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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.

Internationg-Standards-are-draftedinracecordanece-with-theridesgiveninthe ISOHECDreetives;Part 2.
The main thsk of technical committees is to prepare International Standards. Draft Internatjonal
Standards gdopted by the technical committees are circulated to the member bodies for vqting.
Publication [as an International Standard requires approval by at least 75 % of the member bpdies
casting a voge.

Attention is|drawn to the possibility that some of the elements of this document-mady be the subjéct of
patent rightg. ISO shall not be held responsible for identifying any or all such patent rights.

ISO 28881 wWas prepared by Technical Committee ISO/TC 39, Machine tools,(Subcommittee SC 10, Sgfety.

iv © ISO 2013 - All rights reserved
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Introduction

This International Standard has been prepared to be a Harmonized Standard to provide one means of
conforming to the Essential Safety Requirements of the Machinery Directive of the European Union and
associated EFTA regulations.

This

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

The machinery concerned and the extent to which hazards, hazardous situations and events are covered
areindicated in the Scope of this International Standard. In addition, electro-discharge machining (EDM)

equi

ment and EDM systems are intended to bhe dpqignpd m‘rm‘ding to the principles of |

0 12100 for

haza

Whe
-B st
othe

type
This
of th
The
impd

This
many

rds which are not dealt with in this International Standard.

h requirements of this type-C standard are different from those which are stated §
andards, the requirements of this type-C standard take precedence over'the requ
" standards for machines that have been designed and built according to the’requiren
-C standard.

[nternational Standard defines performance level and safety categories of the safety-1

requirements of this International Standard concern designers, manufacturers, sy
rters of machines described in the Scope.

International Standard also includes a list of informative items intended to be proy
ifacturer to the user.

b control system for EDM equipment and EDM systems as defined inISO 13849-1:2006,.

n type-A or
irements of
nents of this

elated parts

ppliers and

rided by the
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INTERNATIONAL STANDARD

ISO 28881:2013(E)

Machine tools — Safety — Electro-discharge machines

1 Scope

This International Standard specifies safety requirements and/or protective measures, applicable to

EDM

equipment and EDM systems, such as

intern
of su
mani

This
This

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

ded to be adopted by persons undertaking the design, construction,installation an
ch equipment. This International Standard also includes information to be prov
ifacturer to the user.

[nternational Standard is not applicable to arc eroding and electro-chemical machining

International Standard takes account of the precondition of the intended use as

incl
disp

This

This
reley
misul

This
of th

2

The
indisg
(incl

ISO 3
soun

ing transportation, installation, setting, maintenance, repair and dismantling for
sal of EDM equipment and EDM systems.

reaf%nably foreseeable misuse, in normal workshop environments and non-explosive a

[nternational Standard is also applicable to auxiliary devices essential for EDM proces

[nternational Standard deals with all significant hazards, hazardous situations or hazaj
ant to EDM equipment and EDM systems; where they are used as intended and under d
se which are reasonably foreseeable by the manufacturer (see Clause 4).

[nternational Standard is intended to apply to machines manufactured after the date o
s International Standard.

Normative references

following docundeiits, in whole or in part, are normatively referenced in this documnj
pensable for ifs application. For undated references, the latest edition of the referencd
1ding any amiendments) applies.

746, Acoustics — Determination of sound power levels and sound energy levels of noise §
1 pressure — Survey method using an enveloping measurement surface over a reflecting [

d/or supply
ded by the
equipment.

well as the
tmospheres,
removal or

sing.
dous events

onditions of

F publication

ent and are
d document

ources using
lane

ISO

A13 Hudraylic fluid nowoer General rules and safetyv reauirements for suctemc and thoin
H-A e HHE-POW el renerdiHes-ahnd-safe SRS OF-SYStems-and H

| alL
T+ ey 6ottt HE

components

[SO 4414, Pneumatic fluid power — General rules and safety requirements for systems and their components

[SO 4871, Acoustics — Declaration and verification of noise emission values of machinery and equipment

1SO 11202, Acoustics — Noise emitted by machinery and equipment — Determination ofemission sound pressure
levels at a work station and at other specified positions applying approximate environmental corrections

ISO/TR11688-1, Acoustics — Recommended practice for the design of low-noise machinery and equipment —
Part 1: Planning

[SO 12100:2010, Safety of machinery — General principles for design — Risk assessment and risk reduction
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ISO 13849-1:2006, Safety of machinery — Safety-related parts of control systems — Part 1: General
principles for design

ISO 13849-2:2003, Safety of machinery — Safety-related parts of control systems — Part 2: Validation

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

ISO 13855, Safety of machinery — Positioning of safeguards with respect to the approach speeds of parts

of the human body

ISO 13857:2008, Safety of machinery — Safety distances to prevent hazard zones being reached by upper
and lower limbs

ISO 14118, afety of machinery — Prevention of unexpected start-up

ISO 14122-1
means of acq

ISO 14122-]
platforms a

ISO 14122-3

and guard-rqils

[EC 60204-1
IEC 60529, I

IEC 61000-(
industrial er]

IEC 61000-6
for industrid

IEC 61310-1
acoustic and

[EC61310-2

[EC 61558-1
requirement

IEC 61800-5
Functional

EN 2, Classif
EN 54-1, Fir

Safety of machinery — Permanent means of access to machinery — Part 1: Choite of]
ess between two levels

P, Safety of machinery - Permanent means of access to machinery S--Part 2: Wo
nd walkways

Safety of machinery — Permanent means of access to machinery “ Part 3: Stairs, stepla

:2009, Safety of machinery — Electrical equipment of machines — Part 1: General requiren
egrees of protection provided by enclosures (IP Code)

b-2, Electromagnetic compatibility (EMC) — Pait*6-2: Generic standards — Immunit
vironments

-4, Electromagnetic compatibility (EMC) —Part 6-4: Generic standards — Emission stan
[ environments

Safety of machinery — Indication,ymarking and actuation — Part 1: Requirements for v
tactile signals

Safety of machinery — Indication, marking and actuation — Part 2: Requirements for ma

Safety of power transformers, power supplies, reactors and similar products — Part 1: Ge
s and tests

-2:2007, Adjustable speed electrical power drive systems — Part 5-2: Safety requiremen

ication offires

b détection and fire alarm systems — Part 1: Introduction

fixed

rking

Hders

nents

y for

dard

isual,

rking

neral

ts —

EN 349, Safety of machinery — Minimum gaps to avoid crushing of parts of the human body

EN 614-1, Safety of machinery — Ergonomic design principles — Part 1: Terminology and general principles

EN 614-2, Safety of machinery — Ergonomic design principles — Part 2: Interactions between the design of
machinery and work tasks

EN 626-1, Safety of machinery — Reduction of risks to health from hazardous substances emitted by
machinery — Part 1: Principles and specifications for machinery manufacturers

EN 953:2009, Safety of machinery — Guards — General requirements for the design and construction of
fixed and movable guards

EN 1037:2008, Safety of machinery — Prevention of unexpected start-up

© ISO 2013 - All rights reserved
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EN 1088, Safety of machinery — Interlocking devices associated with guards — Principles for design and selection

EN 12198-1, Safety of machinery — Assessment and reduction of risks arising from radiation emitted by
machinery — Part 1: General principles

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

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

EN 62226-1, Exposure to electric or magnetic fields in the low and intermediate frequency range — Methods

for calculating the current density and internal electric field induced in the human body — Pgj

EN 4
Meth
Expo

EN 6
Meth
3-1: H

EN 6
elect

CISP
Limit

3

For
ISO 1

3.1
cont
<ma

Note

3.2
macl
Systd
equij
intern]

3.3
dield

Terms and definitions

2226-2-1, Exposure to electric or magnetic fields in the low and intermediate frequen
ods for calculating the current density and internal electric field induced in the huindn bod
sure to magnetic fields — 2D models

2226-3-1, Exposure to electric or magnetic fields in the low and intermediate frequen
ods for calculating the current density and internal electric field induced in the human |
I xposure to electric fields — Analytical and 2D numerical models

2311, Assessment of electronic and electrical equipment related to human exposure res
romagnetic fields (0 Hz - 300 GHz)

R 11, Industrial, scientific and medical equipment — Radio-frequency disturbance chard
s and methods of measurement

t 1: General
cy range —
y— Part 2-1:

cy range —
body — Part

trictions for

cteristics —

the purposes of this document, theCterms and definitions given in ISO 1210[0:2010 and

3849-1:2006 and the following apply:

rol circuit
chine> circuit used for the.control, including monitoring, of the machine

1 to entry: For electrical equipment, see IEC 60204-1:2009, 3.8.

hine control system

m that respOnds to input signals from parts of machine elements, operators, exte
bment or any-combination of these, and generates output signals causing a machine to b
ded manner, as specified in [SO 13849-1:2006, 3.1.32

ctric fluid

rnal control
ehave in the

<EDM process> non-conductive medium to improve the discharge effect, evacuate debris and cool the
workpiece/electrode

3.4

dielectric fluid container

tank

system to keep the dielectric fluid in a condition suitable for EDM

EXAMPLE Filtering and cooling.

3.5

EDM equipment
machine tool that includes all the necessary units for the process of electro-discharge machining

EXAMPLE Generator, control circuits and dielectric fluid container.

© ISO
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EDM system
assembly of EDM equipment and other machines or devices, which are arranged, linked and controlled
to function as an integrated whole

3.7

electrode changer
<EDM equipment> mechanism integrated with the machine to supply a previously loaded electrode in
exchange for another electrode

Note 1 to entry: The changing device is expected to enable an operator to load/unload electrodes from outside of

the work area-

3.8
electro-dis
EDM

any machini

Note 1 to ent

3.9

electro-ma
ability of ED]
without intn

Note 1 to ent

3.10

rharge machining

ng process based on spark erosion

Fy: Electro-discharge machining is generally abbreviated as “EDM”.

pnetic compatibility

Mequipmentand EDM systemsto functionsatisfactorilyintheirélectro-magneticenviron
oducing intolerable electro-magnetic disturbances to anything in that environment

"y: Electro-magnetic compatibility is generally abbreviated'as “EMC”.

electronic handwheel

manually of
input to the

3.11
enabling d¢

additional anually operated device used-in conjunction with a start control and which, W

continuousl
[SOURCE: I

3.12
flammable

erated control device that initiates and maihtains an axis movement by pulse gener
numerical control during its rotation

vice
7 actuated, allows a machineto function

0 12100:2010, 3.28.2 < modified.]

dielectric fluid

dielectric fluid used in EDM, characterized by its relative ease of ignition and relative abili

sustain con

3.13
flash point
minimum t¢

bustion

mperature at which the dielectric fluid used in die sinking electro-discharge mach

Iment

htion

here

[y to

ning

gives off suf

3.14
generator

;o 4 1 4eilal do ih ] P 1 4oi
ICITIIU LUMIIDUSULIUIT 545 UL vdpOUul tU TgHILT d1IIU SUSUdIIT CUITDUS LIUIT

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

3.15

hazardous electric discharge power
electrical energy used to perform machining by electro-thermal material removal, which exceeds a
permitted level of voltage for contact with persons

© ISO 2013 - All rights reserved
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3.16

hold-to-run control device

control device that initiates and maintains hazardous machine functions only as long as the manual
control (actuator) is actuated

[SOURCE: ISO 12100:2010, 3.28.3 — modified.]

3.17

electric machining power

electrical power supplied to the EDM equipment and EDM system transformed by the generator in
specific electric energy, supplied as a tool to the sinker/wire electrode and the workpiece, to perform

Ly L. 1 i 1o 1 i L | 1
machmmg oy erectro-trrer firarmacerarrentovar

3.18
meah time to dangerous failure

MTTFq

expefctation of the mean time to dangerous failure

[SOURCE: ISO 13849-1:2006, 3.1.25 — modified.]

3.19
numierical control
NC
computerized numerical control
CNC
automatic control of a process performed by a device, which makes use of numerical datg introduced
while the operation is in progress

[SOURCE: ISO/IEC 2806:1994, definition 2.1.1 — mbdified.]

3.20
operjating mode
poss]ble mode for use of the machine

3.2011
automatic mode
mode¢ for use under numerical gontrol to achieve programmed sequential operation witH the guards
closdd, until stopped by a pregram or an operator

Note |l to entry: This ternris equivalent to machining mode.
Note P to entry: For mtachinery having automatic setting programs, such operations are considered aujomatic mode.

3.20}2

setting mode
mod¢ for use without electric machining power, for operations in which adjustments for thg subsequent
machifing 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, 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).

3.20.3

discharge alignment mode

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

EXAMPLE Exhaust air extraction adjustment, e.g. vertical wire alignment, dielectric flushing adjustment and
visual machining inspection.

© IS0 2013 - All rights reserved 5
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performance level

PL

discrete level to specify the ability of safety-related parts of control systems to perform a safety function

under reaso
[SOURCE: IS

3.22
shielding

nably foreseeable conditions

0 13849-1:2006, 3.1.23 — modified.]

mechanical barrier or enclosure of conductive material intended to attenuate the emission/penetration

of a varying

3.23
EDM proce:
removal of 1
distributed
discharge is

Note 1 to ent

3.24
EDM die si
removal of 1

Note 1 to ent

3.25

EDM drillin

removal of 11

3.26
EDM wire ¢
removal of n

3.27
work area

<EDM equipment> space within the envelope of the machine where the EDM process can take plac

3.28
workpiece

<EDM equipment> mechanism forming part of the machine to load a workpiece or pallet in exchang

another wot

Note 1 to ent
workpiece or

1 4 i £ 11 o 4 H < H
CICLLI'U ulasucuu IICIU ITILU dll aoolsucu I CslUll

S

haterial in a dielectric fluid by electro-discharges, which are separated in time.and rand
in space, between two electrically conductive electrodes, and where the energy i
controlled

Fy: The two electrically conductive electrodes are the tool electrode and&hg workpiece electrd
| king
haterial by spark erosion to produce various shapes in the workpiece

"y: Shapes in the workpiece may be concave, convex and prismatic holes.

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

utting
haterial by spark erosion with a wire electrode to produce prismatic shapes in the work

changer

kpiece or palette previously unloaded

ry: The-workpiece changer/palette changer is designed to enable an operator to load/unlod
palettéfrom outside of the work area.

3.29

mly
the

de.

biece

biece

¢

re for

d the

work tank

<EDM equipment> unit surrounding the work area to contain the dielectric fluid for EDM processes

© ISO 2013 - All rights reserved
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4 List of significant hazards

This clause lists all the significant hazards, hazardous situations and events, as far as they are dealt with
in this International Standard, identified by risk assessment as significant for this type of machinery,
and which require action to eliminate or reduce the risk.

NOTE 1

The purpose of risk assessment is to identify hazards and estimate and evaluate risk to be reduced

and to transfer the remaining risk to the user (see Clause 6). There are many methods and tools available for this
purpose and several are described in this International Standard. The method or tool chosen is largely a matter
of industry, company or personal preference. The choice of a specific method or tool is less important than the
process itself. The benefits of risk assessment come from the discipline of the process rather than the precision
of theresults: aslong asa systematic approach is taken to get from hazard identification to risk red

i1ction, all the

elemd

The ]
cove
6 ard
redu

NOTH
asses
for c
3.22
main

The {
Parti
4

f

q
I

bnts of risk are considered (see ISO/TR 14121-2).

ist of hazards given in Table 1 is the result of a risk assessment carried out for@all-EDN
red by this International Standard. The technical measures and information foruse in (J

based on the risk assessment and deal with the identified hazards by eithér eliminat
cing the effects of the risks they generate.

2 The designer’s attention is focused on hazards which can occur duringthe life of the mac
sment assumes risks to both the operator(s) and other person(s) who can-have access to the h
nditions of intended use, including reasonably foreseeable misuse-of the machine (see ISO
hnd 3.23) for both spark erosion with automatic mode and operations requiring intervention
fenance and repair).

ignificant hazards covered by this International Standard are listed in Table 1.
cular attention is paid to hazards dealing with:
tlectrical hazards (electrode voltage);

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

lhazardous substances (waste disposal;filters, used dielectric fluid, electrodes and slud

tlectro-magnetic emissions (radiated and conducted); see IEC 61000-6-2 EMC for inj
EC 61000-6-4 EMC for emissten.

Table1 /— List of significant hazards and major sources of these hazards
associated with electro-discharge machines

[ equipment
lauses 5 and
ing them or

hine. The risk
hzard zone(s)
12100:2010,
(e.g. setting,

ges);

munity and

Ha_lzard_ous . Reference to
Noja Hazard type situation Activity Danger zone Table 3
action T
1 Mechanical hazards:
Acceleration, decel- A3 to A5
eration (kinetic
energy of elements |Movements of machine ele- Settine. machinin At and near the
1.1 |incontrolled or ments, failure of the control & J .
. . and maintenance machine
uncontrolled circuit
motion): being run
over, impact
- All rights reserve
© IS0 2013 - All righ d 7
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Table 1 (continued)

Hazardous Reference to
No.a Hazard type situation Activity Danger zone
action Table 3
. . Loading/unloading, |Between clampsand |A1l,A2, A3
1.2.1 Workpiece clamping reorienting workpiece
Cutting parts, sharp |1.2.2 Automatic workpiece/ Sv(:)v:]fr-iggg/rgzi Eg‘éﬂ;gzcifrzv;;k_ AL, AZ, A3
1.2 edges: crushing and |electrode changing P h plec
shearing trode change motion
1.2.3 Moving parts (e.g. Manual operation/ |Between workpiece/ |A1l,A2, A3, B4
axesrotinselementsifat—rworkpiecefelectroderelectrode-andmachine
ure of the control circuit change parts
Manual or automatic work- Manual or power- Al1/A2, A3, B4
Moing and/or piece/electrode changing, operated \/\E)Ol‘k iece/ Between workpiece/
1.3 |rotdting elements: |spindle rotation and wire el%ctrode chanpin electrode and machine
entgnglement rollers rotation, failure of . sing parts
the control circuit and spindle rotation
Hydraulic/pneumatic A4
14 Higlp-pressure: fluid |systems ejection, leakage, |Setting, machining |Atand nedrthe
' inje¢tion or ejection |flushing and residual pres- |and maintenance machine
sure
Roubh. slipper Waotk tanks where A6
surf;c;}' slri)p ir}1, Ejection or spillage of fluids Durine and after wihole-body access is
15 |tri Jin. anlc)ipfal%i'n and lubricants; trailing machi%lin and main- possible, slippery floor
' of p >rs§ns (relatedg floor-mounted or loose con- tenance 8 and high working posi-
to Ir)r'achiner ) nection cables tions; area surround-
y ing the machine
Losg of stability: A9
— unbalanced
machine or parts
— iappropri- . Machine assembly,
16 ately fixed part of Icr;lf;ﬁ; tfpipri?ﬁr?;?({gr transportation, At and near the
' machine §0Y : installation and machine
and/or falling of machine commissionin
— lifted machine or &
par{s by crane
— transportation
with overload
2 Eledtrical hazards:
Live parts (d1re.ct Contact with workpiece/ B1,B2
conflact): electrical . : Process control, .
electrode, wire/wire-path . . Workpiece, electrode,
2.1  |shogks to persons; d ith setting and mainte- line fi
offekt on medical and contact with unpro- nance tooling fixture
-t tected circuits
implants, sheeck
Par{s that become B1, B3
live ufider fault .
conditiomstimdirect—Comtactwithpartsof the Is\iii’rizzn;?;:ﬁ:ngn_ rAntaaCI;l(iinI:ée;iil’l;Stl}lllztion of
2.2 contact): electro- machine which are not live erator and for t%w electrica’l cables and
cution of persons, during normal operation hi ;
effect on medical machine equipment
implants, shock
Thermal hazards (not relevant to EDM):
4 Noise hazards:
Manufacturing pro- C1
cess (fluid pumps,
moving and/or Emission of hazard- During operation, Atand in the vicinity
41 |rotatingparts, whis- |ous noise from the EDM setting, cleaning, of the machine or the

tling pneumatics):
hearing damage loss
or other physiologi-
cal disturbances

equipment or its auxiliary
devices

maintenance and
repair activities

auxiliary devices

© ISO 2013 - All rights reserved
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thC CIITT s_y Dlal}.l}}}y
after an interrup-
tion

and machine elements mov-
ing and/or rotating under
residual forces (e.g. inertia,
gravity)

Table 1 (continued)
Hazardous Reference to
No.2 Hazard type situation Activity Danger zone
- Table 3
action
Vibration hazards (not relevant to EDM):
6 Radiation hazards:
Electro-magnetic B4, B5, B6
radiation: effect on L
) T . . In the vicinity of the
failure of safety- Hazardous radiation imme- |During operation of . .
6.1 Lo a Y PR L ; L. e machine or the auxil-
retated-partsofthe—diatelynear-the-workcares—machineand-settne— -
control circuit and iary devices
medical implants
7 Materials/substances hazards:
Contact with or Conditions near the During the EDM pro- 01 to D4
71 inhalation of harm- |machine caused by ejection |cess, setting, main- |At and nearthe
' ful fluids, gases, of dielectric fluid, droplets |tenance and disposal |machine
mists and dust or evaporation, mists, etc.  |of the machine
Fire hazard originated by 04 to D12
flammable gas bubbles or
mist generation, long-
] . . lasting arcing condition, During the EDM In the work tank, the
7.4 Fire or explosion . : : work area and near
loss of dielectric fluid, fault |process the machine
of electrical or hydraulic
power supply, failure of the
control circuit, etc.
8 Ergonomic hazards:
Specifi . Unhealthy posture or Du(li‘lnglloado!lng ¢ EE gﬂ;
pecific require . . . and unloading o
. excessive effort including
ments resulting ; . . electrode or work- , -
8.] £ the design of machiné€sin . At operator’s position
rom neglect of ergo- . . |piece on the EDM
nomic principles aC(.:or_dance with.grgonomic equipment and EDM
principles
system
9 Hazards associated with the environment in which the machine is used:
Malfufiction of the machine H4
Electro-magnetic itself or electrical equip- o
91 disturbances: exter- |Ment due to electro-mag- 'Icvi[:rihslz'ftig ogreiga- At and in the vicinity
) nal influences on netic dlsturbaqces,.fallure . & of the machine
electrical equipméfiF of the control circuit maintenance
1( Combination of hazards:
Malfunction resulting from H1,E2,E3
Failirs of the exter- |POWer loss on the machine
M power supol itself and/or electrical/
p pPly pneumatic equipment, R At the machine and all
and restoration of : . All activities at the .
100 powered clamping failures L. moving elements of

the machine

This list is derived from ISO 12100:2010, Table B.1.

5 Safety requirements and/or protective measures

5.1 General requirements

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

An analysis of failure of machine components, including failure in the control system(s), is part of the
risk assessment and guidance on this subjectis given in ISO 13849-1. Therefore, reliability requirements

for safety fu

nctions are defined as performance levels in accordance with ISO 13849-1 (see 5.2).

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

a) Safety-related hardware and software: for the purposes of this International Standard, the safety-
related parts of the control system are the parts of a control system which respond to safety-related

input signals and generate safety-related output signals. The safety-related parts of a control

system
the acty
control
control
in accor

systems shall be implemented using safety-related parts designed, constructed and ap
dance with ISO 13849-1. If the safety function, when activated, initiates-acategory 2 st

accordance with [EC 60204-1:2009, 9.2.2, an automatic monitoring of the category 2 stop is req

to preve

b) Safety f

nt unexpected start-up or axis movement in accordance with ISO 14118.

unctions: safety-related parts of control systems implementing the safety functions

meet the requirements for the performance level and category of 1S@ 13849-1, as listed in Tal

Additio

hal information is given in Annex D.

ctart at the point where the safety-related input signals are initiated (including, for example,
lator and the actuating system of the position switch) and end at the output ofithe ppwer
elements (including, for example, the main contacts of a contactor). Safety functiops of

lied
op in
hired

shall
ble 2.

10
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Table 2 — Required performance level (PL,) of safety-related parts of
the control system for EDM equipment and EDM systems

Reference | Required perfor-
[(sub) mance
Safety functions clause] level, Referenc; to Table
PL, =
1SO 13849-1:2006
— Movement control by means of hold-to-run control device or |5.3.2.2
. PL:b A3
electronic handwheel
— Movement control with safely monitored reduced speed 5.3.2.2 PLrc A3
—1In CTTOCKIME TUMCTION Of TMOVabIe gUards of Toot CTanget7 5322 Cat.3 PL,c ALAZ| A3, B2
magdzine
— Safe operational stop (SOS) function in accordance with 541 PL. ¢ Be
IEC 6[1800-5-2 r
— Start, stop and automatic restart function of machining 541 PLyb E3
— Inferlocking function of movable guards of the EDM equip- a Cat. 3, PL,"c A1, A2| A3, B2
ment
— Mgvement control and/or electric machining power control 5.3.2.2
. ! Cat. 3,PL; c A3
by means of enabling device 53.23
— Time limit function for discharge alignment mode 5.3.2.3 PL;c Al,A2| A3, B2
— Mode selection function 5.3.1 PL;c
— Emergency stop function 5.4.2 Cat.3,PLyc
58.2.2
— Enjabling device function Cat. 3,PL;c A3
5.3.2.3
— i i i b
: M ‘m'_cormg function of level and temperature of flammable PL, c D6, D7| D8
diele¢tric fluid
— Fire detection function b PL;c D10
a  [pterlocking function of movable guards,eleé¢tro-sensitive protective equipment (ESPE) or other safety| equipment of
EDM [quipment with hazardous movement$ and electrical discharge power > 25 V-a.c. or > 60 V-d.c. (using o safety source
in acqordance with IEC 61558-1).
b The fire detection device is a protective measure, complementary to the level and temperature monitoring of flammable
diele¢tric fluid, to prevent ignition-due'to human error.
The function of safety-related parts, as specified above, shall be validated by examinatipn of circuit
diagrams and practical checks (see ISO 13849-2).
5.3 | Operating‘modes
5.3.1 Operating mode selection
The gelection of the operating mode shall be carried out either using a key switch or equivalent means,

which restrict the use of certain modes to certain operators. If a restriction for operators is required,
an admission code to access the setting mode shall be available (see 6.3.3). Mode selection shall be
permitted only from outside the work area and shall not initiate start-up. The indication of the selected
operating mode shall be provided (e.g. the position of the selector and the provision of an indicating light
or visual display indication). Mode changes shall ensure that only one mode is active at any one time in
accordance with ISO 12100:2010, 6.2.11.10, and IEC 60204-1:2009, 9.2.3.

© ISO

2013 - All rights reserved
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5.3.2 Protective measures relating to operating modes

5.3.2.1 Automatic mode

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).

5.3.2.2 Se

In the setti

tting mode

g mode, the electrical discharge power of parts, which can be touched, shall be lin

nited

to<25Va.c.
with [EC 61}

The axis md
the workpig
using the el
flushing and

With the gu
axis movem

(hand-g

(hand-g

electrof

For movems
shall be ava
entering wif

hold-to-

electrof

means t|

The stop re
accordance
shall be mai

For rotating
hand-operaf

In setting m|

ectrode changer and/or workpiece changer, checking/optimizing the injection or su

or<60Vd.c.,, inaccordance withIEC 60204-1:2009, 9.2.4 (using a safety source in accord
b58-1).

vement speed shall be monitored for setting operations (e.g. measuring cyclés by tou
ce with a probe or electrode, checking the movement of the workpiece and/or elect

performing a dry run to check the NC program).

ent shall be controlled through:

perated) hold-to-run control, or

perated) enabling device, together with a start button;er
1ic handwheel.

nts with axis speed > 2 m/min and < 15 m/min and the guards open, protective meas
ilable to prevent the operator or other persens having access to 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

lic handwheel, together with an enabling device (see Table 2), or

o preventreaching the darnger zone (e.g.light curtain, laser scanner, two-hand control de

sulting from the reléase of the enabling device shall be a safe operational stop (SO
with 4.2.3.1 of IEC*61800-5-2:2007. The minimum distance in accordance with ISO 1
ntained.

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

fode; axis speed > 15 m/min and rotating speed > 50 U/min are not permitted.

hirds open, the axis speed shall not exceed 2 m/min and shall be monitored (see Table 2).

ance

hing
rode
ction

The

ures
from

rice).

S) in
B855

rith a

5.3.2.3 Di

scharge alignment mode

Use of the EDM equipment for specific alignment operation (e.g. vertical wire alignment, adjustment
of the exhaust air extraction, dielectric flushing adjustment and visual machining inspection) with
the guards open and the electrical discharge power between 60 V d.c. and 350 V d.c. or 25 V a.c. and
100 V a.c. shall be possible with the following safety measures only.

a) Dischar

ge alignment mode during the automatic mode:

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

— pre

12

ss the start button to start the automatic operation;
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set the key switch to discharge alignment mode to activate the maximum time of 2 min
and visual and audible alarm signal. After this time, the discharge alignment mode shall be

automatically stopped;

press the button of the one-hand operation-enabling device and keep it depre
discharge alignment mode;

ssed during

open the guards to operate the discharge alignment operations (vertical wire alignment,
adjustment of the exhaust air extraction, dielectric flushing adjustment and visual machining

inspection, etc.);

after a maximum of 2 min_the dicr‘hnrgp nlignmpnf mode shall be automatically ctopped and

b) 1

the visual and audible alarm signal deactivated. To continue the stopped automat

c 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 2
the automatic operation shall continue without interruption;

in case of discharge alignment mode on EDM equipment using flammable dielectrilc

the fire detection function activated to stop electrical discharge pewer in case of f

Discharge alignment mode during the setting mode:

set the key switch to discharge alignment mode tofactivate the maximum tin
and visual and audible alarm signal. After this time{. the discharge alignment m
automatically stopped;

press the button of the one-hand operatiom=énabling device and keep it depre
discharge alignment mode;

perform the discharge alignment operdtion by tilting or feeding;
release the enabling device after.alignment work;

after amaximum of 2 min, the/discharge alignment mode shall be automatically stoppé
and audible alarm signal deactivated, and all operations shall be ignored by the contr

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

in case of discharge alignment mode on EDM equipment using flammable dielectr:ic

the fire detectiol’ function activated to stop electrical discharge power in case of f

In the information, for use, provide information about the necessity of the operator to havg

and
work

5.4

nstructionyen the specific electrical hazard; for this reason, a relevant written auth
ing withilive electrical parts shall be available (see 6.3.2.2).

Stop functions

min elapse,

fluid, keep
re ignition.

ne of 2 min
bde shall be

ssed during

bd, the visual
pl system;

fluid, keep
re ignition.

e knowledge
rization for

5.4.1 Operational stop

An operational stop function, which is initiated by a stop device, shall be provided for each mode of
operation. Whenever the operational stop function is activated, the energy supply to axes drive
motors, workpiece holding device and NC equipment does not need to be turned off (see Figure A.5 and
[SO 12100:2010, 6.2.11.3).

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

5.4.2 Emergency stop
The EDM equipment and EDM systems shall be provided with one or more emergency stop control
devices and be in accordance with IEC 60204-1:2009, 9.2.5.4.2, 1SO 12100:2010, 6.3.5.2, and ISO 13850.
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The emergency stop functions shall be of category 1 in accordance with 9.2.2 of IEC 60204-1:2009, and
shall switch off the electric machining power, stopping all movements of the main and auxiliary 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 electro-discharge drilling
machines), stop category 0 according to 9.2.2 of [EC 60204-1:2009 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

— mainc

ntrol pa nel

— portabl
900 mny

— workpig

e control panel, if another emergency stop device cannot be reached within a distan
(see Table 5 of ISO 13857:2008), and

ce/electrode loading and unloading station, if separated from the main operator’s pos

5.5 Specific requirements

Safety requ
to prevent }|
procedures

— by testi
— by meaj
— by calcy
— by visug

— by analy

irements and/or protective measures as needed for EDM equipment and EDM sys
1azards identified in Clause 4 shall be taken as defined in Tablée 3, and verified usin

indicated in the verification column of Table 3, with the folloiwving abbreviated phrases:

hg (e.g. functional or practical check);

urement;

lation;

1l inspection, if testing and calculation are-not adequate;

sis of documentation (e.g. circuit orfunctional diagram, information for use).

ce of

tion.

tems
o the
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Table 3 — List of safety requirements and/or protective measures and their verification

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).

procedures
Safety requirement Normative
Hazard and/or protective Verification reference
measure (see Clause 2)
Aa |Mechanical hazards
Al.11
EDM equipment shall be designed so as By testing and ISO 13857
to avoid foreseeable mechanical hazards |yjsual inspection EN 349
ATT during mtended use and reasonably fore-
. seeable misuse.
A1| |Mechanical
hazards (general [A1.1.2
requirements) Where hazardous situations cannot be By testing and
prevented, fixed guards shall be used visual inspection EN(953:2009, 32
where no access to danger zones is neces-
sary during intended use.
Al.2.1
Where access to wire transportation
system (rollers) is required, crushing or )
entanglement prevention devices shall By teSting and 150 13857
be provided, preventing access by hand | Visual inspection EN 349
(e.g. setting a block preventing nipping
between rollers). For schematic example,
see Figure A.9.
A1.2.2 EN 349
Where frequent (more than.ofice per By testing and 150 13857
day) access to the work areais required, |vjsual inspection EN 953:2009, 313, and
hazardous situations shall be prevented EN 953:2009, 315
using interlocking movable guards. EN 1088
Al1.2
A1.2.3
Access to work
A1l |area: crushing, In automatic mode, opening of interlock- | By testing and
shearing and ing guardsshall stop all current opera- | yisual inspection  |1EC 60204-1:2d09 9.2.4
entanglement tionsin.order to prevent all risks within |4p4 !
the area under protection (see corre- by analysis of docu- |EN 1037
sponding safety function in Table 2), e.8. |mentation
switch off electric machining power and
hazardous movement.
Al.24 By testing and
As long as the interlocking guards remain |Visual inspection
open, unexpected start-up shall be pre- |and ) EN 1037:2008,8.2
vented in all modes (see corresponding ~ |PY analysis of docu-
safety function in Table 2). mentation
A1 25 By testing and
visual inspection
No other hazardous machine movements |5pd
shall arise from the actuation of any sen- |py analysis of docu-
SOr. 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.
Mechanical haz- for workpiece/electrode cleaning and By testing and EN 1088
A2 |ards within the inspection of work progress), a device analysis of docu- IEC 60204-1:2009, 5.4, and
work area which prevents inadvertent closing of mentation

IEC 60204-1:2009, 9.3.1

© IS0 2013 - All rights reserved
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Table 3 (continued)

Hazard

Safety requirement
and/or protective
measure

Verification

Normative
reference

(see Clause 2)

A3

A31

Mechanical haz-
ards created by
transfer equip-
ment (e.g. elec-
trode magazine,
workpiece changer

A3.1.1

Access to hazardous movements of the
tool and/or workpiece magazine shall be
prevented by fixed or interlocking guards
with guard locking.

By testing and
visual inspection

EN 953
[SO 13855
EN 1088

and/¢r other
changing devices)

A3

A3.1.2

Opening the guard of the electrode/
workpiece changer shall prevent auto-
matic changing movement or magazine
movement. As a schematic example, see
Figures A.7 and A.8.

By testing and
visual inspection

A3

A3.1.3

The movement of the electrode/work-
piece changer in setting mode shall be
possible under the conditions mentioned

in 5.3.2.2 only.

By testing and
visual inspeCtion

ISO 13857

IEC 60204-1:2009, 9.2.4land
[IEC 60204-1:2009, 9.2.6.1

A3

A3.1.4

While tool changing or magazine move-
ment is in progress, opening of the door
shall be inhibited by interlocking with
guard locking.

Access to other remaining hazardsishall
be prevented.

By testing and
visual inspection

A4

Fallinjg or ejected
objedts or fluids

Guards shall be provided-towretain the
foreseeable ejection of fluid. Hydraulic
and pneumatic systems shall be designed
in accordance with:the appropriate stand-
ard (e.g. prevention of residual pressure).

By testing and
visual inspection

EN 953
ISO 4413
ISO 4414

AS

Mechjanical
hazards caused
by esfape of fluid
from|work tank

Door(s)of the work tank shall be locked
againstaccidental opening.

By testing and
visual inspection

EN 1088

A6

A6.1

Slip, frip and'fall of
persdns-(related to
the machinery)

A671.1

Where a fluid system is provided, the
containment of dielectric fluid shall be
designed to prevent leakage and mini-
mize splash and spray. A non-slip surface
shall be provided, especially for areas

By testing and
visual inspection

where frequent access is required (such
as waste removal and change of filters).

A6

A6.1.2

Means of access where there is a need to
enter or walk on the machine, e.g. hand
holds, foot holds and, where possible, a
non-slip surface shall be provided.

By visual inspection

ISO 14122-1
[SO 14122-2
[SO 14122-3

A6

A6.1.3

The instruction handbook shall include
requirements on appropriate footwear

[see 6.3.2.2 b) 2] and/or location of non-
slip surfaces around the machine [see

6.3.2.2 a) 2].

By visual inspection

16
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used as a working tool shall be protected
with interlocking guards, as specified in
5.3.2, to prevent accidental or inadvertent
contact.

analysis of docu-
mentation

Safety requirement Normative
Hazard and/or protective Verification reference
measure (see Clause 2)
Mechanical haz-
ards associated  |EDM equipment and safety-related parts |, , IEC 60204-1:2009, 9.4
. ; . y testing and
with the failure of |of the control system shall fulfil the :
A7 : . |analysis of docu- [SO 13849-1
a safety-related required performance level PLy, as speci- mentation
part of the control |fied in ISO 13849-1 (see 5.2) [SO 13849-2
circuit
Fallingdownofan |\, 0 ) iy g g tthe
agl |35 S’.hde due to axis sliders from being unintentionally By visual _1nspect10n
running over the . and practical tests
limit switch pulled off the end of the guideways.
In the instruction handbook and on the
Instability of the packaging of the equipment, there shall
equipment during be clearly marked: By analvsis of doci
A9| |assembly, installa- | _ the hanging points for lifting up Y Y
. . mentation
tion and commis-
sioning — the mass
— how to move
B Electrical hazards
The electrical equipment of the EDM £ visual inspection
Electrical hazards |equipment and EDM systems shall be ar};d p
B1| |[(generalrequire- |designed to preventany kind of electri< analvsis of docu- IEC 60204-1
ments) cal shock, which can be hazardous to YK
persons. mentation
B2.1.1
B2.1 Live parts shall be located inside By visual inspection
. enclosures, which provide protection and IEC 60204-1:2(09, 6.2.2
B2| |Persons coming to prevent direct contact: The degree of i
into contact with preve ided By encl 8 hall analysis of docu- IEC 60529
live parts protection provided hy enclosures sha mentation
be atleast IP2X.orIPXXB, in accordance
with [EC 60529.
B2.1.2
Enclostres, including control devices (e.g.
keybeards, portable control stations),
shall be protected against foreseeable By visual inspection
€xternal influences or environmental and
B2 conditions where the equipmentor sys- |analysis of docu- IEC 60529
tem is intended to operate (e.g. machining | mentation
residuals, dielectric fluid). The degree
of protection provided by enclosures or
control devices shall be atleast IP 22, in
accordance with IEC 60529.
B2.1.3
Theenctosuresshattbetocatedamd By visualinspection
B2 mounted to facilitate accessibility and and IEC 60204-1:2009
the continuity of the protective bonding |analysis of docu-
circuit as well as the insulation resistance | mentation
shall be tested.
B2.1.4
The work area on the EDM equipment and | By visual inspection
EDM system, where electrical energyis |and
B2 EN 1088

© IS0 2013 - All rights reserved
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Table 3 (continued)

Hazard

Safety requirement
and/or protective
measure

Verification

Normative
reference
(see Clause 2)

B2.1.5

The opening of interlocking guards pro-

By visual inspection
and

IEC 60204-1:2009

B2 tecting live parts shall cut the machining |analysis of docu- EN 1088
electrical discharge power off in auto- mentation
matic mode (see Table 2).
B2.1.6
On EDM equipment and EDM systems By visual i "
where electrical discharge power is used |PY Visualinspection .
B2 in the work area for position pick-upby [and IEC 60204-1:2008
contact sensing, such operations shall analysis of docu- EN 1088
only be possible with interlocking guards |mentation
closed, with the exception of the dis-
charge alignment mode (see 5.3.2.3).
B2.1.7
For EDM equipment and EDM systems By visual inspection
where position pick-up is foreseen in dis- |apd
B2 charge alignment mode with interlocking | by analysis of docir- IEC 61558-1
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
Persqns coming equipment and EDM system shall be pro-
into (ontz.act with V.ided with thg con.nection to the protec- 8} testing and IEC 60204-1:2009, 5.2, 4.3.3,
B3 |part§which have |tive bonding circuit to prevent hazardous
becoine live under |conditions for persons in the event of an measurement 8.2,19.2
p a
faulty conditions |insulation failure between live parts\and
exposed conductive parts.
Electro-magnetic immunity,ofthe EDM
Hazafds generated equipment and EDM system against
by eléctro-mag- electro-magnetic disturbances (e.g. main
Y e 5 voltage filtering, grounding, shield- IEC 61000-6-2
netic|disturbances, |. iate witthe of EDM equin-
B4 |prov¢king the IN§, appropriate Wirhg quip- By measurement IEC 60204-1:2009, 4.4.2
failutle of safety- ment) shall be.de51gned fqr operation in
relatéd parts of industrial envirbnments, in accordance IEC 61000-6-4
the cbntrol circuit with EMCegulations for industrial
equipment.For a schematic example, see
Figures\A'1 and A.2.
The low-frequency electro-magnetic
interferences, as well as the magnetic
radiation, shall be measured at short
distance in accordance with the relevant
standard. The result identifies the emis-
sion category of the EDM equipment and CISPR 11
) - the respective symbols shall be applied R &
Hazardsgenerated VIsibly to the EDM equipment. EINOZZZ OISO T E T 0L,
by electro-mag- EN 62226-3
netic distur- By measurement
B5 |bances provoking and analysis of EN62311
dangerous risk for documentation EN 12198-1, EN 12198-2,
electrical implants EN 12198-3
in human bodies
[SO 7010:2003, Table 2,
WO005 and W006
18 © IS0 2013 - All rights reserved
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Hazard

Safety requirement
and/or protective
measure

Verification

Normative
reference
(see Clause 2)

Unexpected start-

A safe operational stop (see 5.4.1) shall be

By calculation and

IEC 61800-5-2

indicated. As a schematic example, see
Figures A.5 and A.6.

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

B6 up applied to prevent unexpected start-up practical tests EN 1037
C Noise hazards
ISO 3746
The EDM equipment and its auxiliary 1SO 4871
Hearing loss or devices shall be designed to avoid haz- By measurement ISO 11202
C1 other physiologl- [ardous noise emissions either by using and analysis of ISO 11688-1
cal disturbances |low-noise components or by application |documentation )
of noise attenuation means. Annex Beof thif Interna-
tional Standard)
D Hazards generated by materials and substances (and their constituent elements) processed of used by the
machinery
EDM equipment shall be designed to
. prevent leakage in order to allow the safe .
General require- . s By testing and
D1 handling of materials in process and/or : : :
ments . . S visual inspéction
removal of dielectric fluid, filters, process
residuals, sludge or any other waste.
EDM equipment shall be designed to
?j;?;dsirfligrgon_ avoid contact with harmful dielectric
tact wtigth 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- EN 626-1
lation of harmful . )
. system, to connect the local exhaust air mentation
gases, mist and . .
d extraction system (For a schematie@xam-
ust .
ple, see Figure A.3.).
Contact hazards Door(s) of the work tank shall'be locked .
caused by escape . : By testing and
D3 : to prevent accidental opening whenever : . . EN 1088
of fluid from work here is diel ic fluidinth K tank visual inspection
tank there is dielectric fluidirthe work tan
EDM dielectric fluid containers shall
incorporate devices to prevent concen-
tration of hazardous gases (e.g. natural )
ventilatidn-through venting openings or |By testing and
D4| |Formation of gases |forced entilation). analysis of docu-
mentation
Provision shall be made to cool the dielec-
trie/fluid in relation to the maximum
power supplied by the EDM equipment.
EDM equipment shall be designed for use
with dielectric fluids having a flash point
D5 Dielectric\flash of at least 60 °C. By analysis of docu-
point mentation
See Annex C for fire protection codes for
special regional cases.
EDM equipment using flammable dielec-
tricftuids stattave twomdepemdentty
operating temperature-detecting sys-
tems, switching off the discharge power
] ] whenever the dielectric fluid temperature By testing and
pe |Pielectrictem- within the work tank exceeds 45 °C. In analysis of docu-
perature rise this case, temperature increase shallbe | entation
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Table 3 (continued)

Hazard

Safety requirement
and/or protective
measure

Verification

Normative
reference
(see Clause 2)

D7

Insufficient dielec-
tric level

Where flammable dielectric fluids are
used, the depth at which the electro-
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
instance.

By testing and
analysis of docu-
mentation

See Annex C for fire protection codes for
special regional cases

D8

Dieleftric level
drop

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

By testing and
analysis of docu-
mentation

D9

Fire ignited on the
diele¢tric fluid
surfafce due to
matefial build-up
betwgen electrode
and workpiece

EDM equipment using flammable
dielectric fluids shall be equipped with
depth monitoring provisions to switch
off the electric 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 tésting

D10

Fire

EDM equipment using flammable
dielectric fluid shall be providedwith a
fire-detecting system, switching-off all
energy supply (e.g. electricat; pneumatic,
hydraulic) and closing the'xelated exhaust
air extraction system. Aetivation of the
system shall be indicated by audible and
optical signals and'shall further provide a
signal either fer\an integrated automatic
fire extinguisher or for centralized fire
alarm circuits or any other action. As a
schematitexample, see Figures A.4 and
A.5.

By testing and
visual inspection
and

by analysis of docu-
mentation

EN 2
EN 54-1

D11

Fire ypreading by
flam

able materi-

EDM equipment using flammable
dielectric fluids shall, in addition to the
fire detection system, be designed with
special attention to the prevention of the
spreading of fire (e.g. preventing ebbing
started by dielectric fluid from the work
tank in case of flame detection, provok-

By testing and
visual inspection

als, distribution of
gases and fluids

ing the spreading of fire by mist or due to
missing barriers).

All components of the dielectric system
(e.g. reservoirs, work tanks, filling/emp-
tying system) as well as for the exhaust
air extraction system shall be manufac-
tured in non-flammable materials.

and
by analysis of docu-
mentation

ENZ

D12

Hazards generated
by electro-mag-
netic disturbances,
provoking the
failure of safety-
related parts of
the control circuit

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

By testing and
measurement

IEC 61000-6-2
IEC 60204-1:2009, 4.4.2
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Table 3 (continued)
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Hazard

Safety requirement
and/or protective
measure

Verification

Normative
reference
(see Clause 2)

E Hazards generated by power failure and restoration

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

Loss of electrical

E1l
power supply

— clamping systems,

— electrode or workpiece changer,
— dielectric fluid container,

— position of axis, and

— fire detection system

shall be maintained by either mechanical
retaining devices (e.g. spring-loaded lock-
ing devices) or uninterrupted power sup-
ply (e.g. battery back-up and redundant

power supply).

By testing and
analysis of docu-
mentation

IEC 60204-1:2(09, 7.5

E2| |Pressure loss

If safety-related functions are relying on
hydraulic or pneumatic systems, the EDM
equipment shall stop in case of pressure
loss. During the time of pressure loss}

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

shallbé maintained by either mechanical
rétaining devices (e.g. spring-loaded lock-
mg devices) or uninterrupted pneumatic
pressure supply (e.g. pressure cartridge
back-up and redundant pressure supply).

By testing and
analysis of docu-
mentation

ISO 4413
ISO 4414

Failure due to
E3| “mecovery of the

To prevent dangerous situations for the
operator and the equipment or process
such as

— position loss and

— data loss

By testing and
analysis of docu-

IEC 60204-1:2(09, 7.5

POWET SUPPLY

after failure of the power supply, the
integrity of the safety-related functions
shall be monitored and confirmed before
automatic restart is allowed.

TIETtation

F Hazards generated by neglecting ergonomic principles

EDM equipment and EDM systems shall

Neglect of ergo- be designed according to ergonomic prin- By analysw of docu- |EN 614-1
F1 nomic principles |ciples to prevent significant ergonomic mentation and
p p P p & & by visual inspection |EN 614-2
hazards.
a 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,
includingreasonably foreseeable misuse of the machine (see 1SO 12100:2010, 3.24) for both spark erosion
with automatic mode and operations requiring intervention (e.g. setting, maintenance and repair)

6.2 Markjing, signs and written warnings

Marking shgll be in accordance with ISO 12100:2010, 6.4.4, IEC 61310-1 and IEC 61310+2:
Machinery ghall bear all markings which are necessary:

a) forits unambiguous identification:

— the|business name and full address of the manufacturer and, where applicable, the authorized
representative;

— the|designation “electro-discharge machine”;
— thelseries or type of machine;
— thelserial number, if any;
— thelyear of construction, that is the year in which the manufacturing process is completed.
b) in ordey to indicate its compliance with mandatory requirements, i.e. the mandatory marking
NOTE The mandatory marking for Europe is the CE marking.
c) forits safe use:

— the| machine shall be provided with appropriate marking to indicate residual risks| (see
1S0|7010:2003);

— whereflammabledielectricfluidisused onthe EDM equipmentand EDM system, the surrounding
aref shall be marked with warning/information symbols (see ISO 7010:2003);

— where persenal 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
ma{datory action symbols (see ISO 7010:2003).

6.3 Instruction handbook

6.3.1 Instruction handbook — 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.
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6.3.2 Special recommendations for EDM site preparation

6.3.2.1 General

The instruction handbook shall remind the user to respect the regulations of local authorities for the
use of EDM equipment relevant to:

a)
b)
‘)
d)

The Information for use shall include, particularly, the following:

6.3.1.2 General safety information

the handling of hazardous substances resulting from the EDM process;

environmental requirements for discharge fromthe exhaustair extraction systemin the environment;

firenrevention reagulatione wacsto dicnacal and cnacial EMC cito roanlationg:
IHeprevendentregtiatHon WESEEe-G1 5P eSS a-Speca s Sie e guaHoh S5

the prevention of penetration of spilled, dripped or lost dielectric fluid into the gretind

gtability during machine assembly, installation and commissioning (to deseribe informd
hanging points for machine, mass of the machine and ways to move the machine);

yerification of connection of electric, hydraulic and pneumatic cireuit system, based on
instructions;

yerification of setting the protective measures;

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

3lthough acoustic noise of EDM equipment is not'considered to be hazardous, a decld

escribed in ISO 4871;

information that the floor around the machine shall be a non-slip surface.

[eneral safety information-shall include the following:

1) indication that the EPM equipment and EDM system shall not be used in explosive o
explosive atmospheres;

2) indicationthat the floor area around the EDM equipment shall be kept slip-fre
where fréguent access to the machine is required;

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

4)-indication that the operation on the EDM equipment in contaminated air shall bg

tion for use:

installation

¢ut off of the electrical power to the EDM system, by switching the main switch off fgr longer “no

ration shall

e made concerning the airborne noise emission, using the dual-number form of presentation

I potentially

b, especially

r operation,

avoided by

means of the customers air evacuation system (as a schematic example, see Figure A.3);

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

6) instructions to release pressure to prevent residual hydraulic or pneumatic pressure in case of

service, maintenance, trouble-shooting and repair;

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

8) 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 hazardous electrical

discharge power in discharge alignment mode;

9) instructions for the operator about working with live electrical parts as well as spe
electrical hazards;
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10) instructions to have written authorization for the use of EDM equipment and EDM systems;

11) instructions on how to lift or move the EDM equipment and EDM system (e.g. hanging point,

mas

s and centre of gravity, as well as exactly how to move it);

12) instructions to regularly check the correct function of the customers’ air evacuation system.

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

1) instructions for the use of appropriate insulated industrial gloves;

2) instructions for the use of appropriate footwear around the machine.

6.3.2.3 Pqgwer specifications
a) Specifylexternal power supplies (electrical, hydraulic and/or pneumatic).
b) Specifylgrounding of the EDM equipment.

c) Specifyfrecommended cable size.

6.3.2.4 Compressed air specifications
a) Specifyfinformation on compressed air quality and connection.
b) Specifyjadequate pressure range.

c) Specifyecessary flow rate.

6.3.2.5 Flammable dielectric fluid

The informd

a) useof
exhaust

b) informd

c) informg

EDM syptem (e.g. water asextinguishing medium because of corrosion or distribution of bui
dielectrjic fluid);

d) additiofal informatioh-regarding fire extinguishing means:

1) suit

2) spefifications for interfacing the fire detection device of the EDM equipment with the user

ext

tion shall include the following:

on-flammable materials for connections to external devices (e.g. centralized filter and/or

air extraction systems);

tion to use barriers on customers’ interfaces, to prevent the spreading of dielectric fluid

fire;

tion on optional fire extinguishing system, which shall not damage the EDM equipmenf and

able sizé\and location of nozzles; optimized pressure for the fire extinguishing mediur

ning

n;

s fire

nguisher installation (see Figure A.4);

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) avoi

24
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4) special precautions.

specifications for interfacing the dielectric fluid cooling system with the EDM equipment, including
information, such as:

1) flow rate;
2) heat exchange capacity;

3) specification of interface;

6.3.2.6  Hazardous substances

The information shall include:

a)

b)

d)

6.3.1.7 Electro-magnetic emissions)(EMC)

The information shall state that:

a)

b)

6.3.
The

a)

b)

‘)
d)

e)
f)

fenewal of the ambient air in the premises taking into account:
1) ventilation required for a healthy working environment;
2) airrecirculation device(s).

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

1) flow rate (minimum and maximum values);
2) dimensions of the exhaust air extraction connectien (non-flammable material).

¢lectrical connection of the air flow sensing device to ensure that the air flow stops in case of
fire detection;

gpecifications of the type and capacity_of drainage installations at the site to retdin escaping
dielectric fluids to prevent biological hazards.

etal connections of external devices, such as filter systems, exhaust air extractipn systems,
assing through the shielding of the equipment, shall be electrically bonded to the shield;

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

Special recommendations for EDM operation
anufacturer shall provide, in particular, information on the following:

indication of how the selection among the setting mode, the discharge alignment mpde and the
automatic mode is provided (either a key switch or other means of selection);

instructions forall categories of operators working on the EDM equipmentand EDM systemaccordingly;
information for the user if the mode selection procedure is not restricted to a certain level of operator;

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);

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

the operational procedures for periodic verification (e.g. tests, cleaning, adjustments, replacements)
with their frequency (e.g. daily, weekly, monthly);
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g)

h)

j)

k)
D)

a list of all the activities which shall be carried out and those which should be avoided:

1) requirements for the installation of external safety equipment (e.g. exhaust air extraction
system, fire extinguishers, room ventilation and remote alarm signals);

2) the wearing of personal protective equipment/clothing (e.g. glasses, gloves, respirator filter)

and

appropriate shoes (dielectric fluid resistant with non-slip soles);

3) personal health measures (e.g. washing, hand creams);

4) safety rules regarding electrical risks (e.g. areas, installation conditions);

5) maj

existing
machin
used filf

avoidanice of pollution caused by leaks, overflow and inappropriate drainage;

operatil
highest

areproduction of all labels, signs and written warnings used on the.EDM equipment;

the con
1) fire
2) higl
3) low|
4) abn

the naty

1) vis(;[al;
2) audible;

3) ext
4) emq(
5) intd
the appi

or alarn

ntenance parts, change period and change instructions.

or potential hazards caused by the waste resulting from the EDM process for(whic
e is intended (waste to be considered includes used dielectric fluids, used lubrieating
ers, used electrodes, reservoir sludge, de-ionizing resins and worn parts);

ng safety rules to prevent accidents (e.g. safe level of dielectric fluid at least 40 mm 4
discharge area and avoidance of gas pockets in hollow workpiecesor tool electrodes);

litions leading to the triggering of safety devices:
ignition in the work tank;

1 temperature of the dielectric fluid in the work tank;
level of dielectric fluid in the work tank;

ormal withdrawal of the electrode during machining;

ire and type of safety devices:

brnal/remote signdling, including interface specifications;
rgency stop;
rlocking;

opriate'action to be taken, either manually or automatically, upon occurrence of the waj
1 signal:

h the
oils,

bove

ning

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) wuse

of fire extinguishers, etc.;

o) thespecifications of the spare parts to be used, where these affect the health and safety of operators.
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6.3.4 Noise
The following information on airborne noise emissions shall be provided:

a) the A-weighted emission sound pressure level at workstations, where this exceeds 70 dB(A); where
this level does not exceed 70 dB(A), this fact shall be indicated;

b) the peak C-weighted instantaneous sound pressure value at workstations, where this exceeds 63 Pa
(130 dB in relation to 20 pPa);

c) the A-weighted sound power level emitted by the machinery, where the A-weighted emission sound
pressure level at workstations exceeds 80 dB(A).

Thesle values shall be either those actually measured for the machinery in question or thosqg established
on the basis of measurements taken for technically comparable machinery, which is 'répresentative of
the machinery to be produced.

Whehever sound emission values are indicated, the measurement uncertainties-shall be spgcified.

The ¢perating conditions of the machinery during measurement and the fneasuring methods used shall
be d¢scribed.

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

The ¢leclaration shall be accompanied by a statement of the measuring method used and the operating
condfitions applied during the test and values for uncettainty, K, using the dual-numper form of
declgration according to the dual-number form of ISO 4871:

See Annex B.
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machini
maching
exhaust
electrod
electricg

portable

Annex A

(informative)

Examples and schematic diagrams

I~
[~

hg head 9
column 10
Qir extraction 11
e holder 12
| cabinet (génerator) 13
control station

door security system

work table
flammable dielectric fluid container
fire detector

shielding of work area (Faraday cage) (gugrd
against direct contact can be combined with
shielding for EMC)

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

1 EMC enclosure 7 work table

2 machine column 8 door security system

3 bxhaust air extraction 9 machine frame

4 blectrode holder 10 flammable dielectric fluid containgr
5 bortable control station 11 work tank

6 blectrical cabinet{generator) 12 fire detector

Figure A.2 — EMC shielding, fire detection and exhaust air extraction —
Schematic example of EDM equipment shielding
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9+ . g
I /)

Key

manufagturer 6 air aspiration

user 7 air flow sensor

exhaustfir extraction device 8 signal to preventmachining if insufficient fir

flow

4 connectjon device 9 work tankywith flammable dielectric fluid

5 exhaustfir extraction system

Information fpr user:

— minimum and maximum air flow [m3/h];

— diameter for connecting exhaust system [mm];
— electriral interface of air flow sensor.

Figure A.3 — Exhaust air €xtraction (interfacing schematic)
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Key

1 ire extinguishing medium 11 fire detection device OK

2 1ser 12 stop machining signal (can b¢ used
to disable total energy supplyf to the
machine)

3 manufacturer 13 selectrical cabinet (generato)

4  exhaust air extractionSystem 14 work tank with flammable diglectric fluid

5 ir aspiration 15 mist spray

6  YValve shuttef{device (barrier) 16 nozzle

7  emergencyoutputs 17 fire detector

8 extinguisher(s) triggering 18 machining head

9  renipte fire alarm 19 local fire alarm

10 fire detection device

S __ 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

primary]

circuits: complete stop of machinery

5

secondafy circuits: machinery suspension (idlé state) 6

c
ce

on/off.

Emergency stop.

electrod
4 workpig
a  Maching
b
c Fire detq
d Electricd
e Motion.
Opening of a

H Tk - | PN ) Jos - bl dead R
electric mach g power atra put tire macnire Hratr rare state witirerrormessages:

32

pction.
1 machining power.

bard or failure in dielectric fluid level or temperature monitoring devices shall stop motion and|

7

axes
guards interlocking

dielectric fluid level and temperature
monitoring

operator interface with operational stop
function

Figure A.5 — Example of a circuit diagram for the safety functions of an EDM equipment
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1
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T
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! 2
SLY
-4
SL2
/
T
[ _J4—— st
6 L ————
_r\_‘g — 2 73
ST1
45°C ST2
45°C
—
5 S L
Key
1 machine stop signal (hardware) 5 guards monitoring
2 machine stop signal\and level error message SL1, SL2 6 dielectric fluid temperature monitpring
[software)
3 machine stop&§igital and temperature error message 7 dielectric fluid level monitoring
5T1, ST2 (software)
4 buard openmessage (software) 8 safety loop (hardware)
NOTH L. “Fluid temperature control devices can be located in a place where they sense the highest{temperature
of the-dieleetriefluid:

NOTE 2  Relays K1 and K2 are with forcibly guided contacts.

NOTE3  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 electric machining power (ISO 13849-2).

NOTE 4 Contacts SL1//SL2 as well as ST1//ST2 are monitored for fault detection, according to
[SO 13849-2:2003, 6.2.4.

Figure A.6 — Example of redundancy in monitoring level and temperature of flammable
dielectric fluid
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Figure A.7~=Die sinking machine with linear electrode changer
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shielded

wire suf

enclosure with door(s)

ply spool

wire eleftrode

wire evy

electricd

cuation
| cabinet (generator)

workpiece

6

7 lower wire guide
8 upper wire guide
9

interlocking guard
10  fixed guards

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

Noise-emission measurements

The operating conditions for noise measurement shall include:

a)
b)

c)

d)

jdte Tunning:
york preparation (e.g. axis positioning, program check, flushing check and automaticwirg

DM process in maximum removal conditions, e.g. full power die sinking, high*speed v
¢utting with high-pressure flushing and other type of machining process‘where the ¢
¢mitting acoustic noise;

Instqllation and operating conditions of the equipment shall confornito the manufacturer’s
for the determination of the emission of sound pressure levels of.the equipment.

The ¢mission of sound pressure levels of the equipment shall be measured using ISO 11202,

accoyint that:

A de

the environmental indicator, K24, shall be equal £6or less than 4 dB;

the difference between the background sound pressure level and the equipment sou
level at each measuring point shall be equalito or greater than 6 dB.

and the operating conditions applied during the test, as well as the values for uncertainty K (s¢

The noise declaration shall be accompanied by the following statement:

“The

peration of automatic changing devices, e.g. electrode changer and-workpiece changer.

threading);

vire cutting,
quipment is

nstructions

taking into

nd pressure

[laration shall be made about the airborne noise emissions measured, indicating the methods used

e [SO 4871).

corr¢lation between the_,emission and exposure levels, this cannot be used reliably t
whether or not further precautions are required. Factors that influence the actual level of
the manpower include thie characteristics of the work room, the other sources of noise, etc.,
the fqumber of machih€s and other adjacent processes, and the length of time during which
is exposed to thednoise. Also the permissible exposure level can vary from country to c
information, however, will enable the user of the equipment to make a better evaluation of the hazard

figures quoted are emijssion levels and are not necessarily safe working levels. Whi(Ee there is a

determine
exposure of
for example
he operator
buntry. This

and the risk:”

If it is mecessary to determine the sound power level as well as the emission sound pressure level, this
shalllbe-dene-in-accordance-with 1503746, usingthe same-operating-conditions-as-thesegiven above.
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Annex C
(informative)
Fire protection codes for special regional cases
C.1 Fire protection codes
C.1.1 General

In the case (¢
should to bd

For examplg
C.1.2 Obj
Fire protect

through the
the maching

C.1.3 Appg

Fire protect]

C.1.4 Relq

Fire prevent

uld notallow leakage or be damaged in waterproof testing.

fregions having existing national standards or regulations referring to fire hazards, {
respected.

, the fire protection codes in MAS 810:1996 are valid in Japan.

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

ion codes should be applied to EDM equipmentwhich use flammable dielectric fluid.

aition to the fire prevention regulations

ion regulations should be obeyed ngtwithstanding this International Standard.

rtural standard

ectric fluid and dieleetric fluid container

ic fluid for EDMidielectric fluid having a flash point of more than or equal to
be used.

ic fluid container: a dielectric fluid container should be made of steel having a thickng
an or equal to 3,2 mm or such metal having the same or larger strength. It should be aiy

hese

rator
D use

710 °C

ss of
tight

C.2 Strug
C.2.1 Die
a) Dielecty
should
b) Dielecty
more th|
and sho
c) Pipingd(

orinecting dielectric fluid container and work tank: the pipes should be made of metall and

should wihtstand waterproof testing at a pressure of more than or equal to 1,5 times the normally
used maximum pressure.

C.2.2 Equipment for each safety measure

a)

In the case of dielectric fluid temperature exceeding the value, the process should be stopped.

b)

Fluid temperature sensing equipment: the designated temperature should be a maximum of 60 °C.

Fluid level sensing equipment: the appropriate fluid level should be set according to workpiece

height. In the case of falling below this level, the process as well as pumps should be stopped. This
function should not be deactivated.

process

38

should be stopped.

Sensing equipment for abnormal machining: in cases where carbon material is expanding, the
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C.2.3 Automatic fire extinguisher

An automatic fire extinguisher should be able to not only automatically sense fire ignition caused by

dielectric fluid, automatically splash extinguishing material all over the work tank and

extinguish fires,

but also cut power for electro-discharge, stop pumps for dielectric fluid and sound an alarm.

The sensing system and extinguishing materials should have the following characteristics.

a) It should sense temperature or flame. If it is a system for sensing temperature, it should start at a

work temperature of less than or equal to 75 °C.

b) Fire extinguishing material should have enough ability and speed for oil fire, and shquld prevent

fe-ignition of the fire.

Table C.1 — Threshold limit values

— . This Inter- Japau China
Threshold limit value for en\onronmental national MAS 810 dB 13567
temperature < 35 °C Standard
1996 11998
>60°C >70°C >70°C
Flash point of the dielectric fluid
(+15°C) (+10°C) (+10 °C)
Dielgctric fluid temperature sensing level <<452C <60°C <60°C
Dielgctric fluid level sensing level > 40 mm. >50 mm. 3 50 mm.
Fire pxtinguisher sensing temperature - <75°C Reqy 1r%dBln 5.63

C.2.4 Labelling

a) Plate for operating instructions for safety: a plate showing the following instructions for safety
uring operation should be attached-to EDM equipment:

1) points and methods for daily checks;

2) measures for direct electric shock (positions that should not be touched, etc.);
3) type and volume (fluid level) of dielectric fluid; caution for fluid leakage;

4) necessary instructions for safety during process.

b) Instructionshandbook: the following should be described:

1) application of installation of EDM equipment relevant to the local fire station;

2)Items listed in C.3.

C.3 Operation standard
C.3.1 General
The following should be obeyed where using EDM equipment.

C.3.2 Type and level of dielectric fluid
a) Fluid having a flash point of more than or equal to 70 °C should be used.

b) The level of fluid should be as high as possible, and at least 50 mm above the upper surface of
the workpiece.
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C.3.3 Equipment for each safety measure and operation

Where using EDM equipment, equipment described in C.2, such as fluid temperature sensing equipment,
fluid level sensing equipment, sensing equipment for abnormal machining and automatic fire
extinguishers should be provided.

For machines having such equipment, these pieces of equipment should not be taken out or modified.

The following is information on the functions of the equipment and precautions for operation of the
equipment.

a) Fluid temperature sensing equipment: this equipment should be able to immediately stop machjning
er the temperature of dielectric fluid exceeds the designated value. The designated

b) Fluid leyel sensing equipment: this equipment should be able able to immediately step machjning
er fluid level falls below the designated value. The level of fluid should be highér than 50 mm
e upper surface of the workpiece.

c) Sensing equipment for abnormal machining: this equipment should be ableto immediately|stop
machining whenever carbide occurs and starts to grow between the electrode and the workpilece.

d) Automatic fire extinguisher: this equipment should be able to automatically sense fire upon ignition
of dielefctric fluid and automatically splash extinguishing medim all over the work tank] The
position, direction and/or other conditions of the splashing nozzle should not be altered.

C.3.4 Maintenance and inspection
a) For inspection (daily inspection), the following items should be checked before the start of the job:

1) noise, vibration, pressure, etc. of dielectric fluid container;

2) volume, level, temperature and leakage of-fluid;

3) conditions of fixing of electrode and.workpiece;

4) confirmation of function of each-piece of safety equipment.
b) For perjodic inspection (six months, one year and five years)

1) thelfunction of fluid temnperature sensing equipment should be confirmed more than once gvery
six months at the deSignated temperature, and

2) it i$ desirableyto periodically inspect the automatic fire extinguisher as follows, bedause
appropriate‘maintenance is especially necessary:

i) |moetelthan once every six months for a check of the appearance (e.g. damage of splaghing
noezzle, piping, sensor and wiring);

ii) more than once per year for a functional check;

iii) more than once every five years for a detailed check (e.g. replacement of extinguishing
material, such as powder and/or foam).

C.3.5 Operating environment

The operating environment of EDM equipment should always be kept as clean as possible and the
following should be taken care of.

a) Payattentionto fireand/or high-temperature material, such as heater, welding machine and grinder;
fire should not be used around EDM equipment.

b) There should be sufficient extraction of exhaust air.
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