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Foreword

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

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

This International Standard is a type-C standard as defined in ISO 12100:2010.

The machinery concerned and the extent to which hazards, hazardous situations and events are covered
is indicated in the Scope of this International Standard. In addition, turning machines shall comply as
with IS0 12100:2010 for hazards which are not cavered hy this International Standard.
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Machine tools — Safety — Turning machines

1 Scope

This International Standard specifies the requirements and/or measures to eliminate the hazards or
reduce the risks in the following groups of turning machines and turning centres, which are designed

prim

arily to shape metal by cutting.

¢

(
(
(

NOTH
modd

NOTH

Group 1: Manually controlled turning machines without numerical control.

Group 2: Manually controlled turning machines with limited numerically controled c4
iroup 3: Numerically controlled turning machines and turning centres.

iroup 4: Single- or multi-spindle automatic turning machines.

1  Fordetailed information on the machine groups, see the definitions\in 3.4 and mandatory
s of operation in 3.3.

2 Requirements in this International Standard are, in general, applicable to all grouy

mac
grou

NOTH
by ot

This
devig
equij

This
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work

This
mant
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The |
risksg

Whe
takel

hpl)ines. If requirements are applicable to some special group(s) of turning machines only, the

(s) of turning machine(s) is/are specified.

3  Hazards arising from other metalworking progesses (e.g. grinding and laser processing
her International Standards (see Bibliography).

International Standard covers the significant hazards listed in Clause 4 and applies
es (e.g. for workpieces, tools and work clamping devices, handling devices and cH
bment), which are integral to the machine.

[nternational Standard also appliesto machines which are integrated into an automati
br turning cell inasmuch ashe hazards and risks arising are comparable to those
ing separately.

International Standard-also includes a minimum list of safety-relevant informatio
ifacturer has to provide to the user. See also 1SO 12100:2010, Figure 2, which ill
ction of manufacturer’s and user’s responsibility for the operational safety.

iser’s respomnsibility to identify specific hazards (e.g. fire and explosion) and reduce th
can be critical (e.g. whether the central extraction system is working correctly).

e additional processes (milling, grinding, etc.) are involved, this International Stan
1 as'a basis for safety requirements; for specific information see the Bibliography.
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This
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International Standard applies to machines that are manufactured after the date of
national Standard.

2 Normative references

issue of this

The following documents, in whole or in part, are normatively referenced in this document and are
indispensable to its application. 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 447:1984, Machine tools — Direction of operation of controls

[SO 702 (all parts), Machine tools — Connecting dimensions of spindle noses and work holding chucks
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ISO 841:2001, Industrial automation systems and integration — Numerical control of machines —
Coordinate system and motion nomenclature

ISO 3744:2010, Acoustics — Determination of sound power levels and sound energy levels of noise sources
using sound pressure — Engineering methods for an essentially free field over a reflecting plane

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

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

components

ISO 4414:2(10, Pneumatic fluid power — General rules and safety requirements for systems and

components

ISO 4871:1996, Acoustics — Declaration and verification of noise emission values of machiner)

equipment

ISO 6385:2004, Ergonomic principles in the design of work systems

ISO 8525:2
machines

[SO 9241 (al

ISO 9355-1,
interactions

[SO 9355-2,

ISO 9355-3,
actuators

[SO 10218-2
systems and

[SO 11161:]
requirement

ISO 11202:7
sound presst
corrections

ISO 11204:4
sound presst
corrections

08, Airborne noise emitted by machine tools — Operating conditions for metal-cu

[ parts), Ergonomics of human-system interaction

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

Frgonomic requirements for the design of displays.and control actuators — Part 2: Displd

Ergonomic requirements for the design of displays and control actuators — Part 3: Cd

:2011, Robots and robotic devices — Safety requirements for industrial robots — Part 2: |
integration

P007+Amd.1:2010, Safety of\machinery — Integrated manufacturing systems —
3

010, Acoustics — Noise -emitted by machinery and equipment — Determination of emi
re levels at a work station and at other specified positions applying approximate environm

010, Acoustics — Noise emitted by machinery and equipment — Determination of em]
ire levels’at'a work station and at other specified positions applying accurate environm

their

and

tting

yman

VS

ntrol

obot

Basic

ssion
ental

ssion
ental

1SO 11228 (3

| parts), Ergonomics — Manual handling

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

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

ISO 13849-1:2006, Safety of machinery — Safety-related parts of control systems — Part 1: General
principles for design

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

[SO 13850:2

006, Safety of machinery — Emergency stop — Principles for design

ISO 13851:2002, Safety of machinery — Two-hand control devices — Functional aspects and design

principles
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[SO 13854:1996, 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 13856-2:2005, Safety of machinery — Pressure-sensitive protective devices — Part 2: General
principles for the design and testing of pressure-sensitive edges and pressure-sensitive bars

ISO 13856-3:2013, Safety of machinery — Pressure-sensitive protective devices — Part 3: General
principles for design and testing of pressure-sensitive bumpers, plates, wires and similar devices

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

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

ISO 14119:2013, Safety of machinery — Interlocking devices associated with guagrds — Hrinciples for
design and selection

ISO 14120:2002, Safety of machinery — Guards — General requirements fof. the design and copstruction of
fixed|and movable guards

ISO 14122-1:2001, Safety of machinery — Permanent means of access to machinery — Par 1: Choice of
fixed|means of access between two levels

ISO 14122-2:2001, Safety of machinery — Permanent means of access to machinery — Part 2: Working
platfprms and walkways

ISO 14122-3:2001, Safety of machinery — Permanent-means of access to machinery — Pqrt 3: Stairs,
stepladders and guard-rails

[SO §4122-4:2004, Safety of machinery — Permanent means of access to machinery — Part 4: Fixed ladders
ISO 14159:2002, Safety of machinery — Hygiene requirements for the design of machinery

ISO 15534-1:2000, Ergonomic design for the safety of machinery — Part 1: Principles for determining the
dimepsions required for openings fox. whole-body access into machinery

ISO 15534-2:2000, Ergonomic design for the safety of machinery — Part 2: Principles for determining the
dimepsions required for acCess openings

ISO 16156:2004, Machine-tools safety — Safety requirements for the design and construction of work
holding chucks

IEC §0204-1:2009, Safety of machinery — Electrical equipment of machines — Part 1: General equirements

IEC §0529;:Degrees of protection provided by enclosures (IP Code)

IEC 40825-1:2007, Safety of laser products — Part 1: Equipment classification and requirements

IEC 61000-6-2:2005, Electromagnetic compatibility (EMC) — Part 6-2: Generic standards — Immunity for
industrial environments

IEC 61000-6-4:2011, Electromagnetic compatibility (EMC) — Part 6-4: Generic standards — Emission
standard for industrial environments

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

EN 954-1:1996, Safety of machinery — Safety-related parts of control systems — Part 1: General principles
for design

EN 1837:1999+A1:2009, Safety of machinery — Integral lighting of machines
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and definitions

For the purposes of this document, the terms and definitions given in ISO 12100:2010, ISO 13849-1:2006

and EN 954-

1:1996 and the following apply.

3.1 General terms

3.11

turning machine
machine tool in which the principal movement is the rotation of the workpiece against the stationary

cutting tool(s)

3.1.2

manual control

mode of opgration where each movement of the machine is individually initiated and contrelled by the
operator

3.1.3

manually cpntrolled turning machine

turning maghine (3.1.1) for which process steps for the machining are controlled or started Hy an
operator without support by an NC-machining program

3.14

numerical ¢ontrol

NC

computeriz¢d numerical control

CNC

automatic cpntrol of a process performed by a device that makes use of numerical data introduced
while the operation is in progress

[SOURCE: IS0 2806:1994, 2.1.1]

3.1.5

numerically controlled turning machine

NC turning mnachine

turning madhine that operates under aitifnerical control (3.1.4) or computerized numerical control (CNC)
3.1.6

turning centre

numerically [controlled turningymachine (3.1.5) equipped with power-driven tools and the capability to
orientate thp work holding.spindle around its axis

Note 1 to enffry: A turiiing centre can also include, but is not limited to, functions such as gauging, burnighing,

threading, bd
Note 2 to ent

3.1.7
work zone

ring, millifig, grinding and drilling.

Fy-1f' grinding processes are involved, see EN 13218 for additional safety measures.

space where metal cutting is to take place

3.1.8

performance level

PL

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

[SOURCE: IS

0 13849-1:2006, 3.1.23]

© ISO 2015 - All rights reserved
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3.19

mean time to dangerous failure

MTTFq

expectation of the mean time to dangerous failure

[SOURCE: ISO 13849-1:2006, 3.1.25]

3.1.10

category

classification of safety-related parts of a control system in respect of its resistance to fault and its
subsequent behaviour in the fault condition, and which is achieved by the structural arrangement of the

d/ 2l o3 Laolailise
part. ana/orhetrremanticy

[SOURCE: EN 954-1:1996, 3.2.]

3.2 | Terms related to parts of turning machines

3.2.1
visign panel
window provided in a guard through which the operator can view thework zone (3.1.7) orj other areas
of the machine

3.2.2
chuck
clamping device in which workpieces are clamped with the\aid of either manual energy of pneumatic,
hydrpulic or electric energy

Note [l to entry: See Figure 1.

= 1
) i H—L L
rF=r
9L
\
NOTH The chuck with 3 jaws is an example only, a chuck can have 2, 3, 4 or 6 jaws.

Figure 1 — Chuck

3.2.3
collet
device designed to hold the bar into the turning spindle, e.g. by pressure bar or draw bar

Note 1 to entry: See Figure 2.

© IS0 2015 - All rights reserved 5
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AR AN
1 *)
T
I
\\ 4
Figure 2 — Collet
3.2.4

electronic handwheel
erated control device which initiates'and maintains an axis movement by pulse generption

manually of]
input to the

numerical control (3.1.4) during itsrotation

© ISO 2015 - All rights reserved
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3.3 Terms related to modes of operation — Mandatory and optional modes of
operation for turning machines

NOTE Table 1 gives an overview of the mandatory, optional or not allowed modes of operations for turning
machines. Table 1 is mandatory.

Table 1 — Overview of turning machine groups and modes of operation

Turning machines
Group 1 Group 2 Group 3 Group 4
ade Manually controlled | Manually controlled Numerically con- | Single- or multi-spin-
OE operation turning machines turning machines trolled turning ma- |dle automatic turning
without numerical with limited capa- chines and turning magchines
control bility of numerical centres
control
. arl\l/[uoa(ien?ode Mandatory Mandatory Optional Not pllowed
au oxg'?ii rlnode Not allowed lirrl\:[iilél;i;gg}; 1 Mandatory Mandatory
Mode 22 .
sktting mode Not allowed Optional Mandatory Mandatory
Service modea Not allowed Optional Optional Optional

a2 These modes are key protected and only available for well-trained\and qualified staff (see 6.2.1). In order to allocate
the afcess, it may be necessary to provide different key switches (or other appropriate access means) for a turjpning machine.

For egkample:
— Key 1: Access to setting mode (and automatic mode)for’setting staff;
— Key 2: Access to CNC program code and CNC-parameter modifications to adequately trained staff [s¢e 5.8 b) 2)];

— Key 3: Access to service mode for service staff.

NOTE In mostapplications, key switch 1 (settingmode) and key switch 2 (CNC program code access) can be|identical.

3.3.1
Modg 0: manual mode
operftion of the machine by the\eperator without NC functions or non-automatic mode of the machine
axes| where the operator ha§ ¢ontrol over the machining process without the use of pre-grogrammed
operftions

3.3.2
Modg 1: automati€ mode
automatic, prograimmed, sequential operation of the machine with the facility for manual ¢r automatic
loading/unloading of workpiece and tools, until stopped by program or operator

3.3.

Modpg 2: setting mode

mode-sfoperationinwhichad ormed by the
operator

Note 1 to entry: Checking of tool or workpiece position (e.g. by touching the workpiece with a probe or tool) are
procedures of the setting mode (see 5.2.4.4).

3.34
service mode
mode for service and maintenance tasks, such as axis calibration by laser, ballbar testing and spindle

error analysis

Note 1 to entry: In service mode, the machining of a workpiece is not allowed (see 5.2.4.5).

© IS0 2015 - All rights reserved 7
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3.4 Terms related to sizes and groups of turning machines defined

NOTE With regard to the relevant hazards, the turning machines are subdivided into four different groups.
Group 1, Group 2 and Group 3 turning machines can then be subdivided into “small” or “large” sizes. See the
overview in Table 2.

Table 2 — Overview of sizes and groups of turning machines

Group Group name Subclause in Subdivision Subclause in
No. which group is in sizes which size is
defined defined
i i ith- Small 3.4.1
Group 1 Manually controlled turning machines with 343
out numerical control = Large 3.4.2
i i i Small 3.4.
Group 2 l\/{gngally contrqlled turning machmes.vylth 34.4
imited numerically controlled capability |= Large 3.4
i i i Small 4.1
Group 3 Numerically (iiontrol_led turning machines 345
and turning centres — Large 3.4.2
Group 4 Bingle- or multl-splnd!e automatic turning 34.6 No subdiVision L
machines .
341

small turning machine
turning madhine within the following dimensional limits:

— horizon|
and inc

al spindle turning machines and turning centreswith distance between centres (BC)
ding 2 000 mm and which are designed to accept workpiece clamping devices of up t

including 500 mm outside diameter;

— vertical
turning

turning machines, inverted spindle sturning machines including pick-up machineg
centres, which are designed to accept workpiece clamping devices of up to and incly

500 mn} outside diameter

3.4.2

large turning machine
turning madhine which exceeds the(following dimensional limits:

— horizon|
2 000 ¢

— vertical
turning

3.4.3

tal spindle turningaachines and turning centres with distance between centres exceg

turningmachines, inverted spindle turning machines, including pick-up machines

up to
and

and
1ding

ding

hm or which are-designed to accept work clamping devices exceeding 500 mm ouftside
diametagr;

and

centresswhich are designed to accept work clamping devices exceeding 500 mm ouftside
diametgr

Group 1: manually controlled turning machine without numerical control
turning machine, where all movements are initiated and controlled by the operator, one at a time

Note 1 to entry: This group of turning machines may be equipped with the following features:

— mechani

— electron

— copying

cal facilities for mechanical feed or thread cutting;
ic facilities for constant surface speed (CSS);

attachments (cam, template, etc.);

— but shall have no limited or full numeric control system (NC).

For mandatory and optional modes of operation for this group of turning machines, see Table 1.

© ISO 2015 - All rights reserved
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N
o’ N
(] =4
- = = |
<
& o)
~ \\ "]
Key A\Q
1 1fear spindle end guard \O 3 front chip/splash guard (saddle fnounted)
2 ¢huck guard . c\}‘ 4 rear chip/splash guard

Fi

3.4.4 @)

Groyp 2: manually co%)@fed turning machine with limited numerically controlled ¢

turn

Note
turni

C)\
gure 3 — Group 1: Example.of a manually controlled, horizontal spindle turning

O

e operated as a Group 1 machine by the use of electronic handw

ng machine tha
machine with limi&c control by operating controls on NC panel

1 to entr -?S;group of turning machines may be equipped with some or all of the featur
hg machi (manual turning machines without NC) and the following:

— g linf(c?d'numeric control system (NC) providing:

machine

apability
heels or as a

es of Group 1

4 i £ i saleleh)
— CUISTAIITSul 1atT™ Ssprttu(Log],

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

— thread cutting cycles.

However, the following features shall not be provided:

— automatic program start;

— automatic initiated tool change, turret indexing or tailstock quill advance or retract;

— unlimited rapid axis movements;

— automatic workpiece change or bar feed system.

© ISO

2015 - All rights reserved
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For mandatory and optional modes of operation for this group of turning machines, see Table 1.

Key

1  rear spinjdle guard 3 rear guard
2 front gugrd 4 chuck guard
NOTE The partial enclosure comprisées 2 and 3.

Figure4 — Group 2: Example of a manually controlled turning machine with limited N(
capability

3.4.5
Group 3: nymerically controlled turning machine and turning centre
turning madhine with numerical control (NC) providing automatic function

Note 1 to entfy:"This group of turning machines may be equipped with some or all of the following features

— anumeric control system (NC);

— automatic workpiece change or bar feed systems;

— automatic tool magazine, tool transfer and tool changing systems;
— automatic turret indexing or tailstock quill advance or retract;

— counter work holding spindle;

— double work holding spindle;

— secondary machining operations (e.g. milling, grinding, drilling);

— ancillary handling devices.

10 © IS0 2015 - All rights reserved
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However, it shall not be equipped with a rotating work holding spindle carrier, which moves the work holding
spindle(s) from station to station.

For mandatory and optional modes of operation for this group of turning machines, see Table 1.

1 2 1 3

Key
yision panel 4 chips conveyor
interlocked movable guards 5 work zone
¢nclosing guard 6 main control panel

Figure 5 — Group 3:'Example of a small horizontal turning machine

© IS0 2015 - All rights reserved 11
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2
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Figure 7 — Group 3: Example of a large vertical NC turning machine with operating platform
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3.4.6

Group 4: single- or multi-spindle automatic turning machine

horizontal or vertical spindle turning machine, designed for batch production of parts according to an
NC and/or mechanical (e.g. by cam or template) pre-set program with fixed sequence of operation

Note 1 to entry: This group of turning machines may be equipped with some or all of the following features:

— aspindle carrier holding two or more work holding spindles, equipped with either power-operated chucks or
collets;

— additional features e.g. power-driven tools and one or more sub/counter spindles;

r o olnmon and/or
independent drives.

Howaver, this group shall have no manually operated chucks.

For njandatory and optional modes of operation for this group of turning machines, see Table 1.

1 2 3 2,4 5

AR D\ —
7

Q
Key
1 guarding of bar feeder
2 Vision panel
3 interlocked movable guard
4 lEain control panel
5 ¢nclosing guard

Figure'8'— Group 4: Example of a multi-spindle NC bar automatic turning
machine with second carrier for counterspindles

3.5 | Térms related to maximum permissible spindle speeds and axes feeds

3.51
maximum spindle speed
maximum permissible rotational speed for a work holding or tool spindle specified and set as a machine

parameter by the machine manufacturer

3.5.2
maximum work holding device speed
maximum permissible rotational speed of the work holding device specified by its manufacturer

© IS0 2015 - All rights reserved 13
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maximum working spindle speed
maximum permissible rotational speed spindle holding the workpiece, depending on clamping
conditions, size, mass and balance of the particular workpiece as well as the permissible working speed
for the tool(s)

Note 1 to entry: The maximum permissible rotational speed of spindles depends on constructional limits given
by the manufacturer(s) of the machine, the spindle or the clamping device, and the size, mass, balance/unbalance
of the particular workpiece specified by the machine setter, which varies with the user.

3.54

reduced sp
maximum p|

Note 1 to ent

3.5.5

maximum jxes speed

maximum [

machine manufacturer

Note 1 to ent

the manufactjurer of the machine.

3.5.6
reduced ax
maximum p

Note 1 to ent

4 List of

4.1 Gene

The manufj
[SO 12100:2

identificatign determined by risk assessment carried out in accordance with ISO 12100:2010, Clay

and ISO 121
safety requi
and deal wif

The risk ass
Risks to bot
taking into
production,
includes an

ndle cppnd in cnﬂ'ing mode.

ermissible rotational speed of the spindle in setting mode

y: The spindle speed in setting mode is reduced for safety reasons (see 5.2.4.4).

ermissible speed for axes movement specified and set as a machineparameter b}

ry: The maximum permissible feed rate of the axes depends on constructional limits specifi

es speed in setting mode
ermissible speed for axes movement in setting mode

Fy: The speed for axes movement in setting mode is,reduced for safety reasons (see 5.2.4.4).

significant hazards

ral

icturer of the turning machine shall conduct a risk assessment in accordance
010. The list of hazards andyhazardous situations in Table 3 is the result of task and ha

00:2010, 5.4, for turriing machines covered by the Scope of this International Standard|
rements and/or protective measures in Clauses 5 and 6 are based on the risk assess
h the identified-Hazards by either eliminating them or reducing the risks they generat

essment asstimes foreseeable access from all directions, as well as unexpected staj
n the opérator(s) and other person(s) who can have access to the hazard zones are ident
account hazards which can occur under various conditions (e.g. commissioning, sq
maintenance, repair and decommissioning) during the life of the machine. The assess

y the

ed by

with
zard
se b5,
. The
ment

a)

t-up.
ified,
t-up,
ment

hitalysis of the effect of failure in the control system.

In addition, the user of this International Standard (i.e. the designer, manufacturer and supplier)
shall confirm, through a risk assessment, that the risk assessment is complete for the machine under
consideration paying particular attention to:

a)

foreseeable misuse (see ISO 12100:2010, 3.23 and 3.24), and

b) the identification of the significant hazards associated with the machine.

14

the intended use of the machine including maintenance, setting and cleaning and its reasonably
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Main hazard zones

The main hazard zones are the following:

a) working areas with moving spindle(s), work clamping components, such as chuck and collet,
tool carrying slide(s), turret(s), copying unit(s), steady rests, tailstock, indexing spindle carrier,
workpiece(s), swarf and chip handling equipment (if integrated);

b) handling devices for workpiece loading/unloading, including bar feeders;

c) external tool magazines and tool changers;

d) c¢hip discharge zone;

e) gear box;

f) tear of the spindle;

g) ¢am mechanisms;

h) lead screw (Group 1: manual machines without NC functions);

i) fleed screw (Group 1: manual machines without NC functions);

j) all screw (Groups 2, 3 and 4, manual machines with N€\capabilities, NC machines pnd turning
¢entres, automatic turning machines);

k) linear drives.

4.3 | Significant hazards and hazardous situations covered by this Internationgl

Standard

The gignificant hazards covered by this International Standard are listed in Table 3. Particu
is given to hazards arising from the following:

a)

b)

dnd chips (see Table 3, B.1);

e¢ntanglement on or drawing into moving parts of the machine, particularly chucl
]ifdexing spindle carrier, powered tools, workpieces (see Table 3, A.4) and workpiece 1
ars which are extending at the rear of the spindle;

¢ontact with/mioving parts of the machine, including cutting and crushing between
fixed/movingparts of the machine;

glip, tripzand fall;

ar attention

the ejection of tools, chucks jaws, clamping devices, workpieces or parts of them, including swarf

ks, powered
naterial and

moving and

fire-and explosion.

© ISO 2015 - All rights reserved
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Table 3 — Overview of hazards and reference to type-B standards

Relevant
Hazards, Situations on turnin Relevant (sub)clause in
No.2 | hazardous situations and . & | 150 12100:2010 type-B this
machines ;
hazardous events standardb International
Standard
B.1 1 Mechanical hazards
— Acceleration, deceleration 52.1.1g)
(kinetic energy) 5.2.3 a) 4) ii)
— Angular parts 512,52
— Apprgacirofamovingetes 512
ment fo a fixed part 52
— Cuttirlg parts, sharp edges: 512
crush|ng and shearing 52
— Elastif elements Dissipation of accumu- 5.2.4.5 b) 1) iii)
High pressure: fluid injec- lated energy inside the 6.2.2.1 5.2.2.4a)1)
tion of ejection machine 6.2.2.2 [SO 6385 5.2.2.4 c) 6)
Vacuum, 6.2.3.3) [SO 13851 5.2.4.4D)
Gravity (stored energy) 6.2.3 b) 1SO 13854 5.2.4.3 a) 3)
High pressure 6.2.6 [SO 13855 5.2.44.1¢)
Heighf from the ground 6.2.10 ISO 13856-2 5.2.4.5 a) 3)
6.3.1 1SO 13856-3 5.8¢€)1)iv)
6.3.2 IS0 13857 5.8h) 4)
b [SO 14118 5.10d)
6.3.3 [SO 14119
— Falling objects Falling workpiece 6.3.5.2 5.2.3
: 6.3.5.4 [SO 14120
— Movirg elements: entangle- 6355 ISO 14122-1 51.2
ment 6358 1SO 14122-2 5.2
— Rotat|ng el ts: entan- 41 150 14122-3 5.1.2
g elements: entan 6.4.2 2.1.4
glemet 643 1SO 14122-4 52
_ — _ 544 ISO 16156
— Roug}, slippery surface: Ejection or spillage of IEC 60204-1
slippifig, tripping and falling | metal cutting fluid (métal 6.4.5
of perfons (related to ma- removal fluid), lubgicants
chinery) or hydraulic fluidj\fall of
persons during.access 5.15
to/or at/from the work
position‘emlarge ma-
chines\during setting and
machining mode
— Sharpledges 5.1.2,5.2
— Stabiljty Loss of stability 5.14
B.3 Assenpbly and installation During tool workpiece 5.5.2.2,6.4.1.3 5.12
Errorof fitting clamping change 6.4.5.1 6.2.1t06.23
6.29
— Operdtion Restarting the machine |5.5.2.2 1SO 4413
after stopping/interrup- |6.2.11.4 ISO 4414 510
tion 6.2.11.5 [SO 14118 =
IEC 60204-1
— Fault finding and trouble- Isolation and 6.2.10 ISO 4413
shooting energy dissipation [SO 4414 5.8 h)
ISO 14118 =
IEC 60204-1
6.2.3,6.2.5
6.2.10t0 6.2.12
At work clamping, during [6.3.2.1, 1SO 4413 5.13
Falling or machining, at bar feed 6.3.2.2, Annex A
B.4 R . . ISO 4414
ejection of objects and coolant (workpiece, |6.3.2.7 1SO 14120 Annex B
part of tool, swarf) 6.3.3,6.3.5.2, Annex C
6.3.5.4,6.3.5.5,
6.4.4,6.4.5
16 © IS0 2015 - All rights reserved
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Relevant
Hazards, Situations on turnin Relevant (sub)clause in
No.2 | hazardous situations and machines € | 150 12100:2010 type-B this
hazardous events standardb International
Standard
— dropping or
ejection of moving parts
of the machine or of a
work-piece clamped by
the machine
— failuretostop [5.5.2.2
moving parts 6.2.2 ISO 4413
— uncontrolled 6.2.3 ISO 4414 58
move-ments (including |6.2.5 ISO 13849-1 59
B.4 Failure of control system speed change) 6.2.11t06.2.13 [SO 13849-2 5—'10
— unintended/ 6.3.5.2 to ISO 14118 —11
unexpected start-up 6.3.5.4 IEC 60204=1 T
— other haz- 6.4.3 to EN 954131996
ardous events due to 6.4.5
failure(s) or poor design
of the control system
— variation of
speed of tools (during
setting)
B.1 2 Electrical hazards
. Live parts (direct contact) |Atelectrical equipment 5.3[a)
during maintenance
— Parts which have become At electrical equipment \{6.2.9
live under fault conditions  |during setting, machins 16.3.2
(indirect contact) ing and maintenance 6.3.3.2
6.3.5 4 [EC 60204-1 5.3(b)
6.4.4
6.4.5
— Short circuit At any mode of operation,
in case of penetration of 5.30)
conducting substances
B.1 3 Thermal hazards
— Explosion or flame Working with flammable 5.6/c)
metal working fluid EN 13487 6.241 c),n), o)
or pyrophoric material 6.2.8
Anhex E
— Objects or matérials witha |Athot tools, chips 1SO 13732-1 6220
high or low temperature and workpiece -1
B.1 4 Noisehazards
— Manufaeturing process
(stamping, cutting, etc.) g.%.;.Zc)c) 1
and/or 6.2.4.c)
— moving parts o
— scraping surfaces, ATany Mmode of operation [6.2.8¢) 1S0230-5 54
or 6.3.2.1b) ISO 8525 6.2.6
— unbalanced rotat- |. . . .
. in maintenance situation |6.3.3.2.1 ISO/TR 11688-1 6.2.8
ingparts, 6.3.4.2
;S‘ whistling pneumat- 6.4.3
— exhausting system 6.4510)4)

© ISO 2015 - All rights reserved
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Table 3 (continued)

Relevant
Hazards, Situations on turnin Relevant (sub)clause in
No.2 | hazardous situations and . € | 1S012100:2010 type-B this
machines .
hazardous events standardb International
Standard
B.1 6 Radiation hazards
— Low-frequency electromag- . .
netic radiation gt e.leCtrli,?.l equlp(rinent 6.2.2.2c) 4) 5.5a)
Radio frequency electro- uring setting mode 6.2.3 ¢) 5.8Kk)
. e or maintenance 6.3.3.2.1
magnetic radiation Lo e
— Optical radiation (infrared, |Atlaser equipmentdur- |g4.51 b) 4) 5.5b)
visibl¢ and ultraviolet), ing setting mode 6.4.5.1¢) 4) IEC 60825-1 5.2.1ca)
including laser or maintenance 3
B.1 7 Majterial/substance hazards
— Biological and microbiologi- |Contact with metal
cal cutting fluids during 5.6b)
(virallor bacterial) agent loading/unloading main- [6.2.2.2 c) 3) [SO 14159 5.6d)
tenance, 6.2.3Db) 6.2
setting mode 6.2.3¢)
B : 6.2.4 a)
— Explp bive, flammable, com- | At wo.rk. zone during 6.2.41) EN 18478 5.6¢)
ustible machining 6.3.1 6.2
— Fume At delivery system of 6.3.3.2.1
mist, metal cutting fluid, dur- [6.3.4.4
dust ing setting, machining, |6.4.5.1¢) 6.2.1 m),
maintenance 6.4.5.1g) Annex F
After extinguishing sys-
tem has been activated
B.1 8 Ergonomic hazards
— Desigh or location of indica- |At operator’s position 5.7 a)
tors ahd visual displays units 5.7Db)
57¢g)
— Desigh, location or identifi- |Atoperator’s position [SO 15534-1 5.7 a)
catior] of control devices [SO 15534-2 oy
5.7b)
IS0 9355-1
IS0 9355-2 5.74d)
5.7f)
[SO 9355-3
— Postufe, effort At control devices and 6.2.2.1
during handling of 6.2.7 1SO 9355-1
workpiece tools and 6.2.8 [SO 9355-2 5.7 ¢)
machine parts 6.2.11.8 [SO 9355-3 =
6.3.2.1 [SO 11228
6.3.3.2.1
— Repetjtive actiyity Inadequate considera- [SO 6385
tion of hand-arm or foot- IS0 9355-1
leg anatomy at workpiece 1SO 9355-2 5.7d)
or tool exchange [SO 9355-3
1SO 11228
— Visibility, local lighting At cutting process,
during setting, handling/ EN 1837 57¢€)
positioning of workpiece
18 © IS0 2015 - All rights reserved
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Table 3 (continued)

Relevant
Hazards, Situations on turnin Relevant (sub)clause in
No.2 | hazardous situations and . € | 150 12100:2010 type-B this
machines .
hazardous events standardb International
Standard
B.1 9 Hazards associated with environment in which the machine is used
— Electromagnetic distur- At NC control equipment |5.5.2.2
bances during all modes of oper- |6.2.12.2 5.8Kk)
ation and maintenance |6.4.5.1b)
Workstatio to 6.2.2.1
VVUI' K TUIT dIT i I i 627 ] ﬂg)
Human error, human behav- work process ('1e51gn'ln 6.2.8,6.2.11.8 150 9355-1 S57|f)
B.4 . adequate consideration [SO 9355-2
jour 6.2.11.10 6.1{c)
of hand-arm or 1SO 9355-3
foot-leg anatom 6.3.5.5 624
y 6.4.3t0 6.4.5
a The numbers in this column refer to table numbers in ISO 12100:2010, Annex B.
b Reference standards in this column are dated references. See Clause 2 for the relevant publication dptes.
5 S$afety requirements and/or protective measures
5.1 | General requirements
5.1.1 Overview
Turnfing machines and turning centres shall comply: with the safety requirements and/or measures of
this flause. For further hazards which are not;déalt with in this International Standard, the machine
shalllbe designed in accordance with the principles of ISO 12100:2010, Clause 5.
For guidance in connection with risk reduction by design, see 1ISO 12100:2010, Claus¢ 6, and for
safeguarding measures, see SO 12100:2010, 6.3.
The esigner shall take into account hazards which can occur during the life of the machine to both
operptor and other persons who have access to the hazard zone(s) for conditions of intended use,

including reasonably forese€eable misuse of the machine (see ISO 12100:2010, 3.23 and 3.24). The

haza
othe
failu
and

relia
ISO 1

Each

rds for both machinifigijoperation and/or operations requiring intervention by the ope
" persons (e.g. settihg, cleaning, maintenance and repair) shall be considered. An an
e of machine cemponents, including failure in the control system(s), is part of the risk
cuidance on)this subject and is given in ISO 13849-1:2006 or in EN 954-1:1996
pility requitements for safety functions are defined as performance level (PL), in acco
3849-1:2006, or as category, in accordance with EN 954-1:1996 [see 5.11 b)].

machine shall be designed and safeguarded in accordance with the specific requiren
pCtive measures listed in this clause. For some of the requirements, this Internation

fator and/or
hlysis of the
assessment
. Therefore,
rdance with

ents and/or
al Standard

protg

offers the choice between two performance levels or two categories [see 5.11 b)]. In cases not specified
in 5.11 b), performance levels in accordance with ISO 13849-1 or categories in accordance with EN 954-
1:1996 shall be determined based on an appropriate risk assessment.

All requirements and/or protective measures given in this clause apply to all groups of turning
machines, unless specifically referenced.

5.1.2 Required characteristics for guards for all machine groups

5.1.2.1 General
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 removed.
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5.1.2.2 Position and safety

The requirements are the following.

a)

b)

5.2 Specific requirements resulting from mechanical hazards identified in Clause 4
5.2.1 Gropp 1 machines

5.2.1.1 Pyimary safeguards for Group 1 machines, manual turning machines without NC

The primary safeguards include the following.

a)

b)

20

In terms of height and position, where guards are floor-mounted (e.g. perimeter fencing), they
shall be fixed securely and have a minimum height of 1,4 m and a distance from the hazard zone in
accordance with ISO 13857:2008, Table 2. Any opening between the bottom of the guard and the
floor shall be in accordance with [SO 13857:2008, Table 7 (<180 mm).

For the guarding of drives, access to mechanical power transmission drives (e.g. chains and
sprockets, gears, leadscrews, feedscrews and ballscrews) shall be prevented by fixed guards

(1nc]ud1 g fn]ncr‘npn_fypp gnarr‘c)’ unless H’\ny are safe hy pr\mhnn If access to these p:n'ts 1S

requirefl during normal operation of the machine, interlocked movable guards shall be provided.

For requirements concerning safety function interlocking devices associated with~moyable
guards,|see 5.11 b) 1).

For the jnterlocking of guards:

1) moyable guards shall be interlocked with or without guard locking’/in accordance |with
[SO| 14119 in order to prevent access to hazardous machine movements. The selectipn of
intgrlocking devices shall be in accordance with ISO 14119:2013, Clause 6;

[

2) a failure in the interlocking device, i.e. function and/or-arrangements, shall result
cat¢gory 1 stop of the machine in accordance with [EC 60204-1:2009, 9.2.2;

n a

3) for|requirements concerning safety functions interlocking device associated with moyable
guadrd, see 5.11 b) 1).

A chuclq guard, provided to prevent or restrict access to the rotating workpiece clamping dgvice
and mirlimize the effect of €htick jaw ejection. For design and construction, see 5.13. This moveable
guard shall be interlockéd)[see 5.11 b) 1)] to the spindle drive:

1) thejwidth of the'gtiard shall cover the entire length of the body of the chuck. The guard shll be
abl¢ to reaclito the outmost parts of the normal chuck jaws. The part of the workpiece wWhich
profrudessfrom the chuck shall not be covered;

2) as 3 minimum, the guard shall reach near the centreline of the rotating workpiece clanllping
deviees

A rear chip guard, provided at the rear of the machine to contain coolant and chips and direct them
towards the collection area. The guard shall either be fixed to the machine and extend over the
length of the machining area, or for large turning machines, be fixed to the saddle and be at least
the width of the saddle. As an alternative to rear fixed guarding, perimeter fencing can be specified.

A front chip guard, provided to prevent direct ejection of coolant and chips (swarf) towards the
operator’s position and direct access to the work zone from this position. The width of the chip
guard shall be at least the width of the saddle. Where the chip guard does not extend from the work
holding spindle nose to the front of the tailstock when the tailstock is located at the end of the bed,
it shall be adjustable in position along the Z-axis (in accordance with ISO 841) and may be attached
to the saddle.
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d) When arear spindle guard also provides access to the gear box, it shall be lockable and interlocked
to the spindle rotation.

e) Leadscrews and feedshafts shall either be guarded or be safe by position.

f)  Any control device for manual spindle start shall be designed to prevent an unintentional operation,
e.g. mechanical double action device or shrouded push button.

g) Constant surface speed shall not operate unless a maximum working spindle speed has been
entered and registered in the machine. Monitoring of the maximum working spindle speed is
required [see 5.11 b) 5)]. The manufacturer of the machine shall indicate in the instructions for use
the safe ways to set the maximum \Amrl(ing Qpih{ﬂp Qpppd These may include reduced acceleration
fates, teach systems or automatic sensing of unbalance. The setting of the maximpiim working
gpindle speed shall be cancelled when the machine is powered off.

h) Tor axis interpolation, engaging a feed movement shall only allow a single path along a principle
gxis and shall allow no automatic return.

i) Rapid traverse rates shall be limited to
+ 6 m/min for small turning machines, and
+ 10 m/min for large turning machines.

i) Means shall be provided to prevent the tailstock being urtintentionally pulled off the enld of the bed.

k) Regarding handwheels, the hazard of entrapment,“trapping and impact resulting from power
fotation of handwheels shall be prevented, e.g. by-atitomatic disengagement or by using plain solid

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

1) Protective clothing and training are important. As the operator is not protected frgm the work
zone, special attention shall be given to ensure that the end-user is aware of the trainjng required
gdnd the personal protective clothing and other safety items required, e.g. safety glhsses, fitted
¢lothing, and so on See instructionsin 6.2.

NOTH See Figure 3.

5.2.2 Groups 2, 3 and 4 nmachines

5.2.2.1 Access to the work zone

Guards shall be previded to mitigate the risks listed in Table 3 (entanglement, crushing, shearing,

etc.) [by preventing access to dangerous parts of the machines. General guidance for the|selection of

safeguards, where the hazards from moving parts cannot be avoided by design, is given in{5.2, 5.3 and

in ISP 12100:2010, Figure 4. For the features of guards used to minimize the hazard of ejection, see 5.13.

5.2.2.2~ Characteristics for glmrdq, cpm‘ifir requirements for Groups 2, 3 and 4 machines

The characteristics of guards and specific requirements for Groups 2, 3 and 4 machines are the
following.

a)

Interlocking of guards:

1) all guards through which frequent access to hazardous movement is required during operation

shall be designed as interlocked movable guards. The opening of a guard or ac
protective device in Mode 1 shall cause hazardous movements to stop and furthe

tuation of a
r movement

to be inhibited (see ISO 14118:2000). If the movable guards provide access to the work zone,
they shall be additionally equipped with guard locking. Measures to minimize the possible

defeat of interlocking device(s) shall be taken (see ISO 14119:2013, Clause 7);
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2)

when persons can have whole body access or can remain in the hazardous zone(s) without
being visible to the operator, a means to inhibit restart shall be provided, e.g. presence-sensing
protective equipment or door closure inhibition by captive keys.

b) For power-operated guards:

1y
2)

3)

4)

5)

the requirements of 5.2.2.2 a) shall also apply;

if power-operated guards for operator access are provided, they shall be in accordance with
[SO 12100:2010, 6.3.3.2.6, and I1SO 14120:2002, 5.2.5.2, and shall be equipped with a protective
device to avoid shearing hazards at the front edge [see 5.11 b) 9)]. If pressure-sensitive edges
are prnvidpd thev shall bhe fitted on the total lpngfh of the front pdgp oruptoa hpighr of 250 m
above the floor or platform, if the height of the guard is more than 2,50 m. The presfure-
senkitive edge shall be in accordance with ISO 13856-2:2013;

the|force to prevent the guard from closing shall not exceed 75 N and the kineti¢’energy aof the
gualrd shall not exceed 4 ]. When the guard is fitted with a protective device whiclvautomatically
initjates reopening of the guard on actuation, this may be a maximum of 150-N and the kinetic
enefrgy a maximum of 10 J;

it shall not be possible to start the movement of the machine until the guard is fully clpsed.
Closing of the guard can be used as a start command for the machine, when the guard syjstem
me¢ts the requirements of ISO 12100:2010, 6.3.3.2.5;

these requirements shall only apply to guards as defined in ISO 12100:2010, 3.27.

5.2.2.3 Primary safeguards for Group 2 machines, manudlly controlled turning machines with

limited numerically controlled capability

The primarjy safeguards for Group 2 machines, manually controlled turning machines with limited

numerically|controlled capability, are the following.

a) For Mode 0 (manual mode), the requirementsin 5.2.1.1 for primary safeguards of Group 1 machines

shall algo apply. The front chip guard may,be carried out by the partial enclosure [see 5.2.1.1 d)].

b) For Mode 1 (automatic mode), a primary safeguard, which meets the requirement of a chuck ghard,
a front guard or a partial enclosiire shall be provided. The front guard shall be interlocked tp the

spindle whether it is attached to-the saddle or not.

c) For smdll Group 2 machineSonly, the partial enclosure shall extend from the work holding spjndle

nose up|to the front of the'tailstock, when the tailstock is located at the end of the bed.

d) For large Group (2> machines under Mode 1 (automatic mode) only, the requirements in

5.2.2.4b), ), d).and'e), for large Group 3 machines, shall also apply.

NOTE

Sde Figufe 4.

5.2.2.4 Primary safeguards for Group 3 machines, NC turning machines and turning centres

The primary safeguards for Group 3 machines, NC turning machines and turning centres are the
following.

a) The specific requirements for small Group 3 machines are the following:

1y

2)

22

guards shall be designed to contain and/or prevent exposure to swarf/chips, fluids and parts
that can be discharged or ejected [see 5.13 and 5.15 b)];

for Mode 0 (manual mode), the requirements for primary safeguards of Group 1 machines shall
apply (see 5.2.1.1);
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3) for Mode 1 (automatic mode), the work zone shall be enclosed by fixed and/or interlocked
movable guards during machining operations. The guarding arrangements shall be designed
to prevent access to the hazard zone.

NOTE1 The guard provided to prevent access to the work zone can also serve as an enclosing guard to
minimize the risks of ejection described in 5.13.

NOTE 2  See Figure5.

b) Among the specific requirements for large Group 3 machines, fixed and movable interlocked guards
shall be provided to prevent access to the following hazardous areas from the operator’s position
(see IS0 14120:2002, 5.2.2 and ISO 13857:2008, Table 2):

1) if applicable for large Group 3 machines, the requirements for primary safeguards for small
Group 3 machines shall apply [see 5.2.2.4 a)];

2) inother cases, large Group 3 machines may be equipped with

— movable guards which interlock [see 5.11 b) 1) i)] to the saddleto prevent access to the
work zone from the operating position,

— aplatform [see 5.2.2.4 c)],
— aperimeter fence [see 5.2.2.4 e)] to prevent access/t@‘the machining area,

— guards described in 5.13.2 or 5.13.3.

c) The requirements for the platform on large Group @,machines are that where close observation of
the machining process is required within the area surrounded by the perimeter fenc¢ or through
the saddle/slide guard, means of safeguarding'the operator’s work position shall be provided by an
enclosure or a platform fulfilling the followitfg requirements:

1) be adjustable to ensure a safe position for the operator, if necessary;
2) be designed to ergonomic prineiples in accordance with ISO 6385;
3) be equipped with lighting.and ventilation for the operating position;

4) be equipped with means of access and egress to any operating position (e.g| ladder), in
accordance with }S0.14122-3 and ISO 14122-4;

5) be designed so'that access to the hazard zone is prevented, e.g. provision of guardg with vision
panels or adequate safety distances in accordance with ISO 13857;

6) provideprotection for the operator from chip and/or metalworking fluids, and p4rts that can
be diseharged or ejected [see 5.13 and 5.15 b)]. Guards provided for this purpose ghall extend
intheight at least 1,80 m from the floor of the platform;

1) ~means shall be provided to minimize the risk of crushing, shearing and impact from movable
adjustable (horizontally or vertically) operating platforms/enclosures (e.g. bumpers,
metal roller shutters, pressure-sensitive protective devices). Adjusting the position of the
platform/enclosure position shall only be possible in Mode 2 (setting mode) e.g. by hold-to-run
control [see 5.11 b) 2)].

NOTE3  SeeFigures 6 and 7
d) Interms of access to the machining area for large horizontal Group 3 machines:

1) any shearing point, e.g. between platform and machine frame, shall either be avoided, e.g.
by adjustable end stops, or prevented, e.g. by bumpers where the platform speed exceeds
25 m/min;
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NOTE 5

5.2.2.5 Primary safeguards for Group 4 machines, automatic turning machines

The requirements of 5.2.2.4 a) 1) and 5.2.2.4 a) 3) shall also apply.

5.2.3 Workpiece clamping conditions

a) The general conditions are the following:

b)

24

2)

3)

bumpers shall be in accordance with ISO 13856-3 and shall stop the movement before an impact
force of 400 N is reached. The impact force shall be measured using a fixed probe of circular
section 80 mm diameter, positioned square to the direction of motion. The active part of the
bumper shall be made of flexible material, e.g. rubber, and its width shall be greater than 80 mm;

the bumper shall extend on the whole height of the component up to 1 800 mm and the effort
exerted by the bumper shall not exceed 400 N.

NOTE 4  See Figure 6.

Access to the machining area for large vertical Group 3 machines shall be prevented by a perimeter
fence consisting of fixed and interlocked maovable gnardc with gn;n'd ]m‘king If floor-mounted,

the perjmeter fence shall be securely fixed, have a minimum height of 1,4 m and be situated at a

distance from the hazard zone in accordance with ISO 13857:2008, Table 2.

1y
2)

3)

4)

5)

Sde Figure 7.

workpiece clamping devices shall be in accordance with{SO 16156;

workpiece clamping devices, except collets, shall béclearly marked with their maximum work
holdling device speed (see 6.2.8);

it shall not be possible to manually initiate.an opening or closing of the workpiece clamping
deviice when the spindle(s) is (are) rotating;

for [machines equipped with clamping devices other than collets and where programmnpable
spidle speed is available, a progrant shall not run in machining mode of operation unlegs the
follpwing conditions are fulfilled:

i) [machines shall have fa¢ilities for entering and/or validating the maximum working sp
speed (see 3.5.3) taking into account the maximum work holding device speed (see 3.
and the workpieeeZ(see 6.2.8) in Mode 2 (setting mode). Failure to enter and/or valjdate
this/these speed(s) at each program change shall prevent the machine running in M¢de 1
(automatic mode). The lower speed shall be monitored [see 5.11 b) 5)] and shall npt be
exceeded;

ii) [for large Group 3 machines only, means shall be provided to prevent acceleration and/or
deteleration rates that may result in loss of workpiece clamping, e.g. by providing dynamic
acceleration/deceleration or manual adjustment (soft start/stop usually on manual
machines).

Chucks, face plates and other work holding equipment shall be mounted to the spindle in
accordance with ISO 702-1, ISO 702-2, ISO 702-3 and ISO 702-4.

For a power-operated workpiece clamping device:

iy

2)

an actuating force sufficient for the safe clamping of the workpiece shall be maintained until
the spindle has come to rest (in accordance with ISO 16156:2004, 5.2.1), e.g. by non-return
valves on the hydraulic system or a self-locking workpiece clamping device;

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.
In addition, the jaw stroke(s) of chucks shall be monitored to ensure that there is a sufficient
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stroke available once the component is clamped. If the required actuating force is

not reached

or the necessary remaining stroke is insufficient, starting the work holding spindle drive

shall be prevented [see 5.11 b) 7)]. If the monitoring of jaw stroke is not possible,
measures shall be provided;

other safety

3) if the spindle drive is rotating and if the chuck actuating force or the remaining stroke at the
workpiece loading position fall below a pre-set value, a machine stop category 1 in accordance
with [EC 60204-1 shall be initiated;

4) for Groups 3 and 4 machines only, for machine warm up, filling the machine or finishing

productlon it shall be p0551b1e to run the machlne w1thout workplece(s) in the work

momtormg of the workplece clamplng may be dlsabled The manufacturer Sl
a safe procedure to allow the sensing of clamping to be disabled [see 501 b)
special NC-routines for above-mentioned purposes, by special keys or by acce

In machines with counterspindles that transfer the workpiece to amother spindlg
spindles are rotating with the same speed, it shall be possible to run a spindle withot
in the work holding spindle in automatic mode of operation with guards closed. In t
monitoring of the workpiece clamping in either the main spindle‘or the counterspi
disabled. Means shall be provided to ensure that at least oneyof the spindles is runi
activated monitoring of the workpiece clamping [see 5.14/b) 7)];

For manual loading/unloading, means shall be provided to prevent fingers bei
These means may include

i) adjustable jaw stroke not exceeding 4 mi or a guard fulfilling the safety
accordance with ISO 13857,

adjustable incremental movements$ not exceeding 4 mm,
closing speed not exceeding 4 mmm/s, or

controls for the workpi€ce clamping device controlled with hands outside the
e.g. by two-hand control together with a retractable workpiece support.

For a manually operated.chuck, means shall be provided to prevent the spindle from s
the chuck key left in the ‘chuck.

This can be achiéved by an interlocked chuck guard or by providing a self-ejecting key

Modes of‘machine operation

1 . Mode selection and/or options

hat case, the

all provide
7)], e.g. by
ss controls.
while both
it workpiece
his case, the

hdle shall be
hing with an

ng trapped.

distances in

work zone,

tarting with

' (e.g. spring-

Thamadac of anaration that avra mandtaryg o antiana] for+ha o
1o +—+o—+tie->5S

T ToOCo o op ottt or O oo toT y o Optro

in Table 1.

b) To select a mode and/or options:

1) the selection of a mode of operation shall be either by key switch, access code or o

achihe are given

ther equally

secure means, and shall only be permitted from outside the work zone. The selected mode
shall be easily visible (e.g. by display or by position of the selector switch). Selection of a mode

shall not initiate a hazardous situation. If a lockable mode selection switch is used,
accordance with ISO 12100:2010, 6.2.11.10 and IEC 60204-1:2009, 9.2.3;

2) the mode selection device and the associated control system arrangements shall

it shall be in

ensure that

only one mode is selected and enabled at any one time. For requirements concerning safety

function for mode selection, see 5.11 b) 10).
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5.2.4.2 Mode 0: manual mode

When Mode

0 (manual mode) is selected, the following requirements apply:

a) the spindle shall only be initiated manually by a control device provided for that purpose when the
chuck guard is closed;

b) the turret indexing shall either be manual or powered. Indexing shall only be possible by
incremental steps and be initiated when both hands of the operator are outside the danger zone
[e.g. by hold-to-run control together with an enabling device, see 5.11 b) 2) and 4)] or when the

guard d

oors are closed (e.g. on Group 2 and 3 machines);

C) axessp
to-run d

1) 6m

2) 10 in/min for large turning machines;

d) axesini

5243 M
a) When N
machin

1) the
tail

bed shall be manually selected and rapid traverse movement shall only be possible by.
ontrol [see 5.11 b) 2)]. Axes speed shall be limited to

/min, for small turning machines, and

Fiation shall only allow one principal axis movement at a time.

pde 1: automatic mode

lode 1 (automatic mode) is selected and the movable gitards are open, no movemse
e elements shall be possible, except the following:

opening and closing movement of the workpiece clamping device(s) and movement ¢
stock quill for the purpose of changing the workpiece (see 5.2.3);

hold-

nt of

f the

2) spindle(s) rotation shall be controlled by holdsto-run control [see 5.11 b) 2)] and shall not

exc
wol
[sed

3) cut
the

b) When N
movemg
speed s

c¢) For Gro

capability) only, whén-Mode 1 (automatic mode) for Group 2 machines is selected and all safegy

are acti

1) all imited-humerically controlled capabilities (see 3.4.1.4) can be provided;

bed 50 r/min and the peripheral speed shall not exceed 1,3 m/s for the largest stan
k holding device described in the insttuction for use. The speed limit shall be monit
5.11 b) 5)];

ring fluid/coolant flow shall be automatically shut off when the movable guard for accg
work zone is open.

ents of machine elements are possible. The monitoring of the maximum permissible sp
hall be active [see 5.2:3 a) 4) i)].

lp 2 machines{(ranually controlled turning machines with limited numerically cont

e (e.g. chuck guard and front guard closed, and speed monitoring active):

dard
ored

ss to

lode 1 (automatic modg) jis'selected and the movable guards are closed, all programimed

indle

olled
ards

2) rap

dtraverse movement shall be limited to 10 m/min for linear axes.

5.2.4.4 Mode 2: setting mode, general

As the setting mode is very machine-group-specific, the additional requirements for Groups 2 and 3
machines are given in 5.2.4.4.1, and for Group 4 machines in 5.2.4.4.2.

When Mode 2 (setting mode) is selected and the movable safeguards are open, the following general
requirements apply.

a) Forrequirements to enter/validate the maximum working spindle speed, see 5.2.3 a) 4) i).

b) Automatic tool and workpiece changing mechanisms shall remain disabled. Initiation of their
automatic movement shall only be possible after closing the guards.

26
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Means shall be provided to prevent hazardous movement of vertical or slant axes under gravity
(e.g. redundant brake system). For requirements concerning the safety control function for the
prevention of unintended descent of vertical or slant axes, see 5.11 b) 12).

When access is given to a hazard zone(s) from more than one position through movable guard(s)
and part of a hazard zone is not visible from the operator’s position, no movement shall be possible
unless the remaining guards at these hazard zones are closed.

If the machine is equipped with handling devices for workpiece loading/unloading:

1) for safety requirements and/or measures concerning handling devices for workpiece loading/
unloading, see 5 2 5 2:

2) the handling device setting shall only be possible by hold-to run control at a reduc¢d speed not
exceeding 2 m/min [see 5.11 b) 6)] or with the guards closed;

3) where access is required with the guards open or the protective device(s)suspended, powered
motion shall only be initiated under the control of an enabling device together with a hold-
to-run device to permit step-by-step movement. When continuous movement is required, the
enabling device and the hold-to-run control device shall be at a safe-distance from the hazardous
situation, so as to keep both hands outside the hazardous¢zoite. The distance tq the hazard
shall meet the requirements of ISO 13855. For requiremerts concerning the safefy function’s
enabling device and hold-to-run control, see 5.11 b) 2)~and 4). No hazardous moyement shall
arise from the actuation of any sensor or feedback device;

4) ifarobotisused for workpiece loading/unloading;the requirements of ISO 10218-2 shall apply.

5.2.4.4.1 For Mode 2: setting mode for Group 2 and Group 3 machines (manually contrdlled turning
machines with limited numerically controlled capability and numerically controlled turning machines
and furning centres). When the setting mode of\operation is selected and the movable guarnds are open,

mové¢ment of machine elements shall only be(possible under the following conditions.

a)

b)

)

Mxes feed movements shall be limited to a feed rate not exceeding 2 m/min and the fegd rate limit
ghall be monitored [see 5.11 b) 6)].)The axes feed movement shall be

1) controlled by a hold-to-fun control [see 5.11 b) 2]], or
2) limited to incremental movement of not more than 6 mm.

Indexing (rotation).of powered turrets shall only be possible by incremental steps and|be initiated
fvhen both hapdS’of the operator are outside the danger zone [e.g. by two-hand fontrol (see
1SO 13851)] etby hold-to-run control together with an enabling device [see 5.11 b) 4)]|or when the
guard doorSaare closed. If the turret is controlled as an NC axis, the requirements of 5.2.4.2 b) shall
3pply forfeed rate as well as for maximum surface speed.

Cutting fluid/coolant flow shall be automatically shut off when the movable guard for gccess to the
otk zone is open.

Power-operated tool spindle(s) shall not exceed 50 min-1.

For small Groups 2 and 3 machines only, the rotational speed of the workpiece holding spindle shall
not exceed 50 min-1. The rotation shall be controlled by hold-to-run control or enabling device and
the speed limit shall be monitored [see 5.11 b) 2) or 4) and 5)].

For large Groups 2 and 3 machines only, the rotation of the workpiece holding spindle and faceplate
movements shall be limited by the peripheral speed of the work holding device and shall not exceed
1,3 m/s. The particular work holding spindle speed shall be monitored [see 5.11 b) 5)] and be
controlled from outside the hazard zone using a hold-to-run control or an enabling device [see 5.11
b) 2) or 4)].
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5.2.4.4.2 For Mode 2: setting mode for Group 4 machines (single- or multi-spindle automatic turning
machines). When the setting mode of operation is selected and the movable guards are open, movement
of machine elements shall only be possible under the following conditions.

a) Axes feed movements shall only be possible where:

b)

d)

5.2.4.5 Sdrvice mode

1y
2)
3)

For the fotation of powered tools and/or work holding spindle(s)

1y
2)
3)

Movement of the spindle carrier shall only be possible:

1y

2)

axes feed rate does not exceed 2 m/min and the feed rate limit is monitored [see 5.11 b) 6)],
axes feed movements are controlled for each axis by a hold-to-run control [see 5.11 b) 2)], or

axes feed movements are limited to incremental movements of not more than 6 mm;

rotqtion shall be monitored and not exceed 50 min-1 [see 5.11 b) 5)],
moyement shall be controlled by a hold-to-run control [see 5.11 b) 2)], and

on mechanically controlled machines where no reduced speed function is(previded, operption
of Jowered tools or work holding spindles shall only be possible under a two-hand copntrol
devlice of type Il or IIIB in accordance with ISO 13851:2002, 6.3. The location of the two-hand
confrol device shall be in accordance with ISO 13855;

by rotation at a limited peripheral speed not exceeding 2:m/min and the speed limit shall be
mohitored [see 5.11 b) 5)]. Movement shall be controlledby’a hold-to-run control [see 5.11 h) 2)];

by indexing from one position to another when bgth hands of the operator are outsidg the
hazprd zone, e.g. by using a hold-to-run control.device together with an enabling devicq [see
5.11 b) 2) and 4)] or by a two-hand control device of type Il or type IIIB in accordance|with
1S0O|13851:2002, 6.3. The location of the control device shall be in accordance with ISO 13855.

For can] mechanism zones, the powered moyements shall only be possible by using a hold-t¢-run
control |device together with an enabling\device [see 5.11 b) 2) and 4)], or by using a two-hand

control [device located close to the cam mechanism access door.

Service mode shall only be provided for service staff, who are trained and authorized by the mac¢hine

manufacturpr.
For the instructions for dseysee 6.2.8.

a) Generally, in sexwi¢e mode:

28

1y

2)

3)

for thesselection of service mode a lockable switch mounted on a cable-connected, detachable
seryiee device shall be provided. The connection of the service device shall be accessible at
the machine, e.g. from an outside electric enclosure. Warning signs at the service device shall
inform that the use of the service device is restricted to service staff, trained and authorized
by the machine manufacturer. As long as the service device is connected to the machine, no
other mode of operation shall be selectable. The instructions for use shall require removing the
device after completing service activities;

automatic workpiece changing mechanisms shall remain disabled. Initiation of their automatic
movement shall only be possible by reselection of Mode 1;

means shall be provided to prevent hazardous movement of vertical or slant axes under gravity
(e.g. redundant brake system). For requirements concerning the safety control function to
prevent unintended descent of vertical or slant axes, see 5.11 b) 12);
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4) according to the hazard analysis, additional safety measures may be necessary, such as
secondary guards, barriers or screens in combination with warning signs, if possible;

b) This mode will enable restricted automatic functionality of the machine with the main work zone
guards open. The restrictions are:

5.2.5

5.2.5
If the

a)

f)

1) machining shall not be possible in service mode:

i) reduced axes speed [see 5.2.4.4.1 a)] for all axes shall be used and monitored
6)]. This shall not exceed 2 m/min;

[see 5.11 b)

q

q

ii) continued moving cycles shall be possible (e.g. repeatability test);

iii) if the hazard analysis indicates that the pressure of coolant injection can/crépte hazards,
the coolant ejection shall be disabled;

iv) if the movement of the tool changer is foreseen, the requirements of 5.2.5.5 b) hall apply;

v) simultaneous rotation of the spindle and axis motion shall be limiited to the reduced speeds

for Mode 2 (setting mode) and shall be monitored [see 5.11 K) 5) and see 5.11 k) 6)];

each peripheral device (tool changer, swarf conveyor, etc.) can‘only be enabled in

lividually. It

may be necessary to rotate the tool holder to ensure the safe and reliable workinlg of the tool
change mechanism, in which case the rotation speed¢hall be limited to a maximum surface
speed of 2 m/min or initiated from control devicesclocated outside the reach of hazardous

movements in accordance with ISO 13857 [see 5.11'b) 6)];

if the working spindle speed exceeds 50 r/min'or the peripheral speed exceeds 1,3

m/s and no

chuck guard is provided [see 5.2.1.1 a)], the frent door of the machine shall be equigped with an
additional position switch. The positionswitch shall be interlocked with the spindle drive and
shall permit spindle operation only whehn at least the guard covers the entire length of the body

of the chuck;

warning signs shall be displayed adjacent to the mode switch showing a desgription and
diagrams of the safety measures that have to be enforced when this mode is enabl¢d.

Optional or additional'equipment for turning machines

.1 Special requirements for machines equipped with bar feed

dccess to rogtating or moving bars or moving parts of the bar feed shall be preven
ind/or inhterlocked movable guards [see 5.2.2.2 a)]. Access shall only be possibl

1';

indexing the bar feed device shall not be possible when the guards are open;

zardous movements have ceased in accordance with ISO 14119;

machine is equipped with bar feed devices, the following requirements shall be fulfilled:

ed by fixed
¢ when the

for requirements concerning the safety function interlocking devices associated with movable
guards applied to bar feed devices, see 5.11 b) 1) viii);

the guards for access to the machine’s work zone shall be interlocked with the bar feed system to
prevent the feeding of the bar in the machining mode of operation when the guard(s) is/are open;

barfeeding into the work zone shall only be possible in Mode 2 (setting mode) with the work zone
guard opened under hold-to-run control [see 5.11 b) 2)] at a speed not exceeding 2 m/min or by
two-hand control from outside the work zone;

means shall be provided to stop the barfeeding when the remaining bar length is no longer
sufficient to ensure that a safe grip can be achieved (see 6.1 for marking).
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5.2.5.2 Handling devices for manual or automatic workpiece loading/unloading

a)

b)

5.2.5.3 Mapchines equipped with a tailstock and/or quill

a)

b)

30

If the machine is equipped with handling devices for workpiece loading/unloading, the following
general requirements shall be fulfilled (specified in ISO 10218-2:2011 and ISO 11161:2007 +

Amd1:2010):

1) load/unload positions for operators at workpiece transfer devices shall be located outside the
work zone and away from the other hazardous mechanisms (e.g. the tool changer);

2) access to the hazardous movements of handling devices shall be prevented by means of fixed
and/or interlocked movable guards [see 5.11 b) 1) iii)] or hazardous movement(s) shall be
either cfnppnr‘ or-inhibited ]‘\y the actuation of prnfnr‘fivn devices (n g interlocked gua rd or
light curtain);

3) for| requirements concerning the setting mode of handling devices for(|workpiece
loaIing/unloading, see 5.2.4.4 b);

4) actyation of a machine’s emergency stop device shall also initiate the emergency stop fungtion
of the handling device;

5) when access to the handling device hazard zone is possible, access from that area to the machine

work zone shall not be possible or, alternatively, the machine shalle in stopped condition and
undxpected start-up shall be prevented (see ISO 14118). Access.t¢ hazardous movements ¢f the
harldling device and any other dangerous movement of thesmachine, e.g. in the machine work
zonk, shall be prevented by means of fixed and/or movable guards interlocked with guard
locking.

For Grgup 4 machines (single- or multi-spindle automatic turning machines) only, means |shall
be provided to take samples of machined workpieces without allowing access to hazardous

movements.

If the njachine is equipped with a tailstock and/or quill, means shall be provided to prevent the
tailstock being unintentionally pulled.off the end of the bed during manual adjustment ¢f its

position] (e.g. mechanical stop).

For madhines with power-operated tailstock and/or quill:

1y

2)

3)

4)

the| powered movement of the quill shall not exceed 1,2 m/min when the guard is jopen
[see 5.11 b) 6)]; forwatrd movements of the quill shall be controlled either

— [with two hands outside the work zone (e.g. by two-hand control),
— | hold-te=run control [see 5.11 b) 2)],

— | with a 3-position-foot switch and stop on release and retraction on foot pedal full down, or

— with a 2-position-foot switch and stop on release;

means shall be provided to monitor the clamping force of the quill [see 5.11 b) 7)], and for the
automatic cycle to be brought to a controlled stop if the clamping force falls below a pre-set limit;

manual initiation of powered tailstock and powered quill movements shall not be possible
when the work holding spindle is rotating [see 5.11 b) 7)];

either

— the clamping limit shall be indicated on the tailstock quill and the end position of the quill
shall be durably indicated (e.g. by a coloured ring), or

© ISO 2015 - All rights reserved


https://standardsiso.com/api/?name=26c953b2a5381037639e95b0c2c6acdc

ISO 23125:2015(E)

— the clamping limit shall be monitored by a limit switch which is interlocked with the spindle
rotation [see 5.11 b) 7)];

5) powered movement of the tailstock body towards the workpiece when the guard is open shall
only be by using a hold-to-run control [see 5.11 b) 2)]. The tailstock body can retract to the
defined position by one operation considering the requirements of ISO 13854 for the necessary
gaps to avoid crushing. The maximum traverse rate of the tailstock body shall not exceed
2 m/min.

5.2.5.4 Chip collection and removal

a)

b)

b)

d)

© ISO 2015 - All rights reserved

fccess to hazardous parts of the chip collection and removal systems shall be prevented by fixed
gdnd/or interlocked movable guards [see 5.2.2.2 a)] unless they are otherwise safe by position in
dccordance with [SO 13857.

When these interlocked movable guards are open, movement of the swarf colection and removal
gystem shall be prevented. Where access to dangerous parts of the swarf collection system (e.g. belt
r screws) is possible from the operator’s position, movements of these-parts shall be prevented
fhen the work zone guards are opened. Where movement of the.chip collection gnd removal
gystem is required with the movable guards opened (e.g. for cleaning), this shall be gossible only

under hold-to-run control [see 5.11 b) 2)] and an emergency stop device shall be pro
yicinity.

The hazards in the chip discharge area shall be safeguarded by guarding or perim
preventing access to crushing and entanglement and permanently mounted labels
any residual risk, as defined in ISO 12100:2010. Where movable guards are used, t
interlocked with the chip conveyor system [see 5:2:2.2 a)].

Access to an externally accessible tool magazine and tool transfer and tool changing]
fhall be safeguarded by a cenibination of fixed and interlocked movable guards [see ]
dccordance with ISO 14119:2013, 6.1. For requirements concerning safety functions for
devices associated with teol changer, tool magazine, see 5.11 b) 1) iii).

hen the interlockeéd movable guard(s) for access to the tool magazine is (are) op
magazine drive-shall be stopped in an appropriate stop category in accordance with
12009, 9.2.27In"Mode 2 (setting mode) or service mode with the interlocked movable
powered movement of the tool magazine (e.g. for tool replenishment, maintenance or
purposes)shall only be possible by means of hold-to-run control allowing a single tool 3
movement or by two-hand control device for continuous movement. This movement

ided in the

eter fencing
warning of
hey shall be

Ssm
ol changing
mechanism

b.2.2.2 a)] in
interlocking

en, the tool
IEC 60204-
guard open,
adjustment
tation index
shall be at a
the reach of

ated from control devices located outside

0273 3 3 aith 1SO 3 Or req emen Oncerning sa
for interlocking devices associated with tool changer, tool magazine, see 5.11 b) 1) iii).

ty functions

Where whole body access into the tool magazine is possible, presence sensing devices shall be
provided to prevent any movement of the tool magazine or other accessible hazardous machine
movement. It shall be possible to view the movement of the tool magazine with the interlocking
guard in the closed position. In order to prevent falling or ejection of tools, they shall be held within
the tool holder of the magazine. The design data for tool holding (e.g. limits for maximum mass,
moments of inertia, and spatial envelope of tools) shall be provided to the user (see 6.2).

Fixed or interlocked movable guards shall prevent access to movable parts of the tool changer.
When interlocking movable guards providing access to the tool changer from any hazard zone are
open, the movement of the tool changer shall be inhibited. No hazardous machine movements shall
arise from the actuation of any sensor or feed-back device. To prevent falling or ejection of tools,
they shall be held in the tool changer under all operating conditions, including loss of power.
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5.3 Specific requirements resulting from electrical hazards

a) Direct contact with electrical equipment:

iy

2)

3)

electrical equipment shall be in accordance with IEC 60204-1, unless otherwise specified in
this International Standard;

see IEC 60204-1:2009, Clause 6, for the prevention of electric shock and IEC 60204-
1:2009, Clause 7, for protection against short circuits and for protection against overloading.
The degree of protection of all electric components shall be [P54 minimum in accordance with
[EC 60529:2013. In particular, the following requirements in the relevant clauses of IEC 60204-

oo e-rorrrrrretT

i) |Clause 7 for protection of equipment,

ii) | Clause 8 for equipotential bonding,

iii) [ Clause 12 for conductors and cables,

iv) | Clause 13 for wiring practices,

v) |Clause 14 for electrical motors and associated equipment;

eledtrical 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 risk of
fire|is not considered significant for machines where power circuits are protected againstjover
curfent (see IEC 60204-1:20009, 7.2.2).

b) For indirect contact with electrical equipment, the requirements of IEC 60204-1:2009, 6.3 shall be

fulfilled.

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

c) For the protection of control gear, enclosures'of control gear shall provide a degree of protection of
atleast [P2X, in accordance with [EC 60204+-1:2009, 6.2.2, except for control gear enclosures wjithin

the work zone that shall have a degree-of protection of IP55.

5.4 Specific requirements resulting from noise hazards

When desighing the machine, the-available information and technical measures to control noise pt its

source shall|be taken into account (see, for example, ISO/TR 11688-1).

NOTE

— the metdl cuttingprocess,
— the spin(]lle/axes drives,

th b b N H 3£ +dad) A
- € par reeamecenantsms O provTacay,~alirar

The main sources-of airborne noise on these machines include

— the exhaust system (if provided).

Operating conditions for noise measurement shall be in accordance with ISO 8525.

The determination of the noise emission shall be in accordance with ISO 230-5.

The declaration of the noise emission values shall be in accordance with 6.2.6.

5.5 Specific requirements resulting from radiation hazards

a) Forlow-frequency radiation, radio frequency radiation and microwaves, see 5.8 k). See EN 12198-1,
EN 12198-2 and EN 12198-3 for more information.

32
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b) For lasers, built-in laser feedback systems shall be designed to prevent exposure to beam paths or
specular reflections in accordance with IEC 60825-1.

5.6 Specific requirements resulting from material or substance hazards

a)

As the materials that may be processed depend on specific applications, it is not possible to provide

detailed recommendations for the reduction of the risks in this International Standard. However,
for metalworking fluids, the following requirements apply.

b)

The requirements for metal removal fluids/coolant are:

‘‘‘‘‘‘

y

of the system and changing of filters (see 6.2);

metal removal fluids shall drain away under gravity from the machine,towards
avoid stagnant areas remaining on or within the machine.

c) Ifafire and/or explosion risk exists:

iy

d)
)

INOTE
gnd/or the use of flammable fluids and are considered individually (see EN 13478:).

the machine, including the control system, shall be designed so‘asto allow for its c
fire detection equipment, an extinguishing system, an alarm, a pressure relief, et
to the manufacturer’s recommendation (see examples in Figures E.1 and E.2);

if the coolant supply or the exhaust system is not functioning correctly, a sta
machine shall be prevented (see Figure E.2, item 53;

nt, cleaning

the tank to

bnnection to

., according

rt-up of the

in the case of malfunction of the coolant supply, the process shall be stopped autgmatically in

an appropriate manner, e.g. separation of teel and workpiece and switching off
drives and exhaust system;

in the case of fire detection, the exhaust system shall be stopped in an appropriate

tpindle, tool

manner. The

time delay until the air flow stops ihcreases the amount of extinguishing agent, if gn automatic

extinguishing system is used.

Risks arising from fire anid explosion depend on the actual conditions of use of

The following are the requirements for biological or microbiological (viral or bacterial]

the total content-of'the metalworking fluid systems shall be circulated in normal u
stationary velime within the tank exists except where settlement is required by d

to avoidstagnant areas remaining within the machine, metalworking fluid shall
gravity from the machine towards the tank;

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

the metalworking fluid system shall be provided with filtration;

the machine

hazards:

e so that no
Psign;

drain under

ettlement;

5)

6)

7)

8)

when sediment build-up occurs, the design shall facilitate cleaning (e.g. rounded corners in
containers). Cleaning shall not require drainage of the whole system (see ISO 14159);

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

surfaces);

metalworking fluid containers 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 should be possible to add a separation or removal system for oil or grease, if necessary;
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9)

where a turning 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 system. The positioning of the interface should take into consideration the
internal airflows generated by the machine when in normal operation to enable effective
operation of the extraction system.

5.7 Specific requirements resulting from neglect of ergonomic principles hazards

a)

b)

34

Machines shall be designed in accordance with the ergonomic principles in:

The requirements for the positioning of the main control panel are the following:

1y

2)

3)

4)

[SO 12100:2010, Table B.1, No. 8;

[SO[12100:2010, 6.2.6, 6.2.8, and 6.3.5.6;
[SO|6385;

[SO|15534-1;

1SO|15534-2.

the| main control panel for starting, category 2 stopping, mode selection and hold-t¢-run
confrol (if applicable) for the machine, shall be located at the/operator’s position(s). Control
displays and/or actuators shall be protected against.swarf and be in accordance |with
[S0[9355-1, ISO 9355-2, ISO 9355-3 and IEC 60204-1:2009, Clause 10, and shall be prote¢cted
agajinst unintentional operation, e.g. by a collar push button or a double action control devjice;

no mode selection switch or start control that dnitiates Mode 1 (automatic mode) shgll be
proyided at any point on the machine other tharidhe main control panel. A separate start syitch
may be provided at a position deviating from the main control panel, if the operator has a better
viey of the dangerous zone. If more than one start switch is provided, the control system|shall
be designed in such a way that the use of;one of them precludes the use of the others;

confrols for operating the machine“ih Mode 2 (setting mode) may be provided remote from
the|main operating console, e.g.'on a pendant. Alternatively, they may be provided at separate
conisoles outside the hazard Zone;

whéen multiple controls @re provided for machine movements in Mode 2 (setting mode),|only
one|shall be operationalat any one time.

The requirements for‘unhealthy posture or excessive efforts (repetitive strain) include the design
of macHines in aceordance with ergonomic principles so as to avoid excessive effort, unheplthy

posture or fatigde)during use and in particular:

1y

2)

3)

4)

workpieces, tooling and accessories shall be easy to move. Lifting equipment may be reqyiired
for parts over 10 kg in mass (see ISO 11228);

where work handling equipment, hoists or lifting devices are required, provision shall be made
for their installation and operation (e.g. by making work zone access possible through the top
of the machine when guards are 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 11228);

control devices to operate clamping or gripping devices (e.g. drawbars, chucks) shall be
positioned to avoid excessive reaching while supporting the mass of the tool or workpiece (e.g.
application of foot controls) (see ISO 9355-3);
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5) movable guards shall be power-operated where use of them will lead to repeated excessive

d)

effort (see also 1SO 12100:2010, 6.2.2.2).

For inadequate 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 tanks, shall be chosen
to satisfy ergonomic principles (see 1ISO 6385, ISO 9355-1, ISO 9355-2, ISO 9355-3; I1SO 11228;
[SO 13855).

Work zone lighting shall be provided in all modes. It shall be at least 500 Ix at one chuck diameter

distance in front of the spindle nose on the spindle axis for horizontal spindle machines and 500 Ix
on the surface of the work clamping device for vertical spindle machines (see EN 1837).

f)

g)

5.8

a) Ior the purposes of this International Standard, the condjtion in IEC 60204-1:200
gchieved by the interlocking arrangements required in.5.2.2.2 a).

b)
D

iy
1)

or design location or identification of manual controls, input devices (e.g. keyboasy
ush buttons) shall be in accordance with ISO 9355-1 and ISO 9355-3.

or design or location of visual display units, screen displayed informatiom shall h
nambiguous. Reflections and glare shall be minimized [see ISO 9355-1, ISOv9355-2 a
all parts)].

Specific requirements resulting from unexpected start=0p, over-run or ¢
speed hazards

The requirements for failure/disorder of the control system are the following:

The requirements for starting are the following:

control systems shall be designed in accordance with ISO 4413:2010, ISO 4414:2010
1:2009 and with ISO 13849-1:2006 or~EN 954-1:1996. Unexpected machine

(e.g. spindle rotation, axis movement,\tool release from the spindle) shall be prg
ISO 14118);

where access is provided to .pfogrammable functions for alterations in Mode 1
mode), e.g. for tool geometty joffset correction, it shall be lockable to prevent u
access to program data «r .programmable functions. This may be achieved by
password or a key switch;

safety-related software shall be protected against unauthorized reconfiguration. I
it shall not bepossible for the user to suspend the operation of safety functio
interlocked guatrds) by means of sequences inserted in or called up by the part pro

for requirements concerning safety functions for start and restart function, see 5.]

s, keypads,

e clear and
nd ISO 9241

pver-

D, 9.2.5.2, is

, IEC 60204-
movements
vented (see

(automatic
nauthorized
the use of a

h particular,
h (including
bram.

|1 b) 13);

where multiple hold-to-run control device locations are provided (e.g. main conrrol station,

hand-held pendant), only one shall be functional at a time;

3)

4)

the closure of the movable interlocked guards shall not result in the restart of mov
parts. If power-operated guards are provided, see 5.2.2.2 b);

ing machine

unexpected start-up of hazardous movements, e.g. of work holding spindle, axes, indexing

spindle carrier, tool holding slides or workpiece clamping devices, shall be p

revented in

accordance with ISO 14118:2000, Clause 6, when the movable guards are open or in Mode 0

(manual mode);
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d)

£)

g)

36

5)

in Mode 1 (automatic mode), the machine may only be started or restarted when the guards
are closed by actuation of the start device provided for that purpose. See this subclause and
IEC 60204-1:2009, 9.2.5.2.

The following requirements for spindle and axis speed monitoring apply to all rotational speed
limit monitoring and axis feed limit monitoring in all modes of operation, except Group 1 machines
(Manually controlled turning machines without numerical control):

1y

2)

3)

The requirements for slide movement are the following:

1y

2)

the maximum permissible spindle speeds and maximum permissible axis feeds depend on the
mode of operation and shall be monitored accordingly. This also includes the maximum work
holding device speed, the maximum working spindle speed or the reduced spindle speed in
Set. BLUAY L ollls v e 3 SFEeRee<Pe 3L ":""""’

if one of the maximum permissible speed or feed limits is exceeded, a categorycl stap, in
accprdance with IEC 60204-1:2009, 9.2.2, shall be initiated automatically;

for Fequirements concerning safety functions for speed limit monitoring of workpiece and tool
spindles as well as speed limit monitoring of axes, see 5.11 b) 5) and 6).

slide movements may be achieved by manual actuation or by power driving through gearing
m the work holding spindle or separate drive motor(s)/actuators:

i) |direction of slide movement shall be consistent with, the direction of the control dpvice
(specified in ISO 447);

ii) [starting slide movements under Mode 0 (manual mode), each slide movement shdll be
manually initiated;

iii) [unexpected start-up of powered slide meyvement shall be prevented (see ISO 14118:2000,
Clause 6);

iv) [unexpected hazardous movement-0f'vertical or slant axes under gravity shall be prevgnted
(e.g. by a redundant brake systém);

for requirements concerning.safety functions for starting of axes movements or unintejnded
desfent of vertical or slant axes, see 5.11 b) 12) and 14).

The following requirements.for a safe category 2 stop do not apply to mechanically contrplled

Group 4 machines (multi-spindle machines):

1y

2)
3)

4)

a category 2 stop™unction, which is initiated by a stop device, shall be provided for|each
machine mode\of operation. When a category 2 stop function is initiated, the energy supply to
axep drive miotors, work holding device actuators (e.g. power-operated chuck or collet) and NC
equipmentneed not be removed (category 2 stop in accordance with [EC 60204-1:2009, 9{2.2).
However, for power to remain connected to the drive motor for the work holding spindl¢ and
toolhelding slides, it shall be monitored to detect movement (see ISQ 14118:2000, 6.4);

for requirements concerning the safety function’s safe category 2 stop, see 5.11 b) 11);

when the machine is stopped by the safe category 2 stop, opening the guard shall keep the
machine stopped in category 2 (see IEC 60204-1:2009, 9.2.2);

a faultin the safety-related part of the control system for the safe category 2 function shall result
in a category 1 stop, if possible, or in a category 0 stop, according with IEC 60204-1:2009, 9.2.2.

For restoration of energy supply after an interruption, control system design shall ensure that
automatic restart is prevented and re-actuation of the start control is always required to initiate
powered movement (see ISO 14118).
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h) For isolation and energy dissipation:

1)

2)

3)

4)

see [SO 12100:2010, 6.2.10 and 6.3.5.4, and ISO 14118:2000, Clause 5;

means shall be provided for the isolation of 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
[SO 14118:2000, 5.3). (See also Clause 5 and 5.3.1.3 of ISO 14118:2000);

energy, see

the device for disconnecting electrical supply shall be in accordance with IEC 60204-1:2009,

5.3, with the exception that the isolator shall not be of type d) or e) of [IEC 60204-1:

2009, 5.3.2;

when the machine has its own hydraulic pump and/or pneumatic compressor, the electrical

)
k)
I

NOTH

5.9

For 1

5.10
The 1

a) inadequate pressure or voltage shall be detected and the machine shall be stopped;

)

Pneumatic systems shall be in accordance with 1SO 4414:2010.

{ydraulic systems shall be in accordance with ISO 4413:2010«

‘or electromagnetic compatibility,

Specific requirements resulting from variation in rotational speed of tool

equirements concefning the safety function speed limit monitoring of tool spindles, s¢

Specific requirements resulting from failure of the power supply hazards

equirements for failure of power supply are the following:

isolation of the machine shall also cut the supply of electricity to the motor of the p
compressor. When hydraulic or pneumatic energy is provided from outside the™T
machine shall have areliable manually operated and lockable supply disconnecting

ump and/or
nachine, the
Hevice (shut-

off valve) meeting the requirements of ISO 14118:2000, Clause 5. Where‘energy djissipation is

not possible automatically as the result of the isolation (see ISO 14118:2000, 5.3.1.3
dumping of residual pressure shall be provided. These means mayrinclude a valvg
disconnection of pipes.

The requirements for external influences on the electricalequipment are the following:

Immunity: electronic control systems shall'be designed and installed so as to b
from electromagnetic interference and so*as to be stable when exposed to elect
operation or failure in accordance with\IEC 61000-6-2.

Emission: electrical/electronic design shall apply technical information and physig
to limit electromagnetic emissions in accordance with IEC 61000-6-4.

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

), means for
but not the

e protected
rical system

al measures

hazards

e5.11b) 5).

b hat 43 £o:1 £ 1 | Laoll 4 e 3 1. | 1
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workpiece

clamping or tool clamping (e.g. by means of under voltage and/or under pressure devices);

c) restoration of the energy supply shall not result in the machine automatically restarting (see
ISO 14118 and 1SO 12100:2010, 6.2.11.4);

d) interruption or failure of the power supply shall not result in hazardous movement of vertical or
slant axes under gravity (e.g. redundant brake system). For requirements concerning the safety
control function to prevent unintended descent of a vertical or slant axis, see 5.11 b) 12);

e) systems shall be designed so that a line rupture in any circuit (e.g. broken wire, pipe or hose) will
not result in the loss of a safety function (see IEC 60204-1, ISO 4413:2010 and ISO 4414:2010);
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means shall be provided for the isolation of the energy supply (see ISO 4413:2010, 5.3.2.2,
ISO 4414:2010, 5.28 and IEC 60204-1:2009, 5.3; for the dissipation of stored energy, see
[SO 14118:2000, 5.3).

5.11 Specific requirements resulting from failure of the control circuit hazards

a)

b)

NOT

1y

2)
3)
4)
5)
6)
7)
8)
9)

10)
11)
12)
13)

38

Regarding safety-related hardware and software, for the purposes of this International Standard,
safety-related parts of a control system include the entire system from the initial actuator (control
device) or position detector to the point of input to the final actuator or element, e.g. motor. Safety
functions of control systems shall be implemented using safety-related parts designed, constructed
and applied in accordance with ISO 13849-1:2006 or EN 954-1:1996.

The safety functions shall fulfil the accordant requirements given in this subclatse:| The
manufafturer has the choice between two reference standards for each safety functiondisted in the
following table:

If ISO 13849-1:2006 is applied, the required performance level (PLy) shall be fulfilled.
If EN 954-1:1996 is applied, the required category shall be fulfilled.

E Fqr the determination of the performance level, see also example of calculation in Annex F.

Required per- Required cate-
formance level gory accorgding
PL; according to to EN 954-
IS0 13849-1:2006 1:1996

interlofking device associated with a movable guard in the fallowing

areas, ¢lectro-sensitive protective equipment (ESPE) or qother safety

equipnpent applied to:

i) work zone by the operator; d category 3 3
work zone only for maintenance; c 1

ii) transmissions, drive mechanisms; cordl 1or31)

iii) tool changer, tool magazine; d 3

iv) handling device for workpieceJoading/unloading; cordl 1 or 31)

V) pallet changer; cordl 1or31

vi) chip conveyor; c 2

vii) access to pits, gates in perimeter fencing; cordl 1or31

viii) bar feed deviceés; C 1

ix) mechanical power transmission drives accessible during cord?) 1 or 32)

norma) operation.

Hold-t¢ run eontrol; d3) 33)

Control system with electronic handwheel; see 6) see 6)

Enabling-deviee; v, 3

Rotational speed limit monitoring for spindles [see 5.8 d)]; d 3

Linear axes speed limit monitoring (includes electronic handwheel); c 2

Control system of tool clamping and workpiece clamping; b 1

Emergency stop [see 5.11 ¢)]; c 1 or34)

Prevention of crushing hazard at power-operated guards/doors with d 2 or 35)

edge protection by e.g. pressure-sensitive protective devices (PSPD);

Operation mode selection function; C 1

Safe category stop 2 in accordance with IEC 61800-5-2:2007; c 2 or 36)

Control function to prevent unintended descent of vertical or slant axis; cord?) 2 or 37)

Start and restart function [see 5.8 c)]; c 1
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14) Start axis movement [see 5.8 €)]. c 1

1) Based on S1 and P2, decision F1 or F2 depend on frequency of access. If it is once or more per hour, PL;=d or
category 3 shall be used. If it is less than once per hour, PL;- = ¢ or category 1 may be used.

2) Ifitis scarcely possible to avoid hazard (P2, see F.2) the interlocking shall conform to PL; = d or category 3.
If it is possible to avoid hazard (P1, see E.2) the interlocking can conform to PL; = ¢ or category 1.

3) If PLy = d or category 3 cannot be achieved, a combination of hold-to run and enabling device complying
with P =d or category 3 shall be used.

4) If the emergency stop function is hardwired, category 1 shall be used. In other cases, category 3 shall be
used.

5) Based on the risk assessment and taking into account the mass and the velocity of the door.
6) Cptegory 2 for axes movement and category 3 for spindle rotation.

7) Whenever a hazardous descent of vertical or slant axis occurs, PLy = c or category 2 can onljbe|selected if a
realistic chance of avoiding an accident or significantly reducing its effect is given; PL; = d ox'categ¢ry 3 can be
seledted if there is almost no chance of avoiding the hazard.

c) KEmergency stop:

1) emergency stop functions shall be category 1 (or category O/determined by the risk
assessment) and be in accordance with IEC 60204-1:2009,-9.2.5.4.2, ISO 12100:2010, 6.3.5.2
and ISO 13850:2006;

2) an emergency stop function shall be initiated by an emergency stop device(s) which shall be
in accordance with IEC 60204-1:2009, 10.7 and“lSO 13850:2006. An emergency top control
device shall be provided at each operator’s position including:

i) atthe main control panel;

ii) atany portable control panel (if provided);
iii) close to and inside the enclosure or tool magazine (where whole body access ig possible);
iv) when a tool magazine is'pfesent and separate from the machining area;

v) atthe handling dewice station for workpiece loading and unloading (if present dnd separate
from the main gperator’s position);

vi) at the bar leading and unloading station (if present and separate from the main operator’s
positiony):
5.12 Specific r¢quirements resulting from errors of fitting hazards

Any part dismountable by the user for setting or maintenance purposes, e.g. cam, turret| tool holder
and meghanical device shall have provisions for preventing errors of fitting, e.g. pins, agymmetrical
mounting (see 6.2).

5.13 Specific requirements resulting from ejected fluids or objects hazards

5.13.1 General requirements

a) For the containment of processed materials and fluids, guards shall be provided to retain or
contain the foreseeable ejection of hydraulic and pneumatic fluids (see ISO 4413 and ISO 4414),
processed material and metalworking fluid. Such guards shall be designed in accordance with
[SO 14120:2002, 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.
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b) Guards against the ejection risk:

1) guards shall be provided around the work zone to minimize the hazard of ejected machine
components, tools (or parts of them), swarf, chips or coolant (see also 5.1 and 5.2);

2) guards enclosing the work zone shall be designed and constructed to withstand the maximum
foreseeable impact energy. Where direct impact is foreseeable, impact energy is dependent on
the diameter of the largest work clamping chuck the machine can be equipped with and its
maximum peripheral speed (see Annexes B and C);

NOTE 1 This does not apply to the front chip guard of Group 1 machines, as this is covered by the
chuck guard

c¢) Whippihg of a bar section of maximum dimension and speed (see Annex C).

d) Materialls used for the construction of guards shall meet the resistance class as defined.ih Anfpex A
for the york clamping device fitted to the machine. They have to protect both sides against cjliting
fluid ch|ps and coolant. Information on the test equipment is given in Annex B.

e) Where guards are fitted with vision panels which are also intended to minimize the hazard of
ejected parts, special consideration shall be given to the selection of matexjals and method of fixing
(see ISQ) 14120:2002, 5.2.2). Material for vision panels (e.g. polycarbonate) which are prond to a
reductign in impact resistance over time (ageing) due to contamination by lubricants, cleaning
agents, |solvents, metalworking fluids and abrasion shall be preyided with additional all-arpund
protectjon, e.g. sealed multi-layer or laminated construction, to prevent these harmful effects
during the anticipated service life of the machine. Note that)hardcoated polycarbonate doep not
preventjthe ageing effect; it shall have an adequate multilayer or laminate construction.

NOTE 2| This does not apply to the front chip guard ef Group 1 machines, as this is covered bly the
chuck guard.

f) Examplgs of materials with known resistance ¢lass are shown in Annex B.

g) Where firect impact is not foreseeable, gliards shall be manufactured with at least 2 mm fhick
sheet steel with a minimum tensile strength, Ry, of 369 N/mm2 or 6 mm thick polycarbonate[with
a minimum tensile strength of 68 N/mam?2 and all around protected against cutting fluids, chipg and
coolant

h) Where hazards are generated-.due to the ejection of a workpiece caused by reasonably foresegable
misuse,|the supplier shall provide the user with information which clearly indicates the possibility
of ejectpd workpieces causing catastrophic guard failure. The user shall ensure that protective
measurgs recommended by the supplier are carried out such that the residual risk is accepfable
(see 6.2/ 6.2.1 and 6.2.3).

i) Regarding toolxetention, for power-operated tool drawbars, the drawbar shall be designe¢d to
avoid ripks from tool ejection if the power fails. The drawbar mechanism shall be monitored sq that
a failur¢ to,achieve correct registration or clamping of the retention knob on the tool shall inthibit
the spindte-start-eontreHnal-operating-modes—Ynelamping-of-the-toot-byreleasing-the-drawbar

shall be inhibited during spindle rotation [see 5.11 b) 6)].

5.13.2 Guards for large vertical Group 3 machines (NC turning machines and turning centres)

a) Fixed guards and/or interlocked movable guards shall be provided to contain the chips/swarf
and/or metalworking fluids and parts of tools or parts of workpieces and to deflect them towards
the collection area.

b) The guards shall be designed to prevent accumulation of chips and fluids on the guard structure.
In addition, plain fixed and movable interlocked guard with guard locking [see 5.2.2.2 a), if access
is necessary] shall be provided around the face plate and inlet of the chip removal system and shall
extend to at least 0,250 m above the plate surface.
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The safeguarding around the work zone shall be made of at least 3 mm thick sheet steel or similar

strength material. Vision panels incorporated into the work zone guarding system shall be made
of at least 8 mm thick polycarbonate, protected all around against cutting fluids, chips coolant or
equivalent (impact energy 3 000 ]). This safeguarding may be combined with the safeguarding for

access to the machining area from the floor or from the platform (see Figure 7).

5.13.3 Guards for large horizontal Group 3 machines (NC turning machines and turni

ng centres)

a) Guards shall be provided to contain chips/swarf and/or metalworking fluids and parts of tools or

parts of workpieces and to deflect them towards the collection area.

b) The guards shall be designed to prevent accumulation of chips and fluids on the guard s
he rear of the machine, guards shall be provided to contain chip/swarfand/or metalw
nd parts of tools or parts of workpieces. The guards shall be fixed to the saddleor t
hen fixed to the saddle, the guards shall extend over the total width of the saddle. W

he machine, the guards shall extend over the total width of the machiningarea.

n addition, plain fixed and movable interlocked guard(s), if access is negessary, shall
t the operator platform or slide and shall extend over at least 1,8 ‘'m/from the operg
loor and have the width of the operator platform or slide. Any niovable part of this s
hall be interlocked [see 5.2.2.2 a)] with the work holding spindle drive. The displace
afeguarding shall be interlocked with guard locking to the saddle displacement. The s
round the work zone shall be made of at least 3 mm thick/steel. Vision panels incor]
he work zone guarding system shall be made of least 8unm thick polycarbonate, prote
ides against cutting fluids, chip coolant or equivalent(impact energy 3 000 ]) (see Fig\

5.14f Specific requirements resulting from loss-of stability hazards

Machjines shall be designed and constructed\so that they are stable under foreseeabl
condiitions, and without risks of overturning, falling or unexpected movement. When
foundation bolting is one of the measureswused to help prevent overturning, manufacturers
the bolts and foundation requirements.necessary.

5.15
a)

Specific requirements resulting from slips, trips and fall of persons hazar

I
\

Places of work and medns of access on machines (such as stairs, integral ladders, pl

f handholds, footholds, and, where necessary, slip-resistant surfaces. The requ
ISO 14122-1, 1SOD14122-2 and ISO 14122-3 shall be fulfilled. Warnings about h
recautions shall be given in the information for use (see Clause 6).

b) To avoid €ontamination of floors, where a fluid application system is provided, it shall
o prevent splash, spray and mist outside the machine enclosure. Information for us¢
ttehtion to the importance of preventing fluid spillage onto the surrounding area and t

tructure. At
rking fluids
he machine.
hen fixed to

be provided
tor position
pfeguarding
ment of this
afeguarding
porated into
cted at both
ire 6).

e operating
the use of
shall specify

ds

htforms and

valkways) shall be designed to minimize the likelihood of slips, trips, and falls by the provision

irements of
azards and

be designed
e shall draw
hus creating

slipping hazard.

5.16 Verification of the safety requirements and/or protective measures

Type tests shall be used to verify the safety requirements and/or protective measures in accordance

with Table 4. See also Annex D for examples.
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Table 4 — Verification methods

(Sub)
clause

Item

Visual in-
spection

Function-
al test

Verification method

Measure-
ment

Calculation

Documenta-
tion

U1
(Y

General requirements

Required characteristics for guards
for all machine groups

Specific requirements resulting
from mechanical hazards identified

in Clause4.

Gro|

Llp 1 machines

Prirhary safeguards for Group 1

mag
chin

hines, manual turning ma-
es without NC

Gro|

ups 2, 3 and 4 machines

Acc

bss to the work zone

Cha

racteristics for guards, specific

reqyiirements for Groups 2, 3 and

4 m

hchines

L

Primary safeguards for Group 2

magd

hines, manually controlled

turping machines with limited

nunj

erically controlled capability

4

Primary safeguards for Group 3
madhines, NC turning machines

and

turning centres

>

W
N
N

Primpary safeguards for Group 4 ma-
chinfes, automatic turning machines

>

Wor

kpiece clamping conditions

%y

>

Modes of machine operation

Mod

e selection and/or options _

N

T

Mod

e 0: manual mode

i

o
N
-
W

Mod

e 1: automatic modeﬁO .

Mod

Seryice mode

e 2: setting moderg‘éﬁral

OJ

Opt
for 4

onal or additional equipment
urning ines

><><><><><><.C$<.

R AR R R T

Spe
equ

ialre ements for machines
pp.&{ ith bar feed

>

Ha

dmg devices for manual or

automatic workpiece loading/
unloading

Machines equipped with a tailstock
and/or quill

Swarf collection and removal

Externally accessible tool maga-
zine, tool transfer and tool changing
mechanism

Specific requirements resulting
from electrical hazards

T T E FE

Specific requirements resulting

from noise hazards
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Table 4 (continued)
(Sub) Verification method
u
clause Item Visual in- | Function- | Measure- |Calculation| Documenta-
spection al test ment tion
5.5 Specific requirements resulting
s X X X
from radiation hazards
5.6 Specific requirements resulting
: X X X
from material or substance hazards
57 Specific requirements resulting
from npg]nr‘f of ergonomic prin- X X X
ciples hazards ‘s
5.8 Specific requirements resulting Q\
from unexpected start-up, over- X X ‘]/ X
run or over-speed hazards s Y :
5.9 Specific requirements resulting (‘b'\v
from variation in the rotational X X f], X
speed of tools hazards ,,O
5.10 |[Specific requirements resulting s\\‘O
from failure of the power supply X X Q) X
hazards ,\Q
5.11| |Specific requirements resulting <2
from failure of the control circuit X X \\ X
hazards s\Q
5.12| |[Specific requirements resulting % & X
from errors of fitting hazards \\.
5.13[ |[Specific requirements resulting . é&‘
from ejected fluids or objects X Q\ X X X
hazards xO
5.13|1 |General requirements (.\‘17)2 X X X
5.13|2 |Guards for large vertical Groupg:,\v
machines (NC turning machine X X X X
and turning centres)  «
5.13{3 |Guards forlarge horiz ga?(‘}roup
3 machines (NC turni gﬁ-lachines X X X X
and turning cent{f\aﬁ‘
5.14 |Specific requi fents resulting
- X X X
from loss o ility hazards
e A
5.15| |Specifi uirements resulting
fro ? s, trips and fall of per- X X X
S(‘)\I% zards
6 ;QY(;rmation for use
6.1 | _Marking X ! ! | | X
6.2 Instruction for use
6.2.1 |General X X X
6.2.2 |Tooling X X X
6.2.3 |Workpiece clamping X X X
6.2.4 |Machine functions accessible from
X X X
the NC panel
6.2.5 |Restart X X X
6.2.6 |Noise X X X
6.2.7 |Ancillary handling devices X X X
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Table 4 (continued)
(Sub) Verification method
u
clause Item Visual in- | Function- | Measure- |Calculation| Documenta-
spection al test ment tion
6.2.8 |Residualriskstobe addressed by X X X
the machinery user
6.2.9 |Installation instructions for the
: : X X X
turning machine
6.2.10 |Cleaninginstruction for the machine X X X

6 Information for use

NOTE Se

6.1 Marking

Turning ma
markings sh
a)

for its ul

the
rep

the
gro

the
— the
b)
foritss

the

the

clay

on

wol
appfropriate warning sign shall be provided to warn of the whipping hazard and the rear e

the

in order

e 150 12100:2010, 6.4.

Chines shall bear markings in accordance with ISO 12100:2010, 6.4:4. At least the follo
all be provided:

nambiguous identification:

business name and full address of the manufacturer ahd, where applicable, the autho
resentative;

designation as “turning machine”, the series ortype of machine and the turning ma
up and size it conforms to;

serial number, if any;

to indicate its compliance with mandatory requirements (e.g. the CE marking);
hfe use:
maximum permissible spindle speed of the spindle(s), in rotations per minute;

maximum permissible chuck speed, in rotations per minute, except when integra
nping collets or-pewer-operated chucks in accordance with ISO 16156 are used;

horizontal \machines or machines designed for bar work where it is possible to ey
kpiece inaterial or bar stock beyond the rear end of the spindle or bar feed devic

machine or bar feed system shall be guarded;

sha

11 be marked with identification data;

exists. The marking shall also indicate how to extinguish the fire.

6.2

Instruction for use

6.2.1 General

year of construction, that is the yearin which the manufacturing process is completed.

wing

rized

hine

| bar

tend

e, an
nd of

guards, protective devices and other parts of the machine, which are not permanently attached,

the machine shall be provided with an appropriate marking, if a fire and/or explosion risk

An instruction handbook in accordance with ISO 12100:2010, 6.4.5, completed with the specific
information for the stated turning machine, shall be provided with the machine.
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The instructions for use shall provide all necessary information regarding transport,
assembly/disassembly, operation, setting, maintenance, cleaning, etc., to train or qualify the staff
sufficiently in intended and safe use of the machine.

The instruction handbook shall specify that it is essential that operators be adequately trained in the
safe use, adjustment and operation of the machine. At least the following information shall be given:

a) specifications on machining processes and modes of operation for which the turning machine
is suited. If the machine provides Mode 2 (setting mode) and/or service mode, the details of the
intended use of these modes have to be defined:

) the foreseeable misuse:

2) possible residual risks, e.g. through any provided mode of operation (e.g-Mode 0, 1, 2 or
service mode);

3) the necessary qualification of operators, in particular if the machine enables the modes of
operation setting and/or manual mode and/or service mode, which{ for example,|can require
experience in:

— adjusting and clamping of workpieces and devices,

— setting, operating and monitoring of turning machines,
— selection, use and mounting of tools,

— data input for the machining of workpieces and optimization of the machining|process,
— specific hazards and required safety measures, and

— use of personal protective equipment!

INOTE In service mode, even additionakskills can be necessary (see 6.2.8).

b) 4 requirement that the safeguards.shall be in place and functional before starting the jmachine for
¢ach mode of operation;

c) a requirement for installation (if relevant, also recommendations on means to prevent access to
¢hip discharge area);

d) 4requirement for maintenance, including a list of those devices which shall be inspectgd or tested,
lhow frequently and\by what method;

e) the frequency/ef visual inspections that are necessary to ensure the protective functjon of vision
panels, inelirding the details of:

1) inspection methods and a description of defects which make the vision pane| unsuitable
for continued use or indicate that replacement is required. This information may include
descriptions of unacceptable vision panel condition e g plastic deformation (hillges, dents)
due to previous impact events, cracks, damage to edge sealing, coolant penetration (effect of
ageing) into composite, evidence of degrading such as tarnishing/discolouration, other damage
to protective layers. Polycarbonate vision panels are dangerous as soon as they are tarnished
or discoloured (see Annex B) and they have to be replaced with new vision panels before that
happens;

2) the manufacturer’s recommendations for the replacement of vision panels shall take into
consideration the material properties of the vision panel in question. For the special case of
polycarbonate, see Figure B.2;

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

g)
h)

j)

k)
1)

p)
q)

6.2.2 Tooling

a)

b)

c)

4) a requirement that when changing vision panels, the assembly instructions of the machine
manufacturer shall be followed;

5) thesupplier’s recommended method for cleaning polycarbonate panels without causing damage;

recommendations on handling and lifting heavy parts, tools or workpieces, including the location
of lifting points of exchangeable components, e.g. tools, parts, clamping devices;

recommendations on the use of a calibration laser (where applicable, see IEC 60825-1);

recommendations on selection, preparation, application and maintenance of lubricants for the
braking and transmission systems;

recommjendations on selection, preparation, application and maintenance of cutting fluidq and
precautjons against their degradation;

recomnjendations on the measures to prevent spillage of cutting fluids, e.g. cleanliness of collefting
gutters

the instfuctions to enable the release of trapped persons;

recomnjendations concerning the use of personal protective equipmént*(e.g. hand, ear and eye
protection);

the instlructions for connection of an extraction system where thé machining process genefates
hazardqus substances (e.g. dusts and mists);

the recommendation to use additional precautions when@orking with flammable metalworking
fluids of pyrophoric material;

the recpommendations of the manufacturer of themetalworking liquid which shall be follgwed,
especially the recommendations related to the viscosity and the flashpoint of the liquid, if the
maching is designed for the use of combustible'metalworking fluids;

the prohibition of use of an emery cloth with the hand;

a clear yarning shall be provided regarding the whipping hazard (see ISO 12100) for all horizpntal
machings on which it is possible(tp*extend the bar material outside of the enclosing guardg and
support].

Informdtion to enable“tools to be selected, fitted and/or changed shall be provided, e.g.[data
relevant to that partof the tool/machine interface belonging to the machine.

Where applieable, recommendations on tools to be used with the machine shall be provided, e.g.
pre-set fools including, where applicable, limits of mass, moment of inertia and spatial envelope for
tools in [todl changing devices.

Information shall be provided to warn the operator that tools can be hot following machining.

6.2.3 Workpiece clamping

The following information about workpiece clamping and workpiece clamping devices shall be supplied:

a)

b)

46

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);

for workpiece clamping devices that can be used, recommendations on the clamping of workpieces,
including information on collets or chucks that can be used with the machine, together with the
recommendation for use/maintenance from the workpiece clamping device manufacturer;
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c) for replacing/changing the workpiece clamping device, information to enable workpiece clamping
devices (e.g. chucks, faceplates or collets) to be selected, fitted and/or changed, for instance
data relevant to that part of the clamping device/machine interface belonging to the machine or
unbalance requirements for chucks and faceplates;

d) for workpiece clamping device modifications:

1) information that modification of workpiece clamping devices supplied with or fitted to the
machine may reduce or alter the maximum permissible spindle speed or the efficiency of these
devices;

7) information that \Amrl(pipr‘p r];\mping devices shall rm]y be modified within the limits given by
the turning machine manufacturer and in accordance with the clamping device mrapufacturer’s
recommendations;

3) information on equipment added to or substituted for workpiece clamping-devicgs (e.g. jaws)
which would reduce the maximum permissible speed of those devices. Such equipment shall be
clearly marked with the reduced maximum permissible speed in rotations per minute.

6.2.4 Machine functions accessible from the NC panel

The [nstructions for use shall describe the correct selection and,use of machine functior{s accessible

from|the NC panel, e.g. tool corrections, mode access and mode«hanges.

6.2.5 Restart

Information shall be provided on restart procedures Iy particular, after chuck exchange, the machine

setter shall enter the maximum work holding device speed. After each program change, the operator

shall| enter and/or validate the maximum workihg speed and both speeds shall be validated by the
operator.

The ¢perator shall enter and/or validate the maximum working speed for the particular wdrkpiece and

the maximum work holding device speed{see 3.5.1).

6.2.4 Noise

The following information oh dirborne noise emissions shall be provided:

a) the A-weighted emission sound pressure level at workstations, where this exceeds 70 dB(A); where
tthis level does notexceed 70 dB(A), this fact shall be indicated;

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

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

These values shall be either those actually measured for the machinery in question or those established
on the basis of measurements taken for technically comparable machinery which is representative of
the machinery to be produced.

In the case of very large machinery, instead of the A-weighted sound power level, the A-weighted
emission sound pressure levels at specified positions around the machinery may be indicated.

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

measurements made in accordance with ISO 3746.

Another example for a noise declaration can be found in ISO 230-5:2000, Annex E.

83 dB(A) (measured value), uncertainty K = 4 dB(A) for

NOTE
the modes of

If the accurd
same methd

The noise d
emission le
the emissio
precautions
the charact
other adjacg

TlLe operating modes mentioned in the example from [SO 230-5 are only general and do not repi

operation for turning machines according to definitions 3.3.1 to 3.3.4 of this International'‘Stan

d and the same operating conditions as those declared.

leclaration shall be accompanied by the following statement: “The, figures quoteq
bels and are not necessarily safe working levels. Whilst there .is-a correlation bet}
h and exposure levels, this cannot be used reliably to determine*whether or not fu
are required. Factors that influence the actual level of expgsure of the workforce in
ristics of the work room and the other sources of noise,d:e>the number of machine

lesent
dard.

cy of the declared emission values is to be verified, measurements shall beniade usinjg the

| are
veen
rther
Clude

and

nt processes and the length of time for which an operatoér is exposed to the noise. Alsg, the

permissible|exposure level can vary from country to country. This information, however, will epable
the user of the machine to make a better evaluation of the hazard-and risk”.

Information| on noise emission should also be provided in the-sales literature.

6.2.7 Angdillary handling devices

If ancillary] handling devices are to be integrated on the machine, the ancillary hanfdling
device manufacturer/supplier shall proyide” information necessary to enable the machine
manufacturer/supplier to install these devices for use.

6.2.8 Resjdual risks to be addressed by the machinery user

Information|shall be provided to warn that guards provided or supplied with the machine in accordance
with Annex|A are intended to mtinimize the risks of ejection and not to eliminate them completely.|Also,
the minimum distance of the®operator to the vision panels shall be provided.

Advice shal| be provided stating that processing substances such as aluminium or magnesium can

cause additi

Instructions

onal hazards, e.g. fire and explosion or noxious dust.

shadllbe provided on the necessary checks following the exchange of components, renpoval

of equipmer]

tlop change of software where these may affect safety functions.

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 operation for which the turning
machine is suited.

Information on possible residual risks, e.g. through mechanical hazards in setting mode and manual
mode, shall be provided.

If the machine provides service mode in accordance with 5.2.4.5, the manufacturer of the machine shall

specify:

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

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

For horizontal spindle turning machines that may be equipped with a bar feed device where it is
possible to extend bar material outside the enclosing guard and supports, the bar feed mechanism shall

bear a visible warning sign against whipping hazards (see ISO 12100:2010, 6.4.4).

Information shall be provided on the main parameters the user has to consider to lower the noise

emission level, e.g.

— tool selection,

— vork/tool clamping, and

— Inaintenance.

6.2.9 Installation instructions for the turning machine

Infojmation about the required foundation and how to install and, support the mach
provided. Above all, the safe handling of heavy parts of large machines'shall be described.

6.2.10 Cleaning instruction for the machine

Inforjmation about the foreseen cleaning procedures shall\be provided. All utilities (e.g
footholds and/or slip-resistant surfaces) shall be describédrand the way to reach all sides
machine shall be explained.

ne shall be

handholds,
parts of the
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Annex A
(normative)

Impact test method for guards on turning machines

A.1 General

This annex

risks of ejec
well as to cg

A.2 Test

A.2.1 Principle

This test md

the hazard

materials ag

standard chjuck jaws driven up to the maximum speeds given incTable A.2. If the mass of top jaw g
peripheral s

When using|one-piece jaws, the total mass of this jaw is decisive.

A.2.2 Apparatus

A.2.2.1 Propulsion device, allowing the projectile to accelerate to 5 % of a pre-set impact speed
Table A.2 and Formula (A.1)].

A.2.2.2 Prpojectile, of shape, mass andidimensions as given in Figure A.1 and Table A.1, made from
with the following mechanical properties:

— tensile §trength Rm =560 N/mm? to 690 N/mm?

— yield strength Rp,2 2330 N/mm?2

— elongat]on at rupturé Az220%

A.2.2.3 Support, for the guard to be tested.

50

Fion of parts or of workpieces out of the work zone. This annex applies to guard materij
mplete guards for NC turning machines and centres.

method

thod applies to machines oufitted with chucks with standardhard top jaws, and reproc
bf the ejection of top jaws. The test shows the resistance/strength of guards and/or g
ainst penetration and dislodgement. The test method.is based on machines equipped

peed exceeds the values given in Table A.2, the testconditions shall be adapted accord

defines tests for guards used on NC turning machines and centres, in order to minilmize

ls as

luces

uard
with
r the
ngly.

[see

steel
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30

15 a

~—1_—
]
a

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

Figure A.1 — Projectile

A.2.3 Speed measurements

The §peed of the projectile shall be measured at a point where it is no)longer subject to accelleration (i.e.
after| exiting the barrel or in the barrel beyond suitable pressurédelief). The speed shall He measured
overfa fixed distance using proximity sensors, photoelectric cells’or other equivalent mean.

Table A.1 — Projectile mass.and dimensions

Front face
Mass Diameter
axa
kg mm
mm x mm
0,625 30 19 x 19
1,25 40 25 x 25
2,5 50 30 x 30

A.2.4 Supporting the guard under test

The test is carried out with the guard and/or a sample of the guard material. The guard sppport shall
be equivalent to the guard mounting on the machine. For testing guard materials, samples hay be used,
fixed on a frame with an inner opening of 450 mm x 450 mm. The frame shall be sufficiently rigid. The
mounting of the.sample shall be by non-positive clamping.

A.2.5 Testprocedure

In orjdérto evaluate the resistance class of a guard, a projectile shall be shot against a matprial sample
and themmpactshattbeimthe tentre of the sampteanmd as perpendicutar to the surface as possible. For
the test on real machine guards, the impact shall be in the weakest area of the guard. For machines
equipped with chucks with standard top jaws, the impact test shall be executed with projectiles, the
mass, dimensions and impact speed of which follow Table A.2, such that the projectile mass corresponds
to the mass of the standard top jaw.
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A.3 Test results

After the impact, any damage found on the guard or material shall be assessed as follows, and they may

buckling/bulging (permanent deformation without crack);

incipient crack (visible only on one surface);

crack (r‘rar'lr Vicib]n from-one curFarn tothe nflnnr);

penetration (projectile penetrating the test object);

rindow loosened from its fixing;

osened from guard support.

pssment

nssed if the damage is one of the types described in A.3.1 a) and/or b). The test is consig
damage described in A.3.1 c), d), e) or f) occurs.

report

ort shall specify, as a minimum, the following information:
, place of the test and name of the testing institute;

ectile mass, dimensions and speed;

hine manufacturer, type, maximuni turning diameter, maximum spindle speed, masj
ons of the chuck jaw;

the desr'lgn, material and dimensions.of the test object;

ping or fixing of the test object;
ction of shock and the point of impact of the projectile;

result.

A.3.1 Damage
consist of:
a)
b)
c) through
d)
e) guard W
f) guardlq
A3.2 Ass
The testisp
failed if any
A4 Test
The test rep|
a) the datd
b) the proj
c) the magq
dimens
d)
e) thecla
f) thedirg
g) thetest
A.5 Dete

rmination of resistance class

A.5.1 Met|h0d of determination

ered

and

The resistance class (A1 to C3) is determined by calculating the impact speed [see Table A.2, footnote
b)] using Formula (A.1):

V; =1,25><7r><B><%

where
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(A.1)
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Vi is the impact speed, in metres per second;

1,25 is the safety factor;

B is the diameter of the work holding device, in metres;
n is the rotational speed, in rotations per minute.

The required resistance classes are determined only by the diameter of the work holding device and
the according peripheral speed. The mass of the projectile, the impact speed and the impact energy of
the impact test are derived according to Table A.2, where the impact speed is selected 25 % higher than

the

An imppact test follows in order to prove whether a resistance class is achieved.

The
jaws

brojectile shall be selected according to Table A.1 such that it fits to the mass ofthe §
of the machine in question or that it approximates it from the safe side. It shall-be shap

in Figure A.1 with the length and front face according to Table A.1 (see diamgter and fron
projectile shall be accelerated to the impact speed [see Table A.2, footnote b)] and shot again

samy
mate
defou

A5.2

a)

b)

© ISO 2015 - All rights reserved

le or a real element of the machine guards (e.g. with a gun as shown(in Figure B.1). In
med).

Interpretation of the impact test results

For machines equipped with chucks with standard top,jaws, nine resistance classes f1

f an ejected standard top jaw (see Table A.2). The resistance classes are basically de
the diameter of the work holding device and_the corresponding peripheral speed, hoj
¢ombination of diameter and the peripheral’speed at a real machine are not similay
Table A.2, the impact energy column can be calculated in accordance with Formula
tthe impact speed is assumed to be 25 %higher than the peripheral speed (acceleratid
fo slot in base plate of the chuck). The,;required resistance class is therefore that detern]
york holding device diameter, the;impact speed and the real mass of a jaw, e.g. if the|
B = 254 (mm) and maximum,rotational speed is n = 3 500 min-1, the peripheral spee
per second, is calculated using‘Formula (A.2):

W, = xBxn=46,55

P
gnd the impact spegd, in metres per second, is calculated using Formula (A.3):

W =1,25x46,55=58,19

Thus,swith the mass of the standard top jaws being m = 1,21 kg, the impact energy,
¢alculated using Formula (A.4):

f the chuck.

tandard top
ed as shown
t face). This
5t a material
loing so, the

rial sample or the guard element will either be penetrated or willwithstand (although it might be

om A1 to C3

gre defined (see Table B.1), taking into account the mass, dimensions and foreseeable inpact speed

rermined by
ever, if the
to those in
(C.1), where
n effect due
hined by the
diameter is
d, in metres

(A.2)

(A.3)

in joules, is

J=0,5x1,21x(58,19)% =2 048,66

(A4)

The corresponding resistance class can be determined from Table A.2. If in the impact energy
column no corresponding value of the impact energy, /., exists, then the next higher value
in this column shall be taken to determine the resistance class. Consequently, the minimum
required resistance class is By (because A3 is too small) and B; can be achieved with 8 mm thick
polycarbonate (Table B.1).

For machines equipped with collets, the resistance classes A1 to C3 are also applicable and the
impact energy shall be calculated in accordance with Formula (C.2) and Figure C.1, i.e. direct impact
energy without acceleration effect due to slot in base plate (impact speed equals peripheral speed).
The result shall be compared to the impact energy in Table A.2. The required resistance class is
therefore that of the next higher impact energy [see example in A.5.2 a)].
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A resistance class is regarded as having been achieved if the material sample or the guard element

is not penetrated by the projectile impact. Table B.1 shows a collection of results of the impact
testing in Sankt Augustin and Berlin in Germany, which can be used by the manufacturer in order
to save him from having to carry out his own impact tests.

A.5.3 Con

clusion

One important conclusion of these impact tests is that the translational energy of ejected standard top
jaws is the most significant parameter for the dimensioning of the guards, because it was found that the
rotational energy of workpieces with a maximum chuck clamping diameter and a length to diameter
ratio of I/d = 1 can at most be transformed during an ejection into a maximum translational energy,

which is low
l/d is higher
be required
the chuck a

er than the translational energy of ejected standard top jaws. If the length to diameter
than 1, the impact energy can be calculated using Formula (C.2) and a resistance class
accordingly. This situation is different from long workpieces, which are clamped-bet}
hd the tailstock. Here it is assumed that their rotational energy, which is 1éss-'dangg

ratio
shall
ween
rous

for the operator than translational energy as such, can only to a small degree be transformed into
translationgl energy. This is all the more the case since a stationary support might-pe used in order to
fixlong workpieces in the middle. For special machining operations, such as machining of camshaft}, the
potential impact situations have to be analysed separately; Annexes A to C provide useful informption
for this anallysis.
Table A.2 — Resistance class
Workholding Peripheral | Projectile | Projectile Impact Impact Resistdnce
device diameter speed dimensions mass speeda energyb clasp
mm Dxa
m/s k m/s
from up to / mm & / ]
25 32 310 A1
<130 40 30 x 19 0,625 50 781 Ay
63 80 2000 A3
40 50 1562 B1
130 <260 50 40 x 25 1,25 63 2480 B>
63 80 4000 B3
40 50 3124 C1
260 <500 50 50 x 30 2,50 63 4960 C2
63 80 8000 C3
a  The impaft speed is assumed to be 25 % higher than the peripheral speed (safe estimate), because in cases of bregkage
of clamping e]ements of/the chuck, it can happen that the jaws are not only ejected from their clamping position, buf that
they are accelprated in-the base plate slots of the chuck in outside direction, before they are ejected.
b For the cdlculation of impact energy, see Annex C.
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Test equipment for impact test and examples of materials

B.1 Gun

The gun consists of a compressed air vessel with a flanged gun barrel (see Figure B.1)./Con

may pe released by a valve to accelerate the projectile towards the test object.

The gir gun is fed by an air compressor. The speed of the projectile may be contrélled by the

the alir.

Projectile speed is measured near the muzzle of the gun barrel by a s(itable velocimete
proxjmity sensors or photoelectric cell.

B.2

The

Example of materials

(imppct of projectile at the centre of the plate).

Table B.1 — Examples of materials

following materials have passed the tests for the impact resistance classes according

hpressed air

pressure of

I, e.g. using

to Table A.2

Thickness Tensile* | Elongation Impact resistance class
Material d strenigth | atrupture
mm N/Ifnmmz (‘;10 Ai |A2 |A3|B1 | Bz | B3| [1|C2|C3
Steel sheet 2 370 28 + |+ = =1 =1=1]-1-=1-
2,5 370 28 +l+ | =+ == 1-1-=
3 400 28 + |+ | - + | + - | |+ - _
4 340 25 + |+ |+ |+ |+ -
5 300 40 e e T S B B e B O
6 340 25 + + + + + + + + +
AlMg3 5 240 18 + |+ | -+ -] -=-I*1-1-
Polycafbonate 6 68 80 + |+ | -+ - -=-11-1-1-
8 68 80 + |+ | -+ |+ -1+ 1-1-
10 68 80 S N R AR N S I O I
12 [$] ol + + + + + = + + -
Polycarbonate compound 2x8 68 80 + |+ |+ |+ |+ |+ -
2x12 68 80 + + + + + + + + +
19 68 80 e T I O I B B
Safety glass + polycar- Glass + PC el el ol el sl ol sl sl
bonate compound 6+18
+ Requirements fulfilled.
- Requirements not fulfilled.

The “requirements fulfilled” notation in Table B.1 indicates only the impact resistance. If the impact
resistance is reached only by means of PC-plates, the manufacturer shall ensure protection against
abrasion and ageing by mean of additional measures (e.g. compound design with sealed edges).

© ISO 2015 - All rights reserved

55


https://standardsiso.com/api/?name=26c953b2a5381037639e95b0c2c6acdc

ISO 23125:2015(E)

The resistance of the guards and/or vision panels is not only dependent on the dimensioning of steel
sheets and plates but also on the mounting of the vision panels in the guard and the fixing of the guard
on the machine. The polycarbonate panels should overlap the frame sufficiently in order to avoid that
they are pushed through the frame during an impact event. Test points for a 450 mm x 450 mm window
and an attached PC sample have shown that for 8 mm PC, at least 40 mm overlapping is necessary, and
for 12 mm PC, at least 25 mm overlapping, in order to retain the polycarbonate pane in its frame. If
the window aperture is of a size greater or smaller than 450 mm x 450 mm, the overlapping shall be
increased or decreased accordingly.

% 1 ’ 2 3
7 S 2 7
Z % 4 B B B
2 - < I/—\H Jﬁ%
% ———— —— —— ——— g
7 ﬁ\ /: / %
/, 67 o
v 2
Key
1 velocimdter 4 control panel
2 gunbarrel 5 compressed-air vessel
3 projectil¢ 6 test object

Figure B.1 —Equipment for impact test
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Key
X  time of use, expressed in years
Y impact resistance, expressed as a percentage

NOTH All-around protected polycarbonate panels show onlyymarginal loss of impact resistance, whereas the
curve shows that the impact resistance of unprotected polycarbonate is significantly reduced.

Figure B.2 — Ageing curve of unprotected polycarbonate (averaged test points)
(Source:\Reference [33])
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Annex C
(informative)

Calculation of direct impact energy

The impact energy, J., expressed in joules, is calculated using Formulae (C.1) and (C.2):
a) For turing machines equipped with chuck, use Formuia (C.1):

Jc= m—xi (.1

2

where
m ig the mass of standard hard top jaw, in kilograms;
1% i§impact speed calculated using Formula (A.1).
b) For turning machines equipped with collets, the impact energy, J¢) expressed in joules, is calcujated

using Formula (C.2):

2
ol 73 xd? <13 X(6n()j

Je= 4 (C.2)
where
p is the specific mass, in kilogram per cupic metre;
d is thp maximum bar diameter, in.metres;
1 is the maximum length of the workpiece, in metres;
n is thp maximum work hialding spindle speed, in revolutions per minute.

Formula (C.2) assumes direct impact at ejection of a bar section (with d/I < 0,2) breaking at
a = 30° from the.axis of rotation on a machine equipped with a collet.

NOTE This calculation is application-specific and for guidance only. Manufacturers can state limitations on
maximum diameter’and length of workpiece when using a collet chuck.
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