for mountingrofrestallation as well as for verifying it.

The Notice No. 50/1978 shall also be fulfilled iase of persons educated in any electrical
branch. Such persons shall fulfill the requireméatsnstructed persons, i.e. for persons familiar
with the dangers connected with electricity andedbl avoid such dangers. And that is also the
purpose of this course - to give you the basic kadge of electricity - as much as to be able to
recognize the danger of electricity and to avaid it

1.3. Notice No. 73/2010 (important electrical equi pment)

There are many electrical equipment and instatatiosed in industry, commerce, culture,
and other spheres of human activities. All eleatrequipment and installations are not of the
same importance. Damage or failure on some installanay cause serious difficulties in
industry (e.g. failure of electrical station mayusa injury of electrical furnaces and material
melted in them) as well as in everyday social (€ey. failure in protection against overcurrent.
Defective dimensioning of cables in installationyncause fire; the fire hazard is extremely high
in buildings for cultural purposes, where many peapay be gathered, i.e. in theatres etc.).

For that purpose Notice No. 73/2010 distinguishastailations according to their
importance and gives the rules how to proceed sesaf installations and equipment of various
importance.

Competent authority shall approve the design of iast important installations and
equipment. An independent technician charged bypetemt authority shall verify the less
important ones. For the making of installations agdipment without any particular importance,
it is sufficient when done by competent electriwah having full responsibility for making and
verifying them.
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2. BASIC ELECTROTECHNICAL STANDARDS

2.1. General

In the technical sphere, the legal rules obligatgiyen in laws, acts, notices, orders,
regulations and directives cannot prescribe thailéet technical performance of an equipment,
installation or appliance as to fulfill the concepf safety, reliability, and maintainability. The
described rules for the technical performance aidpcts (e.g. machines, appliances, and
devices) mounted parts, and for technological mioces are given in technical standards.
Technical standards are not obligatory in the wéyegal rules but the fulfillment of the
requirements of technical standard can prevent frany difficulties connected with legal rules.
One of the basic legal rules prescribed in manysla@nthe rule prescribing that nobody shall
endanger anybody. And manufacturing products ograbBng equipment that is not safe may
endanger the purchaser. That is just the violadsfdaw, which can be penalized.

Present-day technology as well as present-day emuipand products in the field of the
electrical engineering are so complicated that keppo the safety rules is very difficult,
therefore these rules are comprehended in techsiaadards. If the producer keeps relevant
standards, he can be almost sure that his produittsot endanger any customer. Moreover - in
case that a product complying with the relevanhddiad causes a damage, the position of the
producer is much better than the position of tha¢ whose product does not comply with the
standard.

Technical standards are not papers or brochurespémtlent one of the other. It is
impossible for any standard to represent full $eeochnical requirements for the given type of
product, equipment, or installation. Nowadays, técdl products are so complicated that
technical requirements for one type of equipmertjiace, appliance, or installation cannot be
comprehended in one standard only. Technical stdadform huge, more or less compact
systems. Such systems are formed in electricalnergng as well. Let us investigate such
systems.

Most of products of electrical engineering are ¢oused by persons. The utilization of it is
connected with danger of harmful effects of elealricurrent to persons and, may be, to
livestock. To prevent the danger means to fulfdspective requirements of the respective
standard. Nevertheless, the standard applied &éopthduct cannot prescribe all measures that
could or should be done. The conception of safetglectrical engineering is given in basic
safety standards. The rules of safety for groupgroflucts are given in group safety standards.
The standard respective for a given product doé¢gepeat all safety requirements but it only
refers to basic or group safety standards.
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There is a similar situation in case of environmaént atmospheric conditions effecting the
product as well as in case of electromagnetic coitmpty (effects of electromagnetic fields or
disturbing voltages or currents on products).

Besides these standards, there exist the so-cgthediards with horizontal function. Those
are the standards we use - or we should use -nipiroconnection with the other standards but
also at the usual technical work. Among these statsdwe can count terminological standards,
standards stating nominal or rated values of vekagurrents, frequencies, standards comprising
symbols for diagrams and for the use on electagaipment, devices, or appliances.

Therefore product standards, i.e. standards imrtedgiased for the design and construction
of some products, usually consist (especially m field of the electrical engineering) of many
references to basic or group standards (for thelg@nws of safety, electromagnetic compatibility,
environmental conditions, etc.). Product standarsis terminology, symbols, and nominal or
rated values given in horizontally functioning stards as well.

2.2. International and European standardization

And now let us read something about the origintahdards. Standards in the sphere of
electrical engineering belong to the oldest tedinstandards. First rules for basic use of
electricity were created in the second half oflts century - at first for the use of the telegrap
and then for the safe use of electrical light. Sgayeers unifying description of characteristics of
materials used for electrical purposes were writitethhe second half of the last century as well.
The rules for the use of electricity became thginrof a big group of standards, electrical rules
(wiring regulations, electrical code - how theskesuare called in some countries). The papers
stating quality of materials became the origin nbther big group of standards - material or
product standards.

Very soon it became evident for electricians of ynaountries that the international
exchange of information in the sphere of electraajineering is inevitable. Many international
electrical conferences took place at the turn efith century. On the occasion of one of them,
in the year 1904 in St Louis (USA), it was decidedestablish an international organization
dealing with standardization in the sphere of eieat engineering. The organization was
established at the constitutive meeting in London1®06 and it was named International
Electrotechnical Commission (the internationallgdigbbreviation is IEC - based on the English
name, or CEl - based on the French name). Intemaltistandards published by IEC form the
basis for regional and national standards. They bwysed both directly as well as for the
preparation of specifications for internationaldea IEC international standards (they may be
called world standards as well) cover the entingesof electrical and electronic engineering.

The IEC is composed of National Committees fromuab#0 countries. These countries
comprise 80 % of the world 's population and corswbout 95 % of the world 's electrical
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energy. The IEC standards are prepared by more 208nspecialized committees and are
adopted and published by the consensus of Nato@amittees.

The Czech Republic is a member of IEC and its meshige is the continuation of the
membership of the previous Czechoslovak Repubicesi919.

The IEC works in close co-operation with many in&gronal organizations, including the
International Organization for Standardization ()S@hich is responsible for international
standards in non-electrical fields.

In some geographical regions, regional standatidizairganizations have developed. The
development of regional standardization organiration Europe has a long history, beginning
with the year 1926, when the IFK (Installation FFagKommission - Installations Tasks
Committee) was founded. That was the committee wbjiean electrical testing laboratories,
who prepared safety rules for electrical houselagldliances and installation devices as well as
testing rules. The activity of the committee conéd after World War Two under the new name
and abbreviation: International Commission on Riieshe Approval of Electrical Equipment -
CEE. Nowadays, this commission merged with IEC untfe abbreviation IECEE after
American, Japanese, and other laboratories joiresl originally European organization.
Nevertheless, the rules published by CEE are iction till now because they lay the basis for
many IEC standards as well as for European Harmatoiz Documents serving for the
unification of standards of European countries ivithe framework of CENELEC.

CENELEC - The European Committee for ElectrotechinicStandardization (the
abbreviation is from the French name - Comité Eéempde Normalisation Electrotechnique) -
was founded in 1973. CENELEC consists of Nationkgctotechnical Committees of West
European countries. The Czech Republic is a mewh@ENELEC since 1997 (its membership
followed a period of its affiliation CENELEC).

The main purpose of CENELEC is to remove any diffiees of technical nature among
national standards of CENELEC member committeesmng national measures applied to the
certification of conformity which may give rise t@de barriers.

European Standards (EN) and Harmonization Docum@di®) are either endorsed or
published as national standards. A stronger rui@dblishing applies to European Standards so
that now a pressure is made by European Commumipublish almost exclusively European
Standards. Nevertheless, there are fields wherenatraditions of European countries are so
strong, e.g. in case of installation rules, thas mecessary first to bring the national ruleseto
to one another on the basis of Harmonization Docusn& hen, after that first step, to unify the
rules by European Standards that are to be pulliakenational standards in every European
country.
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In many cases the development of standards undicatent this way. In case of electrical
installations where Harmonization Document HD 384sed on IEC Publication 364) is applied,

the development is likely to proceed similarly.

2.3. |IEC Basic Standards

The list of IEC basic safety standards is showrotel(In the right column the number of

corresponding European standard is available).

Short-time tests

IEC 60112 Method for determining the comparative #re proof tracking HD 214

indices of solid insulating materials under momtditions

ICE 60587 Test methods for evaluating resistand¢etking and erosion oHD 380

electrical insulating materials used under severeient
conditions

Terminal marking and other identifications

IEC 60073 Coding of indicating devices and actusabyr colours and EN 60073
supplementary means

IEC 60445 |dentification of apparatus terminals gaderal rules for a EN 60445
uniform system terminal marking, using an alphamene
notation

IEC 60446 Identification of insulated and bare agetdrs by colours EN 60446

IEC 60447 Standard directions of movement for aotsavhich control the EN 60447
operation of electrical apparatus

IEC 60757 Code for designation of colours HD 457

Insulation co-ordination for low-voltage equipment

IEC 60664 Insulation coordination for equipmenthitlow voltage HD 625
systems (including clearances and creepage disance

Tests

IEC 60068 Tests (vibration, bump, climatic tests)et EN 60068

Electrical installations of buildings

IEC 60364 Electrical installations of buildings HiB4

IEC 60364-4-41 Part 4: Protection for safety. Chagtl: Protection against HD 384.4.41
electric shock

IEC 60364-5-54 Part 5: Selection and erection efteical equipment. HD 384.5.54
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Chapter 54: Earthing arrangements and protectindwtiors

IEC 60449 Voltage bands for electrical installatiarf buildings HD 193
IEC 60479 Effects of current passing through thed body
IEC 60536 Classification of electrical and electcoequipment with regardHD 366

to protection against electric shock

Degrees of Protection by Enclosures

IEC 60529 Classification of degrees of protectiooved by enclosures EN 60529

Fire hazard testing

IEC 60695 Fire hazard testing EN 60695

We shall follow basic IEC safety standards, IECndtads for electrical installations
(preferably with the first number 364) and otheiphd IEC materials (such as guides and
reports) important for understanding of electreafiety.
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3. BASIC TERMS AND DEFINITIONS FOR ELECTRICAL SAFETY AND
ELECTRICAL INSTALLATIONS

Terms and definitions connected wélectric shock:

electric shock -pathophysiological effect resulting from an electurrent passing through the
human or animal body

shock current - a current passing through a body of a person omaniand having
characteristics likely to cause pathophysiologafédcts

protection against electric shock the provision of measures reducing the risk oftateshock

cardiac fibrillation - fibrillation of muscle of one or more heart chanthdeading to the
disturbance of some functions of the heart

ventricular fibrillation - cardiac fibrillation, limited to the ventricles kdiag to ineffective
blood circulation and then to heart failure

let-go-threshold-current

releasing current (deprecated)

let-go-current (USA) (deprecated) the maximum value of current at which a person ingld
electrodes can let go of the electrodes

touch voltage -voltage appearing between simultaneously accegséts
Note: By convention, this term is used in connattath protection against indirect

contacts.

leakage current

earth current - a current which under normal operating conditidog$ in an unintended path

short-circuit current - the current flowing at a given point of a netwoesulting from a short-
circuit at another point of this work

residual current - the algebraic sum of the instantaneous values éruflowing through all
live conductors of a circuit at a point of the étmal installation
Note: Term of the relevant protective device:
IEC: residual-current protective device.

residual current device (r.c.d.) -a mechanical switching device or association ofiasy
intended to cause the opening of the contacts wheenesidual current attains a given
value under specified conditions

direct contact - contact of persons or livestock with live parts

indirect contact - contact of persons or livestock with exposed cotideigparts, which have
been become live under fault conditions

hazardous-live-part -a live part which, under certain conditions, camehan adverse effect on
humans and animals by electric shock
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basic insulation -insulation of hazardous-live-parts providing fibtection against electric
shock

double insulation - insulation comprising basic insulation and @@ementary insulation in
order to provide protection against electric shib&dasic insulation fails

reinforced insulation - a single insulation system which provides protectagainst electric
shock equivalent to double insulation

arm's reach - a zone of accessibility to touch extending from g@aynt on a surface where
persons usually stand or move about to the limhgklwva person can reach with the
hand in any direction without assistance

enclosure -a housing for separating the internal and extegnaironment

protective enclosure -an enclosure providing protection against eleahiock from the internal
environment

protective barrier

barrier (deprecated)

protective cover (deprecated)

shroud (deprecated) -in restricted access areas, a structure providingegtion against direct
contact from any usual direction

obstacle -in restricted access areas, a part preventing emtional direct contact, but not
preventing direct contact by deliberate action

earth electrode -a conductive part that constitutes an electricadigducting interface with the
mass of the earth

equipotential state - the state when parts are at a substantiallglegjactric potential

equipotential bonding - electric connection putting various exposed condeacparts and
extraneous conductive parts at substantially epjotzintial

protective equipotential bonding -equipotential bonding for protection against eiecshock
in the event of short-circuit

automatic disconnection of supply an interruption of supply caused by a protectivaae

short circuit - accidental or intentional conductive path between 6r more points in a circuit
forcing the voltages between these points to kaively low

fault - the state of an item characterized by inabilitypesform a required function, excluding
the inability during preventive maintenance or othlanned actions, or due to lack of
external resources
Note: A fault is often the result of a failure d¢fetitem itself, but may exist without

prior failure.
disabled state
outage
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unavailability (deprecated in this sense) a state of an item characterized by its inabildy t
perform a required function, for any reason
(electromagnetic) interference -degradation of the performance of an equipmentstréssion
channel or system caused by an electromagnetigridésice
electrical equipment -any item used for such purposes as generationgcsion, transmission,
distribution or utilization of electrical energyuch as transformers, apparatus,
measuring instruments, protective devices, equiptfioenviring systems, appliances
live part - a conductor or conductive part intended to be eredgin normal use, including a
neutral conductor, but by convention not a PEN caitat
Note: The acronym PEN results of the combinationboth symbols PE for the
protective conductor and N for the neutral conducto
exposed-conductive-part -a conductive part of electrical equipment, which ba touched and
which is not normally live, but which can becomeelivhen basic insulation fails
extraneous-conductive-part -a conductive part not forming part of the electricetallation
and liable to introduce an electric potential, gaftg that of an earthing conductor
skilled person -a person with relevant education and experien@néble him or her to avoid
dangers which electricity may create
instructed person -a person adequately advised or supervised by dlpiesons to enable him
or her to avoid dangers which electricity may ceeat
ordinary person - a person who is neither a skilled person nor amuaoted person
environmental conditions -physical and chemical conditions external to thedpct to which it
is subjected at a certain time and comprising abioation of single environmental
parameters and their severity
Note: The environmental conditions are generallympgosed of environmental
conditions appearing in nature and environmentatitmons generated by the
product itself or by external sources.
environmental parameters -one or more physical or chemical properties (eeqiperature,
humidity, acceleration)
Example: The environmental parameter Vibration haracterized by the type of
vibration (sinusoidal, random), acceleration, frexgy.
safety colour -a colour, of special properties, to which a safeganing is attributed
safety sign -a sign, which gives a general safety message,naatdly a combination of colour
and geometric shape and which, by the addition gfaphic symbol or text, gives a
particular safety message
supplementary sign -a sign with a text only, for use where necessarganjunction with a
safety sign
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dead -at or about zero voltage that is without voltagelmarge present

dead working - work on electrical installations which are neitlige nor charged, carried out
after having taken all measures to present elettli@nger

live working - all work in which a worker makes contact with ligarts or can reach into the
danger zone with either parts of his or her bodyith tools, equipment or devices
being handled

injury - death or personal injury from electric shock, elecburn, electrical explosion, or
arcing, or from fire or explosion initiated by efecal energy caused by any work
activity on, with or near an electrical installatio

risk - a combination of the probability and the degre¢hefpossible injury or damage to health
of a person exposed to a hazard or to hazards

notification - messages or instructions which are either verbahawriting associated with
operation of any electrical installation
Note: Command B is a notification only in writtesrin.

operation - all activities necessary to permit the electrigadtallation to function both under
normal and abnormal conditions
These activities include such matters as switchiogptrolling, monitoring and
maintenance as well as both electrical and nortretabwork.

maintenance -periodic visual inspections and electrical testivitere necessary including after
repairs and/or modification to verify the electtiogegrity of the tools, equipment and
devices
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4. EFFECTS OF CURRENT PASSING THROUGH THE HUMAN BODY

4.1. Principles
There is a difference between the hazard assochattdd direct (d.c.) and that with
alternating current (a.c.): a.c. is more dangetthas d.c. As regards a.c., the level of danger
varies depending on the frequency: low and higlyueacies are less dangerous than the

technically applied frequencies of 50 Hz and 60($&e Figures 4.1.1 to 4.1.4).
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Figure 4.1.1
Time/current zones of effect of a.c. currents (¥5té1100 Hz) on persons Description of zones:
Zone Zone limits | Physiological effects
designation
AC-1 up to 0,5 mAUsually no reaction
a
AC -2 a-b 1) | Usually no harmful physiaice) effects
AC -3 b-cl Usually no organic damage to be etquec
AC -4 above cl Dangerous pathophysiological edfecardiac arrest, breathing
arrest and severe burns
AC-4.1 cl-c2 Probability of ventricular fiballion up to about 5 %
AC -4.2 c2-c3 Probability of ventricular fiballion up to about 50 %
AC -4.3 above c3 Probability of ventricular filleion above 50 %
1) For duration of current-flow below 10 ms, thaili for the body current for line remains
constant at a value of 200 mA.
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Figure 4.1.2

Time/current zones of effect of d.c. on persons.

Description of zones:

Zone Zone limits | Physiological effects

designation

DC-1 up to 2 mA | Usually no reaction

a

DC-2 a-b 1)| Usually no harmful physidlmag effects

DC-3 b-cl Usually no organic damage to be etgakedncreasing with
current magnitude and time, reversible disturbaontésrmation
and conduction of impulses in the heart may occur

DC-4 above cl Dangerous pathophysiological effesgvere burns, cardiac
disrhythmias, unconsciousness.

DC-4.1 cl-c2 Probability of ventricular fibalion up to about 5 %

DC-4.2 c2-c3 Probability of ventricular fibalion up to about 50 %

DC-4.3 above c3 Probability of ventricular filtation above 50 %

1) For duration of current-flow below 10 ms, thaili for the body current for line remains
constant at a value of 200 mA.

Notes: 1. As regards ventricular fibrillation, this figurelates to the effects of current,

which flows in the path left hand to feet and fising current.
2. Boundary between Zones 2 and 3 unknown fordilegs than 500 ms.
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The hazard of electric current primarily dependghenvalue of the current passing through
the human body and on its duration. Important patars regarding the risk of electric shock,
besides the current and time aspects, are:

- frequency of the current,

- resistance of the human body (depending on gwuéncy).
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Figure 4.1.3

Influence of frequencies [according to IEC 479 @QTFirst edition]. The diagram may help in
the evaluation of risks for different frequencies.

Description of curves:

Curve 1. Conventional limits for current values matly not giving rise to any reaction. Based
on a publication of the Association for the Advameat of Medical Instrumentation
(AAMI) of July 1971.

Curve 2: Threshold of perception for 50% of pers@s¢ed, i.e. remainder felt nothing.

Curve 3. Threshold of perception for 99,5% of passtested, i.e. remainder felt nothing.

Curve 4: Let-go-current for 99,5% of the persasdd, i.e. 0,5% could not let go.

Curve 5: Let-go-current for 50% of the personsegste. 50% could not let go.

Curve 6: Let-go-current for 0,5% of the personsesi.e. 99,5% could not let go.
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Besides these aspects, the hazard depends on it wkepersons and on the pathway of
the current through the body. (E.g. the currer2@f mA passing from one hand to the other one
has the same effect as the current of 80 mA pagsngthe left hand to feet.)

These relationships are shown in the following rfegu

Relationships of the currents causing differene@f on the human body to the time for
which the currents are passing through the humady lmye shown in Figures 4.1.1 (for
alternating currents) and 4.1.2 (for direct cursgnZones of effects on the human body are
shown in these figures. Any point in any zone reenés one value of current and one value of
time for which the current passes through the hulmadaly. All points in one zone represent
values of currents and values of time that havelaireffects on the human body. These zones
are described bellow on the figures.

[Reference document: IEC Publication 479-2 (1987)]

Note 1: Frequency factor £ Ratio of the threshold current for the relevalygiological effects

at the frequenci/to threshold current at 50/60 Hz.
Note 2: The frequency factor differs for perception, letagal ventricular fibrillation.
Note 3: Threshold of perception and frequencies betweekHand 100 kHz:
For frequencies between 10 kHz and 100 kHz theshimid rises approximately from 10 mA
to 100 mA (r.m.s. values).

2,1
2,0
1,9 /
1.8
//
17

50/60 100 200 300 500 1000

— f (Hz)

Figure 4.1.4
Variations of the threshold of perception withie finequency range 50/60 Hz to 1000 Hz.
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For frequencies above 100 kHz the tingling senmatibaracteristic for the perception at
lower frequencies changes into a sensation of wafantcurrent intensities in the order of some
hundred milliamperes.

The threshold of ventricular fibrillation depends physiological parameters (anatomy of
the body, state of cardiac function, etc.) as veallon electrical parameters ( duration and
pathway of current flow, current parameters, eWith sinusoidal a.c. (50 Hz or 60 Hz) there is
a considerable decrease of the threshold of fiolih if the current flow is prolonged beyond
one cardiac cycle. This effect results from theease in inhomogeneity of the excitatory state of
the heart due to the current-induced extrasystoles.

For shock duration below 0,1 s, fibrillation maycacfor current magnitudes above 500 mA
(Fig.4.1.1), and is likely occur for current maguwiés in the order of several amperes, only if the
shock fall in the vulnerable period. Occurrencevalinerable period (T - wave) corresponds to
the blood - pressure maximum (Fig.4.1.5).For shafksurrent above 1A and durations longer
than one cardiac cycle reversible cardiac arregtheacaused.

—
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Figure 4.1.5
Ventricular fibrillation in the vulnerable perioBffects on electrocardiogram and blood
pressure.
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4.1.1 Requirements for characteristics of protectiv. e devices.

For a.c. (15 to 100 Hz), the curve L is situatedzone 3 (Fig.4.1.1 ) in which no organic
damage is to be expected. The curve L is considesa@asonable for the establishment of the
disconnecting times as a function of prospecitueh voltage for the measure for protection by
automatic disconnection of supply. It is placedhwat certain margin of safety below zone 4 in
which the risk of ventricular fibrillation arisegihich is the main cause of death by electricity,
the probability of which increased with the intépsif the current and the duration of flow.

4.2. Safety limits of current passing through the h uman body

Nowadays safety limits of current are not presctiie Czech standards. The document
IEC 479 is implemented as a Czech standz8® IEC 479 (33 2010). The informative limits
which, according to this standard, can be useeél&mutrical equipment are shown in table 4.2.1.

Table 4.2.1 Informative safety limits of currentspmg through the human body according to
new standards

Type of equipment The longest duration Safety limits of current
of current (mA)
(s) for
alternating current direct current

1. All equipment (except permanent 0,5 2

medical equipment)
2. Equipment assigned in permanent 3,5 10

relevantCSN standard
3. Industrial equipment 5 10 30

according to relevant (exceptionally

CSN, if it is not possible permanent)

to fulfill limits for point 2

4.3. Resistance (impedance) of the human body

The safety limits of currents (or the time curraoines in Figures 4.1.1 and 4.1.2) are
inconvenient for direct application to the pradtidasign of installations. To the designer it is
more useful if safey requirements are specifiettims of voltage as a function of time. For this
purpose, certain values of body impedance musakentinto consideration. The relationship of
current to voltage is not linear because body imped varies with the touch voltage.

Conventional conditions in this respect mean dibnatvhere the most probable accident is
hand to hand or hand to foot. In the Figure 4.Beldependence of the total body impedance to
the touch voltage can be seen. The sign 95%, 508@&t3he curves mean that the values given
with the relevant curve are not exceeded for agrgage of 95%, 50% and 5% of the human
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Statistical values of total body impedance valit live human beings for the current path

hand to hand or hand to foot, for touch voltageéo 700 V.

population. The current, which flows through themfam body, depends not only on the touch
voltage and body impedance but also on the impedahthe surface on which the human being
stands or which is touched, and also on the camdtiof the surface. The impedance of the
surface, which is touched by a man, is much loweemthe surface is damp or wet and also the
impedance of the human body is lower when it is (@a). as a consequence of perspiration).
Regarding all these conditions the safety limittheftouch voltage were stated.

4.4. Conventional touch voltage limit

The highest permissible touch voltages (conventidoach voltage limits) are given in
Table 4.4.1 (according to the dr&®N 33 2000-4-41).
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Table 4.4.1

Conditions Highest permissible touch voltage
V)
a.c. d.c.
Usual condition (dry but also a little 50 120

or for a short time damp, and also with
some conductive parts around)

Wet conditions or conditions with 25 60
corrosion aggressiveness

Very bad conditions (a man standing 12 25
in water or in metal barrels etc.) T

Conventional touch voltage limits (for equipmentta@nd including 1000V)

It is evident that safety limits of touch voltageosld depend on the duration of touch
voltage similarly as limits of current passing thgb the human body. Nevertheless, the limits
presented in Table 4.4.1 are the limits of permat@uch voltage. The limits of touch voltage
dependent on time of the duration of it are givefiable 4.4.2 (according to the IEC 1200-413).

Table 4.4.2 Maximum touch voltage duration

Prospective touch voltage | Maximum disconnecting time (duration of touch voltaye)

V) (s)

for

usual conditions wet conditions

25 - >5
50 >5 0,47
75 0,6 0,30
90 0,45 0,25
110 0,36 0,18
150 0,27 0,10
220 0,17 0,04
280 0,12 0,02
350 0,08 -
500 0,04 -

Application of values given in the Table 4.4.2 wittgard to protection against indirect
contact will be discussed later.
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5. FUNDAMENTAL RULES FOR PROTECTION AGAINST ELECTRIC
SHOCK

As mentioned in the previous text, in case of taugla live part, that means a part with a
potential different from the potential of earthgiarent flows through the body from the live part
to the earth.

In the course of many year 's utilization of dliettly, a system of protection against electric
shock has been developed. The main objective efgtotection is to ensure that persons and
livestock shall be protected against dangers tlegt anise from the contact with live parts of the
electrical equipment or installation.

The protection can be achieved by one of the fafigumethods:

- preventing a current from passing through theybmidany person or any livestock;

- limiting the current which may pass through aytmla value lower than the current.

The current can pass through the human body eith@ase of touching live parts of
different potential or in case of standing on thece with some potential and touching live part
with a different potential. One of these differgotentials is usually potential of earth, which we
consider to be equal to zero. The other potentml,the potential of the live parts, is usually
potential compared with the zero potential of thetle It is called the voltage of live parts.

For that reason the first task is to prevent anyb@ersons or livestock) from touching
dangerous live parts. This has to be provided dutive whole life of electrical equipment
(household appliances etc.) or electrical instaltatThis first step of protection, which has to be
provided during the normal service of electricalipgent and/or electrical installation, is called
protection against direct contactor basic protectionor protection under normal conditions.
This protection is usually provided by means ofulagon of live parts (e.g. conductors are
insulated) or by means of enclosures in which paets are situated (e.g. live parts of electrical
household appliances are covered by enclosurds) preans of barriers or obstacles around the
live parts of larger equipment in electrical subetess. The other possibility how to provide
protection against direct contact is to situate Iparts out of reach. This is the usual way of
protection against direct contact to overhead tression lines.

During the normal service it may come to such & ¢hat the insulation may be disrupted or
that the metal enclosure may come to a contact kviehparts. That is so callesingle fault
condition and, in such case, the so callptbtection against indirect contact has to be
provided. That means contact with parts that arelime during the normal service and may
become live in case of fault, i.e. under singldtfaondition. The conductive parts of electric
equipment that can be touched and that are notailyrfive, but may become live in case of
fault (e.g. when basic insulation fails), are chdgposed conductive parts
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In conformity with the explanation given above, fobadamental rule for protection against
electric shock is given in international standdEiS 364-4-41 and IEC 536.

The rule reads as follows:

Accessible conductive partshall not be hazardous either

- under normal conditions (normal operating condisi and absence of a fault), or

- under single fault condition.

If sufficiently low voltage, i.e. voltage that castrbe dangerous in case of touching live parts
energized with such voltage, is used, then both piarts and exposed conductive parts that may
become live in case of failure of an insulationlieé parts cannot be dangerous. Such type of
protection that, by means of one measure (e.g.dgnsiof sufficiently low voltage or by means
of sufficiently low current), provides both protect against electric shock in case of touching
live parts and protection against electric shockase of touching exposed conductive parts in
case of fault is callegrotection against both direct and indirect contact

We can consider such case of protection both
- protection under normal conditions and
- protection under single fault condition.

In this way we can consider three types of prodecagainst electric shock. For each type
there are used several terms that, in principtiicate the same:

1) protection ensured under normal conditions; th@syms are:
protection in normal service,
protection against direct contact
basic protection;
2) protection ensured under single fault conditioe; snonyms are:
protection in case of fault,
protection against indirect contact
supplementary protection;
3) protection ensured under normal conditions as wasllunder single fault condition; the
synonym is:
protection against both direct and indirect contact

5.1. Protection against direct contact

All electrical equipment shall be subjected to afi¢he protective measures against direct
contact with live parts of electrical equipmentg®rsons or livestock. All basic methods of this
protection prevent from contact with live parts|yothe newest one, described as additional
protection, is based on limiting of current pasgimgpugh the human body. From the other point
of view, the protection against direct contact bardivided into:
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- protection againsinintentional contact (any contact) with live parts represented by:
- protection by insulation of live parts,

- protection by barriers or enclosures;

- protection againshtentional contactwith live parts represented by:

- protection by obstacles;

- protection by placing out of reach.

5.1.1 Protection by insulation of live parts
Live parts shall be completely covered with insalgtmaterials which can only be removed

by destruction.

ENCLOSURE

INSULATION OF | BARRIERS
LIVE PARTS \ O

L1 @ e

UNINSTRUCTED
PERSON

N Qg

LIVE PART

Figure 5.1.1
Protection against direct contact.
Protection in normal service.
Basic protection.
Protection by insulation of live parts, protectimnbarriers and enclosure,
- to prevent any contact with live parts.

5.1.2 Protection by barriers or enclosures
With this measure, the live parts are located msdclosures or behind barriers. These

enclosures or barriers shall prevent the entrahcsotid object greater than 12 mm and fingers
(i.e. IP 2X). They prevent from any contact witveliparts.

Barriers and enclosures shall be firmly securedeiéler it is necessary to remove barriers
or to open enclosures , this shall only be possible

- by the use of a key or tool, or

- after disconection of the power supply to livetparestoration of the supply being possible
only after replacement or reclosure of the barreerenclosures,
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or- when an intermediate barrier providing a degreprotection of at least IP 2X prevents
contact with live parts, such a berier being renbteranly by the use of key or tool.

5.1.3 Protection by obstacles
Obstacles may include handrails, mesh-screensgsiland protective frames. Obstacles

may be removed without using a key or tool butlsbalso secured as to prevent unintentional
removal.

5.1.4 Protection by placing live parts out of reach
With this measure, simultaneously accessible mAn&rying potentials (voltages and earth

potential) shall not be within arms reach. Parte mot regarded as being simultaneously
accessible if they are more than 2,50 m apart. disince shall be increased in places where
bulky or long conductive objects are normally haaid|

FOR ORDINARY ACCESSIBLE FOR
PERSONS INACCESSIBLE ORDINARY PERSONS
‘\
e
n
3,0
0,75
OUTSIDE-UP TO 1000V
ALL-FOR 1000V AND ABOVE
Figure 5.1.2

Protection by placing live parts out of reach -e®of arm’s reach under different conditions

Minimal distances of live parts from the stand paccording to different standards are
shown on the Figure 5.1.2.
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5.1.5 Use of protective measures

Protection against unintentional contact (protechy insulation by barriers or enclosures) is
applied on electrical equipment, especially on kbotd electrical appliances, used by ordinary
persons without any electrotechnical qualificatio®rotection against intentional contact
(protection by obstacles, by placing out of reashiitended for applying in rooms with electrical
equipment where only skilled or instructed persamspermitted to entry.

5.1.6 Additional protection
Besides these traditional types of protection whicinternational standards are considered

as usual types of protection, there exists theeptmn by very sensitive residual-current
protective devices. This protection may be useddtbtional protection to fundamental types
shown above. The use of it is obligatory in manyrddes for electrical installations in
bathrooms, in construction sites, and in outdpacs.

The application ofresidual current protective devicesas a very important protective
element leads to the necessity to show the funcidhese devices (see Figure 5.1.3).

N L1 L2 L3

T - test button

CT - current transformer

| |
| |
| |
| T | o
‘ : ‘ R - release, trip coil
i ‘ M - mechanical lock
i ‘ C - contact of switching device
I N _

N Lt L2 L3

Figure 5.1.3

Fundamental principle of residual-current
protective device

The fundamental principle of residual-current pctitee device is: the total amount of
current flowing to and from any electrical equiprisn zero (null), that means, in normal use, no
difference.
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However, in the case of a fault, when current #dvom the live conductors to the earthed
casing, enclosure or frame, i.e. to the earthessegh conductive parts or, in the case of very
sensitive residual-current protective device wherrent flows through the human body to the
earth or to the protective conductor, there willabdifference in current. This difference is called
residual-current. The residual-current protectiegice must ensure the disconnection of all live
conductors of the circuit, including the neutrahdactor. This is ensured through the operation
of a trip coil through which current from differéaitcurrent transformer flows.

5.2. Protection against indirect contact
“Indirect contact" is the contact of persons wvesitock with exposed conductive parts which
have become live under fault conditions (see Figuzel)

EXPOSED CONDUCTIVE

PART \

L1 Q Q
N a

LIVE PART 7S

PE T
PROTECTIVE
CONDUCTOR -
Figure 5.2.1

Indirect contact and protection in case of fault

Protection against indirect contact requires cpoagdence of measures on electrical
equipment and measures on electrical installager [Table 5.2.1)

All electrical equipment shall be provided with dseen for one of the measures against
indirect contact (see Table 5.2.2).
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Table 5.2.1 Survey of measures for protection aganairect contact

protection against indirect contact

with protective conductor

without protective conductor

protection by automatic
disconnection of supply

continuous monitoring of the

insulation conditions

without disconnecting or
monitoring

application in

application in

protection by

— TN system - IT system — Class Il equipment or K
- TT system for the first fault only equivalent insulation
- IT system - nhon-conducting locatioh

earth free local
equipotential bonding

for the second fault -

protectiv devices for monitoring device
automatic disconnection — insulation monitoring
— overcurrent protective device
devices
— residual-current
protective devices

5.2.1 Classification of electrical and electronic equipment with regard to
protection against electric shock in the event of i nsulation fault

This classification is provided for low-voltage etiecal and electronic equipment intended
for connection to an external power supply (to ribstion system). The classification is
elaborated with regard to protection against dlestnock in the event of an insulation failure.
According to this classification, the protection yrlae provided by the environment, by the
equipment itself or by the system of supply (selel§&.2.2).
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Table 5.2.2 Principal characteristics of equipnaadording to the classification.

Class 0 Class | Class Il Class 11l
Principal No means for Protective Additional Desidned for
characteristic of |protective conductor (PE) [insulation and no|supply at safety
th equipment conductor means are mans for protctiveéextra-low voltage
provided conductor (SELV)
Precautions for |Earth free Connection to the None necessary | Connection to
safety environment protective safety extra-low
conductor voltage
Usual symbols No symbol
(according to O
IC 60417)
Application in In non-conductingWith protective |General With SELV
installations locations conductor (PE) orapplication circuits
according to PEN conductor
IEC 60364-4-41

This table indicates also precautions necessargdtaty in the event of a failure of the basic

insulation.

Note: asic insulation: insulation applied to lparts to provide basic protection against electric
shock

Classes of equipment
The class numbers are not intended to reflectdfetyslevel of the equipment, but only the

means by which the safety is obtained. Table 6 shbe principle characteristics of the classes.

Class 0 equipment
Equipment in which protection against electric $haelies upon basic insulation; this

implies that there are no means for the conneafomccessible conductive parts, if any, to the
protective conductor in the fixed wiring instaltati According taCSN standards the use of this
class of equipment is prohibited in the Czech Répub

Class | equipment
Equipment in which protection against electric $hdoes not rely on basic insulation only,

but which includes an additional safety precautiosuch a way that means are provided for the
connection of accessible conductive parts to tleéeptive conductor in the fixed wiring of the
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installation in such a way that accessible conglagbarts cannot become live in the event of a
failure of the basic insulation.

Class Il equipment

Equipment in which protection against electric $hdoes not rely on basic insulation only,
but in which additional safety precautions sucldasble insulation or reinforced insulation are
provided. There are no provisions for protectivehaag (protective conductor).

Class Il equipment
Equipment in which protection against electric $hoelies on supply at safety extra low

voltage (SELV) and in which voltages higher thaosth of SELV are not generated.

5.2.2 Protection by automatic disconnection of supp ly

The automatic disconnection of the supply on tr@ioence of a fault is intended to prevent
dangerous touch voltage existing for such a timeodse considered dangerous. (Disconnection
must be done till the time given in Table 4.4.2isTtime depends on the voltage existing on
exposed conductive parts in case of failure oflatgn. This voltage is not necessarily equal to
the voltage of the distribution system but it isualty lower.) This protective measure
necessitates co-ordination of type of system eagthnd the characteristics of protective devices.

5.2.2.1 Types of system earthing
Before we start to speak about the types of systmhing we should know something about

three-phase voltage system, by which almost alitetepower is produced and distributed. A
three phase voltage system is composed of thresa@aal voltages agreeing in frequency and
amplitude but differing in phase. Figure 5.2.2 shaavdiagram of a secondary winding of a
transformer as a three-phase voltage source.

The voltage exists on the output of the transformbe voltage spreads by conductors from
the output of the transformer into the distributgystem (network) and through this system to
electrical appliances. The voltage exists betwebichever conductor L1, L2, L3 and neutral
point. That is calledpohase voltage.There are three phase voltages on the output ef th
transformer and in the distribution system. Theevaltages L1-N, L2-N and L3-N.

There are voltages between conductors (so callagegptonductors) L1-L2, L2-L.3 and L3-
L1. These voltages are called line to line voltagresimplyline voltages

Figure 5.2.3 shows the course of instantaneousepdras line voltages during the time of
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SECONDARY WINDINGS ¢— ¥ ¥ 0 2
oF

(POWER) TRANSFORMER

PE, PEN or N

NEUTRAL POINT

POWER SYSTEM
EARTH

Figure 5.2.2
Diagram of a three-phase source of voltage digetdbby conductors

u/ Uef nom VLl

1,5 l
Vi, / Vi /
1

0,5

S \

1 st period 2 nd period

I t [ms]

Figure 5.2.3
Course of phase voltages in three-phase voltagersys
two periods. Sinusoidal course of voltages maydrevdd from the rotating phasors of voltages
on the lefthand-side of the Figure 5.2.3. Everysghaoltage has its own course similar each
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other but shifted one from another by third of pdriwe can see the line voltages on the Figure
5.2.3 as well. The line voltages are voltages betwcourses of phase voltages.
Fortypesof system earthing following classification is applied:
- TN system;
- TT system,;
- IT system.
The codes used for these systems have the followganings:

First letter -
relationship of the supply system to earth:

T - direct connection of one point of power suppigtem to earth,
| - all live parts isolated from earth, or one pahpower supply system connected to earth
through an impedance.

Second letter -
relationship of exposed conductive parts of théaitetion to earth:

T - direct connection of exposed parts to earthepethdent of the earthing of any point of

the supply system,

N - direct electrical connection of the exposed cmtiste parts to the earthed point of the

supply system (in a.c. systems the earthed pomdrisally the neutral point).

The mostly used system in the Czech RepublicasTiN system. There are three different
types of TN system recognized. These types diffanfeach other according to the arrangement
of neutral and protective conductors, as follows:

TN-Ssystem:  having separate neutral and protectivewadars throughout the system;

TN-C system: in which the neutral and protective fumtdi are combined an a single

conductor throughout the system;

TN-C-S system: in whitch the neutral and protective fiomg are combined an a single

conductor in part of the system.

Subsequent letters -
arrangement of neutral and protective conducta@pamate (S) and combined (C) are the

words from which the letters are derived.

The meaning of the letters used in the symbols:

PEN stands for a conductor with protective (PE) madtral (N) functions. Alphanumeric
notations for particular conductors applied indaling figures:
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|_fYY\ L1

£ Y YN L2
L’ LA L3

N

PE

EXPOSED CONDUCTIVE PART

POWER SYSTEM EARTH

Figure 5.2.4
TN-S system: separate neutral and protective cdaadiithroughout the system

L1

L2

L3

PEN

EXPOSED CONDUCTIVE PART

POWER SYSTEM EARTH

Figure 5.2.5
TN-C system: neutral and protective functions amalgined in a single conductor throughout
the system.
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L1, L2, L3 Phase conductors 1,2,3 Symbols for conductors according IEC 617 (1983):

or Line conductors 1’2’37 protecctive conductor (PE)

PE Protective conductor; | g \
neutral conductor
N Neutral conductor; (N)
PEN PEN conductor. f PEN conductor (PEN)
I TN=C=S SYSTEM -
- TN-C SYSTEM -l TN-S SYSTEM
N [ ] ] g
| |
Y i o i L2
|~V ‘ . ‘ L3
= . . .
\ \ N
‘ ‘ * PE
e .
1L Ll 1SR
|
|

D

i

v
|
I

.

*
!
!
!

!
g
!

!

!
E I E

=

Figure 5.2.6
TN-C-S system: in one part of the system neutrdl@rotective function are combined in a
single conductor, in another part of the systemetlage separate neutral and protective
conductors.

5.2.2.2 Measures for protection by automatic discon nection of supply
For all types of systems earthing following fundawtaé principles shall be applied:

a) Earthing
Exposed conductive parts shall be connected tedhé by means of protective conductor.

b) Conventional voltage limit
The conventional voltage lim| equal to 50 V a.c., r.m.s. or 120 V ripple-free. ds the

maximum prospective touch voltage which can o@uexposed conductive parts under usual
conditions for indefinite time.
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e JT e
.

PE PE

L1

L2

L3

EARTH ELECTRODE FOR
PROTECTIVE CONDUCTOR

POWER SYSTEM EARTH

Figure 5.2.7
TT system

c¢) Disconnection of supply
A protective device shall automatically discoctrthe supply to the part of the installation

protected by that device, so that, following a faalthat part, a dangerous touch voltage cannot
be maintained at any point of the installation.

5.2.2.3 Main equipotential bonding

According to the international standards a mainigagantial bonding conductor shall
interconnect at the entrance point of the suppesach building the following conductive
parts:

- main protective conductor,

- main earthing conductor or main earthing terminal

- PEN conductor,

- metal pipework (water pipes, gas pipes, cengalihg etc.),

- metallic parts of building structure.
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L1

L2

L3

© e
+
. a

EARTH ELECTRODE FOR %

PROTECTIVE CONDUCTOR

Figure 5.2.8
IT system

5.2.2.4 Supplementary equipotential bonding
It is the equipotential bonding that is usually eesary for special locations, for instance for

bathrooms or swimming pools. This measure can k@ieab also when the conditions for
disconnections of supply cannot be fulfilled in sopart of the installation.
The above mentioned measures are more or lesedpplall three basic systems. TN, TT,
and IT.

5.2.2.5 Protective measures in TN system

a) The characteristics of protective devices
and the cross-sectional areas of conductors shadelected so that, if a fault of negligible

impedance occurs anywhere between a phase condudoa protective conductor or exposed
conductive part, automatic disconnection of thepbupill occur within the specified time (see
Table 5.2.3).
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b) The fault loop impedance Zg
(Figure 5.2.9) shall be lower than the phase geltd, divided by the curreniy ensuring

the automatic disconnection within the specifieadet

L
******** ]
\
Y Y\ ‘ L2
|
Wa'a'a\ ‘ L3 s
1 L
} . pe_ 1
ffffff -1t
< ]l N e
\ i
SvnbEe b \
\
|
| |
\—F _ - |
L _ _
lo
——
NEUTRAL POINT EXPOSED CONDUCTIVE PART
Figure 5.2.9

Fault loop Zg and fault currenti 5 in TN-S system

¢) The maximum disconnecting time
shall comply with Table 4.4.2 the voltage which s@a@ably can occur on the exposed

conductive parts shall not occur for a longer titth@n the time given in Table 4.4.2 (E.g. the
voltage on the exposed conductive part in casauf fn TN system with phase voltage 230 V
may be reasonably 90 V; maximum duration of thitage shall not be - according to Table
4.4.2 - longer than 0,45 s.) Because it is impcabtlie to determine the time duration in such a
way, the maximum disconnecting time is given fa tised phase voltages of supply system in
Table 5.2.3.

It is necessary to make a note about Czech stasmd@hd condition mentioned above is
introduced in th&€e SN 33 2000-4-41:1996. The value of fault loop imaeee Z shall be so low

that the short circuit current in case of failureuld cause functioning of protective device in a
time shorter than that one prescribed in table35.2.
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Table 5.2.3 The maximum disconnecting time in adsefault in TN system

Uo (V) t(s)
120 0,8
230 0,4
277 0,4
400 0,2

>400 0,1

d) Earthing of protective conductors

The international standard requires earthing ofptiaective conductor or PEN conductor
near each power transformer or generator of thmallason and wherever in the supply system
where other effective connections exist. Czechdstads require earthing in defined distances of
the length of the line.

There are many other conditions which are to bléd for the right function of protection
in TN system, but we cannot pay attention to thenttie shortage of time and space.

5.2.2.6 Protective measures in TT systems
In TT system the following electrical condition #Hze fulfilled:

Ra g <UL
where
Ra  is earthing resistance of the earthing of exposediactive parts,
la is the operating current of the protective devitehie disconnecting time (which is
for overcurrent protective devices, for residuatrent protective devices),
UL is the conventional voltage limit, e.g. 50 V a.c.

In TT system the use of the residual-current ptoteaevices is preferably recognized and
also the overcurrent protective devices may be.used

5.2.2.7 Protective measures in IT systems

The IT systems shall be built up in such a wayasomply with the following conditions: In
case of occurrence of a first fault (on insulatodrelectrical appliance), when the fault current is
low the following condition shall be fulfilled:

Ra g=s UL
where
Ra  is the earthing resistance of the earthing of eep@®nductive parts,
ld is the fault current of the first fault of negliggompedance between phase conductor,

UL isthe conventional voltage limit, i.e. 50 V a.@t hormal condition.
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According to Czech standards the highest earthesystance is firmly given as 2Q
(exceptionally in small systems 100.

An insulation monitoring device shall be providedindicate the occurrence of a first fault
from a live part to exposed conductive parts oeaoth. The device shall release an acoustic
and/or optical signal, or automatically disconrtiet supply. It is recommended that a first fault
be eliminated within the shortest possible time.

After the occurrence of a first fault (in case whtre supply is not automatically
disconnected) conditions for the disconnectionhaf supply in the event of a second fault as
specified for TN and TT systems shall apply, dejpapen whether all the exposed conductive
parts are interconnected by a protective condyctutectively earthed) or are earthed in groups
or individually. In case of interconnection of akposed conductive parts with earthed protective
conductor TN system arises after the occurrendestffault. For such TN system the maximum
required disconnecting time depends on whetherhia system the neutral conductor is
distributed or not according to Table 5.2.4.

Where exposed conductive parts are earthed in groumdividually, the conditions of a TT
system are to be considered.

Table 5.2.4 The maximum disconnection time in adssecond fault in IT system

Installation nominal voltage Disconncting timet (s)
Uo/ U (V) Nutral not distributed Nutral distributed
120-240 0,8 5
230/400 0,4 0,8
400/690 0,2 0,4
580/1000 0,1 0,2

Other conditions for the case of second fault isy$tem are similar to the ones of TN or TT
systems.

In IT systems, the use of the following monitorgygd/or protective devices is recognized:
- insulation monitoring devices,
- overcurrent protective devices,
- residual current protective devices.

Inspite of rare use of IT systems this systemaiaswoidable in cases when it is necessary to
finish some work, operation etc. when the firstitfagcurs (e.g. for operation rooms in hospitals,
for heavy industry machinery).



FUNDAMENTAL RULES FOR PROTECTION AGAINST ELECTRIC SHOCK 47

Protection without automatic disconnection of sypplmeasures without application of
protective conductors (PE)

The most common protective measures without auiordetconnection of supply are:
- protection by the use of Class Il equipment,
- protection by electrical separation.

5.2.3 Protection by use of Class Il equipment or by  equivalent insulation

(see Figures 5.2.10 and 5.2.11)

This measure is the most recommended one for ie@cequipment, in particular for
domestic appliances.

Protection shall be foreseen by:

- the use of Class Il equipment (identified by symbol [ ]]).

- supplementary insulation applied to electricalipment having basic insulation only,
- reinforced insulation applied to uninsulated Ipaats.
This insulation shall be equivalent to basic plugm@ementary insulation.

A B C D

=1 =1

1| 2 3 112 3 4 1 & 4 4 5

5

Figure 5.2.10
Principle diagrams for Class Il equipment; threaregles and symbol

1 basic insulation

2 internal metal part

3 supplementary insulation
4 outside metal part

5 reinforced insulation
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5.2.4 Protection by electrical separation

Electrical separation of an individual circuit peews flowing of shock currents through
contact with exposed conductive parts, which magrergized by a fault in the basic insulation
of the circuit. In unearthed circuit separated fribra distribution system by isolating transformer
is not possible at the first insulation fault ftvetcurrent to come through this insulation fault
because of lack of another point of circuit througtich the current could come back.

Protection by "electrical separation” is appliedi@ncertain environmental conditions, e.g.
in restrictive conducting locations, tools in wenditions.

Although there are other protective measures fotegtion against indirect contact, we will
not deal with them for the lack of space here aechhse these measures are not so important
and not used so often as the measures mentiongd.abo

Y YN\ L1
— Y Y\ L2
o_NY\ L3
2 N
PE
o |
CLASS I
/" EQUIPMENT
; o
Figure 5.2.11

Class Il equipment (current using equipment) in §Nystem. The protective conductor is not
connected with the Class Il equipment.
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|_/YY\|—| L1
LY Y N } L2

= . PEN

Figure 5.2.12
Protection by electrical separation. Isolating $farmer with one equipment.

5.3. Protection against both direct and indirect co ntact

The idea of application safety limits of touch aglé can be seen just at the protection both
during normal service and in case of fault. Thigetyf protection is regarded as being ensured
when the highest voltage cannot exceed 50 V a.t20rV d.c. (For wet and very bad condition
the highest voltage must exceed the limits accgrdm Table 4.4.1). There are many other
conditions, which shall be fulfilled in this typé protection. (According to these conditions the
protection is divided into three basic types:

SELYV - safety extra low voltage,

PELV - protective extra low voltage,

FELV - functional extra low voltage.
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Table 5.3 Survey of measures for protection aga&iestric shock

PROTECTION AGAINST
DIRECT CONTACT

protection against anyf
contact
(complete protection)

protection by
— insulation

protection against
unintentional contact
(partial protection)

protection by
— oObstacles

additional protection in
case of direct contact|

protection by
- high sensitive

—  barriers
— enclosures

forUyc > 50V
Upc>120V
if need
Up> 25V
Upc> 60V

- placing out of
reach

only for skilled or
instructed persons

| additional insulation |

residual current
protective
devices (e.g.
[, 30 MA

only in connection wit
other means of
protection

PROTECTION AGAINST
INDIRECT CONTACT

without protective conductoy
(without automatic
disconnection)

with protective conductor
(automatic disconnection in the
event of a single fault)

with protective conductor
(automatic disconnection in the
event of second fault)

protection by

- Class Il equipment of
by equivalent
insulation

- safety voltage

— electrical separation
with one supplied
apparatus

— non conducting
locations

— (earth free local
equipotential bonding

~

automatic automatic

disconnection by disconnection by
means of means of residual
overcurrent current protective

protective devices

application in:
— TN systems
— TT systems

devices

application in:
— TN systems
— TT systems

continuous monitoring
of the insulation
conditions and
automatic disconnectipn
in the event of second
fault

application in:
— IT systems

electrical separation
with more than one
supplied apparatus
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6. CONSTRUCTION OF ELECTRICAL INSTALLATION AND
EQUIPMENT

Electrical installation and electrical equipmentlstbe provided with regard to safety of
persons and property and shall be protected agaxtsitnal influence, against harmful effects of
other equipment and shall be made in such a wayoneffect harmfully on other equipment or
other installation.

Following measures are applied on electrical eqemmto fulfil above mentioned
principles:

- protection provided by enclosures,

- proper installation of protective conductor,

- proper installation of electrical equipment.

6.1. Degrees of protection provided by enclosures ( IP Code)

The European Standard EN 60529: 1991 @8l EN 60529: 1993 describes a system for
classifying the degrees of protection providedHh®yenclosure of electrical equipment.

The type of protection covered by this system a$sification is as follows:

1) protection of persons against access to hazardotsipside the enclosure;

2) protection of the equipment inside the enclosueeresj ingress of solid foreign object;

3) protection of the equipment inside the enclosurairey harmful effects due to the

ingress of water.

This standard applies to the classification of degrof protection provided by enclosures for

electrical equipment with a rated voltage not edaag 72,5 kV.

Enclosureis a part providing protection of equipment agacestain external influences and, in
any direction, protection against direct contact.

IP Codeis a coding system to indicate the degrees of gtiote provided by an enclosure against
access to hazardous parts, ingress of solid forgrts, ingress of water and to give
additional information in connection with such gation.
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Tab 6.1.1 IP Code (short description)
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6.1.1 Elements of the IP Code and their meaning
Arrangement of the IP Code: the IP Code indicdtesdegree of protection provided by an
enclosure in the following way:

P 2 3 C H
|C0de letters(international protection) | |

| First characteristic numeral (numerals O to 6, or letter X) |

|Second characteristic numera(numerals 0 to 8, or letter X[)

|Additiona| letter (optional) (letters A, B, C, D) |

|Supp|ementary letter (optional) (letters H, M, S, W)

Where a characteristic numeral is not requireddeeified, it shall be replaced by the letter
"X" ("X X" if both numerals are omitted).
Additional letters and/or supplementary letters ha@ymitted without replacement.

Table 6.1.2 Degrees of protection against accelsazardous parts indicated by the first
characteristic numeral

First Degree of protection
characteristic
numeral
Brief description Definition
0 Non- protected -
1 Protected against access to hazargldbe access probe, sphere of 50@m
parts with the back of hand shall have adequate clearance from
hazardous parts
2 Protected against access to hazargldbs jointed test finger of 12 ngn
parts with a finger 80 mm length, shall have adequate
clearance from hazardous parts
3 Protected against access to hazargdbe access probe of 2,5 @n  sha|l
parts with a tool not penetrate
4 Protected against access to hazargldbs access probe of 1,0 idn  sha|l
parts with a wire not penetrate
5 Protected against access to hazargidhs access probe of 1,0 iim  sha|l
parts with a wire not penetrate
6 Protected against access to hazargdhe access probe of 1,0 lam  shall
parts with a wire not penetrate a‘
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Table 6.1.3 Degrees of protection against solidifpr objects indicated by the first
characteristic numeral

First Degree of protection
characteristic
numeral
Brief description Definition
0 Non-protected -
1 Protected against solid foreign The object probe, sphere of 50 fam
objects of 50 mn® and greater | shall not fully penetrat®
2 Protected against solid foreign The object probe, sphere of 12,5 @m
objects of 12,5 mr® and greater |shall not fully penetrat®
3 Protected against solid foreign The object probe of 2,5 m@  shall
objects of 2,5 mr® and greater |not penetrate at all
4 Protected against solid foreign The access probe of 1,0 mpn  shal
objects of 1,0 mf and greater |not penetrate at all
5 Dust- protected Ingress of dust is not totally
prevented, but dust shall not penetrate
in a quantity to interfere with
satisfactory operation of the apparatus
or to impair safety
6 Dust-tight No ingress of dust

Y'The full diameter of the object probe shall notspisough an opening of the enclosure

Table 6.1.4 Degrees of protection against watdcatdd by the second characteristic numeral

Second Degree of protection
characteristic
numeral
Brief description Definition
0 Non-protected -
1 Protected against vertically falling | Vertically falling drops shall have ng
water drops harmful effects
2 Protected against vertically falling | Vertically falling drops shall have ng
water drops when enclosure tilted upharmful effects when the enclosure
to 15° tilted at any angle up to 15° on eithg
side of the vertical
3 Protected against spraying water Water sprayad ahgle up to 60° g
either side of the vertical shall have
harmful effects
4 Protected against splashing water Water splaat@iaist the enclosureg
from any direction shall have no
harmful effects
5 Protected against water jets Water projectedtgiggainst the

enclosure from any direction shall
have no harmful effects

S

=

n
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6 Protected against powerful water jefs  Water ptegin powerful jets
against the enclosure from any
direction shall have no harmful effegts

7 Protected against the effects of Ingress of water in quantities causing
temporary immersion in water harmful effects shall not be possible
when the enclosure is temporarily

immersed in water under standardized
conditions of pressure and time

8 Protected against the effects of Ingress of water in quantities causing
continuous immersion in water harmful effects shall not be possible
when the enclosure is continuously
immersed in water under conditions
which shall be agreed between

manufacturer and user but which ar
more severe than for numeral 7

11

An enclosure designated with second characterigimeral 7 or 8 only is considered
unsuitable for exposure to water jets (designateddzond characteristic numeral 5 or 6) and
need not comply with requirements for numeral 6 anless it is dual coded as follows:

Table 6.1.5
Enclosure passes test for Designation and Range of
marking application
water jets temporary/continuous
second second
characteristic numeral characteristic numeral
5 7 IPX5/IPX7 Versatile
6 7 IPX6/IPX7 Versatile
5 8 IPX5/IPX7 Versatile
6 8 IPX6/IPX8 Versatile
7 IPX7 Restricted
- 8 IPX8 Restricted

Enclosures for "versatile" application indicatedtle last column shall meet requirements
for exposure to both water jets and temporary atinoagous immersion.

Enclosures for "restricted" application indicatedtihe last column are considered suitable
only for temporary or continuous immersion and utadle for exposure to water jets.
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This standard provides for an optional extensiotheflP Code by an additional letter A, B,
C, or D if the actual protection of persons agaawstess to hazardous parts is higher than that
indicated by the first characteristic numeral.

Table 6.1.6 Degrees of protection against accelBazardous parts indicated by the additional

letter
Additional Degree of protection
letter
Brief description Definition

A Protected against access with the bgdkhe access probe, sphere of 50 f@dm

of the hand shall adequate clearance from
hazardous parts
B Protected against access with a finger ~ The jditest finger of 12 mrd |

80 mm length, shall have adequate
clearance from hazardous parts

C Protected against access with a tool The aceebs pf 2,5 mny) ,
100 mm length, shall have adequate
clearance from hazardous parts

D Protected against access with a wire The accebg pf 1,0 mn® ,
100 mm length, shall have adequate
clearance from hazardous parts

In the relevant product standard, a supplemengdtsgrifollowing the second characteristic
numeral or the additional letter may indicate sappntary information.

Table 6.1.7 Supplementary letters

Letter Significance

H High-voltage apparatus

M Tested for harmful effects due to the ingreswafer when the movable pafts
of the equipment (e.g. the rotor of a rotating ni@&hare in motion

S Tested for harmful effects due to the ingressaier when the movable pafts
of the equipment (e.g. the rotor of a rotating niaehare stationary

w Suitable for use under specified weather conastiand provided with
additional protective features or processes
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6.1.2 Examples of designations with the IP Code
1) IP Code not using optional letters:

IP 3 4

|Code letters |

|1st characteristic numeral |

|2nd characteristic numeral |

An enclosure with this designation (IP Code)

(3) - protects persons, handling tools having andtar of 2,5 mm and greater, against access to
hazardous parts;

- protects the equipment inside the enclosure agaigress of solid foreign objects having a
diameter of 2,5 mm and greater;

(4) - protects the equipment inside the encloageenst harmful effects due to water splashed
against the enclosure from any direction.

2) IP Code using optional letters:

| Code letters |

| 1st characteristic numeral |

|2nd characteristic numeral |

|Additional letter |

|Supplementary letter |

An enclosure with this designation (IP Code)
(2) - protects persons against access to hazapdotswith fingers;

- protects the equipment inside the enclosureagegress of solid foreign objects having a
diameter of 12,5 mm and greater,

(3) - protects the equipment inside the encloageenst the harmful effects due to water sprayed
against the enclosure;

(C) - protects persons handling tools having anéigr of 2,5 mm and greater and a length not
exceeding 100 mm against access to hazardous(fret®ol may penetrate the
enclosure up to its full length);

(S) - is tested for protection against harmfuéet$ due to the ingress of water when all the parts
of the equipment are stationary.
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6.2. Rules for installation of electrical equipment (apparatus and appliances)

By designing and mounting any electrical instadlatsome basic rules shall be followed.

For the design of the electrical installation thaimaspects are subordinated to the aim to
provide:
- the protection of persons, livestock, and property,
— the proper functioning of the electrical instalbattifor the use intended.

We shall pay attention to the prevention of dangat may arise when the installation is not
designed and mounted properly.

In electrical installation, two major types of riekist:
— shock currents,
— excessive temperatures likely to cause burns, ftes

The protection against shock currents or, in amoterds, the protection against electric
shock, was mentioned in the preceding part. Leemsnd of it here:

6.2.1.1 Protection against direct contact
Persons and livestock shall be protected againgjeta that may arise from contact with

live parts of the installation.
This protection can be achieved by one of the ¥ahg methods:
— preventing current from passing through the bodgmyf person or any livestock;
- limiting the current which can pass through a btadg value lower than the shock current.

6.2.1.2 Protection against indirect contact
Persons and livestock shall be protected againgjetta that may arise from contact with

exposed conductive parts in case of a fault.

This protection can be achieved by one of the ¥ahg methods:

— preventing a fault current from passing throughlibdy of any person or any livestock;

- limiting the fault current which can pass througtb@ly to a value lower than the shock
current;

— automatic disconnection of the supply in a deteediitme on the occurrence of a fault likely
to cause a current to flow through a body in cantdth exposed conductive parts, where the
value of that current is equal to or greater themnshock current.

In connection with the protection against indireohtact, the application of the method of
equipotential bonding is one of the important pples for safety.

The protection against electric shock shall be idexy in case of high voltage equipment
and devices as well as in case of low voltage enei. Even insulated parts of high voltage
equipment shall be protected against direct contacbrder to avoid danger from leakage
currents or dangerous electric charge on these.pirts protection may be achieved by suitable
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locating of devices. In case of conductive floarward the high voltage device, the floor shall be
connected with the exposed conductive parts ofléwce.

6.3. Proper installation of protective conductor

It follows from the principles mentioned above thihost in every electrical installation the
conductor for mutual connection of exposed condeciparts, extraneous parts, and earth,
besides the live (phase) conductors, shall be liedtaThis conductor is callegrotective
conductor and is identified by letter$E. Protective conductors as well as terminals for
protective conductors shall fulfill certain rul@hese rules follow from the purpose of protective
connection provided by them.

Protective conductors as well as the terminals eotimg them shall be of sufficient cross-
sectional area for conducting of fault currentsjally short circuit currents, caused by failure of
installation and consequently by short connectietwken live parts and exposed conductive
parts in the point of failure. The terminals foofactive conductors shall be much more reliable
than terminals for other conductors. It is necgsd@mcause protective conductors have safety
function. It means that the safety depends in etedtinstallation more or less on protective
conductors.

The cross-sectional area of the protective condwsdtall be not less than the appropriate
value shown in Table 6.3.1. If the application aisttable produces non-standard sizes,
conductors having the nearest standard cross-sattoea are to be used.

Table 6.3.1
Cross-sectional area of phase conductors pf  Minimum cross-sectional area of the
the installations corresponding protective conductor (PE)
S (mnt) S, (mm?)
S< 16 S
16<S<35 16
35<S S/2

The values in Table 6.3.1 are valid only if thetpobive conductor is made of the same
material as the phase conductors. If this is nottlse cross-sectional area of the protective
conductor is to be determined in a manner whicldyees a conductance equivalent to that
which results from the application of Table 6.3.1.

The cross-sectional area of every protective comduevhich does not form a part of the
supply cable or cable enclosure, shall be, in @sgcnot less than:

- 2,5 mn? if mechanical protection is provided,
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- 4 mm2 if mechanical protection is not provided.

- Protective conductor may comprise:

— conductors in multicore cables;

— insulated or bare conductors in a common enclosiitelive conductors;

— fixed bare or insulated conductors;

— metal coverings, e.g. the sheaths, screens anduangmf certain cables;

— metal conduits or other metal enclosures for cotadac

— certain extraneous conductive parts, e.g. metastoactions of buildings, metal tubes,
pipes, metal enclosures or frames.

6.3.1 PEN conductor

In TN systems, for cables in fixed installationying a cross-sectional area not less than 10
mm2 for copper and 16 m#éfor aluminium, a single conductor may serve botlpasective
conductor and neutral conductor. This conductadéntified by the letter®EN (PE - as for
protective conductor, N - as for neutral conducttiryhall be considered that a residual current-
operated device can not protect parts of instaltatvhere PEN conductor is used.

If from any point of the installation separate cocidrs provide the neutral and protective
functions, it is inadmissible to connect these embors to each other from that point. At the
point of separation, separate terminals or barfl beaprovided for the protective and neutral
conductors. The PEN conductor shall be connectethdéoterminal or bar intended for the
protective conductor.

Extraneous conductive parts shall not be used adsd®aductor.

6.3.2 Preservation of electrical continuity of prot ective conductors
Protective conductor shall preserve its abilitycomductively connect exposed conductive

parts, extraneous conductive parts with earth uadgrcircumstances when electrical equipment

and appliances are connected to the installationttat purpose:

— protective conductors shall be suitably protecteghiresst mechanical and chemical
deterioration and electrodynamic forces;

— no switching device shall be inserted in the pribtecconductor;

— switching or disconnecting of protective conductsrpermitted only in case when all
conductors of relevant circuit are disconnectethatsame time;

- when disconnecting the protective conductor in sbatwtlet, this conductor shall be
disconnected later and connected sooner than otimeluctors of the circuit passing through
the socket outlet;
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— where electrical monitoring of earth-continuity used, the operating coils shall not be
inserted in protective conductors.

6.3.3 Terminals for protective conductors

According to the purposes of connection of protectonductors we can distinguish:

— inward terminals,
— outward terminals.

The inward protective terminal is situated close to the phase terminals and meri@ted
for the protective conductor, which is the parttioé supply cable. It is reliably conductively
connected to the exposed conductive part of thplgapappliance or equipment.

The outwardprotective terminal is determined for the connection of separate pratecti
conductor for equipotential bonding. It is situatedthe outer surface of the exposed conductive
part of equipment and is used for connection wijhosed constructive parts of other equipment
and with extraneous conductive parts. Conductiveneotion of these parts by the separate
protective conductor represents equipotential bum@nain or supplementary).

According to the way of connecting protective coctdus there are:

— separable terminals,
— inseparable terminals.

The separable terminal for connecting the protective conductor to theasqa conductive
part is made as a screw terminal. One part of abpaiterminals shall be made of corrosion
resisting material, preferably of brass.

A washer or ring shall be inserted into the screwntnal for carrying over the contact
pressure effecting on the conductor. For screwiteais determined for higher values of current
than 25 A the springy element shall be used.

Inseparable terminalscould be made by soldering, welding or moulding.

All exposed conductive parts of electrical equiptmiermounted stage shall be durably and
reliably connected to the terminal for protectiemductor.

The reliability of conductive connection betweer tmain part of the equipment and the
separable part of the equipment (lids or doors)l slvh be influenced by ageing or deformation
of packing between both parts.

6.4. Proper installation of electrical equipment
As for the danger of excessive temperatures, fallguneasures shall be carried out.
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6.4.1 Protection against thermal effects
The electrical installation shall be so arrangeat there is no risk of ignition of flammable

materials due to high temperature or electric arcaddition, during normal operation of the
electrical equipment, there shall be no risk obpas or livestock suffering burns.

To protect persons as well as property againstetangm electricity, the installation as well
as the equipment used shall fulfill following cotoins:

6.4.2 Type of wiring and methods of installation
The choice of the type of wiring and the methodssfallation depend on:

— the nature of the locations;

— the nature of the walls or other parts of the bngdsupporting the wiring;

— accessibility of wiring to persons and livestock;

- voltage;

— the electromechanical stress likely to occur dughtart-circuits;

— ther stresses to which the wiring can be exposethglihe erection of the electrical
installation or in service.
With respect to expected utilization of the ingtdin and to the danger that may arise in the

course of its utilization, the installation shadl 8ivided into circuits.

6.4.3 Nature of demand

The number and type of the circuits required fghting, heating, power, control, signaling,

telecommunication, etc. are to be determined by:

— location of points of power demand,;

— loads to be expected on the various circuits;

— daily and yearly variation of demand;

— any special conditions;

— requirements for control, signaling, telecommunaatetc.

If a great danger for human lives or property mageaas a consequence of interrupting of
the electrical supply (e.g. in hospitals, in thestethe installation shall be equipped with
emergency supply. For the purpose of safety ietensary to determine and design:

— the source of emergency supply (nature, charattsjiand
— circuits to be supplied by the emergency source.

6.4.4 Selection of electrical equipment
Every item of electrical equipment used in eleefrimstallations shall comply with such
standards as are appropriate.
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6.4.5 Characteristics

Every item of electrical equipment selected shallehsuitable characteristics appropriate to
the values and conditions on which the design ef eélectrical installation is based. Every
electrical equipment and device connected to thpplgushall comply with following
characteristics:

Nature of current of available supply. a.c and/or d.c.

Nature and number of conductors:

— for a.c.: phase conductors,

— neutral conductors,

— protective conductor;

— for d.c.: conductors equivalent to those listedvabo

Values and tolerances:

- voltage and voltage tolerances,

— frequency and frequency tolerances,
— maximum current allowable,

— prospective short-circuit current.

Voltage: Electrical equipment shall be suitable with redp® the maximum steady voltage
(r.m.s. values for a.c.) likely to be applied, adl@s overvoltages likely to occur.

For certain equipment, it may be necessary to d&akeunt of the lowest voltage likely
to occur.

Current: All electrical equipment shall be selected withpesst to the maximum steady current
(r.m.s. value for a.c.). It is the current, whi¢te tequipment has to carry in normal
service. Above that the equipment shall be selestddrespect to the current likely to
be carried in abnormal conditions and the periog. flae operating time of protective
devices if any) during which it may be expecteddw.

Devices are allowed to be loaded according to tiagings.

Frequency: If frequency has an influence on the charactessifcelectrical equipment, the rated
frequency of the equipment shall correspond toftbgquency likely to occur in the
circuit.

Power: All electrical equipment selected on the basistsfpower characteristics shall be
suitable for the duty demanded on the equipmekingainto account the load factor
and the normal service conditions.

Protective equipment: When there is any danger of changing of charatiesief supply, the
protective equipment preventing from the consegegiof it shall be used.
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The characteristics of protective equipmentshall be determined with respect to their
function, which may be, e.g., protection againsteffects of:
— overcurrent (overload current, short-circuit cutjen
— earth-fault current,
- overvoltage,
— undervoltage and no-voltage.

The protective devices shall operate at valuesioeat, voltage and time, which are suitably
related to the characteristics of the circuits, nthe possibilities of danger.

6.4.6 Cross-section of conductors
The cross-section of conductors shall be determagedrding to:
a) their admissible maximum temperature,
b) the admissible voltage drop,
c) the electromechanical stress likely to occur dughtart-circuits,
d) other mechanical stresses to which the conductorde exposed,
e) the maximum impedance with respect to the funatigmif the short-circuit protection.
The above-listed items concern primarily the safetyelectrical installations. Cross-
sectional areas greater than those required fetysafay be desirable for economic operation.

6.4.7 Protection against overcurrent
Persons or livestock shall be protected againatyrgnd property shall be protected against

damage due to excessive temperatures or electramieeh stresses caused by any overcurrents
likely to arise in live conductors.
This protection can be achieved by one of the Yalg methods:
— automatic disconnection on the occurrence of amcowveent before this overcurrent attains a
dangerous value, taking into account its duration;
- limiting the maximum overcurrent to a safe valud daration.

6.4.8 Protection against fault currents

Conductors, other than live conductors, and angroplarts intended to carry a fault current
shall be capable of carrying that current withdtdiaing an excessive temperature.

Particular attention should be given to earth fauftents and leakage current.

6.4.9 Protection against overvoltage

Persons or livestock shall be protected againatyrgnd property shall be protected against
any harmful effects as a consequence of a fauld®st live parts of circuits supplied at different
voltages.
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Persons or livestock shall be protected againatyrand property shall be protected against
damage as a consequence of any excessive voltiaggstb arise due to other causes (e.qg.
atmospheric phenomena or switching overvoltages).

6.4.10 Disconnecting devices
Disconnecting devices shall be provided so as tonppedisconnection of the electrical

installation, circuits or individual items of app#us as required for maintenance, testing, fault
detection or repair.

6.4.11 Emergency control
Where, in case of danger, immediate interruptionsapply could be necessary an

interrupting device shall be installed. It shoukl ibstalled in such a way that it can be easily
recognized and effectively and rapidly operated.

6.4.12 Conditions of installation

All electrical equipment shall be selected so asvithistand safely the stresses and the
environmental conditions characteristic of its kma and to which it may be exposed. If,
however, an item of equipment does not have bygdesie properties corresponding to its
location, it may be used on condition that adeqadtditional protection is provided as a part of
the completed electrical installation.

6.4.13 Prevention of mutual influence

The electrical installation shall be arranged irchsia way that no mutual detrimental
influence will occur between the electrical insatibn and non-electrical installations of the
building.

All electrical equipment shall be selected so thatill not cause harmful effects on other
equipment or impair the supply during normal sesviecluding switching operations. In this
context, the factors, which can have an influemedude, e.qg.

— power factor,

— inrush current,

— asymmetrical load,
— harmonics.

6.4.14 Accessibility of electrical equipment

* sufficient space for the initial installation andtdr replacement of individual items of
electrical equipment;

* accessibility for operation, testing, inspectiomimeenance, and repair.
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6.5. Erection and initial verification of electrica | installations

6.5.1 Erection

For the erection of the electrical installation,ogoworkmanship by suitably qualified
personnel and the use of proper materials shalrdéaded for.

The characteristics of the electrical equipment, datermined according to the rules
mentioned above, shall not be impaired in the @eoé erection (e.g. by connecting them to the
electrical circuit, by fastening them or by locatithem to the place of function).

Conductors shall be identified in accordance withC | 446:1989, Identification of
conductors by colours or numerals (see the ch&ptgr

Connection between conductors and between conduatal other electrical equipment shall
be made in such a way that safe and reliable cbistaosured.

Connections shall be done in such a way that cdodsiare sufficiently insulated one from
another as well as from other parts and that tle¢eption against electric shock and against
external influences is not impaired.

All electrical equipment shall be installed in suahmanner that the designed cooling
conditions are not impaired.

All electrical equipment likely to cause high temgtteres or electric arcs shall be placed or
guarded so as to eliminate the risk of ignitiorflafnmable materials. Where the temperature of
any exposed parts of electrical equipment is likelgause injury to persons, those parts shall be
so located or guarded as to prevent accidentahcbtiterewith.

Where the protection against external influencesiged by enclosures of equipment is not
sufficient, supplementary measures like placing afuteach of harmful influence or providing
with supplementary enclosure shall be done whemtimagithe equipment.

6.5.2 Initial verification

Electrical installations shall be tested and inggpa:defore being placed in service and after
any important modification to verify proper exeaouti of the work in accordance with the
standard.

A test report shall be worked out on verificatiohhe report shall comprehend the
description of the verified installation or equipmhethe list of measuring equipment used, the
list of measurements and test, and the list ofagfleund. As a result of the verification, thettes
report shall announce whether the equipment oaliasibn is able to be safety operated.

The keeper of the installation or equipment shedigkthe verification report.
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7. SAFETY SYMBOLS AND SAFETY IDENTIFICATION FOR USE ON
ELECTRICAL EQUIPMENT

7.1. ldentification of conductors and terminals

For the purpose of identification of the use of aactors in electrical distribution system,
the insulation of conductors in the system ( in oable or in one line) is identified by colours.
The terminals on electrical equipment are iderdifier the same purpose. The identification is
placed either directly on the terminal or near toTihe identification is provided by the
combination of letters and numbers (alphanumeritatran) or by symbols. The same
identification of terminals as used on electricgliipment (appliances, devices, etc.) is used in
electrical diagrams. The identification of condustby the combination of letters and numbers
(alphanumeric notation) is used in diagrams insée way as the identification of terminals.

Table 7.1.1 Correlation between alphanumeric rmtatand colours of insulated and bare
conductors and symbols for identification of reletveerminals

Designation of Identification
conductors
Alphanumeric Colour Symbols
notation (for terminals)
Supply Phase 1 L1 Not specified 1)
a.c. systemPhase 2 L2 Not specified 1)
Phase 3 L3 Not specified 1)
Neutral N LIGHT BLUE

Equipment Phase 1 U Not specified

terminal Phase 2 \% Not specified

a.c. systemPhase 3 W Not specified

Supply Positive L+ Not specified 1)

d.c. Negative L- Not specified 1)

system Mid-wire M LIGHT BLUE

Protective conductor PE GREEN-AND-YELLOW

Earthing conductor E Not specified

Noiseless (clean) earth TE Not specified

PEN conductor PEN GREEN-AND-YELLOW
with LIGHT BLUE markings
or
LIGHT BLUE with
GREEN AND YELLOW
markings

1) Preferred colours used for identification of doators in installations are black and brown.
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7.2.  Graphical symbols for use on electrical equip  ment

According to theway of connectionof electrical equipment to the electrical system,
following symbols are used:
Table 7.2.1 Graphical symbols for Class |, Classnd Class llI

equipment to the protective conductor of the systEms symbol marks the
equipment of Class | which is to be except for live conductors coneddo the
protective conductor (PE) of the system

@ This symbol is situated on the terminal or neahtoterminal for connection of

This symbol, usually situated on the enclosurénefdlectrical equipment, marks
|:| the equipment of Class Il. This equipment shall only be connected to the li

conductors of the system and it is not provided fbuexceptional cases) with the
terminal for protective conductor

U

the equipment ofClass Ill. This equipment is designed only for supply attyafe

This symbol, usually situated on the enclosurénefdlectrical equipment, marks
@ extra - low voltage (SELV).

According to theexternal influenceswhich electrical equipment is to sustain, followsgnbols
are used:

Table 7.2.2  Graphical symbols for external influences

symbol used on electrical equipment protection lictv provided by

P21 enclosures
(IP Code) is IP 21
‘ symbol used on equipment protected against humidity
& symbol used on equipment designed for outdoor tiomdi
y symbol used on sealed equipment

f} f} symbol used on sealed closed equipment

‘ ‘ symbol used for water tight equipment
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7.3.  Safety information on electrical equipment an  d devices

To recognize what an electrical equipment or deiscr and whether it may be used for
the intended purpose, the identification or codingsed.

To understand this identification or coding, theibagrinciple of them should be learned.
Such principle are given in the international seaddSO 3864: 1984.

The safety colours and safety signs on equipmethtdawices are used to give basic safety
information. The purpose of such information igptevent accidents and health hazards. safety
colours and safety signs are chosen and designgachna way as to draw attention rapidly to
objects and situations affecting safety and he&8#iety signs shall be used only for instructions
related to safety and health.

7.3.1 Safety colours
The general meaning assigned to safety coloursishals given in Table 7.3.1.

Table 7.3.1 General meaning of safety colours.

Safety colour Meaning of objective Example of use
Red Stop Stop signs
Prohibition Emergency stop

Prohibition signs

This colour is also used for fire-prevention and-fifighting equipment
and its location

Blue 1) Mandatory action Obligation to wear pedon
protective equipment

Yellow Caution, risk of danger Indications of dargyire,
explosion, radiation, toxic hazards,
etc.)

Warning for steps, low passages
obstacles 2)

Green Safe condition Escape routes
Emergency exits
Emergency showers

First aid and rescue stations

1) Blue is considered a safety colour only if usad circular shape.

2) Fluorescent orange-red may be used in plasafety yellow except on safety signs. This colsurdry
conspicuous, especially in conditions of poor reltlighting.

7.3.2 Example of use of safety colours and contrast colours
The following combination of safety yellow and tamay be used to indicate temporary or
permanent risk locations such as:
- locations where is a risk of collision, fallingustbling or falling objects;
— steps, holes in floors, etc.
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TISS

Figure 7.3.1 Safety yellow and black
Yellow shall cover at least 50% of the area ofdigm.

7.3.3 Geometric form and meaning of safety signs
Table 7.3.2 Geometric form and meaning of safefysi

Geometric form Meaning

Prohibition
or mandatory action

Warning

Information
(including instructions)

7.3.4 Safety signs

The safety colours and contrast colours (foregréackground) and geometric form shall
be used only in the following combinations to obttie four basic types of safety signs (Tab.
7.3.3).
Tab. 7.3.3 Four basic types of safety signs

Sign Safety colour Symbol or text
Background colout Foreground colour
Prohibition white red circular band and crossbar|black 1)
Mandatory action| blue white  2)
Warning yellow black triangular band black  2)
Information green white

1) The symbol or text shall be placed centrallyttmmbackground, and shall not obliterate the chass
2) The symbol or text shall be placed centrallytt@background.
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7.3.5 Examples of safety signs
Tab 7.3.4 Examples of safety signs
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sign
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7.4. colours (IEC 73)
The general principles for the meaning of colowrstiie coding of information on electrical

equipment are given in Table .4.1

Coding of indicating devices and actuators by

Table 7.4.1 Meaning of colours for coding - Generaiciples

Meaning
Colour Safety of persongs  Conditions of process State of equipment
or environment

RED Danger Emergency No general meaning
YELLOW | Caution Abnormal No general meanin
GREEN Safe Normal No general meaning
BLUE Mandatory significance
WHITE
GREY No special meaning assigned
BLACK
7.4.1 Indicating devices

The meaning of colours used for coding indicatiegices shall be as given in Tab. 7.4.2 to
7.4.4 Table 7.4.2 gives the meaning of coloursdicating devices with respect to the safety of
persons and/or environment.

Table 7.4.2 Meaning of colours of indicating desgicgith respect to the safety of persons *),
property and/or the environment.

Colour Meaning Explanation Action by Examples of
the operatc other persor application
RED Danger Dangerous Immediate Escape or stop Prohibited entry,|
situation or response to deal
imperative order |with a dangerous
situation
YELLOW Caution Out of order Intervention to Evacuation or Restricted access
Faulty situation | prevent a restricted access
Permanent or dangerous
temporary risk situation
(e.g. accessibility
to live or moving
parts
GREEN Safe Indication of a | No action No action Escape route
safe situation demanded demanded
Safe to proceed
Way clear
BLUE Mandatory Indication ofa | Mandatory action| Mandatory action Mandatory route
need for
mandatory action
WHITE No specific | General No action No action Explanation of
GREY meaning information demanded demanded route
BLACK assigned

*) Persons who are in the vicinity of the planfpoocess, but who are not themselves operators.
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Table 7.4.3 gives the meaning of colours of intiincadevices with respect to the condition
of the process.

Table 7.4.4 gives the meaning of colours of intiicadevices with respect to the state of
equipment.

The use of the colour RED, YELLOW and GREEN place of the

preferred colours WHITE, GREY and BLACK in Tablel4 is permitted only, if no risk
of confusion arises with the meaning of Tabled.Z7.and 7.4.3 and the colours are
supplemented with graphical symbols and/or by wmitinformation provided on near the
indicating devices.
Table 7.4.3 Meaning of colours of indicating degied@gth respect to the condition of the process.

Colour |Meaning | Explanation Action of operator Exanples of application

RED Emergency | Dangerous conditions  Immediate attiateal with |- Pressure temperature out of safe
a dangerous condition, e.g. bjtimits

- operating emergency stop |- Voltage drop

- opening safety valve - Break down of a main unit
- starting cooling pump - Stoppage of necessary machines,
service systems
- Deep-freezer temperature too high
- Over-travelling of a stop position

of a hoist
YELLOW [ Abnormal Abnormal conditions | Monitoring and/or intervention- Pressure/temperature different
Impending critical (e.g. by re-establishing the | from normal level
condition intended function) - Tripping of protecting device or ¢f

an auxiliary unit

- Conveyor overloaded

- Over-travelling of a limit switch
- Position change of a valve or a
conveyor belt

- Deep-freezer on super freezing

GREEN Normal Normal conditions Optional - Authotiea to proceed
- Indication of normal working
limits
BLUE Mandatory | Indication of a Mandatory action - Instruction to the operator iieee
condition which preselected values
requires actio
WHITE No specific | Any meaning, may be | Monitoring - General information, (e.g.
GREY meaning used whenever doubt confirmation of a command,
BLACK assigned exists about the indication of measured values)

application of RED,
YELLOW, GREEN,
BLUE

Table 7.4.4 Meaning of preferred colours of indiogitdevices with respect to the state of the

equipment
Colour Meaning Examples of application
BLUE Mandatory Indication of need to enter
- present values
- other modes of contr
WHITE No specific meaning| Status indication, e.g.:
GREY assigned - switch OPEN/CLOSED
BLACK - valve CLOSED/OPEN
- motor STOPPED/RUNNING
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7.4.2 Marking of actuators
In case where suitable graphical symbols are stdizdal in IEC 417 mechanical actuators

shall be marked with those symbols. If no suitaymbol is standardized, the indicator may be

marked in complete words or recognized abbreviation

Table 7.4.5 Graphical symbols for marking pushingtaccording to the IEC 417.

Meaning

Symbol

START or ON

STOP or OFF

O

push-buttons which act alternatively as START am®B
or ON and OFF

@

push-buttons that cause a movement while theyrassed and stop the

movement when they are released

D

7.4.3 Colours of actuators
The meaning of the colours used for the codingctiators shall be as given in Table 7.4.6.

Table 7.4.6 General meaning of colour of actuators

Colour | Meaning Explanation Example of application
RED Emergenc¢Action in case of danger or- Emergency stop
y emergency - Stop or off with emergency stop
- Initiation of emergency function (see
note 1)
YELLO |[Abnormal|Action in abnormal - Intervention to suppress abnormal
w condition condition
- Manual intervention to restart an
interrupted automatic cycle
GREEN | Safe Action in case of safe (see note 1)
situation or to prepare
normal condition
BLUE Mandator| Condition which requires |- Reset functions
y action
WHITE |[No General indication of - May be used for any function, except
GREY |specific |functions emergency stop, e.g. OFF/ON,
BLACK |meaning STOP/START (see note 2)

assigned

for
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Notes:

1) For normal STOP/OFF see next

START/ON see next

2) If supplementary means of coding (e.g. shapsitipn) are used for identification of
actuators, the same colour WHITE or GREY or BLAGIy be used for various actuators, e.g.
WHITE for

START-actuators and WHITE for STOP-actuators.

Emergency actuators

The colour used for EMERGENCY-STOP/OFF actuatosd &ie RED.

STOP/OFF actuators

WHITE, GREY and BLACK are the preferred colours ®FfOP/OFF actuators, with the
main preference being for BLACK, RED is also petadt GREEN shall not be used. In the case
of the same actuator used for the emergency andat@TOP/OFF operation, the colour shall
be RED.

START/ON actuators

WHITE, GREY and BLACK are the preferred colours f@TART/ON actuators, which
cause the closing of switching devices and thepagent to start, with the main preference being
for WHITE, GREEN is also permitted. RED shall netused.
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8. EXTERNAL INFLUENCES EFFECTING ELECTRICAL EQUIPMENT
AND INSTALLATION

Electrical equipment and electrical installatioms exposed to external influences, not only
during their use, but also during transportatidoragge, and erection. Such external influences
may be: ambient temperature, humidity, altitudafer; mechanical stresses, flora, fauna, etc.;
but also utilization of equipment or the constrotiof buildings (e.g., material, design) may
influence the installation.

All these external influences may hamper the sajéslectrical installations. Therefore IEC
has issued relevant standards for classificationexternal influences and environmental
conditions, e.g.:

IEC Publication 364-3 (197 Blectrical installations of buildings.

Part 3: Assessment of general characteristics.

Chapter 32: Classification of external influences

IEC Publication 72ZLlassification of environmental conditions

Chapter 32 of IEC 364-3 establishes the claggiio of external influences which require
assessment in the design and erection of electinsthllations. Table 8.1 shows a list of
external influences.

Explanation of the codification for external infhues inChapter 32 ofEC 364-3 (1977):

Each condition of external influence is designealmpde comprising a group of two capital
letters and a number as follows:

Thefirst letter relates to the general category of external imibge
A environment

B utilization

C construction of buildings

Thesecond letterrelates to the nature of the external influence:
A

B

C

Thenumber relates to the class within each external infleenc
1

2

3

For example the code AC2 signifies:

A environment

AC  environment-altitude
AC2 environment-altitude > 2000 m.
Note: This classification is not intended to bedus® marking equipment.
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Table 8.1 Concise list of external influences adow to IEC 364-3

A |AA Ambient temperature | AF Corrosion AM Radiation
AAl -60°C +5°C | AF1 | Negligible AM1 | Negligible
AA2 -40°C +5°C | AF2 | Atmospheric AM2 | Stray currents
AA3 -25°C +5°C | AF3 | Intermittent AM3 | Electromagnetic
AA4 -5°C +40°C | AF4 | Continuous AM4 | lonization
AA5 +5°C +40°C AM5 | Electrostatics
AA6 +5°C 60°C |AG |Impact AM6 | Induction
AB Humidity AG1 |Low AN Solar

AG2 |Medium
AC Altitude AG3 | High AN1 | Negligible
AN2 | Significant
AC1 <2000 m AH | Vibration
AC2 > 2000 m AP Seismic
AH1 |Low
AD Water AH2 | Medium AP1 | Negligible
AH3 | High AP2 [Low
AD1 Negligible AP3 | Medium
AD2 Drops A Other mechanical stresses{ AP4 | High
AD3 Sprays
AD4 Splashes AK | Flora AQ Lightning
AD5 Jets
AD6 Waves AK1 |No hazard AQ1 | Negligible
AD7 Immersion AK2 | Hazard AQ2 |Indirect
AD8 Submersion AQ3 |Direct
AL Fauna
AE Foreign bodies AR Wind
AL1 |No hazard
AE1 Negligible AL2 |Hazard
AE2 Small
AE3 Very small
AE4 Dust

B |BA Capability BD | Evacuation BE Materials
BAl Ordinary BD1 | (Low density/easy exit) BE1 [ No risk
BA2 Children BD2 | (Low density/difficult exit) | BE2 | Fire risk
BA3 Handicapped BD3 | (High density/easy exit) BE3 | Explosion risk
BA4 Instructed BD4 | (High density/difficult exit) | BE4 | Contamination risk
BA5 Skilled
BB Resistance
BC Contact with earth
BC1 None
BC2 Low
BC3 Frequent
BC4 Continuous

C [CA Materials CB | Structure
CAl Non combustible CB1 | Negligible risk
CA2 Combustible CB2 | Fire propagation

CB3 | Structure movement
CB4 | Flexible
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IEC 721 presents a number of classes of environmentalnpess and their severities
covering the conditions most frequently met by &tgechnical products and equipment while
being:- transported, stored, installed,used.

The classification is presented in such manner 8tahdard Committees or other users
concerned can select from the classes proposee tbgh are appropriate for the case of
application. Table 8.2 shows a list of thet®af IEC 721.

Table 8.2 List of Parts of the IEC Publication T€lassification of environmental conditions”
(collated 1.7.1989)

IEC Classification of environmental conditions
No.
721-1 Part 1 Classification of environmental parameters arair theverities
721-2 Part 2: Environmental conditions appearing in nature
721-2-1 1)| Temperature and humidity
721-2-2 Precipitation and wind
721-2-3 Air pressure
721-2-4  2)| Solar radiation and temperature
721-2-5 Dust, sand, salt, mist, wind
721-2-6 Earthquake vibrations and shocks
721-2-7 Fauna and flora
721-3 Part 3: Classification of groups of environmental paraanetand their
severities
721-3-0 3] Introduction
721-3-1 Storage
721-3-2 Transportation
721-3-3 4)| Stationary use at weatherproteaedtions
721-3-4  4)| Stationary use at nonweatherpratdotEations
721-3-5 Ground vehicle installations
721-3-6  4)| Ship environment
721-3-7 Portable and nonstationary use
1) IEC 721-2-1 (1982) with one amendment (Apperdand B):
- Amendment No.1 (1987) "Geographical survey dfistiaal open-air climates" with two coloured maps

"Open-air climates of continents and large islaratsd "Constitutional

diagram for humid air".

2) IEC 721-2-4 (1987) with one amendment:

- Amendment No.1 (1988) "Appendix A: World distrtmn of daily global irradiation”.
3) IEC 721-3-0 with one amendment:

- Amendment No.1 (1987) "Applies to the duratiod érequency of occurrence".

4) For these Publications exists a corrigendum.
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8.1. Climate

The climate as an influential factor on electrieguipment is the physical and chemical
atmospheric condition, outdoors or indoangjuding daily and seasonal alterations,.

With regard to this definition, by "atmosphere"ngeant the combination of dry air with
water vapour, dust and/or corrosive componentsn&g takes into account both natural and
technical influences (Figure 8.1).

The two influences should not be handled separat&lge they will always occur combined
where technical equipment is concerned.
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Table 8.3 Characteristics of electrical equipnregarding €mperature, altitude, presence of
water, foreign solid bodies and corrosive substanse

ay

ne

nts

Code External influences Characteristic required fo selection and
erection of equipment

A Environmental conditior

AA Ambient temperature

AAl -60°C to +5°C

AA2 -40°C to +5°C Specially designed equipment or appropriate

AA3 -25°C to +5°C arrangements

AA4 -5°C to +40°C Normal (in certain cases special precautions n
be necessary)

AA5 +5°C to +40° Norma

AA6 +5°C to +60°C Specially designed equipment or appropriate
arrangements

AB Atmospheric humidit Under condition

AC Altitude

AC1 <2000 n Norma

AC2 > 2000 m May necessitate special precautions such as t
application of derating factors
Note: For some equipment special arrangeme
may be necessary at altitudes of 1000 m and
abowe

AD Presence of water

AD1 Negligible IP X0

AD2 Drops IP X1

AD3 Sprays IP X3

AD4 Splashes IP X4

AD5 Jets IP X5

AD6 Waves IP X6

AD7 Immersion IP X7

AD8 Submerion IP X8

AE Presence of foreign solid bodies

AE1 Negligible IP OX

AE2 Small objects (2,5 mm) IP 3X

AE3 Very small objects (1 mr IP 4X

AE4 Dust IP 5X if dust penetration is not harmful to
functioning of equipment
IP 6X if dust should not penetrate equipment

AF Presence of corrosive or polluting substances

AF1 Negligible Normal

AF2 Atmospherit According to the nature of substar

8.2.  Selection and erection of electrical equipme  nt according to external

influences

Electrical equipment shall be selected and erantadcordance with the requirements of

Table 51A in IEC Publication 364-5-51 (1979), past which are quoted in Tables 8.3 and
8.4. of this Commentary. Table 51A of IEC 3645ibdicates the characteristics of equipment
necessary according to the external influenceshiclwthe equipment may be subjected. as such
influences are defined in Chapter 32 of IEC 364-3.

Equipment characteristics shall be determined eithe a degree of protection or by
conformity to tests.
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If the equipment does not, by its construction, ehadlve characteristics relevant to the
external influences, it may nevertheless be usetbadition that it provided with appropriate

additional protection in the erection of the inlsian. Such protection shall not adversely
affect the equipment thus protected.

When different influences occur simultaneouslyytimay have independent or mutual effect
and the degree of protection shall be providedraegly.

The selection of equipment according to externéi@mces is necessary not only for proper
functioning, but also to ensure the reliabilitytbé measures of protection for safety complying
with the rules for "Protection for Safety" in IE@48 Chapters 41 to 46. Measures of protection
afforded by the construction of equipment are ordlid for the given conditions of external
influence if the corresponding equipment specifarattests are made in these conditions of
external influence.

Table 8.4 Characteristics of electrical equipmegarding the presence of flora and fauna

Code External influence Characteristics required for seéction and
erection of equipment

AK Presence of flora and/or moulds

growth
AK1 |No hazard Normal
AK2 |Hazard Special protection, such as:

- increased degree of protection (see AE)

- special materials of protective coating of
enclosures

- arrangement to exclude flora from location

AL Presence of fauna
AL1 [No hazard Normal

AL2 |Hazard Protection may include:

- an appropriate degree of protection against
penetration of foreign solid bodies (see AE)
- sufficient mechanical resistance (see AG)

- precaution to exclude fauna from the locatiop
(such as cleanliness, use of pesticides)

- special equipment of protective coating of
enclosures
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9. VERIFICATION OF ELECTRICAL EQUIPMENT AND INSTALLATION

Electrical equipment and installation shall be @édsand inspected before being placed in
service, after any important modification and irpgpriate periods to verify proper and safe
execution of the work.

The purpose of the verification of electrical equgnt and installation is to verify their
condition and to find defects, which have to beoeed.

9.1. General

Every installation shall, during erection and/or@ammpletion before being put into service
by the user, be visually inspected and tested tifyyas far as practicable, that the requirements
of this standard have been met.

The documentation shall be made available to th&ops carrying out the verification.

Precautions shall be taken to avoid danger to peraad to avoid damage to property and
installed equipment during inspection and testing.

Where the installation is an extension or alteratd an existing installation, it shall be
verified that the extension or alteration compiigth this standard and does not impair the safety
of the existing installation.

9.2. Visual inspection

Visual inspection shall precede testing and noynb# done with the whole installation
dead. The visual inspection shall be made to aorfivat permanently wired electrical equipment
is:

- in compliance with the safety requirements ofrédevant equipment standards;

Note: - This may be ascertained by examinationafking or certification

- correctly selected and erected according tostfasisdard;

- not visibly damaged, so as to impair safety.

Visual inspection shall include at least the cheglaf the following, where relevant:

- method of protection against electric shock, udalg measurement of distances,
concerning, for example, protection by barriergmelosures, by obstacles

or by placing out of reach

- presence of fire barriers and other precautigasnst propagation of fire and

protection against thermal effects;

- selection of conductors for current-carrying afysand voltage drop;

- choice and setting of protective and monitoriegide;

- presence of suitable isolating and switching devicorrectly located;

- selection of equipment and protective measurpsogpiate to external influences;
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- neutral and protective conductors identification;

- presence of diagrams, warning notices or otheilai information;
- identification of circuits, fuses, switches, tenals, etc.;

- adequacy of connection of conductors;

- accessibility for convenience of operation andmesance.

9.3. Testing

The following tests shall be carried out wherevafd and should preferably be made in the
following sequence:

- continuity of protective conductors and of theimand supplementary equipotential
bonding;

- insulation resistance of the electrical instadiat

- protection by separation of circuits;

- automatic disconnection of supply;

- polarity test;

- electric strength test;

- functional tests.

In the event of any test indicating failure to cdynphat test and any preceding test, the

results of which may have been influenced by th#t fadicated, shall be repeated after the
fault has been rectified.

The test methods described in this chapter arengigaeference methods; other methods are
not precluded provided they give no less valid ltesu

9.3.1 Continuity of the protective conductors, incl uding the main and
supplementary equipotential bonding

A continuity test shall be made. It is recommentled the test be carried out with a supply
having a no-load voltage of 4 V to 24 V, d.c. ar.aand with a minimum current of 0.2 A.

9.3.2 Insulation resistance of the electrical insta  llation

The insulation resistance shall be measured:

a) between live conductors taken in turn two bg;tw

Note: - In practice, this measurement can only &eied out during erection of the installation befdhe
connection of the appliances.

b) between each live conductor and earth.

Notes: 1. -In TN-C systems, the PEN conductapissidered as part of the earth.

2. - During this measurement, phaskerautral conductors may be connected together.
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The insulation resistance, measured with the tekage values indicated in Table 9.1, is
satisfactory if each circuit, with the appliancéscdnnected, has an insulation resistance not less
than the appropriate value given in Table 9.1.

Table 9.1 Minimum value of insulation resistance

Nominal circuit voltage Test voltage | Insulation
V) d.c. Resistance
V) (MQ)
SELV and functional extra-loe voltage, when theuwiiris supplied 250 >0.25
froma safety transformer and also fulfils otheruiegments
Up to and including 500 V, with the exception of tbove cases 500 >0.
Above 500 V 1000 >1.0

Measurement shall be carried out with direct curr€éhe testing apparatus shall be capable
of supplying the test voltage specified in Table ®hen loaded with 1 mA.
When the circuit includes electronic devices, otilg measurement between phases and

neutral, connected together, to earth shall be made

Note: - This precaution is necessary because ogrojit the test without a connection between lwedtictors
could cause damage to electronic devices.

9.3.3 Protection by separation of circuits (electri  cal separation)
The separation of the live parts from those of otheeuits and from earth shall be verified

by a measurement of the insulation resistance. fBsestance values obtained shall be in
accordance with Table 9.1, with the appliance$aiaas possible, connected.

9.3.4 Polarity test
Where the rules forbid the installation of singlele switching devices in the neutral

conductor, a test of polarity shall be made tofydhat all such devices are connected in the
phase only.

9.3.5 Automatic disconnection of supply

The verification of the efficacy of the measures fiootection against indirect contact by
automatic disconnection of supply is effected de\s:

a) For TN systems

Compliance with the rules for TN systems shall befied by:

1) measurement of the loop impedance. As an atieenaompliance may be verified by

measurement of the resistance of protective condict
Note: - The above measurements are not necessang e calculations of the fault loop impedancéher
resistance of the protective conductors are availabd when the arrangemenftthe installation permits measuring
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of the length and cross-sectional area of the octodst In that case the verification of the contiwof the
protective conductors is sufficient

2) verification of the characteristics of the asatsd protective device (i.e. by visual
inspection of the nominal current setting for citdareakers and the current rating for fuses and
also by test for residual current protective desjce

In addition, the effective earthing resistariRg of the system shall be verified where

necessary.

b) For TT systems

Compliance with the rules for TT systems shall befied by:

1) measurement of the resistance of the earthretkcfor exposed conductive parts of the
installation;

2) verification of the characteristics of the asatad protective device. This verification
shall be made:

- for residual current devices by visual inspectoil by test;

- for overcurrent protective devices by visual ision (i.e. current setting for circuit-
breakers, current rating for fuses);

- for the protective conductors by inspection @itltontinuity.

c) For IT systems

Calculation or measurement of the first fault cotre

Notes:

1. This measurement is not necessary if all expeseductive parts of the installation are connedtethe
power system earth in the case where the systeanigected to earth through impedance.

2. The measurement is made only if the calculasamot possible, because all the parameters drienoovn.
Precautions are to be taken while making this nreasent in order to avoid the danger due to a ddiaibik.

Where conditions, which are similar to conditiorfsT@ systems, occur in the event of a
second fault, verification is made according tanpd) of this clause.
Where conditions similar to conditions similar t@nditions of TN systems occur,

verification is made according to point a) of tbiguse.
Note: - During the measurement of the loop impedaitds necessary to establish a connection oligibig
impedance between the neutral point of the systairttze protective conductor at the origin of thetalation.

Measurement of the resistance of the earth electred

Measurement of the resistance of an earth electratiere prescribed, is made by an
appropriate method.

Measurement of fault loop impedance

Measurement of the loop impedance shall be effeatéde same frequency as the nominal
frequency of the circuit.
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9.3.6 Measurement of the resistance of protective ¢ onductors

Verification consists of measurement of the resistaRbetween any exposed conductive
part and the nearest point of the main equipotentiading.

Note: - Protective conductors include metal cordaibhd other metal enclosures for conductors innddfi
conditions.

It is recommended that the measurement be cartiedvith a supply having a no-load
voltage of 4 V to 24 V, d.cor a.c., and with a minimum current of 0.2 A.
The measured resistancesRall meet the following condition:

R<501,
where
50 means 50V, which is the prospective touckagal under normal conditions,
la Is the current (in A) causing the automaperation of the protective device within

5s.
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10. OPERATION OF ELECTRICAL INSTALLATIONS

The operation of electrical installations includak activities necessary to permit the
electrical installation to function both under nainand abnormal conditions. These activities
include tending of equipment and devices such @glsiwg, controlling, monitoring, as well as
work on electrical installation such as maintenasog repairing it and verification of it.

The principles for work activity on or near elecii installation do not apply to ordinary
persons for their own domestic electrical instalatin private dwellings and when using
equipment designed and installed for use by orgipersons which complies with relevant
standards.

From the basic principles of operation of electrinatallation we choose following rules:

All activities on or in the vicinity of electricainstallation shall be subjected to the
preparation and agreement of the nominated pensoromtrol of the work activity and the
nominated person in control of the electrical iltaten.

The preparation of the work activity, except fample and often repeated works, shall be
made in a written formGommand B - according ta”SN 34 3100).

Persons who are required to work on or in the iticiof electrical installations shall be
provided with training and information so that treeg able to give appropriate first aid treatment
for electric shock and/or burns.

Before any work activity starts, the nominated pars control of the electrical installation
shall be informed of the intended work. (This petsaccording toCSN 34 3100, signs the
Command B.)

All necessary information such as network arrangemetate of switchgear (on, off,
earthed), position of safety device to permit saferation of the electrical installation shall
normally be transmitted by Command B.

The next information which Command B according’®N 34 3100 further contains are the
workplace, time and type of work activities, nanmel signature of person who gives the order
and names and signatures of persons providing afegysstage of workplace (switching off,
isolating and earthing of it).

Any tools, equipment, and devices provided for poepose of safe operation on or in the
vicinity of electrical installation shall be suitabfor that use, be maintained in good order and
properly used.

Examples of tools, equipment and devices are:

- insulating boots, gloves and overshoes;

- eye or face protection;

- insulating mats, platforms and stands;

- insulated flexible and rigid screening materials;
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- insulated and insulating tools;

- operating poles and rods;

- lock, notices, signs;

- voltage detectors and indicating devices;

- cable locating equipment;

- earthing and short-circuiting equipment;

- barriers, flags, supports.

The most of work activities are being provided aadlworking. The following five essential
requirements:

- disconnect completely

- secure against re-connection,

- verify that the installation is dead,

- provide earthing and short-circuiting,

- provide protection against adjacent live parts,

shall be undertaken in the specified order. Peionis® start work shall be given (after
checking all above mentioned measures by the peesponsible for control of work activity.

From the view of the ability to work on electrigabtallation, the qualification of persons is
divided in the following way:

ordinary person

a person who is neither a skilled person nor atruoted person - person without any
electrical qualification,

instructed person

a person adequately advised or supervised by dkigsons to enable him or her to avoid
dangers which electricity may create,

skilled person

a person with relevant education and experienceneble him or her to avoid dangers
which electricity may create.

There are different sorts of work activities retht® electrical equipment or installation
which persons can do according to their electgcallification. Work activities mentioned above
depend on qualifications and they are defined$MN 34 3100.

10.1. Standard operational procedures
The following procedures shall be carried out byesk or instructed persons using, where
appropriate, suitable tools and equipment so thatjer to persons is presented.
Operating activities
Operating activities are designed to change theralal state of an electrical installation.
There are two kinds of operating activities:
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- operations intended to modify an electrical atlation, to use an equipment, connect,
disconnect, start or stop equipment designdxbtosed for this purpose without risks SO
far as is reasonably practical.

- disconnecting or reconnecting installations farking.

Operating activities may be carried out locallyogiremote control.

Only skilled or instructed persons shall carry digconnecting or reconnecting before or
after dead working.

Measurement

Measurement is defined as activities to measuresiply data. Measurement may be
required to check the correct functioning of equgminor to ensure that safety precautions are
adequate.

Testing

Testing includes all activities designed to chdok operation or the electrical, mechanical,
thermal condition of an electrical installation. stiag includes also activities to prove the
effectiveness of e.g. protective devices and saietyits.

Testing may include measurement activities.

Inspection

The purpose of inspection is to verify that an ieal installation is in accordance with
specified technical and safety regulations of #levant standards and may include verification
of the normal state of that installation. New elieed installations as well as modifications and
extensions to existing installations should be etspd prior to their being brought into
operation.

Electrical installations shall be inspected atalé intervals.

Defects, which constitute an immediate danger | $leatectified without delay.

10.2. Working procedures

General

According to the basic principles, the nominatedspe in control of the electrical
installation and the nominated person in controlthed work activity shall both ensure that
specific and detailed instructions are given toghesonnel carrying out the work before starting
the work.

The most of work activities are being provided aadiworking. The following five essential
requirements:

- disconnect completely,

- secure against re-connection,

- verify that the installation is dead,

- provide earthing and short-circuiting,
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- provide protection against adjacent live parts,

shall be undertaken in the specified order. Peionis® start work shall be given (after
checking all above-mentioned measures) by the peegponsible for control of work activity.

Protection against adjacent live parts

If there are parts of an electrical installatiorthie vicinity of the work location that cannot
be made dead, then special additional precauti@sexessary and shall be applied before work
starts.

Re-energizing after work

After the work has been completed, inspected astéde persons no longer required shall be
withdrawn. All tools, equipment and devices usedrduthe work shall be removed. Only then
shall the procedure for re-energizing be commenced.

10.3. Maintenance procedures

General

The purpose of maintenance is to keep the eletinstallation in the required condition.

Maintenance may consist of " preventive maintenamdech is carried out on a routine
basis with the intention of preventing breakdown &eeping equipment in good condition, or
"corrective maintenance" which is carried out toaie or replace a defective part.

There are two types of maintenance work:

- work where the risk of electric shock or arcspresent and therefore the appropriate
working procedures have to be applied,

- work where the design of equipment enables cem@dintenance ) e.g. replacement of
fuses or light bulbs) to be undertaken withoukWdrking procedures having to be applied.

Repair work

Repair work may consist of the following stages:

- fault location,

- fault rectification,

- verification of the repaired part of the insttitha.

Different procedures may need to be applied at stade of the work.

Specific working conditions shall be defined tooall fault location and confining defects
under the presence of voltage.

Elimination of defects shall normally be carriedt au accordance with the rules of dead
working.

Appropriate tests and adjustment shall be perfortnezhsure that the required parts of the
installation are suitable for re-energization.
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10.4. Personnel

The nominated person in control of the electricatallation shall approve all activities
carried out.

Personnel in control of maintenance shall be notathéo carry out maintenance work on a
defined part of an electrical installation.

Personnel who are to carry out the work shall beqadtely instructed or skilled and be
equipped with appropriate tools, measuring andnigstevices in a required condition.

All necessary precautions to prevent danger torgibesons.



ERECTION AND OPERATION OF ELECTRICAL TEST EQUIPMENT 93

11. ERECTION AND OPERATION OF ELECTRICAL TEST
EQUIPMENT

11.1. Electrical test equipment

Electrical test equipmentis the entirety of all the test appliances andais/combined for
test purposes, by means of which electrical tegtarformed on test objects. Test equipment
may be designed and erected or installed as:

- test station

- test laboratory or experimental station

- temporary test equipment

A test stationdenotes appropriately identified test equipmeriiwia defined area in which
only one or two persons are generally employedeshwork, e. g. in the line of series production
or in electric workshops, repair and service shops

A test station with automatic protection against diret contact denotes a test station in
which the test object and all live parts of thet tgsparatus have automatically activated full
protection against direct contact in an energizediiion.

A test station without automatic protection against dtect contact denotes a test station
in which parts of the test object or live partsiod test apparatus are not fully protected against
direct contact during testing. This includes, fostance, test areas in electric workshops,
laboratories, measurements and experimental areas.

A test laboratory denotes test equipment in securely enclosed spasethin an area
separated from adjacent work areas, in which seyaigons are generally employed on test
work on larger test objects remaining there fasrager period of time.

A test laboratory may be subdivided into test areaghich mutually independent tests are
performed.

An experimental stationdenotes test equipment for performing experimentgsts within
the scope of research and development work. Inrgeneo routine tests are performed in
experimental stations. A variety of tests assemldewell as different hazards shall therefore be
anticipated.

An experimental station may be subdivided into isest in which mutually independent
experiments or tests are carried out.

Temporary test equipment denotes test equipment erected for a short timerdier to
perform tests on individual test objects.

Prohibition zone denotes an area around live parts which shouldoadtreached if full
protection against direct contact with these partst provided.
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Test areadenotes the area around the test assembly whegparated from the surrounding
area.

Signal lights are lights which are clearly visible from outsitlee boundaries of the test area
giving red or green signals to indicate the opersti status inside the test area.

Indicator lights serve to indicate the switching status on therobpianels. They are not an
alternative to required signal lights.

Risk is a combination of the probability and the degvééhe possible injury or damage to
health of person exposed to a hazard or to hazards.

Electrical hazard is a source of possible injury or damage to hdalfiresence of electrical
energy from an electrical installation.

Nominated person in control of a work activityis that person who has been nominated to
be the person with direct management responsibibty the work activity. Parts of this
responsibility may be delegated to others as reduir

11.2. Operational status

Out of operation status is given when:

a) all power supplies, signalling and control citgslare switched off and secured against
unauthorized switching on

b) all safety precautions necessary before enté¢hn@gest area (for voltages exceeding 1 kV,
e.g. earthing, short circuiting) have been taken

Ready for operationstatus is given when :

a) the power supplies for switchgear signalling eontrol circuits of the test equipment are
switched on

b) the green signal lights are on

c) all the power supplies for the test voltage awdtched off and secured against
unintentional switching

d) the safety precautions specified in (,Out of @pien” status) are in force

Ready to switch onstatus is given when:

a) all power supplies for the test voltage are dvat off

b) all entries to the test area are closed

c) the red signal lights are switched on

d) the safety precautions specified in (,Out of r@pien” status) are no longer in force

In operation status is given when:

a) all entries to the test area are closed

b) the red signal lights are switched on

c) one or more power supplies for the test volageswitched on
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11.3. Protection against electric shock

The test assembly shall be so arranged and desilgaethe protection against direct contact
is secured by insulation of live parts, covers,l@wres, obstacles or safe distances. A safe
distance is ensured, when the person carrying folgists cannot reach the prohibition zone with
parts of his/her body or tools. Safety can alsp means of a two-hand control device or the use
of two safety probes to apply the test voltage. Wiseveral persons are involved in a test, a two-
hand control device shall be provided for each gersf the personnel and which are so
connected that all the two hand controls are reguio be operated before the test supplies can
be energised.

Safety test probes shall have the adequate inmulkgvel for the applied test voltage. No
clamping devices shall be permitted for this puepos

In case of measuring instruments and auxiliaryiappes of protection Class | (cathode ray
oscilloscope, sine wave generator), where the giigte conductor is interrupted to facilitate
testing, e.g. because the enclosure has to beadaddimm earth potential, the appliance shall be
supplied from an isolating transformer .

If a circuit and/or the enclosure of measuringrunstent or an auxiliary appliance designed
for mains connection is connected to live partsheftest assembly which can carry voltage to
earth, then the internal insulation of the supgysolating transformer shall be rated at least to

this voltage.

An effective protective measure for protection ase of fault (protection against indirect
contact) shall be provided.

The test assembly shall be so designed and arrangeder to prevent the transfer of
voltage to extraneous conductive parts.

The test equipment controls and test circuits dimktlearly identified. Test equipment shall
have devices which indicate the operational stagsindicator lights. Test equipment and test
areas shall be clearly and visibly indicated by mseaf warning signs.

11.3.1 Emergency switching off
Test equipment shall be provided with means foergency switching off in order to cut

off all electrical energy which could result in d@n. An adequate number of manual controls
shall be provided inside and outside the test aseappropriate to the size of the area and
complexity of layout. Connection points, e.g. ot#lef the general power supply within the test
area, shall be identified accordingly, if they ai interrupted by the emergency switching off
equipment.
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11.3.2 Preventing unauthorised and unintentional sw itching -on
Test equipment shall be secured against unautkosise unintentional switching-on of test
circuits. Manual controls shall be clearly correthto the respective test circuits.

11.3.3 Preventing automatic energizing
Automatic energizing of test circuits shall be pmeted when mains voltage recovers after a

power failure.

11.3.4 Protection against residual voltages and tra  nsfer of voltages
If there is likelihood of danger due to residualtages after switching-off test circuits,

suitable devices or equipment shall be providedfsafe discharge of energy.

Transfer of voltage to accessible conductive pautside the test area shall be prevented by
adequate measures - e.g. earthing, shielding, ppat® cable routing - or these conductive parts
shall be protected against direct contact.

Protective measures against other hazards

Appropriate means of protection shall be providediases where in addition to dangers due
to voltages other hazards are to be expecteddeegto arcs, noise, explosion, radiation, flying
parts, formation of gas, fire, dangerous substances

11.4. Test stations with automatic protection again st direct contact

The protection against direct contact must be feadidy insulation of live parts, covers or
enclosures. The means of protection against doectact shall guarantee at least the defined
degree of protection IP3X.. in accordance with EJS2D and include all parts of the test object.

It shall not be possible to switch on the testagds until the means of protection are fully
operational and functioning correctly. Opening theans of protection must disconnect the test
voltage automatically. Residual voltages shall matically reduced to a non-hazardous level
before live parts can be touched.

Single fault conditions shall not prevent the tesitages from being switched off when the
means of protection are opened. The occurrencleofault shall ensure that it is impossible to
switch the test voltages on again. It must not essible to bypass the means of protection in an
easy way.

Mechanical means of protection shall be adequateiyg.

In the case of test station with automatic protectagainst direct contact, barriers and
emergency switching off devices may be omitted.

11.5. Test stations without automatic protection ag ainst direct contact

Test stations without automatic protection agagiistct contact shall only be installed if the
erection of test station with automatic protectgainst direct contact is not practicable, e.g.
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- due to frequently changing test duties

- in case of varying types of test objects

- in case of serious difficulties in performing tverk

- when test duties occur only occasionally

The barriers may be e.g. walls, grids, ropes, chambars. They shall be so designed that
visual contact with the operator can be maintainech outside at all times.

At least one emergency switching device shall B&lled outside the test areas.

An adequate number of red signal lights, indicathgoperational status, shall be installed.

If the test circuits are electrically connectedhe general power supply system, additional
protection shall be provided by means of RCD wdked difference currenc 30 mA. If the
residual current includes d.c. components, an gpiate RCD shall be used.

The working area of test stations shall be such thavement of test personnel is not
impeded.

11.6. Test laboratories and experimental stations

The barriers shall be solid walls or grids at Ia800 mm high. Entrances shall be provided
with a warning sign ,No unauthorized persons beyihisl point*

A sufficient number of red and green signal ligisisall be installed to indicate the
operational status; green signal lights are natired in case of voltages up to 1 000 V.

When there are separate test areas within théatesiatory

- the operational status of each of the test aeals be indicated by means of signal lights

- red signal shall indicate ,, danger” for the emtiest laboratory whenever the operational
statusready for operation or in operation exists in at least one of the test areas.

Emergency escape doors, gates, etc. shall be alidle bpened from the inside of the test
area.

In test laboratories measures are required to ptauwgauthorized entry and shall not hinder
persons from leaving.

11.7. Operation of test equipment

11.7.1 General
Test equipment may only be operated under the @oentid supervision of a skilled person.

Test equipment shall be provided with operatingrutdions. These shall contain the
information required for safe operation.

The test equipment used shall be inspected forredtg visible damage or defects before
use.
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Test equipment shall not be operated if there gres0f damage or defects liable to cause
danger.

Only skilled persons shall be employed to mainthetest equipment.

The proper condition and efficiency of the safegvides shall be checked by a skilled
person at suitable intervals of time. The resultt@se inspections shall be recorded.

11.7.2 Personnel

Only skilled or instructed persons may work witlsttequipment. All personnel involved
shall be instructed in the safety requirementstgaiules and company instructions applicable
for their work. These instructions shall be repeate necessary. The personnel shall be required
to comply with the requirements, rules and instang. The complexity of the work activity
shall be assessed before the activity starts suelappropriate choice of a skilled or instructed
person is made for carrying out of activity. A weit record of the training shall be kept.

Personnel using safety probes shall receive additidraining regarding special risks
involved.

Personnel working in test laboratories, experimesittions and temporary test stations may
work only under overall supervision of nominatedsp®@ in control of the work activities.

Test areas shall only be entered by the persommgloged there and other persons who have
received adequate instruction regarding the hazards

If other persons have to enter these areas, ttalylehaccompanied by a skilled person and
their attention shall be drawn to the risks. Inecakthe test stations with voltages exceeding 1
kV, the permission of the nominated person in adrdf the work activities is also required.

Any person working in test laboratories, experimakmstations or in areas with temporary
test stations shall be fully aware of the existimgzards and has the duty to take safety
precautions in his/her work in order to protecthbbtmself/herself and other persons against
hazards.

11.8. Preparation of tests, switching operations in test stations

If the enclosure of a measuring instrument or agliavy appliance is connected to live parts
of the test assembly and if as a result the enadosan be exposed to a voltage exceeding 25V
a.c. or 60V d.c. to earth, then adequate extenzailation of the enclosure including the control
mechanism shall be provided. In special casesggtoes for live working shall be used.

When using safety test probes, the person carginighe test shall visually check the test
probes and their leads before starting work to enthat they are safe to use.

If there is a likelihood of danger due to arcingequate measures shall be taken for the
protection of personnel.
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If other risks are likely to occur during test aedperiments, e.g. noise, explosions,
radiations flying parts, gas formation, fire or aedous materials, additional safety measures
shall be taken to ensure adequate protection.

The nominated person in control of the work acgighall make sure that their instructions
are carried out correctly before the experiment:

- is switched on, in case of voltages up to 1000V

- is madaeady to switch onin case of voltages exceeding 1 kV

Orders for switching operations may only be givgralmominated person in control of the
work activity. In test laboratories, experimentsht®ns and temporary test equipment with
voltages exceeding 1kV, switching operations ntay be performed upon the personal order of
the nominated person in control of the work activivhen he/she does not perform this duty
himself/herself.

The persons mentioned above shall ensure thaeebps other that persons have left the
test area before the test equipment is:

- switched on, in case of voltages up to 1000 V

- made in case of voltages exceeding 1 kV

In case of test stations all persons must haveeltla® test area before the test station is
switched on.

In case of test laboratories, experimental statemstemporary test equipment with voltages
exceeding 1 kV, all persons must leave the testetbtearea before the test equipment is made .

The person carrying out the test shall be abletognize the operational status at any time,
especially when several voltages are supplied.

Before leaving the test equipment, the out of dpmmacondition shall be established. This
does not apply when endurance tests have to beutefing in the test equipment.

11.9. Test procedure

Assembly work and tests shall not be performed Banaously if this could result in
danger.

In exceptional cases skilled persons may enteteitearea in the operational stateady to
switch on or in operation. .Measures shall be taken to ensure that the lptmm zone is not
reached.

Work activities carried out in the prohibition zoféese working) shall comply with the
requirements EN 50110-1.

In the event of a fault during tests, parts of tds object and test equipment which are not
live during normal operation can be subjected togeeous voltages. If , in exceptional cases,
work has to be carried out on these parts, suitabldating devices and auxiliary means shall be
used.
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In a test station without automatic protection aghidirect contact, as a safety measure
during the operational statusady to switch on andin operation, at least one person shall be
present in visual and audible contact with the @ersarrying out the test and be in the position
to recognize any dangerous conditions in the taibs immediately and eliminate the danger by
actuating the emergency switching off device.

If a temporary station is separated from generatiyessible areas only by means of ropes,
chains or bars, the following conditions apply dd#ion to the other requirements:

a) The entire test assembly shall be under suaned during the test procedure. If this
cannot be ensured by the person carrying out gte desufficient number of at least instructed
persons shall be present to supervise the enstatea and to take immediate action in the event
of danger.

b) In case of test assemblies with several sepaesteareas, e.g. when testing installed
cables, one person is required to guard each @wmamunication with the responsible skilled
person shall be ensured.

Before touching test objects which have been swichbff, it shall be ensured that no
dangerous voltages are present on the accessitédhyaearthing and short circuiting.

Emergency routes and exits shall always be kept.cle

11.10. Electrical work activities in school laborat  ories

These rules are applicable to all operation of wondk activity on , with or near electrical

installations in laboratories of Faculty of Elecat Engineering CTU in Prague.

General requirements for the safe operation ofveordt activity on electrical equipment are:

1) Students in school laboratories may work only unttex overal supervision of a
nominated person in control of the work activitiesacher). The number of students who
are liable to the supervision of one nominated qreia control of the work activities is
10 or less. Where the work activity is more complemay be necessary to nominate
person to be responsible for the safety of smgheups of students.

2) School laboratory shall be provided with meanseimergency switching off in order to
cut off all electrical energy, which could resuitdanger. An adequate number of manual
controls shall be provided inside the laboratorgn@:ction points, e.g. outlets of the
general power supply within the laboratory shalidentified accordingly, if they are not
interrupted by the emergency switching off equiptmBefore starting work in laboratory
the nominated person in control of the work adtgit(teacher) must verify means for
emergency switching off.

3) All students shall be instructed in the safety nemnents, safety rules and laboratory
instructions applicable to their work. Studentslisba required to comply with the
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requirements, rules and laboratory instructionse Tomplexity of the work shall be
assessed before the activity starts. A writtenneobthe instructioning shall be kept.

4) Students who are to carry out the work activityllshdequately instructed or skilled.
They shall be equipped with and use appropriatis toreasuring and testing devices and
individual protective equipment, which shall be mained in a good condition.

5) All students shall be provided with training anébmmation so that they are able to give
appropriate first aid treatment for electric shacki/or burns.

6) Any tools, equipment and devices provided for thgppse of safe operation of, or work
on, with or near electrical installations shall sagtable for that use, be maintained in a
condition suitable for that use, and be propergdus

7) During any work or operations adequate signs $leatlisplayed to draw attention to any
relevant hazard. The signs shall comply with redéwstandards where there exist.

8) All students involved in a work activity on, withr aear an electrical installation shall be
instructed in safety requirements, safety rules labdratory instructions applicable to
their work in lessons of safety courses for bakiges of study.

9) Nominated person in control of a work activity ichsol laboratory (usually teacher) is
skilled person with direct responsibility for theomk activity of students. The
competence of nominated person (qualification) esiqalically verified (Notice No.
50/78).
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12. FIRST AID TREATMENT OF THE ELECTRIC SHOCK

Through great effort for making all work on elec#li installation safe has been made and
many safety measures at work are ensured, somdeateiat work caused by mistake or by
carelessness may happen. Electrical current isllystie main cause of an injury in such
accidents. The main characteristics of the injarguch accidents are effects of electrical current
to the human being. The usual effects@esztric shockor burns. The treatment of the electric
shock or burns issues from the characteristicaftat current.

It is necessary to act fast but without haste ratl@éeng first aid after the electric shock. The
proceeding of the rescue of afflicted persors following:

a) to set afflicted person from the range of cutren

b) to start artificial respiration immediately inse when afflicted person does not breathe,

C) to start indirect heart massage if the pulsetgalpable,

d) to call for a doctor,

e) to let know the person responsible for the wiarbg.

The afflicted person cabe set free from the range of currenwith one of the following
proceedings:

a) switching off the current,

b) shifting the conductor aside or back,

c) pulling the afflicted person away,

d) breaking off the conductor.

It is necessary to be conscious of the afflictets@e not being able to release the hand
gripped on the object with current because of threvalsion of muscles.

If the afflicted person is in such a position, that or she would after the breaking of the
current fall down, there shall be done measurgsdwent from it.

When there are more people present, the best tbidg is to bind their clothes together to
form something like emergency fire. Otherwise, @ffécted person shall be protected against the
fall by supporting by dry wooden things, such amngt, beams or ladders, as long as possible, or
by ropes, belts, dry towels, etc., pulled undesders and properly fastened or held. Metal parts
or web things shall be never used. In case of isgucaused by low voltage in housing or
workshop installation it is necessary first to shitoff the current by emergency stopping or
supply disconnecting device or by pulling the pafghe defective equipment out of the socket
outlet.

If it is not possible to switch off the current piptly, the afflicted person shall be set out of
the range of current by shifting the conductor @id back or by pulling him or her away. The
rescuer must come to the contact with the curré@cuit by touching the conductor or the
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afflicted person. He or she shall stand on an atsdl surface, e.g. on the wooden board, chest,
table or on the rubber (tyre), or shall be proviadgth rubber shoes, The rescuer shall avoid
touching metal things, wet walls etc.

The non-conductive object (e.g. wooden stick or) ketrall be used for shifting the
conductor. When pulling the afflicted person awthe rescuer shall stand on the insulated
surface and work, as far as possible, only with loaed, which is, protected (e.g. by insulating
rubber gloves or dry towel or clothes).

Immediately after the setting the afflicted persan of the range of current, the duty of the
rescuer is to render the afflicted per$iost aid treatment till the doctor comes.

In case of injury caused by electricity, the mamgple is not to transport the afflicted
person, when he or she is not burned on the langace of the body or does not bleed
unstoppable, and not to have the afflicted persamea

It is necessary to find out, immediately after ithjary, whether the afflicted person:

a) is in the conscious state,

b) is breathing,

c) has tangible pulse,

d) is hurt (bleeding, burns, fractured bones).

If the afflicted person is irtonscious statehe or she should be lain comfortably, with
released clothes in a warm room and a warm bevétaaeshould be given to him or her.

If the afflicted person is in the state ohconsciousnessbut is breathing and is not
seriously injured, he or she shall be lain in hamtal position on the side of his body with his or
her head bend backward and with released clothés amke the breathing free. No beverage
shall be given to the afflicted person.

If the afflicted persondoes not breathe or if he or she stops breathing, artificial
respiration shall be applied immediately. The artificial regpion continues till the afflicted
person does not start breathe by himself or heoseili the doctor does not stop it.

Theindirect heart massageshall start when artificial respiration does nategany effect.
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A

actuator

afflicted person
alternating current (a.c.)
artificial respiration
arm's reach

automatic disconnection (of supply)
B

barrier

basic insulation

C

cardiac fibrillation
caution

classes (of equipment)
Class |

Class Il

Class llI

conventional touch voltage limit
D

danger

dead

direct contact

direct current (d.c.)
disabled state
disconnecting time
double insulation

E

earth

earth current

earth electrode

effects of current
electric shock

electrical equipment
electrical separation
emergency control
enclosure

environmental conditions
equipment

equipotential bonding
erection

exposed conductive part
extraneous conductive part
F

fault

fault loop impedance

ovlada
postiZzena osoba
iedavy proud
urdlé dychéani
dosah ruky
safimmé odpojeni (od zdroje)

Fepazka
zakladni izolace

srdéni fibrilace (ch¥ni srd€niho svalu)
upozoréni (pro gipady menSich rizik)
fidy (bezpenosti elektrickych pedmeta)
tida |
tida ll
tida lll

dovolena mez dowygho napti

nebezge(pro upozorwni na vazne riziko)
bez napi
dotyk Zivycbasti
stejnosmmy proud
w¥gzeni z provozu
¢as odpojeni
dvojita izolace

zem
unikajici (poruchovy) proud
zemhi
dinky proudu
Uraz elektrickym proudem (elektrickgz)
elektrickéizzeni
odieni obvod: (elektrické oddleni)
nouzové ovladani
kryt
¥8i vlivy (prostedi)
zdzeni (vybaveni)
pospojovani (vyrovnani poi&ity
montaz
nezisést
cizi vodisést

porucha
impedance stky (poruchového proudu)
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fault of negligible impedance
first aid

H

harm

hazard

hazardous live part

I

identification (of conductors)
indication (of direction)
indirect contact

indirect heart massage
information sign

initial verification

injury

inspection

installation

insulation failure

insulation monitoring device
instructed person

intended use

interference

inward protective terminal
isolating transformer

L

leakage current
let-go-threshold-current
level of safety

line (line to line) voltage
live part

live working

M

mandatory action sign
main equipotential bonding
maintenance

N

neutral conductor
notification

O

obstacle

operation

operation of electrical installation
ordinary (uninstructed) person

outward protective terminal
overcurrent

overcurrent protective device
overvoltage

P

porucha o zanedbatehpedanci
prvni pomoc

Skoda
nebezgée
nebezp@ Zivacast

oztavani (vodéi)
ureni (sngru)
dotyk nezivyatasti
f@pa srdéni masaz
zné&ka upozorgni (informani)
vychozi revize
zrareni
prohlidka
instalace (¢&zeni)
porucha isolace
hlidazolatniho stavu
poané osoba
ipdpokladané pouZziti
ruseni
viiti ochranna svorka
odtbvaci transformator

unikajici (svodovy, poruchovy) jgrou
proud odpovidajici mezlagni
arovie bezpénosti
sdruzené rép
Zivacéast
prace pod n&im

z8ea prikazu
hlavni pospojovani
adrzba

gdni vodé
gikaz k préaci

zabrana

obsluha (prace)
obsluha (aga¥ana elektrickém Z&zeni
osoba bez (elektiotieké) kvalifikace
¥j$i ochranna svorka

nadproud
nadproudovy ochrgitistroj

pepsti



10¢€ VOCABULARY
pass through (the body) prochazeéle(mn)
PEN conductor VodiPEN
performance provedeni, funkce
phase (line to neutral) voltage fazové &tap
prohibition zakaz
prohibition sign znéka zékazu
prospective touch voltage nappred dotykem
protection ochrana
protection against electric shock ochrabedpirazem elektrickym proudem
protective ochranny

protective conductor (symbol PE)
protective equipotential bonding
protective measures

R

re-energizing

reinforced insulation

residual current

residual-current protective device
risk

S

safety

safety aspects

safety colour

safety sign

SELYV (safety extra-low voltage)
shock current

short circuit current

short circuit

simultanously accessible parts
skilled person

supplementary equipotential bonding

supplementary sign
system (system TN, TT, IT)
stop

T

terminal

tool

touch voltage

\Y,

ventricular fibrillation
w

warning

warning notices
warning sign
wiring

ochranny ¥ddiymbol PE)
ochranné pospajova
ochranna opai

znovuuvedeni pod #ap
zesilena izolace
rozdilovy proud
proudovy chtani
riziko

bezp&ost
hlediska bezpesti
bezgaostni barva
bezgaostni znaka
bezfpe malé nati
proud Agobujici Uraz
zkratovy proud
zkrat
Casti sodasre pristupné
znaléa osoba
dapici pospojovani: (dopljici vyrovnani
potenciaih)

dapljici znaka
ts(sit TN, TT, IT)
stij, stat
svorka
nastroj

dotykové né&ip
fibrilace (ch¥ni) srd€nich komor

vystraha (pro upozami na riziko stedniho
vyznamu)

varovna upozeém

zné&ka vystrahy
elektricky rozvod
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OCCUPATIONAL SAFETY AND HEALTH REGULATIONS

15.

Observing the rules and regulations governing Heattd Occupational Safety is considered
one of the basic duties of all employees, studantsall other persons who enter the premises
with the prior consent of the employer, and thobe Wwave already been trained. The knowledge
of Health and Occupational Safety regulations forars integral and permanent part of

qualification requirements.

[ —
I
[ —

Basic Training Guidelines

Duties of the Employer
Duties of the Employee

OCOoNoOkwNPE

11.Emergency calls

Occupational Safety and Health Regulations

System of safety courses during the study
Legal Basis for Health and Occupational Safety
General principles for ensuring of Health and Oetigmal Safety

Decree of the Czech Occupational Safety Office
Safety of work with electrical equipment. Decree
Accident at work, recording and registration
Security of work with computers

10 First Aid — traumatological plan

12.Laboratory rules (example), fire protection

15.1.1 System of safety courses during the study
Safety courses are compulsory for all studentsaaedlefined in accordance with the

recommended curriculum of Bachelor's and Mastardiess.

+ Repeated BPZS

Safety course Symbo Date Program Study

Basic health and occupational BPZS g}:ﬁ: beginning Al
safety regulation 15 semeste programs
Safety in Electrical Engineering 1 st EEM, KME,

4 J J gp1 | 1 semester | vr Bachelor

2" semeste Ol, STM

f??\]:ztgelgteEclieéguz:gl Engineering 2 BP2 4™ semester All programs
Safety in Electrical Engineering 3 BP3 1% semester All programs | Master

15.1.2 Legal Basis for Health and Occupational Saf

Basic documents:

ety

1. Constitution of the Czech Republic — Charter oftfesgand Liberties

2. Instruction of the European Community Council "@Rihg measures to increase health
and occupational safety of employees on the preshise

3. Civil Code
4. Labour Code
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5. Decrees embedded in Codes of Law issued by thenG2#ice of Occupational Safety
6. Czech standards

15.1.3 General principles for ensuring of Health a  nd Occupational Safety

Everyone is obliged to proceed with caution so aista cause damage to health, property,
nature, and the environment.

Anyone breaking the law will be held responsibledny caused damage.

Caring about the safety, knowledge of regulatiensrtsure Health and Occupational Safety is
a permanent and integral part of performing wosksa

15.1.4 Duties of the Employer

The employer is obliged to provide safe and healtbyk conditions in the area under his/her
responsibility:

— search for, consider and assess hazards (riskspadsible danger to workers™ health and
safety, keep them informed, and take proper saieiyautions;

— operate machines and equipment complying with Heaitd Occupational Safety
regulations;

— introduce, maintain and improve protective deviaed equipment;

— acquaint workers with the labour law and other l&iinns governing Health and
Occupational Safety;

— prevent employees from doing activities that argobd their abilities or health
conditions;

— check the quality of state of health and safetylaaty;

- immediately determine and do away with causes aflaats at work;

— check the quality of state of health and safetjhenpremises at least once a year.

— employer is obliged to provide the employees whih free use of indispensable personal
protective aids and equipment.

— workers” health must not be endangered by smokirth® premises.

- managers and respective heads at all levels grernreible for performing Health and
Occupational Safety tasks of the employer.

15.1.5 Duties of the Employee

The employees are entitled to the maintaining cdltheand Occupational Safety, information
on work risks, and information on measures takepravent them. Employees can refuse to
perform the work, for which there is good causédtieve it could imminently and seriously
threaten their life and health ,or the life andltieaf other physical persons. The employee is
obliged to care, according to his or her capagivéhis/her own safety and health and those of
other people namely:

— to stick to legal and other regulations relatinght® Health and Occupational Safety, to
principles of safe behaviour, and prescribed wakirocedures with which s/he has been
properly acquainted

— to use, when working, personal protective workiogis and protective equipment
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to participate at instructive workshops for Heatid Occupational Safety, to undergo
tests, and medical check ups

not to use alcoholic drinks and misuse other daigke workplace, and during working
hours outside the workplace, not to start work urle influence of drugs, stick to ban
on smoking at the workplace

to notify the supervisors and other supervisingi@®df the shortcomings and defects of
Health and Safety principles, and participate girtdisposal

to undergo the medical tests to determine whetheris not under the influence of drugs

15.1.6 Decree of the Czech Occupational Safety Off ice

Basic requlations:

technical documentation for production, assemighgration, maintenance and repair of
machines, facilities and technology must contagquim@ments for ensuring the safety of
labour, principles for control, tests and revisions

on machinery, technical facilities and technologiese must be kept the prescribed
operational technical documentation into whichtladl changes must be recorded
machines and technical equipment can start theirabion only if they correspond to
pertaining regulations and after the prescribetstesntrols and revisions have been
performed

machines and technical equipment must be subndtiedg their operation to regular
prescribed checks, test revisions, maintenanceepalrs

workplaces, machinery and technical equipment wbathendanger people must have
safety designation (colours, signs, tables, ligitt acoustic signals)

This regulation further contains basic requirement&nsure work safety and safety of the
technical facilities during the work and servicestioe premises.

15.1.7 Safety of work with electrical equipment

Threatening dangeaccident by electric current, fire, explosion

Every employee must get at least the lowest quatibbns according to Decree no. 50/78 Law
code:_Acquainted perso83 Decree no.50/78 Law code).

These are the employees (ordinary persons) acgdawith regulations on treatments with
electric current and aware of the possible danfjeleatric current

Allowed activities:

they can independently manipulate only electrigaiigment of a safety extra low voltage
SELV (up to 50V) and low voltage (up to 1000V) lomty if they cannot touch the life
parts (parts under voltage) during a normal opamati

switching on and off, plugging into the socket, nmgvconnecting cables, exchange of
bulbs when switched off and exchange of safetysfuse

they can perform maintenance work without the disthray with instruments (dry
cleaning) when the equipment is switched off

must be a safe distance from unprotected workimts pader voltage up to 1 kV at least
1 meter
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Forbidden activities{for acquainted persons- according to 83 of Deneé0/78 Law Code)

to repair electrical appliances and distribution

to work on parts of electrical equipment under agét

to use electrical equipment suspected of damage

to move electrical appliances connected to the oxdticomputers, electrical typewriters,
calculators etc.) unless they are intended for siselge - (electrical hand tools) -
unplugging of the socket

to touch electrical equipment by wet parts of thdyb

to clean the surface of electrical equipment bynveans

15.1.8 Accident at work, recording and registratio n

Any harm to health or death inflicted upon the ewgpk independently of his will by
temporary, sudden and violent incidents of extesiaumstances when fulfilling his or her
working tasks or in direct connection with themthié incapacity of work lasts at least one day,
except the day of injury, is considered to be wax&ident

Direct connection with fulfilling working tasks:

work resulting from the job, from prescribed tagkising the work, tasks necessary for
starting and finishing work and for performanceha work

medical examination on the employer 's order, &érdttreatment including the journey
there and back to workplace

training organized by the employer

activity stimulated by the trade unions, other egpes, or on one's own initiative if
there is not required any special authorizatioritfaor if it is not directly forbidden by the
employer.

However connection with fulfilment of working tasissnot considered:

journey to work and back
meals, medical treatment or check ups in mediaates, including the journey there and
back, if they are not performed on the premises.

Recording and regqistration of work accidereport the accident immediately to the closest

supervisor!

Recordingof accidents where there was no resulting incé#paciwork it lasted less than one
day it is necessary to record the accident intokbek of accidentdor future recording of
protocol on the accident if need be.

Regqistration- the supervisor is obliged

to ensure responsible and reliable investigatiotaokes as well as other circumstances
of work accident occurrence

to make report on work accidents according to iigason findings - up to 2 days- the
supervisor is obliged to immediately sent the refmthe health safety official in charge
of the faculty of electrical engineering

to formulate the necessary regulations to prevemtas accidents
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15.1.9 Security of work with computers

Risks of common users regarding Health and OcoupaitiSafety and occupational disease
occurrence:

Increasing eye-strain (brightness, blinking)

— the worker at the screen shall have neither the gurce nor its reflection (a window,
lamp etc.) in the range of view

— the brightness of the objects in the neighbourhufdte screen shall be balanced so as
not to produce big contrasts

— the artificial lighting of the room shall not fordark nooks and overlighted places the
upper margin of the active area of the screen bleatin the eye level at maximum.

- the distance of the screen shall be at least 40 cm

Electromagnetic radiation

— If possible, place a monitor in such a way as &vent the people from having access
from its sides

Strain to the neck-spine

- the placement of the keyboard : if sitting strajghé arms, placed with their palms on the
keyboard, shall be perpendicular at the elbows

- the height of the seat : if the soles are fulladelown on the floor, the legs shall be
perpendicular at the knees

15.1.10 First Aid — traumatology plan

Directions for the first aid after an electricabsk-proceeding of the rescue of afflicted person:

— to extricate afflicted person from the range ot#le current

— to start artificial respiration immediately in cagben afflicted person does not breathe
— to start indirect heart massage if the pulse ipaggable

— to call for a doctor

- to inform the person responsible for a workplace¢svisor)

Extrication of afflicted persofrom the electric circuit under voltage by:

— switching off the current (in laboratories useusip-button switch )

- replacing the conductors (wires) with an appropriain-conductive object
— pulling away the affected person

— breaking the conductor

First aid treatment

— do not move him/her, do not leave the person alone

It is necessary to find out whether the afflictedgon:
— isin the conscious state
— is breathing
— has tangible heartbeat
— isinjured (bleeding, burns, fractured bones etc.)

Cardiopulmonary resuscitation contains:
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Artificial respiration (by mouth — to - mouth methdy T-tube)
Indirect heart massage

Indirect heart massage

put the person onto a hard mat

the rescuer puts his/her left hand across hisiplet hand and by the weight of the whole
body with great force, he/she compresses rhythiyitta rib bones of the affected
person in the direction to the spine to the depth-% cm, approximately 60 times a
minute.

after every five compressions one inhalation by tinda-mouth method follows

15.1.11 Emergency calls

Emergency (universal) 112
Ambulance 155
Fire Brigade 150
Police — emergency 158
Municipal Police 156

15.1.12 Laboratory rules (Example)

All of the activity in laboratory is permitted onifythe teacher is in laboratory.

In laboratory can work only students, who were betbe entrance acquainted with
regulations on treatments with electric equipmet awvare of the possible danger of
electric current. (Decree No. 50/78 Law Code, 83).

Laboratory appliance (within sources) may operalg teacher, or student with
declaratory agreement of teacher.

Students are obliged in case of danger turn off erhergency button mains of electric
energy.

Defect on appliance students must report teachereniately.

When stay and work in laboratory, students aregeblito observe all of the directions of
work security and other teacher instructions.

Students are simultaneously obliged to observetilmes of fire security.

Damages, caused of not observe laboratory ruldéshevsolved according to the valid
law precept.

In laboratory mobiles must be turn off.

In laboratory is prohibited food consummation.



