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National foreword

This British Standard is the UK implementation of EN 50176:2025.
[t supersedes BS EN 50176:2009, which will be withdrawn on 29
February 2028.

The UK participation in its preparation was entrusted to Technical
Committee EXL/31, Equipment for explosive atmospheres.

Alist of organizations represented on this committee can be obtained on
request to its committee manager.

Contractual and legal considerations

This publication has been prepared in good faith, however no
representation, warranty, assurance or undertaking (express or
implied) is or will be made, and no responsibility or liability is or will be
accepted by BSI in relation to the adequacy, accuracy, completeness or
reasonableness of this publication. All and any such responsibility and
liability is expressly disclaimed to the full extent permitted by the law.

This publication is provided as is, and is to be used at the
recipient’s own risk.

The recipient is advised to consider seeking professional guidance with
respect to its use of this publication.

This publication is not intended to constitute a contract. Users are
responsible for its correct application.

This publication has been prepared under a mandate given to the
European Standards Organizations by the European Commission and the
European Free Trade Association. It is intended to support requirements
of the EU legislation detailed in the European Foreword. A European
Annex, usually Annex ZA or ZZ, describes how this publication relates to
that EU legislation.

For the Great Britain market (England, Scotland and Wales), if UK
Government has designated this publication for conformity with UKCA
marking (or similar) legislation, it may contain an additional National
Annex. Where such a National Annex exists, it shows the correlation
between this publication and the relevant UK legislation. If there is no
National Annex of this kind, the relevant Annex ZA or ZZ in the body
of the European text will indicate the relationship to UK regulation
applicable in Great Britain. References to EU legislation may need to be
read in accordance with the UK designation and the applicable UK law.
Further information on designated standards can be found at www.
bsigroup.com/standardsandregulation.

For the Northern Ireland market, UK law will continue to implement
relevant EU law subject to periodic confirmation. Therefore

Annex ZA/ZZ in the European text, and references to EU legislation, are
still valid for this market.

UK Government is responsible for legislation. For information on
legislation and policies relating to that legislation, consult the relevant

pages of www.gov.uk.

© The British Standards Institution 2025
Published by BSI Standards Limited 2025 Documents

ISBN 978 0 539 14185 6 Document Sharing Hub

Full document details: BS EN 50176:2025


http://www.avadocuments.com/doc/bs-en-50176-2025
http://www.avadocuments.com/doc/bs-en-50176-2025

BRITISH STANDARD
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Compliance with a British Standard cannot confer immunity from
legal obligations.

This British Standard was published under the authority of the
Standards Policy and Strategy Committee on 31 March 2025.
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European foreword

This document (EN 50176:2025) has been prepared by CLC/SC 31-8 “Electrostatic painting and finishing

equipment” of CLC/TC 31 “Electrical apparatus for potentially explosive atmospheres”.

The following dates are fixed:

+ latest date by which this document has to be (dop) 2026-02-28
implemented at national level by publication of
an identical national standard or by
endorsement

+ latest date by which the national standards (dow)  2028-02-29
conflicting with this document have to be
withdrawn

This document supersedes EN 50176:2009 and all of its amendments and corrigenda (if any).
The significant technical changes between this document and EN 50176:2009 are given in Annex G, Table G.1.

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent
rights. CENELEC shall not be held responsible for identifying any or all such patent rights.

This document has been prepared under a standardization request addressed to CENELEC by the European
Commission. The Standing Committee of the EFTA States subsequently approves these requests for its
Member States.

For the relationship with EU Legislation, see informative Annexes ZZA and ZZB, which are integral parts of this
document.

Any feedback and questions on this document should be directed to the users’ national committee. A complete
listing of these bodies can be found on the CENELEC website.
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Introduction

During the electrostatic coating process, the ignitable liquid coating material is transported to a spraying device
where it is atomised by mechanical forces and/or by the influence of an electric field. The generated spray cloud
is charged by high voltage of some 10 kV, is attracted by and is applied to the earthed workpiece.

Spray clouds which are not applied to the workpiece (overspray) are removed by a suction device or by other
means.

The coating material is cured at room temperature or by heating.
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1 Scope

1.1  This document specifies the electrical requirements for the design of automatic electrostatic application
systems for liquid coating materials which can be ignited in an atomised state, used within a temperature range
from 5 °C to 40 °C.

This document considers automatic electrostatic application systems for processing ignitable liquid coating
materials, where the conductivity of the complete system is limited up to 50 nS/cm. Together with additional
measures like e.g. potential separation systems, these requirements can also be applied to ignitable liquid
coating materials, where the conductivity of the complete system is limited up to 2 000 uS/cm.

Ignition hazards related to the generated explosive atmosphere and the protection of persons against electric
shock are considered.

1.2 This document specifies

— requirements for an interface to machinery according to EN 16985:2018,

— additional requirements for machinery covered by EN 1953:2025 and EN 12621:2025.

1.3 This document also specifies requirements for a safe operation of electrostatic application systems,
including the electrical installation. The requirements consider both the processing of coating materials and the
cleaning and purge processes.

1.4 This document applies to three types of spraying systems; see 5.1.1.

Spraying systems are classified as equipment of group I, category 2G (for intended use in zone 1 or zone 2) or
category 3G (for intended use in zone 2).

Only electrostatic spraying systems operating with a d.c. sinusoidal ripple of not more than 10 % of the r.m.s.
value are considered.

1.5 For electrostatic application systems used in food and pharmaceutical industry, additional requirements
may apply.

1.6  This document does not apply to
— potential separation systems;

— selection, installation and application of other electrical and non-electrical equipment in areas with explosion
hazard, see EN 60079-14:2014 and EN 16985:2018;

— quality assurance systems for electrostatic spraying equipment (see EN ISO/IEC 80079-34:2020, ZB.11).

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content constitutes
requirements of this document. For dated references, only the edition cited applies.

EN 1149-5:2018, Protective clothing - Electrostatic properties - Part 5: Material performance and design
requirements

EN 1953:2025, Application equipment for coating materials - Safety requirements
EN 12621:2025, Machinery for supply and circulation of liquid coating materials - Safety requirements

EN 16985:2018, Spray booths for organic coating material - Safety requirements
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EN 50050-1:2013, Electrostatic hand-held spraying equipment - Safety requirements - Part 1: Hand-held
spraying equipment for ignitable liquid coating materials

EN 50050-2:2013, Electrostatic hand-held spraying equipment - Safety requirements - Part 2: Hand-held
spraying equipment for ignitable coating powder

EN 50050-3:2013, Electrostatic hand-held spraying equipment - Safety requirements - Part 3: Hand-held
spraying equipment for ignitable flock

EN 50059:2025, Hand-held electrostatic application equipment for non-ignitable liquid coating materials —
Safety requirements

N 50177:2009," Stationary electrostatic application equipment for ignitable coating powders - Safety
requirements

EN 50223:2015, Stationary electrostatic application equipment for ignitable flock material - Safety requirements

N 50348:2010,2 Stationary electrostatic application equipment for non-ignitable liquid coating material - Safety
requirements

EN 60204-1:2018, Safety of machinery - Electrical equipment of machines - Part 1: General requirements
(IEC 60204-1:2016, modified)

N 60529:1991|, Degrees of protection provided by enclosures (IP Code) (IEC 60529:1989)

EN 61340-4-1:2004,% Electrostatics - Part 4-1: Standard test methods for specific applications - Electrical
resistance of floor coverings and installed floors

EN ISO 12100:2010, Safety of machinery - General principles for design - Risk assessment and risk reduction
(ISO 12100:2010)

EN ISO 13849-1:2023, Safety of machinery - Safety-related parts of control systems - Part 1. General principles
for design (ISO 13849-1:2023)

EN ISO 20344:2021, Personal protective equipment - Test methods for footwear (ISO 20344:2021)
IEC 60479-1:2018, Effects of current on human beings and livestock — Part 1. General aspects

3 Terms, definitions and symbols

3.1 Terms and definitions

For the purposes of this document, the following terms and definitions apply.
ISO and IEC maintain terminology databases for use in standardization at the following addresses:

— IS0 Online browsing platform: available at https://www.iso.org/obp

— |EC Electropedia: available https://www.electropedia.org/

" As impacted by EN 50177:2009/A1:2012.
2 As impacted by EN 50348:2010/COR1:2010.
3 As impacted by EN 61340-4-1:2004/A1:2015.
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3141

application system

automatic electrostatic application system in which the spraying device is either fixed stationary (EXAMPLE 1:
on supports) or is guided by reciprocators (EXAMPLE 2: robots) and operated automatically, which in general
comprises the following:

— spraying system;

— fire extinguishing system;

— coating material supply system

3.1.2

spraying system

devices for application of liquid coating material by means of electrostatic charge and generally comprises the
following:

— spraying device;

— high voltage electrode, if applicable;

— high-voltage supply system;

— housing;

— exchangeable attachment parts;

— battery unit (integrated fixedly, or attached), if applicable;

— control system

Note 1 to entry:  The term 'spraying system' is a synonym to the terms 'applicator' of EN 50050-1:2013 and 'application
equipment' of EN 1953:2025.

Note 2 to entry:  The high-voltage supply system can be an integral part of the control system.

313

spraying device

device with outlet opening of coating material for atomising, high-voltage electrode for charging the coating
material and, if applicable, supplying atomising air and horn/shaping air

Note 1 to entry:  Typical designs are nozzles or rotating discs, or bell-shaped devices.

Note 2 to entry:  The high-voltage electrode can be a needle or a solid part which is on high-voltage potential.
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314
high-voltage supply system
system, which in general comprises the following:

— low-voltage section with devices for switching on and off the high-voltage supply system and for adjustment,
control, regulation, limitation and monitoring of current and voltage, as well as the required connecting
cables;

— high-voltage generator;

— high-voltage switching device;

— high-voltage cable;

— high-voltage plug-and-socket connector

3.1.5

control system

device generally having the following functions for adjustment, control, regulating, limitation and monitoring of,
for instance, the spraying system and the high voltage supply system

Note 1 to entry: A combination of the control system and the high voltage supply system according to 3.1.4 is possible.
3.1.6

connecting cable
electric cable connected to the applicator or charging device for coating material

31.7

high voltage electrode

conductive part in the form of a needle or a solid part, which is under high voltage and serves for direct or
indirect charging of the coating material

3.1.8

coating material supply system

system, comprising components for supplying the spraying system with coating material, which in general
comprises the following:

— pressurized or depressurised containers;

— pumps;

— controllers and valves;

— dosing and mixing devices for coating materials;
— ducts and hoses;

— charging device for liquid coating material

3.1.9

earthing system

system for earthing the spraying system permanently
3.1.10

hazardous discharge
discharge which generates the hazard of ignition of explosive mixtures or of electric shock
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3.1.11
workpiece
article to which the coating material is applied

3.1.12
non-ignitable liquid coating materials
substances, especially varnishes which cannot be ignited in sprayed state

Note 1 to entry: A formula for the estimation of ignitability on the basis of the composition of the coating material is given
in Annex F.

3.1.13

ignitable liquid coating materials

sprayed materials, especially varnishes which can be ignited in sprayed state and react in the form of an
explosion

Note 1 to entry: A formula for the estimation of ignitability on the basis of the composition of the coating material is given
in Annex F.

3.1.14

explosive atmosphere

mixture of air, under atmospheric conditions, and ignitable substances in the form of gas, vapour, mist, powder
or flock, in such proportions that it can be ignited by effective ignition sources, such as excessive temperature,
arcs or sparks

Note 1 to entry: See EN 1127-1:2019.

3.1.15

dissipative footwear

footwear that has a resistance to earth via its sole which is low enough to prevent the build-up of electrostatic
charges capable to produce an hazardous discharge

Note 1 to entry: See EN ISO 20344:2021.
Note 2 to entry: A required electric insulating resistance to prevent electric shocks is not contradictory to this definition.

3.1.16

protective clothing

clothing that has a resistance to earth which is low enough to prevent the build-up of electrostatic charges
capable to produce a hazardous discharge

Note 1 to entry: See EN 1149-5:2018.
Note 2 to entry: A required electric insulating resistance to prevent electric shocks is not contradictory to this definition.

3.1.17

dissipative floor

floor that has a resistance to earth which is low enough to prevent the build-up of electrostatic charges capable
of producing an hazardous discharge

3.1.18

constant-voltage mode

closed control circuit system with direct feedback of the actual value of the high voltage to a control system, and
during the mode of which the adjusted high voltage is maintained constant up to the performance limit of the
high-voltage supply system, independent of the variable operational current
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3.1.19

voltage-controlled mode

open control circuit system without feedback of the high voltage, and during the mode of which the high voltage
is adjusted generally at a defined operational current; the high voltage is not maintained constant by a control
system, but it varies depending on the operational current and the on-load behaviour of the high-voltage supply
system

3.1.20

constant-current mode

closed control circuit system with direct feedback of the actual value of the operating current to a control system;
the operational current is maintained constant, and the high voltage varies load-dependently between a
minimum and a maximum value defined by the process

3.1.21

current-controlled mode

closed control circuit system with direct feedback of the actual value of the operating current and the actual
value of the high voltage to a control system; the operating current is controlled, the high voltage varies load-
dependently between a minimum and a maximum value defined by the process

3.1.22
operational current
current which flows within the high-voltage circuit during failure-free operation

3.1.23

overcurrent

current occurring during a malfunction, exceeding the operational current of the high-voltage circuit and giving
rise to expect that in voltage-controlled and constant-voltage operation hazardous discharges or arcs between
high-voltage parts and earthed parts of the plant could occur in case the safety distance drops below the
permissible limit

3.1.24

maximum admissible operating voltage

voltage of the high-voltage circuit giving rise to expect that hazardous discharges or arcs could occur between
high-voltage parts and earthed parts of the plant

3.1.25

minimum voltage

voltage of the high-voltage circuit giving rise to expect that in constant-current mode hazardous discharges or
arcs could occur between high-voltage parts and earthed parts of the plant, in case the safety distance drops
below the permissible limit

3.1.26
lowering or shut off threshold

limit value for current /; or voltage U,;,

3.1.27
locally acting fire extinguishing system
system which protects the hazardous area between spraying system and workpiece / the cleaning device

3.1.28
cleaning device
equipment for outside cleaning of the spraying device

3.1.29

exchangeable attachment parts

nozzles, bells/discs, extensions, angular pieces, electron and ion absorber and discharge electrodes if
applicable
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3.1.30

maximum surface temperature

highest temperature which is attained in service under the most adverse conditions (but within the specified
tolerances) by any part or surface of Ex Equipment

3.1.31

routine test

test to which each individual device is subjected during or after manufacture to ascertain whether it complies
with certain criteria

3.1.32

type test
test of one or more devices made to a certain design to show that the design meets certain specifications

3.2 List of symbols

Upax Maximum output voltage of the high-voltage generator

Imax Maximum output current of the high-voltage generator

I8 tms Body current (r.m.s.) flowing from the hand to both feet

e ®) Peak-current value generated by a discharge provoked from the application system
[it)at Integral of time-dependent current

C Capacitance

u Voltage

Pulse duration in which the peak-current value /¢ ;) is reduced to 5 % of its value
Ue ®) Peak-voltage value of a discharge measured from the oscilloscope

Rshunt Resistance of the shunt in Q

Fer Factor of the current transformer in V/A
Far Factor of the attenuator
lg Overcurrent
Uapp Maximum admissible operating voltage
Unin Minimum voltage
Q Transferred charge
w Energy
4 Hazards

4.1 Explosion hazards

An explosion hazard is present, if

— the concentration of sprayed ignitable liquid coating materials in air is within the explosion limits,
— an ignition source of appropriate energy for this explosive atmosphere is present.
An explosion can be prevented if one condition is avoided. Because it is very difficult to exclude the possibility

of ignitable discharges completely, the focus should be the prevention of ignitable concentrations of explosive
atmosphere.
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NOTE If an explosive mixture of coating materials and air is trapped in a closed room, the damaging effects of an
explosion could be increased due to the increase in pressure.

Electric ignition sources are an electric arc or a spark.

4.2 Electric hazards

Electric shock (by direct or indirect contact) may be generated, for instance, by contact with

— live parts, which are not insulated for operational reasons,
— conductive parts, which are not under hazardous voltage during normal operation, but in case of failure,

— insulated live parts whose insulation is insufficient or has been damaged due to mechanical, thermal,
chemical or other influences

Inadequate earthing may occur, for instance, due to

— faulty connections to the protective earthing system,
— atoo high resistance to earth (e.g. due to contamination by coating materials).
Electrical hazards may occur, for instance, if hazardous malfunctions (e.g. shortcut of electronic safety circuits,

of access guards to hazardous areas or of warning devices) occur due to interferences of the high-voltage
supply system and the components of control and safety systems.

Hazardous electrostatic discharges could be generated, for instance, by non-earthed conductive components
or by large insulating surfaces, especially if they are backed with conductive material.

5 Requirements for application systems
5.1 Requirements for spraying systems depending on the type
511 General

Depending on the hazards that can occur, spraying systems are categorized in three types according to Table 1.

Table 1 — Spraying systems for ignitable liquid coating materials — Fields of application

Types Hazard by ignitable | Hazard by electric shock | Related to areas
(“L” for liquid coating discharge of Figure 1
materials)
L-1 No No |
L-2 Yes No |
L-3 Yes Yes Ilorlll

NOTE 1 Hazards listed in the table are adequately prevented by applying this standard.

NOTE 2  The type L-1 can be compared to the type A-L, the type L-2 to the type B-L, Type L-3 corresponds
to the types C-L and D-L of EN 50176:2009.

The requirements related to the different types are listed in Table 2.
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Table 2 — Requirements for spraying systems depending on the type

Types Requirements of the cited clause
5.1.2 5.1.3 5.1.4 515 | 5.1.6.1 | 5.1.6.2
L-1 yes no yesd no no no
L-2 no yes yes yes yes no
L-3 no yes yes yes no yes

a fulfilled by design and construction.

5.1.2 Requirements for ignition protection

Spraying systems shall be designed and constructed to ensure

— a maximum transferred charge Q < 60 nC generated by parts of conductive or dissipative materials (e.g.
electrodes), and

— amaximum transferred charge Q < 90 nC generated by parts of insulating materials (e.g. housings) or

— amaximum discharge energy W < 0,24 mJ generated by parts of all types of materials.

NOTE For further information see CLC/TR 60079-32-1:2018 [8] and [20].

5.1.3 Prevention of hazardous discharges

5.1.31 General

Hazardous discharges shall be prevented by

— measures according to 5.1.3.2 for constant-voltage or voltage-controlled operating mode

or

— measures according to 5.1.3.3 for constant-current or current-controlled operating mode.

For category 3G devices, a hazardous discharge shall be prevented during normal operation. For this reason,
measures of 5.1.3.2 or 5.1.3.3 shall avoid hazardous discharges after the first discharge.

For category 2G devices, a hazardous discharge shall be prevented during normal operation and in fault
conditions (e.g. failure of disconnection). Measures of 5.1.3.2 or 5.1.3.3 shall avoid any hazardous discharge in
the test procedure according to Annex E.

5.1.3.2 Constant-voltage mode and voltage-controlled mode

For constant-voltage mode and voltage-controlled mode, a hazardous discharge is prevented by lowering or
shut off the high voltage in case of overcurrent /;;.

The threshold value shall be defined with consideration of the operational and local conditions and shall be
monitored automatically.

NOTE In general, an overcurrent /; for operational currents of less than 200 pA up to 200 % or for operational currents
of more than 200 pA up to 150 % is suitable.

If the threshold value /; is set too high, a hazardous discharge between parts under high voltage and earthed

parts could occur. This should be of special consideration in case of series connexion of high impedance
resistance within the high-voltage circuit.
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