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

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

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

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

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

Others can|be affected by the level of machinery safety achieved with the means of the documenthy
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Machine tools safety — Machining centres, Milling
machines, Transfer machines —

Part 1:
Safety requirements

1 (Scope

This document specifies the technical safety requirements and protective measures for
conptruction and supply (including installation and dismantling, with arrangemments for tra

the design,
nsport and

maintenance) of stationary milling machines (see 3.1.1), including machines capable of performing boring

operations (see 3.1.2), machining centres and transfer machines which are\intended to cut

cold metal,

and| other non-combustible cold materials except for wood or materials with physical chafacteristics

simifilar to those of wood as defined in ISO 19085-1, and for glass, stone’and engineered/ag
materials as defined in EN 14618.

Thif document covers the following machines:

blomerated

a) |manually, without numerical control, operated boringrand milling machines (see 3.2.1, Group 1),

e.g. knee and column type milling machines (see Figures C.1 and C.2);

b) |manually, with limited numerical control, operated boring and milling machines
Group 2), e.g. profile and contouring millingimachines (see Figures C.3 and C.4);

c) |numerically controlled milling machines,and machining centres (see 3.2.3, Group 3), e.g
milling machines and milling centres, ‘e.g. multi-spindle milling machines, gear-millin
(see Figures C.5, C.6 and C.7);

(see 3.2.2,

automatic
r machines

d) |transfer and special-purpose machines (see 3.2.4, Group 4), which are designed to procegs only pre-

specified workpieces or limited range of similar workpieces by means of a predetermine

d sequence

of machining operations and process parameters (see Figures C.8, C.9, C.10, C.11, C.12 an
Thif document also applies to machines fitted with the following devices/facilities:

— |tool magazine(s);

— |tool changer{s);

— |workpiece handling mechanism(s);

— |powered workpiece clamping mechanism(s);

i C.13).

— swarf/chip conveyor(s);
— power-operated door(s);
— additional equipment for turning;

— additional equipment for grinding.

When in this document the sole word “machine” or “machines” is being used, it is referred to all above-

mentioned groups and types of machines.

This document deals with all significant hazards, hazardous situations and events relevant to this type

of machinery which may occur during transportation, assembly and installation, setting,

operation,

cleaning and maintenance, troubleshooting, dismantling or disabling according to ISO 12100, when the

© IS0 2017 - All rights reserved
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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 operator positions. It also applies to workpiece transfer devices including transport devices for
loading/unloading when they form an integral part of the machine.

2 Normative references
The following documents are referred to in the text in such a way that some or all of their content

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

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

ISO 3744, Acoustics — Determination of sound power levels and sound energy levels of ngise sources u
sound pres§ure — Engineering methods for an essentially free field over a reflecting plane

5ing

[SO 3746:2010, Acoustics — Determination of sound power levels and sound enengy, levels of noise sou

'ces

using sound pressure — Survey method using an enveloping measurement surfacejover a reflecting plane
ISO 4413:3010, Hydraulic fluid power — General rules and safety requirements for systems and their
componentpg

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

IS0 4871, Acoustics — Declaration and verification of noise emission values of machinery and equipmept

ISO 6385, 1

ISO 9355-]
interaction

[SO 9355-2

[SO 9355-1
Control act

rgonomics principles in the design of work systems

, Ergonomic requirements for the design-of displays and control actuators — Part 1: Hu
s with displays and control actuators

, Ergonomic requirements for the'\désign of displays and control actuators — Part 2: Display

:2006, Ergonomic requirements for the design of displays and control actuators — Paf
ators

nan

7]

t 3:

IS0 11161:R007, Safety of machinery — Integrated manufacturing systems — Basic requirements. Amerlded
by ISO 11161:2007/Amd1:2010:

ISO 1120232010, Acoustics”— Noise emitted by machinery and equipment — Determination of emisfion
sound presqure levels-qt’a work station and at other specified positions applying approximate environmeptal
corrections

ISO 1120412010, Acoustics — Noise emitted by machinery and equipment — Determination of emisfion
sound presgure levels at a work station and at other specified positions applying accurate environmental
corrections

[SO 11228-1, Ergonomics — Manual handling — Part 1: Lifting and carrying

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-

[SO 13850:

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

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

© ISO 2017 - All rights rese
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ISO 13851:2002, Safety of machinery — Two-hand control devices — Functional aspects and design
principles

ISO

13854, Safety of machinery - Minimum gaps to avoid crushing of parts of the human body

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

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

1200 2 2 C oL D Yilo MW Al
TZ. O

ISO
des}
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and|
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TOO SO~ oUrety o 1itacrirery T 1TESSUrE=SCrtsStttye-protectiveaevices T ot crrerar pt

gn and testing of pressure-sensitive edges and pressure-sensitive bars

13857:2008, Safety of machinery — Safety distances to prevent hazard zones being reach
lower limbs

14118:2000, Safety of machinery — Prevention of unexpected start-up

14119:2013, Safety of machinery — Interlocking devices associated-with guards — Pr
gn and selection

14120:2015, Safety of machinery — Guards — General requirements for the design and con
1 and movable guards

14122-1, Safety of machinery — Permanent means of access to machinery — Part 1: Chd
ns and general requirements of access

14122-2, Safety of machinery — Permanent meansofaccess to machinery — Part 2: Workin
walkways

14122-3, Safety of machinery — Permanentineans of access to machinery — Part 3: Stairs,
guard-rails

14122-4, Safety of machinery — Permianent means of access to machinery — Part 4: Fixed |

14738, Safety of machinery — Anthropometric requirements for the design of work
hinery

15534-1, Ergonomic_design for the safety of machinery — Part 1: Principles for deten
ensions required for-0péenings for whole-body access into machinery

15534-2, Ergonomic design for the safety of machinery — Part 2: Principles for deten
ensions required for access openings

15641, Milling cutters for high speed machining — Safety requirements

16156:2004, Machine-tools safety — Safety requirements for the design and constructi

inciples for

bd by upper

inciples for

struction of

ice of fixed

h platforms

ktepladders

adders

stations at

mining the

mining the

on of work

[ing) chucks

ISO
ISO
ISO

19085-1, Woodworking machines - Safety - Part 1: Common requirements
19353, Safety of machinery — Fire prevention and fire protection

23125:2015, Machine tools — Safety — Turning machines

IEC 60204-1:2009, Safety of machinery — Electrical equipment of machines — Part 1: General requirements

[EC
[EC

60529, Degrees of protection provided by enclosures (IP code); Corrigendum 2

60825-1, Safety of laser products — Part 1: Equipment classification and requirements

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

©IS
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[EC 61000-6-3, Electromagnetic compatibility (EMC) — Part 6-2: Generic standards — Emission standard
for residential, commercial and light-industrial environments

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

IEC 61800-5-2:2016, Adjustable speed electrical power drive systems — Part 5-2: Safety requirements —
Functional

IEC 62061:2005+AMD1:2012+AMD2:2015, Safety of machinery — Functional safety of safety-related
electrical, electronic and programmable electronic control systems

[IEC/TS 62046, Safety of machinery — Application of protective equipment to detect the presence of peryons
EN 1005-14A1, Safety of machinery — Human physical performance — Part 1: Terms and definitions

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

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

EN 1127-12011, Explosive atmospheres — Explosion prevention and protection — Part 1: Basic concgpts
and methodlology

IEC 6100044-2, Electrostatic discharge immunity test

IEC 6100044-4, Electrical fast transient / burst inmunity test

3 Termis and definitions

For the purposes of this document, the terms and @efinitions given in ISO 12100 and ISO 13849-1 and
the followihg apply.

ISO and [EC maintain terminological databasgs for use in standardization at the following addresse

12

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

— IEC Elgctropedia: available at http://www.electropedia.org/

3.1 General terms

3.1.1
milling machine
machine tdol using:geometrically defined rotary cutters to remove material in order to produce plane
or formed purfaces on a workpiece while advancing (i.e. feeding) the tool or the workpiece in a cerfain
direction (axis movement) or certain directions (axes movements)

3.1.2

boring machine

machine tool for boring holes in which the principal motion is a rotating cutter against a non-rotating
workpiece along a feed axis and the diameter of the hole is adjusted by a different axis which is usually
perpendicular to the feed axis

Note 1 to entry: This definition does not include machines exclusively for drilling.

3.1.3
stationary machine
machine which is assembled, installed and intended to be used permanently at a predefined location

4 © IS0 2017 - All rights reserved
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314

boring operation

machining process of enlarging a hole that has already been produced (e.g. drilled or cast), by means of
a single-point cutting tool or a boring head which contains several such tools

3.1.5

numerical control

NC

automatic control of a process performed by a device that makes use of numeric data introduced while
operation is in progress

[SOPRCE: ISO 2806:1994, 2.1.1]

3.1l6
computerized numerical control
CN(
realization of NC (3.1.5) using a computer to control the machine functions in which the partprogram is
generated by inputting data manually at the machine

[SOURCE: ISO 2806:1994, 2.1.2, modified — Manual data input]

3.17
mahual data input
MD
modle of operation of a CNC system in which the part program is generated by inputting dath manually
at the machine

3.18
ele¢tro-sensitive protective-equipment
ESHE
ass¢mbly of devices and/or components working together for protective tripping or| presence-
senping purposes comprising a sensing device, controlling monitoring devices, output devices and all
intdgrconnecting wiring

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

3.19

actlve opto-electronic protective device

AORD

devlice whose sensing-Aftinction is performed by opto-electronic emitting and receiving elements
detgcting the interrGption of optical radiation, generated within the device, by an opaque object present

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

3.1{10

pressure sensitive protective device
PSPB
sensor(s) that responds to the application of pressure, a control unit and one or more output signal
switching device(s) and equipment for detecting persons or parts of persons which generates an
appropriate signal to the control system to reduce risk to the persons detected

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

Note 2 to entry: Safety-related control system associated with the PSPD or the PSPD itself can further include a
secondary switching device, start interlock, re-start interlock, etc.

© IS0 2017 - All rights reserved 5
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3.1.11
operational stop
stop of the machine movements in the production process

Note 1 to entry: Control functions between control system and machine drives are maintained (torque, speed of
rotation, position).

3.1.12

safe operating stop
SOS

operational stop with additional control system measures for monitoring standstill, preventing
hazardous[machine movements due to control system faults

Note 1 to eptry: The SOS function prevents the motor from deviating from the stop position by more than a
specified vdlue. The power drive system supplies the motor with energy so that it can withstand exterral fojces;
see also IEC|61800-5-2.

3.1.13
safe stop 1
SS1
function which either

a) initiate¢s and controls the motor deceleration rate within set limits to-stop the motor and initiates
the STP function when the motor speed is below a specified limit; or

b) initiat¢s and monitors the motor deceleration rate within setlimits to stop the motor and initiates
the STP function when the motor speed is below a specified limit, or

c) initiat¢s the motor deceleration and initiates the STO fungtion after an application specific time dglay

Note 1 to eptry: This safety function corresponds to a ceftrolled stop in accordance with stop category [1 of
IEC 60204-1.

3.1.14
safe stop 2
SS2
function which either

a) initiate¢s and controls the motorydeceleration rate within set limits to stop the motor and initiates
the safle operating stop func¢tion when the motor speed is below a specified limit, or

b) initiat¢s and monitors the motor deceleration rate within set limits to stop the motor and initiates
the safle operating stop function when the motor speed is below a specified limit, or

—e

c) initiat¢s the motor deceleration and initiates the safe operating stop function after an application

specific time«deldy

Note 1 to eptry:\This safety function corresponds to a controlled stop in accordance with stop category [2 of
IEC 60204~

3.1.15

safe torque off

STO

function which ensures that no energy is applied to the motor that can cause rotation or motion (in the
case of a linear motor)

Note 1 to entry: The Power Drive System (PSD) will not provide energy to the motor which can generate torque
or force (in the case of a linear motor).

Note 2 to entry: This safety function corresponds to an uncontrolled stop in accordance to stop category 0 of
IEC 60204-1.

6 © IS0 2017 - All rights reserved
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Note 3 to entry: This safety function may be used where power removal is required to prevent an unexpected
start-up.

Note 4 to entry: In circumstances where external influences (e.g. falling of suspended loads) are present,
additional measures (e.g. mechanical brakes) may be necessary to prevent any hazardous situation.

Note 5 to entry: Electronic means and electric contactors are not adequate for protection against electric shock
and additional measures for isolation may be necessary.

3.1.16
direction control

pos tive actuation device taselect and maintain a2 maovement.

Notg 1 to entry: A direction control can be a soft key, touch key, push button control or a rotarygtypd button, e.g.
for ¢pening or closing a door or for a movement for clockwise or counter clockwise.

3.1{17

non-combustible materials
materials, excluding wood, with PCS < 3,0 MJ/kg (ISO 1716) or AT < 50 °C andAm < 50 % ahd tf< 20 s
(IS® 1182), which withstand surface flame attacks and edge flame attacks with 30 s exppsure 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{18

short presence
dwg¢lling time of a person staying in the hazard zone less\than an accumulated time of onge hour, but
never more than 10 min per single exposition, during ark®h shift

Note 1 to entry: See also IEC 62061:2005, Table A.2.

3.2| Groups of machines

With regard to the applications and the relevant hazards, machines are subdivided into foyr different
gropps. See the overview in Table 1.

Table 1 — Overview of groups of machines

N Subclause in which group
xroup No. Group name is defined
Grdup 1 Man}lally controlled boring and milling machines without nu- 321
merieal control =
Grdup 2 Manua_lly controlled bormgla.nd milling machines with limited 329
numerical controlled capability
Grdup 3 Numerlcal controlled milling machines, milling and machin- 323
ing centres —
Grdup.4 Transfer and special purpose machines 3.24
3.2.1

Group 1: Manually controlled boring and milling machine without numerical control

machine where 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
programmed multiple axes movement

Note 1 to entry: For illustration, see Figures C.1 and C.2.
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3.2.2

Group 2: 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 control by operating controls on the NC panel

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

Note 2 to entry: This group of machines may be equipped with some or all of the features of Group 1 machines
(manual machines without NC) and the following:

1 LALON

a limite

axis intg
— thread d
However, th
— automat
automat
unlimitd
automat

3.2.3
Group 3: N

|

constanf service speed (CSS);

rpolation (i.e. copying/predefined profiling);
utting cycles.

e following features shall not be provided:

ic program start;

ic initiated tool change;

d rapid axis movements;

ic workpiece change or bar feed system.

umerical controlled milling machine, milling and machining centre

numericall

controlled machine capable of performing‘programmed multiple axis movements

Note 1 to entry: For illustration, see Figures C.5, C.6, and’C.7.

Note 2toe

Note 3 to en
processes, d

3.24

Group 4: 1
machine d
predeterm

ry: Such machines may incorporatefacilities for manual control in varying degrees.

try: It is possible to have different:machining processes within Group 3 machinery. For these kir]
.g. turning, grinding, etc., seerelevant standard.

ransfer and special\purpose machine
bsigned to process.only a pre-specified workpiece or family of workpieces, by means
ined sequencef machining operations and process parameters

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

d of

pf a

3.3.1

station of a transfer machine
zone which is processing in each operation of the transfer machine working cycle including also the
fixtures, units, spindle heads and other mechanisms associated with the process performed at a
particular station

Note 1 to entry: See Figures C.11, C.12 and C.13.
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Note 2 to entry: Stations are normally identified by sequential numbering, e.g.:

station 1:  Load station
station 2:  Machining station
station 3:  Gauging station
station 4:  Idle station

station xx: Unload station

3.3]2
ele¢tronic handwheel

ma
MP

manually operated control device which initiates and maintains an axis movement by pulse

inpy

3.3
wol
ma

3.3
wol
dev

3.3
wol
me(

3.3
fee
axiyg

Not

3.3
wol
zon

3.3
acc

ual pulse generator

-

LT

1t to the numerical control (3.1.5) during its rotation

3
'kpiece setting station
hine area in which the workpiece is loaded/unloaded

4
'kpiece transfer device
ice incorporated in the machine (e.g. pallet changer) toload/unload the workpiece

5
'kpiece load/unload mechanism
hanism that delivers workpieces to, or remoyes them from, the machine

6
 axis
for feeding a cutting tool or a workpiece

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

7
'k zone
e where the cutting process is taking place

8
pssible work-zone

Z0on

accprdancewith its intended purpose

3.39
spindle

of a machihe where a stationary standing position is required within the work zone

generation

for use in

drive system for rotating a cutting tool (tool spindle)

3.3.10
workholding spindle
drive system for rotating a workpiece in case of turning and grinding operation

3.3.11

counter spindle
spindle which is constructed of two workholding spindles facing each other and those spindles can be
rotated synchronously
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3.4 Mode of safe operations

3.4.1

mode of safe operation

MSO

mode of operation to supply a defined amount of machine functions under predefined safety measures

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

Note 2 to entry: See Clause 5 for safety requirements and measures relating to modes of safety operations.

3.4.2

MSO selec
facility for
of persons

3.4.2.1

MSO acces
facility wh
actuation g

3.4.2.2
MSO selec
facility wh

Note 1 to ej
operation s4

3.4.2.3
MSO activ.
device that

3.4.3
mode of s¢
MSO 0
operation
operator h

Noteltoe

Note2toe
electronic hj

3.4.4
mode of sz
MSO 1

automatic,

|

tion system
manual selection of the machine mode of safe operation, to which only an authgrized gr
have access

s device
ich limits access to an authorized group of persons and prevents accidental or abu
f the selection system

fion device
ch allows changing the mode of safe operation of a machine

try: The selection device can be integrated into the access“device, e.g. in a key switch (mode of
lector switch).

htion device
activates a selected mode of safe operation
1fe operation 0

bf the machine by the operator with non-automatic mode of the machine axes, where
hs control over the machining process without the use of pre-programmed operations

ry: MSO 0 is also be réferred to as manual mode.

ry: The motion,ofxes can be controlled by means of a hold-to-run control device, direction con|
andwheels orjoysticks.

fe operation 1

programmed, sequential operation mode of the machine with the facility for manu

automatic

oading/unloading ol Workpieces and tools, until stopped by program or operator

Note 1 to entry: MSO 1 is also be referred to as automatic mode.

oup

sive

safe

the

krol,

or

Note 2 to entry: The automatic mode can include an operational interruption for loading/unloading of workpieces

and tools.

10
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3.4.5

mode of safe operation 2

MSO 2

operation mode in which adjustments and preparations for the following machining process are
performed by the operator(setter) with the possibility that guards are open and/or protective devices
suspended

Note 1 to entry: MSO 2 is also be referred to as setting mode.

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

3.4/6
mo¢le of safe operation 3
MSOQ 3

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

Note 1 to entry: MSO 3 is also be referred to as optional special mode for manual intervention undgr restricted
operating conditions.

3.417
mo¢le of safe operation service
MSOQ Service

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

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

3.5 Maximum permissible spindle speed and feed rate

3.5{1
makimum spindle speed
maximum permissible rotationahspeed for a tool spindle specified and set as a machine pafameter by
themachine manufacturer

3.5]2
reduced spindle speéd
maximum permissible rotational speed (speed limit) of a spindle limited by control for safefty purpose
by fhe machine manufacturer

Note 1 to entrys‘The spindle speed for both, tool and workpiece, is reduced for safety reasons in MO 2, MSO 3
and|MSO Serwice.

3.5]3
makimum-feedrate

maximum permissible feed rate of the axes, specified and set as a machine parameter by the machine
manufacturer

Note 1 to entry: The maximum permissible feed rate of the axes depends on constructional limits specified by
the manufacturer of the machine.

3.5.4
reduced feed rate
maximum permissible feed rate limited by control for safety purposes

Note 1 to entry: The feed rate is reduced for safety reasons in MSO 2, MSO 3, and MSO Service.
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3.5.5

safely limited speed

SLS
function to

prevent the motor from exceeding the specified speed limit

Note 1 to entry: The SLS function prevents the motor from exceeding the specified speed limit, see IEC 61800-5-
2 and also safety functions in Table ].17, 17.3 and 17.4.

3.5.6
minimum
MQL

quantity lubrication

process of

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

4 List of significant hazards

4.1 Gen

This claus
assessmen
the risk.

4.2 Main hazard zones

The main K

a) working areas with moving spindle(s) and workpieée(s), clamping components for workpiece

tool cl
under

b) handli

c) toolm

d) areasyrrounding the swarf and(chip conveyor (if integrated);

€) exposE
f) expose
g) lead sc
h) feed sq
i) ballsc

1sing a little quantity lubrication on cutting point by external spray or through-tool syst

bral

b contains all the significant hazards, hazardous situations and\events identified by
L as significant for this type of machinery and which require agtion to eliminate or red

azard zones are the following:

hmping, tool changer, copying unit(s), setting places for workpiece(s) and tool(s), coo
high pressure, special measuring devices,(e.g. laser);

hg devices for workpiece loading/unleading;

hgazines and tool changers;

d gear box;

d cam mechanisms;:

rew (Group 4/4manual machines without NC functions);
rew (Group 1: manual machines without NC functions);

Fewr\(Groups 2, Group 3 and Group 4 machines);

EINS

isk
uce

And
ant

j) linear and rotary drives.

4.3 Sign

ificant hazards and hazardous situations covered by this document

The significant hazards covered by this document are listed in Table 2.

12
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Table 2 — List of significant hazards and hazardous situations

Examples of operations,

Causes of hazards . . Relevant
hazardous situations and . . .
No. and hazardous Possible consequences |clause in this
. . hazardous areas
situations s : document
at milling machines
1 |Mechanical hazards
Manual operations between
the area of tool and parts of the
machine, for milling application, Crushing hazard
especially the work piece support i -
or between tool and workpiece Shearing hazard A
Manual operations between the Drawing-in or trapping 5.2
areas of changing mechanisms, hazard
e.g. tool changer / workpiece
1k Approach of a moving |changer or pallet changer
element to a fixed part Crushing hazard
Feed motion of tool to the workpiece | Shearing-hazard 51
Ejected parts 59
Manua_l operations near to the Erf@nglement hazard
workpiece or machine spindle
Crushing hazard
Clamping of tools and workpiece$ 5.25
Shearing hazard
Operations in the near area of
moving axes and in the area of au-
tomatic loading/ unleading devices
during processing,@etting, mainte- |Impact hazard
nance, repair Drawing-in or trapping 51
1{2 |Moving elements Operations on hazard R
tool changer/ 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- |hazard 5.1
13 |Rotating elements ing tool or rotating workpiece or o .
tool cleaning device Friction or abrasion 5.2
hazard
Uni ded th sh Stabbing or puncture
: nintended contact with sharp hazard 5.1
114 géltt;:g parts, sharp edges of machine elements, work- o .
8 piece or tool Friction or abrasion 5.2
hazard
Ejection or fall of work material and 5.1
chips during machining, machine
) setting, tool changing, mainte- Crushing hazard 5.2
Falling nance, or shut down 5
15 ) i Impact hazard -
> |0T — falling workpiece; 12
. . Stabbing or puncture -
ejected objects — tool break; hazard AnnexA,
— ejected broken machine ele- Annex B and
Annex E

ment(s) at or near machine

© IS0 2017 - All rights reserved
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Table 2 (continued)

Examples of operations,

Causes of hazards . . Relevant
hazardous situations and . . .
No. and hazardous Possible consequences |clause in this
. . hazardous areas
situations o ; document
at milling machines
Falling of moving machine elements
during machine setting, e.g. during
tool changing or workpiece chang-
ing and weight loaded axes
. 5.2.5.5
Breakage during operation Crushing hazard —
1.6 |Grgvity Dropping or falling of machine Shearing hazard o
elements during transport or setup, ||mpact hazard Annex(;G
e.g. activities in the vicinity of grav- 311
ity-loaded axes
Operations in the area of operating
platforms or pits
Height in relation . . Impact hazard
1.7 to the floor Fall from high situated work places Slip, trip, and falkRazards 5.15
At hydraulic elements during stay at
or neialr rpachlfni, espec}:gl]y during |penetration or impactof |5g1 b)
1.8 |High pressure Installation of the machine medid yhder pressure
Start-up and working on coolant | intec¢the skin/eyes 8819
systems
Unrestrained machine or machipe Impact hazard
1.9 |Ladk of stability part falls or overturns duringstay |Crushing hazard 5.13
at or near machine .
Shearing hazard
Operations on groundand in the
area of stairs around the machine,
as well as work atcheight due to:
— ejection or.spillage of metal
cutting fluid, lubricants or hydrau- 5.13
1.10 |Roygh, slippery surface |lic fluids Slip, trip, and fall hazards | 5.14
— fesiduals, contained in ejected 515
flaids;
= insufficient railing or other
restraining facilities, especially at
places where a fall hazard exists
2 |Electrical hazards
2.1 |Livg parts Contact with live parts Electric shock hazard 5.3
22 Parfts v_vhlch have be- |Contact with parts which are live Electric shock hazard 5.3
comelive under fault |by fault
3 |Thermal hazards
Obiects or materials Ejection of hot swarf or workpieces
ject: during milling operation during Burn hazard
3.1 |with high/low tem- stay at and/or near machine, and i 20
perature y , Frostbite hazard
hot/cold surfaces
5.6
3.2 |Explosion Eurn, fall, and bump Annex E
azards
Annex F
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Causes of hazards

Examples of operations,
hazardous situations and

Relevant

— flammable coolant, e.g. oily
coolant

No. and hazardous h Possible consequences |clause in this
. . azardous areas
situations oy . document
at milling machines
5.6
3.3 |Flame Burn hazard Annex E
Annex F
4 |Noise hazards
) ] Permanent hearing loss
Vibration of tool and/or work mate-
Manufacturine process rial while processing, AH further_ (e.g. mechapy
4{1 d ) lg P drive and transmission elements, ~|ical, electrical) problems” |5 4
and moving elements | 4, ing stay at or near machine due to Interferenge.with
blowing air for cleaning speech commuifigation or
acoustical signals
% |Vibration hazards
; i Discomfort
51 |Vibrating elements Tr_alllr}sfer ofv1brat10}rlls from the . ' 57
milling process to the operator Nearological disorder
6 Radiation hazard
Low- and high-fre- At electrical equipment, especiall{
6|1 |quency electromagnet- duri : Burn hazard 5.5
: 7 uring setup or maintenance
ic radiation
Optical radiation
6l (mfrar_ed, v1§1ble apd At measuring equipment especially Eye and skin injuries 55
ultraviolet), including |during setup or maintenance
laser
T [Material/Substance hazard
Biological
or ) .
711 |microbiological sub- ConFact with contaminated coole}nt Infection hazard 5.6
durihg stay at and/or near machine
stance
(viral or bacterial)
7k | Fluid Skin contact with coolant-, during Skin damage 56
stay at and/or near machine
Inhalation and ingestion of sub-
713 |Mists and-fapour stances used or generated dyrmg le_flcu_ltles of breathing 56
operation (e.g. coolant) during stay |poisoning.
at and/or near machine
Operating with:
— combustible dust, e.g. alumini- 5.6
7l combustible dust um-, titan-, magnesium swarf, and/ |Fire and explosion haz- Andex E
or ard, burns.
Annex F
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Table 2 (continued)

Examples of operations,

Causes of hazards h . . Relevant
azardous situations and . . .
No. and hazardous Possible consequences |clause in this
. . hazardous areas
situations o ; document
at milling machines
8 |Ergonomic hazards
Design or location of ~ |Misinterpretation of displayed in-
8.1 : . . : 5.7
visual display units formation at work place of operator | A]] further (e.g. mechan-
Design, location or i ) ical, electrical) problems
82 |ide éfi"atif‘n ofcon Maloperation of the machine at due to human errors 57
: work place of operator =
tro] devices
8.3 |Exdessive effort At control devices and during Fatigue 5.7
8.4 |Body posture handling Musculoskeletal disorders | 517
Inadequate consideration of anato-
my of hand/arm or foot/_leg during Fatigue, Motivation fof
8.5 |Repetitive activities workpiece or tool changing defeating of safeguarding |5.4, 5.7
Inadequate consideration of body  |equipment
posture during maintenance tasks
Operations during handling/posi- Judgement dud accu-
S : racy ofgnamnual actions
tioning of work material and the impaired
8.6 |Visjbility, local lighting |tool, during loading/unloading, D 5.7
during machine setting, tool chang- |Fatigue
ing and maintenance
Human errors
Reasonably foreseeable misuse gf:
the machine
Incorrect work material and'milling
tool handling and setting
8.7 Humap error / human |Insufficient dgmgp of work place. All above listed hazards  |5.11
beHaviour and/or organization of the machin- I
ing process
Inadequate.consideration of anato-
my of iand/arm or foot/leg
Faulty/mounting
9 |Hazards related to the’operational environment of the machine
| o Uncontrolled movements (includ- |Crushing, shearing,
Eleftromagnetic inter- |, . : X .
9.1 f ing changes in speed, unintention- |trapping, entanglement |5.8.7
er¢nce
al, unexpected start-up) hazards
16 © IS0 2017 - All rights reserved
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Table 2 (continued)

Causes of hazards Examples of_oper_a tions, Relevant
hazardous situations and . . .
No. and hazardous Possible consequences |clause in this
. . hazardous areas
situations oy . document
at milling machines
10 |Combination of hazards
Fall or ejection of moving ma-
] chine elements or clamped work- 5 g
101 Failure of the power piece or tool 2.0
supply Fait PR L Crushing hazard 5.9
I'dllu1lr < Ul DLU}JPIIIS 111UV llls CIT
ments Shearing hazard
Restoration of energy |Uncontrolled movements Impact hazard
10.2 |supply after an inter-  |(including change of velocity) unin- . ) 5.8
ruption tended/unexpected start-up EUttln<ig or severing
azar
Fall or ejection of moving ma-
chine elements or clamped work- |Entanglementhazard
piece or tool Drawing=in or
Failure of stopping moving ele- Trappifig hazard
ments c g
: : Stabbi t 2.0
14.3 Failure/disorder of the Uncontrolled movements (includ- abbing or puncture
control system . . hazard 59
ing change of velocity) 2.7
. Friction and abrasion
Unintended/unexpected startup |y ... .4
Other hazardous situations'due to
failure or inadequate desigh of the
control system

5 |Safety requirements and/or protective/risk reduction measures

5.1 General requirements

5.1/1 General

Maghinery shall comply with the safety requirements and/or protective/risk reduction] measures
of this clause. In addition) machinery shall be designed according to the principles of ISQ 12100 for
relgvant but not significant hazards, which are not dealt with in this document.

For[guidance in.cehnection with risk reduction by design, see ISO 12100:2010, 6.2, and for safeguarding
medsures, see SO 12100:2010, 6.3.

Maghinery~shall be designed and safeguarded in accordance with the specific requirements and/or
profective measures listed in this clause. All requirements and/or protective measures afe given in
thiq clause.

NOTE An analysis of the failure of machine components, including failure in the control system(s), is part
of the risk assessment guidance on this subject and is given in ISO 13849-2. Generally used safety functions and
their required performance level (PLr), including all associated categories in accordance with ISO 13849-1, are
listed in Tables ].2 to ].22. Typical demand rates are specified in Table L.1.

5.1.2 Required characteristics for guards of all machine groups

5.1.2.1 General

The work zone shall be enclosed by fixed and/or interlocked movable guards during machining
operations.
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Guards shall be in accordance with ISO 14120. The fixing systems of fixed guards shall remain attached
to the guards or to the machinery when the guards are to be removed in accordance with the intended
use of the machine for routine cleaning, setting and maintenance operations by the user of the machine.

5.1.2.2 Fixed guards
The requirements are the following.

a) Where enclosure is not reasonably practicable (e.g. due to the size of the workpiece, its geometry,
other special characteristics of the machine or its application), operators and other exposed
persons shall he Qaﬂaglmrdpd bv a combination of other means (p g prnfprfpd operator paosifion
by a cdbin perimeter fence, other protective devices). For example, where external equipment [e.g.
crane)|is used to load/unload workpiece to a large size machine, cabin and perimeter fenee|are
more practical safeguards rather than an enclosure.

b) Wherd guards are floor-mounted (e.g. perimeter fencing), they shall be fixed secutely and havle at
least afheight of 1 400 mm and a distance in accordance with ISO 13857:2008, Table 2 to preyent
access|to the hazard zone. Any opening between the bottom of the guard and-the floor shall{not
exceed 200 mm (see ISO 11161:2007/Amd1:2010, 8.5.2). Where operatoraccess through these
guardg is required (e.g. load/unload) ergonomic reasons dictate that these requirements ca

waived as long as the relevant requirements of Table .6, Table ].8, Table]J.9 and Table ].10 are met
and thpre is no hazard posed to the operator in carrying out this task.
c¢) For the guarding of drives, access to mechanical power trdnsmission drives (e.g. chains pnd

sprocKet wheels, gears, feed screws, ball screws, etc.) shall beiprevented by fixed guards (including
telescqpe type guards), unless they are safe by sufficient distances (see ISO 13857:2008, Tablg¢ 2).
If acceps to these parts is required during normal operation of the machine more frequently
once per shift, interlocked movable guards shall be provided.

5.1.2.3 oveable interlocked guards

a) Movablle interlocked guards shall be interloeked with or without guard locking in accordance with
ISO 14119 in order to prevent access to-hazardous areas where hazardous machine movements
take place. It shall be ensured that the hazard zone cannot be reached when opening an interlocking
guard pefore the hazardous machine motion has stopped (see ISO 13855:2010, 9).The selectiop of
interlocking devices shall be in dcgordance with ISO 14119:2013, 6.

b) A deterted failure in the interlocking device, i.e. function or arrangement, shall result in a stop of
the mdchine initiated by @-safety related stop function according to Annex J. Only for control
integrated safety technelogy, SOS in accordance with IEC 61800-5-2 satisfies the above-menti
requirpments (SS2-stop). This measure does not apply in all cases, where the stop itself is falso
afflict¢d by errorife:g. energy loss).

5.1.3 Power-operated moveable guards for user access

5.1.3.1

Requirements regarding accessing the work zone (see 5.2.3.1) shall also apply.

It shall not be possible in MSO 1 to start the movement of the machine until the guard is fully closed.
Closing of the guard can be used as a start command for the machine, if the guard system 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.

Power operated movable guards for user access can be realized as automatic power operated movable
guards or manually controlled power operated movable guards.
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5.1.3.2 Power-operated moveable guards where motion is initiated automatically by the
control system

a)

b)

5.1

For
sha

b)

Where whole body access to the work zone is not foreseen

Pressure sensitive edges or reduced forces shall be provided. They shall be in accordance with

ISO 12100:2010, 6.3.3.2.6 and ISO 14120:2002, 5.2.5.2 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 value (sum of the two radii) of at least 6 mm.

— Ifpressure-sensitive edges are provided, they shall be fitted on the total length of the front edge

up to a maximum height of Z 700 mm above the floor or platform (ISO 13857:2008; 4
pressure-sensitive edge shall be in accordance with ISO 13856-2. While opening.th{
no hazards posed by crushing and shearing edges.

If reduced forces are used, the force to prevent the guard from closing shallnot excee
the kinetic energy of the guard shall not exceed 4 ]. When the guard js\fitted with a
device which automatically initiates reopening of the guard on(actuation, this
maximum of 150 N and the kinetic energy a maximum of 10 J.

Limitation of energy and forces shall be done according to ISO\14120 and length of t
according to EN 16005.

Where whole body access to the work zone is foreseen

In addition to 5.1.3.2 a), further additional measures-according to 5.2.3.2 c) 3) shall b
to prevent entrapment in the hazard zone and a start command for closing of the powe
moveable guard shall only be possible from outside the accessible hazard zone.

3.3 Manually controlled power-operated moveable guards

manually controlled power-operatedsmovable guards, one of the following protectivg
1 be provided.

Manual operation of the power-bperated guard by means of two-hand control. Fixe
position in case of movement of the power-operated guard by means of arranging th
panel in a position in sufficient distance to the hazard area (ISO 13855:2010, Clause
100 mm with adequat€ shirouding with the two buttons B1 (first hand) and B2 (second
two-hand control (a¢cprding to ISO 13851);

Or

Manual opération of the power-operated guard by means of enabling device (ISO 1
direction~control.

— , Avminimum distance to the hazard area is not mandatory for the operator.

2.1.3). The
bre shall be

d 75 N and
protective
may be a

me period

e provided
r operated

measures

d operator
e operator
8), at least
hand) of a

2100) and

operating desk to ensure full visibility to the hazard area for the operator.

allowed.

When the gap between the movable power-operated guard and the fixed guard i
300 mm presenting a shearing or crushing hazard, a maximum travel speed of only
allowed.

drive should decelerate to a standstill as quickly as possible (IEC 60204-1:2009, 9.2.
Or
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—~/ Enabling device and direction control are mounted on an operating desk or on a portable manual

As long as there is only an impact hazard (gap > 300 mm), travel speed up to 25 m/min is

s less than
5 m/min is

By releasing the enabling device (first hand) or the direction control device (second hand), the

2);
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Manual operation of the power-operated guard by single-handed control. For single-handed
control, the location of the hold-to-run control device shall be in a fixed safe position. By releasing
the single-handed control device, the drive shall decelerate to a standstill initiated by a safety
related stop function according to Annex |.

NOTE Safety functions are to be found in Table ].13.

5.2 Specific requirements resulting from mechanical hazards

5.2.1 Protective measures for Group 1 machines

The follow|ng requirements for safeguarding of Group 1 machines shall be fulfilled.

a)

b)

d)

e)

To inh{bit access to the cutting tool (figures in D.1), adjustable cutter guard(s), adjustable-guard(s)
or intgrlocked movable guard(s) shall be provided. Guards shall be in accordance with*ISO 14120,
interlgcking shall be in accordance to ISO 14119.

An ele¢trical interface shall be provided to connect an interlocked movable guard with the conltrol
of the machine, e.g. to prevent spindle rotation when the guard is open.

Regarding handwheels, the hazard of entrapment, trapping and impact resulting from power
rotatign of handwheels shall be prevented, e.g. by automatic disengagement or by using plain splid
(no sppkes) handwheels with either no pegs or sprung to safe position pegs.

Protedtive clothing and training are important. As the operator is not completely protected ffom
ejection hazards in the work zone, special attention shall’be given to the documentation,i.e.
the ingtructions for use, to ensure that the operator hasithe required qualification and uses|the
persorn]al protective equipment (PPE), e.g. safety glassés; tight fitted clothing, etc. (see instructjons
in 6.3.1 p) and, as far as possible, uses additional safety devices, adapted to the pending machining
process.

Continuous powered axis feed rate shall not ‘exceeding 2 m/min and/or a hold-to-run controfled
rapid fraverse axis speed not exceeding 5.im/min.

If Group 1 machines provide continuous powered axis feed speed exceeding 2 m/min and/or hold-to-
run controlled rapid traverse axis speediexceeding 5 m/min, then the requirements of 5.2.2 for Grofip 2

shall also apply to Group 1 machings.

5.2.2 Prptective measuresfor Group 2 machines

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

a)

b)

20

The wprk zone shall be guarded with fixed and/or interlocked movable guard(s) (see Figure 1).2).
Guards shall be'in accordance with 1SO 14120, interlocking shall be in accordance with ISO 14{119.
Guard|locking (ISO 14119) shall be provided when opening of the interlocked movable gyard
providies access to any hazards during deceleration (i.e. run-down); see ISO 13855:2010, 9.

Any machine movements shall only be possible when the interlocked movable guard(s) are/is closed.
Interlocking devices shall be in accordance with ISO 14119. 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 IEC 60204-1:2009, 9.2.5.3. For control with integrated safety
technology, SOS, SS2, SS1, and STO in accordance with IEC 61800-5-2 satisfy the above-mentioned
requirements.

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

a hold-to-run control device;

— 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 shall 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 ]. For control with
integrated safety technology, SOS, SS1, SS2, and STO in accordance with IEC 61800-5-2

satisfy this requirement.

d)

5.2

5.2

Gua
etc.
for

give
ejed

The

3] Therotational speed of the spindle shall be limited by the capability to Stop the rota
the moveable guard is open and the safety functions are effective. After a stopicon
spindle shall stand still within 2 revolutions without tool. In case of power loss.or e]

control or the power elements, coast of spindle drive is permissible.

elements with linear speeds greater than 15 m/min; where only aniimpact hazard
2 m/min where a crushing, shearing or trapping hazard exists. The safety distances
to prevent the operator or other exposed persons from reaching.into the hazard zo
according to ISO 13857:2008, Table 4 to Table 7.

3 Protective measures for Group 3 and Group 4 machines

3.1 Access to the work zone

rds shall be provided to reduce the risks listed iti“Table 2 (e.g. entanglement, crushing

by preventing access to dangerous parts/areas of the machines (see Clause 4). Gener3
Lhe selection of safeguards, where the hazards from moving parts cannot be avoided b
nin 5.1.2 and in ISO 12100:2010, Table B:\For features of guards used to minimize the
tion, see 5.12.

work zone shall be enclosed where reasonably practicable by fixed and/or interlocks

guards during machining operations! Where enclosure is not reasonably practicable (e.g.

size
ope
pro
extq
per
ope

All
acc

tion, while
himand, the
rors in the

Fixed and/or interlocked movable guard(s) shall be provided to prevent access to moving machine

exists; or
for guards
he shall be

, shearing,
| guidance
 design, is
hazards of

d movable
due to the

of the workpiece, its geometry, other special characteristics of the machine or its a
rators and other exposed~persons shall be safeguarded by a combination of other
Lected operator position by a cabin, perimeter fence, other protective devices). For exa
brnal equipment (e.gdorane) is used to load/unload workpiece to a large size machine
meter fence are mare practical safeguards than an enclosure. See 5.16 for more info}
rator cabins and‘perimeter fencing.

protective.equipment for detecting access to the work zone, such as ESPE or PSPD,
rdance with the following standards:

ESPE/see IEC 61496-1, IEC 61496-2, IEC 61496-3;

oy

bplication),
eans (e.g.
le, where
cabin and
mation on

shall be in

PSPD see [SQ 138564-1 1SQ 138546-2 IS0 13854-3

NOTE

See 3.1.8 for ESPE and 3.1.10 for PSPD.

Distances between the protective equipment (e.g. AOPDs) and the work zone shall be in accordance
with ISO 13855 in regards to the approaching speed.

5.2.

3.2 Characteristic of guards

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

a) Mounting: Where reasonably practicable, work zone guarding shall be fixed to the structure of the
machine (see ISO 14120:2015, 3.2.1). For examples, refer to Figures D.3 to D.8.
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b)

22

Observation: Where routine observation of the machine operation is required, 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 2, 8.6 on visibility
and local lighting).

Interlocking of guards:

iy

All guards through which frequent access of more than once per shift to hazardous movements
is required during operation, shall be designed as interlocked movable guards. The opening of
a guard or actuation of a protective device, in any MSO, shall cause the safety requirements of
the selected MSO to be initiated (see ISO 14118). If opening of an interlocking movable guard
exposes the operator(s) to crushing, shearing, cutting or severing, entanglement, drawing 1({) or
trgpping, impact, stabbing or puncture hazards, guard locking shall be provided (ISO 14119).

If prolpnged movement (e.g. coast of spindle) is to be expected after a power failure, accéss to|the

machine shall be prevented by guard locking device in de-energized state.

2)

3)

Mg¢asures to minimize possible defeat of interlocking device(s) shall” be taken ([see
ISP 14119:2013, 7).

When persons can have whole body access or can remain in the hazardous zone(s) without
beling visible to the operator, means to inhibit restart shall be proxided. These means can b

presence-sensing protective equipment,
door closure inhibition by technical means (e.g. secured by padlock),
double acknowledgement (inside and outside the protective device), or

acknowledgement from a position that allows viewing the hazardous area (direct activation of
the guard locking device)

Protedtive devices (e.g. gravity, spring operated-or padlock) shall be available to prevent unattended
closing of guards and trapping of persons ©rthere shall be devices available (e.g. gravity or spfing

operatied) to prevent closing of the guards:

4)

5)

d)

Interlocking guards with a startfunction (control function) shall only be used if all requireménts
of SO 12100:2010, 6.3.3.2.5are fulfilled.

When interlocking devices with guard locking are used and whole body access is possible,
either the locking is.pewer-on applied, power-on released (ISO 14119:2013, 4.3.3) or an esdape
released (ISO 14119:2013, 5.7.5.2) shall be provided.

o =

Multiple work zones: Where more than one work zone is provided on a single Group 3 machiine,
safeguards((e'g. fixed or movable interlocked guards or protective devices) shall protect|the
operator(spfrom adjacent active work zone hazards (e.g. when loading or unloading workpig¢ces
ina nén¢active work zone, cleaning). Unauthorized movement of the machine into an adjagent
nontactive work zone shall be prevented using a limiting device, e.g. mechanical stops, range
limit switches, light beams.

Alternatives to enclosures:

Access to the work zone by operator(s) from the normal (fixed) operating position shall be
prevented by local guarding (typically forming a cabin; see Figure D.6). See also 5.16.3 for
requirements of accessing the operator cabin/platform and/or 5.16.4 for requirements of
accessing machinery that is safeguarded by perimeter fencing.

Access to the work zone by persons other than the machine operator shall be prevented (see
also 5.16.3 for requirements of accessing cabin/platform and/or 5.16.4 for requirements of
accessing machinery by usage of perimeter fencing).

© ISO 2017 - All rights reserved


https://standardsiso.com/api/?name=c7270f1d34fec9c565a9df24a9bad15d

IS0 16090-1:2017(E)

5.2.4 MSO of machine operation

5.2.4.1 General requirements

Table 3 gives an overview of the mandatory, optional or not allowed modes of safe operation (MSO).

Table 3 — Overview of machine groups and modes of safe operation

Group 1 Group 2 Group 3 Group 4
Manually controlled Manually controlled | Numerical controlled Transfer and
Maode of safe hr\ving and mi"ing hnvihg and mi”ing mi”ing mar]'n'nnc’ cpnri"lpurpose
oderation (MSO0) machines without machines with limited milling and m4dchines
numerical control numerical controlled machining centres
capability
MS0 0 Mandatory Mandatory Not allowed Notfallowed
manual mode
MSO 1 Mandatory
alitomatic mode Not allowed see 522 Mandatery Mandatory
MSO 2 .
{etting modea Not allowed Optional Mandatory Mandatory
MSO 3
special mode for
manual inter-
yention under Not allowed Not allowed Optional Optional
restricted
operating condi-
II’ tionsa
llleO.Serv1cea Not allowed Optional Optional Optional
cervice mode
a lh order to allocate access authorization, itymay be necessary to provide different key switches (of other
apgropriate access means) for one machine,
NO['E 1 Example of implementation:
Key 1: Access to setting mode (andautomatic mode) for setting staff [see 6.3.1 a) 3)];
Key 2: Access to NC program code and user related NC-parameter modifications for adequately trairled staff
[se¢ 6.3.1 a) 3]].
Key 3: Access to mode of-safe operation 3 for adequately trained an authorized staff [see 6.3.1 a) 3)].
Key 4: Access to service mode for trained service staff of the machine user [see 6.3.1 a) 3)].
NO['E 2 In most@pplications, key switch 1 (setting mode) and key switch 2 (NC program code accegs) can be
ideptical.

If the machinte is designed and built so that several modes of safe operation (MSO) of maching¢ operation
(seq Table 3) with different protective measures and/or methods of operation are possible, the machine
sha|l‘be equipped with a MSO selection device.

5.2.4.2 Requirements for MSO selection system (Group 2, Group 3 and Group 4 machines only)
The selection of a MSO shall be done according to Figure 1.

The MSO selection system consists of a security system (named Security in Figure 1) and a safety
system [named Safety (SRP/CS) in Figure 1]. The sole purpose of the security system is the prevention of
unauthorized access to the safety system, which contains the actual MSO selection device and the MSO
activation device. The security system itself is not a safety related part of the control system (SRP/CS).
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MSO selection system

Security Safety (SRP / CS)
MSO access device MSO selection device MSO activation device
Access by » (Input) » (Logic)
. K
. P:stord Selection device of MSO Logical control of input data
Electronic key
Other equally secure means

Figure 1 — Border between security system and safety system

The MSO #ccess device (security) and the associated control system arrangements (SRP/CS) shall
ensure that only one MSO is selected and enabled at any time. For requirements-concerning safety

functions, $ee Annex J.

The selectipn of a MSO shall only be permitted from outside the hazardous*areas.

The MSO delection system shall be capable of being locked in the selected position. Mode selection
by itself shall not initiate machine operation. The following requirements shall be fulfilled for §ISO

selection.

a)

b)

d)

5.2.4.3 Mode ofsafe operation 0: Manual mode (MSO 0)

When MS{ (-is'selected, the following requirements apply.

a)

b)

24

If mor¢ than one location (control console) is available forAMSO selection at a hazard zone of several
machines or interacting partial machines and a different mode of safe operation than MSO [1 is
selectd¢d from an arbitrary control console of a dedicated hazard zone, the automatic cycle shall be
interryipted for this particular hazard zone before\access to this hazard zone is enabled.

Every [selected MSO shall be indicated visually [e.g. by visual display on the operating panel,
by colpured signal lamps or a text on:the user interface (HMI - Human Machine Interfage)].
See alpo 5.2.4.8 and Table 4. In spe€ial cases, if necessary, audible signals can also be ysed
(ISO 11161:2007, 8.10).

Dynampic mode selection is not.permitted when the machine is running. A dynamic transifion
between MSO 1 and MSO 3 is applicable to Group 3 and Group 4 machines only (see 5.2.4.6).

Wherg a machine has moreé than one control station, measures shall be provided to ensure that
initiatjon of commands’/from different control stations do not lead to a hazardous situation
(IEC 60204-1:2009,9.2.5.1).

If interlocked moveable cutter or interlocked moveable table guards are provided, the spindle
rotation shall only be initiated manually by a control 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 device actuated. Releasing the enabling device shall initiate a safety
related stop function of the spindle rotation according to Annex J.

Axis feed movements shall be possible with interlocked moveable table 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.

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

© ISO 2017 - All rights reserved


https://standardsiso.com/api/?name=c7270f1d34fec9c565a9df24a9bad15d

IS0 16090-1:2017(E)

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 according to Annex J.

5.2.4.4 Mode of safe operation 1: Automatic mode (MSO 1)

MSO 1 is the standard mode for production and can use the full performance of the machine. Manual
movement of the machine axes and operation with running spindle drive is permitted with all safeguards
active and guards closed via hold-to-run device or MPG (i.e. electronic handwheel) operation. When

MSO 1 (automatic mode) is selected, the following conditions apply before the machine is started.

a)

b)

d)

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

If whole body access to the hazardous area is possible, it shall be ensured that no p
present in that area. If it cannot be ensured that persons can be seen from-the position
control devices for start/restart are located, additional protective meaSures are to bq
such as presence-sensing devices or double acknowledgement inside.and outside the
work zone, or audible or visual warning (ISO 11161:2007, 8.10).

Where multiple main control cycle start devices are provided and the operators can th
each other in danger, only one shall be enabled at any time [ISO 12100:2010, 6.2.11.8
possible to start the same hazardous element by means of-séveral controls, the control ¢
be arranged that only one control is effective at any given time.

For start/restart in MSO 1, the following requirements shall be fulfilled:

the start/restart shall only be initiated fronta control station where no hazard exis

all protective devices including theirisafety related functions shall be properly
and active;

it shall be ensured that a stapt/restart is not initiated unintentionally (e.g. shrd
button);

the control device(s) forsstart/restart shall be located to allow a clear and unobstruc
persons within the hazardous area.

Movements only asseciated with loading/unloading of tools/workpieces in MSO 1 W
open shall be possible’with specific requirements stated in 5.2.5.1 e (machine with tool
5.2.5.2 ¢ (machine with tool changer), 5.2.5.3 d (machine with workpiece handling m
5.2.5.4 (maching with workpiece setting station) and 5.2.5.5 b (machine with workpied
mechanism)¢

protective

ersons are
where the
b provided,
accessible

brefore put
e)]. If it is
ircuit shall

S;

r arranged

uded push

ted view to

ith guards
magazine),
echanism),
e clamping

Machining in MSO 1 is permitted by operating machine axes with a hold-to-run coptrol or an

electronic handwheel when guards are closed.

5.2.75 Mode of sale operation 2: Setting mode (MSU Z)

5.2.4.5.1 Basic specifications

MSO 2 is a mode of operation which allows the operator to perform adjustments for the following
machining process with movable interlocked guards open and/or protective devices suspended.
Assessment of the tool and workpiece position, e.g. by touching the workpiece with a probe or tool, is
part of the setting mode.

No machining is permitted in MSO 2 with either the moveable interlocked guards closed or open.

When changing to MSO 2 from any other MSO, the working cycle shall firstly be interrupted and then
access to the work zone can be enabled (e.g. by unlocking the interlocked guard with guard locking).
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When a hold-to-run control device or electronic handwheel is used, single axis movement and spindle
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 5.8.5.

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. Releasing the
enabling device shall initiate a safety related stop function according Annex J.

The required movements in MSO 2 shall be limited to pre-set sequential steps, which, however, shall not

represent g full automation.

5.2.4.5.2 |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 following conditions:

a)

b)

d)

f)

g)

26

singular linear axis feed movements

— shpll be limited to a maximum of 2 m/min, or

— the movement shall be in steps with a maximum increment of 40 mm;
for rothry axes (including workpiece and workholding spindle);

— pefripheral speeds shall be limited to 15 m/min, and

— rofation speed shall be limited to 50 r/min (ISO 23125:2015, 5.2.4.4.1 f);

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

NOTE The number of two revolutions only réfers to the displacement/angle covered by the deceleration
procedfire. Response time of the operator s ot included, e.g. releasing the enabling device and contro] are
not incjuded.

Wherg whole body access is pessible, the limits of rotational speed or axis feed movement} or
increnjental distance [defined(ina), b) and c) above] shall be monitored (see 5.8.6 and speed ljmit
control in Table J.17, 17.3 aidy17.4). A stop shall be initiated when the speed limit is exceeded. [The
stop flinction of the movement shall be initiated by a safety related stop function according to
Annex]]. If whole body-access is not foreseen, an enabling device or a hold-to-run device may be
implemented instead of speed monitoring.

Means|shall be{provided to prevent hazardous movements of vertical or slant axes under grayity
(e.g. brjakes, ¢ounter balance, Annex G).

Unguafded swarf/chip conveyor movements shall only be initiated and maintained by a hold-to-
run cofttrotdevice oramremabhng device tfirstramd imcomjunctiom withradirectiomrcomntrot {second
hand) (see ].11.2 to ].11.4) but not in conjunction with feed axes and spindle movement.

For Group 3 and Group 4 machines only: 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 by reselection of MSO 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 by, e.g. MDI.
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5.2.4.6 Mode of safe operation 3: Optional special mode for manual intervention under
restricted operating conditions (MSO 3)

5.2.4.6.1 Basic specifications

MSO 3 permits use of the machine under manual or numerical control with guards open and/or
protective devices suspended.

The risk in MSO 3 is significantly higher than in MSO 1 due to open guards and suspended protective
devices respectively. To adequately reduce the overall risk over the service life of the machine, the
duration of use and therefore the fraction of MSQ 3 shall be limited to the absolute necessaky minimum.

The overall risk decreases proportionally with a shorter period of use of MSO 3.

By limiting the machine's performance in MSO 3, a motivation to switch back to the higher performing
MSO 1 mode, is given in this document.

Theg change from MSO 1 to MSO 3: First the operating conditions of MSO 1 shall be reduc¢d to those
dempanded in MSO 3 and shall be monitored. Then the relevant safety requiréments (e.g. the[possibility
for temporarily/partly opening of guards or the interruption of protective devices) shall be 3llowed.

Thg change from MSO 3 to MSO 1: First the higher safety requirements of MSO 1 (e.g. movgble guards
cloded or light curtain activated) shall be activated and monitobed, then the higher values of the
opefrating conditions of MSO 1 shall be allowed.

MSOQ 3 shall only be provided when details of the intended-application are known and the oprators are
trained and authorized by the machine manufacturer orsupplier. The required skill level of operators
shall be defined in the instruction handbook (see 6.3.1>a), 3).

Turhing operations are not permitted in MSO 3 (see [SO 23125).

5.2/4.6.2 Range of functions

When MSO 3 is provided and activatedthe following conditions shall apply.

a) |Individual axis speed shall

— be limited to 5 m/mimn,or

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

b) |For rotary axes{ihcluding workpiece and workholding spindle),

— peripheral'speeds shall be limited to 15 m/min and

— rotation speed shall be limited to 50 r/min [see also ISO 23125:2015, 5.2.4.4.1 f)].

c) |Spindle speed shall be limited by its braking ability. After a stop command the spindle shall stand
still within five revolutions without tool.

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.

d) Where whole body access is foreseen, the limits of rotational speed or axis feed movements or
incremental distance [as defined in a), b) and c) above] shall be monitored (see 5.8.6 and speed limit
control in Table ].17, 17.3 and 17.4). When the speed limit is exceeded, a safety related stop function
according to Annex | shall be initiated.

e) Non-programmed 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.
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2)

Axis movements shall be initiated and maintained by one of the following means:
a hold-to-run device; or
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.

g) The re Juirements of MSO2in524582 P) f) and g) shall also npplv

h) In any| of the above cases, the release of the enabling device shall initiate a safety related §top
functign according to AnnexJ.

i) Wherd ergonomic considerations in the application of MSO 3, make the use of an enabling deyice
impragtical (e.g. because the duration of necessary process observation/intervention exceeds$ an
acceptpble fatigue time for the machine operator to actuate the enabling device ‘o the manipulafion
of mulfiple parameter control devices prevents the sustained operation of an.enabling device), then
a combination of alternative engineering control measures, to reduce entanglement and crushing
risks, dhall be substituted for the enabling device. Two examples of accepted alternative engineefing
control measure combinations are:

1) A standing position safe from the machine movements for the.operator that is monitored by an
active optical protection device (ESPE), e.g. a scanning-device or light curtain, but excluding
the use of a pressure sensitive mat or similar easily defeated device, together with

— acfivation with a MSO selection device,

— ai1jeadily accessible emergency stop control deyice shall be provided,

— a (lesign that initiates a stop function by (triggering a pressure sensitive protective devide(s)
(PFPD) shall be applied to all moving machine elements that pose a crushing risk,

— the monitoring for reduced spindlé.and axes speeds shall satisfy the requirements of Table |.17,
17}3 and 17.4 (see also 5.8.6), and

— idéntification of appropriate personal protective equipment (PPE), e.g. safety goggles, protecftive
shpes, etc., shall be proyided in the Instructions for Use [see 6.3.1 a)2) and p) and 6.3.8].

2) Prptection againstentanglement risk by means of a fixed guard enclosing the rotating spipdle
and cutter or an&SPE (e.g. AOPD, light curtain) around (or in front of) the rotating spindle pnd
cufter (the position of AOPD shall fulfil the requirements of ISO 13855) together with

— activatiomwith a MSO selection device,

— arjeadily accessible emergency stop control device shall be provided,

— pressure sensitive protective device(s) shall be applied to all moving machine elements that
pose a crushing risk,

— the monitoring for reduced spindle and axes speeds shall satisfy the requirements of Table ].17,
17.3 and 17.4 (see also 5.8.6), and

— identification of appropriate personnel protective equipment (PPE) shall be provided in the
Instructions for Use [see 6.3.1 a)2) and p) and 6.3.8].

NOTE Examples of work situations and work tasks, where MSO 3 is needed, are given in

ISO/TR 16090-21.

1) To be published.
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To reduce ejection risks, the cutting speed employed in any MSO 3 application shall be in accordance

with ISO 15641.

5.2.4.7 Mode of safe operation, service (MSO Service)

MSO Service shall only be provided to service staff, who is trained and authorized by the machine
manufacturer.

a)
b)

c)

d)

f)
5.2

For

Appropriate safety instructions shall be provided in the instructions for use.

Movements of automatic workpiece changing mechanisms shall, if applicable, be carried out with

reduced speeds. The individual steps shall be initiated in succession.

Means shall be provided to prevent hazardous movement of vertical or slant axesiung
e.g. redundant restrain system (see Annex G). For requirements concerning safety fun
control function, to prevent unintended descent of vertical or slant axes, see@rinex J;

Additional safety measures shall be provided, such as secondary guafids, barriers or
combination with warning signs;

MSO Service will enable restricted automatic functionality of theZmachine or parts of

the main guards of the individual work zone can be open. The restrictions are as followy.

1) Before selecting MSO Service, a chain with warning sign shall be set up. The w3
indicates that service operations are being conducted on the machine and that un
persons are not permitted to pass beyond the point of the chain.

2) Machining is not permitted in service mode'@nd shall be systematically prevente
possible.

3) Simultaneous rotation of the spindleyand axis motion is allowed only for measur
calibration tasks.

4) If movement of tool changerCand/or tool magazine is foreseen, automatic too

er gravity,
ctions, e.g.

screens in

t, at which

rning sign
quthorized

d as far as

ement and

| changing

movements or tool magazifie 'movement shall be initiated by a hold-to-run contrdl device or

start button. It shall be possible to initiate the individual steps successively.

5) Ifthe hazard analysis_indicates that the pressure of coolant injection can create haz

interlocking guards-are open, the coolant ejection shall be disabled.

Movement shall be initiated from a control device located outside the reach of
movements ofr, if feasible, a movable control station.

6)

Multiple axes interpolation is permitted.

4.8, Symbols for displaying MSO on machines

ards while

hazardous

or manual

identification of the mode of safe operation for machines, the letter code (e.g. MSO 0

mode) or the following standardized symbols shall be used on the command devices and if necessary
on the SPS/NC display:

© IS0 2017 - All rights reserved
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Table 4 — Symbols for displaying modes of safe operation on machines

en: Meaning
Mode of_safe ISO 369/1S0O 7000 Symbol fr: Référent
operation reference no.
de: Bedeutung
en: Manual control
MSO 0 IS0 369-5.1-13

Manual mode

ISO 7000-0096

fr:
de:

Commande manuelle

Handbetatigung, Handsteuerung

Automatic control (closed loop)

MSO|1

ISO 369-5.1-15

" Commande automatique (boucle fer

_ fr: mée)
Automatid mode ISO 7000-0017
de: Automatikbetrieb (geschlossener
Kreislauf)
en: Setting
Msolz ISO 369-5.1-12 fr: Réol
/ r: Réglage
Setting hode ISO 7000-0910 ses
de: Einrichten
Msol3 en: Testrun
Automati¢ mode 1SO 7000-1942 fr: Sessibn d'essai

with manpal in-
tervention

de:

Téstlauf

MSO Senfvice
Service ode

ISO 369-5.1-44
[SO 7000-0717

=)0 @

en:
fr:
de:

Call for maintenance
Appeler le service de maintenance

Kundendienst rufen

5.2.5 Optional or additional equipmentfor machines

5.2.5.1 Additional requirements for\tool magazine(s)

If

a) Accesqto hazardous movéments of the tool magazine shall be prevented by fixed and/or interlod

b) When the interlocked movable guards are opened or the protective devices are suspended, the
magazfinedrive(s) and other hazardous movements shall be stopped and further movements s

the macHine is equipped with toelimagazine(s), the following requirements shall be fulfilled.

ked

movablle guards (see 150)14119:2013, Clause 7 and Annexes) or the hazardous movements shall be

susperjded or inhibited by protective devices. Where routine observation of the tool magazin

requirpd, means (e:g. windows) shall be provided.

be inh]bited.

eis

Lool
hall

Access openings shall be in accordance with ISO 15534-1 and [SO 15534-2.

Where whole body access into the hazard zone of the tool magazine is foreseen the same

requirements as for the work zone shall also be applied if applicable for a tool magazine (see 5.2.4.4
for MSO 1, 5.2.4.5 for MSO 2 and 5.2.4.6 for MSO 3).

Powered movements of the tool magazine with guards open/protective devices suspended are

permitted when carried out in accordance with the following:

Movements shall be initiated and maintained in a position with a sufficient distance from the
hazard area (as defined in ISO 13855:2010, Clause 8) by either:

30
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an enabling device together with direction control

Movement shall be at a reduced speed of a maximum of 15 m/min where only an impact hazard
exists or where a crushing, shearing or trapping hazard exists either be able to stop in less than

4 mm or be a maximum of 2 m/min.

a two-hand-control

The requirements of ISO 13851 type IIl B and C shall be fulfilled however, the minimum button

1CO 12001 L dad € 1

o\,you at;uu Uf 2(}9 IIII1T ill 10U 10J90J1 Ldll UCU ouoy\,uu\,u I tllblb ;O 1Y VVCI_y tU a\,tuat\, th tWO hand
devices with one hand, for example by 2 independent knob switches or rotary type swijitches. The
distance requirements of ISO 13857 and ISO 13855:2010, Clause 8 (at least 100 mm)are|required.

Or

— |an enabling device in fixed position in conjunction with a start button.
The distance requirements of ISO 13857 and ISO 13855:2010, Clause 8 (at least 10D mm) are
required.
Releasing the enabling device or one of the two hand control devices shall initiate a safety related
stop function according to Annex |.

f) |No hazardous machine movements shall be initiated from the actuation of any sensor gr feedback
device while the interlocked guards or monitored gudrds are open (see IEC 60204-1:20(9, 10.1.4).

g) |Means shall be provided to prevent hazardous;movements of vertical or slant axes under gravity,
e.g. brakes.

Safety functions for control of tool magazines-are listed in Table ].10.

5.2/5.2 Additional requirements for tool changer(s)

If the machine is equipped with tool*ehanger(s), the following requirements shall be fulfilled]

a) |Access to hazardous moyements of the tool changer(s) from any direction shall be prpvented by
fixed and/or interlocked jmovable guards (ISO 14119:2013, 7 and Annexes).

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

c) |Powered movements of the tool changer with guards open/protective devices suspengled and no
whole bedy access are permitted when carried out in accordance with the following:
Moyemients shall be initiated and maintained in a position with a sufficient distancg from the
hazard area (as defined by ISO 13855:2010, 8) by either:

— an enabling device together with direction control
Movement shall be at a reduced speed of a maximum of 5 m/min where only an impact hazard
exists or where a crushing, shearing or trapping hazard exists either be able to stop in less than
4 mm or be a maximum of 2 m/min.

Or

a two-hand-control

The requirements of ISO 13851 type III B and C 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 switches or rotary type switches.
The distance requirements of ISO 13857 and ISO 13855:2010, 8 (at least 100 mm) are required.
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f)

5.2.5.3

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

Measures shall be taken to prevent hazards from ejected tools under all operating conditions
and/or failure of power supply when the interlocked guard is open by securing the tools into the
tool changer.

Where whole body access is foreseen, information about the residual danger due to the presence of
persons shall be provided in the documentation. The same requirements as for the work zone shall
also be fulfilled (5.2.4.4 for MSO 1, 5.2.4.5 for MSO 2, and 5.2.4.6 for MSO 3).

No ha7ardous movements o g y or
feedback device while the interlocked guards or monitored guards are open (see [EC 60204+1:2009,
. In order to prevent falls or ejections, tools shall, under all operating conditienis)and/or

Means|shall be provided to prevent hazardous movements of vertical or slant axesunder grayity,

If the machline is equipped with automatic workpiece handling mechanisms, the following requiremeénts

Or

32

The p¢sitions for operators at workpiece load/unload mechanisms shall be located outside|the
work Zone and away from other hazardous machine mp¥ements.

Accesg to hazardous movements from any directipir*of the workpiece handling mechanisms shall
be preyented by fixed and/or interlocked movable'guards (ISO 14119:2013, 7 and Annexes).

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

Powerpd movements with movable interlocked guards open and/or protective devjces
suspemded shall be initiated andimaintained in a position with a sufficient distance from|the
hazard area by either:

— an|enabling device together with direction control:

movenpent shall be at-a’feduced speed of a maximum of 15 m/min where only an impact hagard
exists or where a ¢pushing, shearing or trapping hazard exists either be able to stop in less than
4 mm ¢r be a maximum of 2 m/min;

a two hand control:

The requirements of ISO 13851 type III B and C 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 switches or rotary type switches.
The distance requirements of ISO 13857 and ISO 13855:2010, 8 (at least 100 mm) are required.

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

Where whole body access into the hazardous zone of the handling mechanism is foreseen the same
requirements as for the work zone shall be fulfilled (5.2.4.4 for MSO 1, 5.2.4.5 for MSO 2, and 5.2.4.6
for MSO 3).
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f) 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 60204-1:2009, 10.1.4).

g) Means shall be provided to prevent hazardous movements of vertical or slant axes under gravity,
e.g. brakes.

Safety functions for control of workpiece handling mechanisms are listed in Table ].6.

5.2.5.4 Additional requirements for workpiece setting stations

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

— |an enabling device together with a direction control; In this case, movement shall notjexceed the
maximum of 15 m/min, if only an impact hazard exists. Where crushing{shearing ¢r trapping
hazards exist also, the movement shall be able to be stopped within a traveldistance 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 Il B and C shall e fulfilled,
however, the minimum button separation of 260 mm as statedin ISO 13851 can be susgended, if it
is impossible to actuate the two-hand control with one hafid)(e.g. by two independent kngb switches
or rotary type switches). The distance requirements of 1SO 13857 and ISO 13855:2010} 8 (at least
100 mm) shall be fulfilled.

Relg¢asing the enabling device or one of the two-hand control devices shall initiate a safety rglated stop
funttion according to Annex J.

Where whole body access into the hazardous zone of the workpiece setting station is fofeseen, the
reqpested requirements as for work zones shall be fulfilled (see 5.2.4.4 for MSO 1, 5.2.4.5 fdr MSO 2 or
5.2.44.6 for MSO 3).

No hazardous machine movements.shall be initiated from the actuation of any sensor or feedback
deviice while the interlocked guaxrds or monitored guards are open (see [EC 60204-1:2009, 10.1.4).

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) |General requirements

1) Meastres shall be taken to prevent unintended loosening of workpieces due to grayity, e.g. by
cfamps or support devices.

2} The state of the nnurnrnr“ urnrlnmnr‘a r]:\mp1ng mechanism-shall be monitored whenl connected

and ifthe requ1red actuating force e.g. monitored by pressure, current, etc., (indirect measuring
is possible) is not reached the start of operation shall be prevented, or a stop command shall be
initiated if operation has already commenced (see Table ].4, 4.2, 4.3).

3) No hazardous movement of 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
[EC 60204-1:2009, 10.1.4).

b) Movement of power operated workpiece clamping device while movable interlocked guards are
open shall be

1) restricted to a 4 mm clamping stroke or less (see ISO 13857:2008, 4.2.4.1, Table 4), or
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2) initiated and maintained by means of an enabling device together with a direction control, or

3) initiated and maintained by means of two-hand control (for two-hand controls, the
requirements of ISO 13855:2010, 8 and I1SO 13851, shall be fulfilled), or

4) ifitisrequired to supportthe workpiece by hand for fixation or adjustment, the movement shall

be controlled by a three-step footswitch (category 3) and reduced speed of maximal 5 m/min.
The compression of the three-step footswitch leads to an emergency stop or the activation of

the movement in the release direction.

For magnetically operated workpiece clamping mechanisms, the following requirements shal

]l be

fulfilled:
1) thg requirements of 5.2.5.5 a) 1) and b) shall be fulfilled;
2) cophnection via plug and socket.

When [the electrical control system is connected to the magnetic clamping plate by means o
electriral plug connection, the workpiece shall be released or clamped by actuating a control de
while the control system is connected. The generated clamping force or its pominal value calculg
by indjrect measurement shall be displayed on the electrical control deyicg prior to disconnec
and axfis movements are only permitted after verification that the displayed clamping force m
or exceeds the application requirements and that the clamping device has been unplugged. O
disconpnected, the magnetic clamping force shall remain in the clatiiping plate. Confirmation that
clamping force continues to meet or exceed the application requirements shall be done at speci
intervals according to the manufacturer’s specifications by reconnecting the device. Specificat
shall b 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 bec
once thley are unplugged, there is no connection to the clamping device.

3) Continuous connection

When fhe electrical control system is permanently connected to the magnetic clamping plate,

[ an
yice
ted
[ion
pets
nce
the
fied
ons

puse

the

or its jominal value calculated by indirect measurement shall be displayed on the electrical co

deviceland axis movements are only permitted after verification that the displayed clamping f
meets [or exceeds the applicatienrequirements. If metal is being removed in the working prod
it is ngt allowed to change the‘elamping force during the machining process. Confirmation that

workpjece shall be released or clamped by actuating a control device. The generated clamping fr}rce

rol
rce
ess,
the

clamping force continues-to-meet or exceed the initial application requirements shall be done at

specified intervals accerding to the manufacturer’s specifications. Specifications shall be give
the ingtruction for use)(see 6.3.1). The safety functions for workpiece clamping mechanisms lif
in Table ].4 are applicable for these clamping devices.

4) Connection'via sliding contacts

When [the electrical control system 1s permanently connected to the magnetlc clamping plat(

h in
ted

method allows multi-purpose applications for milling and turning operations. The requlrements of

5.2.5.5 ¢) 3) are applicable.

The magnetically operated workpiece clamping mechanism can be used without PL.

NOTE For the time being, there is no performance level available from the manufacturers.

fulfilled.
1) The requirements of 5.2.5.5 a) and b) shall be fulfilled.
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d) For workpiece clamping mechanisms operating with vacuum, the following requirements shall be

rved


https://standardsiso.com/api/?name=c7270f1d34fec9c565a9df24a9bad15d

IS0 16090-1:2017(E)

2) For these clamping devices, the safety functions for workpiece clamping mechanisms in

Table .4, 4.2 and 4.3 shall be implemented.

e) For machine warm up, filling the machine or finishing production, it shall be possible to run the
machine without workpiece(s) in the fixture in automatic mode of operation with guards closed.
In that case, the monitoring of the workpiece clamping may be disabled. The muting function shall
have the same safety level as the detection of an incorrectly clamped workpiece (see Table ].4, 4.3).

The warm up cycle shall be done in MSO 1.

5.2.5.6 Additional requirements for workpiece clamping mechanisms in case of turning

ope
The

a)

b)

general conditions are as follows.

Workpiece clamping devices, except collets, shall be clearly marked with - their
permissible speed. The work table shall be such that manual clamping deyices, primar
fitting, can be mounted. Mounting of clamping devices which are guided inyslots shall p

maximum
ly positive
[imarily be

done in such a way that the slots are closed in outside direction or bolts-are fitted to open slots to
prevent loose clamping devices from being ejected. Design of visigmpanels and steel sheets (also

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

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 pe possible

during a standstill under safe speed monitor (SSM, n =€Q)r/min; see ISO 61800-5-2:200
Non-return valves shall be provided when hydraulic or’pneumatic clamping devices are

For machines equipped with clamping devicesZother than collets and where pro
workholding spindle speed is available, a program shall not run in automatic mode
following conditions are fulfilled.

1) Machines shall have facilities for-entering and/or validating the maximum w|

,4.2.3.14).
used.

prammable
unless the

prkholding

spindle speed (milling/turning table) taking into account the maximum permissible speed of

the workpiece clamping devige:

2) Rotary movement shall enly be initiated when at least one of the following co

fulfilled:
i)

ii) the maxirhum permissible rotational speed shall be monitored (see Table ].4, 4.9

clamping deviteis designed for the maximum permissible speed of the worktak

nditions is

le;

); or

iii) wherithe requested rotary speed is lower than the speed limit of the clamping device.

3) Theelamping device shall be designed such that necessary clamping forces and torg

transferred to the workpiece.

4) “An actuating force (e.g. by monitoring hydraulic or vacuum pressure) sufficient fi

r]nmping of the ‘Alnrl(pinmn shall be maintained until the ‘Arnrkhn]ding cpinrﬂp (mil]i

ues can be

pr the safe
hg/turning

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.

5)

n valves on

Means shall be provided to monitor the workpiece clamping device actuating force (e.g. by

monitoring hydraulic or vacuum pressure) of power-operated workpiece clamping devices (for

further explanation, see Note).

6) For power operated clamping systems the following applies.

i)

of rotary movement shall be prevented.

ii)

If the required actuating force of power operated clamping device is not reached, initiation

If the workholding spindle (milling/turning table) drive is running and the actuating force

falls below a pre-set value or any other monitoring system of the workpiece clamping is
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d)

f)

g)

5.2.5.7 Additional requirements for swarf/chip conveyor anddemoval system

activated, movement shall stop initiated by a safety related stop function according to
Annex ]. If a clamping device cannot be monitored during machining, alternative safety
measures shall be provided, e.g. unbalance detection, additional workpiece retaining
device, workpiece present monitoring.

For machines with counter workholding spindles that transfer the workpiece to another spindle
while both spindles are rotating with the same speed, it shall be possible to run a spindle without
workpiece in the workholding spindle in automatic mode of operation with guards closed. In this
case, the monitoring of the workpiece clamping in either the main spindle or the counter spindle
may be disabled. Means shall be provided to ensure that at least one of the spindles is running with
an activated monitoring of the workpiece clamping

No hazardous movements of the workpiece clamping device shall be initiated from the actuafion
of any|sensor or feedback device while the interlocked guards or monitored guards areopen [see
IEC 60R04-1:2009, 10.1.4).

The pqgsition workpiece clamped and clamped without workpiece of power operated systems shall
be mopitored by the machine control in order to enable start functions for tutning movements. If
positign monitoring of power operated workpiece clamping systems is not possible, other safety
measufres shall be provided.

Safety|functions for control of clamping conditions for the workpiece are listed in Table ].4.

If the machine is equipped with swarf/chip collection and reméwal system, the following requiremé¢nts

shall be fulfilled:

a)

b)

d)

36

Accesq to hazardous moving parts of swarf/chip collection systems shall be prevented by mdans
of fixgd guards. Where operators have a need t¢’ access more frequently than once per shift,
interlgcked movable guards shall be provided-Guards shall be in accordance with ISO 14119 and
ISO 14{120.

Opening an interlocked movable guard,which provides access to hazardous moving parts pf a
swarf/chip collection and removal systém, shall initiate a safety related stop function accordinlg to
Annex]].

If movement of a swarf/chip system with an interlocked guard open is essential (e.g. for cleaning
purposes), the movement shall only be

1) permitted by meansof a hold-to-run control device according to 5.8.5, or

2) permitted by.means of an enabling device together with a start device and reduced periphpral
speed of mfax. 5 m/min. The movement shall be initiated and maintained only while|the
enpblingsdevice is actuated. Releasing the enabling device shall initiate a safety related gtop
functionfaccording to Annex J, or

3) ln tlatcd aud ulaiutaiucd ]LJ_y IITAdIIsS Uf tVVU haud LUlltl U]l. FUI tVVU }ldlld LUlltl U}D, the
requirements of ISO 13851:2002, Clause 8, shall be fulfilled. Distance requirements of
[SO 13857 and ISO 13855:2010, Clause 8 (at least 100 mm) shall be fulfilled. The movement
shall be initiated and maintained only while the two-hand control device is actuated. Releasing
the two-hand control device shall initiate a safety related stop function according to Annex |.

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

1) Design and safety distances for guards according to ISO 13857:2008, Table 3, where any other
additional measures are not provided.

2) If the measure Y in Figure 2 is shorter than 850 mm, additional measures shall be taken to
prevent reaching into the hazardous movement of the chip conveyor. Figure 2 shows a design
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example structure for a conveyor that fulfils this requirement. The following
measures shall be done:

— funnel dimensions according to Figure 2;

protective

— at least three sides of the chip container shall reach higher than the lower edge of the

discharge funnel so that the funnel reaches fully inside the container;
— design to minimize the chance of chips being held up in the funnel;

— provide a lockable device to switch off the movement of the chip conveyor

at the chip

= L
OrstIrargcarcd,

— place warning labels (pictogram are preferable) according to ISO 7010-P015 at ¢ach visible

side of the funnel;

— awarning sign yellow-black on the floor surrounding the funnel.

State in clause “Information for use” that a yellow and ablack marking oncthe floor shall Ipe noted by

the user.

Figure 2 — Safe area of conveyor

Information regdarding operating/handling the chip conveyor and container shall be g
the instructionfor use [see 6.3.1 ¢].

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

Y > 150 mm

rovided in

removal of
swarf/chip

RequiTements for guardas withr a Start function (Controt guaras) of 1ISO 1210072010, 6.3
be observed.

.3.2.5 shall

Safety functions for control of the swarf/chip collection and removal system are listed in Table J.11,

Table ].16 and Table J.17.
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5.2.5.8 Additional requirements for pits

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 coverage is
not possible, one of the following alternatives in given priority order shall be installed to prevent

persons from falling into the pit:

1) railings according to ISO 13857 and ISO 14122-1 to ISO 14122-4,

2) cables with roll-up devices or barrier chains, tapes or cables with a warning sign located at

le > -

3) chpins yellow/black with a warning sign 1 m in front of the hazardous zone (pit).

b) Wherdaccess to pits is necessary for observation, maintenance or adjustment purposes, ‘entry
the piff shall be possible via movable guards which prevent machine movement.~ \Where powsg
machifpe movements are necessary, machine elements may be moved under the(Conditions set
in5.2.4,5.2.5.3 and 5.2.5.4.

c¢) Minimum gaps between moving machine elements and pit walls or other-fixed parts shall b
accordance with ISO 13854. Where these minimum gaps cannot be achieved, additional protec
measujres shall be provided to minimize the risk of crushing or trapping.

d) If imppact hazards may also be present, the access to the moving parts of machinery shal
preverjted.

5.3 Spegific requirements resulting from electricalhazards
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 in the(relevant clauses of IEC 60204-1 shall be fulfilled:

i) | Clause 7 for protection ef\equipment, against short circuit, feeder circuit excluded
overloading. The machihelmanufacturer shall provide the user with information on hoy
provide the protection.dgainst short circuit of the feeder circuit (see 6.3.9);

NOTE The protection against short circuit of the feeder circuit is not up to the machine manufactur
ii)| Clause 8 forequipotential bonding;
iii} Clause2'for conductors and cables;

iv] Clause 13 for wiring practices;
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v) L Elause 14 for electrical motors and associated equipment

3) Electrical enclosures shall not be exposed to the risk of damage from the ejection of tools

and/or workpieces. Live parts shall not be accessible (see IEC 60204-1:2009, 6.2.2). The ris

k of

fire is not considered significant for machines where power circuits are protected against over

current (see IEC 60204-1:2009, 7.2.2).

b) Forindirectcontactwith electrical equipment, the machine manufacturer shall provide the protec

tive

bonding system of the machine up to the PE terminal and shall provide the user with information on

how to complete protection against electrical shock due to indirect contact (see 6.3.9).

NOTE See IEC 60204-1:2009, 3.27, for the definition of “indirect contact”

c) The degree of protection of all electric components outside the enclosure and the enclosures for
electrical components themselves shall be at least [P 54 if liquids can come into contact with them
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and IP 5X if not in accordance with IEC 60529. Live parts inside electrical enclosures shall have at
least IP 2X.

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 oflow-noise machine comnonents:
S T 7

b) [transmission noise by gearbox damping;

c) |pneumatic exhaust through silencers;

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 thework zone enclosursg.

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

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

Op4grating conditions for noise measurement shall beiin accordance with Annex K. The deterinination of
the|noise emission shall be in accordance with IS© 230-5. The declaration of the noise emisgion values
sha|l 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 5.8.7 See also
IEC 61000-6-2 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.

c) |Strong magnetie fields, which may be encountered at e.g. linear drives, can cause ifreversible
injuries. Throtgh' constructive measures, e.g. guards, direct access during normal operation shall
be prevented:

Warning sighs shall be set up, which emphasize the danger. The persons particularly at risk are those
with cardiac stimulator and prostheses which react to magnetic fields.

ol =g : i h PR £ . =1 o ede h 3
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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 MSO 1:

a) Dimension of coolant circuit shall be such (pipe cross section, reservoir, pumps, nozzle forms
and positioning, etc.) that 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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c) In case of a not properly functioning coolant supply, 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.

d) 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 so as to securely prevent coolant vapours and aerosols from escaping
the work zone.

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

prevented or a currently running maclilmng process Shall aqumatlcally be Eirouglit T0 a SfOiID mn

an appropriate manner, e.g. separation of workpiece and tool and shut off of tool drives. For safety
requirements, see Table ].12 and ].14.
Piping of exhaust systems shall be such that fluids flow back into the machine, so that the pipes are empty.

All metal garts within the work zone including pipes of exhaust system shall be fully connected to|the
protective ponding circuit to prevent electrostatic charge.

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

If fire and |explosion risks cannot be excluded by these systems, additional measures for limiting|the
consequenges of fire and explosion events shall be provided in accordance with ISO 19353 and EN 1147-1.

These inclyde the following measures:

— pressure-resistant enclosure of the work zone includingwindows and if necessary pressure reli¢fin
a diredtion not dangerous to personal;

— preverlting flames and hot gases from work zone-escaping into the operating area outside the work
zone ahd vicinity of the machine, e.g. flame arresting labyrinth seals on movable parts of the gugrds
(circurmpferential). For examples, see F.2;

— adequate fire extinguishing devices;

— the machine, including the contrel, shall be such that connecting fire detecting devices, e.g. [fire
extingliishing systems, fire alarm, pressure relief valves, etc. are possible according to [the
manufpcturer's recommendations (interface description).

For accessjble machines and-use of fire extinguishing devices with oxygen suppressing quenching
gases, medhanical interlocking capability for the quenching gas supply shall be provided. Additignal
measures ghall be taken(to prevent personnel from being trapped within the work zone, e.g. possibllity
for unlocking the door from the inside without the need of power supply by means of a guard locking
device with an eseape release (ISO 14119). In addition, the extinguishing system shall be provided with
a release bptten'which shall be actuated only from outside the work zone. The automatic extinguishing
system is ¢nly activated after the release button has been actuated and can only then, after a senisor
signal has been triggered, be set 1n a condition where quenching gas can stream Into the work zone.

NOTE1 It could otherwise be possible to unintentionally close and lock the door from the inside while the
machine is switched off and quenching gas could 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,

— prevent further air flow into the work zone, and
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— 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 explosion.

e)

NOTE 1

bec

NOTE 2

Safety functions for extinguishing systems shall be in accordance to Table ].14.

Further measures of risk reduction depend on the actual conditions of use of the machine
onsidered individually.

causeafire

and have to

Accumulation of fluid and dried materials and contact with hot swarf/chips within the piping can

5.6

For
of f

The
flas
a dd
100

5.6

2 Minimum quantity lubrication (MQL)

minimum quantity lubrication, the risk of fire and explosion is primarily determined by 1
ammable swarf/chips and dusts.

flashpoint of minimum quantity lubricant used shall be considered. In\principle, lubric
hpoint of at least 150 °C shall be used. When used in accordance withyits intended use, €
ngerous explosive air-/vapour mixture is not likely to occur if the‘eonsumption rate rem
ml/(m3/h). If this is not ensured, a machine extraction system js.niandatory.

3 Dry processing and combustible dust

he amount

ints with a
volution of
ains below

A npechanical interface for an air-extraction system is tnandatory [see 6.3.1 q) for documentation

req

An
dus
of ¢

1irements].

bxplosion risk shall be considered for accumulations of combustible dust (as an example fi
t) and especially for light metal dusts,.e;g" aluminium, titanium and magnesium.
eposited combustible dust can lead to a\hazardous explosive atmosphere. If fire igy

alu

inium, titanium and magnesium dust is foreseen with the intended use of the

appjropriate gasses or dry powders shal]l\be used in the extinguishing system such as CO3 or

A hjigher risk of fire exists in areas/in which great amounts of combustible swarf/chips

emg
are
If fi
the
dur]

Mag
mag

5.6

rge and accumulate. In addition to the work zone of the encapsulated system, the pipe
h of the exhaust system inrwhich fine dust can be separated and dispersed shall also be ¢

be areas, it is not permitted to use compressed air as this will cause dispersion of the du
ing machining (see‘Annex F and Annex ], ].4, Table ].14).

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

4 Requirements for biological or microbiological hazards

pr graphite
Dispersion
ition from
machinery
inert gas.

and dusts
5 and filter
onsidered.

he dry combustible dust particles are cleaned up or dispersed, a possible risk of explosion exists. In

5t particles

hin sealed

The

fellowing are the requirements for biological or microbiological hazards:

a)

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;

b) 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;

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

d)

the metalworking fluid system shall be provided with filtration;

e) 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;
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f)

g)
h)

j)
k)

with the lepst possible exposure of operator to the fluid.

5.7 Spegific requirements resulting from neglect of ergonomic principles hazards

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

42

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), that
enclosure shall be designed to provide an interface between the guard enclosure and an extraction
systenf. The positioning of the intertace shall take into consideration the internat airtlows generated

by themachine when in normal operation to enable effective operation of the extraction systent;
provisjon shall be made to empty metalworking fluid reservoirs completely;

means|shall be provided to enable

ISO 12[100;

ISO 63B5;

ISO 14y 38;

ISO 15p34-1;

ISO 15p34-2;

EN 1005-1, EN 1005-2 and-EN 1005-4.

fl4id samples to be taken,
sumps and pipework to be cleaned, and

filters to be changed

The refquirements for-tbhealthy posture or excessive efforts (repetitive strain) include the degign
of maghines in accordance with ergonomic principles so as to avoid excessive effort, unhealthy

posturje or fatigué&during use and in particular:

3)

4)

rkpiecCes, tooling and accessories shall be easy to move. For requirements on liffing
ipment, see 6.3.1 i).

wlTere work handling equipment, NoiSts o 11T TiNg JdeVices are required, provision snail be made
for their installation and operation (e.g. by making work zone access possible through the top
of the machine when movable guards are partially open);

where parts are manually loaded, their fixtures, tool pockets or tool holders shall be
positioned to prevent excessive reaching into the machine (see ISO 9241-400, [SO 9241-410 and
ISO 11228-1);

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, 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).

b) 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 ISO 6385, ISO 9241-400, ISO 9241-410; ISO 9355-1,
[SO 9355-2,1S0 9355-3; ISO 11228-1, ISO 13855.

c) Work zone lighting shall be provided in all safe operation modes. It shall be at least 500 I1x at the tip
of the tool with the interlocked moveable guard open.

d) [For design location or identiiication of manual controls, INput devices (€.8. keyboards,K¢ypads and
push buttons) shall be in accordance with ISO 9355-1 and ISO 9355-3.

e) |For design or location of visual display units, screen displayed information shall bg clear and
unambiguous. Reflections and glare shall be minimized (see ISO 9241, ISO 9355-1 and [§0 9355-2.

f) |Equipment and accessories indicated in the Instruction handbook and‘not readily avfailable, for
adjusting and maintaining the machine shall be provided.

5.8| Specific requirements resulting from unexpected start-up, over-run or oyer-
spged hazards

5.8/1 General

Theg requirements are the following:

a) |Electrical control systems and SRP/CS shall be ‘designed in accordance with
— IEC60204-1,

— IEC 62061 or ISO 13849-1, and

— IS0 13849-2.

b) [pneumatic systems shall be in accordance with ISO 4413;

c) |hydraulic systems shallbe4in accordance with ISO 4414;

d) |where access is provided to programmable functions for alterations in MSO 1 (automaticmode), e.g.
for tool geometry offset correction, it shall be lockable to prevent unauthorized access §o program
data or programmable functions. This may be achieved by the use of a password, key switch or
adequate aceess device;

e) |safety-related software shall be protected against unauthorized reconfiguration. In particular, it
shallnot be possible for the user to suspend the operation of safety function (including Interlocked

gdards) by means of sequences inserted in or called up by the part program. This may he achieved
hy the use of 2 pacc\/\lnrd, l(r—\y switch or adpqn:ﬁ'p access device

5.8.2 Starting
The requirements for starting are the following.

a) Where multiple hold-to-run control device locations are provided (e.g. main control station, hand-
held pendant), only one shall be functional at a time (see Table ].15, 15.2 for switching control
sovereignty).

b) In MSO 1 (automatic mode), the machine shall only be started or restarted when the guards are
closed 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 14118:2000, 6 when the movable guards are open or in MSO 0 (manual mode). See ].2 for safety
function 8 (SF 08).

5.8.3 Normal stop

a) Machinery shall be fitted with a control device whereby the machinery can be brought to a
complete stop.

b) Each machine shall have a stop function according to IEC 60204-1:2009, 9.2.5.3 and 9.2.2.

c) Them

hchinery's stop control shall have priority over the start control.

5.8.4 Emergency stop

Each mach|
required, t|
IEC 60204

An emergg
accordancg

ine shall be fitted with one or more emergency stop devices. When a sequenced shutdow
he emergency stop functions shall be category 0 stop or category 1 stop.ifi\accordance v
1:2009, 9.2.5.4.2,1S0 12100:2010, 5.5.2 and ISO 13850.

ncy stop function shall be initiated by an emergency stop device(s) which shall b
with [EC 60204-1:2009, 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
Group 4 m

in control panel,
brtable 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 3.1.18) and it is possible for a perso
 oneself from inside the enclosure.

achines shall additionally provide a “ptll wire” actuated emergency stop device along

length of the machine. Alternatively, discrete emergency stop devices shall be installed at a distand

max. 10 m

Where em
followed.

5.8.5 Sa

The combi
signals are
control un

(1SO 13850:2015, 4.4).

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

fety related parts of.control system (SRP/CS)

hation of safety‘related parts of a control system starts at the point where safety reld
generated (e:g emergency stop device, position switch) and ends at the outputs of the po
t (e.g. mainzeontacts of a contactor). If no hazards occur in de-energised state, power u

such as mqtors or detuators are not considered to be parts of SRP/CS. If external forces take effect

on vertical
valve on ad

axesy),,power units shall additionally be equipped with safety related parts (e.g. non ret
tuators, additional mechanical brake).
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Safety functions shall meet the requirements for the performance level of ISO 13849-1 as given in Tal
J.2 to ].22. In addition to the safety functions given in Annex ], the following applies.

a)

bles

Hold-to-run control device: If the required performance level (PLr) as stated in Annex | cannot

be achieved by the sole application of a hold-to-run control device, a combination of hold-to-run
control and enabling device shall be applied (that complies with PLr = d, category 3 according to
[SO 13849-1).

b)

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 according to ISO 13849-1).

the emergency stop device shall be wired in category 3 according to ISO 13849-1 (see Figure 3)

44

Emergency stop device: Although the required performance level according to Annex | is PLr = c,
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L [
Safe Logic

Output X

Figure 3 — Schematics of an emergency stop circuit

d) |Enabling device and wiring: Category 3 according to ISO 13849-1shall be used.

5.8/6 Monitoring rotational speed limits and limits of linear and rotary movements

The following requirements apply only to machines of Group2, Group 3 and Group 4 (they dp not apply
to Qroup 1 machines).

a) |The maximum permissible spindle speeds and~other linear speeds and rotary speefls shall be
monitored in accordance with Table ].17, 17.3.and 17.4 in MSO 2 and MSO 3 with guards hot closed.

b) [Movements caused by electrical, hydraulic'or pneumatic, which are not required to be monitored,
shall only be initiated and maintained:in conjunction with an enabling device while guards are not
closed. The speeds shall be reducedsaccording to the selected MSO (see 5.2.4) and, if apglicable, the
requirements stated in 5.2.5 fop-optional or additional equipment shall also be fulfilled.

c) |If the maximum permissible.rotary speed or the speed limit of a monitored motion is ¢xceeded, a
stop shall be initiated automatically by a safety related stop function according to Annek J.

5.8{7 Requirements for electromagnetic compatibility of electrical equipment

Theg requirements férelectromagnetic compatibility of electrical equipment are the followi

designedin accordance with IEC 61000-4-2 and for BURST with IEC 61000-4-4.

b) easures to

Emission: Electric/electronic design shall apply technical information and physical

— mixed environment, light-industrial environment, [EC 61000-6-3, or
— industrial environment, IEC 61000-6-4.

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

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.
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b) Interruption or failure of the power supply shall not result in a hazardous loss of workpiece
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 automatic restart of interrupted movements of
machine parts or reactivation of fluid supply, etc. or the machine itself (see ISO 12100:2010, 6.2.11.4
and ISO 14118).

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

e) Systensshall be designed so that a line rupture in any circuit (€.g. broken wire, pipe or hosgj will
not regult in the loss of a safety function (see IEC 60204-1, ISO 4413 and ISO 4414).

f) Means| shall be provided for the isolation of the energy supply (see 1SO 4413:2010,/5.4.7{2.1;
ISO 4414:2010, 5.2.8 and IEC 60204-1:2009, 5.3.) For the dissipation of stored energy, see flso
ISO 14{118:2000, 5.3.

g) If the thachine is provided with its own hydraulic unit and/or pneumatic compressor, the electifical
disconnection of the machine shall also disconnect the electricity for the motor of the pump and/or
the conpressor. If the machine is supplied with external hydraulic and/or pneumatic energy,|the
machine shall be provided with reliable manually operated and lockable devices (e.g. ball vaflve)
which fulfil the requirements of ISO 14118:2000, 5 for a disconnection from the supply. If automfatic
dissipdtion of energy is not possible due to isolation (see 1S0-44118:2000, 5.3.1.3), facilities for
dischafging the remaining pressure shall be provided. These devices may include valves but|the
disconjnection of pipes in not permitted.

NOTE Iin case of power failure or errors in the control or the power switches, coast of spindle drives canngt be
excluded. Also, slight sag of gravity loaded axes cannot be prevented due to the response time of the mechanical
holding brake.

5.10 Reldase of trapped and/or clamped peérsons

If there is p risk for persons to be trapped;jammed, clamped or crushed by the machine with power
supply (e.g. workpiece clamping with doofs open), manual operated means shall be availabl¢ to
depressurise and de-energize the relevant actuators to release the trapped person. These means ar¢ for
example:

— manudlly operated relief valves to depressurise systems under pressure;

— manudl actuated valveSwhich shall be clearly marked with signs in the local language where|the
machine is used or apictogram; and/or

— manudl operatedifacilities to start counter motions (only suitable for horizontal axis).

5.11 Spegificrequirements resulting from errors of fitting hazards

Any part dismountable by the user for setfing or maintenance purposes (e.g. tool holder and
mechanical devices), shall have provisions for preventing errors of fitting, e.g. pins, asymmetrical
mounting (see 6.3.1).

5.12 Specific requirements resulting from ejected fluids or parts

5.12.1 General requirements

Guards shall protect the operator from reaching into hazardous movements of the machinery and
shield the operator from ejected parts (e.g. chips), fluids and compressed media, which occur during
the regular machining process of workpieces. It shall not be the sole responsibility of these guards
to protect the operator from ejected workpieces/equipment which do not belong to the scope of this
document.

46 © IS0 2017 - All rights reserved


https://standardsiso.com/api/?name=c7270f1d34fec9c565a9df24a9bad15d

IS0 16090-1:2017(E)

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.

5.12.2 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 1ntercepted The guards shall be designed in such a way that accumulation of swarf/chips and

fl £l pa | |
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Standardized calculations shown in Annex A shall be applied to determine the potentiakKingtic/impact
enefgy which are generated by ejection of parts. The guard strength is a function of/guard thickness
and guard material. Annex B shows minimum required guard thicknesses depending on usefl materials
to yithhold an impact energy generated by a projectile weighing 100 g. Anwex A (calfulation of
kingtic/impact energy) and Annex B (required guard thickness depending en.guard materipl) shall be
applied to determine guard thickness (as function of applied material) in“order to minimize the risk
of gjection of parts. If it is foreseeable that parts which belong to the original delivery s¢ope of the
machine and are heavier than 100 g, can be ejected during regularimachining operations{ an impact
tesffaccording to Annex A shall be done by the manufacturer of the-thachine taking appropriate masses
intq consideration. Shooting equipment as illustrated in Annex B.can be used.

For|machines that provide additional operations, such as‘“turning operation or grinding|operation,
simifilar calculations are provided in the relevant standards*(for turning operations use calqulations of
[SO|23125:2015, Annex A and for grinding operations use-calculations of ISO 16089). The opgration that
reqpires the highest guard strength shall be used forthe final guard design of the machinery.

In gddition, measures regarding clamping (see;5.12.3, 5.2.5.5, 5.2.5.6, Table ].4 and Tabfle ].2) and
follpwing proper instruction for use (see Clause*6) are given to reduce the risk of ejection.

NOTE The hazards associated with ejectéed workpieces and parts of the machine are significant. This
starjdard uses current, state-of-the art methods to determine guard thicknesses which will retain the majority
of these within the enclosure in the evient of an incident which has been used successfully for many years (see
Annlex A). However, it is a physical impossibility to guarantee that all types of such items will pe retained
(degendent upon their weight, size*and ejection energies, etc.). New calculation methods regarfling impact
enefgies of these items will be in¢luded in future revisions of this document as they are produced by industry
andfacademia.

Where guards are fittedwith viewing panels which are also intended to contain ejected pafts, special
conkideration shall.be given to the selection of materials and methods of fixing (see ISO 14120:2015,
5.4.P). Materials'stieh as polycarbonate, which have a reduction in impact resistance over time (aging)
duelto contamination (e.g. by lubricants, metalworking fluids, cleaning agents, solvents) anf abrasion,

NOTE Annex A outlines a test procedure for the strength of materials in relation to maximum spindle speeds,
cutting tool diameters, insert masses.

5.12.3 Power-operated workpiece and tool clamping

a) Power-operated workpiece and tool clamping shall be designed to avoid risks of ejection due to
intervention of the emergency stop or failure of the power supply. Tool/workpiece clamping force
shall remain intact until standstill (e.g. by using non-return valves on the hydraulic system or a
self-locking clamping device).

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 safe

© IS0 2017 - All rights reserved 47


https://standardsiso.com/api/?name=c7270f1d34fec9c565a9df24a9bad15d

ISO 16090-1:2017(E)

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 safe operation. Unclamping of the workpiece by actuation of the workpiece clamping
cylinder during spindle rotation shall be prevented.

5.12.4 Ad

ditional requirements for Group 3 and Group 4 machines

In addition
be provide
operator p
of this safé

The displacement of this safeguarding shall be interlocked with guard locking to the’machine

displacems

It shall be ¢
guard lock

5.13 Speq

Machines

conditions
foundation
the bolts a

5.14 Req
a) Places
be des
footho
shall b

To avoj
from €
prever

b)

for usd.

5.15 Req
high part

Where fre
fixed work]

guarding shall be interlocked [see 5.2.3.2 ¢)] with the drive system(s) for displaceme

nt.

nsured that the hazard zone cannot be reached when opening an intexlocked guard with
ng before the hazardous machine motion has been stopped (see 1S0;13855:2010, Clause

ific requirements resulting from loss of stability hazards

thall be designed and constructed so that they are stable under foreseeable opera
and without risks of overturning, falling or unexpected movement. When the us
bolting is one of the measures used to help preventoverturning, manufacturers shall spe
\d foundation requirements necessary.

1irements resulting from slips, trips, and fall of persons hazards

of work and means of access on machines (such as ladders, platforms and walkways) s
igned to minimize the likelihood. 0f slips, trips, and falls by the provision of handhd
|ds, and, where necessary, slip-riesistant surfaces. Warnings about hazards and precaut
e given in the information for use (see 6.3).

id contamination of floor's by coolants, the work zone shall be designed to prevent coo
scaping. The pipe work from and to the coolant system shall be securely installed in orde
t pipe damage and-trips and falls. Appropriate details shall be provided in the Informa

1irements resulting from accessibility for maintenance or troubleshooting o
5 of thednachine

, for use in MSO 1, plain fixed and movable interlocked guard(s), if access is necessary, shall
d at the operator platform or machine bed and shall extend over at least 1 800 mmcfrom|the
psition floor and have the width of the operator platform or machine bed. Any movable part

(s).
bed

out
0).

[ing
e of
cify

hall
Ids,
ons

ant
rto
fion

Juentaccess is required (i.e. at least once per shift), permanent means of access, suc

as

ing platforms with fixed railings and toe boards against falling hazards (see ISO 14122-2) or

stairways

nd ladders (see 15U 1414Z2-3], shall be provided.

If only occasional access is required and the height is above 2 m, one or both of the following means
shall be provided: supports for safety belt and/or means to attach movable ladders. For occasional

access, see

48

also Clause 6.
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5.16 Requirements for machinery with operator cabins and perimeter fencing

5.16.1 General

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

a)
b)

one or more person(s) need to enter the work zone,

operator(s) need to leave or access the control cabin, which is in the work zone, or

c)
Int
sha

5.1

The
ent
magq
con|

Ac

guards/perimeter fencing during machine operation shallbe'worked out (see also Annex H)

NO1
and
any

Acc
or @
ope
pro
The
iso
mag

Sec

5.1

5.1

For

large workpieces (2 m or more in heights) need to be machined.

hese cases, additional requirements need to be fulfilled. Information regarding these requirements

| be described in the instruction for use section (see 6.3).

b.2 Overall concept for entering/leaving machinery

overall concept of entering and leaving the machinery shall be in that way, that the f
ering the machine has actively to allow further person(s) to enter.in’the safeguarded
hine. This can be done by controlling one of several interlocked’guards with guard

bination with a security device, mainly with an electronic key §ystem or equal measurejg.

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

E Doing it this way, the person inside the machine-allows actively other person(s) to enter
is, therefore, aware who and how many other persof(s) are inside the safeguarded zone of the
time.

bss to the cabin in MSO 1 shall not require-ehtry into the hazard zone enclosed by perime
ther protective devices. Where this is«ot possible, because of the machine configurati
rational constraints, additional safeguarding for an access route to the operator positi
vided.

overall concept of leaving the control cabin in MSO 2 or MSO 3 shall ensure that the per

rst person
rone of the
locking, in

utside the

he machine
machine at

ter fencing
bn or other
bn shall be

son, which

itside the control cabin, but within the safeguarded zone, has the direct control of movenpents of the

hine.

bndly, it is to ensurethat the person is wearing safety belts by entering workpieces in he

b.3 Requirements for moveable/adjustable operator cabins and operation platforms

.3.1 General

design, testing, marking, documentation for use and maintenance requirements make r

ght.

bference to

EN

b28. The following specifications prevail on EN 528 in case of conflicts.

5.16.3.2 Strength and stability

Cabins/platforms shall be designed so that any failure due to fatigue, aging, wear and corrosion is
prevented. The rated load (excluding persons) and the number of persons and maximum permitted load
to travel on the machine are the design data to be stated by the manufacturer.

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

An operator platform/cabin shall be designed and constructed to withstand the overload in the static
tests without permanent deformation. For static testing procedures, the operator platform/cabin
shall withstand 1,25 times its load. For dynamic testing procedures, the operator platform/cabin shall
withstand 1,1 times its load (see EN 528:2009, 9.5.1).
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Signs shall be placed at the operator platform/cabin for its maximum allowable load capacity and the
maximum number of people allowed on platform or in cabin at one time.

5.16.3.3 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.

5.16.3.4 Functional design

n of the operator platform/cabin shall have a minimum width of 600 mm, preferably 800 Ilnm,
om shall be atleast 2 100 mm (ISO 14122-2).

The walk-i
and headrgq

Operating
railing of a
(ISO 14122

platforms/cabins shall be fitted with skirting and be equipped for fall protection with a
[least 1 100 mm in height, if the height of the operator platform/cabin is higherthan 500 fnm;
-2 and 1SO 14122-3).

Surfaces o
The differq
also EN 52

floors of operating platforms/cabins shall be as such that they redtice the risk of slipging.
nce in height of adjacent flooring at the same level shall not exce€d4# mm (ISO 14122-2;[see
B:2009, Clause 6).

For protec
platform/c
objects (se

tion of operator(s) from high pressurized media or the ejéction or falling of objects,|the
abin shall be equipped with screens that absorb the energy of those predictably thr¢wn
e 5.12).
The operatjor platform/cabin shall be adequately illuminated @300 1x) and sufficiently ventilated.

Access to the operator platform/cabin shall be possibleswithout any risk. Interlocked guards shalll be

provided t
shall be se
risk of falli

Moving pa

hg.

h protect against crashes and prevent access to hazardous movements. Interlocked gue
fured against accidental opening and shall only open in one direction in order to prevent

'ts shall be designed in a way that squeezing, pulling, shearing, etc. is not possible to occ

rds
any

The operafor platform/cabin shall be designed so that vibrations cannot cause any harm to the heplth

of passenger(s) respectively operatof (§).

If access to
zones of th

ous
0 3.

the machine from a gperating platform/cabin is required, the access options to hazard
e machine shall be designed in accordance with the requirements of MSO 1, MSO 2 and MS§

If it is reqyiired to opena door of the operator platform/cabin in a raised position (e.g. to step (
workpiece], the platferm/cabin shall be equipped with suitable anchor devices, designed and te{
according o EN 795.

na
ted

When the
suitable fa

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

A a

During normal operation, the area under the operating platform/cabin shall be inaccessible. If there
is a crushing hazard to persons situated under or above the operator platform/cabin or between the
platform and other stationary parts of the machine, provision shall be taken to block or turn off the
motion of the operator platform/cabin for sufficient clearance.

5.16.3.5 Actuators, limitation of movement

The platform/cabin shall be equipped with hold-to-run devices to control the movements. Those
actuators have priority over all other controls, except the emergency stop devices. The movement of the
operator platform/cabin shall only be possible with doors closed. An acceleration or deceleration of the
movement of the operator platform/cabin shall not cause any hazard.
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In order to prevent collisions between the operator platform/cabin with any obstacles and also against
collisions of moving obstacles with the operator platform/cabin, appropriate means to shut down the
movement shall be provided (e.g. ESPE, PSPD). If the colliding speed is lower than 15 m/min, no means
are necessary.

5.16.3.6 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 d
its
uni

In
ten
If 1
pro

Med
ope

5.1

Apr
firs
In @

appropriate means taken at the place of use.

Thd
of s

5.1

Wh
pos

blevated position (e.g. through emergency descent by means of a ladder or depressutiz
hterrupted power supply (UPS) supplying energy for the required movements).

fase of power failure or prolonged shutdown or changes in environniental cond
perature), the platform/cabin shall not independently change its position(fthis leads to
ecessary, appropriate holding devices, monitoring devices and readjustment devicg
vided.

ns shall be provided that allow the control of the platform/cabin, which is control of mot

b.3.7 Testing and commissioning

ropriate measures to ensure proper functioning 6f-the platform/cabin have to be t
[ putting it into service. That requires performing“tatic and dynamic tests of the platf]
ase the assembling of the platform/cabin cannot be done at the manufactures site, the

manufacturer of the platform/cabin shall provide information in the documentation on
brvice inspections are required and what intervals those inspections shall take place.

b.3.8 Additional requirements-for cabins located in the work zone

bn the machine operatorgrequires access to the work zone from the protected (fixed]
tion (cabin), e.g. for setfing purposes, the cabin shall be designed so that access is possil

ase of power failure, means shall be provided, which allow leaving the platform/cablin, even in

htion or by

tions (e.g.
a collision.
s shall be

on and the

ning of doors (e.g. to release people), from the ground level and\outside the platform/cabjn.

hken when
prm/cabin.
re shall be

what kind

operating
le through

an interlocked movable guard from within the cabin. Alternatively, the movement of a movdble control

staf
the
isr
seld

Wh
cab

ion from the cabin‘ppsition shall have the same effect as the interlocked guard above. O
machine in MSQ“(automatic mode) shall only be possible when the movable control stat
blocated in the'cabin. Any other powered movement of machine elements shall only be 3
ction of the:appropriate MSO (see 5.2.4).

bre a_cabin is provided for Group 2 and Group 3 machines, it shall be possible to acces
n i MSO 1 (automatic mode) without any risk.

peration of
jon (above)
chieved by

5/leave the

If t

1 1 1 £ £ ) ra £ 1 RN 1
1€ OpPCldiul ' ICavES UIT LADIIT ITUIID a4 54d1€ PUSILIUIT [€.5. TCdl dI'Td Ul LT ITIdUIIIITIC) alltu

1e cabin is

moving not 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. During the leave and return to cabin,

the

For

©IS

acceleration shall not exceed 0,5 m/s2.

accessing and leaving the cabin the following applies.

During operation in MSO 1, it shall be possible to traverse the cabin to the position in which the

cabin is accessible.

If itis necessary to exit at a position other than the normal position for e.g. measuring pu
requirements of 5.16 shall be applied.
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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).

Where a cabin is provided for Group 2 and Group 3 machines, it shall be possible to leave and return to
the cabin in MSO 2 and MSO 3 without any risk. During operation in MSO 2 or MSO 3, it shall be possible
to have access to the workpiece in each position.

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 have to confirm, before leaving the cabin, that all person(s)in
the calpin wear the safety belt; without confirmation, it shall not be possible to open the interlod

guard pf the control.

No m

side
ked

ement of the machine will take place, when the interlocking guard withcguard locking is

openedl.

featur

5.16.4 Re|
The requir

When acce
gates) shal

5.17 Veri

Verificatio
accordancg

The injitiation of movements shall only be possible with a movable contrpohstation (e.g. pend

ng an enabling device and which has precedence over the control panel within the cabin

quirements for perimeter fencing
ements for perimeter fencing given in [SO 11161:2007, 8:5.2 are applicable

ss to the work zone is prevented by perimeter fencing all the provided access points
be interlocked (see Annex H).

fication of the safety requirements and/or protective measures

with Table 5.

Table 5 — Verification methods

hnt)

e.g.

W of conformity with the safety requirements and/or protective measures shall be dong in

Clause/ Verification method
cfzjlllll)s-e ftem in;,[i)zzf:lilon Funt(;tsi(t)nal ‘ Measurement | Calculation | Documentatjon
5 Safety requireménts and/or measures
51 General requjrements
5.1.1 ||General | X | X | | | X
5.1.2 ||Required characteristics for guards of all machine groups
5.1.2.1 ||General X
51.2.2 [Fixéd Guards X X X
.23 Moeabeinter | x : .
5.1.3 Power-operated moveable guards
5.1.3.1 General X X
5.1.3.2 Automatic mo-
tion initiation by X X X X
control system
5.1.3.3 Manually pow-
er-operated X X X X X
moveable guards
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Clause/
sub-
clause

Item

Visual
inspection

Functional

test

Verification method

Measurement

Calculation

Documentation

U1

2

Specific requirements resulting from mechanical hazards

vl
N
[

Protective meas-
ures for Group 1
machines

X

X

>

U1
N
N

Protective meas-

ures for Group 2
machines

X

X

>
-

¢

Protective measures for Groups 3 and Group 4 machines

\6)

U1
N
e
[N

Access to the
work zone

X

-
)
[3%)
)

Characteristics of

guards, specific
requirements

X

U1
N

MSO of machine operation

2
N
|4= 'S
A

General require-
ments

X

1
i
‘:P
N

Requirements
for MSO selection
system (Group 2,
Group 3 and
Group 4 ma-
chines only)

MSO 0: manual
mode

MSO 1: automatic
mode

X
Vaad

\&
.\Q

MSO 2: setting mode

Basic specifica-
tions

TN

Range of func-
tions ‘O)O

SRR B R
IR R

3
)
I~
N

MS rvice

X

I~
(oe]

_&nn)ols for MSO

X

bptional or additional equipme

nt for milling machines

g
[
>
i

S

Machines

equipped with
tool magazine(s)

X

X

X

Machines
equipped with
tool changer(s)

T

Machines
equipped with
workpiece han-
dling mecha-
nisms

Workpiece set-
ting position
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Table 5 (continued)

Clause/ Verification method

sub- Item Visual Functional
clause inspection test

5.2.5.5 |Additional re-
quirements for
powered work- X X X X X
piece clamping
mechanisms

Measurement | Calculation | Documentation

ions for work-
piece if turning X X X X X
operation is
provided

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

5.2.5.8 Additional re-
quirements for
machines includ-
ing pits

5.3 Specific require-
ments resulting
from electrical
hazards

5.4 Specific require-
ments result-
ing from noise
hazards

5.5 Specific require-
ments resulting
from radiation
hazards

5.6 Specific requirements resulting from material or substance hazards

5.6.1 Combustible
coolants

X X X X

5.6.2 Minimum quan®

ity lubricatigh X X X X

(MQL)

5.6.3 Dry processing X X X X

and‘combustible
dust

5.6.4 Requirements
for biological or
microbiological
hazards

5.7 Specific require-
ments resulting
from neglect of X X X
ergonomic prin-
ciples hazards

5.8 Specific requirements resulting from unexpected start-up, over-run or over-speed hazards
5.8.1 General X X X
5.8.2 Starting X X X
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Table 5 (continued)

Clause/ Verification method

sub- Item Visual Functional
clause inspection test

5.8.3 Stopping X X X X

Measurement | Calculation | Documentation

5.8.4 Emergency Stop X X
5.8.5 SRP/CS X
5.8.6 X

Speed monitoring

R > > <

compatibility ,\/\
Specific require- X (.LQ )
ments resulting ,\ |
form failure of Q,

any power supply

Release of X @\) X
trapped and/or N

clamped persons CO
Specific require- X X g\\“‘
ments from

)
errors of fitting Q<<
Q

hazards

= Il - s
E.Q_L LICTLTUIIIdg IITUIT N N

z

2

i
= | =
B

Specific requirements resulting from ejected fl@(d? or objects hazards

S
c

General require-
ments

Guards for
Group 3 and X R\ X
Group 4 machines 3

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

Specific require- »
>

ments resulting |-
from slips, trip <J X X X
and fall of pe b

sons hazarg

5.1b Requir ts
resu from
a &5“1 ility for

tenance or X X
'trouble shooting

& on high parts of
S

the machine

X X @& X X X

g
-
N

|.°"
Y
i)

4

5.16 Requirements for machinery with operator cabins and perimeter fencing
5.16.1 General X X

5.16.2 Overall concept X X
of entering/leav-
ing machinery
5.16.3 Requirements X X X X
for movable/ad-
justable operator
cabins/platforms

5.16.4 Requirements for X X X
perimeter fencing
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Table 5 (continued)

Clause/ Verification method
sub- Item i i
clause in;gzlé?ilon Funtcet;(t)nal Measurement | Calculation | Documentation
6 Information for use
6.1 General X X
6.2 Marking X X
6.3 Instruction for use
Q._&.l 'GCIIUI cl} X X
6.3.2 Tooling X X
6.3.3 Workpiece X X
clamping
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
be addressed by
the machinery
user
6.3.8 Installation in- X X
structions for the
machines
6.3.9 Cleaning in- X X
struction for the
machine
6.3.10 Machinery with X X
operator cabins
and/or perime-
er fencing
6 Information for use
6.1 General
For genera| information‘that shall be provided, see ISO 12100:2010, 6.4.
6.2 Marking
Machines dhall hear markings in a distinct and permanent manner in accordance with 1SO 12100:2010,

6.4. At least the following markings shall be provided:

a) for its unambiguous identification:

1) the business name and full address of the manufacturer and, where applicable, the authorized
representative;

2) the designation, the series or type of machine;

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

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

b)

56

in order to indicate its compliance with mandatory requirements, i.e. the mandatory marking;
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NOTE The mandatory marking for Europe is the CE marking.
for its safe use:
1) the maximum permissible spindle speed of the spindle(s), in revolutions per minute;

2) the machine shall be provided with an appropriate warning sign, if a fire and/or explosion risk
exists. The marking shall also indicate how to extinguish the fire.

Instruction for use

6.3

An
stat

Thd
ass
suff

The
safd

a)

1 General

nstruction handbook in accordance with ISO 12100, completed with the specific information for the
ed milling machine, shall be provided with the machine.

instructions for use shall provide all necessary informatiom*regarding [transport,
bmbly/disassembly, operation, setting, maintenance, cleaning, etc., to'\frain or qualiffy the staff
iciently in intended and safe use of the machine.

instruction handbook shall specify that it is essential that operators be adequately trafined in the
use, adjustment and operation of the machine. At least the follogwing information shall b given:

specifications on machining processes and modes of safe-0peration for which the machire is suited.
For all modes of safe operation, detailed descriptions.for the intended use of these mgdes of safe
operation have to be defined:

1) information about the reasonable foreseeablé-misuse;
2) possible residual risks, e.g. through anyprovided mode of safe operation;

NOTE As a protective measure againstloss of whole workpieces, the protective enclosure i$ not always
sufficient.

3) the necessary qualification of operators in MSO 1 and particular if the machine provides the
mode of safe operation MSO 2, MSO 3 which, for example, requires experience in:

i) adjusting and clamping of workpieces and devices;

ii) setting, operating and monitoring of milling machines;
iii) selectiom) use and mounting of tools;

iv) datdinput for the machining of workpieces and optimization of the machining grocess;
v)—$pecific hazards and required safety measures;

vi) use of personal protective equipment (PPE);

b)

4) if the machine provides MSO Service in accordance with 5.2.4.7, the manufacturer of the
machine shall additionally specify

i) the details of the application(s) of service mode, and
ii) the required skills and the skill level for the operator(s) to operate service mode;

a declaration that the safeguards shall be in place and functional before initiating movements for
each mode of safe operation;

a requirement for installation (if relevant, also recommendations on means to prevent access to
chip discharge area); including instructions for how the initial test and examination of the machine
and its guarding system are to be carried out before first use and being placed into production. For
machines using combustible coolants, which are equipped with pressure releasing devices, these
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d)

f)

g)

h)

j)

k)

D

58

also include information on the installation site (keeping the area above the pressure releasing
device free);

arequirement 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 when their life less than the
missio|

the frgquency of visual inspections that are necessary to ensure the protective function(of vision
panels| including the details of:

1) ing$pection methods and a description of defects which make the vision pawnel unsuitable
for continued use or indicate that replacement is required. This information may include
descriptions of unacceptable vision panel condition, e.g. plastic deformation (bulges, dents)|due
to[previous impact events, cracks, damage to edge sealing, coolant peretration into compdsite
making the vision panel dull or discoloured or other damage to visioh panels. Polycarbonate
vigion panels are dangerous as soon as they are tarnished or diseoloured and they have tp be
replaced with new vision panels before that happens;

2) the manufacturer's recommendations for the replacement of vision panels shall take |nto
copsideration the material properties of the vision paneltin question. For the special casg of
pdlycarbonate, see Figure B.2;

3) thg recommended methods for cleaning vision panels without causing damage and, where
apjpropriate, the selection and use of suitable cleaning agents;

4) an| indication that when changing visionpanels, the assembly instructions of the machine
manufacturer shall be followed;

5) an|indication on the manufacturers ;recommended method for cleaning polycarbonate pahels
without causing damage;

NOTE For g), a checklist can\be provided which includes specifications about assessment and| the
foresedn use of the vision panel.

information defining thelimits for the spatial envelope and maximum mass of the workpiece pnd
workhplding fixture(s);

recommendations.on handling and lifting heavy parts, tools or workpieces, including the locafion
of lifting points of'exchangeable components, e.g. tools, parts, clamping devices. Lifting equipment
may b¢ requited for parts over 10 kg in weight (see ISO 11228-1);

recomfniendations on selection, preparation, application and maintenance of lubricants for|the
braking amd transmiSSION SYSteTTS;

recommendations on selection, preparation, application and maintenance of cutting fluids and
precautions against their degradation;

recommendations on the measures to prevent spillage of cutting fluids, e.g. cleanliness of collecting
gutters;

recommendations on reducing fire- and explosion hazards when choosing combustible coolants.
This includes, e.g. 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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recommendations on additional safety 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, such as

)

(‘Ip;ming agents and care prndm‘fq for machinery

ii) cleaning agents and solvents for workpieces,
iii) foreign oils, etc., and

in order to preserve the safety relevant properties of the coolant thfoughout its
with regard to fire and explosion hazards;

the instructions to enable the release of trapped persons;

recommendation concerning the use of personal protective equipment (e.g. hand, e
protection, etc.); warning of the hazards arising from sharp, tools/components and of t
wear appropriate personal protective equipment;

the instructions for connection of an extraction system, where the machining process
hazardous substances (e.g. dusts and mists);

the recommendation to use additional precautions when working with flammable me
fluids or pyrophoric material;

the recommendations of the manufacturer of the metalworking liquid which shall b
especially the recommendations related to the viscosity and the flashpoint of the li
machine is designed for the use of combustible metalworking fluids;

instructions on control systems including circuit diagrams for electrical, hydraulic, and
systems;

in particular for Group\l)machines (manually operated machines) (e.g. manual feed and
load/unload), instructions and guidance shall be provided concerning the safe n
workpiece holding./This information shall make reference to correct use of suitabl
devices and the Use of suitable milling fixtures;

service life

hr and eye

he need to

generates

falworking

b followed,
quid, if the

pneumatic

workpiece
hethods of
b clamping

informatign-for transportation of machine at least including lifting points, lifting equipment and

lifting mass shall be provided.

2~ “Tooling

Information to enable tools to be selected, fitted and/or changed shall be provided, e.g. data

relevant to that part of the tool/machine interface belonging to the 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.

© IS0 2017 - All rights reserved

59


https://standardsiso.com/api/?name=c7270f1d34fec9c565a9df24a9bad15d

ISO 16090-1:2017(E)

e) Information that milling tools shall be in accordance to ISO 15641 and selected speed shall be less
or equal of the maximum permissible tool speed (RPM).

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,
measu ing r‘]nmping fnrrpc)

b) For wdrkpiece clamping devices that can be used, recommendations on the clamping of workpiegces,
including information on collets or chucks (if applicable) that can be used with the maching, together
with tIe recommendation for use/maintenance from the workpiece clamping device manufactyrer.

c) For replacing/changing the workpiece clamping device, information to enable workpiece clamping
devicep [e.g. chucks (if applicable) or collets] to be selected, fitted and/or changed, for instdnce
data rg¢levant to that part of the clamping device/machine interface belonging to the maching or
unbaldnce requirements for chucks and faceplates.

d) For wdrkpiece clamping device modifications:

1) information that modification of workpiece clamping devites supplied with or fitted tothe
machine may reduce or alter the maximum permissible forces, moments and spindle speeds or
the efficiency of these devices;

2) information that workpiece clamping devices shalhonly be modified within the limits giveq by
the milling machine manufacturer and in accordance with the clamping device manufactuifer's
refommendations;

3) information on equipment added to or substituted for workpiece clamping devices (e.g. jqws)
wIich would reduce the maximum permissible speed of those devices.

e) The operator shall be warned that waorkpieces or parts of it could be hot after the machifing
process.

6.3.4 Mdchine functions accessible from the NC panel

The instructions for use shall*describe the correct selection and use of machine functions accesdible
from the NC panel, e.g. tool‘corrections, mode access and mode changes.

6.3.5 Refstart

Information shall’be provided on restart procedures.

6.3.6 Noise

The following information on airborne noise emissions shall be provided:

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

b) the 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.
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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 shall be declared.

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:

K =4 dB when using ISO 3746 or ISO 11202 (grade 3);

K =2,5dB when using ISO 3744 or ISO 11204 (grade 2).
EXAMPLE For a sound power level LWA = 83 dB(A) (measured value), uncestainty K = 4 dB(A) for
megsurements made in accordance with ISO 3746. Another example for noise deglaration can pe found in

ISOR30-5:2000, Annex E.

NOTE The operating modes mentioned in the example from ISO 230-5 are.only general and not r¢present the
modes of safe operation for milling machines according to the definitions 3.44'to 3.4.7.

The noise declaration shall be accompanied by the following statement: “The figures quoted are
emission levels and are not necessarily safe working levels. Whilst there is a correlation between
the|emission and exposure levels, this cannot be used reliably to determine whether or pot further
prefautions are required. Factors that influence the actual level of exposure of the workfofce include
the|characteristics of the work room and the other sgurces of noise, etc., i.e. the number of machines
and other adjacent processes and the length of timefor which an operator is exposed to the hoise. Also,
the|permissible exposure level can vary from country to country. This information, howeer, should
enaple the user of the machine to make a better¥isk assessment.

Infgrmation on noise emission shall also bé.provided in the sales literature providing performance data
of the machine.

6.3]7 Residual risks to be addressed to the machinery user

Infqrmation shall be provided.to warn that guards provided or supplied with the machine in accordance
with Annex A are intended te minimize the risks of ejection and not to eliminate them completely.

Adyice shall be provided’stating that processing substances such as aluminium, titanium or fnagnesium
can|cause additional‘hazards, e.g. fire and explosion or noxious dust.

Infqrmation shall be provided to the user for the utilization of appropriate inert gas or dry| powder in
the fextinguishing system if machining of combustible dust such as aluminium, titanium and agnesium
is fqreseeable.

Ins{ructions shall be provided on the necessary checks following the exchange of components, removal
of equipment or change of software where these may affect safety functions (see also 6.2).

Information shall be provided to indicate that machining unbalanced workpieces may create an ejection
hazard and that the way to minimize the risk is to counter balance or machine at reduced speeds.

Information shall be provided on machining processes and modes of safe operation for which the
machine is suited.

Information on possible residual risks, e.g. through mechanical hazards in MSO 0 (manual mode) and
MSO 2 (setting mode), shall be provided (see 6.2).
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If the machine provides MSO 3 and/or MSO Service in accordance with 5.2.4.6 and 5.2.4.7, the

manufactu

rer of the machine shall specify

— the details of the application(s) of this MSO,

be sha

Informatiop—=sha

emission l4g

tool se

— work/

maintg
If it is fore
informatio

6.3.8 Ins

Informatio
Above all, 1

Informatio
shall be pr
user in the

Informatio
shall be pr

6.3.9 Clg

Informatio
handholds
sides/part
shall be ad
attention t

6.3.10 M3

The overal
informatio

vel, e.g.
lection,
fool clamping, and
nance.

seen that the machine will be operated unattended, for some or all.of the operating cy

tallations instructions of machinery

In about the foundation design and how to install and sipport the machine shall be provi
he safe handling of heavy parts of large machines shall'be described.

bvided, e.g. by a device for automatic disconnection of the power supply to be installed by
line powering the machine (RCD).

In on how to provide protection againstishort circuits of the feeder circuit as far as reley
pvided.

aning instructions of machinery

In about the foreseen cleaning procedures shall be provided. All utilities (e.g. illuminat
footholds and/or slip*resistant surfaces) shall be described and the way to reach

equately trained: Itshall be pointed out, on what the cleaning personnel has to pay spd
D.

chinerywith operator cabins and/or perimeter fencing

concept of entering and leaving the machinery as laid out in 5.16.2 shall be described in|

h shall be provided, how to leave the control station of the machine-and how to return toli

the required skills and the skill level for the operator(s) to operate this modes of safe operation, and

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
rp edged.

rcle,

led.

[n on how to provide protection against electric:shock due to indirect contact in the macline

the

rfant

ion,
all

5 of the machine shall-be explained. Information shall be provided, that cleaning persomnel

cial

the

p for‘use with details of how it is implemented in the machine.

The measures for leaving from/returning to the control cabin shall be described in the information for
use (see 5.16.3 and Annex H).
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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

A2

Thi
Sp

[¢)

wh

Thi

A2

A2

Thd
test

A2

.1 Principle

ed given by Formula (A.1):
Ve =B 1 n, [m/s]
bre

B is the maximum tool diameter which canbe clamped in the machine spindle [m];
n is the maximum spindle speed [sec-1]:

5 test method may be used for all greups of machines included in this document.

.2 Test equipment

2.1 Propulsion device

propulsion devicesshall allow the projectile to accelerate to +5 % of a pre-set impact s
object; see also Fabte B.1.

2.2 Projectile

Share, mass:and dimensions of the projectile are given in Figure A.1.

Projectiles 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

Ulti
Yiel

mate tensile strength: Ry, = 560 N/mm2 to 690 N/mm?2

d strength: Rg 2 = 330 N/mm?2

Elongation at rupture: A = 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

with 1,6 times greater impact energy (see ISO 23125, A.5.2).
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. 85
$20

1,3 min. 41

Key

1 frontvi

A23 Sp

The speed
after exitiy

The projectile is hardened to 56 J_rg HCR over depth of at least 0,5 mm.

ew

Figure A.1 — Test projectile

ped measurement

pf the projectile shall be measured at a point where it is nolonger 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\or other equivalent means.

A2.4 Su

The test is
be equivalg
fixed on a
mounting

A.2.5 Te
The projec
Ve

1%
Maximum

Measured

pport of the test object

carried out with the guard and/or a sample>of the guard material. The guard support s
nt to the guard mounting on the machine~For testing guard materials, samples may be u
rame with an inner opening of 450 mm'x 450 mm. The frame shall be sufficiently rigid.

df the sample shall be by non-positivelelamping.

5t procedure
Lile (m = 0,1 kg) speed and other values shall be calculated as follows:
maximum cuttingspeed [m/s] (see A.2.1)

measured impact speed [m/s]

V]
m
mpact energy: J, = —v;

"2 1]

2

m
mpactenergy: J . =-—-v,_

2
2

(i.e.
red

hall
sed,
The

The maxin

H e 1 11 4= 1 4] 41 |
Ul ip4dait TITL gy SIIAdIT TTUT DT ITS S UIAIT LT TIITASUT TU THTT 5 V.

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 vision 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.

SRNNRN

o
RSRARR “‘~\\\‘x\‘&&‘&&‘&&‘&&‘&&‘&&‘*‘é&‘*‘ﬂWW%W%W&&&W%&%&&&&&&&&& ORISR
B A A S T T A A A R T T R S A

velocinjeter
gun bayrel

projectjle

1

2

3

4  control|panel
5 testobject
6

comprgssed-air vessél

Figure B.1 — Equipment for impact test
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Table B.1 — Impact test results for tested material samples (m = 0,1 kg)

Thickness Tensile | Elongation Velocity Energy
d strength | atrupture Ve E
Material Rm £B
mm N/mm?2 % m/s ]
1,5 369 28 80 320
3,0 405 20 115 61
St12.03
1,5+ 3,02 369/405 28 150 1{125
3,0+1,52 405/369 28 140 80
5,0 242 18 120 120
AlMg3
10,0 242 18 150 1[125
4,0 85 361
6,0 100 300
8,0 120 120
Polycarbonateb 20 68 80 50 2s
2x6,0 170 11445
2x12,0 230 21645

[Sot

On the work zone side.

Test results apply to new material without considering ageing.

rce: BIA, Saint Augustine, Federal Republic of Germany,\IWF TU Berlin, Federal Republic of Germany:. ]

Key

Y |
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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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+Z

Figure C.2 — Example of a vertical knee-type machine

C.2 Group 2 machines

See|Figures C.3 and C.4.
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+Y\

Figure C.3 — Example of a single column bed-type'milling machine with vertical spindle

+X'

Figure C.4 — Example of a double column bed-type milling machine (portal milling machine)

C.3 Group 3 machines

See Figures C.5, C.6 and C.7.
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Figure C.5 — Example of a double column bed-type millihg 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 and milling machine

C.4 Gropp 4 machines

See Figures C.8 to C.13.

Key
1 traversg direction of the workpiece

Figure C.8 — Transfer line (illustrated without guard)
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Key
1 [traverse direction of the workpiece

Figure C.9 — Rotary transfer machine\(illustrated without guard)
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Key

1
2
3
4

74

column
slide ur
carrier

multipl

5 workpiece 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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Key]
01 |loading unit side “B” or, “left hand” (LH)
statioin‘02B” or “02LH”
warkpiece traverse direction
station “02B” or “02RH”

side “A” or “right hand” (RH)

02 [processing unit
03 |idle station
04 [processing unit
05 [idle station

a
b
c
d
e

Figure C.11 —Substructure of a transfer machine

06 |measuring unit
07 [unloading station

Figure C.12 — Transfer line with three processing units (illustrated without transfer device
and guard)
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Key
1 leftuni
2 right ugit

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 for vertical milling machine ¢) Guard for vertical milling machine

Figure D.1 — Examples of adjustable guards for manually controlled milling machines
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D.2 Examples of guards for Group 2 machines (machines with limited NC
capability)

See Figure D.2.

) Fully opening hinged guards b)*Hinged door type guard
[NOTE Rear guard not shown)

c) Sliding of guards for Group 2 milling machines

Figure D.2 — Examples of guards for Group 2 milling machines
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D.3 Examples of guards for Group 3 machines (automatic machines)

See Figure D.3 to D.6.

a) Guard open b) Guard closed

~
)
<

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 0O N O U1 » W N -

cooling unit

[UnN
o

control panel

Figure D.3 — Examples of guards for Group 3 machines (automatic machineT
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80

machinfe 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

spindle]

main d

NC pangl

=y

ive

head with horizontal spindle and feed drive, Z-axis

igure D.4 — Example of interlocking guard(s) for automatic milling machines
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81

the'work zone

Figure D.5 — Example of a large automatic bed-type milling machine with full safe gyarding of
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~
2)
<

O 0 N O U1 B W N -

10

Figure D.6 — Example of large double column milling machine with moveable portal (gantr

D.4 Examples of guards for Group 4 (transfer and special purpose machines)

See Figure|D.7 and D.8.
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ble

type guard; transparent
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traverse direction of the workpiece

Machines are open on top, the middle transfer unit is ceyered on top.

Figure D.7 — Transfer line with guards arranged closely to the machine

Key
1

NOTE

Key
1

traverse direction of the workpiece

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.

Safety megsures 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 toqltretraction);

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 ofithe machine) with guards closed, the following
shall apply:

1) immediate stop of all machining operations (with or without controlled tool retraction);
2) defctivation of the exhaust system;
3) immediate initiation of the-extinguishing system;

4) depctivation 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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. Exhaust system Stop air flow *only for machine mounted
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g E ’
T Stop exhaust system*
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- Control 1. Forward alqrm )
- (e.g. plant fire brigade)
) ‘ S i 2. Activate acoustic and
S§ i S i A Visual alarm signals
2 Y i
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3Si {38z
a5 i 19o% —
>
Q& S
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[SEE R}
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W= i 1. Ready for operation (Y /N ?) ¥
2. Alarm (safe against wire break)
.@ - 8 Machine e o
D 5 8 Control || e Control | Open Valve p=
- g ® tool R — » N e IR ¥ ﬁ +
g @ = Door opening switch e.g. at : a <3
20 g work zone (open/closed?) < 9
Q=G E. Automatic =
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Figiire E.1 — Example of the interaction between the machine tool control and the cortrol 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 point according | Evaporation loss Machining
of risk according to at 40 °C to ISO 2592Y(Cleveland at 250 °C process
ISO 3448 open.ddp method) (Noack method) (exemplaryj
Hich ISOVG5 4,14 mm?2/s to >120°C <85 %
8 5,06 mm2/s
ISOVG 7 6,12 mm2/s to >145 °C <80 %
7,48 mm2/s honi
1SO VG 10 9 mm2/s.to >155 °C <60 % On;%xi?ng
11 pm2/s deep boring
ISO VG 15 13,5.mm2/s to >190 °C <25% turning, milling
16,5 mm2/s boring
1SO VG 22 19,8 mm2/s to >200 °C <15 % tapping
24,2 mm2/s thread rolling
broaching
ISOVG 32 28,8 mm?2/s to >210°C <13 %
35,2 mm2/s
Low [SOVG 46 41,4 mm2/s to >220°C <11 %
50,6 mm2/s
It is generaHyrecommended-toselectthecoolantwith thelowestevaperationlessand-the highestHash

point at a viscosity given by the machining process, which shall be as high as possible.
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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;

— 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).

The labyrinth seal shown in Figure F.1 is based on the principle of\multiple redirections grranged in
series and expansion of the entering flames.

N

)

4

Figure’F.1 — Principle scheme of a flameproof labyrinth seal

F.3| Prevertion of ingress of flames into the extraction system

The use ef abaffle plate in front of the extraction opening in combination with a suitable flarne arrester
in the éxtraction path may prevent flame propagation into the (central) extraction system.

The fTame arrester shown in Figure F.Z is based on the principle of multiple redirection and expansion
of the entering flames.
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air efitry diversion expansion diversion air outlet
Figure F.2 — Principle scheme of a flame arrester in the extraction path
F.4 Dinlensioning of pressure relief areas
Depending| on the pressure resistance of the machine enclosure, the integratien of a pressure r¢
device may be necessary to limit the explosion pressure to a non-hazardous extent and to di

escaping fl

In order to

be used. The nomogram enables the machine manufacturer, for agiven enclosure volume, an estimz

explosion
device to ¢
If, for exan
the ruptur
corrected.
device in ¢
and is nor

A more sip
machine tg
for each m
trails. How

hmes into a non-hazardous direction (e.g. pressure relief devicé on the machine top).

strength of the machine enclosure and a static response pressure of the pressure r
etermine the required pressure relief area in case it is closed with a rupture membr
ple, a pressure relief flap is used, resulting frem its discharge capacity in compariso
e membrane is the amount by which the relief area given by the nomogram needs tc
The discharge capacity is the measure for@ssessing the effectiveness of a pressure r
pmparison with a rupture membrane of-the same relief area. It can be determined in a
hally specified by the manufacturer.

hple (but certainly less accurat€),way to determine the minimum pressure relief arec
ols is based on the rule of thumb, after that 0,1 m2 pressure relief area shall be provi
B of machine work zone volume. In the past, such setups were confirmed by single igni

blief
Fect

determine the correct size of the pressure relief area, illustrated relations in Figure F.3 fnay

ted
plief
hne.
h to
be
lief
test

on
ded
fion

ever, this rule of thumb,is.neither taking into account the explosion strength of the machine
housing ndr the response pressure of the pressure relief device.
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Figure F.3 — Explosion relief - Nomogram for estimation of required area
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G.1 Des

Annex G
(normative)

Gravity-loaded axes

ognmeacsily

In case of
axes, slant
or an exte
Mechanica
nominal v3

If these gr
for loadin
shall be ta

Depending
are suitabl

Safety fung

G.2 Meg

G.2.1 Ge

The mechd
withstand

In order tdg
instead of

HIf IITTOoTr T et oIzxs e

axes) are held solely by the brake which is installed in the electric drive motor (motoer brg
'nal brake or a clamping device. The gravity loaded axes could descent in case ‘of fail

wear or oil-fouling may cause the braking torque/force of the brakes ¢o-fall below
lue which may result in an unintended descend or the fall down of the gravity-loaded ax

avity-loaded axes allow the operator to stay completely or partially under the axis
b of tools/workpieces, for setting and maintenance), measures-for minimizing the
ken.

on the practical case of application and the risk to be reduced;different technical safety dev
e to prevent the unintended gravity descent of gravity-loaded’axes (see Table G.1 and G.2).

tions related to gravity loaded or slant axis are defified in Table ].3.

sures against unintended descent of.gravity-loaded axes

neral requirements

nical parts of power transmission shall be at least designed with double weight loa
the occurring static and dynamiC stresses.

prevent unnecessary weak.0f the brakes, it is preferable to decelerate with the contrg
topping with mechanical(brakes.

NOTE |
a motor bra

G.2.2 In

One or sev
loaded axe

Operating

These instructions shall also point out to hazards due to gravity-

the case that no hazdrd éxists because the operator is always in safe position for gravity-load 4
e can be installed ef'the machine for faster braking during operations or other reasons.

ormation foruse

ral warning signs shall be visibly fixed at the machine pointing out to hazards due to gray
and.suspended loads, for example, “Do not stay underneath the vertical axis!”.

power failure (loosing energy), gravity-loaded axes (weight-loaded, vertical axes;inclined

i ke)
Lire.
its
bS,

e.g.
Fisk

ices

1l to

ller

Xes,

rstructions shall describe measures to protect the operator from a fall-down of those 4
Oaded axes and suspende

well the required skill level of the operators.
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G.3 Cyclic test of brake or clamping 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

defi

ned positions, such as:

For

Thd
1s
dev

Thd
gra

The
oth

In ¢

positions on which tests (brake and/or clamping device) can be carriedn OV
obstruction/interfering contour (e.g. tool not active);

positions from which fault recovery after, e.g. a fault at the brake test can-be ‘achieve
position can be approached.

test torque/force to following requirements apply:
1 motor/1 brake (or clamping device) system:

brake or the clamping device is charged with 1,3 times the maXimum gravitational load
by the electric drive. If also a permanently present counterWeight system is installed,
ice is charge with 1,3 times the maximum gravitational weight minus the counterbalanc

1 motor/2 brakes (or clamping device) system:

braking devices are tested separately onélafter the other on 1,0 times the
vitational load.

2 motors/2 brakes (or clamping device) system, mechanically connected:

braking devices are tested together/on 2,0 times the maximum gravitational load or of
er on 1,0 times the maximum gravitational load.

ase of a fault detection occurs during the cyclic test, the following requirements apply.

The indications given by 'the machine control shall request for brake repair. In case of g
locked protective doers; a safe position shall not be approached until an unlock demand
been given.

Further operation of the machine shall only be possible after a new successful cyclic tesf.

t without

d or a safe

for at least
he braking
bd weight.

maximum

e after the

uards with
signal has
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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
zone

— 8hac - once per shift automatically or

— test before access to the related hazard zone takes
place (move gravity-loaded axes in safe position) and
time of 8h¢ has run out

Machines with automatic load-/unloading into the
work zone

— 48hbcor

— test before access to the related hazard zone takes
place (move gravity-loaded axes in safe position) and

time of 48h¢ has run out

a  Incase

further operation of the machine shall be inhibited.
occur twice per year.

powering-o1} the machine and at least every month.

f a complex single workpiece (e.g. large tools for presses or turbine blades, etc.), with an expected machifing
time longer than 8 h, the cyclic test shall be carried out after finishing the machining of the workpiece. If the cy¢lictest fhils,

b Itisassymed that the demand on the safety function with a person staying partially or entirely in the-Wazard zone,|can

¢ In case jof a redundant motor brake, the minimum test time is increased and has to be initiated every time dfter
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Annex H
(informative)

Examples: Concept for leaving /returning to a cabin (control
station) at Group 3 and Group 4 machines

d 11 N ls

ba 5 » X5
af v
ok *,

Key
cabin

cabin guard

fixed guard

interlocking movable guard with.gtiard locking with the possibility to open from inside
guard of protective device

moveable interlocked guard which leads to the work zone

protection device

floor equipped withysensors

O© 0 N O U1 & W N =

RFID, key trangsfet system

Figure H.1 — Example for leaving the cabin of a large Group 3 milling machine

To leave and return to cabin (1) the mavabhle interlocked gnard (2) of the cabin can he nsed [Movement
of the cabin can cause hazardous situations; a protection device (7), e.g. tactile protection device should
be activated. The guards (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 protection device of the guard (4) for certain
period of 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 (9) which initiates the end of the takeover by the protection
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 safe area, a safety measure for identifying the person should
be activated (e.g. RFID, key transfer system) so that the guard is taken over for a certain period of time
(e.g. 15 s.). Within this time frame, the person should have passed the movable interlocked guard into
the safe area 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 5 and Annex
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Annex ]
(normative)

Safety functions

J.1 IndexofsafetyfunctionsforTables].1to}.22
N
Table No. Subject N(S"FOf ’(I/Q’Lr
N .
J1 Explanation on how to read the table
1.1 Iptroduction
L2 Toolspindle rotation and tool clamping device
2.1 Prevent start/restart function initiated by an incorrectly clamped tool in SF 03
SO 1 None
SO 2 and MSO 3 c
2.2 Prevention of unexpected start-up of unclamping movement of the tool-gripper in SF08-1
SO 1 b
MSO 2 and MSO 3 c
2.3 Limited spindle speed initiated by safety related tool parameter in MSO 1, MSO 2 or MSO 3 SF16 a
2.4 Limited spindle speed - initiated by safety related parameterin MSO 2 or MSO 3 SF16
Ifsafety related parameters are not available None
(therwise d, Cat 3
L3 Grayity-loaded or slant axes
3.1 bafety-related stop function in MS@-13MSO 2 or MSO 3 SF01
[f work zone is not accessible None
[f hazards exist for upper limbs c
[f work zone is accessible,(whole body) d
3.2 bafety-related stopdunhction in MSO 2 or MSO 3 SF07-1
[f work zone s not accessible None
[f hazards,exist for upper limbs c
[f work'zone is accessible (whole body) d
3.3 Prevention of unexpected start-up 1n M5S0 2 or M5S0 5 SEO07/-2
Ifwork zone is not accessible None
If work zone is accessible (upper limbs) c
If work zone is accessible (whole body) d
3.4 Prevention of unexpected Startin MSO 1, MSO 2 or MSO 3 SF08-1
If work zone is not accessible None
If work zone is accessible (upper limbs) c
If work zone is accessible (whole body) d
3.5 Safely limited speed (SLS) of linear, rotational and auxiliary axes SF 08-2
Hazard zone is not accessible None
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Table No. Subject Ng.Fof PLr
otherwise d, Cat3
1.4 Workpiece clamping device for machines with milling and/or turning operation

4.1 Safety-related stop function of clamping and support devices in MSO 1, MSO 2 or MSO 3 SF01

Workpiece clamping movement <4 mm None

Workpiece clamping movement >4 mm c
4p Safety-related stop function in MSO 1, MSO 2 or MSO 3 SF01

Workpiece cannot be ejected None

Workpiece can be ejected a
4B Prevent start/restart function in MSO 1, MSO 2 or MSO 3 SF 03 a
44 Safety-related stop function in MSO 2 or MSO 3 SF07-1

Movements are with small distances <4 mm None

No hand is required to fixation/adjustment c

Hand is required for fixation/adjustment d, Cat3
45 Prevention of unexpected start-up in MSO 2 or MSO 3 SF07-2

Movements are with small distances (s4 mm) None

Movements with distances >4 mm d, Cat3
4% Prevention of unexpected start-up of clamping and unclamping méyements in MSO 1, MSO 2 or SF 08-1

MSO 3

Movements are with small distances (s4 mm) None

Movements with distances >4 mm d, Cat 3
457 Prevention of unexpected start-up workpiece meyement in MSO 1, MSO 2 or MSO 3 SF 08-1

Manual clamping systems None

Workpiece cannot be ejected a

Workpiece can be ejected d, Cat 3
48 Prevention of unexpected unelamping of workpiece due to gravity in MSO 1, MSO 2 or MSO 3 SF08-2

No hazard by gratity, None

Hazard by gravity: Operator not working under gravity axes c

Hazarddy.gravity: Operator is working under gravity axes d, Cat 3
4P Lintited workpiece speed in MSO 1, MSO 2 or MSO 3 SF 16

Monitoring of the movement None

Automatic workpiece feeding a

Manualworkpiccefosding a
4.10 Limited workpiece speed in MSO 2 or MSO 3 SF16 See

Table].17,17.3
and 17.4

4.11 Monitoring of workpiece proportional technology - clamping pressure in MSO 1, MSO 2 or MSO 3 SF 16

Automatic workpiece feeding a

Manual workpiece feeding a
4.12 Monitoring of workpiece data internal and external gripping/clamping/chucking in MSO 1, MSO 2 SF 16

or MSO 3 on turning application

Automatic workpiece feeding a

Manual workpiece feeding a
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Table No. Subject N(;'F(’f PLr
4.13 Prevention of unexpected unclamping movement or depressurizing with rotating /moving work- SF 08-1
piece in MSO 1, MSO 2 or MSO 3
Workpiece can be ejected None
Workpiece cannot be ejected d, Cat 3
L5 Tailstock
5.1 Safety-related stop function in MSO 1, MSO 2 or MSO 3 SF01 c
5.2 Safety-related stop function in MSO 2 or MSO 3 SF07-1 c
5.3 Prevention of unexpected start-up in MSO 2 or MSO 3 SF07-2 d, €at 3
5.4 Prevention of unexpected start-up in MSO 1, MSO 2 or MSO 3 SF08-1 dyCat 3
5.5 Spfely limited speed (SLS) of linear, rotational and auxiliary axes SF16
Hazard zone not accessible None
(therwise d, Cat 3
]J.6 Hanflling devices for workpiece loading/ unloading, workpiece transfer device, pallet changer
6.1 Spfety-related stop function for linear movement (e.g. lift/lowering) and/or rotational movement SF01 c
ih MSO 1, MSO 2 or MSO 3
6.2 Prevent start/restart function in MSO 1, MSO 2 or MSO 3 SF 03
anually loaded by operator None
Automatically loaded a
6.3 Spfety-related stop function in MSO 2 or MSO 3 SF07-1 c
6.4 Prevention of unexpected start-up in MSO 2 or MSO 3 SF07-2 d, Cat 3
6.5 Prevention of unexpected start-up in MSO 1, MSO 2 or MSO 3 SF 08-1 d, Cat 3
6.6 Spfely limited speed (SLS) of linear, rotational and auxiliary-axes SF16
Hazard zone not accessible None
(therwise d, Cat 3
].7 Bar feed device
7.1 Spfety-related stop function in MSO 1, MSQ2 or MSO 3 SF 01 c
7.2 Spfety-related stop function in MSQ 2 @r MSO 3 SF07-1 c
7.3 Prevention of unexpected start;upiin MSO 2 or MSO 3 SF07-2 d, Cat 3
7.4 Prevention of unexpectedstart-up in MSO 1, MSO 2 or MSO 3 SF 08-1 d, Cat 3
7.5 Spfely limited speed.(SLS) of linear, rotational and auxiliary axes SF 16
Hazard zone not Geeessible None
(Qtherwise d, Cat 3
].8 Pallgt clamping and movement on milling machines with milling and turning operation
8.1 afety-related stop function in MSO 1, MSO 2 or MSO 3 SFO1 a
8.2 Prevent start/restart function in MSO 1, MSO 2 or MSO 3 SF03 a
8.3 Prevention of unexpected start-up of unclamping movements in MSO 1, MSO 2 or MSO 3 SF08-1
Pallet position horizontal; short presence in hazard zone; pallet may fall out without hazard a
Pallet position horizontal; presence in hazard zone not short; pallet may fall out without hazard b
Pallet 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 MSO 1 SF08-1
Pallet cannot be ejected a
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Table No. Subject Ng.Fof PLr
Pallet can be ejected d, Cat3
8.5 Prevention of unexpected unclamping of pallet clamping by gravity in MSO 1, MSO 2 or MSO 3 SF08-2
Horizontal pallet position, short presence a
Horizontal pallet position, presence is not short b
Slant or pending pallet position d, Cat 3
]9 Hazardous movement of the tool changer
118 Safety-related stop function, initiated by a guard, in MSO 1, MSO 2 or MSO 3 SF01 c
9p Safety-related stop function in MSO 2 or MSO 3 SF071 c
9B Prevention of unexpected start-up in MSO 2 or MSO 3 SE07-2 d, Cat3
9K Prevention of unexpected start-up in MSO 1, MSO 2 or MSO 3 SF 08-1 d, Cat 3
9p Safely limited speed (SLS) of linear, rotational and auxiliary axes SF 16
Hazard zone not accessible None
Otherwise d, Cat3
J.10 Hazardous movement of the tool magazine
1011 Safety-related stop function, initiated by a guard, in MSO 1, MSO 2 or MSO 3 SF01 c
1012 Safety-related stop function in MSO 2 or MSO 3 SF07-1 c
1013 Prevention of unexpected start-up MSO 2 or MSO 3 SF07-2 d, Cat 3
1044 Prevention of unexpected start-up in MSO 1, MSO 2 or MSO 3 SF 08-1 d, Cat3
1015 Safely limited speed (SLS) of linear, rotational and auxiliaryaxes SF16
Hazard zone not accessible None
Otherwise d, Cat3
J.11 Chip conveyor in any case of intended use
1141 Safety-related stop function initiated by-opejt interlocked guards in MSO 1, MSO 2 or MSO 3 SFO01 c
1142 Safety-related stop function in MSO 2 or MSO 3 SF07-1 c
1143 Prevention of unexpected stfart-up in MSO 2 or MSO 3 SF07-2 c
1144 Prevention of unexpected.start-up in MSO 2 or MSO 3 SF07-2 d, Cat 3
1145 Prevention of unexpeeted start-up initiated by open interlocked guards in MSO 1, MSO 2 or MSO 3 SF 08-1 c
1146 Prevention‘ef unexpected start-up initiated by open interlocked guards in MSO 1, MSO 2 or MSO 3 SF 08-1 d, Cat 3
J.12 Coolant, ¢hip flushing low-pressure 0 to 0,5 MPa or high-pressure exceeding 0,5 MPa
121 Safety-related stop function initiated by open interlocked guards in MSO 1, MSO 2 or MSO 3 (low SFO01 a
pressure)
1212 C«any ralatad-st pFun tion-dnitiat, rllny pon intarlack Agu—u-rlo rdin MSO 1,'\/|Qn'7nr MSO3 SEO1 c
(high pressure)
12.3 Prevention of unexpected start-up in MSO 1, MSO 2 or MSO 3 (low pressure) SF08-1
Operator does not directly stay in the coolant flow a
Operator directly stay in the coolant flow b
12.4 Prevention of unexpected start-up in MSO 1, MSO 2 or MSO 3, for high pressure. SF 08-1 d, Cat3
J.13 Power-operated safeguards for access by persons
13.1 Safety-related stop function initiated by a protective device in MSO 1, MSO 2 or MSO 3 SF 01
Forces <75 N and kinetic energy <4 ] None
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Table No. Subject N(;'F(’f PLr
Forces <150 N and kinetic energy <10 ] and automatic reversing c
Other d
13.2 Safety-related stop function in MSO 2 or MSO 3 SF07-1 d
13.3 Prevention of unexpected start-up in MSO 2 or MSO 3 SF07-2 d
13.4 Prevention of unexpected start-up initiated by open interlocked guards or deactivated protective SF 08-1
devices in MSO 1, MSO 2 or MSO 3
Forces <75 N and kinetic energy s4 ] None
Jther d
13.5 Spfely limited speed of power operated safeguards for NC controlled axes d, but
at leas
Cat2
J.14 Extipguishing system for machines with interlocked guards
141 Spfety-related stop function of coolant supply with interlocked guards closed initiated by the SF01 a
ektinguishing system in MSO 1
14.2 Spfety-related stop function of extraction system with closed interlocked guards initiated by the SF01 a
ektinguishing system
14.3 Spfety-related stop function of sealing-off (shut-off valve in extraction pipe) of extracfioh System SF01 a
ith interlocked guards being closed, initiated by the extinguishing system.
14.4 Spfety-related stop function of machining process inclusive chip conveyor with'interlocked guards SF01 a
being closed, initiated by the extinguishing system
14.5 Release of locking devices of guard locking for access to the hazard zene SF 04 c
14.6 Prevention of unexpected start-up of the extinguishing process with oxygen displacing gases in SF 08-1
SO 1,MSO 2 or MSO 3
Where there is no access to the work zone c
Where there is an accessible work zone d, Cat 3
14.7 (peration of the machine with closed interlocked guards is only possible if fire extinguishing SF 08-1 a
spstem is in ready to operate state
J.15 Seleftion of MSO (not applicable to Group’l machines)
15.1 Sglection of mode of safe operafioh initiated by opening of the interlocked guards and the MSO SF11
splection device
When only MSO 1 and MSO 2/are available a
When more than two/MsSOs are available c
15.2 Sglection of adthorization, to ensure that only one operator control station is enabled at a time SF 11 a
J.16 Emeygeney stop
16.1 Hmexrgency stop SF 14 C
J.17 Control functions
17.1 Start- and restart function to initiate execution (e.g. of a program) in MSO 1, MSO 2 or MSO SF03 a
17.2 Local control functions to release the locking devices of guard locking for access to the hazard zone SF 04 a
17.3 Safely limited speed (SLS) of linear, rotational and auxiliary NC controlled axes SF 16
Machine is not accessible None
Machine is accessible d, Cat 3
17.4 Safely limited speed (SLS) of tool spindle or work holding spindle for NC controlled axes SF 16
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Table No. Subject Ng.Fof PLr
Safety related parameters are not available None
No NC controlled tool spindle a
Others d, Cat3
17.5 Fluctuations, loss and return of power supply or loss and return of power supply after an interrup- SF 17 a
tion in MSO 1, MSO 2 or MSO 3
17.6 Safety-related stop function of machining process with interlocked guards being closed, initiated SF01 a
by the CNC/NC/PLC e.g. collision control system (for Group 3 and Group 4 only)
147 Start and restart function to initiate execution by pressing of Start button in MSO 0 (for Group 1 SF03 c
and Group 2 only)
178 Safety related stop function initiated by pressing of Stop button in MSO 0 (for Group 1 and Group 2 SE 03 c
only)
].18 Hazardous movement in the work zone
1941 Safety-related stop function initiated by a guard in MSO 1, MSO 2 or MSO 3. SF01 c
182 Enabling function for safety-related stop function in MSO 2 or MSO 3 SF07-1 c
183 Enabling function for prevention of unexpected start-up in MSO 2 or MSO 3 SF07-2 d, Cat 3
184 Prevention of unexpected start-up in MSO 1, MSO 2 or MSO 3 SF 08-1 d, Cat3
185 Safely limited speed (SLS) of linear, rotational and auxiliary axes SF 16
Work zone is not accessible None
Otherwise d, Cat 3
J.19 Hazardous movements in the maintenance area
191 Safety-related stop function, initiated by a guard in MSO.J3MSO 2 or MSO 3. SF01 c
192 Enabling function for safety-related stop function in'MSO 2 or MSO 3 SF07-1 c
193 Enabling function for prevention of unexpectedstart-up in MSO 2 or MSO 3 SF07-2 d, Cat 3
194 Prevention of unexpected start-up in MSO(t,,MSO 2 or MSO 3 SF 08-1 d, Cat 3
195 Safely limited speed (SLS) of linear, rotational and auxiliary axes SF16
Maintenance area is not accessible None
Otherwise d, Cat3
]J.20 Safety interface for loading'system - Automation safety features at the interface
201 Safety-related(step function initiated by open interlocked guards in MSO 1, MSO 2 or MSO 3 SF01 ¢, Cat3
2012 Prevention of unexpected start-up of hazardous movements in MSO 1, MSO 2 or MSO 3 SF 08-1 d, Cat3
2013 Emergency stop SF 08-1 ¢ Cat3
J.21 Grinding operation on a milling machine
21T LCImted Speed - MaxImuI ProcessImg speed of the toot I MSO I, MSO 2 0r MSU 3 SF 10
If safety related parameters are not available None
Limitation of grinding wheel peripheral speed with decreasing diameter a
].22 Compressed air for cleaning and measuring processes
221 Safety-related stop function in MSO 1, MSO 2 or MSO 3 SF01 a
22.2 Safety-related stop function SF 07 a
22.3 Prevention of unexpected start-up SF07-2 b
22.4 Prevention of unexpected start-up in MSO 1, MSO 2 or MSO 3 SF08-1 b
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J.2 Description of safety functions

Safety function, according to ISO 13849-1:2006, Table 8 and Table 9

Numbering of safety functi
in this documents

on

Safety-related stop function initiated by safeguard SF01
Manual reset function SF02b
Start/restart function SF03
Local control function SF04
Muting function SF05a
Hold-to-ruf function SF06a

Enabling d¢

vice function SF07-1/SF07-2

Prevention

of unexpected start-up SF08-1/SFQ08-2

instead of S}

Escape and|rescue of trapped persons SEQ54

Isolation anpd energy dissipation function SE10a

Control modes and mode selection SF11
Interaction|between different safety-related parts of control systems SF12a

Monitoring of parameterization of safety-related input values SF13a
Emergency|stop function SF14

Response tjme SF15a
Safety-relafed parameter such as speed, temperature or pressure SF16

Fluctuatior}s, loss and restoration of power sources SF17
Indicationgand alarms SF18a

a  Notused in this document.

b The mapual reset function is not the only risk reduction méthod. This function is all the time an additional meaqure
to prepare 4 start function after closing safeguarding. So;~SF 03 is the safety function to calculate in this docunpent

02.

NOTE
IEC 62061.

j

The PLr can|
The result v
defined in I

SIL 1 refers
is classified|
result of cla
according I

"PL =a” has
so it is defin

erformance Levels (PL) are defined in ISO 13849-1 and Safety Integrity Levels (SIL) are defing

be defined with the informatiye risk graph (ISO 13849-1:2015, A.1) or with the method of IEC 62
Fith [EC 62061 is a SIL with adefined PFHD-Value (IEC 62061:2005, Table 3). This PFHD-value is
b0 13849-1:2015, Table2\and leads to a PL.

as S1 in ISO 138%49-1 and only S1 injuries, according ISO 13849-1, lead to a required PL = b. If
ss (CL), see indEC 62061:2005, Table A.6 with SE2 is 11 or with SE1 is 14, than the required Pl
0 13849-1;else the required PL = c.

no correspondence to IEC 62061 but it is defined with other measures (IEC 62061, Table A.6, see
ableswith S3 and CL <7 or SE2 and CL <10 or SE1 and CL < 13.

d in

D61.
hlso

to a PL = c or PL =®.(see ISO 13849-1:2015, Table 3). Bruises and/or lacerations without complication

the
=b

OM)

J.3 Safety related parameter

The input of safety related parameter usually requires that the operator inserts them. Errors in manual
inputting of safety-related parameter in programmable electronic systems can lead to a hazardous
situation. Moreover, in those cases, parameters retransmission and/or manual confirmation shall be
done (see ISO 13849-1:2015, 4.6.4 and 5.2.7). Possible solutions for data checking can be:

— Adata

ch

checking system within the safety-related control system, e.g.:

eck of limits,

— format and/or logic input values,
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— data duplexing/cross-check.

— A data checking by an acceptance test with checksums. The acceptance test is used to check that the
safety functions have been correctly parameterized. Using the acceptance test, potential configuring
errors are to be identified and the correct configuring is documented.

J.4 Tables of safety functions
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