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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

This document is a type-C standard as stated in ISO 12100:2010.

This document is of relevance, in particular, for the following stakeholder groups representing the
market players with regard to machinery safety:

— machine manufacturers (small, medium and large enterprises);

— health and safety bodies (regulators, accident prevention organisations, market surveillance etc.)

The above-mentioned stakeholder groups have been given the p@ssibility to participate at
process of this document.

The machinery concerned and the extent to which hazards,*hazardous situations or hazar
are covered are indicated in the Scope of this document;

Wheh requirements of this type-C standard are different from those which are stated |§
B standards, the requirements of this type<G standard take precedence over the requirements of
ther standards for machines that have been designed and built according to the requirements of

type
the d
this

In ad
desig

The
mach

This

gervice providers, e. g. for maintenance (small, medium and large enterprises);

achine users/employers (small, medium and large enterprises);

ment by the

achine users/employees (e.g. trade unions, organizations for people withSpecial needls);

onsumers (in case of machinery intended for use by consumers).

ype-C standard.

|dition, electrical discharge machining (EDM) equipment and EDM systems are int

requirements of this document concern designers, manufacturers, suppliers and i
lines described in the“Scope.
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Machine tools — Safety — Electrical discharge machines

1 Scope

This document specifies safety requirements and/or protective measures applicable to EDM equipment
and EDM systems intended to be adopted by persons undertaking their design, construction, installation
and/or supply, such as:
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2

Nornrative references

anually controlled EDM die sinking or EDM drilling machines;
umerically controlled EDM die sinking or EDM drilling machines; and
umerically controlled EDM wire cutting machines.
document also includes information to be provided by the manufacturer to the user.
document is not applicable to arc eroding and electro-chemical machining equipment.

document takes account of the precondition of the intémded use as well as the
eeable misuse, in normal workshop environments and“won-explosive atmospherg
portation, installation, setting, maintenance, repair and dismantling for removal of
equipment and EDM systems.

document is also applicable to auxiliary devices<essential for EDM processing.

document deals with all significant hazards; hazardous situations or hazardous eve
M equipment and EDM systems, where they are used as intended and under conditio
h are reasonably foreseeable by the manufacturer (see Clause 4).

document is intended to apply terxmachines manufactured after the date of publicy

h requirements of this type=C standard are different from those which are stated in
lards, the requirements of this type-C standard take precedence over the requiremsg
lards for machines thiat have been designed and built according to the requirements o
lard.

document defings required performance level and safety categories of the safety-reld
ontrol system for EDM equipment and EDM systems as defined in ISO 13849-1:2015.

reasonably
s, including
disposal of

nts relevant

hs of misuse

htion of this

'ype-A or -B
nts of other
[ this type-C

ted parts of

The

eir content

tHorc> o re— oot

constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

[SO 3746:2010, Acoustics — Determination of sound power levels and sound energy levels of noise sources
using sound pressure — Survey method using an enveloping measurement surface over a reflecting plane

ISO 4413:2010, Hydraulic fluid power — General rules and safety requirements for systems and their
components

ISO 4414:2010, Pneumatic fluid power — General rules and safety requirements for systems and their
components

ISO 4871:1996, Acoustics — Declaration and verification of noise emission values of machinery and
equipment
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ISO 7010:2019/Amd.2:2020, Graphical symbols — Safety colours and safety signs — Registered safety
signs/ — Amendment 2

ISO 9355-1:1999, Ergonomic requirements for the design of displays and control actuators — Part 1:
Human interactions with displays and control actuators

ISO 9355-3:2006, Ergonomic requirements for the design of displays and control actuators — Part 3:
Control actuators

ISO 11201:2010, Acoustics — Noise emitted by machinery and equipment — Determination of emission
sound pressure levels at a work station and at other specified positions in an essentially free field over a

reflecting p[qnp with npgligihlp environmental corrections

ISO 11202:4010, Acoustics — Noise emitted by machinery and equipment — Determination of émission
sound pressyre levels at a work station and at other specified positions applying approximate environmental
corrections

ISO 11202:2010/Amd.1:2020, Acoustics — Noise emitted by machinery and equipment = Determinpution
of emission jound pressure levels at a work station and at other specified positions-applying approximate
environmental corrections/ — Amendment 1

ISO/TR 11688-1:1995, Acoustics — Recommended practice for the designf low-noise machinery and
equipment -+ Part 1: Planning

IS0 12100:20010, Safety of machinery — General principles for design—<Risk assessment and risk redujction
ISO 13849-1:2015, Safety of machinery — Safety-related parts of control systems — Part 1: Geperal
principles fof design

[SO 13849-4:2012, Safety of machinery — Safety-related parts of control systems — Part 2: Validatiop

ISO 13850:2015, Safety of machinery — Emergency stop function — Principles for design

ISO 13854:2017, Safety of machinery — Minimum gaps to avoid crushing of parts of the human body

ISO 13855:2010, Safety of machinery — Positioning of safeguards with respect to the approach spedds of
parts of the human body

ISO 13857:2019, Safety of machinery + Safety distances to prevent hazard zones being reached by ypper
and lower limbs

ISO 14118:2P17, Safety of mdehinery — Prevention of unexpected start-up

ISO 14119:2013, Safety. of machinery — Interlocking devices associated with guards — Principlgs for
design and sglection

1SO 14120:2P15; Safety of machinery — Guards — General requirements for the design and construction of
fixed and mqvable guards

[SO 14122-1:2016, Safety of machinery — Permanent means of access to machinery — Part 1: Choice of

fixed means

and general requirements of access

ISO 14122-2:2016, Safety of machinery — Permanent means of access to machinery — Part 2: Working
platforms and walkways

ISO 14122-3:2016, Safety of machinery — Permanent means of access to machinery — Part 3: Stairs,
stepladders and guard-rails

ISO 14123-1:2015, Safety of machinery — Reduction of risks to health resulting from hazardous substances
emitted by machinery — Part 1: Principles and specifications for machinery manufacturers

[EC 60204-1:2016, Safety of machinery — Electrical equipment of machines — Part 1: General requirements
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IEC 60529:1989/AMD2:2013/COR:2019, Degrees of protection provided by enclosures (IP Code)

[EC 60947-5-1:2016, Low-voltage switchgear and controlgear — Part 5-1: Control circuit devices and
switching elements — Electromechanical control circuit devices (RLV Redline version)

[EC 61000-6-2:2016, Electromagnetic compatibility (EMC) — Part 6-2: Generic standards — Immunity for
industrial environments

IEC 61000-6-4:2018, Electromagnetic compatibility (EMC) — Part 6-4: Generic standards — Emission
standard for industrial environments

IEC 61310-1:2007, Safety of machinery — Indication, marking and actuation — Part 1: Requirements for

visud|l, acoustic and tactile signals

IEC 61310-2:2007, Safety of machinery — Indication, marking and actuation — Part 2 Requirements for
marKing

IEC 61558-1:2017, Safety of power transformers, power supplies, reactors and similar produdts — Part 1:
Genefal requirements and tests

IEC 61800-5-2:2007, Adjustable speed electrical power drive systems —Part 5-2: Safety requirements —
Functional

IEC §2226-1:2005, Exposure to electric or magnetic fields in thedow and intermediate frequepcy range —
Methods for calculating the current density and internal electriefield induced in the human body — Part 1:
Genefal

IEC 42226-2-1:2005, Exposure to electric or magnetic fields in the low and intermediate frequepcy range —
Methods for calculating the current density and internal electric field induced in the human |body— Part
2-1: Exposure to magnetic fields — 2D models

IEC §2226-3-1:2007/A1:2017, Exposure to electyic or magnetic fields in the low and intermedidte frequency
range — Methods for calculating the curyent density and internal electric field induced in the human
body|— Part 3-1: Exposure to electric fields — Analytical and 2D numerical models

IEC §2311:2020, Assessment of electronic and electrical equipment related to human exposurg restrictions
for electromagnetic fields (0 Hz <5390 GHz)

EN 211992, Classification of fires

EN 5§-1:2021, Fire detection and fire alarm systems — Part 1: Introduction

EN 6[14-1:2006+A1:2009, Safety of machinery — Ergonomic design principles — Part 1: Terminology and
general principles

EN 414-2:2000+A1:2008, Safety of machinery — Ergonomic design principles — Part 2:|Interactions

betw

eendthe design of machinery and work tasks

EN 12498 1ZGGCTA12008, Sufcf_y uf luuu’u.ut:l_y Assessnrent—atrd—reduction uf Fisks urising from
radiation emitted by machinery — Part 1: General principles

EN 12198-2:2002+A1:2008, Safety of machinery — Assessment and reduction of risks arising from
radiation emitted by machinery — Part 2: Radiation emission measurement procedures

EN 12198-3:2002+A1:2008, Safety of machinery — Assessment and reduction of risks arising from
radiation emitted by machinery — Part 3: Reduction of radiation by attenuation or screening

EN 55011:2016, Industrial, scientific and medical equipment — Radio-frequency disturbance
characteristics — Limits and methods of measurement
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:2022(E)

and definitions

For the purposes of this document, the terms and definitions given in ISO 12100:2010 and

ISO 13849-1
ISO and IEC

3.1

:2015 and the following apply.

maintain terminology databases for use in standardization at the following addresses:

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

IEC Electropedia: available at https://www.electropedia.org/

electrical discharge machining

EDM
any machini

3.2

EDM proce:
removal of
randomly d
in the disch

Note 1 to ent

3.3
EDM equip}
machine tod

EXAMPLE

34

EDM systen
assembly of
controlled t

3.5
EDM die sir

ng process based on spark erosion

5S

material in dielectric fluid by electrical discharges, which are separated in time
stributed in space, between two electrically conductive electrodes,;and where the er
irge is controlled

Fy: The two electrically conductive electrodes are the tool electro@e and the workpiece electrd

ment
1 that includes all the necessary units for the processof EDM (3.1)

Generator (3.20), control circuits (3.8) and dielectric fluid container (3.17).

n
EDM equipment (3.3) and other machines or devices, which are arranged, linked
b function as an integrated whole

 king

removal of material by spark erosion;with a formed or bar-shape electrode to produce various sH

in the workj
Note 1 to ent

3.6

EDM drillin

removal of ]

3.7

hiece

Fy: Shapes in the workpiece can be concave, convex and prismatic holes.

8
haterial'by/spark erosion with a tubular electrode to produce straight holes in the work

and
ergy

de.

and

apes

biece

EDM wire ¢

utting

removal of material by spark erosion with a wire electrode to produce prismatic shapes in the workpiece

3.8

control circuit
<machine> circuit used for the control, including monitoring, of the machine

Note 1 to entry: For electrical equipment, see IEC 60204-1:2016, 3.1.10.

3.9
machine co

ntrol system

control system
system that responds to input signals from parts of machine elements, operators, external control
equipment or any combination of these, and generates output signals causing a machine to behave in
the intended manner, as specified in ISO 13849-1:2015, 3.1.32

4

© IS0 2022 - All rights reserved
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3.10

numerical control

NC

computerized numerical control

CNC

automatic control of a process performed by a device, which makes use of numerical data introduced
while the operation is in progress

[SOURCE: ISO 2806:1994, 2.1.1, 2.1.22]
3.11

electroniehandwheel
manfially operated control device that initiates and maintains an axis movement by puls¢ generation
inpuf to the numerical control (3.10) during its rotation

3.12
enabling device
additional manually operated device used in conjunction with a start ©ontrol and which, where
contjnuously actuated, allows a machine to function

[SOURCE: ISO 12100:2010, 3.28.2]

3.13
holdfto-run control device
contfol device that initiates and maintains hazardous machine functions only as long as|the manual
contfol (actuator) is actuated

[SOURCE: ISO 12100:2010, 3.28.3]

3.14
dielectric fluid
<EDM process> non-conductive medium to‘improve the discharge effect, evacuate debris and cool the
worHlpiece/electrode

3.15
flammable dielectric fluid
dielegtric fluid (3.14) used in EDM (3.1), characterized by its relative ease of ignition and relative ability
to sustain combustion

3.16
flash point
minimum temperature at which the dielectric fluid (3.14) used in the sinking EDM (3{1) gives off
suffifient combiistible gas or vapour to ignite and sustain combustion

3.17
dielgctricfluid container
tank|syStem to keep the dielectric fluid (3.14) in a condition suitable for EDM (3.1)

EXAMPLE Filtering and cooling.

3.18

work tank

<EDM equipment> unit surrounding the work area (3.19) to contain the dielectric fluid (3.14) for EDM
processes (3.2)

3.19

work area

<EDM equipment> space within the envelope of the machine where the EDM process (3.2) can take place
(inside and around the work tank (3.18))

© IS0 2022 - All rights reserved 5
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3.20
generator

:2022(E)

unit to convert the electrical power supplied to the EDM equipment (3.3) and EDM system (3.4) for the
purpose of being used for spark erosion processing

3.21

electrical machining power
electrical power supplied to the EDM equipment (3.3) and EDM system (3.4) transformed by the generator
(3.20) in specific electric energy, supplied as a tool to the sinker/wire electrode and the workpiece, to
perform machining by electro-thermal material removal

3.22

electrode changer

<EDM equigment> mechanism integrated with the machine to supply an electrode to the machine, in
exchange for another electrode

Note 1 to entfy: The changing device is expected to enable an operator to load/unload electrodes from outsfide of
the work are.

3.23

workpiece thanger

<EDM equipment> mechanism forming part of the machine to supply a‘workpiece or pallet tp the
machine, in pxchange for another workpiece or pallet

Note 1 to enfry: The workpiece changer/pallet changer is designed to\enable an operator to load/unload the
workpiece or|pallet to the magazine from outside of the work area (3.19).

3.24

operating mode

possible mofle for use of the machine

3.24.1

automatic mode

MO 1: Automatic

mode for use under numerical control (3.10) to achieve programmed sequential operation with the
guards clos¢d, until stopped by a progranror an operator

Note 1 to entfy: This term is equivalent to machining mode.

Note 2 to enfry: For machinery Having automatic setting programs, such operations are considered automatic
mode.

3.24.2

setting modle

MO 2: Setting

mode for uge without electrical machining power (3.21), for operations in which adjustments fof the
subsequent machining are performed by the operator

Note 1 to entry: Measuring cycles (e.g. touching of the workpiece with a probe or electrode), checking the
movement of the workpiece and/or electrode using the electrode and/or workpiece changer (3.23), checking/
optimizing the injection or suction flushing, a dry run for checking the NC program, etc. are procedures forming
part of the setting mode (see 5.3.2.2).

3.24.3

discharge alignment mode

MO 3: Manual intervention

mode for use for specific alignment with the electrical discharge on and with the guards of EDM
equipment (3.3) temporarily open and alternative safety measures activated

EXAMPLE Exhaust air extraction adjustment, vertical wire alignment, dielectric fluid (3.14) flushing
adjustment and visual machining inspection.

© IS0 2022 - All rights reserved
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3.24.4

service mode

MO service

mode for service and maintenance tasks

Note 1 to entry: In MO service, the machining of a workpiece is not allowed.
EXAMPLE Axis calibration, for example, by laser, generator (3.20) calibration, repeatability test.

3.25

performance level
PL

discijete level used to specify the ability of safety-related parts of control systems (3.9))tp perform a
safetly function under reasonably foreseeable conditions

[SOURCE: ISO 13849-1:2015, 3.9]

3.26
electro-magnetic compatibility
EMC
ability of EDM equipment (3.3) and EDM systems (3.4) to function satisfactorily in their electfo-magnetic
environment without introducing intolerable electro-magnetic disturbances to anytling in that
envifonment

3.27
shielding
mechanical barrier or enclosure of conductive materialdntended to attenuate the emission/penetration
of a yarying electro-magnetic field into an assigned region

4 List of significant hazards

This|clause lists all the significant hazards, hazardous situations and events, as far as thiey are dealt
with|in this document, identified by riskassessment as significant for this type of machinerj, and which
requjre action to eliminate or reduce the risk.

The manufacturer shall perform a risk assessment to ensure that any other risk (not covered in this
clauge) is considered.

NOTE1  The purpose ofrisk assessment is to identify hazards, and to estimate and evaluate risk fo be reduced
and tp transfer the remaining risk to the user (see Clause 6). There are many methods and tools avajilable for this
purpgse and severaléarne described in this document. The method or tool chosen is largely a matter of industry,
company or persondlpreference. The choice of a specific method or tool is less important than the process itself.
The Qenefits ofrisk assessment come from the discipline of the process rather than the precision ¢f the results:
as long as a systématic approach is taken to get from hazard identification to risk reduction, all the elements of
risk gre cofisidered (see ISO/TR 14121-2:2012).

The listof hazards given in Table 1 is the result of a risk assessment carried out for all EDM equipment
covered by this document. The technical measures and information for use in Clauses 5 and 6 are based
on the risk assessment and deal with the identified hazards by either eliminating them or reducing the
effects of the risks they generate.

NOTE 2  The designer’s attention is focused on hazards which can occur during the life of the machine. The risk
assessment assumes risks to both the operator(s) and other person(s) who can have access to the hazard zone(s)
for conditions of intended use, including reasonably foreseeable misuse of the machine (see ISO 12100:2010,
3.23 and 3.24) for both spark erosion with automatic mode and operations requiring intervention (e.g. setting,
maintenance and repair).

The significant hazards covered by this document are listed in Table 1.

Particular attention is paid to hazards dealing with:

— electrical hazards (electrode voltage);

©1S0 2022 - All rights reserved 7
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sludges);

and [EC 61000-6-4:2018 EMC for emission.

NOTE 3

flammable dielectric fluid (level, temperature, fire detection);

hazardous substances (included in waste disposal, used filters, used dielectric fluid, electrodes and

electro-magnetic emissions (radiated and conducted); see IEC 61000-6-2:2016 EMC for immunity

The general word electrode is used on the document to reference the work tool of the machine. This

is the name for the work tool in EDM die sinking and EDM drilling machines, in EDM wire cutting machines the
work tool is named wire.

Table 1|— List of significant hazards and major sources of these hazards associated with
electrical discharge machines
No.2 Hazard type Hazardous situation Activity Danger zone Referel ¢
' action to Table 3
1 Medhanical hazards
Accgleration, de-
celefation (kinetic
enelgy of elements | Movements of machine ele- . - )
1.1 in cgntrolled or un- |ments, failure of the control Settlng,. machining At.and gear the ma A1,A2,A3 A8
. L and maintenance chine
confrolled motion): |circuit
beirlg run over,
imphct
1.2.1 Workpiece clamping Loadllng./unloadlng, Betwe(-en clamps and A1, A2, A3
reorienting workpiece
. . . Power-operated,
Cutting parts, sharp |1.2.2 Automatic _workplece/ workpiegeMlectrode E_nvelope of work- |a1,A2,A3
1.2 edgés: crushingand |electrode changing piece/electrode motion
; change
shegring
1.2.3 Moving parts (e.g. Manual operation, Between workpiece/
axes, rolling elements), fail- || workpiece/electrode |electrode and machine |A1, A2, A3, B4
ure of the control circuit change parts
Manual or automatic werk- Manual or power-op-
Moving and/or piece/electrode changing, erated worli iece/ P~ | Between workpiece/
1.3 rotating elements: spindle rotation and wire plec electrode and machine |A1, A2, A3, B4
: ) electrode changing
entgnglement rollers rotationsfailure of . . parts
22NN and spindle rotation
the control circuit
Hydraulic/preumatic
High pressure: fluid |systenis ejection, leakage, Setting, machining |At and near the ma-
1.4 A - . . . . A4
injegtion or ejection |flushifig and residual pres- |and maintenance chine
stre
Roubh. slipper Work tanks where
p1, SUIpPery Ejection or spillage of fluids . whole-body access is
surfpce: slipping, . s During and after . g
15 . ; and lubricants, trailing 2 . |possible, slippery floor
. tripping and falling machining and main- - . A6
floor-mounted or loose con- and high working po-
of pgrsons (felated . tenance -
; nection cables sitions, area surround-
to nachinery) . :
ing the machine
Losg ofstability:
— unbalanced
machine or
parts
— inappropriately ) Machine assembly,
1 fixed part of Imp:;lqt, trapplnlg anql/or transportation, At and near the ma- A
-6 machine crusaing by inc ination and/ installation and com- |chine 2
or falling of machine PR
) ) missioning
— lifted machine
or parts by
crane
— transportation
with overload

a  Thislistis derived from ISO 12100:2010, Table B.1.
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Table 1 (continued)
Hazardous situation - Reference
a
No. Hazard type action Activity Danger zone to Table 3
2 Electrical hazards
Live parts (dlre.ct Contact with workpiece/
contact): electrical . . Process control, .
electrode, wire/wire-path : . Workpiece, electrode,
2.1 shocks to persons, . setting and mainte- R B1, B2
. and contact with unprotect- tooling fixture
effect on medical Lo nance
. ed circuits
implants, shock
Parts that become
live under fault At andnoeqartho ma
conditions (indirect |[Contactwith parts of the Maintenance and ser- chine. insulation of
2.2 contact): electro- machine which are notlive |vice on the generator electr,ical cables and H1, B3
cution of persons, during normal operation and/or the machine equipment
effect on medical aup
implants, shock
3 Thermal hazards (not relevant to EDM)
Noise hazards
Manufacturing pro-
cess (fluid pumps,
ﬁllovlggtzn‘%g;tr]?;at- Emission of hazardous noise SDel}EEgg Ocrl):;iﬁlon' At and in the vicinity
41 &P ; & |from the EDM equipment or Hng, & of the machine orthe |(1
pneumatics): hearing|. o - maintenance and o .
d its auxiliary devices . o d auxiliary devices
amage/loss or repair activjties
other physiological
disturbances
5 Vibration hazards (not relevant to EDM)
Radiation hazards
Electro-magnetic
radiation: effect on In the vicinity of the
failure of safety-re- |Hazardous radiation imnie- |During operation of . y o
6.1 . . . machine or the auxilia- |H4, B5, B6
lated parts of the diately near the workarea |machine and setting .
A ry devices
control circuit and
medical implants
7 Materials/substances hazards
Contact with or inha- | Conditiots near the ma- During the EDM pro-
71 lation of harmful chine caused by ejection of |cess, setting, mainte- |At and near the ma- 01 to D4
’ fluids, gases, mists |dielectric fluid, droplets or [nance and disposal of | chine
and dust evaporation, mists, etc. the machine
Fire hazard originated by
flammable gas bubbles or
mist generation, long-last-
. . ing arcing condition, loss of |During the EDM In the work tank, the
7.2 Fire or explosion . - . work area and near the |[}4 to D12
dielectric fluid, fault of elec- |process machine
trical or hydraulic power
supply, failure of the control
circuit, etc.
8 Ergonomic hazards
Ergonomic hazards includ- |Duringloading
Specific require- ing unhealthy posture and/ |and unloading of
8.1 ments resulting from | or excessive effort including |electrode or work- At operator's position |F1
‘ neglect of ergonomic |the design of machines in piece on the EDM P p
principles accordance with ergonomic |equipment and EDM
principles system
9 Hazards associated with the environment in which the machine is used
. Malfunction of the machine
Electro-magnetic . . . L
. . itself or electrical equip- Machine in oper- . s
disturbances: ex- . . At and in the vicinity of
9.1 . ment due to electro-magnet- |ation, setting and . B4
ternal influenceson |. 7. . . the machine
. . ic disturbances, failure of maintenance
electrical equipment o
the control circuit
a  Thislistis derived from ISO 12100:2010, Table B.1.
©1S0 2022 - All rights reserved 9
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Table 1 (continued)

Hazardous situation Reference

] .
No. Hazard type action Activity Danger zone to Table 3

10 Combination of hazards

Malfunction resulting from
power loss on the machine
Failure of the exter- |itself and/or electrical/

nal power supply pneumatic equipment, L At the machine and all
10.1 and restoration of powered clamping failures ﬁ;jﬁ&‘gtles atthe moving elements of the |E1, E2, E3
the energy supply and machine elements mov- machine

after an interruption |ing and/or rotating under

racidual forcac (0 g inartia
A\ = 7

gravity)

a  Thislistis derived from ISO 12100:2010, Table B.1.

5 Safetylrequirements and/or protective measures

5.1 General requirements

EDM equiplnent and EDM systems shall comply with the safety requirements and/or protective
measures and be verified in accordance with this clause. In addition, thé-equipment and systems|shall
be designed in accordance with the principles of ISO 12100:2010-for relevant, but not significant,
hazards, which are not dealt with by this document.

An analysig of failure of machine components, including failure in the control system(s), is|part
of the risk| assessment and guidance on this subject isCgiven in ISO 13849-1:2015. Therg¢fore,
reliability requirements for safety functions are defined\a$ performance levels in accordance [with
ISO 13849-1:2015 (see 5.2).

5.2 Safety-related parts of control systems for EDM equipment and EDM systems

a) Safety-nelated hardware and software: forthe purposes of this document, the safety-related parts
of the control system are the parts of acontrol system which respond to safety-related input signals
and generate safety-related output'signals. The safety-related parts of a control system start gt the
point where the safety-related jnput signals are initiated (including, for example, the actuator and
the actyating system of the position switch) and end at the output of the power control elenpents
(includipg, for example, the:mdin contacts of a contactor). Safety functions of control systems|shall
be implpmented using safety-related parts designed, constructed and applied in accordance[with
ISO 13849-1:2015. If thesafety function, when activated, initiates a category 2 stop in accordance
with IEC 60204-1:2016, 9.2.2, an automatic monitoring of the category 2 stop is required to pr¢vent
unexpe¢ted start=up or axis movement in accordance with ISO 14118:2017.

b) Safety flunctions: safety-related parts of control systems implementing the safety functions |shall

meet therequirements for the performance level and category of ISO 13849-1:2015, as listed in
Table 2 1{See Annex A Eigure A5}

oFT
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Table 2 — Required performance level (PL ) of safety-related parts of the control system
for EDM equipment and EDM systems

. Required
Subclause in
Safety functions this performance Reference
document level, PL,. to Table 3
ISO 13849-1:2015

— Movemept control by means of hold-to-run control device or 5322 PL b A3

electronic handwheel r
— Movement control with safely monitored reduced speed 5.3.2.2 PL.c A3
— Infilj,lf.-ikjng function of movable guards of tool changer/ 5322 Cat.3,PL. ¢ A1, A2, A3, B2
— Pafe operating stop (SOS) function in accordance with

EC 61800-5-2:2007 241 Cat.2,PL c &
—  Ptart, stop and automatic restart function of machining 541 PL.b E3
— nte'rlocking function of movable guards of the EDM|, Cat.3,PL.c A1,A2| A3, B2

Pquipment r
— Movement control and/or electrical machining power|5.3.2.2

control by means of enabling device 5.3.2.3 Cat. 3, Flyc A3
—  [Fime limit function for discharge alignment mode 5.3.2.3 PL, ¢ Al,A2| A3, B2
— Mode selection function 5.3.1 PL. c
— Emergency stop function 5.4.2 Cat.3,PL.c

. . . 5.3.2:

— Enabling device function 53203 Cat.3,PL.c A3
— M.onltorllng fgnctlon of level and temperature of flammable | PL ¢ D6, D7| D8

fielectric fluid r
—  Fire detection function b PL.c D10
a Ihterlocking function of movable guards, electro-sensitive protective equipment (ESPE) or other safety equijpment of EDM
equipment with hazardous movements and voltage applied to electrodes >25 V-a.c. or >60 V-d.c. (using a safety source in dccordance with
IEC 61558-1:2017).
b he fire detection device is a protective measurg, complementary to the level and temperature monitoring of flamnable dielectric
fluid, o prevent ignition due to human error.
The function of safety-related parts, as specified above, shall be validated by examinatipn of circuit
diagfams and practical checks/(see ISO 13849-2:2012).
5.3 | Operating modes
5.3.1 Operatingmode selection
The selectionof'the operating mode shall be carried out either using a key switch or equivplent means
(e.g. access€ade), which restrict the use of certain modes to certain operators (see 6.3.3). Mgde selection
shallf be permitted only from outside the work area and shall not initiate start-up. The indication of
the delected operating mode shall be provided (e.g. the position of the selector, the proyvision of an
indicattmgt i i indtcati is active at

any one time in accordance with ISO 12100:2010, 6.2.11.10, and IEC 60204-1:2016, 9.2.3.5.

5.3.2 Protective measures relating to operating modes

5.3.2.1 Automatic mode (MO 1: Automatic)

Before starting automatic operation, the mode selector shall be in the automatic mode position, the
guard shall be closed, and other safety devices shall be in protective conditions (e.g. guard lock and fire
detection device ready where flammable dielectric fluids are used).

Movements only associated with loading/unloading of tools/workpieces in Automatic mode with
guards open shall be possible with specific requirements stated in 5.3.2.2.

© IS0 2022 - All rights reserved
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5.3.2.2 Setting mode (MO 2: Setting)

In the setting mode, voltage applied to electrodes, which can be touched, shall be limited to <25 V a.c.
or <60 V d.c., in accordance with IEC 60204-1:2016, 6.4.1 (using a safety source in accordance with

IEC 61558-1

:2017).

The axis movement speed shall be monitored for setting operations (e.g. measuring cycles by touching
the workpiece with a probe or electrode, checking the movement of the workpiece and/or electrode
using the electrode changer and/or workpiece changer, checking/optimizing the injection or suction
flushing and performing a dry run to check the NC program).

With the guarr‘c open, the axis cpppﬂ shall not exceed 2 m/min and-shall he maonitored (cnp Table 2)

The axis mo|

(hand-d
(hand-g

electrof

For movemse
shall be ava
entering wit

hold-to-

electrof

means
device).

The stop rd
accordance
shall be mai

For rotating
hand-operat

vement shall be controlled through:

perated) hold-to-run control, or

perated) enabling device, together with a start button, or
lic handwheel.

nts with axis speed >2 m/min and <15 m/min and the guards opén, protective meas
ilable to prevent the operator or other persons having access te'the EDM equipment,
h the upper limbs in the work area by:

run control device in conjunction with an enabling device (see Table 2), or

1ic handwheel, together with an enabling device (see“Table 2), or

0 prevent reaching the hazard zone (e.g. lighticurtain, laser scanner, two-hand co

sulting from the release of the enabling device shall be safe operating stop (SO
Wwith IEC 61800-5-2:2007, 4.2.3.1. The minimum distance in accordance with ISO 13855:

ntained.

axes with speed up to 50 rpm and guards open, the rotation shall be possible only w
ed enabling device.

In setting mode, axis speed >15 m/min and rotating speed >50 rpm are not permitted.

5.3.2.3 Di

Use of the E
the exhaust|

scharge alignment-mode (MO 3: Manual intervention)

PM equipmeftfor specific alignment operation (e.g. vertical wire alignment, adjustmg
air extraction, dielectric fluid flushing adjustment and visual machining inspection)

ures
from

ntrol

5) in
2010

ith a

nt of
with

the guards ppen andwoltage applied to electrodes between 60 V d.c. and 350 V d.c. or 25 V a.c} and

100 V a.c. shall bg possible with the following safety measures only.

a) Discharge_alignment mode during the automatic mode (Manual intervention during automatic
operation):

close the guards and set the key switch to automatic mode;

press the start button to start the automatic operation;

set the key switch to discharge alignment mode to activate the maximum time of 5 min and

visual and audible alarm signal (after this time, the discharge alignment mode is automatically
quitted);

alignment mode. Stop all machining operation when the button is released;

12

press the button of the one-hand operation-enabling device and keep it pressed during discharge
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open the guards to operate the discharge alignment operations (adjustment of the exhaust air
extraction, dielectric fluid flushing adjustment and visual machining inspection, etc.);

after a maximum of 5 min, the machine operation shall stop and the visual and audible alarm
signal deactivated. To continue the stopped automatic operation, close the guards, turn the key
switch back to automatic mode and press the start button again;

if, after closing the guards, the key switch is set back to automatic mode before the 5 min elapse,
the automatic operation shall continue without interruption;

in case of discharge alignment mode on EDM equipment using flammable dielectric fluid, keep
the fire detection function activated to stop electrical dlcr‘hqrcp in case of fire i ignition.

b) 1

Discharge alignment mode during the setting mode:

setthe key switchto discharge alignment mode to activate the maximum time.6f 5 mjn and visual
and audible alarm signal. After this time, the discharge alignment modetshall be afitomatically
stopped;

press the button of the one-hand operation-enabling device and kéep it pressed during discharge
alignment mode;

perform the discharge alignment operation (e.g. vertical wire alignment, adjustment of the
exhaust air extraction, dielectric fluid flushing adjustment and visual machining ingpection) by
tilting or feeding;

release the enabling device after alignment operation;

after a maximum of 5 min, the discharge alighment mode shall be automatically $topped, the
visual and audible alarm signal deactivated, and all operations shall be ignored by the control
system,;

to continue the setting operation,turn the key switch back to setting mode;

in case of discharge alignmefitmode on EDM equipment using flammable dielectrilc fluid, keep
the fire detection function activated to stop electrical discharge in case of fire ignifion.

In the information for use, provide information about the necessity of the operator to have¢ knowledge

and
work

5.3.2
If M(

MO {
by th

trou

4 Service mode (MO Service)

Serviceis provided the following rules shall be applied.

nstruction on the specific electrical hazard; for this reason, a relevant written auth¢rization for
ing with live electrical/parts shall be available (see 6.3.2.2).

ervice-shall only be provided for service staff, trained in accordance with the information given
le-instruction's manual (see 6.3). This mode of operation is intended for service tagks, such as
ﬂpchnm’ing, calibration measurement, dingnncfir and rhprking of machine functions

a) General:

1) The selection of MO service shall be carried out either using a key switch or equivalent means

(e.g. access code), which restrict the use to service staff, trained and authorized by the machine
manufacturer. As long as the MO service is selected, no other mode of operation shall be
selectable.

The service device may be replaced by other selection means limiting application of MO service
to the persons mentioned above:

2) manual operation shall be possible under the conditions in 5.3.2.2;
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secondary guards, barriers, or screens, in connection with warning signs;

4)

enabling device together with a start button.

according to the risk assessment, additional safety measures can be necessary, such as

pneumatic or hydraulic movements of machine parts shall be initiated and maintained with an

b) This mode enables restricted automatic functionality of the machine with the movable guards
open. The restrictions are the following:

1) machining of a workpiece shall not be possible in MO service;

2) each axes speed shall not exceed 2 m/min and shall be monitored;

3) confinued moving cycles can be possible (e.g. repeatability test);

4) switching on of the generator (see 3.20) for calibration purpose can be possible. In|case
using flammable dielectric fluid, keep the fire detection function activated té{stop electrical
dis¢harge in case of fire ignition. If spark erosion work is done, the axis mdvement shdll be
confrolled through;

— |single axis movement, or

— | (hand-operated) hold-to-run control, or

— | (hand-operated) enabling device, together with a start button, or

— |other equivalent measures (e.g. light curtain, laser scanner, two-hand control device).
5.4 Stop functions
5.4.1 Opdrational stop

An operatio
operation. \
motors, wor
[SO 12100:2

A stop devid

5.4.2 Em¢

nal stop function, which is initiated\by a stop device, shall be provided for each mo
(Vhenever the operational stop~function is activated, the energy supply to axes
kpiece holding device and NC equipment does not need to be turned off (see Figure A.!
010, 6.2.11.3).

e shall be near each statt or hold-to-run device (see ISO 12100:2010, 6.2.11.8).

rrgency stop

The EDM equipment and)EDM systems shall be provided with one or more emergency stop co|
devices angl be in ateérdance with IEC 60204-1:2016, 9.2.3.4.2, I1SO 12100:2010, 6.3.5.2,
[SO 13850:2015.

The emerge

hcy‘stop functions shall be of stop category 1 in accordance with IEC 60204-1:2016,

and shall sy

itch off electrical machining power, stopping all movements of the main and auxiliary

de of
Hrive
b and

ntrol
and

D.2.2,
axes,

and electrical, mechanical, hydraulic and pneumatic actuators.

For EDM equipment and EDM systems without numerically controlled axes (e.g. EDM equipment with
single working axis, including electro-mechanical planetary motion devices or electrical discharge

drilling mac

hines), stop category 0 according to IEC 60204-1:2016, 9.2.2, may be applied.

Emergency stop device(s) shall be provided at each working station where a hazardous situation can be
recognized and prevented by the operator or other personnel, for example at the:

main co

ntrol panel;

900 mm; and

14

portable control panel, if another emergency stop device cannot be reached within a distance of

workpiece/electrode loading and unloading station, if separated from the main operator’s position.
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5.5 Specific requirements

Safety requirements and/or protective measures as needed for EDM equipment and EDM systems
to prevent hazards identified in Clause 4 shall be taken as defined in Table 3, and verified using the
procedures indicated in the verification column of Table 3, with the following abbreviated phrases:

by testing (e.g. functional or practical check);
by measurement;

by calculation;

— Iy visual inspection, if testing and calculation are not adequate, and
— by analysis of documentation (e.g. circuit or functional diagram, information for-ise).
The gtandards in the 5th column of Table 3 shall be followed.
Table 3 — List of safety requirements and/or protective measures and their verification
procedures
Hazard Safety requirements and/or Verifi¢ation Relevant yeference
protective measures
Az Mechanical hazards
Al.11
EDM equipment shall be designed so as'\*| By testing and 1SO 13857:2014
to avoid foreseeable mechanical hazdrds |yisual inspection . "
Al1 during intended use and reasonably.fore- P 150 13854:201
. seeable misuse.
Al Mechanical
hazards (general |Al1.1.2
requirements) Where hazardous situations cannot be By testing and
prevented, fixed guayds shall be used visual inspection IS0 14120:201%, 3.2
where no access to/danger zones is neces-
sary during inténded use.
Al.2.1
Whereg@ccess to wire transportation
systém,(rollers) is required, crushing or . 9014
entanglement prevention devices shall By testing and 150 13857:201
be.provided, preventing access by hand visual inspection 1SO 13854:201}
(e.g. setting a block preventing nipping
between rollers). For schematic example,
see Figure A.9.
Al.2 A1.2.2 [SO 13854:201}Y
A1 Access:to work Where frequent (more than once per By testing and 1S0 13857:201
aréa .crushlng, day) access to thg work areaisrequired, |yisual inspection 1SO 14120:201%, 3.3 and 3.5
shearing and hazardous situations shall be prevented
entanglement using interlocking movable guards. 1SO 14119:2017
A1.2.3
In automatic mode, opening of inter- By testing and
locking gua.rds shall stop all current visual inspection IEC 60204-1:2016, 9.3.6
operations in order to prevent all risks and
within the area under protection (see by analysis of docu- |10 14118:2017
corresponding safety function in Table 2), | mentation
e.g. switch off electrical machining power
and hazardous movement.
a  SeeTablel.
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Table 3 (continued)

Safety requirements and/or

Hazard . Verification Relevant reference
protective measures
Al2.4 By testing and
As long as the interlocking guards remain | Visual inspection
open, unexpected start-up shall be pre-  |and ) IS0 14118:2017, 3.2
vented in all modes (see corresponding | Y analysis of docu-
safety function in Table 2). mentation
A1.2.5 By testing and
visual inspection
No other hazardous machine movements |,nd
shall arise from the actuation of any by analysis of docu-
sensor. mentation
On EDM equipment and EDM systems,
where whole-body access to the safe-
guarded space (work area) through
an interlocking door is foreseen (e.g.
Mechlanical haz- for workpiece/electrode cleaning and By testing and IS0 14119:2013
A2 ards within the inspection of work progress), a device analysis of docu- IEC 60204-1:2016, 5.4 ahd
worklarea which prevents inadvertent closing of mentation 931
the door(s) shall be provided in order to
inhibit any hazardous movements and/
or actions (e.g. filling of dielectric fluid in
work tank).
A3.1.1
1SO 14120:2015
Access to hazardous movements of the By teésting and
tool and/or workpiece magazine shall be viy;ual insgpection IS0 13855:2010
prevented by fixed or interlocking guards 1SO 14119:2013
with guard locking.
A3.1.2
Opening the guard of the electrode/ )
A3.1 workpiece changer shall preyentauto- By testing and
Mechanical matic changing movement of magazine | Visual inspection
hazatds creat- movement. As a schematic'example, see
ed by| transfer Figures A.7 and A.8.
A3 equigment (e.g. A3.1.3
electfode maga- :
zine, workpiegce The movement of-the electrode/work- By testing and 150 13857:2019
changer and/or piece changerin setting mode shall be visual inspection IEC 60204-1:2016, 9.3.6/and
other:changing possibleamnder the conditions mentioned 9.2.3.7
devides) in 5.3.2.Z only.
A3 N4
While tool changing or magazine move-
ment is in progress, opening of the door .
shall be inhibited by interlocking with B_y testing and_
. visual inspection
guard locking.
Access to other remaining hazards shall
he prevented

Guards shall be provided to retain the

foreseeable ejection of fluid. Hydraulic IS0 14120:2015
A4 Fal.llng or e]e(;ted gmd pneumatic systems shall bel designed By testing and. 1SO 4413:2010
objects or fluids  |in accordance with the appropriate visual inspection
standards (e.g. prevention of residual [SO 4414:2010
pressure).
Mechanical
AS hazards caused. Doqr(s) ofthe work tanl'< shall be locked By testllng and' 1SO 14119:2013
by escape of fluid |againstaccidental opening. visual inspection
from work tank
a  SeeTablel.
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Safety requirements and/or

Hazard protective measures Verification Relevant reference
A6.1.1
Where a fluid system is provided, the con-
tainment of dielectric fluid shall be de- )
signed to prevent leakage and minimize |BY testingand
splash and spray. A non-slip surface shall |Visualinspection
be provided, especially for areas where
frequent access is required (such as waste
removal and change of filters).
0 Acd2 1SO 14122¢1:20[16
A6 Slip, trip anld tfaldl E)f Means of access where there is a need to . . ) .
?}?gsrﬁgs}gr?ei 3‘ 0| enter or walk on the machine, e.g. hand By visual inspection |[SO 14122-2:20[16
y holds, foot holds and, where possible, a 1SO. 14122-3:2016
non-slip surface shall be provided.
A6.1.3
The instruction handbook shall include
requirements on appropriate footwear By visual ingp@ction
[see 6.3.2.2 b) 2] and/or location of non-
slip surfaces around the machine [see
6.3.2.2 a) 2].
Mechanical haz-
ards associated EDM equipment and safety-related parts g~ i o o4 IEC 60204-1:2016, 9.4
A7 with the failure of the control system shall fulfil the re- ar}llal sis gf docu- 150 13849-1:2d15
of safety-related |quired performance level PL, as specified meni]ation '
parts of the con-  [in ISO 13849-1:2015 (see 5.2). 1SO 13849-2:2(12
trol circuit
zi}ls“;ﬁ(?;vé?lgign Means shall be provided to prevent the Bv testing and
A8 runnine over the axis sliders from being unintentionally vi};ual insg ection
limit S\A%itch pulled off the end of the guideways. P
In the instruction ftahdbook and on the
Instability of packaging of the equipment, there shall
the equipment be clearly marked: _
A9 during assembly, |_— the hanging points for lifting up By analy51s of docu-
: ; mentation
installation and
commissioning — themass
—_how to move.
B2 Electrical hazards
The electrical equipment of the EDM Bv visual inspection
Electricalhazards |equipment and EDM systems shall be ar{d p
B1 (generatréquire- |designed to preventany kind of electrical analvsis of docu- IEC 60204-1:2(16
ments) shock, which can be hazardous to per- sk
sons. mentation
B2.1.1
Live parts shall be Tocated mside en- By visual inspection | [EC 60204-1:2016, 6.2.2
closures, which provide protection to and
prevent direct contact. The degree of pro- | analysis of docu- IEC 60529:1989/AMD2:
tection provided by enclosures shall be at | mentation 2013/COR:2019
least IP2X or IPXXB, in accordance with
IEC 60529:1989/AMD2:2013/COR:2019.
a  SeeTablel.
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Table 3 (continued)

Hazard Safety requirements and/or Verification Relevant reference
protective measures
B2.1.2
Enclosures, including control devices (e.g.
keyboards, portable control stations),
shall be protected against foreseeable ) ) )
external influences or environmental By visual inspection
conditions where the equipment or sys-  |and ] IEC 60529:1989/AMD2:
tem is intended to operate (e.g. machining |analysis of docu- 2013/COR:2019
residuals, dielectric fluid). The degree mentation
Of Protection provided by encloSUres or
control devices shall be atleast IP 22, in
accordance with [EC 60529:1989/AMD2:
2013/COR:2019.
B2.1.3
The enclosures shall be located and By visual inspection
mounted to facilitate accessibility and and IEC 60204-1:2016
the continuity of the protective bonding |analysis of docu-
circuit as well as the insulation resistance | mentation
shall be tested.
B2.1.4
B2.1 By visual inspection
Persqns coming The work area on the EDM equipment and | 3pnq
B2 into dontact with EDM system shall be protected with in- analysis ofdocu- IS0 14119:2013
li terlocking guards, as specified in 5.3.2, to | jmentation
ive parts . .
prevent accidental or inadvertent contact.
B2.1.5
By visual inspection
The opening of interlocking guards pro-«\|and IEC 60204-1:2016
tecting .live parts §hall cut thg electriodl * |analysis of docu- 1SO 14119:2013
machining power in automatic mode\(see |mentation
Table 2).
B2.1.6
On EDM equipment and(EDM systems By visual inspection
when a voltage exceeding25 Va.c.or 60 |3nd IEC 60204-1:2016
Vd.c.is applied_ to.the el(_ectrode in the analysi§ of docu- 1SO 14119:2013
work area, the interlocking guards shall | mentation
be closed, with thé exception of the dis-
charge alignnmient mode (see 5.3.2.3).
B2.1.7
ForEDM equipment and EDM systems By visual inspection
wihere position pick-up is foreseen in dis- |and
charge alignment mode with interlocking | analysis of docu- IEC 61558-1:2017
guards open (e.g. small-size electrodes, |mentation
fine wire), the requirements in accord-
ance with 5.3.2.3 apply.
The electrical equipment of the EDM
Persdans€oming equipment and EDM system shall he pro-
into contact with v_lded w1t_h the_ connection to the protec- By testing and IEC 60204-1:2016, 5.2, 6.3.3,
B3 parts which have [tive bonding circuit to prevent hazardous
. o . measurement 8.2,18.2
become live under |conditions for persons in the event of an
faulty conditions |insulation failure between live parts and
exposed conductive parts.

a See Table 1.
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Hazard

Safety requirements and/or
protective measures

Verification

Relevant reference

Hazards generated
by electro-mag-
netic disturbanc-

Electro-magnetic immunity of the EDM
equipment and EDM system against
electro-magnetic disturbances (e.g. main
voltage filtering, grounding, shielding, ap-
propriate wiring of EDM equipment) shall

IEC 61000-6-2:2016

B4 es, provoking the be desioned f ion in ind 2l By measurement
failure of safe- e _e51gne orloperatlon n .ustrla IEC 60204-1:2016, 4.4.2
tv-related parts of environments, in accordance with EMC
tﬁe Contro{’circuit regulations for industrial equipment. For IEC 61000-6-4:2018
a schematic example, see Figures A.1 and
A2
The low-frequency electro-magnetic
interferences, as well as the magnetic
field, shall be measured at short distance
in accordance with the relevant stand- EN(55011:2016
ards. The result identifies the emission
category of the EDM equipment and the 1EC 62226-1:2005,
respective symbols shall be applied visi- IEC 62226-2-112005,
Hazards generated bly to the EDM equipment. 12%2762226_3'1 2007/A1:
by electro-mag- By measufement
BS netic disturbances ar)lld adialydis of IEC 62311:202
glrg’c‘gli‘cl;ﬁ;izlfafﬁtrs dogtmtentation EN 12198-1:2000+A1:2008,
in human bodies EN 12198-2:2002+A1:2008,
EN 12198-3:20002+A1:2008
IS0 7010:2019/Amd.2:2020-
WO005 and ISO 7010:2019/
Amd.2:2020-WpP06
Unexpected start- A safe operating stop,(se¢ Table 2) shall By calculationand |IEC 61800-5-2:2007
B6 be applied to preventunexpected start- .
up up. practical tests 1SO 14118:2017
ca Noise hazards
The EDM equipment and its auxiliary
devices.shall be designed to avoid haz-
ardous/noise emissions either by using
low3inoise components or by application
of noise attenuation means.
Examples of possible noise reduction
measures:
a) choice of low-noise machine IS0 3746:_2010
Hearing loss or components By measurement ISO 4871:1996
C1 otherphysiologi- and analysis of 150 11202:201¢/Amd.1:2020

eal\disturbances

b) choice and design of soundproofing
material;

documentation

ISO/TR 11688-[1:1995

Annex B

c¢) choice and design of low-noise
transmission components, e.g. gears,
pulleys, belts, bearings, clutch;

d) sound deadening and vibration
damping of hydraulic circuits, pump
and prime mover

a

See Table 1.
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Table 3 (continued)

Safety requirements and/or

protective measures Verification Relevant reference

Hazard

Hazards generated by materials and substances (and their constituent elements) processed or used

Da .
by the machinery

EDM equipment shall be designed to
prevent leakage in order to allow the safe
handling of materials in process and/or
removal of dielectric fluid, filters, process
residuals, sludge or any other waste.

General require-
ments

By testing and

D1 : : .
visual inspection

EDM equipment shall be designed to
comihe into con- avoid contact with harmful dielectric
tact w%ch or inha- fluid. Means shall be available to the user, |By testing and
D2 . as part of the EDM equipment and EDM analysis of docu- [SO 14123-1:2015
lation of harmful . .
ased mist and system, to connect the local exhaust air mentation
gased, extraction system (For a schematic exam-

dust ple, see Figure A.3.).

Hazapdsfromr

Contact hazards
causeéd by escape
of flufid from work
tank

Door(s) of the work tank shall be locked
to prevent accidental opening whenever
there is dielectric fluid in the work tank.

By testing and

D3 : ! .
visual inspection

1SO 14119:2013

EDM dielectric fluid containers shall
incorporate devices to prevent concen-
tration of hazardous gases (e.g. natural

ventilation through venting openings or | By testingand
D4 Formfation of gases | forced ventilation). analysis.ef docu-

mentation
Provision shall be made to cool the die-

lectric fluid in relation to the maximum
power supplied by the EDM equipment.

EDM equipment shall be designed for use

with dielectric fluids having a flashpoint
Dieleftric fluid of at least 60 °C. By analysis of docu-

flash|point mentation
See Annex C for fire protection codes for

special regional cases.

D5

EDM equipment using flammable dielec-
tric fluids shall have two independently
operating tempgérature-detecting sys-
tems, switchihg)off electrical machining
power whenever the dielectric fluid tem-
perature within the work tank exceeds
ol i fluid 50 °C-In this case, temperature increase |By testing and
D6 ']c)el;eg-gltcurzlrise shallbe indicated. As a schematic exam- |analysis of docu-
P pleysee Figures A.5 and A.6. mentation

See Annex C for fire protection codes for
special regional cases.

Provision shall be made to cool the die-
lectric fluid in relation to the maximum
power supplied by the EDM equipment.

Where flammable dielectric fluids are
used, the depth at which the electrical
discharge takes place at any time shall
never be less than 40 mm below the free
surface of the dielectric fluid. This may be
achieved using an adjustable spillway, for | By testing and
instance. analysis of docu-
mentation

D7 Insufficient dielec-
tric fluid level
In the case where the processing current
value is large, dielectric level should be

kept higher (e.g. 100 mm or more).

See Annex C for fire protection codes for
special regional cases.

a See Table 1.

20 © IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=8ac65ef5bb18756bfef99056bb3eaac7

Table 3 (continued)
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Hazard

Safety requirements and/or
protective measures

Verification

Relevant reference

D8

Dielectric fluid
level drop

EDM equipment using flammable dielec-
tric fluids shall have two independently
operating dielectric fluid level detecting
systems, switching off electrical machin-
ing power whenever the dielectric fluid
level within the work tank drops below
the pre-setlevel. In this case, level drop
shall be indicated. As a schematic exam-
ple, see Figures A.5 and A.6

By testing and
analysis of docu-
mentation

D9

Fire ignited on the
dielectric fluid
surface due to
material build-up
between electrode
and workpiece

EDM equipment using flammable
dielectric fluids shall be equipped with
depth monitoring provisions to switch
off the electrical machining power if the
discharge on a material build-up exceeds
the highest set discharge safety. In this
case, machine stop by retraction of the
electrode shall be indicated.

By testing

D10

Fire

EDM equipment using flammable di-
electric fluid shall be provided with a

fire detection system, switching off all
energy supply (e.g. electrical, pneumatic,
hydraulic) and closing the related exhaust
air extraction system. Activation of the
system shall be indicated by audible and,
optical signals and shall further provide\a
signal either for an integrated automatic
fire extinguisher or for centralized\fire
alarm circuits or any other actign. As a
schematic example, see Figur'€s A.4 and
A.5.

Byytesting and
visual inspection
and

by analysis of docu-
mentation

EN 2:1992
EN 54-1:2021

D11

Fire spreading by
flammable materi-
als, distribution of
gases and fluids

EDM equipment using flammable di-
electric fluids shallyin-addition to the
fire detection system, be designed with
special attentionto the prevention of the
spreading of fire (e.g. by mist, missing
barriers.or-leakage of dielectric fluid
fromthe work tank).

Alrcomponents of the dielectric fluid
system (e.g. dielectric fluid container,
work tanks, filling/emptying system) as
well as the exhaust air extraction system
shall be manufactured in non-flammable
materials.

By testing and
visual inspection
and

by analysis of docu-
mentation

EN 2:1992

D12

Hazards generated
by.electro-mag-
netic disturbanc-

The safety-related parts of the tempera-
ture and level monitoring control system
shall be designed to be immune against

By testing and
measurement

IEC 61000-6-2:R016
IEC 60204-1:2016, 4.4.2

ty-related parts of
the control circuit

electro-magnetic disturbances.

a

See Table 1.
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Table 3 (continued)

Hazard

Safety requirements and/or
protective measures

Verification

Relevant reference

Ea

Hazards generated by power failure and restoration

El

In the event of voltage fluctuation or
power failure, the EDM equipment shall
stop. During the time of power failure,
the equipment shall remain stopped. The
integrity of safety features of devices
such as

— clamping systems

Failufe of electri-
cal power supply

— electrode or workpiece changer,
— dielectric fluid container,

— position of axis, and

— fire detection system

shall be maintained by either mechani-
cal retaining devices (e.g. spring-loaded
locking devices) or uninterrupted power

supply.

By testing and
analysis of docu-
mentation

IEC 60204-1:2016,7.5

E2

Presqure failure

If safety-related functions are relying on
hydraulic or pneumatic systems, the EDM
equipment shall stop in case of pressure
loss or fluctuation (e.g. over pressure).
During the time of pressure failure, the
equipment shall remain stopped. The
integrity of safety features of devices
such as

— clamping systems,

— electrode or workpiece changer,
— dielectric fluid container;

— position of axis, and

— fire detection system

shall be maintajned by either mechanical
retaining devicese.g. spring-loaded lock-
ing devices}ortninterrupted pneumatic
pressure supply (e.g. pressure cartridge
back:iip er redundant pressure supply).

By testing and
analysis of docu-
mentation

ISO 4413:2010
ISO 4414:2010

E3

Failufe due to
recoyery of'the
powdr supply

Taprevent dangerous situations for the
operator and the equipment or process
stch as

— position loss and
— dataloss

due to failure of the power supply, the

By testing and
analysis of docu-
mentation

IEC 60204-1:2016, 7.5

integrity of the safety-related functions
shall be monitored and confirmed before
automatic restart is allowed.

Fa

Hazards generated by neglecting ergonomic principles

F1

Neglect of ergo-
nomic principles

EDM equipment and EDM systems shall
be designed according to ergonomic prin-
ciples to prevent significant ergonomic
hazards.

By visual inspec-
tion and analysis of
documentation

EN 614-1:2006+A1:2009
EN 614-2:2000+A1:2008

F2

Design, location
or identification of
control devices

Control devices shall be positioned to
ensure visibility of the dangerous zone an
identified clearly

By visual inspec-
tion and analysis of
documentation

[SO 9355-1:1999
[SO 9355-3:2006

See Table 1.
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6 Information for use

6.1 General

Information for use refers to communication links, such as texts, words, signs, signals, symbols or
diagrams, which are used separately or in combination, to convey information to the user and which
shall be in accordance with ISO 12100:2010, 6.4.

The information for use shall document hazards which can occur during the life of the machine to both
the operator and other persons who have access to the danger zone(s) for conditions of intended use,
including reasonably foreseeable misuse of the machine (see ISO 12100:2010, 3.24) for both spark
erosijon with automatic mode and operations requiring intervention (e.g. setting, mainfenance and
repajr).

6.2 | Marking, signs and written warnings
Marking shall be in accordance with ISO 12100:2010, 6.4.4, IEC 61310-1:2007 and IEC 6131-2:2007.
Machinery shall bear all markings which are necessary:
a) for its unambiguous identification:

+ the business name and full address of the manufacturer/and, where applicable, th¢ authorized
representative;

+- the designation "electrical discharge machine";
1+ the series or type of machine;

+ the serial number, if any;

1+ theyear of construction, that is the year in which the manufacturing process is corppleted.
b) for its safe use:

1+ the machine shall be previded with appropriate marking to indicate residual risks

+- where flammable dielectric fluid is used on the EDM equipment and EDM system, [this shall be
indicated with warning/information symbols (according to Table 3);

+ where personal protective equipment (e.g. glasses and gloves) shall be used to prevent skin
contact with waste or other health-threatening substances, this shall be indicated with
mandatery action symbols.

NOTE-T ISO 7010:2019/Amd.2:2020 is used as base reference for markings to indjcate residual
risks.
NQOTE 2 The manﬂnfnry marl(ing for F‘nvnpn isthe CE marl(ing

6.3 Instruction handbook

6.3.1 General

The instruction handbook shall provide all necessary information regarding transport, installation,
operation, setting, maintenance, cleaning and disposal of the EDM equipment and EDM system, in
accordance with ISO 12100:2010, 6.4.5.

If the machine provides the service mode (MO service) in accordance with 5.3.2.4, the manufacturer of
the machine shall specify the following information in the instruction handbook:

— the details of the application(s) of MO service;
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— the required skills and the skill level for the operator(s) to operate MO service; and

— tools and work holding devices (if applicable) to be removed.

6.3.2 Special recommendations for EDM site preparation

6.3.2.1 General

An instruction handbook in accordance with ISO 12100:2010, 6.4.5 completed with the specific

information

The instrud
disassembly
intended an

The instruc

safe use, adjustment and operation of the machine. At least the following informatiomshall be give

a) thehan

b) enviro;}lﬁental requirements for discharge from the exhaust air ‘extraction system in

enviro

c) firepre

d) the preyention of penetration of spilled, dripped or lost dieléctric fluid into the ground.
The informdtion for use shall include, particularly, the following:

— stability during machine assembly, installation and.¢émmissioning (to describe information for
hanging points for machine, mass of the machine ahd ways to move the machine);

— verifica

instructions;

— verifica

— cut off
machin

— adeclarfation shall be madeconcerning the airborne noise emission, using the dual-number fo

present

— informdtion that théfloor around the machine shall be a non-slip surface.

6.3.2.2 Gé¢neralsafety information

for the stated machine, shall be provided with the machine.

tions for use shall provide all necessary information regarding transport, assen
, operation, setting, maintenance, cleaning, etc., to train or qualify the staff sufficien
d safe use of the machine.

fion handbook shall specify that it is essential that operators be adequatel§/trained i

Hling of hazardous substances resulting from the EDM process;

ent;

yention requirements, waste disposal and special EMC site requirements;

Lion of connection of electric, hydraulie and pneumatic circuit system, based on install
Fion of setting the protectivetmeasures;
f the electrical power to the EDM system, by switching the main switch off for longe

ng activities” (e.g. weekend, vacation, maintenance);

htion describedin’ISO 4871:1996;

hbly/
ly in

h the

n:

the

use:

htion

'm of

a) General

safetvinfarmation chall include the Fr\"r\un'ng

ST ETy T O et O o T T e S e i e T oo vy i g

1) indication that the EDM equipment and EDM system shall not be used in explosive or potentially

exp

losive atmospheres;

2) indication that the floor area around the EDM equipment shall be kept slip-free, especially
where frequent access to the machine is required;

3) indication that the space around the machine is sufficient and shall be provided for operation,
service and maintenance personnel;

4) indication that the operation on the EDM equipment in contaminated air shall be avoided by
means of the customer’s exhaust air extraction system (as a schematic example, see Figure A.3);

5) instructions for troubleshooting and/or fault-finding to prevent machine parts from falling off;

24
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6)

7)
8)

9)

ISO 28881:2022(E)

instructions to release pressure to prevent residual hydraulic or pneumatic pressure in case of
service, maintenance, troubleshooting and repair;

instructions on the removing, handling and fitting of heavy parts for fault-finding and repair;

instructions for use of an enabling device or other equally safe protection device for one-hand
operation, to prevent the operator from coming into direct contact with electrical discharge in
discharge alignment mode;

instructions for the operator about working with live electrical parts as well as specific risks of
electrical hazards;

i)
11)

12)

b) Instructions for use of personal protective equipment shall include:

iy
1)

6.3.2.3

a) gpecify external power supplies (electrical, hydratlic and/or pneumatic);
b) gpecify grounding of the EDM equipment;

c) ¢$pecify recommended cable size.

6.3.2.4

a) gpecify information on compressed air quality and connection;
b) gpecify adequate pressure range;

c) gpecify necessary flow rate.

6.3.2.5

The informatien shall include the following:

instructions to have a written authorization for the use of EDM equipment and EDT: systems;

instructions on how to lift or move the EDM equipment and EDM system (e:g! ha
mass and centre of gravity, as well as appropriate method for lifting or moving);

ging point,

instructions to regularly check the correct function of the customeps'-exhaust ailr extraction
system.

instructions for the use of appropriate insulated industrjal gloves;

instructions for the use of appropriate footwear around+the machine.

Power specifications

Compressed air specifications

Flammiable dielectric fluid

a) ise of ‘non-flammable materials for connections to external devices (e.g. centralized {ilter and/or

xhaust air extraction systems);

b) information to use barriers in order for users to prevent the spreading of fire by distribution of
fluid;

c) information on optional fire extinguishing system, which shall not damage the EDM equipment and
EDM system (e.g. water as extinguishing medium because of corrosion or distribution of burning
dielectric fluid);

d) additional information regarding fire extinguishing means:

1)
2)

suitable size and location of nozzles; optimized pressure for the fire extinguishing medium;

specifications for interfacing the fire detection device of the EDM equipment with the user's
fire extinguisher installation (see Figure A.4);
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3) electrical interface.
e) precautions to prevent fires and/or explosions with any necessary signs and/or written warnings;
f) safety rules to minimize fire hazards:

1) use of appropriate type of flammable dielectric fluids with flash point over 60 °C (see Annex C
for fire protection codes for special regional cases);

2) information for the user that some types of flammable dielectric fluid can be potentially
dangerous on particular operations of EDM equipment and EDM systems, and that their use
shall imperatively be avoided to prevent unexpected explosion hazards;

3) avojdance of open flames and lights;
4) sperial precautions.

g) specificptions for interfacing the dielectric fluid cooling system with the EDM equipment, including
informgtion, such as:

1) floy rate;
2) healt exchange capacity;

3) spefification of interface.

6.3.2.6 Hazardous substances

The informdtion shall include:

a) renewa] of the ambient air in the premises taking account of:
1) venilation required for a healthy working‘environment;
2) air recirculation device(s);

b) specificptions for connecting the EDM equipment to the user’s exhaust air extraction system,
including at least the following information (see Figure A.3):

1) floy rate (minimum andmaximum values);
2) dinensions of the exhaust air extraction connection (non-flammable material);
c) electricpl connectioofthe air flow sensor to ensure that the air flow stops in case of fire detedtion;

d) specificptions ef.the type and capacity of drainage installations at the site to retain escaping
dielectriic fluids.to prevent biological (e.g. bacterial) hazards.

6.3.2.7 Electro-magnetic emissions (EMC)

The information shall state that:

a) metal connections of external devices, such as filter systems or exhaust air extraction systems,
passing through the shielding of the equipment shall be electrically bonded to the shield;

b) in case of connection to a protruding cap, this bonding is not necessary.

6.3.3 Special recommendations for EDM operation
The manufacturer shall provide, in particular, information on the following:

a) indication of how the selection among the setting mode, the discharge alignment mode and the
automatic mode is provided (either a key switch or other means of selection);
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b) instructions for all categories of operators working on the EDM equipment and EDM system
accordingly;

c) information for the user if the mode selection procedure is not restricted to a certain level of
operator;

d) instructions and training of employees who use or maintain the EDM equipment and EDM system.
This information shall be specified for different tasks (e.g. use, inspection, maintenance);

e) the organization of unattended operation of the EDM equipment and EDM system;

f) the operational procedures for periodic verification (e.g. tests, cleaning, adjustments, replacements)

\

g) 4
1

wvith their frequency (e.g. daily, weekly, monthly);
 list of all the activities which shall be carried out and those which should be aveided:

) requirements for the installation of external safety equipment (e.g, €xhaust ai
system, fire extinguishers, room ventilation and remote alarm signals);

) the wearing of personal protective equipment/clothing (e.g. gldsses, gloves, resp
and appropriate shoes (dielectric fluid resistant with non-slip-stles);

) personal health measures (e.g. washing, hand creams);
}) safety rules regarding electrical risks (e.g. areas, installation conditions);

) maintenance parts, change period and change instructions.

h) 4

0

i) ;Eperating safety rules to prevent-accidents (e.g. safe level of dielectric fluid at least 4

k) 4
D
1

Vi

Elachine is intended (waste to be considered.includes used dielectric fluids, used lub

3) lowlevel of dielectric fluid in the work tank;

pxisting or potential hazards caused by the waste resulting from the EDM process fq

sed filters, used electrodes, reservoir sludgg/de-ionizing resins and worn parts);

ivoidance of pollution caused by leaks,"ayerflow and inappropriate drainage;

ighest discharge area and avoidance of gas pockets in hollow workpieces or tool elect
| reproduction of all labels;signs and written warnings used on the EDM equipment;
he conditions leading-tothe triggering of safety devices:

) fire ignition jn‘the work tank;

) high temperature of the dielectric fluid in the work tank;

}) Aabnhormal withdrawal of the electrode during machining;

I extraction

rator filter)

r which the

"icating oils,

D mm above
rodes);

il 4 1 4 £ ot 1 :
m) LIIT IIdUUT T dIIU 1y pt UL 54dITLYy UCVILTS.

1) visual;

2) audible;

3) external/remote signalling, including interface specifications;

4) emergency stop;
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5) interlocking;

n) the appropriate action to be taken, either manually or automatically, upon occurrence of the
warning or alarm signal:

1) shutting down of electrical power to the EDM equipment and EDM system;
2) closing of exhaust air extraction ducts;
3) closing of fluid control valves;

4) use of fire extinguishers, etc.;

o) the spei:ifications of the spare parts to be used, where these affect the health and safefy of
operators.

6.3.4 Noise
The following information on airborne noise emissions shall be provided:

a) the A-wgighted emission sound pressure level at workstations, where thisgxceeds 70 dB(A); where
this lev¢l does not exceed 70 dB(A), this fact shall be indicated;

Whenever spund emission values are indicated, the measurement uncértainties shall be specified.

The operating conditions of the machinery during measurement ahd the measuring methods used|shall
be describedl.

The position and value of the maximum sound pressure shall’be indicated.

A noise emigsion declaration shall be provided (see Anh&x B).
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Annex A
(informative)

Examples and schematic diagrams

Key

1 achining head 7  machine frame

2 :Eachine column 8 work tank

3  ¢xhaust air extraction 9 interlocking device

4  ¢lectrode holder 10 work table

5 ¢lectrical cabinéet (generator) 11 flammable dielectric fluid container
6  portable control station 12 fire detector

13 shielding of work area (Faraday cage) (guard pgainst direct
contact can be combined with shielding for ENIC)

Figure A.1 — EMC shielding, fire detection and exhaust air extraction —
Schematic example of work area shielding
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Key

N U1 AW N

30

1 2

13 3

12 ~

"
EMC enclosure 7  work table
machine|column interlocking device
exhaust air extraction machine frame
electrod¢ holder 10 flammable dielectric fluid container
portable|control station 11 work tank
electrica| cabinet (generator) 12 fire detector

13 machining head
Figure A.2 — EMC shielding, fire detection and exhaust air extraction —
Schematic example of EDM equipment shielding
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i —

e
L_!\

Key

1 anufacturer

2 :Eer

3  gxhaust air extraction device
4  donnection device

5 gxhaust air extraction system

Information for user:
— tninimum and maximum air flow [m3/h];
— diameter for connecting exhaust system [mm];

— ¢lectrical interface of air flow sensor.

O© 0 N O

air aspiration
air flow sensor

signal to preveiit machining if insufficignt air flow

work tapkWith flammable dielectric fluid

Figure A.3 — Exhaust air extraction (interfacing schematic)
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Key
1 fire extinguishing medium 11 fire detection device OK
2 user 12 stop machining signal (can be used to disablg total
energy supply to the machine)
3 manufacfurer 13 electrical cabinet (generator)
4 exhaust jir extraction system 14 work tank with flammable dielectric fluid
5 airaspiration 15 mist spray
6  valve shytter device (batrier) 16 nozzle
7  emergenlcy outputs 17 fire detector
8 extinguigher(s) triggering 18 machining head
9 remote flre dlarm 19 local fire alarm
10 fire detettion device

I __ borderline between responsibility area of the user (2) and responsibility area of the manufacturer (3)
a  Qutput signal for optional valve shutter device.
b Qutput signal to trigger the optional automatic fire extinguishing device.
¢ Output signal for remote fire alarm.

Figure A.4 — Fire detection system (interfacing schematic)
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Key

1 primary circuits: complete stop of machinexy 5 axes

2 decondary  circuits: machinery _ ~suspension6  guards interlocking
(idle state)

3 glectrode 7  dielectric fluid level and temperature monitoring
workpiece operator interface with operational stop function
Machine on/off.

b Fmergency stop.

¢ FKire detection.

d  Rlectrical machiding power.

¢ Motion.

Openjng of a-guard or failure in dielectric fluid level or temperature monitoring devices shall stop motion and

electtfical machining power and put the machine in an idle state with error messages.

HgureA-b—Example-of a-cireunit diagram-for-the-safety funections-efan- EPM-eqdipment
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Key
1  machine|stop signal (hardware) 5 guards monitoring
2 machine| stop signal and\level error message SL1, SL26 dielectric fluid temperature monitdring
(softwarg)
3 machine|stop signal dnd-temperature error message ST1, ST27  dielectric fluid level monitoring
(softwarg)
4  guard open message (software) 8 safety loop (hardware)
NOTE1 Flpid temperature control devices can be located in a place where they sense the highest temperpture
of the dielectkicfluid

NOTE 2  Relays K1 and K2 are with forcibly guided contacts (IEC 60947-5-1:2016, Annex L).

NOTE 3  The operation (opening) of SL1" and SL2 is checked each time the work tank is drained. If either device
(SL1' or SL2) fails to operate, it is not possible to switch on the electrical machining power (ISO 13849-2:2012).

NOTE4  ContactsSL1'/SL2 aswellas ST1//ST2 are monitored for fault detection, according to ISO 13849-2:2012,
9.2.4.

NOTES5  See Table C.1 for other threshold limit values of dielectric fluid temperature and level.

Figure A.6 — Example of redundancy in monitoring level and temperature of flammable
dielectric fluid
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Key

1 lpcal fire alarm

2 fiire detection device

3 glectrical cabinet (generator)
4 interlocking guard

5 lrnear electrode changer

FigureA.7 — Die sinking machine with linear electrode changer
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king machine with robot

Fiocure A.8 — Die sin

Key
1
2
3
4
5

6
7

local firelalarm

fire dete¢tion device

electrica| cabinet (generator)

robot pepdant

robot

interlocKing guard

fixed gudrds
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Key

1  dhielded enclosure with door(s)
2 ire supply spool

3 vire electrode

4 yvire evacuation

5 ¢lectrical cabinet (generator)

workpiece

lower wire guide
upper wire guide

O 0 N O

interlocking guard
10 fixed guards

Figure A.9 — Wire cutting machine
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Annex B
(normative)

Noise test code

B.1 General

This noise
standardize
electrical di

The determ

manufa

— compar

purposg

It specifies {
the test.

The use of {

the noise efission values within specified limits determined by the grade of accuracy of the

measureme

The noise n
uncertaintyj

B.2 Dete

A-weighted
this measur]

B.3 Dete
at workst|

B.3.1 Bas

The determ

test code specifies all the information necessary to carry out efficiently amd 4
d conditions the determination, declaration and verification of the noise emission.valy
kcharge machine.

nation of these values is necessary for:

rtures to declare the noise emitted;

ng the noise emitted by machines in the family concerned;
of noise control at source at the design stage.

he noise measurement methods, mounting and operating conditions (see B.4 and B.]

his test code ensured the reproducibility of thé. measurements and the comparabili

ht methods used.

jeasurement, grade 2 (engineering grade) is preferred with the benefit of having a |
but grade 3 (survey grade) is allowedif it is justified that no grade 2 method is applic§

rmination of the A-weighted sound power level

emission sound power lével for electrical discharge machine family is below 80 dB ther
ement is not required

rmination of the A-weighted emission sound pressure level
ation

ic standards and measurement procedure

nder
es of

) for

ty of
basic

bwer
\ble.

cfore

ndtion of the A-weighted emission sound pressure level shall be carried out using o

he of

the standards:

— for grade 2 measurement;

I[SO

ISO

11201:2010 with grade 2 accuracy; or
11202:2010 with grade 2 accuracy; and

— for grade 3 measurement;

ISO

NOTE

11202:2010 with grade 3 accuracy.

level at workstations can be found in ISO 11200:2014.

38

Useful information about the various methods for measuring the A-weighted emission sound pressure
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B.3.2 Measurement time interval

The measurement time interval at each microphone position shall be at least 10 s.

B.3.3 Position of microphones at workstation

The determination of the A-weighted emission sound pressure level shall be carried out at all
designated operator's positions defined by the manufacturer in the instruction handbook following the
specifications in the basic standards listed in B.3.1.

Where the workstations are undefined or cannot be defined, A-weighted emission sound pressure

— in front of the main control panel; and

— in front of the work tank, at a horizontal distance of 1 m from the external.boundary|of the work
fank.

The Jposition and value of the maximum A-weighted emission sound-preSsure shall he recorded,
repofted and declared.

B.3.4 Measurement uncertainty

In thle current absence of data for uncertainty contributions ahd possible correlations befween input
quantities, the following values shall be used:

a) Ifagrade 2 (engineering) method is used, the standard deviation of reproducibility for] A-weighted
vels is 1,5 dB, resulting in a measurement uncertainty, K, of 2,5 dB if the operating donditions of
the machine are stable, which is normally the.¢ase for Electrical Discharge Machine.

b) If a grade 3 (survey) method is used, the*standard deviation of reproducibility for|A-weighted
ﬁvels is 2,5 dB, resulting in a measurement uncertainty, K, of 4 dB if the operating conditions of the
achine are stable, which is normally‘the case for Electrical Discharge Machine.

Thesge values are taken from the basic’standards and are upper values. Manufactures may| aim at high
stability of the machine mounting.and operating condition given in B.4 and B.5 in order [to achieve a
total|standard deviation that i§ close to the standard deviation of reproducibility.

NOTH Detailed informdtipn about uncertainty is given in ISO 11201:2010, Clause 11 and 1SQ 11202:2010,
Clause 12 (see also ISO 4871:1996).

B.4 | Mounting.conditions

The iachineshall be mounted according to the manufacturer's instructions.

B.5 LOperating conditions
The operating conditions for noise measurement shall include:
a) idle running;

b) work preparation (e.g. axis positioning, program check, flushing check and automatic wire
threading);

c) EDM process in maximum removal conditions, e.g. full power die sinking, high-speed wire cutting,
cutting with high-pressure flushing and other type of machining process where the equipment is
emitting acoustic noise;

d) operation of automatic changing devices if present, e.g. electrode changer and workpiece changer.
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B.6 Information to be recorded

The information to be recorded includes the information to be recorded as specified in the basic
standards used and all of the technical requirements of this noise test code. Any deviation from this
noise test code or from the basic standards on which it is based are to be recorded together with the
technical justification for such deviations.

B.7 Information to be recorded

The information to be included in the test report is at least that which is required to prepare a noise

emission deelarationor-to—vet 1f_y the—declared—valtes: Thu.), as—amintmunr-the funuvvius formmation

shall be inclpded:

— referenge to this noise test code and to the basic standards used;

— description of the electrical discharge machine;

— description of the mounting and operating conditions;

— the noide emission values obtained.

It shall be cpnfirmed that all requirements of the noise test code have been fulfilled. If this is nqt the

case, any unffulfilled requirements shall be identified. Deviations from‘the requirements shall be stated

and technical justification for the deviations shall be given.

B.8 Declaration and verification of noise emission’ values

B.8.1 General and content

The declaration of the noise emission value shall be a dual number declaration according to

ISO 4871:19P6.

The instruction handbook shall include a, declaration regarding noise emissions, established on the

basis of megsurements in accordance with this noise test code and made either on the actual ma¢hine

in question|or on a technically comparable machines, which is representative of the machine fo be
produced wijth regards to the noise(sgurces and the applied means for noise reduction.

The declaration shall contain the)following.

1) the A-weighted emisSion sound pressure level, L,,, at all workstations and the assocjated
uncertafinty, K,,. Where the workstations are undefined or cannot be defined the positiorj and
value of the maximum A-weighted emission sound pressure level shall be indicated;

2) a statempent of-the measuring method used, including the grade of accuracy and the operpting
conditigns-applied during the test; if accuracy grade 3 is used, the reason why grade 2 wap not
applicalbes
NOTE Possible reasons for not applying grade 2 can be, for example, background noise was present
and could not be reduced sufficiently (at operator positions for emission sound pressure), or safety reason
preventing the microphone position to be used.

3) the following statement: "If the declared emission values are to be verified, measurements shall be
made using the same method and the same operating and mounting conditions as those declared.”;

4) the following warning: "WARNING: The noise emission values given are only valid if the same
operating and mounting conditions are applied. Other operating and mounting conditions, e.g. a
different work process, can lead to higher noise emission with the risk of underestimation.";

5) the following warning: "WARNING: The noise emission values given are not exposure levels. While
there is a correlation between emission and exposure levels, noise emission values cannot be used
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to reliably determine whether or not further precautions are required. Factors that i

nfluence the

actual level of exposure include the actual work process, characteristics of the work room and

other adjacent sources of noise operation.".

The noise declaration shall clearly indicate deviations from this noise test code, if any.

If undertaken, the verification of declared values of noise emission shall be carried out according to
[SO 4871:1996, 6.2, by using the same mounting and operating conditions as those used for the initial

determination of noise emission values.

The same information on noise emission as that given in the instructions shall be given
literature prnviding pprfnrmanp data too

in the sales

B.8.2 Example of noise emission declaration

Tabl¢ B.1 shows an example of the noise emission for Electrical Discharge Machine:

Inforjmation and noise emission values that are relevant to the machine in question and to the operating
condfitions and measurements methods used shall be inserted in the grey-aréas. Italics indicate option
to bg chosen and/or filled in. Instructions in brackets shall be followed’and deleted beforg issuing the

declgration.

Table B.1 — Example of the noise emission declaration

(Designation of the machine @e\tested)

Declared dual-number noise emission values in accordance with Idle Preparation| Erosion
1SO 4871:1996
A-welghted emission sound pressure level, L4, in dB at operator position A Xx Xx Xx
A-we|ghted emission sound pressure level, L, in dB atgk@\a‘tor position B XX XX XX
(if there is more than 1 operator position) .
Unceftainty, KpAindB (2, 5if grade 2 is used, 4 if grade 3 is used) 2,5/4 2,5/5 2,5/4

Measjurement made in accordance with ISO 2%@5022, Annex B, using:
— fgr emission sound pressure: N
1SO 1120_:2010 with accuracy grade. zwrite which standard was used, see B.3.1)
(if relevant, insert this Note)

NOTH Measurements of the @ﬁon sound pressure level with accuracy grade 2 was not possible because
(02

N

-~
Operfting condition @1g measurements: (add information on set-up, tools, workpieces and operation of the
measpirement) S

hachine during

If theldeclared einission values are to be verified, measurements shall be made using the same method and the s
and rhounting-eonditions as those declared.

hme operating

WARNING: The noise emission values given are only valid if the same operating and mounting conditions are

hpplied. Other
risk of under-

operdting and mounting conditions, e.g. a different work process, can lead to higher noise emission with the
estinratton:

other adjacent sources of noise operation.

WARNING: The noise emission values given are not exposure levels. While there is a correlation between emission and ex-
posure levels, noise emission values cannot be used to reliably determine whether or not further precautions are required.
Factors that influence the actual level of exposure include the actual work process, characteristics of the work room and
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Annex C
(informative)

Fire protection codes for special regional cases

C.1 Fire protection codes

C.1.1 General

This annex

of the fire pJ

C.1.2 Obj

Fire protect
through the

the maching

C.1.3 Appg

Fire protect

escribes the provisions in MAS 810:2017, which are currently valid in Japan, as an exa
rotection codes for special regional cases.

pctive

jon codes serve to prevent fire hazards caused by EDM and ensure the safety of the ope
use of relevant structural standards and operational standards) which explain how t

properly.
lication

jon codes should be applied to EDM equipment which use flammable dielectric fluid.

C.1.4 Relation to the fire prevention regulations

Refer to the
The Act stip,

NOTE

structure or
public instity

C.2 Strug

C.2.1 Die

The dielectn
measures.

a) dielectr

Fire Service Act in cases in which the quantity of dielectric fluid exceeds specified li
ulates regulations for storage environments and other aspects.

the operation of EDM. Fire prevention ordinances established by prefectures, municipalities
tions can stipulate more detailed regulations.

rtural standard

ectric fluid and’dielectric fluid container

ic fluid and\dielectric fluid container should comply with the following requirements a

ic fluid having a flash point of more than or equal to 70 °C should be used. The dielg

fluid temperature should not exceed 60 °C (see Table C.1).

mple

rator
D use

mits.

These standards provide relevant clauses of the template ordinance for provisions concernirnlg the

, and

nd or

ctric

ic fluid container should comply with the following requirements:

the dielectric fluid container should be made of steel having a thickness of more than or equal

to 3,2 mm (2,3 mm or greater when the dielectric fluid container capacity is below 400 1)
or material having equivalent or superior mechanical properties. This should not apply to
dielectric fluid containers which are integrated into EDM equipment in order to store dielectric
fluid sufficient to circulate in the work tank, and is made of grey cast iron of mechanical
properties equivalent or superior to FC300 (see JIS G 5501:1995);

b) dielectr
iy
2)
3)
stai
42

nless steel or other corrosion resistant material;
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d)

e)

C.2.

The following equipment should be provided:

a)

b)

ISO 28881:2022(E)

4) dielectric fluid containers should have a structure to prevent falls in the event of an earthquake
and so on.

The dielectric fluid piping should comply with the following requirements:

1) the pipes should have sufficient strength for the given installation conditions and operating
environment. The pipes should withstand water-pressure test (including tests using non-
flammable dielectric fluid or non-flammable gas) at pressures equal to or greater than 1,5 times
the maximum working pressure;

2) the pipes should not be easily degraded by dielectric fluid;

3) the pipes should not be easily deformed when exposed to heat in the event of firg unless the
pipes are installed in areas where they will not be subject to the effects of heat in|the event of
fire;

4) the outer surfaces of the pipes should be treated with a rustproof treatment unlgss the pipes
will not rust under the installation conditions.

The work tank should by with following requirements:
1) work tanks should be made of a non-flammable, oil resistance, and crack resistancg material;
2) dielectric fluid level should be adjustable to prevent ovéenflows;

3) Significantly uneven temperature distribution in\the work tank should be considered, for
example, the dielectric fluid circulation;

4) Door(s) of the work tank should prevent unintended opening;

%) if hazardous gases can be retained inside the work tank, the work tank should [incorporate
measures to prevent concentration of hazardous gases (e.g. natural ventilation thrqugh venting
openings or forced ventilation);

6) the work tank should have @ structure to prevent dielectric fluid levels from exceeding the
maximum dielectric fluid level.

EDM equipment should be"eéquipped with a structure to reduce or function to control [increases in
ielectric fluid temperature in accordance with the maximum power used for machining processes.

Equipment forreach safety measures

ielectri¢_fluid temperature detecting equipment: This equipment should be [capable of
utomdtically and immediately stopping machining whenever dielectric fluid temperatures in
reds other than the discharge area of the work tank exceed the maximum allowablle dielectric
luid temperature. The temperature should be detected at the appropriate point of th¢ work tank.
The maximum allowable dielectric fluid temperature should be equal to or less than 60 °C.

dielectric fluid level detecting equipment: This equipment be capable of automatically and
immediately stopping machining whenever dielectric fluid level drops below a pre-set level
(including sloshing by e.g. an earthquake) to keep an appropriate distance between the discharge
area and dielectric fluid surface. The dielectric fluid pumps should also be stopped. This function
should not override.

detecting equipment for abnormal machining: This equipment should be capable of automatically
and immediately stopping machining when the equipment detects the abnormal machining due to
the carbon material build up between the tool electrode and a workpiece or other factors.
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