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reword

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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procedures used to develop this document and those intended for its further maint
cribed in the ISO/IEC Directives, Part 1. In particular, the different approval criteriameé
brent types of ISO documents should be noted. This document was drafted in accordan
orial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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ent rights. ISO shall not be held responsible for identifying any or all suchpatent rightg
patent rights identified during the development of the document will.be'in the Introduct
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an explanation of the voluntary nature of standardsythe meaning of ISO specific
ressions related to conformity assessment, as wellas information about ISO's ad
World Trade Organization (WTO) principles in, the Technical Barriers to Trade
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ty, in collaboration with the European Committee for Standardization (CEN) Technical
/TC 143, Machine tools — Safety, inxaecordance with the Agreement on technical c
veen ISO and CEN (Vienna Agreement).

5 second edition cancels and ‘replaces the first edition (ISO 16090-1:2017), which

technically revised.

The

main changes are as follows:
update and additien.ef safety functions in Annex ],

revision of opexating modes and change of designation from MSO (mode of safe operat
(mode of operation),

formerMSO 3 (optional special mode for manual intervention under restricted operatingd
in the>current addition referred to as MO 3 (manual intervention under restricted
conditions), has been revised in a way, that the usage of an enabling device is necessary i
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i.ecdispensing of the enabling device is no longer possible

Alist of all parts in the ISO 16090 series can be found on the ISO website.

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

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

This document is of relevance, in particular for the following stakeholder groups representing the

market pla

yers with regard to machinery safety:

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

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

Others can|be affected by the level of machinery safety achieved with the means of the documentdy
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process of

The machi
are covere

When req
standards,
other stan
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changing, ¢r from contact with fast-ndeving workpieces, is of great importance.
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situations

The signifi
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for Verificjft

Figures D.
text.

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

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

ioned stakeholder groups:

e users/employees (e.g. trade unions, organizations for people with special-needs);

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

mentioned stakeholder groups have been given the possibility to participate at the draf
this document.

hery concerned and the extent to which hazards, hazatdous situations or hazardous ev¢
1 are indicated in the Scope of this document.

hirements of this type-C standard are differént from those stated in type-A or tyj
the requirements of this type-C standard take precedence over the requirements of]
lards for machines that have been designed and built according to the requirements of

centres, milling machines and transfer machines present a wide range of hazards. Protec

Lhe spindle or being swung from a tool magazine to the spindle during power-operated

br-operated mechanisms-are provided for workpiece transfer, they can also create hazard
Huring loading/unleading and workpiece alignment, clamping or releasing of the workpi

Cant hazards cevéred by this document are those listed in Clause 4. The safety requireme

ion of theSerequirements or measures are found in 5.17.

| to D.8.are examples only and are not intended to illustrate the only interpretation of

the
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s and other persons from contactywith moving cutting tools, especially when being rapjidly
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ective meastires to prevent or minimize those hazards identified in Table 1 and procedyres

the
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Machine tools safety — Machining centres, milling

m

achines, transfer machines —

Part 1:
Safety requirements

1

Thi
con,

maintenance) of:

Scope
5 document specifies the technical safety requirements and protective measures for

struction and supply (including installation and dismantling, with arrangements for tra

milling machines (see 3.1.1), including machines capable of performing boring oper
3.1.2);

machining centres; and

transfer machines (see 3.1.3)

the design,
nsport and

htions (see

des|gned for continuous production use, which are«intended to cut cold metal and pther non-

conjbustible cold materials, except wood or materialspwith physical characteristics similar(to those of

wodd as defined in ISO 19085-1 and glass, stone andengineered/agglomerated materials aq defined in

EN [14618.

Thif document covers the following machines(referred to as "machines” in this document):

a) |manually, without numerical control; operated boring and milling machines (see 3.2.1, Group 1),
e.g. knee and column type millingsmachines (see Figures C.1 and C.2);

b) |manually, with limited nuimerical control, operated boring and milling machines |(see 3.2.2,
Group 2), e.g. profile and@ontouring milling machines (see Figures C.3 and C.4);

c) |numerically controlled milling machines and machining centres (see 3.2.3, Group 3), e.g} automatic
milling machines @nd milling centres, e.g. multi-spindle milling machines, gear-milling machines
(see Figures C.5%9C.7);

d) |transfer and{special-purpose machines (see 3.2.4, Group 4), which are designed to prfocess only
pre-specified workpieces or limited range of similar workpieces by means of a predetermined
sequence’of machining operations and process parameters (see Figures C.8 to C.13).

e) |machines fitted with the following devices/facilities, whose hazards have been dealt with:

— tool magazine(s);
— tool changer(s);
— workpiece handling mechanism(s);
— powered workpiece clamping mechanism(s);
— swarf/chip conveyor(s);
— power-operated door(s);
— moveable operator cabin(s);
©1S0 2022 - All rights reserved 1
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— additional equipment for turning;
— additional equipment for grinding.

This document deals with all significant hazards, hazardous situations and events relevant to this type
of machinery which can occur during transportation, assembly and installation, setting, operation,
cleaning and maintenance, troubleshooting, dismantling or disabling according to ISO 12100, when the
machinery is used as intended and under conditions of misuse which are reasonably foreseeable by the
manufacturer (see Clause 4).

This document presumes accessibility to the machine from all directions and specifies access conditions

to operato
loading/un

2 Norm

[ posSitions. It also applies to WOTKplece transier devices Including transport devices)
loading when they form an integral part of the machine.

ative references

for

The followj
constitutey
undated reg

ing documents are referred to in the text in such a way that some orcalDof their confent
requirements of this document. For dated references, only the edition cited applies.|For
ferences, the latest edition of the referenced document (including any amendments) applies.

ISO 230-5:2000, Test code for machine tools — Part 5: Determination of the noise emission

[SO 3744:2,
using sound

010, Acoustics — Determination of sound power levels and sotind energy levels of noise sou
| pressure — Engineering methods for an essentially free fieldover a reflecting plane

"ces

ISO 3746:2010, Acoustics — Determination of sound power levels;and sound energy levels of noise soufces

using sound pressure — Survey method using an enveloping me@surement surface over a reflecting plape
ISO 4413:3010, Hydraulic fluid power — General rules.gnd safety requirements for systems and their
componentp

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

ISO 4871:1996, Acoustics — Declaration and verification of noise emission values of machinery and
equipment

IS0 9355-1:1999%), Ergonomic reqtirements for the design of displays and control actuators — Paft 1:
Human interactions with displays and control actuators

ISO 9355-2:1999, Ergonomicrequirements for the design of displays and control actuators — Pait 2:
Displays

ISO 9355-1
Control act

:2006, Ergonomic requirements for the design of displays and control actuators — Pant 3:

Lators

ISO 1120272010, Acoustics — Noise emitted by machinery and equipment — Determination of emisfion
Sound presh urelevels atawork station and at other cpar'ljfrar] pncrhnnc npp{}nnn npprnvrmnf‘a environme! tal
corrections

ISO 11204:2010, Acoustics — Noise emitted by machinery and equipment — Determination of emission
sound pressure levels at a work station and at other specified positions applying accurate environmental
corrections

IS0 12100:2010, Safety of machinery — General principles for design — Risk assessment and risk reduction

ISO 13849-1:2015, Safety of machinery — Safety-related parts of control systems — Part 1: General
principles for design

ISO 13849-2:2012, Safety of machinery — Safety-related parts of control systems — Part 2: Validation

1) Now withdrawn.

2 © IS0 2022 - All rights reserved
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[SO 13850:2015, Safety of machinery — Emergency stop function — Principles for design
[SO 13851:2019, Safety of machinery — Two-hand control devices — Principles for design and selection

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

[SO 13856-1:2013, Safety of machinery — Pressure-sensitive protective devices — Part 1: General principles
for design and testing of pressure-sensitive mats and pressure-sensitive floors

ISO 13856 2:2013, Safety of machmery — Pressure sensitive protective devzces — Part 2: General

,1 Jd & | L
prl’ bllJlCOJUI ucol'yu urru LCOLllly U_I lJI coourvc JCllJllleC cu'yco urru IJI coourc JCIlQlLl v uuro

[S0|13857:2019, Safety of machinery — Safety distances to prevent hazard zones being reache¢d by upper
and|lower limbs

1S0|14118:2017, Safety of machinery — Prevention of unexpected start-up

[SO| 14119:2013, Safety of machinery — Interlocking devices associated with guards — Prjnciples for
deslgn and selection

1SO[14120:2015, Safety of machinery — Guards — General requirements.for the design and conftruction of
fixeld and movable guards

[S0|14738:2002, Safety of machinery — Anthropometric requirements for the design of worlstations at
maghinery

[SO[15534-1:2000, Ergonomic design for the safety of machinery — Part 1: Principles for detefmining the
dimensions required for openings for whole-body accessinto machinery

[SO[15534-2:2000, Ergonomic design for the safety*of machinery — Part 2: Principles for detefmining the
dimensions required for access openings

[SO[15641:2001, Milling cutters for high speed machining — Safety requirements

[SO|16156:2004, Machine-tools safdty)— Safety requirements for the design and construction of work
holding chucks

1S0|19353:2019, Safety of machinery — Fire prevention and fire protection
[S0|23125:2015, Machiné tools — Safety — Turning machines

IEC|60204-1:2016, Safety of machinery — Electrical equipment of machines — Part 1: General requirements
IEC|60825-1:2014, Safety of laser products — Part 1: Equipment classification and requirements

IEC| 61000-4+2:2008, Electromagnetic compatibility (EMC) — Part 4-2: Testing and measurement
techniques= Electrostatic discharge immunity test

IECL&610Q0-4.- A7n17 F'lar*l'rnmnnnohr‘ f‘nmnnhhlhl’n fF'Mf') — Part 4-4- Tocﬁnn and - —méasurement
techniques — Electrzcal fast transzent/burst lmmumty test

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

EN 614-1+A1:2009, Safety of machinery - Ergonomic design principles - Part 1: Terminology and general
principles

EN 1005-1+A1:2008, Safety of machinery — Human physical performance — Part 1: Terms and definitions

EN 1005-2+A1:2008, Safety of machinery — Human physical performance — Part 2: Manual handling of
machinery and component parts of machinery

©1S0 2022 - All rights reserved 3
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EN 1005-3+A1:2008, Safety of machinery - Human physical performance - Part 3: Recommended force
limits for machinery operation

EN 1005-4+A1:2008, Safety of machinery — Human physical performance — Part 4: Evaluation of working
postures and movements in relation to machinery

3 Term

s and definitions

For the purposes of this document, the terms and definitions given in ISO 12100 and ISO 13849-1 and
the following apply.

ISO and IE
ISO On

IEC Elg

3.1 Gen

3.1.1
milling m:
machine tg
or formed
direction (

3.1.2

boring mdchine

machine tg
workpiece

[ maintain terminology databases for use in standardization at the following addresses;

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

ctropedia: available at https://www.electropedia.org/

bral terms

ichine
ol using geometrically defined rotary cutters to remove material in order to produce pl
surfaces on a workpiece while advancing (i.e. feeding) thettool or the workpiece in a cer
hXis movement) or certain directions (axes movements)

ol for boring holes in which the principal motion is a rotating cutter against a non-rota
along a feed axis and the diameter of the holeis adjusted by a different axis which is usu

perpendi
Noteltoe

3.1.3
transfer

llvlLachine
special purpose machine

machine d
predeterm

314
boring op
machining

a single-pojfint cutting,tool or a boring head which contains several such tools

3.1.5
numerical

cllar to the feed axis

ry: This definition does not include machines exclusively used for drilling.

bsigned to process only a~pre-specified workpiece or family of workpieces, by means
ined sequence of maghining operations and process parameters

pration
process of enlarging a hole that has already been produced (e.g. drilled or cast), by mean

control

NC

ane
fain

[ing
ally

pf a

s of

automatic control of a process performed by a device that makes use of numeric data introduced while

operation i
[SOURCE: 1
3.1.6

S in progress

S0 2806:1994, 2.1.1]

computerized numerical control

CNC
realization

[SOURCE: 1

of NC (3.1.5) using a computer to control the machine functions

S0 2806:1994, 2.1.2]

© IS0 2022 - All rights reserved
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3.1.7

manual data input

MDI

mode of operation of a CNC system in which the part program is generated by inputting data manually
at the machine

3.1.8
electro-sensitive protective equipment
ESPE
assembly of devices and/or components working together for protective tripping or presence-
sensing purposes comprising a sensing device, controlling monitoring devices, output devices and all
intdrconnecting wiring

[SOPURCE: IEC 61496-1:2012, 3.5]

3.19

actjve opto-electronic protective device

AOPD

devjice whose sensing function is performed by opto-electronic emitting and receiving elements
detgecting the interruption of optical radiation, generated within the deviee, by an opaque object present

in the specified detection zone
Note 1 to entry: IEC 61496-2 gives detailed provisions on AOPD. For applications, see IEC/TS 62046.

3.1110
prejssure sensitive protective device
PSHD
senpor(s) that responds to the application of pressiure, a control unit and one or more oufput signal
swifching device(s) and equipment for detecting persons or parts of persons which geperates an
appropriate signal to the control system to reduce risk to the persons detected

Note 1 to entry: ISO 13856-1, SO 13856-2 and{[SO 13856-3 give detailed provisions.

Not¢ 2 to entry: Safety-related control system associated with the PSPD or the PSPD itself can furtHer include a
secqndary switching device, start interlo¢k, re-start interlock, etc.

3.1{11

saf¢ operating stop
SOS§
fungtion that preventsdmotor from deviating more than a defined amount from the stopped position by
proyiding energy tothe motor to enable it to resist external forces

Not¢ 1 to entry: “Phe SOS function prevents the motor from deviating from the stop position by more than a
spetified value, The power drive system supplies the motor with energy so that it can withstand ext¢rnal forces;
see hlso IEC 61800-5-2.

Note 2te entry: This safety function corresponds to a controlled stop category 2 of IEC 60204-1, where torque,
spe¢dor rotation positions are maintained and monitored.

3.1.12

safe stop 1
SS1

function which:

a) initiates and controls the motor deceleration rate within set limits to stop the motor and initiates
the STO (3.1.14) function when the motor speed is below a specified limit;

b) initiates and monitors the motor deceleration rate within set limits to stop the motor and initiates
the STO function when the motor speed is below a specified limit; or

c) initiates the motor deceleration and initiates the STO function after an application specific time
delay

© IS0 2022 - All rights reserved 5
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Note 1 to entry: This safety function corresponds to a controlled stop in accordance with stop category 1 of
IEC 60204-1.

3.1.13

safe stop 2

$S2

function which:

a) initiates and controls the motor deceleration rate within set limits to stop the motor and initiates
the safe operating stop function when the motor speed is below a specified limit;

b) initiat ntes
the safle operating stop function when the motor speed is below a specified limit; or

c) initiat¢s the motor deceleration and initiates the safe operating stop function after an-applicafion
specific time delay

Note 1 to eptry: This safety function corresponds to a controlled stop in accordance with stop category [2 of

IEC 60204-1.

3.1.14

safe torque off

STO

function which ensures that no energy is applied to the motor that can.€ause rotation or motion (in|the

case of a lijear motor)

Note 1 to er]try: The power drive system (PDS) does not provide enekgy to the motor which can generate tofque

or force (in fhe case of a linear motor), see also IEC 61800-5-2:201654.2.3.2.

Note 2 to entry: This safety function corresponds to an uncentrolled stop in accordance to stop category |0 of

IEC 60204-1.

Note 3 to eftry: This safety function may be used whére power removal is required to prevent an unexpefted

start-up.

Note 4 to ¢ntry: In circumstances where external influences (e.g. falling of suspended loads) are pregent,

additional measures (e.g. mechanical brakes) may be necessary to prevent any hazardous situation.

Note 5 to ertry: Electronic means and-électric contactors are not adequate for protection against electric shock

and additiopal measures for isolation'may be necessary.

3.1.15

direction fontrol

positive acfuation deviee to select and maintain a movement

Note 1 to erftry: A direction control can be a soft key, touch key, push button control or a rotary type button| e.g.

for openingfor clositig'a door or for a movement for clockwise or counter-clockwise.

3.1.16

non-combustibtecotdnrateriat

material, excluding wood, with PCS < 3,0 MJ/kg (ISO 1716) or AT < 50 °C and Am < 50 % and t;< 20 s
(ISO 1182), which withstand surface flame attacks and edge flame attacks with 30 s exposure time
without flame spread in excess of 150 mm vertically from the point of application of the test flame
within 60 s from the time of application (ISO 11925-2)

3.1.17

short presence

dwelling time of a person staying in the hazard zone less than an accumulated time of 1 h, but never
more than 10 min per single exposition, during an 8 h shift
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3.1.18

minimum quantity lubrication

MQL

process of using a little quantity lubrication on cutting point by external spray or through-tool systems

Note 1 to entry: The amount to be used depends on the machining process and type of MQL delivery system.

Note 2 to entry: Minimum quantity lubrication is sometimes referred to as microlubrication.

3.1.19

manual reset
mafuatreset function
fungtion within the SRP/CS used to restore manually one or more safety functions befarelrstarting a
mag¢hine

Note 1 to entry: Examples are to reset light curtains, open doors, etc.

3.1{20
opdn guard
all possible guard positions that are not fully closed

3.1{21

telgservice
machine diagnosis (including troubleshooting), software update‘and telecontrol (3.1.22) frojn a remote
seryice site

3.1)22
telecontrol
confrol of the machine movements from a remote service site

3.1{23
emergency stop device
manually actuated control device used tg initiate an emergency stop function

[SOPRCE: ISO 13850:2015, 3.3]

3.2| Groups of machines

With regard to the applieations and the relevant hazards, machines are subdivided into foyr different
grofips.

3.211
Grdup 1 machine: Manually controlled boring and milling machine without numericall control

mac¢hine wherg axis motion is controlled by actuation of a mechanical handwheel or where powered
single-axis-motion is controlled by mechanical, electrical or other means but without the capability for
programuned multiple axes movement

Notélsto entry: Eoran i]]nch‘nfinn’ see FiguresC1andC?2

3.2.2

Group 2 machine: Manually controlled boring and milling machine with limited numerical
controlled capability

machine that can be operated like a Group 1 machine by the use of mechanical or electronic handwheels
or as a machine with limited NC capabilities which are not capable of automatic program start,
automatic initiated tool change, unlimited rapid axis movement and automatic workpiece change or bar
feed system

Note 1 to entry: For an illustration, see Figures C.3 and C.4.

Note 2 to entry: This group of machines can be equipped with some or all of the features of Group 1 machines
(manual machines without NC) and a limited numeric control system (NC) that enables the machine to provide:
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— aconstant surface speed (CSS);

— anaxis

interpolation (i.e. copying/predefined profiling);

— thread cutting cycles.

3.2.3

Group 3 machine: Numerically controlled boring-, milling machine and machining centre
numerically controlled machine capable of performing programmed multiple axis movements

Note 1 to en

try: For an illustration, see Figures C.5, C.6, and C.7.

Note 2 to e:]zry: Such machines may incorporate facilities for manual control in varying degrees.

Note3toe

3.2.4
Group 4 m

numerically controlled machine capable to process only pre-specified workpieees or family

workpiece

Note 1 to enftry: For illustration, see Annex C, Figures C.8 to C.13 and Figures D.7 to\D:8.

3.3 Parts of machines

3.3.1
station

<transfer nachine> zone which is processing in each operation of the transfer machine working c

also includ
performed

Note 1 to e:]:ry: See Figures C.11, C.12 and C.13.

Note2toe

statior
statior
statior
station

statior

3.3.2
electronid

ry: Machining centres can accommodate different machining processes, e.g. turning, grinding, ¢

achine: Numerical controlled transfer and special purpose machine

b by means of a pre-determined sequence of machining operations

ing the fixtures, units, spindle heads and othef.mechanisms associated with the pro
at a particular station

ry: Stations are normally identified by'sequential numbering, e.g.:

1: Load station

2:  Machining station
3:  Gauging station
4: Idle station

xx: Unload'station
handwheel

manual plrlse generator

r of

ycle
fess

MPG

manually operated control device which initiates and maintains an axis movement by pulse generation
input to the numerical control (3.1.5) during its rotation

3.3.3

workpiece setting station
machine area in which the workpiece is loaded/unloaded

3.3.4

workpiece transfer device
unit typically found on Group 3 and Group 4 machines, which swaps the workpiece located in the work
zone with a second workpiece

Note 1 to entry: A typical workpiece transfer device is a pallet changer.

8
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3.3.5
workpiece load/unload mechanism
mechanism that delivers workpieces to, or removes them from, the machine

3.3.6
feed axis
axis for feeding a cutting tool or a workpiece

Note 1 to entry: “Feed axis” may be driven by one or more feed drives.

3.3.7
workzone
zone where the cutting process is taking place

3.3{8

accessible hazard zone
hazprd zone of a machine where a stationary standing position with acces§)for the whole body is
reqpired with its intended use (e.g. accessible work zone)

3.39
spindle
driye system for rotating a cutting tool (tool spindle)

3.3{10
workholding spindle
driye system for rotating a workpiece

3.3{11

cm.lnter spindle
spindle which is constructed of two workholding“spindles facing each other and those spinglles can be
rotated synchronously

Note 1 to entry: The counter spindle is a component within the machine which is arranged opposite the main
spirjdle. It allows two-sided machining.of.a*workpiece in which the workpiece is transferred from the main
spirldle to the counter spindle. The coufiter spindle moves on the same guideways as the main spindlg.

3.4/ Mode of operations

3.4
mofle of operation
MO
proyides a defined.@mount of machine functions under predefined protective measures

Note 1 to entry:tMode of operation is not a function itself. The functions summarized under the tgrm mode of
operation cah.only be used when that particular mode of operation has been activated.

Note 2-toventry: See Clause 5 for safety requirements and measures relating to modes of operation.

3.4.2

mode of operation selection system

MO selection system

facility for manual selection of the machine mode of operation, to which only an authorized group of
persons have access

3.4.21

mode of operation access device

MO access device

facility which limits access to an authorized group of persons and prevents accidental or abusive
actuation of the selection system

©1S0 2022 - All rights reserved 9
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3.4.2.2

mode of operation selection device

MO selection device

facility which allows changing the mode of operation of a machine

Note 1 to entry: The selection device can be integrated into the MO access device, e.g. in a key switch (mode of
operation selector switch).

3.4.2.3

mode of operation activation device

MO activation device

device thaffactivates a selected mode of operation

3.4.3
mode of operation 0
MO 0O
operation ¢f the machine by the operator with non-automatic multi-axis operation, where the operator
has contro| over the machining process without the use of pre-programmed multiplesaxes operations

Note 1 to e:]:ry: MO 0 can also be referred to as manual mode.

Note 2 to enjtry: The motion of axes can be controlled by direction control or othermeans.

3.4.4
mode of operation 1
MO 1
automatic,|programmed, sequential operation mode of the niachine with the facility for manuall or
automatic loading/unloading of workpieces and tools, untilstépped by program or operator

Note 1 to enftry: MO 1 can also be referred to as automatic mode.

Note 2 to enfry: The automatic mode can include an operational interruption for loading/unloading of workpipces
and tools.

3.4.5
mode of operation 2
MO 2
operation mode in which adjustménts and preparations for the following machining process |are
performed|by the operator(setter)with the possibility that guards are open and/or protective devijices
suspended

Note 1 to enftry: MO 2 is also-b€referred to as setting mode.

Note 2 to enftry: Assessments of tool or workpiece position (e.g. by touching the workpiece with a probe or topl in
single step node) arelprocedures of the setting mode (see 5.2.4.5).

3.4.6

mode of operation 3
MO 3
limited automatic mode (fixed sequence of separate consecutive steps) started by the operator, which
allows manual control or numerically controlled operation of the machine, with guards opened and/or
protective devices suspended

Note 1 to entry: MO 3 can also be referred to as optional mode for manual intervention under restricted operating
conditions.
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3.4.7
service mode

MO

service

operation mode for service and maintenance tasks while guards are open and/or protective devices
suspended

Note 1 to entry: Examples for service and maintenance tasks are checking the accuracy of positioning of an axis
by laser systems, circular interpolation testing, spindle error analysis, vibration analysis, etc.

3.5

3.5
malj
maj
the

3.5
safq
SLS
fun

Not
and

4

4.1

Thi
ass

risK.

4.2
The

Maximum permissible spindle speed and feed rate

1
kimum spindle speed
Kimum permissible rotational speed for a tool spindle specified and set as a machine pa
machine manufacturer

2
ly limited speed

Ction to prevent the motor from exceeding the specified speed limit
e 1 to entry: The SLS function prevents the motor from exceeding the'specified speed limit, see IE

also safety functions in Table ].17 (17.3, 17.4).

List of significant hazards

General

5 clause contains all the significant hazards, hazardous situations and events identif
bssment as significant for this type of mrachinery and which require action to eliminatg

Main hazard zones
main hazard zones are thiefollowing:

work zones with moving spindle(s) and workpiece(s), clamping components for workpig
clamping, copyingluaitit(s), setting places for workpiece(s) and tool(s), coolant under hig
special measuring'devices (e.g. laser);

handling devices for workpiece loading/unloading;
tool magazines and tool changers;

area surrounding the swarf and chip conveyor (if integrated);

Fameter by

C 61800-5-2

ed by risk
or reduce

ce and tool
h pressure,

h)
i
j)

exposed gear box;
exposed cam mechanisms;
lead screw;

feed screw;

ball screw;

linear and rotary drives.

© IS0 2022 - All rights reserved
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4.3 Significant hazards and hazardous situations covered by this document

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

Table 1 — List of significant hazards and hazardous situations

. Relevant
Causes of hazards Examples of operations, subclause in
No. and hazardous hazardous situations and Possible consequences this
situations hazardous areas document
1 Mechanicalhazards
Manual operations between
the area of tool and parts of the
machine, for milling application, Crushing hazard
especially the workpiece support or . 51
between tool and workpiece Shearing hazard >
Manual operations between the Drawing-in or trapping 52
areas of changing mechanisms, hazard
e.g. tool changer / workpiece
11 Apifoach ofamoving |changer or pallet changer
' element to a fixed part Crushing lrazard
Feed motion of tool to the work- .
: Shearing hazard 5
piece 5.1
Ejected parts 59
Manua_l operations near to the Yntanglement hazard
workpiece or machine spindle
Crushing hazard
Clamping of tools and workpieces 5.2.5
Shearing hazard
Operations in the near-area of
moving axes and in the-area of au-
tomatic loading/ unloading devices
during processing, setting, mainte- Impact hazard
nance, repair Drawing-in or trapping 51
1.2 |Moying elements Operations on hazard ;
tool ehanger/ Crushing hazard 2.2
workpiece changer/ .
pallet changer Shearing hazard
Operations in the area of operating
platforms
Drawing-in or trapping
Unintended contact with the rotat- |h3zard 5.1
1.3 |Rotating eleménts ing tool or rotating workpiece or o ]
tool cleaning device Friction or abrasion 5.2
hazard
U . t d d t t th h Stabbuls Ul yuu\.tulc
Cutting parts, sharp nintended contact with sharp hazard 5.1
1.4 d edges of machine elements, work-
edges piece or tool Friction or abrasion 5.2
hazard
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Table 1 (continued)
Causes of hazards Examples of operations, Relevant.
- - . subclause in
No. and hazardous hazardous situations and Possible consequences this
situations hazardous areas document
Ejection or fall of work materi-
al and chips during machining, 51
machine setting, tool chang- =
Falling ing, maintenance, or shut down|Crushing hazard 5.2
15 Impact hazard 5.8
[t — falling workpiece; Stabbi 1
ejected objects tabbing or puncture 5.04
—  tool break; hazard Anthex A
— ejected broken machine A:I:n exB
element(s) at or near machine
Falling of moving machine elements
during machine setting, e.g. during
tool changing or workpiece chang-
ing and weight loaded axes
Breakage during operation Crushing hazard 5.215.5
1l6 |Gravity Dropping or falling of machine Shearing hazard 5.2(5.6
elements during transport or setp,| impact hazard Anthex G
e.g. activities in the vicinity of\grav-
ity-loaded axes
Operations in the area of eperating
platforms or pits
Height in relation . . Impact hazard )
1|7 to the floor Fall from high situated work places Slip, trip, and fall hazards 5.14
At hydraulic eléements during stay at
or near rpachine, especially during | pepetration or impact of 5.8/1 b)
1}8 |High pressure installation of the machine media under pressure A
Start-up and working on coolant |into the skin/eyes 5810
systems
Unrestrained machine or machine Impact hazard
19 |Lack of stability, part falls or overturns during stay |Crushing hazard 5.1p
at or near machine .
Shearing hazard
Operations on ground and in the
area of stairs around the machine,
as well as work at height due to:
— ejection or spillage of metal
cutting fluid, lubricants or
i - hydraulic tluid; 5.13
1.10 g(::légh’ slippery sur y Slip, trip, and fall hazards
— residuals, contained in ejected 5.14
fluids;
— insufficient railing or other
restraining facilities, especially
at places where a fall hazard
exists
2 |Electrical hazards
2.1 |Live parts Contact with live parts Electric shock hazard 53
22 Parts which have be- |Contact with parts which are live Electric shock hazard 53

come live under fault

by fault

© IS0 2022 - All rights reserved
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Table 1 (continued)
Causes of hazards Examples of operations, Relevant.
- . . subclause in
No. and hazardous hazardous situations and Possible consequences this
situations hazardous areas d
ocument
3 |Thermal hazards
Obiects or materials Ejection of hot swarf or workpieces
jects during milling operation during Burn hazard
3.1 |with high/low temper- . 5.6
stay atand/or near machine,and  |fFrostbite hazard
ature
hot/cold surfaces
5.6
3.2 |Explosion Burn, fall, and bump Annex E
hazards
Annex F
5.6
3.3 |Flame Burn hazard Annex E
Annex F
4 |Noise hazards
Permanent hearing loss
Vibration of tool and/or work mate-
Mahufacturine process rial while processing, All further- (e.g. mechan-
4.1 and ;lnovi;ll el%rlslents drive and transmission elements, ical,electrical) proble-ms 54
g during stay at or near machine due to Interference with
blowing air for cleaning speech communication or
acoustical signals
5 |Vibration hazards
i i Discomfort
5.1 |Vibfating elements Tr_ar}sfer of vibrations froni‘the 57
milling process to the ppeérator Neurological disorder
6 |Radliation hazards
Low- and high-fre- At electrical equipment, especially
6.1 |qugncy electromagnet- duri . Burn hazard 5.5
. 7 uring setup or maintenance
ic rhdiation
Opfical radiation
(infrared, visible and |At measuring equipment especially C
6.2 ulttaviolet), including |during setup or maintenance Eye and skin injuries 55
las¢r
7 |Material/Substance hazard
Biojogical
or . .
7.1 |midrobiolegicadl sub- gon_tact with con;cjamlnated coo}llz'ant Infection hazard 5.6
stahce uring stay at and/or near machine
(viralorbacterial)
72 | Fluid Skircomtactwititcootarnt, during SKkin damage 6
' stay at and/or near machine & -
Inhalation and ingestion of sub-
7.3 |Mists and vapour stances used or generated dyrmg le_flcu!tles of breathing, 56
operation (e.g. coolant) during stay |poisoning
at and/or near machine
Operating with:
— combustible dust, e.g. 5.6
aluminium-, titan-, magnesium | gj ;
7.4 |Combustible dust swarf, and/ or s lP)‘erenESprlosmn hazard, Annex E
A F
— flammable coolant, e.g. oily fnex
coolant
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Table 1 (continued)
Causes of hazards Examples of operations, sul:)illz‘lllasrétin
No. and hazardous hazardous situations and Possible consequences this
situations hazardous areas
document
8 |Ergonomic hazards
8.1 Design or location of  |Misinterpretation of displayed in- -
' visual display units formation at work place of operator | A]] further (e.g. mechan- |~
Design, location or ) ) ical, electrical) problems
8.2 idcn‘gficaticn ofeon Maloperation of the machine at due to human errars o
: work place of operator "~
trol devices
8|3 |Excessive effort At control devices and during han- |Fatigue 5.7
dling )
8l4 |Body posture . . Musculoskeletal disox: 57
Inadequate consideration of anato- |ders
my of hand/arm or foot/leg during _
workpiece or tool changing Fatigue, Motivation for
8|5 |Repetitive activities defeating of safeguarding |5.7
P Inadequate consideration of body | ,..j g & B |2~
X . quipment
posture during maintenance tasks
Operations during handling/posi- Judgement and aceu-
SR . tacy of manual actions
tioning of work material and the ‘mpaired
8/6 |Visibility, local lighting [tool, during loading/unloading, P 5.7
during machine setting, tool chang- |Fatigue
ing and maintenance
Human errors
Reasonably foreseeablexmhisuse of
the machine
Incorrect work material and milling
tool handling and setting
sl Humap error/human |Insufficient dfe51g'n of work place. All above listed hazards | 5.1
behaviour and/or ¢rganization of the machin-
ing priocess
Inadequate consideration of anato-
my of hand/arm or foot/leg
Faulty mounting
9 |Hazards related-to’the operational environment of the machine
). Uncontrolled movements (includ- |Crushing, shearing,
Electromagnietic inter- |, . X X .
91 f ing changes in speed, unintention- |trapping, entanglement |5.8]8
erence
al, unexpected start-up) hazards
© IS0 2022 - All rights reserved 15
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Table 1 (continued)
Causes of hazards Examples of operations, Relevant.
. . . subclause in
No. and hazardous hazardous situations and Possible consequences this
situations hazardous areas
document
10 |Combination of hazards
Fall or ejection of moving machine
) elements or clamped workpiece or 5 g
101 Failure of the power tool 2.0
supply o~ PR N Crushing hazard 59
rdiiurc ul DLU}JPIIIB lllUVllls CIT=
ments Shearing hazard
Regtoration of energy |Uncontrolled movements Impact hazard 5.8
10.2 |supply after an inter- (including change of velocity) unin- ] ]
rupjtion tended/unexpected start-up Cutting or severing 5.9
- . ) hazard
Fall or ejection of moving machine
elements or clamped workpiece or |Entanglement hazard
tool Drawing-in or
Failure of stopping moving ele- Trapping hazard
ments c g
i i Stabbi t .
10.3 Faijure/disorder of the Uncontrolled movements (includ- abbipg copuncture
control system . . hazard 59
ing change of velocity) 2.2
Uni ded d Frietion and abrasion
nintended/unexpected start-up hazard
Other hazardous situations due to
failure or inadequate design of.the
control system
5 Safety requirements and/or protective/risk reduction measures
5.1 Genegral requirements
5.1.1 Geperal
In addition to the requirements of\this clause, machinery shall be designed according to the principles
of ISO 121(0 for relevant but notsignificant hazards, which are not dealt with in this document.
The selecte¢d cutting speed 6f the machine shall not exceed the maximum permissible cutting speed of
the tool in pse.
Applicable[safety fanctions for hazardous movements in work zone shall fulfil requirements listef in
Table ].18.
Applicable[safety functions for hazardous movements in the maintenance area shall fulfil requiremé¢nts

listed in Table J.19.

Applicable safety functions for interface to load/unload applications shall fulfil requirements listed in

Table ]J.20.

5.1.2 Guards requirements

5.1.2.1 General

Guards shall be in accordance with ISO 14120.

16
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2.2 Fixed guards

The requirements are the following.

a) Where fixed guards are floor-mounted (e.g. perimeter fencing), they shall have at least a height

of 1 400 mm and a distance in accordance with ISO 13857:2019, Table 2, to prevent ac

cess to the

hazard zone. Any opening between the bottom of the guard and the floor shall not exceed 200 mm

according to ISO 11161:2007, 8.5.2.

b) Access to mechanical power transmission drives (e.g. chains and sprocket wheels, gears, feed
screws, ball screws, etc.) shall be prevented by fixed guards in accordance with ISO 14120:2015, or

5.1
Thd

b)

f)

5.1

5.1

the structures of the machine act as fixed guards. Openings in the guards and their djst
hazardous area shall be designed in accordance with ISO 13857:2019.

2.3 Manually operated moveable interlocked guards
requirements are the following.

Movable interlocked guards shall be interlocked with or without guardlocking in accor
[SO 14119:2013 in order to prevent access to hazardous areas where hazardous machine

take place. It shall be ensured that the hazard zone cannot be reached when opening an i
guard before the hazardous machine motion has stopped in)accordance with ISO 1
Clause 9. The selection of interlocking devices shall be in ac¢drdance with ISO 14119:201
Safety function for the release of the guard locking shallfulfil the requirements in Table

A detected failure in the interlocking device, i.e. function or arrangement, shall result

hnce to the

Hance with
ovements
terlocking
3855:2010,
3, Clause 6.

.17 (17.2).

n a stop of

the machine initiated by a safety related stop funetion according to Annex J. Only for cpntrol with

integrated safety technology, SOS in accordance'with IEC 61800-5-2 satisfies the above
requirements (SS2). This measure does not apply in all cases, where the stop itself is al
by error (e.g. energy loss).

The opening of a guard shall cause the‘safety requirements of the selected MO to be init

If prolonged movement (e.g. coast.of spindle) is to be expected after a power failure, ag
machine shall be prevented by guard locking device in de-energized state.

Measures to minimize pessible defeat of interlocking device(s) shall be taken (see ISO 1
Clause 7).

Interlocking guards-with a start function (control function) shall only be used if all requ
ISO 12100:201056:3.3.2.5, are fulfilled.

2.4 Power:operated moveable interlocked guards

2.4,1-General

mentioned
bo afflicted

ated.

cess to the

4119:2013,

rements of

Clo

ing of the guard can be used as a start command for the machine, if the guard syste

meets the

requirements of ISO 12100:2010, 6.3.3.2.5.

Movements of gravity loaded power-operated guards shall not result in any hazardous situation when
power loss takes place, e.g. by non-return valves, blocking or clamping devices or brakes.

Power operated movable guards for user access can be realized as automatic power operated movable
guards or manually controlled power operated movable guards.

All applicable safety functions listed in Table ].13 shall be fulfilled.

©1S0 2022 - All rights reserved 17


https://standardsiso.com/api/?name=d900155817efded5fbf5c717fab6a39f

ISO 16090-1:2022(E)

5.1.2.4.2

Power-operated moveable interlocked guards where motion is maintained

automatically by the control system

a) Machines without accessible hazard zone

Power-operated moveable interlocked guards shall be in accordance with ISO 12100:2010, 6.3.3.2.6
and ISO 14120:2015, 5.2.5.4 and shall be equipped with a protective device to avoid shearing
hazards at the front edge or shall be provided with round edges with a radius of at least 2 mm for
each edge and a combined radius value (sum of the two radii) of at least 6 mm. If one side is a flat
surface, this side shall have a width of more than 30 mm and the other side shall have a minimum

radius

of 6 mm.

— Ifj
up
pr
no

— If1
th
de
m

Limit

accor

NOTE 1

bressure-sensitive edges are provided, they shall be fitted on the total length of the front.e

to a maximum height of 2 700 mm above the floor or platform (ISO 13857:2019, 4.2:1.2).
bssure-sensitive edge shall be in accordance with ISO 13856-2. While opening there shal
hazards posed by crushing and shearing edges.

educed forces are used, the force to prevent the guard from closing shallfiot exceed 75 N
e kinetic energy of the guard shall not exceed 4 ]. When the guard is fitted with a protec
vice which automatically initiates reopening of the guard on actuation, this may 1

aximum of 150 N and the kinetic energy a maximum of 10 J.

ion of energy and forces shall be done according to ISO 14120 and length of time pe
ing to EN 16005.

The force can be measured e.g. with a device consisting.of a piston provided with a scale ag

on spring, a smooth sleeve making it possible to measure the extreme point of movement at the mon

of imp4
values

[see EN 81-1:1998+A3:2009, 7.5.2.1.1.2).

b) Machines with accessible hazard zone

dge
The
1 be

and
tive
e a

-iod

ting
hent

ct. A simple calculation can be used to determine thescale that corresponds to the specified limit

In addjition to 5.1.2.4.2 a), further additionalsmeasures according to 5.2.3.2 b) shall be provided
to preyent entrapment in the hazard zoneland a start command for closing of the power operd

move

NOTE2 T

interlocked

5.1.2.4.3

For manug
shall be pr

le guard shall only be possible frgm outside the accessible hazard zone.

he requirements of 5.1.2.422\are also applicable where motions of power-operated mov
guards are initiated by a push)button, softkey, M-Function, touch screen, etc.

Manually controlled power-operated moveable interlocked guards

pvided:

a) manud
contro
the ac

| operation of the power-operated guard by means of two-hand control (ISO 13851).
panel.of the operator shall be fixed in case of movement of the power-operated guard

ted

hble

lly controlled¢power-operated movable guards, one of the following protective measyres

The
and
the

uatlng mechanlsms of the two-hand control shall be located ata sufficient dlstance to

the two uttons Bl (flrst hand) and B2 (second hand) ofa two-hand control

vith

b) manual operation of the power-operated guard by means of enabling device (see ISO 12100) and
direction control:

— aminimum distance to the hazard area is not mandatory for the operator;

— enabling device and direction control are mounted on a control panel or on a portable manual
control panel to ensure full visibility to the hazard area for the operator;

— aslongasthereisonly animpacthazard (gap >300 mm), travel speed up to 25 m/min is allowed;

18
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— when the gap between the movable power-operated guard and the fixed guard is less than
300 mm presenting a shearing or crushing hazard, a maximum travel speed of only 5 m/min is
allowed;

by releasing the enabling device (first hand) or the direction control device (second hand), the
drive shall decelerate to a standstill initiated by a safety related stop function for the enabling
device, depending on the mode of operation; or

manual operation of the power-operated guard by means of a hold-to-run device. The location of
the hold-to-run control device shall be at least 2,10 m from the edge of the guard or safeguarding
measures as described in 5.1.2.4.2 a) shall be in place. By releasing the hold-to-run device, the drive

5.1

Med
red
safe

Table ].3)

5.2

5.2
Thd

d)

If G
run|
sha

shall decelerate to a standstill initiated by a safety related stop function.

3 Requirement for gravity loaded axes

ns shall be provided to prevent hazardous movement of vertical or slant.axes under g
indant restrain system, brakes, counter balance as given in Annex G. For fequirements
ty functions, e.g. control function, to prevent unintended descent of.\Vertical or slan

Specific requirements resulting from mechanical hazards

1 Protective measures for Group 1 machines

following requirements for safeguarding of Group kmdchines shall be fulfilled.

shall be in accordance with ISO 14120, interlo¢king shall be in accordance to ISO 14119:2

Regarding handwheels, the hazard of entrapment, trapping and impact resulting fi
rotation of handwheels shall be prevented, e.g. by automatic disengagement or by using

ravity, e.g.
concerning
[ axes (see

To inhibit access to the cutting tool (see Figure'D:1) adjustable guard(s) shall be provided. Guards

013.

om power
plain solid

(no spokes) handwheels with eitherne pegs or sprung to safe position pegs.

Protective clothing and training-are important. As the operator is not completely protected from
ejection hazards in the work ‘zone, special attention shall be given to the documentation, i.e.
the instructions for use,to*ensure that the operator has the required qualification anjd uses the
personal protective equipment (PPE), e.g. safety glasses, tight fitted clothing, etc. [see ifstructions
in 6.3.1 q)].

Continuous powered axis feed rate shall not exceed 2 m/min and/or a hold-to-run controlled rapid

traverse axis,speed not exceeding 5 m/min.

or hold-to-
for Group 2

roup 1 machines provide continuous powered axis feed speed exceeding 2 m/min and
contrelled rapid traverse axis speed exceeding 5 m/min, then the requirements of 5.2.2
1 also@pply to Group 1 machines.

5.2.

2 Protective measures for Group 2 machines

The characteristics of guards and specific requirements for Group 2 machines are the following.

a)

b)

©IS

The work zone shall be guarded with fixed and/or interlocked movable guard(s) (see Figure D.2).
Guards shall be in accordance with ISO 14120, interlocking shall be in accordance with
[SO 14119:2013. Guard locking (see ISO 14119) shall be provided when opening of the interlocked
movable guard provides access to any hazards during deceleration (i.e. run-down) (see
[SO 13855:2010, Clause 9).

Any machine movements (except in case of 5.2.2. ¢) shall only be possible when the interlocked
movable guard(s) are/is closed. Opening of an interlocked movable guard shall cause the hazardous
movements to stop and to be inhibited. The stop shall be in category 0 or category 1 according to
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[EC 60204-1:2016, 9.2.3.3. For control with integrated safety technology, SOS, SS2, SS1, and STO in
accordance with IEC 61800-5-2 satisfy the above-mentioned requirements.

c¢) When powered machine movements are required with the movable guard open (e.g. for setting),
these movements shall only be permitted under the following restrictions:

1) axis feed moving speed shall be limited to 2 m/min and initiated and maintained with a hold-
to-run control device (1SO 12100:2010, 3.28.3);

2) spindle rotation shall be initiated and maintained by one of the following means:

Laold s s 1.d 3
aorToco~T oI CoTrer oracvice,

—| a spindle start device together with an enabling device. When a manual data input/(MDI)
followed by command “cycle start” is carried out, the axis and spindle movement shalll be
initiated and maintained only while the enabling device is actuated. Releasing the enabling
device shall initiate a safety related stop function according to Annex J.@&or control with
integrated safety technology, SOS, SS1, SS2, and STO in accordance with IEC 61800f5-2
satisfy this requirement;

3) the rotational speed of the spindle shall be limited by the capability te)Stop the rotation, while
the moveable guard is open, and the safety functions are effectivé: After a stop command,|the
spindle shall stand still within 2 revolutions without tool. In case'ef power loss or errors in/the
coptrol or the power elements, coast of spindle drive is permissible.

d) To preyent access to moving machine elements, fixed and/oriinterlocked movable guard(s) shall be

provi:rd when
— impact hazards exist and the linear speed exceeds<l5 m/min; or
— crpshing, shearing or trapping hazards existiand linear speed exceeds 2 m/min.

The sdfety distances for guards to prevent the’operator or other exposed persons from reacling
into the hazard zone shall be according to £SO 13857:2019, Tables 4 to 7.

5.2.3 Prptective measures for Group 3.and Group 4 machines

5.2.3.1 Access to the work zone

Safeguardg shall be provided to-réduce the risks listed in Table 1 (e.g. entanglement, crushing, shearjing,
etc.) by pr¢venting access to,dangerous parts/areas of the machines (see Clause 4). General guidgnce
for the selection of safeguards, where the hazards from moving parts cannot be avoided by design,
is given in[5.1.2 and in<ISO 12100:2010, 6.3. For features of guards used to minimize the hazardfs of
ejection, sde 5.11.

The work gone shall be enclosed where reasonably practicable by fixed and/or interlocked movgble
guards duijing,thachining operations.

When using ESPE or PSPD, protective equipment for detecting access to the work zone shall be in
accordance with the following standards:

— for ESPE: IEC 61496-1, IEC 61496-2, IEC 61496-3;
— for PSPD: ISO 13856-1:2013, ISO 13856-2:2013, ISO 13856-3.
NOTE See 3.1.8 for ESPE and 3.1.10 for PSPD.

Distances between the protective device (e.g. AOPDs) and the work zone shall be in accordance with
[SO 13855 regarding the approaching speed.
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3.2 Characteristic of guards

The characteristics of guards and specific requirements for Group 3 and Group 4 machines are the
following.

a)

b)

d)

5.2

5.2.

Where routine observation of the machine operation is required (i.e. more than once per shift),
means (e.g. windows) shall be provided so that this can be achieved without the need to open,
remove or suspend any work zone guarding or other protective device(s) (see also Table 1, 8.6 on
visibility and local lighting).

Interlocking of guards: When persons can have whole body access or can remain in the hazardous

Zone(s] without being visible to the operator, means to Inhibit restart shall be proyj
means can be:

presence-sensing protective equipment;

door closure inhibition by technical means (e.g. secured by interlock-blocking
padlocks);

double acknowledgement (inside and outside the protective device);

NOTE One method of accomplishing a special reset solution is¢to‘use a second reset actu
case, the reset function will be initiated within the danger zone by the first actuator in
with a second reset actuator located outside the danger zone(near the safeguard). This resg
is realized within a limited time before the safety-related)parts of the control system accep
restart command (see ISO 11161:2007, 8.9).

acknowledgement from a position that allowsyiewing the hazardous area (direct a
the guard locking device);

unintended closing of the guards and txapping of persons shall be prevented e.g.
spring operated or hole for padlock.

[Hed. These

Hevice like

ator. In this
ombination
t procedure
t a separate

Ftivation of

by gravity,

When interlocking devices with gtiard locking are used locking shall be power-opn released

(ISO 14119:2013, 4.3.3, Figure 5.a) c)). If there is an accessible hazard zone an escd
(ISO 14119:2013, 5.7.5.2) in combination with manual reset of the interlocking devi
provided if power-on releaséd according to ISO 14119:2013, 4.3.3, Figure 5 a) is used.

Alternatives to enclosufes”Where enclosure is not reasonably practicable (e.g. due to thg
workpiece, its geometry, other special characteristics of the machine or its application)
and other exposed-persons shall be safeguarded by a combination of other means (e.g

pe release
Ce shall be

size of the
operators
protected

operator position*by a cabin, perimeter fence, other protective devices). For example, where

external equipment (e.g. crane) is used to load/unload workpiece to a large size machine
perimetersfeénce are more practical safeguards than an enclosure. See 5.15 for more info
operatoft ¢abins and perimeter fencing.

4_"“Mode of operation (MO)

, cabin and
Fmation on

4.1 General requirements

Table 2 assigns the various, in this document standardised, modes of operation (MO) to the machine
groups defined in this document (Group 1 to Group 4 machines). Standardized modes of operation may

be:

inherent: the MO is, due to technical limitations or lack of automatic control capability, the only

possible mode of operation;
mandatory: the MO shall be provided;

optional: the MO may be provided; or

not allowed: the MO shall not be provided to operate a machine belonging to a particular group.
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Table 2 — Overview of machine groups and modes of operation

Mode of
operation (MO)

Group 1
Manually controlled
boring and milling
machines without
numerical control

Group 2
Manually controlled
boring and milling
machines with limited
numerical controlled

Group 3
Numerically con-
trolled boring-,
milling machines and
machining centres

Group 4
Numerically con-
trolled transfer
and special pur-
pose machines

Service node

capability
MO 0 b b
Manual Inherent Mandatory N/A N/A
MO A Mandatory N PP
AutOmatiC N/A see 522 MdIndadatory Mallddtor'y
MO p .
Settirjg 2 N/A Optional Mandatory Mandatory
MO B
Manual inferven-
tion undpr re- N/A N/A Optional Optional
stricted oglerating
conditjons
MO Seryice® N/A Optional Optional Optional

3)].

NOTE 1 Exdmple of implementation:

a2 In order| to allocate access authorization, it may be necessary to provide differént key switches (or other appropifiate
access meang) for one machine.

Key 1: Accesp to setting mode (and automatic mode) for setting staff [see 6.3v1"a) 3)];

Key 2: Accegs to NC program code and user related NC-parameter modifications for adequately trained staff [see 6.3]1 a)

Key 3: Accesp to mode of operation 3 for adequately trained an authorized staff [see 6.3.1 a) 3)].

Key 4: Accesp to service mode for trained service staff of thedmachine user [see 6.3.1 a) 3)].

NOTE 2 In 1post applications, key switch 1 (setting mode)}-and key switch 2 (NC program code access) can be identical.

b Manual machining without NC capability is posSibleé in MO 1, see 5.2.4.4.

If a machine provides more than one.mode of operation, the machine shall be equipped with a|[MO
selection system.

The selected MO shall be displaged on the machine according to 6.2.2.

5.2.4.2 RequirementsforMO selection system (Group 2, Group 3 and Group 4 machines only)

The selecti

n of a MO 'shall be done according to Figure 1.

The MO selectionSystem consists of a security system (named Security in Figure 1) and a safety sysfem
[named Salffety (SRP/CS) in Figure 1]. The sole purpose of the security system is the preventioh of
unauthoriged’access to the safety system, which contains the actual MO selection device and the[MO

activation device. The security system itself is not a safety related part of the control system (SRP/CS).
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Mode of Operation (MO) selection system

Security Safety (SRP/CS)
MO access device MO selection device MO activation devi
Access by (Input) (Logic)
— Key - -
— Password Selection device of MO Logical control of input data
— Electronic key
— Other equally secure means

Figure 1 — Border between security system and safety system

Thg MO selection device (safety) and the associated control system arrangements (SRP/CS) shall ensure
that only one MO is selected and enabled at any time.

All applicable safety functions listed in Table ].15 shall be fulfilled.
The selection of a MO shall only be permitted from outside the hazardalis areas.

The safety relevant part of the MO selection system shall be capable of being locked. Mode sglection by
itself shall not initiate machine operation. The following requirements shall be fulfilled for tHe selection
of MO.

a) |If more than one location (control console) is available for MO selection at a hazajd zone of
several machines or interacting partial machinesénd a different mode of operation than MO 1 is
selected from an arbitrary control console of a dedicated hazard zone, the automatic cyfle shall be
interrupted for this particular hazard zone before access to this hazard zone is enabled.

b) |Every selected MO shall be indicated-yisually [e.g. by visual display on the contro| panel, by
coloured signal lamps or a text on the user interface (HMI - human machine interface)]. See also
6.2.2, Table 6. In special cases, if:necessary, audible signals can also be used (see ISO 11161:2007,
8.10).

c) |Dynamic mode selection-is-not permitted when the machine is running. A dynamid transition
between MO 1 and MO 3 is-applicable to Group 3 and Group 4 machines only (see 5.2.4.6).

5.2/4.3 Mode of opération 0: Manual (MO 0)
When MO 0 is selécted, the following requirements apply.

a) |If interloeked moveable guards are provided, the spindle rotation shall only be initiatefl manually
by a centrol device provided for that purpose when these guards are closed. Movement of spindle
with\these guards open shall only be initiated and maintained with the enabling devicf actuated.
Releasing the enabling device shall initiate a safety related stop function of the spindle fjotation.

b) Axis feed movements shall be possible with interlocked moveable guards closed, and traverse
movement speed shall be limited to 5 m/min. Axis feed movement with open interlocked moveable
table guards shall be manually selectable and shall only be possible by hold-to-run control with
2 m/min limited speed.

c) Rapid traverse movements shall be manually selectable and shall only be possible by hold-to-run
control.

d) With controllable power-driven feed axes, only one feed axis movement is allowed at a time. The
spindle is permitted to rotate at the same time. Releasing the enabling device stops the spindle and
feed motion initiated by a safety related stop function.

e) Applicable safety functions listed in Table ].17 (17.7, 17.8) shall be fulfilled.
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5.2.4.4 Mode of operation 1: Automatic (MO 1)

MO 1 is the standard mode for production and can use the full performance of the machine. Manual
movement of the machine axes and machining with running spindle drive is permitted with all
safeguards active and guards closed. When MO 1 (automatic mode) is selected, the following conditions
apply before the machine is started.

a) Moveable interlocked guards which give access to the work zone shall be closed and the protective
devices shall be active to permit and maintain operation in automatic mode.

b) If whole body access to the hazardous area is possible, it shall be ensured that no persons are
preserft In that area. IT It cannot be ensured that persons can be seen from the position where|the
contro] devices for start/restart are located, requirements from 5.2.3.2 b) shall be fulfilled:

c¢) Wherd multiple main control cycle start devices are provided and the operators can theréfore[put
each other in danger, only one shall be enabled at any time [see SO 12100:2010, 6.2:11.8 e)]. If|it is
possibje to start the same hazardous element by means of several controls, the cofitrol circuit shall
be arranged that only one control is effective at any given time.

d) For stdrt/restartin MO 1, the following requirements shall be fulfilled:
— the start/restart shall only be initiated from a control station where ho hazard exists;

— prptective devices relevant for this mode of operation includiiig their safety related functjons
shpll be properly arranged and active;

— the control device(s) for start/restart shall be located terallow a clear and unobstructed viey to
persons within the hazardous area.

Movenpients only associated with loading/unloading of tools/workpieces in MO 1 with gudrds
open shall be possible with specific requirementsistated in 5.2.5.1 (machine with tool magazine),
5.2.5.2 (machine with tool changer), 5.2.5.3~(machine with workpiece handling mechani$m),
5.2.5.4 (machine with workpiece setting station) and 5.2.5.5 (machine with workpiece clamping
mechapnism).

5.2.4.5 Mode of operation 2: Setting.(MO 2)

5.2.4.5.1 |Basic specifications

MO 2 is a|mode of operatian”which allows the operator to perform adjustments for the following
machining| process with-fmovable interlocked guards open and/or protective devices suspenged.
Assessmert of the tool.and workpiece position, e.g. by touching the workpiece with a probe or tod], is
part of the[setting mode:

ging to-MO 2 from any other MO, the working cycle shall firstly be interrupted and then

When a hold=to= i i i ~Si imdle
rotation shall be initiated and maintained only while the enabling device is actuated. Releasing the
enabling device shall initiate a safety related stop function according Annex ]. An enabling device
is not required if the hold-to-run control device or electronic handwheel complies with the safety
requirements according to 5.8.6.

When a manual data input (MDI) followed by command 'cycle start' is carried out, single axis and
spindle movement shall be initiated and maintained only while the enabling device is actuated.
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4.5.2 Range of functions

When any interlocked movable guard is open, and/or a protective device is suspended, hazardous
powered machine movements shall only be permitted under the following conditions:

a)

b)

d)

f)

g)

h)

5.2

5.2.

singular linear feed movements:

— shall be limited to a maximum of 2 m/min (for safety function, see Table ].2 (2.4), Table ].4

(4.10), Table ].18 (18.5)); or

— the movement shall be in steps with a maximum increment of 10 mm;

for rotary axes (including workpiece and workholding spindle):

— peripheral speeds shall be limited to 15 m/min (for safety function, see Tablé].2 (2.4

1), Table J.4

(4.10), Table J.18 (18.5); and
— rotation speed shall be limited to 50 min~! (see ISO 23125:2015, 5.2.4:4:1 d);

spindle speed shall be limited by its braking ability. After a stop command the spindle
still within two revolutions without tool;

NOTE
procedure. Response time of the operator is not included, e.g. releasing the enabling device and
not included.

the limits of rotational speed or axis feed movements.or incremental distance [defined
c) above] shall be monitored (see 5.8.7 and speed limit control in Table ].17 (17.3, 17.4).
be initiated when the speed limit is exceeded. The*stop function of the movement shall
by a safety related stop function according to Annex J;

shall stand

The number of two revolutions only refers to the displacentent/angle covered by the fleceleration

control are

a), b) and
stop shall

i
:Ee initiated

unguarded swarf/chip conveyor movemerits shall only be initiated and maintained by a lhold-to-run

control device or an enabling device (first hand) in conjunction with a direction cont
hand) (see ].11.2 to ].11.3) but not in.conjunction with feed axes and spindle movement;

for group 3 and group 4 machines only: Automatic tool- and workpiece changing mecha
remain inhibited in case of pending operations within the work zone. Initiation of their
movement shall only be pessible by reselection of MO 1. Manually controlled single mo
tool- and workpiece changing mechanisms are permitted in conjunction with an enabl
Every movement shall be initiated by a start command. This can be achieved, for examp

releasing the epabling device or the hold-to-run control device (see 5.8.6. a) shall initi3
related functiondccording Annex ] (marked as SF07-1 and SF07-2);

high pressure coolant shall be inhibited (see Table ].12).

4.6 \Mode of operation 3: Manual intervention under restricted operating conditic

ol (second

hisms shall
automatic
vements of
ing device.
e, by MDI;

te a safety

ns (MO 3)

4.6.1 Basic specifications

MO 3 is an optional mode of operation, which permits the operation of the machine under manual or
numerical control while guards are open and/or protective devices suspended.

This mode of operation is only permitted to group 3 and group 4 machines.

MO 3 may only be provided if the work task requires the opening of guard(s) and/or suspension of other
protective devices.

Typical work tasks and applications for MO 3 with enabling device are the following:

cleaning of workpiece, e.g. removal of chips to prevent surface scratching;
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— CNC/NC program tests, especially cycle test with higher speeds of axes and/or spindles than
permitted in MO 2 and direct observation with guard open is necessary;

— use of contact-type centring tools on hidden parts that cannot be seen from the front or on the back
side of the workpiece, such as "edge finder"(observation of contact point by manual pulse handle
feed in the rotated state).

NOTE The limited range of functions (see 5.2.4.6.2) provided in MO 3 give a motivation to switch back to the
higher performance of MO 1.

When selecting the modes of operation MO 1 or MO 3, the following sequences shall be implemented.

— The change from MO 1 to MO 3: First the operating conditions of MO 1 shall be reduced td tHose
demarlded in MO 3 and shall be monitored. Then the relevant safety requirements (e.g. the possib{lity
for opgning of guards or the interruption of protective devices) shall be allowed.

— The change from MO 3 to MO 1: First the higher safety requirements of MO 1 (e.g-movable gudrds
closed] or light curtain activated) shall be activated, then the higher values. of the operaging
conditjons of MO 1 shall be allowed.

5.2.4.6.2 |Range of functions

When any|interlocked movable guard is open, and/or a protective device is suspended, hazardous
powered njachine movements shall only be permitted under the follgwing conditions:

a) Singulpr linear axis feed movements shall be:
— limited to 5 m/min; or
— injsteps with a maximum increment of 10 mm.
b) For rotary axes (including workpiece and workholding spindle):
— pefripheral speeds shall be limited to, 15im/min; and
— rofation speed shall be limited to 50/min~1 [see ISO 23125:2015, 5.2.4.4.1 d)].

c) Spindlg speed shall be limited by-its braking ability. After a stop command the spindle shall stand
still within five revolutions withott tool.

NOTE The number of five,révolutions only refers to the displacement/angle covered by the deceleration
procedpire. Response time of the operator is not included, e.g. releasing the enabling device and contro] are
not included.

d) The lirpits of rotational speed or axis feed movements or incremental distance [as defined in a, b)
and c)] shall bemonitored [see 5.8.7 and speed limit control in Table ].17 (17.3, 17.4)].

e) Non-progfammed movements shall be achieved as follows.

1) Spindle rotation shall be initiated by a spindle start control device together with an enabling
device and maintained by the enabling device.

2) Axis movements shall be initiated and maintained by one of the following means:
— ahold-to-run device;
— an electronic handwheel; or
— manual data input (MDI) followed by cycle start together with an enabling device.

f) Execution of a program shall be initiated by a cycle start control device in conjunction with an
enabling device and maintained by the enabling device.
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g) Unguarded swarf/chip conveyor movements shall only be initiated and maintained by a hold-to-

run control device or an enabling device (first hand) in conjunction with a direction cont
hand) (see J.11.2 to J.11.3) but not in conjunction with feed axes and spindle movement.

rol (second

h) Automatic tool and workpiece changing mechanisms shall remain inhibited in case of pending
operations within the work zone. Initiation of their automatic movement shall only be possible

i)

by reselection of MO 1. Manually controlled single movements of tool and workpiece

changing

mechanisms are permitted in conjunction with an enabling device. Every movement shall be

initiated by a start command. This can be achieved, for example, by MDI.

Releasing the enabling device or the hold-to-run control device (see 5.8.6 a) shall initiate a safety

j)

NOT
necq
acti
timd
prey
proy
an g
mod
bein

5.2
Thi
diag
resf
ope

MO
mag

a)

related function according Annex ] (marked as SF07-1 and SF07-2).
high pressure coolant shall be inhibited (see Table ].12).

E In certain machining processes, e.g. with complex workpieces in single-part,productig
bssary for the operator to observe the machining process when the guards are opernand/or to tak
bn via the control device. Therefore, it is possible that the use of an enabling device over a long
is not practicable for ergonomic reasons or that the setting of several parameters on the co
rents the continuous actuation of the enabling device. In this case, an additional mode of oper:
rided using further protective measures. Due to the variety of possible maghining processes that
dditional operating mode, it is not possible within this document to stahdardise a correspondir
e. A technical report on this document with examples for the appliedtion of additional operati
g prepared.

4.7 Service mode (MO Service)

5 mode of operation is intended for service tasks,st¢h as calibration measurement, troub
bnostic and checking of machine functions .and performance. Therefore, MO Servi
ricted functionality of the machine or partsefit, at which guards of the individual work 7
ned.

Service shall only be provided to senvice staff, who is trained by the manufacturer/sup|
hine.

1) Simultaneous rotation of the spindle and axis motion is allowed only for measur

calibration tasks.

2) Feed axis/axes:éan be moved under to following restrictions:

With enabling device (PLr = d, Cat. 3) in conjunction with a start command (P
actuated override selection device; or

if axes speed islower than 15 m/min and safely limited in PLr =d, Cat. 3 (SLS) in

n, it can be
e corrective
er period of
htrol device
tion can be
canrequire
g operating
hg modes is

Leshooting,
e enables
one can be

plier of the

The following restrictions for automatic functionalities are required to provide this modle.

ement and

withyenabling device (PLr = d, Cat. 3) in conjunction with a hold-to-run control dlevice;

.,r = b) and

onjunction

©IS
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is not required.

3) Spindle rotation shall be initiated and maintained under the following restrictions:

ling device

— with an enabling device (PLr = d, Cat. 3) in conjunction with a hold-to-run control device; or

— with an enabling device (PLr = d, Cat. 3) in conjunction with a start command (PLr = b) and

actuated override selection device.

4)
hold-to-run device the spindle shall stand still within five revolutions without tool.
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b)

5.2.5 Optional or additional equipment for machines

5.2.5.1 Additional requirements for tool magazine(s)

If the macHine is equipped with tool magazine(s), the-following requirements shall be fulfilled.

a)

b)

‘)
d)

28

NOTE The number of five revolutions only refers to the displacement/angle covered by the deceleration
procedure. Response time of the operator is not included, e.g. releasing the enabling device and control
are not included.

5) If movement of tool changer and/or tool magazine is foreseen, automatic tool changing
movements or tool magazine movement shall be initiated by a hold-to-run control device. It
shall be possible to initiate the individual steps successively.

6) If the pressure of coolant is higher than 0.5 MPa an enabling device (PLr = d, Cat. 3) in
conjunction with a permanently actuated hold-to-run control device is required to initiate and
maintain the coolant supply.

7) Pneumatic or hydraulic movements of machine parts shall be initiated and maintained|with
an| enabling device (PLr = d, Cat. 3) in conjunction with a permanently actuated hold‘to{run
deyvice.

8) Topl measuring using laser-based methods are not permitted.

9) Movements of the chip conveyor shall be initiated and maintained with‘ah enabling de}ice
(PLr =d, Cat. 3) in conjunction with a permanently actuated hold-to-rumdevice.

More than one feed axis can be moved.

Movenpents of automatic workpiece changing mechanisms shall, if@pplicable, be carried out With
reducdd speeds. The individual steps shall be initiated in succession.

Accesgto the tool magazine shall be prevented by fixed and/or interlocked movable guards. Where
routing observation of the tool magazineis‘required, means (e.g. windows) shall be provided.

When [the interlocked movable guards are opened or the protective devices according to 5.2.3.1
suspernded, the tool magazine drive(s) shall be stopped, and further movements shall be inhibited.

Accesq openings shall be in accerdance with ISO 15534-1:2000 and ISO 15534-2:2000.

For anly accessible hazard-zone of the tool magazine, the same requirements as for the work Zone
shall he applied. Powered movements of the tool magazine with guards open/protective devjces
according to 5.2.3.1suSpended are permitted when carried out in accordance with the following:

— an|enablingdevice together with direction control; In this case, movement shall be at a redyced
speed of.a maximum of 15 m/min where only an impact hazard exists or where a crusk:Flng,

shearing or trapping hazard exists either be able to stop in less than 4 mm or be a maximuin of
2 jn/min; or

— atwo-hand-control.

The requirements of ISO 13851:2019 type Il or type III B shall be fulfilled. However, the minimum
button separation of 260 mm in ISO 13851 can be suspended if there is no way to actuate the two
hand devices with one hand, for example by two independent knob type switches or rotary type
switches.

NOTE Types of switches, rotary type and knob type, are described in EN 894-3+A1:2008.
The distance requirements of ISO 13855:2010, Clause 8, apply (at least 100 mm).
No machine movements shall be initiated from the actuation of any sensor or feedback device while

the interlocked guards are open (see IEC 60204-1:2016, 10.1.4).
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f) Means shall be provided to prevent movements of vertical or slant axes under gravity, e.g. brakes

g)

(see Annex G).

All applicable safety functions listed in Table ].10 shall be fulfilled.

5.2.5.2 Additional requirements for tool changer(s)

If the machine is equipped with tool changer(s), the following requirements shall be fulfilled.

a)

b)

d)

f)

g)

h)

Access to hazardous movements of the tool changer(s) from any direction shall be pr
fixed and/or interlocked movable guards.

evented by

When the safeguarding measures are suspended, the tool changer drive(s) and other
movements shall be stopped, and further movements shall be inhibited.

Powered movements of the tool changer with guards open/protective devices-accordin
suspended and no whole-body access are permitted when carried out.inaccordanc
following:

— an enabling device together with direction control; In this case, imovement shall be a
speed of a maximum of 15 m/min where only an impact hazard exists or where

hazardous

to 5.2.3.1
with the

9
=]
c

I a reduced
h crushing,

shearing or trapping hazard exists either be able to stop inless than 4 mm or be a maximum of

2 m/min; or

a two-hand-control.

Releasing the enabling device or one of the two harid“control devices shall initiate a safety related

stop function according to Annex |.
The requirements of ISO 13851 type II or;type III B shall be fulfilled. However, thg

minimum

button separation of 260 mm in ISO 13851 \can be suspended if there is no way to actugte the two
hand devices with one hand, for example by two independent knob type switches or rffotary type

switches.
NOTE Types of switches, rotaty type and knob type, are described in EN 894-3+A1:2008.

The distance requirements:of 1ISO 13855:2010, Clause 8, apply (at least 100 mm).

For any accessible hazard zone of the tool changer, information about the residual danger due to
the presence of persons shall be provided in the documentation. The same requirementss as for the

work zone shall also’be fulfilled.

No hazardous‘movements of the tool changer shall be initiated from the actuation of an
feedback device while the interlocked guards are open (see IEC 60204-1:2016, 10.1.4).

y SENSor or

Means:shall be provided to prevent hazardous movements of vertical or slant axes under gravity,

e.g{brakes (see Annex G).
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conditions

and/or failure of power supply when the interlocked guard is open by securing the tools into the

tool changer.

All applicable safety functions listed in Table ].9 shall be fulfilled.

5.2.5.3 Additional requirements for workpiece handling mechanisms

If the machine is equipped with automatic workpiece handling mechanisms, the following requirements
shall be fulfilled.

a) The positions for operators at workpiece load/unload mechanisms shall be located outside the

work zone and away from other hazardous machine movements.

© IS0 2022 - All rights reserved
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b)

f)

g)

h)

5.2.5.4 Additional requirements for workpiece setting stations

Access to hazardous movements from any direction of the workpiece handling mechanisms shall
be prevented by fixed and/or interlocked movable guards (ISO 14119:2013, Clause 7 and Annexes A
to D).

When the interlocked movable guards are open, the workpiece handling mechanism drive(s) and
other dangerous movements shall be stopped, and further movements shall be inhibited.

Powered movements with movable interlocked guards open and/or protective devices according to
5.2.3.1 suspended shall be initiated and maintained in a position with sufficient distance from the
hazard area either by:

speed of a maximum of 5 m/min where only an impact hazard exists or where a crushling,
shparing or trapping hazard exists either be able to stop in less than 4 mm or be a maximuin of
2 /min; or

— atwo-hand control. Releasing the enabling device or one of the two-hand control devices shall
inftiate a safety related stop function according to Annex J.

THe requirements of ISO 13851 type II or type III B shall be fulfilled.(However, the mininjum
button separation of 260 mm in ISO 13851 can be suspended if there’is no way to actuate|the
two-hand devices with one hand, for example by two independent Knob type switches or rofary
type switches.

NQTE Types of switches, rotary type and knob type, are described’in EN 894-3+A1:2008.
THhe distance requirements of ISO 13855:2010, Clause 8,:apply (at least 100 mm).

For any accessible hazard zone of the handling mechanism, the same requirements as for the work
zone shall be fulfilled.

No hagardous machine movements shall be initiated from the actuation of any sensor or feedhack
device|while the interlocked guards or monitored guards are open (see [EC 60204-1:2016, 10.1.4).

Means|shall be provided to prevent hazardous movements of vertical or slant axes under grayity,
e.g. brakes (see Annex G).

All applicable safety functions listed in Table ].6 shall be fulfilled.

If the machline is equipped-with workpiece setting stations, the following requirements shall be fulfilled.

a)

b)

30

If powered movement of the workpiece setting station is required (e.g. to rotate a pallet with
workpjece) while)interlocked guards are open or protective devices are suspended (e.g. to clean|the
workpjece or to carry out measurements) then this shall be possible by using either:

— anlénabling device together with a direction control; In this case, movement shall not exceed the
maximum of I5 m/min, if only an impact hazard exists. Where crushing, shearing or trapping
hazards exist also, the movement shall be able to be stopped within a travel distance of 4 mm or
the maximum travel speed shall not exceed 5 m/min; or

— a two-hand control. In this case, the requirements of ISO 13851 type II or type III B shall be
fulfilled. However, the minimum button separation of 260 mm in ISO 13851 can be suspended if
there is no way to actuate the two-hand devices with one hand, for example by two independent
knob type switches or rotary type switches. The distance requirements of ISO 13855:2010,
Clause 8, apply (at least 100 mm).

NOTE Types of switches, rotary type and knob type, are described in EN 894-3+A1:2008.

For any accessible hazard zone of the workpiece setting station, the requested requirements as for
work zones shall be fulfilled.
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c¢) No hazardous machine movements shall be initiated from the actuation of any sensor or feedback
device while the interlocked guards or monitored guards are open (see IEC 60204-1:2016, 10.1.4).

d) All applicable safety functions listed in Annex ], Table ].6 shall be fulfilled.

The distance requirements of ISO 13855:2010, Clause 8, apply (at least 100 mm).

5.2.5.5 Additional requirements for powered workpiece clamping mechanisms

If the machine is equipped with powered workpiece clamping mechanisms, the following requirements
shall be fulfilled.

a)

b)

General requirements

Vity, e.g. by

b open (see

buards are

1) Measures shall be taken to prevent unintended loosening of workpieces due t6 gra
clamps or support devices.

2) The state of the powered workpiece clamping mechanism shall be menitored when|connected
and ifthe required actuating force, e.g. monitored by pressure, current, etc., (indirectfmeasuring
is possible) is not reached the start of operation shall be prevented, or a stop commgnd shall be
initiated if operation has already commenced [see Table ].4 (4.2)4.3)].

3) No hazardous movement of workpiece clamping devicesshall be initiated from the actuation of
any sensor or feedback device while the interlocked guiards or monitored guards ar
IEC 60204-1:2016, 10.1.4).

4) All applicable safety functions listed in Table ].4*shall be fulfilled.

Movement of power operated workpiece clamping device while movable interlocked

open shall be:

1) restricted to

2)

3)

4)

i) less than 4 mm clamping.stroke (see ISO 13857:2019, 4.2.4.1, Table 4), or

ii) clamping stroke between 4 mm and 20 mm initiated and maintained by means
function see TableJ 4, 4.1

initiated and mairntained by means of an enabling device together with a directi
where clampingdevices are visible;

initiated afd> maintained by means of two-hand control (for two-hand co

of a safety

pn control,

htrols, the

requirenyents of ISO 13855:2010, Clause 8, and ISO 13851 for type II, shall be fulfilldd); or

if it/is required to support the workpiece by hand for fixation or adjustment, the
shall'be controlled by a three-step footswitch (category 3) and reduced speed of ma
min. The compression of the three-step footswitch leads to an emergency stop or the
of the movement in the release direction.

movement
kimal 5 m/
activation

For magnetically operated workpiece clamping mechanisms, the following requirements shall be
fulfilled:

1)
2)

the requirements of 5.2.5.5 a) 1) and b) shall be fulfilled;

connection via plug and socket.

When the electrical control system is connected to the magnetic clamping plate by means
of an electrical plug connection, the workpiece shall be released or clamped by actuating
a control device while the control system is connected. The generated clamping force or its
nominal value calculated by indirect measurement shall be displayed on the electrical control
device prior to disconnection. Axis movements are only permitted after verification that the
displayed clamping force meets or exceeds the application requirements and that the clamping

© IS0 2022 - All rights reserved
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device has been unplugged. Once disconnected, the magnetic clamping force shall remain

in the clamping plate. Confirmation that the clamping force continues to meet or exceed

the

application requirements shall be done at specified intervals according to the manufacturer’s
specifications by reconnecting the device. Specifications shall be given in the instruction for

use (see 6.3.1).

NOTE A safety function according to ISO 13849-1 is not definable for these clamping devices because

once they are unplugged, there is no connection to the clamping device.
3) Continuous connection

W
the workpiece shall be released or clamped by actuating a control device. The genet
clgmping force or its nominal value calculated by indirect measurement shall be displaye
the electrical control device. Axis movements are only permitted after verificationthat
displayed clamping force meets or exceeds the application requirements. Confirmation

ate,
ted

on
the
rhat

the clamping force continues to meet or exceed the initial application requiréments shall be

done at specified intervals according to the manufacturer’s specifications.(Specifications s
be|given in the instruction for use (see 6.3.1).

4) Cannection via sliding contacts

When the electrical control system is permanently connected/to the magnetic clamping
by] sliding contacts or brushes, the workpiece is released or clamped by actuating a co
device. This method allows multi-purpose applications for milling and turning operations.
refiuirements of 5.2.5.5 ¢) 3) are applicable.

THe magnetically operated workpiece clamping mechanism can be used without performa
leyel (PL).

NQTE For the time being, there is no performang¢e level available from the manufacturers.

hall

ate
rol
The

nce

d) For wqrkpiece clamping mechanisms operating with vacuum, the following requirements shall be

fulfillgd.
1) THe requirements of 5.2.5.5 a) and b) shall be fulfilled.

these clamping devices,)the safety functions for workpiece clamping mechanism
Taple ].4 (4.2 and 4.3) shallbe implemented.

b in

e) It shall be possible to riDthe machine without workpiece(s) in the fixture in automatic mjode

of opefation with guards closed. In that case, the monitoring of the workpiece clamping may
disabl¢d. The muting-function shall have the same safety level as the detection of an incorre
clamp¢d workpiece-[see Table ].4 (4.3)]. The warm up cycle shall be done in MO 1.

5.2.5.6 Additional requirements for workpiece clamping mechanisms in case of turning
operation

' be
ctly

The general conditions are as follows.

a) Workpiece clamping devices, except collets, shall be clearly marked with their maximum

permissible speed. The work table shall be such that manual clamping devices, primarily posi

tive

fitting, can be mounted. Mounting of clamping devices which are guided in slots shall primarily be

done in such a way that the slots are closed in outside direction or bolts are fitted to open slot

s to

prevent loose clamping devices from being ejected. Design of viewing panels and steel sheets (also

roof sections) for jaws with a mass of maximum 2,5 kg shall be in accordance with ISO 23125.

b) When the workpiece is rotating, it shall not be possible to loosen the workpiece clamping device by

manual operation, regardless of how the workpiece is clamped. Unclamping shall only be poss
during a standstill under safe speed monitor (SSM, n = 0 r/min; see ISO 61800-5-2:2008, 4.2.3.
Non-return valves shall be provided when hydraulic or pneumatic clamping devices are used.

ible
14).
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For machines equipped with clamping devices other than collets and where programmable
workholding spindle speed is available, a program shall not run in automatic mode unless the
following conditions are fulfilled.

1y

2)

Machines shall have facilities for entering and/or validating the maximum w
spindle speed (milling/turning table) taking into account the maximum permissib
the workpiece clamping device.

orkholding
le speed of

Rotary movement shall only be initiated when at least one of the following conditions are

fulfilled:

3)

4)

5)

6)

For machines with counter workholding spindles that transfer the workpiece to anotl

workplece in the workholdmg spmdle in automatlc mode of operatlon Wlth guards clo

1) Clamping device IS designed Ior the maximum permissible speed of the worktaQy

ii) when the requested rotary speed is higher than the speed limit of the clamping
maximum permissible rotational speed shall be limited [see Table ].4 (4.9)}.

The clamping device shall be designed such that necessary clamping forces and tord
transferred to the workpiece.

An actuating force (e.g. by monitoring hydraulic or vacuum pressure) sufficient f]
clamping of the workpiece shall be maintained until the workholding spindle (milli
table) has come to rest, in accordance with ISO 16156:2004; 5:2.1, e.g. by non-retur
the hydraulic system or a self-locking workpiece clamping'device.

Means shall be provided to monitor the workpieee clamping device actuating fo
monitoring hydraulic or vacuum pressure) of power-operated workpiece clamping ¢

For power operated clamping systems, the following applies:

of rotary movement shall be prevented. In case of chucks additionally, the ja

le; or

device, the

ues can be

pr the safe
ng/turning
h valves on

‘ce (e.g. by
levices.

stroke(s)

i) ifthe required actuating force of power operated clamping device is not reachej; initiation

of chucks shall be monitored te ensure that there is a sufficient stroke availa
component is clamped. If theactuating force is not reached or the necessary

e once the
remaining

stroke is insufficient, starting the workholding spindle drive shall be prevemted. If the

monitoring of jaw strake“is not possible, other safety measures shall be proy
direct measuring of the force on the workpiece (measuring jaws);

if the workholdihg)spindle (milling/turning table) drive is running and the actu
falls below a pre-set value, or any other monitoring system of the workpiece (
activated,1movement shall stop initiated by a safety related stop function ag
Table J.AN#4.2). If a clamping device cannot be monitored during machining,

protective measures shall be provided, e.g. unbalance detection, additional
retaining device, workpiece present monitoring.

ided, e.g. a

ating force
lamping is
cording to
plternative
workpiece

her spindle

while;both spindles are rotating with the same speed, it shall be possible to run a spindlle without

Sed. In this
er spindle

may be disabled. Means shall be prov1ded to ensure that at least one of the spmdles is running with
an activated monitoring of the workpiece clamping.

No hazardous movements of the workpiece clamping device shall be initiated from the actuation
of any sensor or feedback device while the interlocked guards or monitored guards are open (see
IEC 60204-1:2016, 10.1.4).

All applicable safety functions listed in Table ].4 shall be fulfilled.
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5.2.5.7 Additional requirements for swarf/chip conveyor and removal system with hazardous

moving pa

rts

If the machine is equipped with swarf/chip collection and removal system, the following requirements

shall be ful

filled.

a) Access to hazardous moving parts of swarf/chip collection systems shall be prevented by means
of fixed guards. Where operators have a need to access more frequently than once per shift,
interlocked movable guards shall be provided. Guards shall be in accordance with ISO 14119:2013
and ISO 14120.

b) Openifig an mterlocked movable guard, which provides access to hazardous moving part

a swal

Table ]

c) If mov|
purpo

1) pe

2) pe
sp
en
ac

3) in
re
IS

an

co

d) For thg
1) Ds
ad

2) Fig
re
be
my

f/chip collection and removal system, shall initiate a safety related function accordin
11, 11.1, 11.4.

es), the movement shall only be:

rmitted by means of a hold-to-run control device according to 5.8.6;

rmitted by means of an enabling device together with a start deviee)and reduced periph
ced of maximum 5 m/min. The movement shall be initiated and maintained only while
abling device is actuated. Releasing the enabling device shallinitiate a safety related func
cording to Table ].11, 11.2, 11.3; or

tiated and maintained by means of two-hand centrol. For two-hand controls,
uirements of ISO 13851:2019, Clause 7, shall be“fulfilled. Distance requirement;
D 13855:2010, Clause 8, (at least 100 mm) shall be'fulfilled. The movement shall be initiz
d maintained only while the two-hand control device is actuated. Releasing the two-h
htrol device shall initiate a safety related function according to Table J.11, 11.2, 11.3.

swarf/chip discharge area (removal area), the following applies.

sign and safety distances for guards;according to ISO 13857:2019, Table 3, where any of
ditional measures are not providegd.

rure 2 shows a design example with a fixed guard structure for a conveyor that fulfils
uirement. If the measure_ Y in Figure 2 is shorter than 850 mm, additional measures s
taken to prevent reaching into the hazardous movement of the chip conveyor. The follow
pasures shall be dones

funnel dimensions Y (see Figure 2) shall be at least 150 mm;
design toyminimize the chance of chips being held up in the funnel;

provide a lockable device to switch off the movement of the chip conveyor with di
visibility at the chip discharge area (see ISO 12100:2010, 6.2.2.1);

s lommer)
—t
o S,

ement of a swarf/chip system with an interlocked guard open is essential (e:g: for cleafing

bral
the
fion

the

of
ted
and

her

this
hall
fing

rect

W b

3) Tl
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As stated in 6.2, a yellow and a black marking shall be placed on the floor.
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ah

rovided in

1 of swarf/
shedding,

Coverage is
to prevent

located at

entry into

e powered

Key
2 |Y2150 mm
Figure 2 — Discharge chute of a chip conveyor

e) |Information regarding operating/handling the chip convéyor and container shall be f
the instruction for use [see 6.3.1 d)].

f) |For Group 4 machines only: Means shall be provided to enable the collection and removz
chips without the need to remove guards (e.g-fixture design to promote swarf/chip
directed flows of metal working fluid).

g) |All applicable safety functions listed in/fable ].11 shall be fulfilled.

5.2]5.8 Additional requirements forpits

If the machine construction includes pits, the following requirements shall be fulfilled.

a) |Pits shall be covered (e:g-floor grids) or secured against persons falling into them. If
not possible, one of the following alternatives in given priority order shall be installed
persons from fallinginto the pit:

1) railings imaccordance with ISO 14122-1 to ISO 14122-4;
2) cables\with roll-up devices or barrier chains, tapes or cables with a warning sign
least.1 m, but no more than 2 m in front of the hazardous area.

b) |Where access to pits is necessary for observation, maintenance or adjustment purposes
the pit shall be possible via movable guards which prevent machine movement. Wher
machine movements are necessary, machine elements may be moved under the conditi
in5.2.4,5.2.5.3 and 5.2.5.4.

NOTE ISO 13854 contains requirements for minimum distances to prevent crushing.

5.2.5.9 Additional requirements for machines equipped with tailstock

If the machine is equipped with tailstock device(s), the following requirements apply.

a)
b)

For the tailstock device(s), the same requirements as for the work zone shall be applied.

All applicable safety functions listed in Table ].5 shall be fulfilled.
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ons set out

35


https://standardsiso.com/api/?name=d900155817efded5fbf5c717fab6a39f

ISO 16090-1:2022(E)

5.2.5.10 Additional requirements for machines equipped with bar feed

If the machine is equipped with bar feed devices, the following requirements apply.

a) Forthe

b) Allapp

bar feed device, the same requirements as for the work zone shall be applied.

licable safety functions listed in Table ].7 shall be fulfilled.

5.2.5.11 Additional requirements for compressed air for cleaning and measuring processes

If the machine is equipped with compressed air, the applicable safety functions listed in Table ].22 shall

be fulfilled[

5.2.5.12 Additional requirements for pallet clamping and movements on machines with milli
and turning operation

If the machine is equipped with pallet clamping and movements, the applicable safetyfunctions lis
in Table ].8 shall be fulfilled.
5.3 Spegific requirements resulting from electrical hazards
a) Direct|contact with electrical equipment
1) Elgctrical equipment shall be in accordance with IEC 60204+1, unless otherwise specifie
this document.
2) The following requirements apply:
i) | IEC 60204-1:2016, Clause 7, for protectioniof equipment, against short circuit, feg
circuit excluded and overloading. The machine manufacturer shall provide the user v
information on how to provide the protection against short circuit of the feeder circuit
6.3.8);
NQTE The protection against short circuit of the feeder circuit is not up to the machine manufactu

ii)
iii]
iv)

v)

3) Electrical enclosures shall not be exposed to the risk of damage from the ejection of t
and/or workpieces. The access to live parts shall only be possible under the condition

IEC 60204-1:2016, Clause 8)for equipotential bonding;
IEC 60204-1:2016, Clause 12, for conductors and cables;
IEC 60204-1:2016,-Clause 13, for wiring practices;

[EC 60204-1:2016, Clause 14, for electrical motors and associated equipment.

ng

ted

1 in

der
vith
see

Fer.

bols
5 of

IEC 60204-1:2016, 6.2.2). The risk of fire is not considered significant for machines where

pawer circuits are protected against over current (see [EC 60204-1:2016, 7.2.2).

b) For indirect contact with electrical equipment, the machine manufacturer shall provide the
protective bonding system of the machine up to the PE terminal. It shall also provide the user with
information on how to complete protection against electrical shock due to indirect contact (see

6.3.8).

NOTE

See IEC 60204-1:2016, 3.1.34, for the definition of “indirect contact”.

c¢) The protection of all electric components against ingress of foreign objects, liquids, dust, coolants,
lubricants and swarf shall be adequate taking into account the external influences under which the
machine is intended to operate (in accordance with IEC 60204-1 and IEC 60529).
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5.4 Specific requirements resulting from noise hazards

When designing the machine, the available information and technical measures to reduce noise at its
source shall be taken into account (see, for example, ISO/TR 11688-1, ISO/TR 11688-2). The design shall
take into account noise from every possible source. Appropriate technical measures for reducing noise
at the main sound sources of machines are listed below:

a) usage of low-noise machine components;

b) transmission noise by gearbox damping;

c) [preunmaticexiraustthroughrsitercers;

d) |power generation sounds by damping or absorption;

e) [noise during cutting process by damping or absorption inside the work zone enclosure;
f) |during workpiece/tool change by damping or absorption inside the workzone enclosursg.

Thqg above list is not exhaustive. Alternative technical measures for noise reduction with identical or
gregter efficiency may be used.

Where noise levels shall be reduced beyond those achievable by design at source, the machine shall be
proyided with protective measures (e.g. noise enclosures, screefis fitted to the machinery, silencers).

Opgrating conditions for noise measurement shall be in accordance with Annex K. The deterfination of
the|noise emission shall be in accordance with ISO 230;5:The declaration of the noise emisgion values
shall be in accordance with 6.3.6.

5.5| Specific requirements resulting from-radiation hazards

a) |For low-frequency radiation, high-frequency and microwaves radiation, see 5.8.8. See also
[EC 61000-6-2:2016 and IEC 61000-6-4-for more information.

b) |Built-in laser feedback systems-shall be designed to prevent exposure to beam paths ¢r specular
reflections in accordance with IEC 60825-1:2014.

c) |Strong magnetic fields, Which may be encountered at e.g. linear drives, can cause ifreversible
injuries. Through constructive measures, e.g. guards, direct access during normal operation shall
be prevented.

Warning signs according to ISO 7010 to emphasize the residual risk shall be attached in|a position
whgére the operatgr.can see them.

NOTE Persons particularly at risk are those with cardiac stimulator and prostheses which reactjto magnetic
fields.

5.6| “Specific requirements resulting from material or substance hazards

5.6.1 Combustible coolants

Machinery designed to make usage of combustible coolants shall be equipped with devices which
minimize the risk from the production of combustible mixtures or an ignition source, especially in
MO 1.

a) Dimension of coolant circuit shall be such (pipe cross section, reservoir, pumps, nozzle forms and
positioning, etc.) that a sufficient and continuous amount of coolant supply is ensured at processing
site.

b) Preventing start-up of machines working cycle, when coolant supply is not functioning properly.
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d)
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In case of a coolant supply not functioning properly, the machining process shall automatically be
brought to a stop in an appropriate manner, e.g. separation of workpiece and tool and shut-off of
tool drives.

Use of adequate exhaust systems

The suction power shall be as such that at least a negative pressure (below the atmospheric
pressure) in the work zone is maintained to securely prevent coolant vapours and aerosols from
escaping the work zone.

In case of an incorrectly functioning exhaust system, start-up of a machines working cycle shall

functigns, see Table |.14.

Piping|of exhaust systems shall be designed so that fluids flow back into the machine, so that{the
pipes 4re empty.

All metal parts within the work zone including pipes of exhaust system shall befully connectef to
the protective bonding circuit to prevent electrostatic charge.

Vents yithin the work zone shall be as such that swarf/chips or greater amounts of fluid cannoft be
sucked in.

If fire pnd explosion risks cannot be excluded by these systenis,‘additional measures for limiting
the comsequences of fire and explosion events shall be provided in accordance with ISO 19353:2019
and EN 1127-1.

These nclude the following measures:

— pressure-resistant enclosure of the work zohé&including windows and, if necessary, presqure
relief in a direction not dangerous to personal;

— preventing flames and hot gases from-work zone escaping into the operating area outside|the
wgrk zone and vicinity of the machine, e.g. flame arresting labyrinth seals on movable parfs of
the guards (circumferential). For-examples, see F.2;

— adequate fire extinguishing(devices;

— the machine, includingthe control system, shall be designed so that connecting fire detecting
deyvices, e.g. fire extinguishing systems, fire alarm, pressure relief valves, etc., are posdible
acrording to the manufacturer's recommendations (interface description).

For acg¢essible machirnies and use of fire extinguishing devices with oxygen suppressing quenching
gases, mechanical'interlocking capability for the quenching gas supply shall be provided. Additi¢nal
measufres shallbe taken to prevent personnel from being trapped within the work zone, |e.g.
possibjlity. for unlocking the door from the inside without the need of power supply by meanfs of
a guarfdocking device with an escape release (see ISO 14119:2013). In addition, the extinguishing
system shall be provided wWIth a release button which shall be actuated only from outside the
work zone. The automatic extinguishing system is only activated after the release button has
been actuated and can only be set after a sensor signal has been triggered, in a condition where
quenching gas can stream into the work zone.

NOTE1 It can otherwise be possible to unintentionally close and lock the door from the inside while the
machine is switched off and quenching gas can perhaps stream inside.

NOTE 2  For further information, see also Annex E.

For machines which are intended to be connected to a central exhaust system, measures or devices
shall be provided, which in case of fire:

— prevent fire from spreading into the central exhaust;
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— prevent further air flow into the work zone; and

— prevent exhaust of extinguishing agent, e.g. flame arresters (see example in F.3), butterfly valve

for exhaust air.

Integrated decentralized exhaust systems shall automatically shut off in case of fire or e

xplosion.

e) All applicable safety functions listed in Table ].14 shall be fulfilled.

NOTE1 Further measures of risk reduction depend on the actual conditions of use of the machine and need to
be considered individually.

NOTE 2  Accumulation of fluid and dried materials and contact with hot swarf/chips within th¢ piping can
cauge a fire.

5.62 Minimum quantity lubrication (MQL)

Forjminimum quantity lubrication, the risk of fire and explosion is primarily determined by the amount
of flammable swarf/chips and dusts.

The flashpoint of minimum quantity lubricant used shall be considered;In principle, lubricants with a
flashpoint of at least 150 °C shall be used. When used in accordance with its intended use, gvolution of
a dangerous explosive air/vapour mixture is not likely to occur if the consumption rate remlains below
100{ ml/(m3/h). If this is not ensured, a machine extraction system is mandatory.

5.6/3 Dry processing and combustible dust

A npechanical interface for an air-extraction systeni“is mandatory [see 6.3.1 r) for docimentation

reqpiirements].

An gxplosion risk shall be considered for accutntlations of combustible dust (for example, f
dusf) and especially for light metal dusts)e.g. aluminium, titanium and magnesium. Dij

de

titaphium and magnesium dust is to be;exXpected during the intended use of the machine, sui
or dry powders such as CO, or inert'gas shall be used in the extinguishing system.

A hligher risk of fire exists jnjareas in which great amounts of combustible swarf/chips

emg
are
If fi
Int
dur]

Mag
ma

5.6

sited combustible dust can lead to.a hazardous explosive atmosphere. If ignition by i

rge and accumulate. In-addition to the work zone of the encapsulated system, the pipe
h of the exhaust system in which fine dust can be separated and dispersed shall also be
he dry combustibledust particles are cleaned up or dispersed, a possible risk of explo
hese areas, it is fiot permitted to use compressed air as this causes dispersion of the du
ing machining'(see Annex F).

hining shall be stopped in case of failure of the swarf/chip removal or exhaust wit
hines:

4-) Requirements for biological or microbiological hazards

br graphite
persion of
hluminium,
fable gases

and dusts
5 and filter
onsidered.
bion exists.
bt particles

hin sealed

The following are the requirements for biological or microbiological hazards:

a)

b)

d)

©IS

the total content of the metalworking fluid systems shall be circulated in normal use

so that no

stationary volume within the reservoir exists except where settlement is required by design;

to avoid stagnant areas remaining within the machine, metalworking fluid shall drain under
gravity from the machine towards the reservoir. Otherwise, elevating pumps with level monitoring
shall be provided to pump the metalworking fluid from the machine back into the reservoir;

discharge pipework shall have a sufficient diameter and slope to minimize sludge settlement;

the metalworking fluid system shall be provided with filtration;
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f)

g)
h)

j)
k)

5.7 Spegific requirements resulting from neglect of ergonomic principles hazards

Machines ghall be designed in accordance with the ergénomic principles given in:

40

when sediment build-up occurs, the design shall facilitate cleaning (e.g. rounded corners in

reservoirs). Cleaning shall not require drainage of the whole system, see ISO 14159;

the inside of reservoirs shall not contribute to the growth of bacteria (e.g. smooth, unpainted

surfaces);

metalworking fluid reservoirs shall have covers designed to prevent the ingress of foreign matter;

contamination of the metalworking fluid by oil or grease from external sources such as lost
machine lubrication shall be avoided or means shall be provided for their systematic removal. It

shall be possible to add a separation or removal system for oil or grease, if necessary;

where[a machine is provided with enclosed guards used with metal removal fluid (coolant),

enclospire shall be designed to provide an interface between the guard enclosure and an eXtrac
systenp. The positioning of the interface shall take into consideration the internal~airfl
generHted by the machine when in normal operation to enable effective operation of.the extrac
syste

provisjon shall be made to empty metalworking fluid reservoirs completely;
means|shall be provided to enable, with the least possible exposure of operator to the fluid:
— flyid samples to be taken;

— sujmps and pipework to be cleaned; and

— filfers to be changed.

EN 614-1+A1;

ISO 12[100;

ISO 14y38:2002;

ISO 15p34-1;

ISO 15p34-2;

EN 10(5-1+A1:2008, EN-1005-2+A1:2008, EN 1005-3+A1:2008 and EN 1005-4+A1:2008.

The refquirementS;for unhealthy posture or excessive efforts (repetitive strain) include the de
of madhines intaccordance with ergonomic principles to avoid excessive effort, unhealthy post
or fatigue during use and in particular:

that
[ion
DWS
[ion

bign
ure

1) wdorkpieces, tooling and accessories shall be easy to move. For requirements on lif]

[ing

equipment, see 6.3.1 i);

2) where work handling equipment, hoists or lifting devices are required, provision shall be made

for their installation and operation (e.g. by making work zone access possible through the
of the machine when movable guards are partially open);

top

3) where parts are manually loaded, their fixtures, tool pockets or tool holders shall be positioned

to prevent excessive reaching into the machine (see [SO 9241-400, ISO 9241-410, EN 1005-2
and EN 1005-3+A1);

+A1

4) control devices to operate clamping or gripping devices (e.g. drawbars, chucks) shall be
positioned to avoid excessive reaching while supporting the weight of the tool or workpiece

(e.g. application of foot controls) (see ISO 9355-3:2006, Clause 4);
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5) moveable guards shall be power-operated where use of them will lead to repeated excessive
effort (see also 1SO 12100:2010, 4.2.2).

For adequate consideration of hand-arm or foot-leg anatomy, the positioning of control devices
and points for observation or service, such as those for filling and draining of reservoirs, shall be
chosen to satisfy the ergonomic principles given in EN 614-1+A1:2009, ISO 9241-400, ISO 9241-410;
[SO 9355-1:1999, IS0 9355-2:1999, ISO 9355-3, EN 1005-2 and ISO 13855.

Work zone lighting shall be provided with at least 500 Ix at the tip of the tool.

For design location or identification of manual controls, input devices (e.g. keyboards, keypads and

e)

f)

5.8

5.8
The

b)

d)

5.8

push buttons) shall be 1 accordance with 15U Y5355-171999 and 15U 9555-5.

For design or location of visual display units, screen displayed information sh@llbg clear and
unambiguous. Reflections and glare shall be minimized (see ISO 9241, ISO- 9355-1:1999 and
ISO 9355-2:1999.

Equipment and accessories indicated in the instruction handbook and et readily available, shall
be provided for adjusting and maintaining the machine.

Specific requirements resulting from failure or disorder-of the control system

1 General

requirements are the following:

Electrical control systems and SRP/CS shall be designed in accordance with:
— IEC60204-1;

— IS0 13849-1; and

— S0 13849-2:2012.

NOTE Designing the electrical control system according to IEC 62061 can generally achiee the same
safety level of any safety function in Annex | as the application of ISO 13849-1.

pneumatic systems shall'be in accordance with ISO 4414;
hydraulic systems shall be in accordance with 1SO 4413;

safety-related software shall be protected against unauthorized reconfiguration. It shall not be
possible forthe/user to suspend the operation of safety function (including interlocked|guards) by
means of sequences inserted in or called up by the part program. This may be achieyed using a
password) key switch or adequate access device.

2~ ‘Starting

The requirements for starting are the following.

a)

b)

Requirements for starting are described in 5.2.4 depending on active Operating Mode. Where
multiple main control cycle start devices are provided and the operators can therefore put each
other in danger, only one shall be enabled at any time [see ISO 12100:2010, 6.2.11.8 e)]. If it is
possible to start the same hazardous element by means of several controls, the control circuit shall
be arranged that only one control is effective at any given time (see Table ].15, 15.2 for switching
control sovereignty).

In MO 1 (automatic mode), machining shall only be started or restarted when the guards are closed
and protective devices active by actuation of the start device provided for that purpose, or if the
requirements for guards with start function in accordance with ISO 12100:2010, 6.3.3.2.5, are
fulfilled, the closure of a movable interlocked guard can result in a restart of moving machine parts.
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c¢) Unexpected start-up of hazardous movements shall be prevented in accordance with
ISO 14118:2017, Clause 6, when the interlocked movable guards are open.

5.8.3 Normal stop

a) Machinery shall be fitted with a control device whereby the machinery is be brought to a complete
stop in cat 0 or cat 1 (for machines group 1 and 2, Table ].17, 17.8 and for group 3 and 4 machines

see Table ].17, 17.6).
b) Machines shall have a stop function according to [EC 60204-1:2016, 9.2.2.

c¢) The machinery's stop control shall have priority over the start control.

5.8.4 Emergency stop

Each machjne shall be fitted with one or more emergency stop devices. When a sequenced shutdow
required, the emergency stop functions shall be category 0 stop or category 1 stop.ifi\accordance
IEC 6020411:2016, 9.2.3.4.2,1S0 12100:2010, 5.5.2 and ISO 13850:2015.

An emerg

cy stop function shall be initiated by one emergency stop device®t-more which shall b

accordance¢ with [EC 60204-1:2016, 10.7, and ISO 13850. An emergency stop device shall be provide]
each operaltor's position including:

a) the ma3
b) eachp
c) inside
iS pOsS
releass
Where em
followed.
Safety fung
5.8.5 Mg

in control panel;
prtable control panel(s) (if provided); and

the tool magazine or workpiece setting station;@here whole body access to the enclos
ible, but it can be omitted if presence is short\(see 3.1.17) and it is possible for a perso
 oneself from inside the enclosure.

brgency stop devices are detachable, the requirements of ISO 13850:2015, 4.3.8, shal

tions listed in Table J.16 shall be.fuilfilled.

nual reset function

nis
vith

e in
d at

ure
N to

be

After a stgp command has beefi‘jnitiated e.g. by a safeguard, the stop condition shall be maintained

until safe d

The re-est
This cance
(manual re

The manud

onditions for restarting exist.

hblishment of,the safety function by resetting of the safeguard cancels the stop comm
lation of the‘stop command shall be confirmed by a manual, separate and deliberate ac
set).

I reset function shall

ind.
fion

— bepro

ndadthrounaoh a2 canarata and manually anaratad davica wiathin tha SPDD/CC
Here et ou i Sepaiateahiadhiudiry-6peateaaeviee e Hh+tneorer

7 o3

— only be achieved if all safety functions and safeguards are operative,

— not initiate motion or a hazardous situation by itself,

— be by deliberate action,

— enable

the control system for accepting a separate start command,

— only be accepted by edge detection of the input signal from the actuator (see Table |.17, 17.10).

The reset actuator shall be situated outside the danger zone and in a safe position from which there is

good visibi

42

lity for checking that no person is within the danger zone.
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Where the visibility of the danger zone is not complete, a special reset procedure is required.

NOTE One solution is the use of a second reset actuator. The reset function is initiated within the danger
zone by the first actuator in combination with a second reset actuator located outside the danger zone (near the
safeguard). This reset procedure needs to be realized within a limited time before the control system accepts a
separate start command.

5.8.6 Safety related parts of control system (SRP/CS)

The combination of safety related parts of a control system starts at the point where safety related
signals are generated (e.g. emergency stop device, position switch) and ends at the outputs of the power
confrol unit (e.g. main contacts of a contactor). If no hazards occur in de-energized state;power units
such as motors or actuators are not considered to be parts of SRP/CS. If external forces.takq effect (e.g.
on Yertical axes), power units shall additionally be equipped with safety related parts'(e.g. hon-return

valye on actuators, additional mechanical brake).

Saf¢ty functions shall meet the requirements for the performance level of [SO-13849-1:2015|as given in

a)

b)

Tables J.2 to ].22. In addition to the safety functions given in Annex ], the following applies.

Hold-to-run control device: If the required performance level (PLt))as stated in Anng¢x | cannot
be achieved by the sole application of a hold-to-run control devige, a combination of hold-to-run
control and enabling device shall be applied (that complies with PLr = d, category 3 a¢cording to
[SO 13849-1:2015).

Electronic handwheel: If the required performance_level (PLr) as stated in Annex ]|cannot be
achieved by sole application of an electronic handwheel a combination of electronic handwheel
and enabling device shall be applied (that complies with PLr = d, category 3 adcording to
[SO 13849-1:2015).

Emergency stop device: The emergency stop,device shall be wired from input to logic in|category 3
according to ISO 13849-1:2015 (see Figure.3). See Annex ], Table ].16.
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Key
1
2

d)

-t

safe logic
output
Figure 3 — Schematics of an emergency stop circuit
Enablipg device and wiring: Category 3 according to ISO 13849-1:2015 shall be used.

5.8.7 Madnitoring rotational speed limits and limits of linear and rotary movements

The follow

to Group 1[machines).

a)

b)

The mlaximum permissible spindle speeds and other linear speeds and rotary speeds shal

monit¢red in accordatice with Table J.17, 17.3 and 17.4 in MO 2 and MO 3 with guards not closed.

Movements caused by electrical, hydraulic or pneumatic, which are not required to be monito
shall opnly be.initiated and maintained in conjunction with an enabling device while guards are
closed| The.speeds shall be reduced according to the selected MO (see 5.2.4) and, if applicable,

ng requirements apply only to machines of Group 2, Group 3 and Group 4 (they do not apply

be

red,
not
the

requirkments stated in 5.2.5 for optional or additional equipment shall also be fulfilled

If the maximum permissible rotary speed or the speed limit of a monitored motion is exceeded, a

stop shall be initiated automatically.

5.8.8 Requirements for electromagnetic compatibility of electrical equipment

The requirements for electromagnetic compatibility of electrical equipment are the following.

a)

44

Immunity: Electronic and electrical components used in the machine shall be designed in
accordance with IEC 61000-6-2. Regarding electro static discharge (ESD), the machine shall be

designed in accordance with IEC 61000-4-2:2008 and for burst with IEC 61000-4-4:2012.
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b) Emission: Electric/electronic design shall apply technical information and physical measures to

limit electromagnetic emissions depending on required local prerequisites:
— mixed environment, light-industrial environment, IEC 61000-6-3; or

industrial environment, IEC 61000-6-4.

EN 50370-1 and EN 50370-2 are also applicable.

workpiece

y according

vertical or
Ffunction to

hose) does

y, see also

bump and/
energy, the
ball valve)
the supply.
7, 5.3.1.3),
ay include

Ps cannot be
mechanical

mechanical

5.9 Specific requirements resulting from failure of any power supply

Requirements at the event of failure of power supply are the following.

a) |Inadequate pressure or voltage shall be detected, and the machine shall be stopped.

b) |Interruption or failure of the power supply shall not result in a hazardpus ‘loss of
clamping or tool clamping (e.g. by means of voltage and/or pressure dependant devices)

c) |Restoration of the energy supply shall not result in the machine automatically restarting
to Table ].17, 17.5 (see I1SO 14118 and ISO 12100:2010, 6.2.11.4);

d) |Interruption or failure of the power supply shall not result in hazardous movement of|
slant axes under gravity. See Annex G for requirements regarding the safety control
prevent unintended descent of a vertical or slant axis.

e) |Systems shall be designed so that a line rupture in any.circuit (e.g. broken wire, pipe or
not result in any hazardous situation (see IEC 60204=%, ISO 4413 and ISO 4414).

f) |Means shall be provided for the isolation of<the energy supply (see 1SO 4413:201(, 5.4.7.2.1;
ISO 4414:2010, 5.2.8 and IEC 60204-1:2016,5.3). For the dissipation of stored energ
[SO 14118:2017, 5.3.

g) |If the machine is provided with its owhthydraulic unit and/or pneumatic compressor, the electrical
disconnection of the machine shall-also disconnect the electricity for the motor of the
or the compressor. If the machine,is supplied with external hydraulic and/or pneumatic
machine shall be provided with reliable manually operated and lockable devices (e.g.
which fulfil the requirements of ISO 14118:2017, Clause 5, for a disconnection from
If automatic dissipation‘of energy is not possible due to isolation (see ISO 14118:20]
facilities for discharging the remaining pressure shall be provided. These devices n
valves but the disgonnection of pipes is not permitted.

NOTE In case of power failure or errors in the control or the power switches, coast of spindle driv

excluded. Also, slight'sag of gravity loaded axes cannot be prevented due to the response time of the

holding brake,

5.10 Specific requirements resulting from errors of fitting hazards

An} patt dismountable hy the user for cc\fh'ng ormaintenance pUrposes. (p g toolholder and

devices), shall have provisions for preventing errors of fitting, e.g. pins, asymmetrical mounting (see

6.3.1).

5.11 Specific requirements resulting from ejected fluids or parts

5.11.1 General requirements

Guards shall be designed in accordance with ISO 14120:2015, Clause 8. These may take the form of a
deflecting adjustable guard fixed to the spindle head to direct processed material/metalworking fluid
towards their collecting area, or of a fixed guard covering the whole area of ejection.

©IS
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5.11.2 Ejection of parts — Guard strength

Fixed and/or adjustable guards shall be provided to contain chips/swarf and/or metalworking fluids
and parts and to deflect them towards the collection area. The area of the work zone of the machine
shall be surrounded by guards in such a way that ejected chip/swarf and/or metalworking fluids and
parts are intercepted. The guards shall be designed in such a way that accumulation of swarf/chips and
fluids on the guard structure is prevented.

Standardized calculations shown in Annex A shall be applied to determine the potential kinetic/impact
energy which are generated by ejection of parts. The guard strength is a function of guard thickness and

guard ma
to withhol

dq

NOTE 1

For machi
similar cal
ISO 23125
that requir

If the mach
Table ].21,

In addition, measures regarding clamping (see 5.11.3, 5.2.5.5, 5.2(5\6, Table ].4 and Table ].2)

following ¢

NOTE2
document y
these withi
Annex A). |
(dependent

Where gua
considerat
5.4.2). Mat
due to con
shall be p|
or additio
machine. |

§hooting equipment is illustrated in Annex B.

hes that provide additional operations, such as turning operation or grinding operat
Culations are provided in the relevant standards (for turning operations useéycalculation
2015, Annex A, and for grinding operations use calculations of ISO 16089). The opera
es the highest guard strength shall be used for the final guard design of the machinery.

ine is equipped with grinding operation, the applicable safety funetions, listed in the Ann|
shall be fulfilled.

roper instruction for use (see Clause 6) are given to rediice the risk of ejection.

'he hazards associated with ejected workpieces and parts of the machine are significant.
ses current state-of-the art methods to determine guard thicknesses which retain the majorit
h the enclosure in the event of an incident which has been used successfully for many years
lowever, it is a physical impossibility to guarantee that all types of such items will be reta
bn their weight, size and ejection energies, etca)

rds are fitted with viewing panels which are also intended to contain ejected parts, spd
on shall be given to the selection of;materials and methods of fixing (see ISO 14120:2
brials such as polycarbonate, wliich'have a reduction in impact resistance over time (ag
amination (e.g. by lubricants, metalworking fluids, cleaning agents, solvents) and abras

nal thickness to counter.this harmful effect during the anticipated service life of
(formation on guards.with reinforced viewing panels (e.g. additional thickness) along v

terial. Annex B shows examples of minimum guard thicknesses depending on used materials

{l an impact energy generated by a projectile weighing 100 g.

ion,
s of
fion

D

-

and

[his
y of
(see
ned

cial
15,

ng)
ion,

fovided with additional pretection (e.g. sealed multi-layer or laminated constructipns)

the
vith

replacement/maintenance intervals shall be given in instruction for use.

5.11.3 Po
a)

wer-operatedworkpiece and tool clamping

operated workpiece and tool clamping shall be designed to avoid risks of ejection dup to
ention efithe emergency stop or failure of the power supply. Tool/workpiece clamping force
emain’intact until standstill (e.g. by using non-return valves on the hydraulic system pr a
King clamping device).

Power
intervyg
shall r
self-lo

b) The tool clamping cylinder shall be monitored so that a failure to achieve correct registration or
clamping of the tool shall inhibit spindle start or stop a running spindle in all modes of operation.
Unclamping of the tool by actuation of the tool clamping cylinder during spindle rotation shall be

prevented.

The workpiece clamping cylinder of powered workpiece clamping mechanism shall be monitored
at least indirectly (e.g. indirect hydraulic pressure measurement via a rotary coupling system) so
that a failure to achieve correct registration or clamping of the workpiece shall inhibit start-up
in all modes of operation. Unclamping of the workpiece by actuation of the workpiece clamping
cylinder during spindle rotation shall be prevented.

d) All applicable safety functions listed in Table ].2 and Table ].4 shall be fulfilled.
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5.11.4 Additional requirements for Group 3 and Group 4 machines

Some of group 3 and group 4 machines are provided with machine tables large enough (see Figure D.6)
to machine a workpiece and prepare the machining of another workpiece at the workpiece setting
station at the same time, while the machine is operated in MO 1. In this case, additional requirements

are

as follows:

Both the work zone and workpiece setting station shall be separated by interlocking guards

according to ISO 14119:2013.

— The guards shall extend up to the roof of the machine or at least shall be 1 800 mm in height from

5.1

Mag
con
fou
spe

5.1
a)

b)

5.1
hig

Wh
fixe
ISO

If o
sha
acc

5.1

the operator position rloor and have the width ot the machine table.

Unintended movement of machine parts into an adjacent non-active work zone shall be
The SRP/CS for preventing unintended movement shall be in accordance to Table JA7.

2 Specific requirements resulting from loss of stability hazards

hines shall be designed and constructed so that they are stable-under foreseeable
ditions and without risks of overturning, falling or unexpected:movement. When

hdation fastening is one of the measures used to help prevent overturning, manufact
Cify the fastening and foundation requirements necessary in theinformation for use, see

3 Requirements resulting from slips, trips, and fall of persons hazards

Places of work and means of access on machines (such as ladders, platforms and walk
be designed to minimize the likelihood of slips,“trips, and falls by the provision of
footholds, and, where necessary, slip-resistant surfaces. Warnings about hazards and
shall be given in the information for use [see6.3.1 w)].

To avoid contamination of floors by coolants, the work zone shall be designed to prev
from escaping (see 6.3.8).

h parts of the machine

ere frequent access is required (i.e. at least once per shift), permanent means of acce
d working platforms with fixed railings and toe boards against falling hazards in accor
14122-2 or stairways and ladders according to ISO 14122-3, shall be provided.

hly occasional‘access is required and the height is above 2 m, one or both of the follow
1 be provided: supports for safety belt and/or means to attach movable ladders. For
pss, see dlso'Clause 6.

5-Requirements for machinery with operator cabins and perimeter fencing

prevented.

operating
the use of
urers shall

vays) shall
handholds,
recautions

bnt coolant

4 Requirements resulting frem accessibility for maintenance or troubleshodting on

Ss, such as
Hance with

[ing means
occasional

5.15.1 General

Due to geometrical dimensions of some machinery, it is in some cases necessary in order to operate the
machinery properly that:

a) one or more person(s) need to enter the work zone;
b) operator(s) need to leave or access the control cabin, which is in the work zone; or
c) large workpieces (2 m or more in heights) need to be machined.

In these cases, additional requirements need to be fulfilled. Information regarding these requirements
shall be described in the instruction for use section (see 6.3).
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5.15.2 Overall concept for entering/leaving machinery

The overall concept of entering and leaving the machinery shall be in such a way that the first person
entering the machine shall actively allow other persons to enter the safeguarded zone of the machine.
This can be done by controlling one of several interlocked guards with guard locking, in combination
with a security device, mainly with an electronic key system or equal measures.

A concept to leave/access the control station (e.g. cabin) from/to a non-hazardous area outside the

guards/perimeter fencing during machine operation shall be worked out (see also Annex H).

NOTE
machine at

Accesstot
or other p
operation
provided.

The overal
outside thg
machine.

Secondly, i
5.15.3 Re|

5.15.3.1 (

For design
The follow

5.15.3.2 §

Cabins/plal
prevented.

ny time.

e cabin in MO 1 shall not require entry into the hazard zone enclosed by perimeter fen
otective devices. Where this is not possible, because of the machine configuration or of

| constraints, additional safeguarding for an access route to the operator position shal

concept of leaving the control cabin in MO 2 or MO 3 shall ensure that the person, whig
control cabin, but within the safeguarded zone, has the direct control of movements of]

is to ensure that the person is wearing safety belts by stepping on workpieces in height
quirements for moveable/adjustable operator cabins and operation platforms

feneral

testing, marking, documentation for use;@nd maintenance requirements, refer to EN !
ng specifications take precedence over EN"528 in case of conflicts.

trength and stability

kforms shall be designed so, that any failure due to fatigue, aging, wear and corrosi

to travel o the machine shall be stated by the manufacturer.

Fixed or m

An operatg
tests with
shall withs
withstand

Signs shall
maximum

bving cabins/platforms shall be designed with a safety factor of 1,3 for stability.

r platform/cabinshall be designed and constructed to withstand the overload in the st
but permanentvdeformation. For static testing procedures, the operator platform/c{
tand 1,25 times its load. For dynamic testing procedures, the operator platform/cabin s
1,1 times.its load (see EN 528:2009, 9.5.1, and EN 528).

be“placed at the operator platform/cabin for its maximum allowable load capacity and

0
The rated load (excluding persons), the number of persons and the maximum permitted I;ad

Such concept aims that the person inside the machine actively allows other persons to enter the

the

fing
her

I be

h is
the

b28.

is

atic
1bin
hall

the

humber of people allowed on platform or in cabin at one time.

5.15.3.3 Limiting the load

Operating platforms/cabins shall be fitted with a device to prevent a hazardous movement and warn
the operator when the maximum permissible load capacity or the permissible load or overturning

moment is

exceeded.

5.15.3.4 Functional design

The walk-in of the operator platform/cabin shall have a minimum width of 600 mm, preferably 800 mm,
and headroom shall be at least 2 100 mm (see ISO 14122-2).
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Operating platforms/cabins shall be fitted with skirting and be equipped for fall protection with a
railing of atleast 1 100 mm in height, if the height of the operator platform/cabin is higher than 500 mm
(see ISO 14122-2 and ISO 14122-3).

Surfaces of floors of operating platforms/cabins shall be as such that they reduce the risk of slipping.
The difference in height of adjacent flooring at the same level shall not exceed 4 mm (see ISO 14122-2
and EN 528:2009, Clause 6).

For protection of operator(s) from high pressurized media or the ejection or falling of objects, the
platform/cabin shall be equipped with screens that absorb the energy of those predictably thrown

objects (see 5.11).

Thd

Acc
pro
sha

risK
Mo

The
of p

Ifa
Zon

If i
wol

acc
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suif]

Dur

is a

plat
mof

5.1

operator platform/cabin shall be adequately illuminated (300 1x) and sufficiently ventil4

bss to the operator platform/cabin shall be possible without any risk. Interlocked/guar
vided to protect against crashes and prevent access to hazardous movements. Interloc
1 be secured against accidental opening and shall only open in one directiof’ifjrorder to
of falling.

ring parts shall be designed in a way that squeezing, pulling, shearing,)etc., cannot occur

operator platform/cabin shall be designed so that vibrations cannot cause any harm to
assenger(s) respectively operator(s).

cess to the machine from an operating platform/cabin is required, the access options to
s of the machine shall be designed in accordance with.the requirements of MO 1, MO 2

kpiece), the platform/cabin shall be equipped with suitable anchor devices, designed
rding to EN 795.

en the platform/cabin is raised, the operator(s) shall confirm by appropriate means
able fall protection device before the door can be opened.

ing normal operation, the areacuhder the operating platform/cabin shall be inaccessili
crushing hazard to persons situated under or above the operator platform/cabin or b
form and other stationarys«parts of the machine, means shall be provided to block or t
ion of the operator platform/cabin for sufficient clearance.

5.3.5 Actuators, limitation of movement

platform/cahin,shall be equipped with hold-to-run devices to control the movems
lators have priority over all other controls, except the emergency stop devices. The move
ator platform/cabin shall only be possible with doors closed. An acceleration or deceler

T
is required to open a door of the operator platfepym/cabin in a raised position (e.g. t

ited.

ds shall be
ked guards
revent any

the health

hazardous
d MO 3.

step on a
and tested

to wear a

le. If there
btween the
urn off the

nts. Those
ment of the
htion of the

nd against
3 down the
movement shall be prov1ded (e g. ESPE PSPD) Ifthe collldlng speed is lower than 15 m/mln no means
are necessary.

5.15.3.6 Protective measures and safety devices

A mechanism and/or device shall be provided to bring the platform/cabin to a standstill without
exposing persons to hazardous situations. This mechanism and/or device shall also function at
maximum load and maximum speed.

In case of power failure, means shall be provided, which allow leaving the platform/cabin, even in
its elevated position [e.g. through emergency descent by means of a ladder or depressurization or by
uninterrupted power supply (UPS) supplying energy for the required movements].
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In case of power failure or prolonged shutdown or changes in environmental conditions (e.g.
temperature), the platform/cabin shall not independently change its position if this leads to a collision.
If necessary, appropriate holding devices, monitoring devices and readjustment devices shall be
provided.

Means shall be provided that allow the control of the platform/cabin, which is control of motion and the
opening of doors (e.g. to release people), from the ground level and outside the platform/cabin.

If the cabin is in an elevated position higher than 2 m above ground level, the following shall apply.

— All operator(s) shall have the possibility to sling the safety belt onto the inside of the control cabin.

— The operator(s) left in the cabin shall confirm, before leaving the cabin, that all person(s) inside|the
cabin wear the safety belt. Without confirmation, it shall not be possible to open the interfogked
guard pf the control cabin.

— No moyement of the machine shall take place when the interlocking guard with guardlocking of the
cabin is opened.

— The injitiation of movements shall only be possible with a movable controlstation (e.g. pendant)
featuring an enabling device and which has precedence over the control panel within the cabin

5.15.3.7 Testing and commissioning

Appropriafe measures to ensure proper functioning of the platform/cabin shall be taken when first
putting it ihto service. That requires performing static and dynaniic tests of the platform/cabin. In ¢ase
the assemlling of the platform/cabin cannot be done at the manufacturing site, appropriate measures
shall be taken at the place of use.

The manufacturer of the platform/cabin shall provide gifformation in the documentation on what kind
of service inspections are required and what intervalsthose inspections shall take place.

5.15.3.8 Additional requirements for cabinslocated in the work zone

When the machine operator requires access to the work zone from the protected (fixed) operating
position (cpbin), e.g. for setting purposes, the cabin shall be designed so that access is possible through
an interlocked movable guard from Within the cabin. Alternatively, the movement of a movable coEErol
station from the cabin position shallhave the same effect as the interlocked guard above. Operation of
the machirle in MO 1 (automati¢_ mode) shall only be possible when the movable control station (abgve)
is relocated in the cabin. Any.6ther powered movement of machine elements shall only be achieved by
selection of the appropriate MO (see 5.2.4).

Where a cgbin is provided for Group 2 and Group 3 machines, it shall be possible to access/leave|the
cabin in M{ 1 (autematic mode) without any risk.

If the operator leaves the cabin from a safe position (e.g. rear area of the machine) and the cabipn is
moving no§ more than 5m/min, itis possible to leave without stopping the operator cabin (see Table ].[17).
Otherwise, the cabin movements shall be stopped before leaving. When leaving and returning to the
cabin, the acceleration shall not exceed 0,5 m/s2.

For accessing and leaving the cabin the following applies.

— During operation in MO 1, it shall be possible to traverse the cabin to the position in which the cabin
is accessible.

— If it is necessary to exit at a position other than the normal position (for example, for measuring
purposes), the requirements of 5.15.2 shall apply.

The exit shall be at the side which is directed away from the machining process. If the cabin is elevated,
an interlocked guard with guard locking shall be activated in order to prevent falling (see examples in
Annex H).
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Where a cabin is provided for Group 2 and Group 3 machines, it shall be possible to leave and return to
the cabin in MO 2 and MO 3 without any risk. During operation in MO 2 or MO 3, it shall be possible to
have access to the workpiece in each position.

5.15.4 Requirements for perimeter fencing

When access to the work zone is prevented by perimeter fencing, all the provided access points shall be
fitted with moveable interlocked guards.

NOTE Annex H gives an example of an access concept.

5.16 Requirements for teleservice

For|machines with teleservice capability, the following requirements apply:
a) |asecure connection line, e.g. VPN, shall be used for teleservice;

b) |during telecontrol, the connection line shall periodically be supervised.t&ensure it is acfive;

c) |whenever communication lines pose a problem for the teleservice;-the lines shall be ferminated
(e.g. after a timeout);

d) |the teleservice functions shall be enabled from the machineside;

e) |any single machine shall be readily and clearly identifiable by the teleservice remote operator (e.g
by IP address);

f) |a confirmation of the above from the operatorcshall be required before starting the ftelecontrol
function;

g) |the emergency stop-control function and.all safety functions at the machine shall take precedence
over any command issued from remote;

h) |teleservice operation shall not acfivate mode selection and shall neither suspend nof reset any
safeguard or safety function;

j) |indication that the teleservice mode is activated shall be provided at the machine, e.g. byy a message
on the screen.

NOTE For instruction‘manual see 6.3.13.

5.17 Verification)of the safety requirements and/or protective measures

Verlfication of'conformity with the safety requirements and/or protective measures shall|be done in
accprdance-with Table 3.

Table 3 — Verification methods

Verification method
Clause/ . . Examination
sub- Item Visual Functional |, ¢! calculati
clause inspection test easuremen alculation | of docpmenta-
tion

5 Safety requirements and/or measures
5.1 General requirements
511  |General | X | X X
51.2 Required characteristics for guards of all machine groups

a  Only test 1 for the continuity of the bonding circuit according to IEC 60204-1:2016, 18.2, and functional test according
IEC 60204-1:2016, 18.6, applies.
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Table 3 (continued)
Verification method
Clause/ Examination
sub- Item Visual Functional | . Calculati
clause inspection test easurement | Calculation | of documenta-
tion
5.1.2.1 |General X
5.1.2.2  |Fixed guards X X X
5.1.2.3 Manually oper- X X X
ated moveable in-
|terlocked guards
5.1.2.4 ||Power-operated moveable interlocked guards
5.1.24.1 ||General X X
5.1.2.4.2 ||[Power-operated X X X X
movable inter-
ocked guards
here motion is
aintained auto-
atically by the
control system
.1.2.4.3 |[Manually con- X X X X X
rolled power-op-
erated moveable
interlocked
uards
5.2 Specific requirements resulting from mechanicalhazards
5.2.1 Protective meas- X X X X
res for Group 1
achines
5.2.2 Protective meas- X X X X
res for Group 2
achines
5.2.3 Protective measures for Greups 3 and Group 4 machines
5.2.3.1  |[Access to the X X
work zone
5.2.3.2 Characteristics of X X X X
uards, specific
equirements
5.2.4 ||MO of machine operation
5.2.4.1 General tequire- X X X
ments
5.2.4.2 Requirements X X X X X
or-MQ selection
system (Group 2,
Group 3 and
Group 4 ma-
chines only)
5.2.4.3 MO 0: manual X X X X X
mode
5.2.4.4 MO 1: automatic X X X X X
mode
5.2.4.5 MO 2: setting mode

3 Only test 1 for the continuity of the bonding circuit according to IEC 60204-1:2016, 18.2, and functional test according
IEC 60204-1:2016, 18.6, applies.
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Clause/
sub-
clause

Item

Visual
inspection

Functional
test

Verification method

Measurement

Calculation

Examination

of documenta-
tion

5.2.4.5.1 |Basic specifica-

tions

X

X

X

5.2.4.5.2 |Range of func-

tions

X

X

X

MO 3: manual in-
tervention under
restricted oper-
ating conditions

5.2{4.6

5
)
I~
N

MO Service

X

X

X

Optional or additional equipme

nt for milling machines

Machines
equipped with
tool magazine(s)

4
2

X

X

X

Machines
equipped with
tool changer(s)

K
3

Machines
equipped with
workpiece han-
dling mecha-
nisms

&
&

g
2

Workpiece set-
ting position

g
b

Additional re-
quirements for
powered work-
piece clamping
mechanisms

Clamping condi-
tions for work+
piece if turning
operationtis
providéed

Machines
equipped with
swarf/chip col-
lection/removal
system

Additional re-
quirements for
machines includ-
ing pits

Specific require-
ments resulting
from electrical
hazards

Xa

IEC 60204-1:2016, 18.6, applies.

a2  Only test 1 for the continuity of the bonding circuit according to IEC 60204-1:2016, 18.2, and functional test according
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Table 3 (continued)

Clause/
sub-
clause

Item

Visual
inspection

Functional
test

Verification method

Measurement

Calculation

Examination

of documenta-
tion

5.4

Specific require-
ments result-
ing from noise
hazards

X

X

X

Specific require-

ments resulting
rom radiation
azards

Specific requirements resulting from material or substance hazards

Combustible
coolants

X

X

X

Minimum quan-
ity lubrication

(MQL)

X

X

X

Dry processing
nd combustible
dust

:

Requirements
or biological or
icrobiological
azards

g

Specific require-
ents resulting
rom neglect of
ergonomic prin-
ciples hazards

U1
(ee]

Specific requirements resulting from unexpected start-up, over-run or over-

speed hazards

921
=e]
[y

General

X

X

X

Starting

Stopping

e

Emergency Stop

U1
=e]
971

|?/[anual reset
unction

X
X
X
X

X
X
X
X

X
X
X
X

U1
(=]
(o))

SRP/CS

>

>

Speed monitor-
ing

>

>

| - .
Erectrommagnetic

compatibility

3

b

K

[ E

Specific require-
ments resulting
from failure of
any power supply

U1
-

Specific require-
ments from
errors of fitting
hazards

A

Specific requirements resulting from ejected fluids or objects hazards

a2 Only test 1 for the continuity of the bonding circuit according to IEC 60204-1:2016, 18.2, and functional test according
IEC 60204-1:2016, 18.6, applies.

54

© IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=d900155817efded5fbf5c717fab6a39f

Table 3 (continued)

ISO 16090-1:2022(E)

Clause/
sub-
clause

Item

Visual
inspection

Functional
test

Verification method

Measurement

Calculation

Examination

of documenta-
tion

5.11.1

General require-
ments

X

X

X

5.11.2

Guards for
Group 3 and

X

X

X

Group 4 ma-
chines

|S-"
—
15

Specific require-
ments resulting
from loss of sta-
bility hazards

Specific require-
ments resulting
from slips, trips
and fall of per-
sons hazards

1

A

Requirements
resulting from
accessibility for
maintenance or
trouble shooting
on high parts of
the machine

Requirements for machinery with operator ca

bins and perimeter fencing

A
e

General

X

X

U1
=y
oT
N

Overall concept
of entering/ leav-
ing machinery

X

a
ko

Requirements
for movable/ad-
justable operator
cabins/platforins

a
K

Requirements
for perimeter
fencing

2

Requirements for
teleservice

=)}

Information for use

General

3

Marking

N
w

Instruction for use

General

Tooling

>

>

343

Workpiece
clamping

a2  Only test 1 for the continuity of the bonding circuit according to IEC 60204-1:2016, 18.2, and functional test according
IEC 60204-1:2016, 18.6, applies.
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Table 3 (continued)

Verification method
Clause/ . . Examination
sub- Item Visual Functional | . ¢! calculati
clause inspection test easurement | Lalculation | of documenta-
tion
6.3.4 Machine func- X X
tions accessible
from the NC
panel
6.3.5 [Restart X X
6.3.6 ||Noise X X
6.3.7 Residual risks to X X
e addressed by
he machinery
ser
6.3.8 [nstallation in- X X
structions for the
machines
6.3.9 Cleaning in- X X
struction for the
achine
6.3.10 Machinery with X X
operator cabins
nd/or perimeter
encing
a  Only tegt 1 for the continuity of the bonding circuit according ta1EC 60204-1:2016, 18.2, and functional test accorgling
IEC 60204-1|2016, 18.6, applies.

6 Information for use

for use shall be provided.in accordance with ISO 12100:2010, 6.4.

6.1 General
Informatio
6.2 Marking

6.2.1 Geperal markings

Machines ghall bearmarkings in a distinct and permanent manner in accordance with ISO 12100:2

6.4. At leas| the following markings shall be provided:

a) for its pnambiguous identification:

D10,

1) the business name and full address of the manufacturer or the authorized representative;

2) designation of the machinery and designation of series or type;

3) the serial and/or machine number, if any;

4) the year in which the manufacturing process is completed;

b)

NOTE

56

The mandatory marking for Europe is the CE marking.

in order to indicate its compliance with mandatory requirements, i.e. the mandatory marking;
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c) forits safe use:
1) the maximum permissible spindle speed of the spindle(s), in revolutions per minute;
2) ejection chute of the chip conveyor shall be marked as follows:
i) place warning labels (graphical symbols are preferable) according to ISO 7010-P015 at
each visible side of the funnel; and
ii) awarning sign yellow-black surrounding the funnel;
?) one or several warning signs shall be visibly fixed at the machine pointing out ta hazards due
to gravity-loaded axes and suspended loads, for example, “Do not stay underneath fhe vertical
axis!” (see also Annex G).
6.2{2 Symbols of operating modes (MO) on machines
For|identification of the mode of operation (MO), the letter code (e.g. MO £ or manual m¢de) or the
follpwing standardized symbols shall be used on the command devices and\if necessary, onfthe HMI or
themode selection device:
Table 4 — Symbols for displaying modes of operation on machines
Mogde (_)f opera- | IS0 369/1S0O 7000 Symbol Meaning
tion reference no.
=
MO 0 ISO 369-5.1-13
Manual control
Manual 1SO 7000-0096
L
[+
MO 1 ISO 369-5.1-15
. Automatic control (closed loop)
Automatic 150 7000-0017
L
r
MO 2 1S6-369-5.1-12 ‘
. Setting
Setting 1SO 7000-0910
L
r
MO'3
Mamntual inter- -1
vention under [I50 7000-1942 Testrun
restricted oper- V
ating conditions
L
r
MO Service |10 369-5.1-44
; Call for maintenance
Service mode (150 7000-0717
L
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6.3

Instruction for use

6.3.1 General

An instruction handbook in accordance with ISO 12100:2010, 6.4.5, completed with the specific
information for the stated machine, shall be provided with the machine.

The instructions for use shall provide all necessary information regarding transport, assembly/
disassembly, operation, setting, maintenance, cleaning, etc., to train or qualify the staff sufficiently in
intended and safe use of the machine.

The instru

safe use, ac

a) specifi

all mo

be def}

1) in

2) po

3) th

of

i)

ii)

iii]

iv)

v)

vi]

4) iff

sh

i)

ii)

iii]
b)
<)
d)
58

ction handbook shall specify that it is essential that operators be adequately trainedcin
ljustment and operation of the machine. At least the following information shall be given

cations on machining processes and modes of operation for which the machine is suited.
les of operation, detailed descriptions for the intended use of these modes ofioperation s
ned:

ormation about reasonably foreseeable misuse;

ssible residual risks, e.g. through any provided mode of operation;

operation MO 2, MO 3 which, for example, requires experiénce in:
adjusting and clamping of workpieces and devices;

setting, operating and monitoring of machining’centres, milling machines and tran
machines;

selection, use and mounting of tools;
data input for the machining of workpieces and optimization of the machining process
specific hazards and required protective measures;

use of personal protective equipment (PPE)

h1]l additionally specifys
the details of theapplication(s) of service mode;
the required-skills and the skill level for the operator(s) to operate service mode;
the follewing safety instructions in the instructions for use:

. ‘Before selecting MO Service, a chain or barrier with warning sign shall be set u

the

For
hall

b necessary qualification of operators in MO 1, in particular if the machine provides the mode

sfer

he machine provides MO Setrvice in accordance with 5.2.4.7, the manufacturer of the machine

D to

prevent unintended access to the machine. The warning sign indicates that ser

ice

operations are being conducted on the machine and that unauthorized persons are
permitted to pass beyond the point of the chain or barrier;

not

— instructions for use need to give clear indication about the kind and setup of the chains

or barriers to be used;

a notice that unauthorized access to the mode selection system shall be prevented;

a declaration that the safeguards shall be in place and functional before initiating movements for
each mode of operation;

a requirement for installation (if relevant, also recommendations on means to prevent access to
chip discharge area); For machines using combustible coolants, which are equipped with pressure-
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releasing devices, these also include information on the installation site (keeping the area above
the pressure releasing device free);

a requirement for maintenance, including a list of those devices which shall be inspected or tested,
how frequently and by what method;

instructions for any test or examination necessary after change of component parts or addition of
optional equipment (both hardware and software) to Group 1 and Group 2 machines, which can
affect the safety functions;

specification for changing safety relevant parts of control system with T10d according

To ISU 13849-1:2015 less than 20U years. wWhen using Category 3 architectures
[SO 13849-1:2015 for electromechanical components, the mechanical service life (switch
for the mission time calculation is sufficient for the replacement interval;

the frequency of visual inspections by the user that are necessary to ensure the protecti
of viewing panels, including the details of:

1) inspection methods and a description of defects which make the viewing panel

for continued use or indicate that replacement is required. (This information m

according
ing cycles)

e function

unsuitable
ay include

descriptions of unacceptable viewing panel condition, e.g. plastic deformation (bulges, dents)

due to previous impact events, cracks, damage to edgelsealing, coolant penet
composite making the viewing panel dull or discolouréd or other damage to view]
Polycarbonate viewing panels are dangerous as soon‘as they are tarnished or disco
they shall be replaced with new viewing panels befote that happens;
2) the manufacturer's recommendations for the replacement of viewing panels shal
consideration the material properties of the'viewing panel in question. For the spe
polycarbonate, see Figure B.2;
3) the recommended methods for cleaning viewing panels without causing damage
appropriate, the selection and use.6fsuitable cleaning agents;
4) an indication that when changing viewing panels, the assembly instructions of tk
manufacturer shall be followéd;

NOTE For h), a checklistican be provided which includes specifications about assessm
foreseen use of the viewihg panel.

information defining the limits for the spatial envelope and maximum mass of the wor
workholding fixture(s);

recommendations on handling and lifting heavy parts, tools or workpieces, including t
of lifting points of exchangeable components, e.g. tools, parts, clamping devices. Lifting
may berequired for parts over 10 kg in weight (see EN 1005-2);

redommendations on selection, preparation, application and maintenance of lubrica

ration into
ing panels.
oured, and

| take into
cial case of

hnd, where

e machine

ent and the

kpiece and

he location
equipment

hts for the

braking and transmission systems;

recommendations on selection, preparation, application and maintenance of cutting
precautions against their degradation;

recommendations on the measures to prevent spillage of cutting fluids, e.g. cleanliness o
gutters;

recommendations on reducing fire- and explosion hazards when choosing combustibl

fluids and

f collecting

e coolants.

This includes, for example, information on viscosity and flashpoint as well as reduction of aerosol

and vapour formation by choosing low-emission coolants (see Annex E and Annex F);
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p)
q)

w)

6.3.2 Topling

a)

b)

60

recommendations on additional protective measures when using combustible coolants. This
includes information on:

1) emission of hot gases at door gaps and openings of the machine;
2) hotsurfaces and perhaps live parts after a fire;
3) restrike hazard while opening/restarting the machine immediately after a fire; and

4) preventing ingress of foreign matter in order to preserve the safety-relevant properties of the
coolant throughout its service life with regard to fire and explosion hazards, such as:

i) | cleaning agents and care products for machinery;
ii)| cleaning agents and solvents for workpieces;
ii)| foreign oils, etc.
if necepsary, the instructions to enable the release of trapped persons;

recommendation concerning the use of personal protective equipment (e)g. hand, ear and |eye
protecfion, etc.); warning of the hazards arising from sharp tools/components and of the neefl to
wear gppropriate personal protective equipment;

the ingtructions for connection of an extraction system, where{the machining process generates
hazardous substances (e.g. dusts and mists);

the refommendation to use additional precautions when Working with flammable metalworling
fluids pr pyrophoric material;

the refommendations of the manufacturer of the;metalworking liquid which shall be folloyed,
especiplly the recommendations related to the Wwiscosity and the flashpoint of the liquid, if|the
machine is designed for the use of combustiblemetalworking fluids;

instrugtions on control systems includingircuit diagrams for electrical, hydraulic, and pneumjatic
systenps;

in parficular for Group 1 machines-{manually operated machines) (e.g. manual feed and workpjece
load/unload), instructions and._guidance shall be provided concerning the safe method$ of
workpjece holding. This information shall make reference to correct use of suitable clamping
devicep and the use of suitable milling fixtures;

information for transportation of machine at least including lifting points, lifting equipment pnd
lifting [mass shall b&provided.

Infornjation for tool selection, fitting and/or changing shall be provided, e.g. data relevant to that

part ofLthe fnn]/mar‘hinn interface hn]nnging tothe machine

Where applicable, recommendations on tools to be used with the machine shall be provided, e.g.
pre-set tools including, where applicable, limits of mass, moment of inertia and spatial envelope for
tools in tool changing devices.

Information shall be provided to warn the operator that tools can be hot following machining.

In order to prevent falls or ejections, tools shall be securely held within the holders of the magazine.
For whole body access, information about residual danger due to presence of persons shall be
provided in the documentation.

In case of high-speed cutting, information that milling tools shall be in accordance to ISO 15641:2001
and selected speed shall be less or equal of the maximum permissible tool speed (RPM).
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6.3.3 Workpiece clamping

The following information about workpiece clamping and workpiece clamping devices and changeable
workpiece clamping devices shall be supplied.

a) For workpiece clamping devices supplied with the machine, information about how the workpiece
clamping device shall be used and maintained (e.g. maintenance and lubrication schedule,
measuring clamping forces).

b) For workpiece clamping devices that can be used, recommendations on the clamping of workpieces,
including information on collets or chucks (if applicable) that can be used with the machine, together
with the recommendation for use/maintenance from the workpiece clamping device mahufacturer.

c) |Information about the interface (mechanic, pneumatic, electric, etc.) shall be given

d) [The operator shall be warned that workpieces or parts of it could be hot after the|machining
process.

e) |For workpiece clamping device modifications:

1) information that modification of workpiece clamping devices stpplied with or fifted to the
machine may reduce or alter the maximum permissible forces, moments and spindl¢ speeds or
the efficiency of these devices;

2) information that workpiece clamping devices shall.only be modified within the limits given by
the milling machine manufacturer and in accordahce with the clamping device manufacturer's
recommendations;

3) information on equipment added to or substituted for workpiece clamping deviceq (e.g. jaws)
which would reduce the maximum permissible speed of those devices;

4) For magnetically operated workpiecéclamping mechanism: the intervals for confirgnation that
the clamping force continuous to tieet the application's requirements.

6.3/4 Machine functions accessible from the NC panel

Thd instructions for use shall ‘describe the correct selection and use of machine functiond accessible
from the NC panel, e.g. tool eorrections, mode access and mode changes.

6.3/5 Restart

Infgrmation shalldbe provided on restart procedures.

6.3/6 Noise

The following information on airborne noise emissions shall be provided:

a +ha A xvaig adapmiiccion colin dxraccuralavual ot oot e b aratbhic avoandce 70 d A Where
A\ A are Yy VV\'IBIIL\'\A CITITOOIVIT OUUIITU Pl COOUTIUICUVUITI AU VVUINMOLALIUILTS, VVIILI U UIIIO CTALULTLUOD 7U'U .

this level does not exceed 70 dB(A), this shall be indicated;

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

These values shall be either those actually measured for the machinery in question or those established
on the basis of measurements taken for technically comparable machinery which is representative of
the machinery to be produced.

In the case of very large machines (see K.3), instead of the A-weighted sound power level, the A-weighted
emission sound pressure levels at points equally spaced on a path around the machine at 1 m from the
machine surface and 1,6 m above the floor or platform may be declared.
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Whenever sound emission values are indicated, the uncertainties surrounding these values shall be
specified. The operating conditions of the machinery during measurement and the measuring methods
used shall be described.

The declaration shall be accompanied by a statement of the measuring method used and the operating
conditions applied during the test and values for uncertainty, K, using a dual number form of declaration
defined in accordance with ISO 4871:1996:

K =4 dB when using ISO 3746 or ISO 11202 (grade 3);
K= 2,5 dB when using ISO 3744:2010 or ISO 11204 (grade 2).

EXAMPLE For a sound power level LWA = 83 dB(A) (measured value), uncertainty K = 4 dB(A)| for
measuremepts made in accordance with ISO 3746. Another example for noise declaration can befounf in
[SO 230-5:2p00, Annex E.

NOTE The operating modes mentioned in the example from ISO 230-5 are only general and'do not reprefsent
the modes df operation for machining centres and milling machines according to the definitign given in 3.4.

The noise declaration shall be accompanied by the following statement:

"The rjoise emission values given are not exposure levels. While thereis a correlation between
the enjission and exposure levels, emission values cannot be used to-reliably determine whether
or not|further precautions are required. Factors that influence thésactual level of exposure offthe
workf%rce include the actual work process, the characteristics\of the work room and the other

sourcels of noise, etc., i.e. the number of machines and other-adjacent processes and the length of
time for which an operator is exposed to the noise. Also, theé permissible exposure level can yary
from cpuntry to country. This information, however, should enable the user of the machine to mlake
a bettgr risk assessment."

Information on noise emission shall also be provided.iwsthe sales literature when performance datfa of
the machir]e are provided.

6.3.7 Repidual risks to be addressed to thé machinery user

Information shall be provided stating that guards supplied with the machine minimize the risks of
ejection onlly in combination with all other measures described in the instruction for use.

Advice shall be provided stating that'processing substances such as aluminium, titanium or magnesjum
can cause gdditional hazards, e'g.fire and explosion or noxious dust.

Informatiolr shall be providéd to the user for the utilization of appropriate inert gas or dry powddr in
the extingfishing system"if it is foreseeable that machining leads to the existence of combustible dust,
e.g. machirnling of aluniinium, titanium or magnesium.

Instructions shallbe provided on the necessary checks following the exchange of components, rem¢val
of equipmgnt or change of software where these may affect safety functions (see also 6.3.1).

Informatiomsitatibe provided to indicate that maciming Unbatanced WOTRPIECes Ay CTeate an ejection
hazard and that the way to minimize the risk is to counterbalance or machine at reduced speeds.

Information shall be provided on machining processes and modes of operation for which the machine
is suited.

If the machine provides MO 3 and/or MO Service in accordance with 5.2.4.6 and 5.2.4.7 the manufacturer
of the machine shall specify:

— the details of the application(s) of these modes of operation;

— the required skills and the skill level for the operator(s) to operate these modes of operation; and
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— the operator shall be warned that swarf/chips and workpieces can be hot after processing.
Furthermore, warning against cutting and stabbing hazards shall be made because swarf/chips can
be sharp edged.

Information shall be provided on the main parameters the user has to consider lowering the noise
emission level, e.g.:

— tool selection;

— work/tool clamping; and

Y
TIrarrcCrrances

If the machine is foreseen to be operated unattended for some or all the operating cyele; information
sha|l be provided on how to leave the control station of the machine and how to return to it.

6.3{8 Installations instructions of machinery

Infqrmation about the foundation design, pits, bolting and how to install and support the mgchine shall
be provided. Above all, the safe handling of heavy parts of large machinés)shall be described

Infqrmation for connecting pipes and other media interfaces to the machine shall be given.

Infgrmation on how to complete protection against electric sheek due to indirect contact in the machine
shall be provided, e.g. by a device for automatic disconnection of the power supply to be instglled by the
usef in the line powering the machine (RCD).

Infqrmation on how to provide protection against short circuits of the feeder circuit as far ps relevant
shall be provided.

6.3]9 C(Cleaning instructions of machinery

Infqrmation about the foreseen cleaning(procedures shall be provided. Information shall b¢ provided,
that cleaning personnel shall be adequately trained. The elements that the cleaning personnel has to
pay|special attention to shall be clearly identified.

6.3/10 Machinery with operator cabins and/or perimeter fencing

The overall concept of edtering and leaving the machinery as laid out in 5.15.2 shall be descyjibed in the
infqrmation for use withhdetails of how it is implemented in the machine.

Thg measures forleaving from/returning to the control cabin shall be described in the infofmation for
use|(see 5.15.3-and Annex H).

6.3{11 Machinery equipped with gravity loaded axes or slant axes

Op4qrating instructions shall describe measures to protect the operator from a fall-down of fhose axes.
These instructions shall also point out to hazards due to gravity-loaded axes and suspended loads as
well the required skill level of the operators (see also Annex G).

6.3.12 Machinery equipped with MO 3

The applications and work tasks for which MO 3 is provided shall be described in the clause “Intended
Use” of the instructions for use.

Additional information shall be given to the user, which outline necessary organizational measures and
procedures.

The required skill level of operators shall be defined [see 6.3.1, a), 3)].
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6.3.13 Machinery that is telecontrol-ready

Operating instructions shall describe all necessary actions the operator has to take before telecontrol
can be activated. The operator shall acknowledge that:

— the machine is operated in MO1 with all safeguards in place and functional;

— presence of the operator by the machine during all telecontrol operation, checking also that nobody
else is around the machine.
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Annex A
(normative)

Impact test method for guards on machines

A.1 General
J—=enelrat

Thi

5 annex defines tests for guards used on machines. This annex applies to sample ofiguar

as well as to complete guards for machines.

A.2 Test method

A.2l1 Principle

Thi
Sp

[¢)

ed given by Formula (A.1):

v.=Bmn, [m/s]

whére

Thi

B is the maximum tool diameter which canbe clamped in the machine spindle in m;
n is the maximum spindle speed in sec™®.

5 test method may be used for all greups of machines included in this document.

A.2l2 Test equipment

A2

2.1 Propulsion device

The propulsion devicesshall allow the projectile to accelerate to +5 % of a pre-set impact s
test object (see alsofable B.1).

A2
Share, mass:and dimensions of the projectile are given in Figure A.1.

Pro

2.2 Projectile

ectiles are made from steel with the following mechanical characteristics:

| materials

5 test method is based upon machines equipped with milling cutting tools driven up to thg maximum

(A1)

beed at the

Ultimate tensile strength: R, = 560 N/mm? to 690 N/mm?;
Yield strength: Ry, , = 330 N/mm?;
Elongation at rupture: 4 = 20 %;

Mass: m = 0,1 kg.

As an alternative, a drop test may be performed with higher mass added to the rear of the projectile,

but

©IS

with 1,6 times greater impact energy (see ISO 23125:2015, A.5.2).
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Dimensions in millimetres

$20

85

13

Key

1 frontvi

NOTE '

A23 Sp

The speed
after exitin

ew

'he projectile is hardened to 56 J_rg HCR over depth of atleast 0,5 mm.

Figure A.1 — Test projectile

ped measurement

pf the projectile shall be measured at a point where it is no lenger subject to acceleration
g the barrel or in the barrel beyond suitable pressure relief). The speed shall be measy

over a fixedl distance using proximity sensors, photoelectric cells orother equivalent means.

(i.e.
red

A.2.4 Support of the test object
The test is[carried out with the guard and/or a sample of the guard material. The guard support shall
be equivalént to the guard mounting on the machine. £y testing guard materials, samples may be upged,
fixed on a frame with an inner opening of 450 mm x#450 mm. The frame shall be sufficiently rigid. [The
mounting ¢f the sample shall be by non-positive clamping.
A.2.5 Test procedure
The projectile (m = 0,1 kg) speed and ether values shall be calculated with Formulae (A.2) and (A.3}:
— Magimum impact energy;y/,inJ: J_ =%v§ A.2)
— Mepsured impacfenergy, J;, inJ: J; :%viz (7.3)
where
V. scthe maximum cutting speed in m/s (see A.2.1);
v; is the measured impact speed in m/s.

The maximum impact energy shall not be less than the measured energy.

The direction of impact shall as far as possible be perpendicular to the surface. Targets for the projectile
shall be the weakest and most unfavourable areas on the guard, or in the centre of the material sample
and, in particular, of viewing panels.
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A.3 Results

A.3.1 Damage

After the impact, any damage found on the guard or material shall be assessed and classified according
to the appearance as follows:

a) buckling/bulging (permanent deformation without crack);

b) incipient crack (visible only on one surface);

c) [through crack {crack visible from one surface to the other];
d) |penetration (projectile penetrating the test object);

e) |guard window loosened from its fixing;

f) |guard loosened from guard support;

g) |flying outer parts of the guard.

A.3l2 Assessment
— | The test is passed if the damage is one of the types described in A.3.1 a) and/or b).

— | The test is considered failed if any damage described in A.3.1 ¢), d), €) f) or g) occurs.

A.4 Testreport

The test report shall give following minimum igformation:

— |the date and place of the test and name'of the test body;
— |the projectile mass, dimension, speed and impact energy;
— |the applicant identification;

— |the design, material and dimensions of the test object;

— |the clamping or fixing)of the test object;

— |the direction of'shot, point of impact of the projectile;

— |the test resuit.
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Annex B
(informative)

Equipment for impact test and examples of tested materials

B.1 Shopting device

The gun dl;vice consists of a compressed air vessel with flanged gun barrel (see Figure 8.1). [The
compressefd air can be released as an impulse by a special valve to accelerate the projectile towards|the
test object{ The air is fed by an air compressor. The speed of the projectile is controlled by the presqure
of the air and the volume. The projectile speed is measured near the muzzle of the-gun barrel by a
suitable velocimeter, e.g. by proximity sensor or photocell.

Key

1  velocimeter

2 gun bafrel

3 project]le

4  control|panel

5 testobject

6  comprdssed-air vessel

Figure B.1 — Equipment for impact test
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B.2 Examples of materials

Table B.1 — Impact test results for tested material samples (m = 0,1 kg)

Thickness Tensile | Elongation Velocity Energy
Material strength | atrupture
d R, £ V. E
mm N/mm? % m/s ]
1,5 369 28 80 320
3.0 405 28 115 61
St12.03
1,5+ 3,02 369/405 28 150 1125
3,0+1,52 405/369 28 140 D80
5,0 242 18 120 120
AlMg,
10,0 242 18 150 1)125
6,0 100 $00
8,0 120 120
Polycarbonateb 12,0 68 80 150 1|125
2x6,0 170 11445
2x12,0 230 2(645

3 |10On the work zone side.
b [Test results apply to new material without considering ageing,

Soufce: BIA, Saint Augustine, Federal Republic of Germany; IWF EU Berlin, Federal Republic of Germany.
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Key
X  time of use, expressed in years

Y impact resistance, expressed as a percentage

Figure B.2 — Ageing curve of unprotected polycarbonate (averaged test points)
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Annex C
(informative)

Illustrative figures as examples of machines

C.1 Gropplmachines
C

See Figures

Figure C.1 — Example of a horizontal knee-type milling machine
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+7Z

Figure C.2 — Example of a vertical knee-type machine

C.2l Group 2 machines

See|Figures C.3 and C.4.
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+X'

Figure C.3 — Example of a single column bed-type milling machine with vertical spindle

Figure C.4 — Example of a double column bed-type milling machine (portal milling machine)
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C.3 Group 3 machines

See Figures C.5, C.6 and C.7.

Figure C.5 — Example of a double column bed-type milling machine with moveablq portal
(gantry milling machine)

Figure C.6 — Example of a horizontal boring and milling machine
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Figure C.7 — Example of a horizontal boring andmijlling machine

C.4 Gropp 4 machines

See Figures C.8 to C.13.

a  Traverse direction of the workpiece.

Figure C.8 — Transfer line (illustrated without guard)
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a |Traverse direction of the workpiece.

Figure C.9 — Rotary transfer machine (illustrated without guard)
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76

column
slide u
carrier
multipl

L. !

5. cworkpiece clamping device
it 6~ slide unit
unit 7  side unit
e spindle head 8 middle unit

Figure C.10 — Side view of a processing unit of a transfer machine
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9
7 10

Key
1 |loading unit 8 side “B” or “leftthand” (LH)
2 |processing unit 9  station “02BZer “02LH”
3 |idle station 10 station “02B” or “02RH”
4 |processing unit 11 sidefA™er “right hand” (RH)
5 |idle station a2 Workpiece traverse direction.
6 |measuring unit
7 |unloading station

Figure C.11 — Substructure of a transfer machine

Figure C.12 — Transfer line with three processing units (illustrated without transfer device
and guard)
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Key
1 leftuni
2 right unit

Figure C.13 — Typical units for transfer machines
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Annex D
(informative)

[llustrative figures as examples of guards

D Examnles of adiustable cguards for milling machined es: Groun- 1 (ma ual
XA pres-ei3da JHStdbie gudras+oriHHn £-dcHRe eSS FoUpP i+

machines)

See|Figure D.1.

b) Guard to enclose a hazard zone ¢) Guard for vertical milling machine

Figure D.1 — Examples of adjustable guards for manually controlled milling machines

D.2 Examples of guards for Group 2 machines (machines with limited NC
capability)

See Figure D.2.
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a)| Fully opening hinged guards b) Hinged doer type guard
[NOTE Rear guard not shown)

c) _Sliding of guards for Group 2 milling machines

Figuré D.2 — Examples of guards for Group 2 milling machines

D.3 Examples of guards for Group 3 machines (automatic machines)

See Figure D.3 to D.6.
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8 3 6 10 1 4

a) Guard open b) Guard closed

Key
machine column (y-axis)

Y slide X slide (x-axis)

slewing rotary table (SRT)/rigid table
cutting fluid system

machine enclosure

spindle head with motor spindle (Z axis)
electrical cubicle

tool change

O© 0 N O U1 o W N =

cooling unit

[UnN
o

control panel

Figure D:3-— Examples of guards for Group 3 machines (automatic machines)

© IS0 2022 - All rights reserved 81


https://standardsiso.com/api/?name=d900155817efded5fbf5c717fab6a39f

ISO 16090-1:2022(E)

Key
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82

machine column and feed drive, y-axis
cross slide with vertical table and feed drive, x-axis
worktaple; rigid table or rotary table

cutting|fluid system
machinfe enclosure

milling|head with vertical spindle

electridal cubicle

spindlelhead with horizontal spindle and‘feed drive, Z axis

main drive
NC pangl

=

(——
!
L]
[N

E

igure D.4 — Example of interlocking guard(s) for automatic milling machines

|
\
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N
w
N
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]

—

)

Figure D.5 — Example of a large automatic bed-type milling machine with full safe gu

the work zone
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Key
interlog
travelli
telesco

auxiliay

cabin (
workta
slidewd
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D.7 and D.8.

.6 — Example of Jarge double column milling machine with moveable portal (gantyy
type), perimeter fencing and operator protection

mples of' guards for Group 4 (transfer and special purpose machines)
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Traverse direction of the workpiece.

Machines are open on top, the middle transfer u@it is covered on top.

Figure D.7 — Transfer line with guards arranged closely to the machine

a

NOTE

Traverse direction of the workpiece.

a

Figure D.8 — Fully enclosed transfer line
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Annex E
(informative)

Examples of the integration of exhaust and extinguishing systems
when using combustible coolants or combustible dust

Monitoring of the coolant system and the exhaust system is essential for the safe functioning of|the
machine.

Protectivemeasures after fire detection depend on the kind of exhaust system (central or local).
a) For central exhaust system with guards closed, the following shall apply:
1) immediate stop of all machining operations (with or without controlled toglretraction);

2) flgme penetration or loss of extinguishing medium shall be suppressed by means of a clofing
flqp (valve shutter device); although it cannot be avoided that ignition particles reach the pipes
ofthe exhaust system;

3) immediate initiation of the extinguishing system;

4) dectivation of the coolant system if available and if hazards exist from mixing of combust{ible
dust and coolant;

5) passibility for further operation of the central exhaust system.

b) For the local exhaust system (usually on top of the machine) with guards closed, the following shall
apply:

6) immediate stop of all machining operations (with or without controlled tool retraction);
7) depctivation of the exhaust system;
8) immediate initiation of the-extinguishing system;

9) defctivation of the coolant supply if available and if hazards exist from mixing of combustjible
dust and coolant.

In order tolimplement the\above safety functions, the controls of the machine tool, the exhaust system
and the extinguishingsystem have suitable interfaces (see Figure E.1 and Table |.14).
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o | Exhaustsystem | Stopairflow ...
=
o
T E
- Stop exhaust system®
s 1 v S-S
S~ .
/, Gl : 1. Forward alarm
‘ (e.g. plant fire brigade)
=: § : S : 2. Activate acoustic and
SIS HIES i A Visual alarm signals
©v o : S I
Sei 9 ;
g —— HER "I
n = o=
%é : PE - Reset
= H IS H
g E: N
£§i i%
s i@ 1. Ready for operation (Y/N?) '
2. Alarm (safe against wire break)
o L e oo
.2 » 2| Machine | control et # Contfel | Open valve | | £
L 8 < tool L ereeeens M~ e > | = L
[3) . . . %]
p g = Door opening switch e.g. at : = 5
2os work zone (open/closed?) i 0%
i: | Dl putomatic || 2
[a® b=l YRR SR SRR T e L CECCREELY s . extinguishing system =
Fire / Explosion (Y/N?)

a2 |Only for machine mounted exhaust system.

Figiire E.1 — Example of the interaction between the machine tool control and the corltrol of the
fire extinguishing system
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Annex F
(informative)

Provisions when using combustible coolants and combustible dust

F.1 Selectionoflow emissioncoolants
Coolants With oil content above 15 % can cause fire or deflagration hazards.
By selectimg non-water-miscible low-emission coolants, aerosol and vapour formation\within [the
work zone| may be reduced and thereby the risk of fire and explosion. Low-emissidny coolants|are
characterized by the following properties:
— composition based on low-evaporation mineral oils or synthetic esters and/er special fluids;
— additidn of anti-mist additives.
Recommer]ded specifications for selecting low-emission coolants depending on viscosity class pnd
machining|process are listed in Table F.1.
Table F.1 — Specification of non-water<miscible coolants
Tendency| Viscosity class Viscosity Flash pointaccord- Evaporation Machining
of risk according to at40-°C ing to ISO 2592 loss process
I1SO 3448 (Cleveland open cup at 250 °C (exemplary)
method) (Noack method)
Hich ISOVG5 4,14 mm?/s to >120°C <85 %
8 5,06 mm2/s
ISOVG 7 6,12 mm?/s to >145 °C <80 %
7,48 mm?/s honi
1SO VG 10 9 mm3fe to >155 °C <60 % Onignr‘(frﬁﬁ?ng
2
1gqm?/s deep boring
ISO VG 15 13)5mm?2/s to >190 °C <25% turning, milljng
16,5 mm2/s boring
ISO VG 22 19,8 mm?2/s to >200 °C <15 % tapping
242 mmZ/S thread rOlllIlg
- broaching
ISO VG\32 28,8 mm?2/s to >210°C <13 %
35,2 mm?/s
Low ISO VG 46 41,4 mm?2/s to >220°C <11 %
50,6 mm?2/s

Itis generally recommended to select the coolant with the lowest evaporation loss and the highest flash
point at a viscosity given by the machining process, which shall be as high as possible.

F.2 Flameprooflabyrinth seals

The egress of flames into the work zone can be prevented to a great extent by application of suitable
labyrinth seals on machine tool doors. Labyrinth seals with several redirections for the flame path and
gap widths of <2 mm have proven to be most effective.

Principles of design for flameproof labyrinths:

— gaps narrowing in case of sudden pressure increase within the work zone;
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— gap width at constrictions up to a maximum of 2 mm;
— change of flow direction at least 2 x 180°;

— possibility for adjusting the gap width (adjustability);
— no use of flammable materials (e.g. plastic brushes);
— direction of outlet not directly towards the operator;

— protection of shearing and crushing points by appropriate means (e.g. edge protection).

Thej labyrinth seal shown in Figure F.1 is based on the principle of multiple redirectionsyarranged in
serjes and expansion of the entering flames.

7

Figure F.1 — Principle schéme of a flameproof labyrinth seal

F.3| Prevention of ingress of flames into the extraction system

The use of a baffle plate in front ef the extraction opening in combination with a suitable flarne arrester
in the extraction path may prevent flame propagation into the (central) extraction system.

The flame arrester shown in‘Figure FE.2 is based on the principle of multiple redirection and| expansion
of the entering flames,

1 2 1
Ce—T— = Ce—T—
_a> — » D C» — I*m [— D C» — ¢ _b>
N — N — > —
Key
diversion
expansion

a  Air entry.
b Air outlet.

Figure F.2 — Principle scheme of a flame arrester in the extraction path

©1S0 2022 - All rights reserved 89


https://standardsiso.com/api/?name=d900155817efded5fbf5c717fab6a39f

ISO 16090-1:2022(E)

F.4 Dimensioning of pressure relief areas

Depending on the pressure resistance of the machine enclosure, the integration of a pressure relief
device may be necessary to limit the explosion pressure to a non-hazardous extent and to direct

escaping flames into a non-hazardous direction (e.g. pressure relief device on the machine top).

In order to determine the correct size of the pressure relief area, illustrated relations in Figure F.3 may
be used. The nomogram enables the machine manufacturer, for a given enclosure volume, an estimated
explosion strength of the machine enclosure and a static response pressure of the pressure relief
device to determine the requlred pressure relief area in case it 1s closed with a rupture membrane

If, for example )
the rupturge membrane is the amount by Wthh the relief area glven by the nomogram needs t(

n to

be

corrected. |The discharge capacity is the measure for assessing the effectiveness of a pressure re¢lief
device in cpmparison with a rupture membrane of the same relief area. It can be determinéd in a ftest

and is norrpally specified by the manufacturer.

A simpler
toolsisba
machine
this rule of
response p

Pgtar
0

ed on the rule of thumb, after that 0,1 m?2 pressure relief area shall be provided for each
ork zone volume. In the past, such setups were confirmed by single ignition trails. Hows
thumb is neither taking into account the explosion strength of thénmrachine housing nor
essure of the pressure relief device.

P max,

20
40

60

SR P = (S SR e

N

vl

<

[N
Ol
0’
o

o

' 04 03 02 01 2 3 4 56_810 20
0,5 1 7 9
Key
1 degree of filling
Pyt static response pressure in mbar
Prax,rea  maximum reduced pressure of explosion in mbar

discharge surface in m?2
work zone volume in m3

Figure F.3 — Explosion relief - Nomogram for estimation of required area

(but certainly less accurate) way to determine the minimum pressure relief\area on machine

ver,
the

ed
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Annex G
(normative)

Gravity-loaded axes

1:2022(E)

G.1—Designmeasuresforaravitv-loaded-axes
.J—DBesign-measuresforgravity-loaded-axes
In dase of power failure (loosing energy), gravity-loaded axes (weight-loaded, vertical ax¢s, inclined

axep, slant axes) are held solely by the brake which is installed in the electric drive moétor (m

or &
Med

Ift

btor brake)

n external brake or a clamping device. The gravity loaded axes could descent-in casq of failure.

hanical wear or oil-fouling can cause the braking torque/force of the brakesto-fall below

val:[e which can result in an unintended descend or the fall-down of the gravity-loaded axes

ese gravity-loaded axes allow the operator to stay completely or partially under the a

ts nominal

Xis (e.g. for

loadling of tools/workpieces, for setting and maintenance), measuresfor minimizing the risk shall be
taken.

Dep

G.2].

Safé

G.2

ending on the practical case of application and the risk tobe reduced, different technical safety
devijices are suitable to prevent the unintended gravity descent'ef gravity-loaded axes (see Table G.1 and

ty functions related to gravity loaded or slant axiszare defined in Table ].3.

Measures against unintended descent of gravity-loaded axes

G.2l1 General requirements

The

mechanical parts of power transmission shall be at least designed with double wei

withstand the occurring static and dynamic stresses.

In d

rder to prevent unnecessary wear of the brakes, it is preferable to decelerate with thq

instlead of stopping with mechanical brakes.

NOTI

E In case no hazard exists because the operator is always in safe position for gravity-load a

brake can be installed-on the machine for faster braking during operations or other reasons.

G.2
War

2 Information for use

ning.sighs shall be visibly fixed at the machine according to 6.2.1 c) 3).

Op4grating instructions shall be given according to 6.3.11.

bht load to

controller

kes, a motor
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G.3 Cyclic test of brake or self-locking device at Group 3 and Group 4 machines

An effective measure may be a cyclic test of the single brake (brake test) or a clamping device. For this,
a test torque/force is applied to the brake, e.g. motor brake or the clamping device.

This cyclic test interval shall be carried out according to Table G.3. The cyclic test shall take place
automatically in the closed protective zone during normal production, e.g. during a process-related
stop. If this is not possible, the cyclic test shall be carried out before entering to the hazardous zone.

For the cyclic test, it is reasonable that the gravity-loaded axes, which are to be tested, are located at
defined positions, such as:

For test toy

96

positid
interfd

positid
positig

1 motd

The b
at leas
the b
counte

1 motd

The b
gravity

2 motd

The br
the oth

In case

The in|
interlo
demarn

Furthgq

ns on which tests (brake and/or clamping device) can be carried out without obstructi
ring contour (e.g. tool not active);

ns from which fault recovery after, e.g. a fault at the brake test can be achieved or a
n can be approached.

que/force to following requirements apply:
r/1 brake (or clamping device) system:

ake or the clamping device is charged with 1,3 times the maXimum gravitational load
t 1 s by the electric drive. If also a permanently present ceunterweight system is instal
aking device is charge with 1,3 times the maximuuy ‘gravitational weight minus
rbalanced weight.

r/2 brakes system:

htional load.

rs/2 brakes system, mechanically connected:

er on 1,0 times the maximum gravitational load.
of a fault detection occups-duiring the cyclic test, the following requirements apply.

dications given by the machine control shall request for brake repair. In case of move
cked guards with guard locking, a safe position shall not be approached until an un
d signal has beern.given.

r operation ofthe machine shall only be possible after a new successful cyclic test.

on/

bafe

for
led,
the

Faking devices are tested separately one after the other on 1,0 times the maxinmum

king devices are tested togetheron'2,0 times the maximum gravitational load or one affter

hble
ock
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Table G.3 — Brake test intervals

Group 3 and Group 4 machines Brake test intervals
Machine with manual load-/unloading into the work  |— 8 hab - once per shift automatically; or
zone
— testbefore access to the related hazard zone takes

place (move gravity-loaded axes in safe position)
and time of 8 hP has run out

Machines with automatic load-/unloading into the — 48 hb; or

work zone

— test before access to the related hazard zone takes
place (move gravity-loaded axes in safe position)
and time of 48 hP has run out

a  |In case of a complex single workpiece (e.g. large tools for presses or turbine blades, etc.), with an‘expectgd machining
tim¢g longer than 8 h, the cyclic test shall be carried out after finishing the machining of the workpiece. Ifthe cyf¢lic test fails,
furtgher operation of the machine shall be inhibited.

b [In case of a redundant motor brake, the minimum test time is increased and has tocbelinitiated everly time after
powering-on the machine and at least every month.
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Annex H
(informative)

Examples: Concept for leaving /returning to a cabin (control
station) at Group 3 and Group 4 machines

- 5 -
3
3
6 .
7~
oy 98
d [s1] < 6
(6. 5 J27 5° 26 |
8 SRV 4
o)
*9 *9
Key
1 cabin
2 cabin ghard
3 fixed gyard
4  interlogking movable guard with guardlocking with the possibility to open from inside
5 safeguqrding
6  movealyle interlocked guard whigh leads to the work zone
7  PSPD
8 floor edquipped with sensors (safe area)
9  RFID, kpy transfer system

Figuré H.1 — Example for leaving the cabin of a large Group 3 milling machine

To leave and return to cabin (1), the movable interlocked guard (2) of the cabin can be used. Movement of
the cabin can cause hazardous situations; a PSPD (7), e.g. tactile protection device should be activated.
The safeguards (5) and (6) are then in a safeguarding position and activated.

To leave the cabin, only one of the two movable interlocked guards (4) should be selected and could be
opened. To open the guard, a transfer function shall be manually activated, e.g. floor equipped with
sensors and near the movable interlocked guard located within the interior zone which is not accessible
from outside the guard (8). This causes a takeover by the interlocking device of the guard (4) for
certain time (e.g. 15 s). Closing the movable interlocked guard after leaving the safe area is followed
by a takeover from outside the safe area (8) which initiates the end of the takeover by the interlocking
device of the guard (4). Exceeding the transfer time (e.g. 15 s) causes a warning signal followed by an
emergency stop.
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To return to the cabin from outside the machine a protective measure (9) for identifying a person shall
be activated (e.g. RFID, key transfer system) so that the guard can be opened for a certain time (e.g.
15 s). Within this time frame, the person should have passed the movable interlocked guard (4) into the
safe area (8) and close the movable interlocked guard from within the safe area. After this procedure,
the person can enter the cabin while the guard of the cabin is open towards the rear (2) of the machine.
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Annex I
(informative)

Typical demand rates of safety functions for calculations
according to Table 3 and Annex |
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Annex ]
(normative)

Safety functions

Ta- Nuniber
bleNo. Subject ;)lﬁ PL,
J1 Explanation on how to read the tables of safety functions
1t Requirement Required
PL for that
(mandatory) .
require-
ment
]J.2 Tool spindle rotation and tool clamping device
2n Prevent start/restart function initiated by an incorrectly ¢clamped tool in SF 03 a
MO 1, MO 2 and MO 3
22 Prevention of unexpected start-up of unclamping movement of the tool-grip- SF 08-1
per initiated by tool spindle speed n > 0 in MO 1,MO 2, MO 3
in MO 1 protection by guards b
in MO 2 and MO 3 c
23 Limited spindle speed initiated by saféety related tool parameter in MO 1, SF16 a
MO 2 and MO 3
24 Limited spindle speed initiated by safety related parameter in MO 2 and See
MO 3 SF16 Table J.17,
17.3 and
17.4
].3 Gravity-loaded or slant axes
31t Safety-related stop function in MO 1, MO 2 or MO 3 (opening interlocked SF 01
guards)
If work zohe)s not accessible at all None
Hazardsexist for upper limbs o
Hazards exist for whole body d
32 Safety-related stop function in MO 2 or MO 3 (release of enabling device) SF07-1
If work zone is not accessible at all None
Hazards pyicl‘fnr upper limbhs c
Hazard exist for whole body d
3.3 Prevention of unexpected start-up in MO 2 or MO 3 (non-actuated enabling SF 07-2
device)
If work zone is not accessible at all None
Hazards exist for upper limbs o
Hazards exist for whole body d
3.4 Prevention of unexpected Startin MO 1, MO 2 or MO 3 (opened interlocked SF 08-1
guards)
If work zone is not accessible at all None
Hazards exist for upper limbs c
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Ta- Number
bleNo. Subject of PL,
SF
Hazards exist for whole body d
3.5 Safely limited speed (SLS) of linear, rotational and auxiliary axes SF 16
Hazards exist for upper limbs None
Hazards exist for whole body d, Cat3
].4 Power operated workpiece clamping for machines with milling and/or
turning operations
41 Safety-related stop function of clamping and support devices in MO 1, MO 2
SF01
or MO 3
Movement < 4 mm None
4 mm < Movement < 20 mm a
Movement > 20 mm C
4.2 Safety-related stop function initiated by detection of incorrectly clamped St o1
workpiece in MO 1, MO 2 or MO 3
Workpiece cannot be ejected Nong
Workpiece can be ejected a
4.3 Prevent start/restart function in MO 1, MO 2 or MO 3 SF 03 a
4.4 Safety-related stop function of clamping and support devicesdin MO 2 or SF 07-1
MO 3 (by released enabling device, two-hand-control or hold-to-run)
ovements with small distances (<4 mm) Nong
ovement of distance between 4 mm and 20 mm a
ovement exceeds 20 mm and no hand is required for fixation/adjustment o
ovement exceeds 20 mm and hand is required-for fixation/adjustment d, Cat|3
4.5 revention of unexpected start-up of claniping and support device in MO 2
SF 07-2
r MO 3
ovements with small distances (< 4 mm) Nongd
ovement of distances between 4 mm and 20 mm a
ovements with larger distapces (> 20 mm) d, Cat[3
4.6 revention of unexpected\sfart-up of clamping and unclamping movements SF 08-1
in MO 1, MO 2 or MO 3
ovements with small-distances (< 4 mm) None
ovement of distances between 4 mm and 20 mm a
ovements with larger distances (> 20 mm) d, Cat|3
4.7 reventionof unexpected unclamping of workpiece initiated by any ma- SF 08-1
hinemmovement in MO 1, MO 2 or MO 3
anual clamping systems Nong
Workpiece canmnot be ejected a
Workpiece can be ejected d, Cat3
4.8 Prevention of unexpected unclamping of workpiece due to gravity in MO 1,
SF 08-2
MO 2 or MO 3
No hazard by gravity None
Hazard by gravity: Operator not working under gravity axes c
Hazard by gravity: Operator is working under gravity axes d,Cat3
49 Limited workpiece speed of the workpiece clamping device in MO 1, MO 2 or
SF 16
MO 3
Clamping device is designed for maximum speed of the NC-axes None
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Ta- Number
bleNo. Subject of PL,
SF
Automatic workpiece feeding by pallet systems with different workpieces and a
clamping means
Manual workpiece feeding a
4.10 Limited workpiece speed in MO 2 or MO 3 See
Table J.17,
SF 16 fableL17
17.3 and
17.4
411 Monitoring of workpiece proportional technology - clamping pressure in SF 16
MO 1, MO 2 or MO 3
Automatic workpiece feeding a
Manual workpiece feeding a
4.12 Monitoring of workpiece data internal and external gripping/clamping/ SF16
chucking in MO 1, MO 2 or MO 3 on turning application
Automatic workpiece feeding a
Manual workpiece feeding a
4.13 Prevention of unexpected unclamping movement or depressurizing initiat- SF08-1
ed by rotating /moving workpiece in MO 1, MO 2 or MO3
Manual clamping systems None
Workpiece cannot be ejected None
Workpiece can be ejected PLr=d,
Cat3
].5 Tailstock
5[ Safety-related stop function initiated by open of interlocked guards/deacti- SFO1 c
vated protective devices in MO 1, MO-2 or MO 3
51 Safety-related stop function initiated by release of enabling device, two- SF07-1 c
hand control or hold-to-run@ontrol device in MO 2 or MO 3
53 Prevention of unexpected start-up in MO 2 or MO 3 initiated by non-actuated SF07-2 d Cat3
enabling device, two-hand-control or hold-to-run control device !
54 Prevention of unexpected start-up in MO 1, MO 2 or MO 3 initiated by open SF 08-1 d Cat3
interlocked guards
55 Safely limitedSpeed (SLS) of linear, rotational and auxiliary axes SF 16
Hazardsexist for upper limbs None
Hazardsexist for whole body d,Cat3
J.6 Handling devices for workpiece loading and unloading, workpiece transfer device,
pallet changer
61 Safety-related stop function for linear movement (e.g. lift/lowering) and/or SF 01 c
rotational movement in MO 1, MO 2 or MO 3
6.2 Prevent start/restart function initiated by an incorrect loaded pallet/work- SF 03
piece in MO 1, MO 2 or MO 3
Manually loaded by operator None
Automatically loaded a
6.3 Safety-related stop function initiated by release of enabling, two-hand-con- SF 07-1 c

trol or hold-to-run control device in MO 2 or MO 3

6.4 Prevention of unexpected start-up in MO 2 or MO 3 initiated by non-actuated

enabling device, two-hand-control or hold-to-run control device SE07-2 d, Cat3

6.5 Prevention of unexpected start-up in MO 1, MO 2 or MO 3 initiated by open

interlocked guards SF 08-1 d, Cat3

6.6 Safely limited speed (SLS) of linear, rotational and auxiliary axes SF 16
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Ta- Number
bleNo. Subject ;)é PL,
Hazards exist for upper limbs None
Hazards exist for whole body d,Cat3
]J.7 Bar feed device
7.1 Safety-related stop function in MO 1, MO 2 or MO 3 initiated by open inter-
SF 01 c
locked guards
7.2 Safety-related stop function in MO 2 or MO 3 initiated by release of enabling SF 07-1
7.3 IPrevention of unexpected start-up in MO 2 or MO 3 initiated by non-actuated SF 07-2 4 tatls
¢nabling device, two-hand-control or hold-to-run control device !
7.4 I revention of unexpected start-up in MO 1, MO 2 or MO 3 initiated by open SF 08-1 d, Catl3
interlocked guards
7.5 §afely limited speed (SLS) of linear, rotational and auxiliary axes SEN6
. . None, dee
iazards exist for upper limbs remarks
azards exist for whole body d, Cat|3
].8 Pal]et clamping and movement on machines with milling and turning operation
8.1 Jafety-related stop function initiated by incorrect clamped pallet or unbal- SF 01 a
4nce detection in MO 1, MO 2 or MO 3
8.2 Prevent start/restart function initiated by incorrect clamped-pallet in MO 1,
SF 03 a
MO 2 or MO 3
8.3 IPrevention of unexpected start-up of unclamping movements in MO 1, MO 2 SF 08-1
r MO 3 initiated by open interlocked guards
Rallet position horizontal; short presence in hazard zone; pallet may fall out a
Wwithout hazard
Rallet position horizontal; presence in hazdrd zone not short; pallet may fall out b
Wwithout hazard
Rallet in any position; short presence in hazard zone; pallet may fall out d, Cat[3
8.4 Prevention of unexpected start-up of unclamping movement in MO 1 SF 08-1
Pallet cannot be ejected a
Pallet can be ejected d, Cat|3
8.5 Prevention of unexpected unclamping of pallet clamping in MO 1, MO 2 or
. . SF 08-2
MO 3 initiated by-gravity
liorizontal pallet-position, short presence a
orizontal pallet position, presence is not short b
§lant ar.pending pallet position d, Cat|3
8.6 Jafety-related stop function of movement from clamping and support devic-
ds imitiated by the release of the locking device of the guard locking of the SFE Q1
closed guard
Movements with small distances (< 4 mm) none
Movement with distances > 4mm c
8.7 Prevention of unexpected start-up of movement from clamping and support SF 08-1
devices initiated by open interlocked guards
Movements with small distances (< 4 mm) none
Movement with distances > 4mm D, Cat3
]J.9 Hazardous movement of the tool changer
9.1 Safety-related stop function, initiated by open interlocked guards in MO 1,
SF 01 c
MO 2 or MO 3
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Ta- Number
bleNo. Subject ;)f PL,
F
9.2 Safety-related stop function in MO 2 or MO 3 initiated by release of enabling
. : SF07-1 c
device, two-hand-control or hold-to-run control device
9.3 Prevention of unexpected start-up in MO 2 or MO 3 initiated with non-actu- SF 07-2 d Cat3
ated enabling device, two-hand-control or hold-to-run control device !
9.4 _Preventlon of unexpected start-up in MO 1, MO 2 or MO 3 initiated by open SF 08-1 d Cat3
interlocked guards
9.8 Safely limited Qpppd (QI Q) of linear rotational and anxiliaryv axes SE16
Hazards exist for upper limbs None, see
remarks
Hazards exist for whole body d,Cat3
J.10 Hazardous movement of the tool magazine
101 Safety-related stop function, initiated by open interlocked guards or deacti3 SF 01 c
vated protective devices in MO 1, MO 2 or MO 3
10{2 Safety-related stop function initiated by release of enabling, two-hand-con- SF 07-1 c
trol or hold-to-run control device in MO 2 or MO 3
10,3 Prevention of unexpected start-up initiated with non-actuatedenabling, SF 07-2 d Cat 3
two-hand-control or hold-to-run control device in MO 2 orMO 3 ’
104 Prevention of unexpected start-up initiated by open inferlocked guards or SF 08-1 d Cat3
deactivated protective devices in MO 1, MO 2 or MO-3 !
1015 Safely limited speed (SLS) of linear, rotational and‘auxiliary axes SF 16
Hazards exist for upper limbs None
Hazards exist for whole body d,Cat3
J.11 Chip conveyor in any case of intended use
1141 Safety-related stop function initiated by open interlocked guards or deacti- SF 01 c
vated protective devices in MO 15MO 2 or MO 3
1142 Safety-related stop functiornrinitiated by release of enabling, two-hand-con- SF 07-1 c
trol or hold-to-run control.device in MO 2 or MO 3
1143 Prevention of unexpected'start-up initiated with non-actuated enabling, SF 07-2
two-hand-control orthold-to-run control device in MO 2 or MO 3
Chip conveyor npt\nside accessible work zone c
Chip conveyor-inside accessible work zone d, Cat3
114 Preventienof unexpected start-up initiated by open interlocked guards or SF 08-1
deactivated protective devices in MO 1, MO 2 or MO 3
Chip,gonveyor not inside accessible work zone c
Chip conveyor inside accessible work zone d, Cat3
J.131 “#Coolant, chip flushing with low-pressure 0 to 0,5 MPa or high-pressure exceeding
0,5 MPa
12.1 Safety-related stop function initiated by open interlocked guards or deacti- SF 01
vated protective devices in MO 1, MO 2 or MO 3
Low-pressure a
High-pressure c
12.2 Prevention of unexpected start-up initiated by open guards or deactivated SF 08-1
protective devices in MO 1, MO 2 or MO 3
Low-pressure: Operator does not directly stay in the coolant flow a
Low-pressure: Operator directly stay in the coolant flow b
High-pressure d, Cat 3
J.13  Power-operated guards for access by persons
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Ta- Number
bleNo. Subject ;)é PL,
13.1 Safety-related stop function of power operated guard initiated by a protec- SF o1
tive device
Forces <75 N and kinetic energy <4 | None
Forces <150 N and kinetic energy <10 | and automatic reversing c
Other d
13.2 Safety-related stop function of power operated guard with non-actuated SF 07-1 .
TTab g, TWO-Tad-CONtrot O T0Id-tO-TUIT CONMIof AeviTe
13.3 Prevention of unexpected start-up initiated with non-actuated enabling, SF 07-2 d
fflwo-hand-control or hold-to-run control device in MO 2 or MO 3
13.4 Prevention of unexpected start-up of power operated guard initiated by SF 08-1
deactivated protective devices
Forces <75 N and kinetic energy <4 | Nons
Dther d
13.5 §afely limited speed of power operated guards for NC controlled axes SF16 d, atlegst
Cat 7
J].14  Extinguishing system for machines with interlocked guards
14.1 §afety-related stop function of coolant supply with interlocked guards SF 01 a
¢losed initiated by the extinguishing system in MO 1
14.2 §afety-related stop function of extraction system with closed'interlocked SF 01 a

guards initiated by the extinguishing system
q

14.3 Jafety-related stop function of sealing-off (shut-off valve in extraction pipe)
f extraction system with interlocked guards being¢losed, initiated by the SF 01 a
g¢xtinguishing system
14.4 §afety-related stop function of machining pyocess inclusive chip conveyor SF 01 a
yith interlocked guards being closed, initiated by the extinguishing system
14.5 lLocal control functions to release the\lecking devices of guard locking for
SF 04 c
dccess to the hazard zone
14.6 IPrevention of unexpected start-up of the extinguishing process with oxygen SF 08-1
displacing gases in MO 1, MQ 2yor MO 3
for machines with non-accessible the work zone c
For machines with aceessible work zone d, Cat|3
14.7 Prevention of unexpected start-up of the machine initiated by the fire extin-
o ; SF 08-1 a
guishing systeni\in MO 1
14.8 lLocal controlfunction to monitor the volume of the exhaust system initiated
B - . o SF 04 a
y measufing the exhaust volume by pressure or flow rate during machining
J. 15  Selé¢ctionof MO (not applicable to Group 1 machines)
15.1 Jelection of mode of operation initiated by opening of the interlocked guards
dndthe MO-seleetion-deviee SF11
When only MO 1 and MO 2 are available a
When more than two MOs are available c
15.2 Selection of authorization, to ensure that only one operator control station is
. SF11 a
enabled at a time
J.16  Emergency stop
16.1 Emergency stop: For movement controlled with safety function lower than
PL = ¢, if required, a separated emergency stop function shall have the same a/b
PLr that means different parts SF 14
All others o

J.17  Control functions
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Ta- Number
bleNo. Subject ;); PL,
17.1 Start- and restart function to initiate execution (e.g. of a program) initiated
in combination with closed interlocked guard, activated protective device, SF 03
actuated enabling device or two-hand-control
Group 3 and group 4 machines in MO 1, MO 2 and MO 3 a
Group 3 and group 4 machines in MO Service b
17.2 Local control functions to release the locking devices of guard locking for
SF 04 a
accesstaothe hazard zone
173 Safely limited speed (SLS) of linear, rotational and auxiliary NC controlled SF 1€
axes
Hazards exist for upper limbs none, see
remarks
Hazards exist for whole body d, Cat 3
1714 Safely limited speed (SLS) of tool spindle or workholding spindle SF 16
Hazards exist for upper limbs none, see
remarks
Hazards exist for whole body d,Cat3
175 Fluctuations or loss and return of power supply initiated-bj.interruption in SF 17 a
MO 1, MO 2 or MO 3
176 Safety-related stop function of machining process with interlocked guards SFO1 a
being closed (normal stop)
117 Start and restart function to execute (e.g. of aprogram) initiated by pressing SF 03 c
start button in MO 0
178 Safety related stop function (normal stop)initiated by pressing stop button SFO1 c
inMO 0
1719 Safety related stop function by releasing a direction control or hold-to-run SFO1 a
control in conjunction with an gnabling device
17010 Manual reset function SF 02 a
17411 Prevention of unintendedmovement of machine parts into an adjacent not SF 16 d
authorized work zonge
].18 Hazardous movements in the work zone
181 Safety-related:stop function initiated by open interlocked guards or deacti- SF 01 c
vated protective devices in MO 1, MO 2 or MO 3
18.2 Safety-related stop function initiated by release of enabling, two-hand-con- SF 07-1 c
trol erhold-to-run control device in MO 2 or MO 3
183 Prevention of unexpected start-up initiated with non-actuated enabling, SF 07-2
two-hand-control or hold-to-run control device in MO 2 or MO 3
in case of short presence c
otherwise d, Cat 3
18.4 Prevention of unexpected start-up initiated by open interlocked guards or SF 08-1
deactivated protective devices in MO 1, MO 2 or MO 3
in case of short presence c
otherwise d, Cat 3
18.5 Safely limited speed (SLS) of linear, rotational and auxiliary axes SF 16
Hazards exist for upper limbs None
Hazards exist for whole body d, Cat3
J.19 Hazardous movements in the maintenance area
19.1 Safety-related stop function, initiated by open interlocked guards or deacti- SF 01 c

vated protective devices in MO 1, MO 2 or MO 3.
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Ta- Number
bleNo. Subject of PL,
SF
19.2 Safety-related stop function initiated by release of enabling, two-hand-con- SF 07-1 c
trol or hold-to-run control device in MO 2 or MO 3
19.3 Prevention of unexpected start-up initiated with non-actuated enabling, SF 07-2
two-hand-control or hold-to-run control device in MO 2 or MO 3
in case of short presence c
otherwise d, Cat3
19.4 SF 08-1
eactivated protective devices in MO 1, MO 2 or MO 3
ip case of short presence c
therwise d, Cat|3
19.5 afely limited speed (SLS) of linear, rotational and auxiliary axes SF6
azards exist for upper limbs Nongd
azards exist for whole body d, Cat|3
J.20  Safety interface for loading system - Automation safety features at the
int¢rface
20.1 §afety-related stop function initiated by open interlocked guards @r dé€acti- SF 01 c CatB
yated protective devices in MO 1, MO 2 or MO 3 !
20.2 Prevention of unexpected start-up initiated by open interlocked guards or SF 08-1 d Cath
deactivated protective devices in MO 1, MO 2 or MO 3 !
20.3 Fmergency stop input/output signals SF 14 ¢, CatpB

J.21  Gripding operation on a milling machine
21.1 llimited speed initiated by safety related tool parameter in MO 1, MO 2 or

1o 3 SF 16 a
J.22  Compressed air for cleaning and measuringprocesses

22.1 §afety-related stop function initiated.by.open interlocked guards or deacti- SFo1 a
yated protective devices in MO 1, MO 2*or MO 3

22.2 Jafety-related stop function initiated by release of enabling, two-hand-con- SF 07-1 a
trol or hold-to-run control deviee in MO 2 or MO 3

22.3 revention of unexpected start-up initiated with non-actuated enabling, SF 07-2 b

wo-hand-control or haldjto-run control device in MO 2 or MO 3
22.4 revention of unexpected start-up initiated by open interlocked guards or SF 08-1 b

eactivated protective devices in MO 1, MO 2, MO 3

J.2 Destription of safety functions

Safety f1mction, according to ISO 13849-1:2015, Table 8 and Table 9 Numb??gﬁ:gii{fgeiutnarn
Safety-related stop function initiated by safeguard SF 01
Manual reset function SF 02
Start/restart function SF 03
Local control function SF 04
Enabling device function SF07-1/SF 07-2
Prevention of unexpected start-up SF 08-1/SF 08-2
Control modes and mode selection SF 11
Emergency stop function SF 14
Safety-related parameter such as speed, temperature or pressure SF 16
Fluctuations, loss and restoration of power sources SF 17
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NOTE Designing the electrical control system according to [EC 62061 can generally achieve the
level of any safety function in Annex | as the application of ISO 13849-1. The result with IEC 62061 is a SIL with
a defined PFHD-Value (IEC 62061:2005, Table 3). This PFHD-value is also defined in ISO 13849-1:2015, Table 2,
and leads to a PL. SIL 1 refers to a PL = c or PL = b (see ISO 13849-1:2015, Table 3). Bruises and/or lacerations
without complication is classified as S1 in ISO 13849-1 and only S1 injuries, according ISO 13849-1, lead to a
required PL = b. If the result of class (CL), see in [EC 62061:2005, Table A.6, with SE2 is 11 or with SE1 is 14, than
the required PL = b according ISO 13849-1, else the required PL = c. "PL = a” has no correspondence to IEC 62061
but it is defined with other measures (IEC 62061:2005, Table A.6, see OM) so it is definable with S3 and CL < 7 or
SE2 and CL <10 or SE1 and CL < 13.

1.3

Thd input of safety related parameter usually requires that the operator inserts them. Exnors

inp

situation. Moreover, in those cases, parameter retransmission and/or manual confirmati
donje (see ISO 13849-1:2015, 4.6.4 and 5.2.7). Possible solutions for data checking-can be:

J.4

—Safety related parameter

itting of safety-related parameter in programmable electronic systems can lead, to a

a data checking system within the safety-related control system, e.g.:
— check of limits,

— formatand/or logic input values,

— data duplexing/cross-check;

a data checking by an acceptance test with checksums.The acceptance testis used to che
safety functions have been correctly parameterized. Using the acceptance test, potential ¢
errors are to be identified and the correct configuring is documented.

Tables of safety functions
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