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Foreword

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

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
of ISO document should be noted. This document was drafted in accordance with the editorial rules of the
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Introduction

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

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

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

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

Others can be affected by the level of machinery safety achieved with the means of the document by the

above-men

tioned stakeholder groups:

machij

machij

service

The above
process of

The machi
covered ar

When requ
standards,
standards
standard.

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

e users/employers (small, medium and large enterprises);
e users/employees (e.g. trade unions, organizations for people with special needs);

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

L mentioned stakeholder groups have been given the possibility ‘to participate at the drafting

this document.

hery concerned and the extent to which hazards, hazardous situations or hazardous
b indicated in the Scope of this document.

irements of this type-C standard are different frgm those which are stated in type-4

events are

\ or type-B

the requirements of this type-C standard take precedence over the requirements of the other

for machines that have been designed and built according to the requirements of {

his type-C
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International Standard

ISO 16089:

2025(en)

Machine tools — Safety — Stationary grinding machines

1 Scope

This document specifies the requirements and/or measures to eliminate the hazards or reduce the risks
in the following groups of stationary grinding machines which are designed primarily to shape metal by

grinding:

— Group|1: manually controlled grinding machines without power operated axes and withput
control;

— Group|2: manually controlled grinding machines with power operated axes andimited n
controlled capability, if applicable;

— Group|3: numerically controlled grinding machines.

NOTE1 FHor detailed information on the groups of grinding machines, see 3.1 and 3.2.

NOTE2 Requirements in this document are, in general, applicable _te%all groups of grinding 1

requiremenfts are applicable to some special group(s) of grinding machiné€s only, then the special group(s)

machine(s) {s/are specified.

This docuinent covers the significant hazards listed in Clause 4 and applies to ancillary devig

workpiece

This docun
cell in as m

This docu
manufactu
of the man

The user's
can be crit

Where ad
document

other met4d
This docun

This docuy
does not 4§

IEC 61029

5, tools, workpiece holding devices and handling<devices), which are integral to the ma

hent also applies to machines which are intégrated into an automatic production line
uch as the hazards and risks arising are comparable to those of machines working sep

ment also includes in Clause 7 aNminimum list of safety-relevant information
[rer has to provide to the user. See'also ISO 12100:2010, Figure 2, which illustrates the
1facturer’s and user’s responsibility for the operational safety.

responsibility to identify specific hazards (e.g. fire and explosion) and reduce the assoq
cal (e.g. whether the cefitral extraction system is working correctly).

litional metalworking processes (e.g. milling, turning, laser processing) are inv
can be taken asCa basis for safety requirements. Specific information on hazards aj
lworking processes are covered by other International Standards.

hent applies’to machines that are manufactured after the date of issue of this documen

hent dees not apply to stationary honing, polishing and belt grinding machines. Thig
pply: to transportable motor-operated electric tools in accordance with IEC 610]

numerical

umerically

nachines. If
of grinding

es (e.g. for
chine.

br grinding
arately.

which the
nteraction

iated risks

plved, this
ising from
t.

document
P9-2-4 and

2-10

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content constitutes
requirements of this document. For dated references, only the edition cited applies. For undated references,
the latest edition of the referenced document (including any amendments) applies.

ISO 447, Machine tools — Direction of operation of controls

ISO 1083, Spheroidal graphite cast irons — Classification

[SO 2553, Welding and allied processes — Symbolic representation on drawings — Welded joints

© IS0 2025 - All rights reserved
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ISO 3522, Aluminium and aluminium alloys — Castings — Chemical composition and mechanical properties
ISO 3574, Cold-reduced carbon steel sheet of commercial and drawing qualities

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

ISO 3834-1, Quality requirements for fusion welding of metallic materials — Part 1: Criteria for the selection of
the appropriate level of quality requirements

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

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

component
ISO 4871:1
[SO 4997, (

ISO 5817:3
excluded) -

ISO 6316, Hot-rolled steel strip of structural quality

D96, Acoustics — Declaration and verification of noise emission values of machinery.and ¢
old-reduced carbon steel sheet of structural quality

014, Welding — Fusion-welded joints in steel, nickel, titanium and thejr-alloys (bed
- Quality levels for imperfections

pquipment

m welding

[SO 6361-4, Wrought aluminium and aluminium alloys — Sheets, strips ‘and plates — Part 2: Mechanical
properties

IS0 9355-2, Ergonomic requirements for the design of displays and ¢entrol actuators — Part 2: Displays

[SO 9355-3, Ergonomic requirements for the design of displays and control actuators — Part 3: Contrdl actuators
[SO 9444-1, Continuously hot-rolled stainless steel — Tolérances on dimensions and form — Part 1: Narrow
strip and clit lengths

[SO 9444-13, Continuously hot-rolled stainless steel«*= Tolerances on dimensions and form — Part 2} Wide strip
and sheet/plate

[SO 1021841:2011, Robots for industrial environments — Safety requirements — Part 1: Robots

ISO 11161, |Safety of machinery — Integrated manufacturing systems — Basic requirements

ISO 11202t2010, Acoustics — Noise emitted by machinery and equipment — Determination ¢f emission
sound presgure levels at a workstation and at other specified positions applying approximate environmental
corrections

ISO 12100:2010, Safetywfimachinery — General principles for design — Risk assessment and risk regluction

[SO 1384911:2023,Safety of machinery — Safety-related parts of control systems — Part 1: Generdl principles
for design

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

ISO 13856-2, Safety of machinery — Pressure-sensitive protective devices — Part 2: General principles for
design and testing of pressure-sensitive edges and pressure-sensitive bars

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

[SO 14118:2017, Safety of machinery — Prevention of unexpected start-up

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

© IS0 2025 - All rights reserved
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ISO 14120:2015, Safety of machinery — Guards — General requirements for the design and construction of fixed
and movable guards

ISO 14122-1, Safety of machinery — Permanent means of access to machinery — Part 1: Choice of fixed means

and genera

I requirements of access

[SO 14122-2, Safety of machinery — Permanent means of access to machinery — Part 2: Working platforms and

walkways

[SO 14122-3, Safety of machinery — Permanent means of access to machinery — Part 3: Stairs, stepladders and

guard-rails

ISO 14122-4, Safety of machinery — Permanent means of access to machinery — Part 4: Fixed ladders

[SO 14737,
[SO 15607,
IEC 602041
IEC 608251

IEC 61000
environmel

IEC 61000
industrial 4

IEC 62061,
electronic d

EN 1127-1
methodolog

3 Term

For the pu
following 3
ISO and IE
[SO On

— IECEl¢

3.1 Terr

3.1.1  Ge|

Carbon and low alloy cast steels for general applications

Specification and qualification of welding procedures for metallic materials — General ry
1:20009, Safety of machinery — Electrical equipment of machines — Part 1: Géneral requi
1, Safety of laser products — Part 1: Equipment classification and requirements

6-2, Electromagnetic compatibility (EMC) — Part 6-2: Generic standapds — Immunity fo
ts

6-4, Electromagnetic compatibility (EMC) — Part 6-4: Generic standards — Emission s
nvironments

Safety of machinery — Functional safety of safety-rélated electrical, electronic and pro
ontrol systems

Explosive atmospheres — Explosion prevention and protection — Part 1: Basic co
)y

s and definitions, types of grinding machines, and symbols

rposes of this document, the.térms and definitions given in ISO 12100, ISO 13849
pply.

[ maintain terminology{databases for use in standardization at the following addresse

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

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

ns and.definitions

neral terms

les

rements

 industrial

tandard for

grammable

ncepts and

-1 and the

2]

3.11.1

grinding machine
machine tool intended to machine workpieces by means of rotating grinding tools

Note 1 to entry: The machine can combine different types of grinding methods, for example, external cylindrical
grinding and internal cylindrical grinding.

3.11.11

stationary grinding machine
grinding machine (3.1.1.1) fixed in position during operation

Note 1 to entry: For types and groups of stationary grinding machines, see 3.2.

© IS0 2025 - All rights reserved
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Note 2 to entry: In this document, the term “grinding machine” stands for “stationary grinding machine”.

3.1.1.2

manual control
control where each movement of the machine is individually initiated and controlled by the operator

3.1.1.3

manually controlled grinding machine
grinding machine (3.1.1.1) for which all process steps for the machining are controlled or started by an
operator without support by a numerical control-machining program

3.1.1.4

numerical control

NC
automatic
operation i

[SOURCE: I

3.1.1.5
computer
CNC
realization

[SOURCE: I

3.1.1.6
numerical

NC grinding machine

grinding m
(3.1.1.5)

3.1.1.7
power opé
axis which

3.1.1.8
abrasive p
grinding t
rotary cutt
and bond

Note 1toen
and EN 132

3.1.19
dressing t
fixed or rg

control of a process performed by a device that makes use of numeric data introduce
s in progress

SO 2806:1994, 2.1.1]

zed numerical control

of numerical control (3.1.1.4) using a computer to control the machine functions

SO 2806:1994, 2.1.2]

ly controlled grinding machine

chine (3.1.1.1) that operates under numerical céntrol (3.1.1.4) or computerized numer

rated axis
is operated by a force other than mdscular or gravity force

roduct
pol
ing tool of varied shapes-with geometrically unspecified cutting edges made from abra

Lry: There is a distinction between bonded abrasive products and superabrasive products (see |
B6[461),

pol
tary tool for the generation or reproduction of the grinding capacity (sharpening)

geometry (traing) of abrasive products (3.1.1.8)

1 while the

ical control

sive grains

EN 12413[45]

and/or the

3.1.1.10

work zone
space where cutting takes place

3.1.1.11

access to the hazard zone

means to e

nter the hazard zone either with individual parts of the body or with the whole body

© IS0 2025 - All rights reserved
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operational stop

cessation o

f the movements of the machine in the production process

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

3.1.1.13

safe operational stop
operational stop (3.1.1.12) with additional control system measures preventing dangerous machine
movements due to control system faults

3.1.1.14

safe stop
cessation 1
to control {

3.1.1.15

performance level

PL
discrete lg

function upder foreseeable conditions

[SOURCE: |
3.1.1.16

required performance level

PL,
performan
function

[SOURCE: |

3.1.2 Te

3.1.21
vision parn
window pr
the machin

3.1.2.2
transpare
screen use
debris and

3.1.2.3
chuck
clamping ¢

y removal of the power to the machine actuators, preventing dangerous machine movs
ystem faults

vel used to specify the ability of safety-related parts of control fystems to perfor

SO 13849-1:2023, 3.1.23, modified — Note 1 to entry has been deleted.]

re level (PL) (3.1.1.15) applied in order to achieve’the required risk reduction for ¢

SO 13849-1:2023, 3.1.24, modified — Note\1to entry has been deleted.]

'ms related to parts of grinding machines

el
ovided in a guard through-which the operator can view the work zone (3.1.1.10) or oth
e

nt screen
d on the machings for the protection of the face and the eyes of the operator from sm4
grinding spatks

evice in which workpieces are clamped either by manual force or with the aid of

Pments due

m a safety

ach safety

er areas of

1l pieces of

pneumatic,

rogrx [

hydraulic,

1 i3 B-ArGI-AEI1 bhownio 1l ot d oo e—nralaadad conein oo
CTCC IO CIICT gy O 1retratmCarty  StorTcuTTrrc e PTCTUatC O SPTTITE ST

RESRAAN

Note 1 to entry: For an illustration of a chuck, see Figure 1. The chuck with three jaws is only an example; a chuck can

have 2, 3, 4,

6, etc., jaws.

© IS0 2025 - All rights reserved
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| O O O

3.1.2.4
collet
chuck witl
element fol

[SOURCE: ]

3.1.2.5
electronid
manually g
to the num

3.1.2.6
abrasive p
guard whig

is designed and constructed in such a way that it retains fragments in the guarded area in tl

breakage g

3.1.2.7
work zong
guard for ¢
product (3]
and that ad

3.1.2.8

tool holding device

device inte

3.1.3 Te

Figure 1 — Chuck

h multiple clamping
" the internal or external clamping of workpieces

SO 19719:2010, 1.5]

handwheel
perated control device which initiates and maintains an axis movement by pulse gener
erical control (3.1.1.4) during its rotation

roduct guard
h encloses the abrasive product (3.1.1.8)-exposing only the part necessary for grinding

f the abrasive product

enclosure

1.1.8), part of machire, material, working fluid) are retained in the work zone (3.1.1.10)
cess to the dangerolis movement is prevented

nded to.Secure and position the abrasive product (3.1.1.8) on the wheel spindle

'ms'related to modes of safe operation (MSO)

ation input

and which
ne event of

jrinding machines (3.1.1.1), which is so designed that any ejected object (e.g. fragments abrasive

(enclosed)

3.1.3.1
MSO 0

manual mode
mode with no automatic machine operation, where the operator has control over the machining process
without the use of pre-programmed operations

Note 1 to entry: This can be controlled by the use of push buttons, mechanical or electronic hand wheels, or joysticks.

3.1.3.2
MSO 1
automatic

mode

operation mode for the automatic, programmed, sequential operation of the machine, with the facility for
manual or automatic loading/unloading of workpiece and tools, until stopped by program or operator

© IS0 2025 - All rights reserved
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3.1.3.3

MSO 2

setting mode

operation mode in which adjustments for the subsequent machining process are performed by the operator

Note 1 to entry: Checking of grinding tool (3.1.1.8) or workpiece position (e.g. by touching the workpiece with a probe
or the grinding tool) are procedures of the setting mode. Adjustment includes machine setup operations.

3.1.34

MSO 3

optional special mode for manual intervention under restricted operating conditions

operation mode in which the possibility for manual intervention into the machining process, as well as for a
limited automatic mode (3.1.3.2) started by the operator, is given

EXAMPLE Programmed movements can be continued automatically, for example, by a program-or-the operator
with movablle guards open to access the work area.

3.1.3.5
MSO service
mode for service and maintenance tasks

Note 1 to enftry: In MSO service, the machining of a workpiece is not allowed.

EXAMPLE Axis calibration by, for example, laser, ballbar testing and/or spindle error analysis.

3.1.4 Terms related to speeds and axes speed

3.1.4.1
maximum operating speed
maximum permissible speed (3.1.4.2) specified by the manufacturer of the abrasive product (3.1.1.8)

3.1.4.2
maximum permissible speed
highest spe¢ed that is permitted by the machine manufacturer, set as a machine parameter

3.1.4.3
reduced speed
speed which is limited for safety relatedspurposes by the machine manufacturer to a maximum permitsible value

3.1.4.4

rotational speed

speed of an abrasive product{3-1.1.8) calculated by the formula
vX[L000x 60

Dxrm

n islthe’rotational speed in rotations per minute;
v isthe peripheral speed in metres per second;

D isthe outside diameter of the abrasive product in millimetres

3.1.4.5
peripheral speed
speed of an abrasive product (3.1.1.8) calculated by the formula

v Dxmxn
60x1000

where

© IS0 2025 - All rights reserved
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n isthe rotational speed in rotations per minute;
v isthe peripheral speed in metres per second;

D is the outside diameter of the abrasive product in millimetres
3.2 Types and groups of grinding machines described in this document

3.2.1 General

Grinding machines are subdivided into different groups with regard to the relevant hazards and into
different types with regard to the grinding process. For examples of different types of grinding machines,
see Table 1

Table 1 — Types of grinding machines

No. Schema of machine type Designation Grinding methad
i en: Bench or pedestal grindin . 1
ﬂ I i machine P g & o d-Perlph}elral gr.ln}(limg -
11 “THI fr T stabli 1 rinding at the periphefy of the
= i g o.uret pour établi ou sur socle abrasive products. The workpiece is
de: Tisch- oder guided by hand
Standerschleifmaschine
{iﬂﬁ en: Pedestal grinding Side grinding
] .
1.2 machine Grinding at the side of th¢ abrasive
’ fr: Lapidaire products. The workpiece i guided by
de: Standerschleifiraschine hand.
\ _ Cutting-off
en: Cutting-off machine Grinding for the generatipn of cuts.
1.3 fr: Trongconneuse The workpiece is fixed,[the cut-
de:Trennschleifmaschine ting-off wheel is mechanidally guided
(manual feed).
Peripheral grinding, cufting-off
£ en: Swing frame grinding machine | High pressure grinding gt the pe-
fr: Meulage et trongonnage avec r1phery of t.he.abraswe products. Th?
1.4 .0 . workpiece is firmly attachped or stabi-
machine suspendue X X . T
— de: Pendelschleif hi lized by its own weight. The grinding
€: Fendelschielimaschine machine is suspended and guided by
hand.
L Al
= _ _ Cutting-off
L/ l en: Cutting-off machine Grinding for the generation of slots
1.5 ~ N fr: Trongonneuse or cuts. The workpiece is guided by
de: Trennschleifmaschine hand. The cutting-off wheel is me-
chanically guided.
o _ Peripheral and side grinding
en: Tool grinding machine Grinding for the generation or repro-
1.6 fr: Affteuse duction of cutting faces. Workpiece
de: Werkzeugschleifmaschine and abrasive product are mechanical-
ly guided.

© IS0 2025 - All rights reserved
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Table 1 (continued)

No. Schema of machine type Designation Grinding method
en: External cylindrical grinding External cylindrical grinding
g : machine Grinding for the generation of exter-
1.7 [ 1 fr: Rectifieuse cylindrique nal surfaces at a rotating workpiece.
extérieure Workpiece and abrasive product are
de: AufRenrundschleifmaschine mechanically guided
Centreless external cylindrical grind-
en: Centreless external cylindrical ing
grinding machine Grinding for the generation of exter-
18 fr: Rectifieuse cylindrique sans nal faces at a rotating workpiece. The
: centre ‘Amrl(pim‘p is mpr‘hnnir‘:\”_ guided in
de: Spitzenlose its position to the abrasiye product
Auflenrundschleifmaschine by a control wheel-and tfests on a
guiderail between)the two wheels.
s en: In-ternal cylindrical grinding Internal cylindrical gfinding
machine Grinding for:the generatign of inter-
1.9 fr: Rectifieuse cylindrique nal faces\at a rotating wprkpiece.
intérieure Workpiece and abrasive product are
de: Innenrundschleifmaschine mechanically guided.
en: Surface grinding machine,
reciprocating or rotary table, hori~{ Surface grinding — PeripHljeral grind-
@ zontal spindle ing
N\ /1 fr: Rectifieuse plane a Grinding for the generatign of plane
1.10 — — table a déplacement rectiligne ou surfaces, where the workpiece is
rotative- broche horizontale attached to a table. WorKpiece and
de: Planschleifmaschine, Rech- abrasive product are me¢hanically
teck- oder Rundtiseh, waagerechte guided.
Spindel
en: Surface grinding machine,
i ti t table, - L . 1
|_;_| :ﬁ:(:ll)ggfr?direlg orrotarytable, ver GSur(gace ?rlnc}llmg — Side| grlrflding
| fr- Rectifieuse N rinding for the generatign of plane
: plane a . :
1.11 .7[\ |.|_'+|_,| /-I~. table a déplacement rectiligne ou surf}allc(els wherilthev\\//voikplece 1sd
rotative - broche verticale attached to a table. Workpiece an
) . abrasive product are me¢hanically
de: Planschleifmaschine, Rech- guided
teck- oder Rundtisch, senkrechte ’
Spindel
| en: Surface grinding machine, dou-
le spindle, hori 1 ical
N ble spln.d. © orlzonte} or vertica Surface grinding — Side|grinding
fr: Rectifieuse plane a deux broch- Grindi fol el .
1.12 es horizontales ou verticals rinding of plane parallef opposite
) : faces. Workpiece and abrasive prod-
de: Doppelspindel-Planschleif- uct are mechanically guided.
maschine, waagerechte oder
senkrechte Spindel
en: Cutting-off machine Cutting-off
113 fr: Trongonneuse Grinding for the generation of slots or

de: Trennschleifmaschine

cuts. Workpiece and abrasive product

are mechanically gu

ided.

© IS0 2025 - All rights reserved
9



https://standardsiso.com/api/?name=8af199dcda4be8cb436fdb3fae7c9c61

ISO 16089:2025(en)

Table 1 (continued)

No. Schema of machine type Designation Grinding method
IS @_l en: High pressure grinding . Surface grlind.ing

D machine High pressure grinding for the
1.14 fr: Machine pour meulage a haute generation of plane surfaces where
pression the workpiece is attached to a table.
de: Hochdruckschleif hi Workpiece and abrasive product are

: e: Hochdruckschleifmaschine mechanically guided.
3.2.2 Gr ithout

numerical control (see Figure 2)

Group 1 refers to grinding machines without power operated axes with the exception of the wheel $pindle and
individual axes for rough positioning. All movements are initiated and controlled by the gperator, one at a time.

This group| of grinding machines can be equipped with the following features:

Grinding 1]

mechanical facilities for mechanical feed;

manud

electrd

1 workpiece or tool guiding for processing;

nic facilities for constant surface speed (CSS);

Copyir]i; attachments (e.g. radius grinder, template);

measul
indexi

power

ing equipment for workpiece outline (e.g. microseépe);
hg equipment (partial device);
controlled rough positioning of individual axes.

achines of this group have no limited'nor fully numeric control (NC) system.

l

N
D\

L

B
=

[}
l(
A\

ll

i
|

\
\=

N

Figure 2 — Example of a Group 1 grinding machine
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3.2.3 Group 2: Manually controlled grinding machine with power operated axes and, if applicable,
with limited numerically controlled capability (see Figure 3)

Group 2 refers to grinding machines with power operated axes that can be operated by the use of electronic
handwheels or as machines with limited NC control by operating controls on NC panel.

The feed movement between the grinding tool and the workpiece is carried out manually by physical force
or power operated.

This group of grinding machines can be equipped with the following features:
a) all of the features of Group 1;

b) alimited NC system providing:

1) M$0 0 exclusively;

2) axiis interpolation (i.e. copying/predefined profiling);
However, the following features are not provided:
— automptic program start;
— automgptically initiated tool change system;

— automptic workpiece change system.

[

cQ
00
[oXe)
Qo

N\ N\

Figure 3 — Example of a Group 2 grinding machine

3.2.4 Group 3: Numerically controlled grinding machine (see Figures 4 and 5)
Group 3 refers to grinding machines with NC providing automatic function.
This group of grinding machines can be equipped with the following features:

a) anumeric control system with different modes of safe operation;

© IS0 2025 - All rights reserved
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automatic workpiece change systems;

automatic tool magazine, tool transfer and tool changing systems;
automatic tailstock quill advance or retreat;

automatic truing devices;

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

additional ancillary handling devices.

/ —

s e

0

Figure 4 — Example 1 of a Group 3 grinding machine

© IS0 2025 - All rights reserved
12



https://standardsiso.com/api/?name=8af199dcda4be8cb436fdb3fae7c9c61

Sym|

ISO 16089:2025(en)

Figure 5 — Example 2 of a Group 3 grinding machine
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mean number of annual operations

diagnostic coverage

average probability of a dangerous failure per hour

ratio of bore diameter and outside diameter of abrasive product
width of the annular bearing surface of the flange

yield point

tenfSile strength

0,2/ % proof stress

displacement

shgaring distance

failures in time (failure rate per billion hours of operation)
mejan time to dangerous failure

peripheral speed of an abrasive product

malximum possible peripheral speed of an abrasive product in case of failure of wheel
spindle drive

majximum operating speed of an abrasive product

engrgy absorption capacity of a reduced bolt at tensile impact
engrgy absorption capacity of the ith claniping element

engrgy absorption capacity of a shearing element at shearing impact

number of abrasive product fragments

half angle of fragments

half angle of fragménts (radian measure)
elopgation of break
elongation-atrupture

elastic modulus

axial run-out tolerance

arithmetic mean from yield point R, or 0,2 % proof stress R, , and tensile strength R,

density

shearing strength
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4 List of significant hazards

4.1 Gen

eral

The manufacturer of the grinding machine shall conduct a risk assessment in accordance with ISO 12100. The
list of hazards and hazardous situations in Table 2 is the result of task and hazard identification determined
by risk assessment carried out in accordance with ISO 12100:2010, Clause 4 and 5.4, for grinding machines
covered by the Scope of this document. The safety requirements and/or protective measures in Clause 5 and
Clause 6 are based on the risk assessment and deal with the identified hazards by either eliminating them or
reducing the risks they generate.

The risk assessment assumes foreseeable access from all directions, as
to both the have e

into accou

maintenan
analysis of]

In addition

arisk asse
attention t

a)

the in
forese

b) the iddntification of the significant hazards associated with the'machine.

4.2 Main hazard zones

The main Hazard zones are the following:

a) work zones with moving axis(es) and wheel spindle(s) including truing spindle(s), workpie
device} work holding spindle(s), rest(s), tailstock, workpiece(s);

b) handlihg devices for workpiece loading/unloading;

¢) internal and external tool magazines-and tool changers;

d) gearbox;

e) cam mechanisms.

4.3 Signfificant hazards-and hazardous situations covered by this document

The signifi
Table 2 refi

ht hazards which can occur under various conditions (e.g. commissioning, set-up{Jji
ce, repair and decommissioning) during the life of the machine. The assesspient i
the effect of failure in the control system.

, the user of this document (i.e. the designer, manufacturer and supplier).shall confiy
ssment that the risk assessment is complete for the machine under consideration with
D

fended use of the machine including maintenance, setting and"cleaning, and its
bable misuse (see ISO 12100:2010, 3.23 and 3.24), and

rant hazards-covered by this document are listed in Table 2. The numbering of the (sul
ers to thesnumbering in [SO 12100:2010, Table B.1.

well as unexpected star
: e e Hied, taking

t-up. Risks

production,
ncludes an

m through
particular

reasonably

ce holding

)clauses in
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Table 2 — List of significant hazards and hazardous situations

1S0 12100:2010, Table B.1| Causes for hazards Examples of hazardous Possible Relevant
hazard number specific and hazardous situations and hazard zones of (sub)clause in
o ) . . SO . consequences .
to grinding machines situations grinding machines this document
1 Mechanical hazards
Manual activities in the area between Crushing
abrasive product and parts of the Shearing 5.1.2
grinding machine, particularly the D . 5.2
work rest or between abrasive prod- rawmlg-m 512
uct and workpiece Trapping
Approximation of . Crushing
1 amoving parttoa Fesfci ntlﬁvemerllt of the abrasive prod- Shearing 5.1.2
fixed part uct to the workpiece Ejected parts 5.2
Manual activity in the vicinity of the Entancleffiont 5.1.2
abrasive product or the spindle g 5.2
"
Clamping of tools and workpieces g;zzr:::g 5.2.5.3
Activity in the area of travelling axes,
moving machine parts, and in the
area of automatic loading devices dur- Impact 512
ing machining, setting, maintenan¢e, Entanelement ?
.2 Moving parts and repair; b gem ;
Reciprocating movement of\the work- rawmlg-m ==
piece table; Trapping 5.12
Activities in the area ofworking
platforms.
1.2
Friction 512
Unintended contact with the rotating Abrasion 5.2
.3 Rotating parts abrasive product during loading and D L 59
unloading-and/or measuring rawing-in 5.10
Trapping _5.12
. . Cutting
Pointed and cutting-| Unintended contact with sharp Puncture 51.2
.4 parts workpiece edges during loading and Fricti 5_2
Sharp edgés unloading and/or measuring A:Ctl?n 24
rasion
— . . 5.1.2
Ejection or falling down of materi-
al parts and chips during start-up, 5.2
setting, grinding operation, change Crushing 59
] ] of abrasive product, maintenance, or Shearing 5.10
| 5 Falling or ejected | decommissioning: Impact 512
objects Workpiece falling down; Penetration £ 13
Rupture of abrasive product; Puncture 722
Machine parts ejected after rupture 723
at or in the vicinity of the machine.
7.2.5
Falling movable machine elements
during setting, e.g. during abrasive Crushing 512
. product or workpiece change due to , -
1.6 Gravity gravity. Shearing 5.2
Activities in the area of working Impact 2.12
platforms or at pits.
At hydraulic components when stay- Penetration or
17 High pressure ing at or in the vicinity of the machine, | impact of media 5.1.2
’ ghp particularly during installation and under pressure 5.2
commissioning of the machine into the skin/eyes
Falling or tipping of a non-fixed ma- I t 514
1.8 Stability chine or of machine parts when stay- Crrlr;:}?icng 7Z0

ing at or in the vicinity of the machine

© IS0 2025 - All rights reserved
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Table 2 (continued)

1S012100:2010, Table B.1

Causes for hazards

Examples of hazardous

Relevant

hazard number specific and hazardous situations and hazard zones of Possible (sub)clause in
o . . . g . consequences .
to grinding machines situations grinding machines this document
Activities in the floor and step area at
and around the machine and work in a
height due to
— ejection or spillage of metalwork- Slippi 51.2
Rough, slippery  |ing fluid, lubricants, or hydraulic fluid; .lppllng =
19 ) T Tipping 5.2
surface — residues contained in ejected Falli 515
fluids; alling .
— insufficient railing or other con-
taining devices, particularly at points,
WHere there 1s a I1sK of falling.
2 Electrical hazards
.1 Live parts Contact with live parts Electric shock 53
Parts Wh.ICh have Contact with parts which have be- .
.2 become live under . i Electric €ontact 5.3
L come live under fault conditions
fault conditions
3 Thermal hazards
Objects or materials |Ejection of hot grinding sparks during 51.2
with high tempera- |grinding when staying at or in the Burns ?
ture vicinity of the machine ==
4 Noise hazatds
. . Permanent
Aerodynamic noise due to hearing loss
— the rotating abrasive product; Other
Manufacturing — vibrlilti_on ocfiab_rasive_ p;(_)du.ct and/ (e.g. mechanical, 75J6
: or workplece during.grinding; electrical) hazards L
process and moving : =
parts — drive and tranSmission elements; |asa consequence of Annex E
— air blast fer.cleaning; a dlsturt_)ed voice Annex F
when staying at or in the vicinity of communlcatlon or
the machine. an interference of
acoustic signals
5 Vibration hazards
Transmissions of vibrations from Discomfort
Vibrating parés the grinding process on the opera- Neurological 5.5
&P tor at machines for manually guided disease 7.2.7
grinding Joint damages
6 Radiation hazards
Léwyand high fre- |During activities at electric equip- I'nfluence onactive
A . . . implants e.g. pace-
b.1 quency electromag- |ment, particularly during setting or T 5.6
: A . makers, defibril-
netic radiation maintenance 1
ators
Optical radiation During activities at measuring devices
! (infrared, visible and 5 . mne Burning
b.2 ultraviolet), includ- and measuring lasers, particularly Eve d 5.6
. ST during setting or maintenance ye damage
ing laser radiation
7 Material/substances hazards
n]?ilgllgtg)ig?(l) ail(l:gl Contact with metalworking fluids con-
7.1 . gice taminated with bacteria when staying Infection 5.71
(viral or bacterial) : - ;
at or in the vicinity of the machine
agent
Skin contact with metalworking fluids 571
7.2 Liquid when staying at or in the vicinity of Skin damage 5'7'2
the machine s
Inhalation and intake of substances
used or generated during machining, Breathing 571
7.3 Vapours e.g. by metalworking fluids when difficulties m
staying at or in the vicinity of the Poisoning =l

machine
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Table 2 (continued)

1S012100:2010, Table B.1

Causes for hazards

Examples of hazardous

Relevant

hazard number specific and hazardous situations and hazard zones of cor::::esslllgl:ces (sub)clause in
to grinding machines situations grinding machines q this document
Fire and explosion hazards 5.7
Fire hazardous a) during machining of flammable Burns due to fire 5.3
7.4 . material, e.g. aluminium, magnesium; . Annex H
material ) ; and explosion
b) during use of flammable material, Annex |
e.g. oil containing metalworking fluid Annex ]
8 Ergonomic hazards
8.1 lz)isihg;i(?;tl)i(;a;:lodn Misjudgement of the indicated infor- Other 58
. opt]ca[ d]splays maticon-at r\pnrqi—nr'c pncih'rm (c.g. llllULildlliLdl, —_
- - electrical) hazards
Design, location Faulty operation of the machine at as a consequence of
2 or identification of . - human error 5.8
control devices operator's position
8.3 Effort Fatiguge 5.8
At control devices and during han- -
dling: inadequate consideration of Disturjghute of the
B.4 Body posture . musculoskeletal 5.8
hand/arm or foot/leg anatomy during Yvstem
workpiece or tool change y
.5 Repeated activities Fatigue 5.8
Affection of the accuracy and the judg-
ment ability of/for manual actiyitiés Fati
during handling and alignment ofthe atigue
Visibility. Iocal workpiece and the abrasive\product: Other ]
B.6 151“1}11'?;;1 oca — during loading/unloading, setting, l(e.g. r.nelchﬁmlcali 5.8
ghting abrasive product change, and mainte- aese;g)lrise)quii?:re osf
nance;
’ h
— atloading/unloading and changing umat error
points of the,abrasive products
9 Hazards related to the environment in which the machine is used
Reasonably foreseeable misuse:
—.ifcorrect operation of the machine
(mahipulations);
— inappropriate handling and setting
of the workpiece and the abrasive All hazard 5.2.6
Human error: product; listedazzlit)vse 7.2.4
— insufficient design of the work- 7.2.11
place and/or machining process;
— inadequate consideration of hand/
arm or foot/leg anatomy;
— incorrect installation
10 Combination of hazards
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Table 2 (continued)

IS0 12100:2010, Table B.1| Causes for hazards Examples of hazardous Possible Relevant
hazard number specific and hazardous situations and hazard zones of (sub)clause in
. . . - . . . . consequences .
to grinding machines situations grinding machines this document
Fall or ejection of moving machine
. parts or a mounted workpiece or tool
10.1 Fallu;ﬁ oflpower or their fragments; SSTgl
PPy Failure of stop control for moving E—
parts Crushing
Restoration of ener- |Uncontrolled movements (including Shearing 59
10.2 gy supply after an |speed variation); Impact =2
: . . . 5.10
interruption Unintended/unexpected start-up Cutting
Faltins-orejection-ofmovingmachine Cutting-off
parts or a mounted workpiece or tool; Drawing-in
Failure of stop control for moving Trapping
parts; Penetration
Fail ¢ 1 Uncontrolled movements (including Puncture 59
10.3 al uge:tecrgntm speed variation); Friction 5.10
y Unintended/unexpected start-up; Abrasion 5.12
Other hazardous events due to failure
or poor design of the control system;
Variation of speed of tools (during
setting)
5 Safety requirements and/or measures
5.1 General requirements
5.1.1 Gepneral
Grinding mpachines shall comply with the safety, requirements and/or measures of Clause 5. Fpr hazards
which are hot dealt with in this document, the machines shall be designed in accordance with th¢ principles
of IS0 121(0:2010, Clause 4 and 6.1.
For guidanmce in connection with risk, reduction by design, see ISO 12100:2010, 6.2; for safeguarding
measures, see [ISO 12100:2010, 6.3.
The designler shall take into accounthazards which can occur during the life of the machine to both operator
and other persons who have aecess to the hazard zone(s) for conditions of intended use, including feasonably
foreseeabl¢ misuse of the machine (see ISO 12100:2010, 3.23 and 3.24). The hazards for both|machining
operation pnd/or operations requiring intervention by the operator and/or other persons (d.g. setting,
cleaning, maintenance‘and repair) shall be considered. An analysis of the failure of machine cgmponents,

including fj
in ISO 138
(PL), in acd

hilure in the control system(s), is part of the risk assessment and guidance on this subj
49-1. Therefore, reliability requirements for safety functions are defined as perforn
ordance with ISO 13849-1 [see 5.12 b)].

All requird

unless specifically re

5.1.2 Re

bt is given
hance level

machines,

ferenced.

quirements for guards for all groups of grinding machines

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. The requirement does not necessarily apply
to fixed guards, which, for instance, have only to be removed when the machine is completely renewed, when
more extensive repairs are necessary or when it is demounted to be transferred to another site.
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5.1.2.2 Position and safety

The requirements are as follows.

a)

For 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. The distance from the hazard zone shall be in accordance
with ISO 13857:2019, Table 2. Any opening between the bottom of the guard and the floor shall not
exceed 180 mm.

b)

For the guarding of drives, access to mechanical power transmission drives (e.g. chains and sprockets,

gears, leadscrews, feedscrews and ballscrews) shall be prevented, for example, by fixed guards or by
design, so that the hazardous zone is not accessible.

If acce
shall b

NOTE

1) m

in
sh
2)
st

3)

5.2 Speg
Nos 1.1 tg

5.2.1 Gr

For int

af

for
gu

cetotbhaca ot c 10 i eing o ol o aa ol oo AL

PS> pesavay

e provided [see c)].
Interlocked movable guards are not always necessary for Group 1 and Group 2 machines.
erlocking of guards,

vable guards shall be interlocked with or without guard locking in-accordance with
order to prevent access to hazardous machine movements; the seleetion of interlock
hll be in accordance with ISO 14119:2013, Clause 7;

ailure in the interlocking device, i.e. function and/or arrangements, shall result in a
p of the machine in accordance with IEC 60204-1:2009, 9.2.2;

requirements concerning safety functions of interlocking devices associated wit
ards, see 5.12 b) 1).

rific requirements resulting from mechanical hazards identified in Table 2,
1.4,1.6 and 1.7

pup 1 machines, manually controlled grinding machines without power operated

without numerical control

The requir

a) Them

The co
This rq

b)
of the

hand v

For lo
taken

In case

ements are as follows.

hchines shall be provided with means of preventing unintended contact with the abrasi
Implete abrasive productshall be guarded except that part necessarily exposed for the

quirement is uspally met by the abrasive product guard in accordance with 5.13.2.1.

of power cantrolled rough positioning, the speed of axes shall be 2 m/min at maximy
movements’shall be effected by means of a hold-to run device [see 5.12. b) 2)] or an
Uheel [see5.12 b) 3)].

able guards

ISO 14119
ng devices

category 1

h movable

axes and

e product.
work.

m. Control
electronic

is guided by hand. These may include one or more of the following:

1)
2) pr

3)

stopping the rotation of the abrasive product;

oviding safeguards;

distances, at least 200 mm between abrasive product and workpiece).

NOTE This is a deviation from ISO 13857 due to the small work zone.

d)

nding ‘and unloading or measuring, additional equipment or precautions shall be ﬂr

[0 prevent contact with the rotating abrasive product, except for machines, where theJworkpiece

ovided or

positioning the abrasive product so that it cannot be reached by the operator (respect of safety

Cutting-off machines for mechanically guided cutting-off in accordance with Table 1, No. 1.3 shall be

provided with measures to ensure that the cutting-off wheel moves automatically back to its initial
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g)
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1
2
3
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position after use. It shall remain in that position and be automatically guarded against contact until the
cutting-off wheel has stopped.

Swing frame grinding and swing frame cutting-off machines in accordance with Table 1, No. 1.4 shall
be equipped with an adjustable counterbalance weight so that the grinding head moves away from the
workpiece after release of the handles.

At swing frame grinding machines for manually guided grinding, the grinding head can only be swivelled
by up to 45° from the vertical axis on either side (see Figure 6).

At swing frame cutting-off grinding machines for manually guided cutting-off, the grinding head can
only be swivelled by up to 60° from the vertical axis on either side (see Figure 7).

motor 4 swivelling axis
suspenfion 5 grinding wheel
guard

Figure.6,— Swing frame grinding machine
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Figure 7 — Swing frame cutting-off machine

and pedestal grinding machines in accordance with:Table 1, Nos 1.1 and 1.2 shall b

rrinding particles and grinding sparks.

reens shall have sufficient resistance to inipact and abrasion so that they do not bre
case of impact load, for example, during handling of workpieces, and that the surfac

by ejected abrasive grit and grinding ‘sparks is minimised. Polycarbonate is an exd
e screen material.

Feen shall be adjustable and of sufficient size so that the operator in normal working pd
ew the grinding operationthrough the screen. The screen shall not impede guiding a
workpieces.

nimum dimensions-of screens are given in A.3.4.

up 1 grinding machines, unintended start-up of the wheel spindle and, if applicable,
positioning shall be prevented in accordance with ISO 14118:2017, Clause 6.

neel spindle'may be operated if an abrasive product guard in accordance with 5.13.2.1

e provided

transparent screen for the protection of the face-and especially the eyes of the operaftor against

hk or crack
e abrasion
mple for a

sitions can

nd holding

he axis for

s provided

e peripheral speed of the abrasive product is limited to values v < 50 m/s. For monitq
d spindle speed of the wheel spindle, see 5.12 b) 5). Rotation of the spindle shall only

manuag

1Is.by a control device (e.g. a start button) provided for that purpose [see 5.12 b) 14)].

ring of the
e initiated

5.2.2 Group 2 machines, manually controlled grinding machines with power operated axes and, if
applicable, with limited numerically controlled capability

The requir

ements are as follows.

a) For protection against contact with abrasive products, the machines shall be provided with means of
preventing unintended contact with the abrasive product. The complete abrasive product should be
guarded except that part necessarily exposed for the work.

This requirement is usually met by the abrasive product guard in accordance with 5.13.2.1.
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For access into the work zone, Group 2 grinding machines - except for machine tools with workpiece

dimensions <300 mm - shall be equipped with fixed and/or movable guards at the rear and the sides
of the work zone preventing access to hazards zones, including the machining point, and the ejection
of metalworking fluid from the work zone. The minimum distances specified in ISO 13857 shall be
complied with.

workpieces, shall be prevented by fixed and/or movable guards.

Reaching of trapping and entanglement points at rotating parts in the work zone, for example, at chucks,

Shearing and crushing points outside the work zone, for example, between reciprocating table and

stationary machine parts (including electrical cabinets) and at reciprocating switches (e.g. on surface
grinding machines) shall be prevented by design or safeguarded.

AT TITteT VETTHioTS, SUCT a5 {0ading amd uImoading or Medasuring, additional eqy
tions shall be provided or taken preventing contact with the rotating abrasive prog
clude one or more of the following:

pping the rotation of the abrasive product;
pviding an automatic safeguard;

sitioning the abrasive product so that it cannot be reached by the-operator (respec
btances, at least 200 mm between abrasive product and workpiece).

TE Thisis a deviation from ISO 13857 due to the small work zong!

e mode of safe operation, only MSO 0 in accordance with 5.2.7.2 is permitted. Devi
c), the reduced axis speed of the reciprocating movenient longitudinal to the table mg
maximum at surface grinding machines, if only a striking hazard exists.

Hazard of entrapment, trapping and impact resulting from power rotation of handwhee

ted, for example, by automatic disengageniént or by using plain solid (no spokes) h
ther no pegs or sprung to safe position pegs.

pup 3 machines, numerically controlled grinding machines

Lccess to the work zone

1l be provided to mitigate-the risks listed in Table 2 (entanglement, crushing, sheari
access to dangerous-parts of the machines. General guidance for the selection of §
hazards from moving parts cannot be avoided by design is given in ISO 12100:2010
he features of guasds to minimize the hazard of ejection, see 5.13.

pecific requirements for guards

c requitements for guards for Group 3 machines are the following.

b)

c)

d)

e) For m
precay
may in
1) st
2) pr
3) pog

di
N(

f) For th
min at

g)
prever]
with e

5.2.3 Gr

5.2.3.1 A

Guards sh{

preventing

where the

6.3.3. For t

5.2.3.2 9§

The specifi

a) Interlg

ipment or
Juct. These

t of safety

ating from
y be 25 m/

Is shall be
andwheels

hg, etc.) by
afeguards,
, 6.3.2 and

cking of guards:

1) All guards through which frequent access to hazardous movement is required during operation shall
be designed as interlocked movable guards [see as well 5.1.2.2 ¢]]. Opening of a movable guard or
actuation of a protective device shall cause hazardous movements to stop and further movement to be
inhibited (see ISO 14118). If the movable guards provide access to the work zone and hazards by follow-
up movements arise, 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, Clauses 5 and 7).

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, for example, presence-sensing
protective equipment or door closure inhibition by captive keys.
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NOTE Captive key is an interlocking device allowing the door to unlock after initiation of the stopping
function for dangerous movements by its key.

b) Power operated guards:

1) The requirements of 5.2.3.2 a) shall also apply.

2) If power operated guards for operator access are provided, they shall be in accordance with
ISO 12100:2010, 6.3.3.2.6 and shall be equipped with a protective device to avoid shearing and
crushing hazards at the front edge. If pressure-sensitive edges are provided, they shall be fitted
on the total length of the front edge or up to a height of 2,50 m above the floor or platform, if the
height of the guard is more than 2,50 m. The pressure-sensitive edge shall be in accordance with
ISO 13856-2. The safety function of the guard shall comply with 5.12 b) 9).

3) THe force to prevent the door from closing shall not exceed 75 N and the kinetic energy-off the guard
shpll not exceed 4 ]. When the guard is fitted with a protective device which automatieally initiates
reppening of the guard on actuation, this may be a maximum of 150 N and the kinetic energy a
maximum of 10 ] (see ISO 14120:2015, 5.2.5.2). These requirements only apply under the gssumption
that the front edges have a minimum width of 8 mm and that no shearing pioyément ocgurs. At the
side edge between movable guard and housing, a gap width of 4 mm shallmbot be exceedqd.

4) If the requirements of b) 2) and b) 3) cannot be met, another fixed gpgsition protective|device, for
expmple, a two-hand control device, shall be provided.

5) It shall not be possible to start the movement of the machineintil the guard is fully closed. Closing
of|the guard can be used as a start command for the maehine, when the guard system meets the
refluirements of ISO 12100:2010, 6.3.3.2.5.

6) THhese requirements shall only apply for guards as defined in [SO 12100:2010, 3.27.

5.2.3.3 Additional specific requirements

Additional(specific requirements for Group 3 machines are as follows.

a) Accesq into the work zone is allowed according to the requirements in 5.2.7 on modes ¢f machine
operatfion.

b) Guards shall also be designed to eohtain and/or prevent exposure to grinding debris, fluid§ and parts
that cqn be ejected [see also 5.13 and 5.15 b)].

c) For contact protection for manual interventions in MSO 1 such as loading and unloading or measuring,
additional equipment or.precautions shall be provided or taken preventing contact with the rotating
abrasiye product. These ¢an include the following:

1) stopping the rotation of the abrasive product;

2) prpviding-an automatic safeguard;

3) positioning the abrasive product so that it cannot be reached by the operator (respeqt of safety
distahees 15643857

d) For the mode of safe operation, MSO 1 and MSO 2 are mandatory for this machine group. MSO 0, MSO 3
and MSO service are optional.

e) For MSO 0, the requirements for Group 2 machines shall apply (see 5.2.2).

5.2.4 Tool holding device

Tool holding devices shall be designed so that there is no clamping loss during operation including

acceleratio

n and deceleration.
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For clamping methods for abrasive products and safety requirements for tool holding devices, see Annex D

and Annex

E.

5.2.5 Workpiece holding

5.2.5.1 General

Grinding machines shall be provided with clamping devices, holding or guiding the workpieces to prevent
them from inadvertent movement. Opening and closing of the workpiece holding devices for manual

workpiece

change can be possible in all modes of safe operation.

5.2.5.2 Workpiece rests

The follow|ng requirements apply.

a) Grindipg machines without workpiece holding device (compare Table 1 Nos 1.1-and 1.2) shall be
provided with workpiece rests capable of accommodating safely the forces generated.

b) The wprkpiece rests shall be adjustable with respect to the wear of the abrasive product o that the
distanfe between the abrasive product and the workpiece rest does not ex¢eed 2 mm. It shall be of at
least the same width as the abrasive product for which the grinding ma¢hine was designed and it shall
be of spbstantial construction and securely attached to the grinding machine.

5.2.5.3 Rower operated workpiece holding devices

The follow|ng requirements apply.

a) Grindipg machines with power operated clamping dewvices shall be equipped so that in the case of
clamping energy losses or if the actuating force of the tlamping device falls below a pre-sef minimum
value, the machining process is prevented or a machine stop category 1 in accordance with IEC 60204-1
shall be initiated. For rotating workpiece holding devices, a rotation of the power opertated work
holding spindle without or with reduced actuating force is permitted for positioning of the wprkpiece in
exceptiional cases, if there is no hazard caused by ejection of the workpiece. The reduced spindle speed
of the work holding spindle for the relevant mode of safe operation shall not be exceeded.

b) Efficiehcy of the actuating function Shall be monitored, for example, monitoring of the clamping pressure
and/or the clamping travel [see 5:12 b) 7)].

c) Atrotdting workpiece holding devices, opening of the clamping device shall not be possible with rotating
work Holding spindle [seg€512 b) 7)].

d) For m3nual loading, injuties of the fingers during operation of the clamping device shall be ayoided [the
pre-sefting of a maximum jaw stroke is smaller than 4 mm (see ISO 13857))].

e) Rotating workpi€ce holding devices shall be clearly marked with their maximum permissiblg speed.

f) The status‘of the clamping device shall be signalled to the operator.

In the event of a failure or interruption of the clamping energy, the clamping function shall be kept or the
design of the grinding machine or the guard shall ensure that no parts can be ejected.

5.2.6 Vertical or slant axes under gravity

Means shall be provided to prevent hazardous movement of vertical or slant axes under gravity (e.g. brake
system). For requirements concerning the safety function control for the prevention of unintended descent
of vertical or slant axes, see 5.12 b) 13).
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5.2.7 Modes of machine operation

5.2.7.1 Mode selection

The following requirements apply.

n5.2.2.f)and 5.2.3.3 d).

To select a mode:

The modes of safe operation which are mandatory or optional for the specific grinding machine are

The selection of a mode of safe operation shall be either by key switch, access code or other equally

secure means and shall only be permitted from outside the work zone. The selected mode shall be

Rily VisiDIe (€.g. by display or by position of the selector Switch).
tiate a hazardous situation. If a lockable mode selection switch is used, it shall bein

with 1SO 12100:2010, 6.2.11.10 and IEC 60204-1:2009, 9.2.3.

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

pde selection, see 5.12 b) 10).

i the selection of MSO 3 (see 5.2.7.5), a separate device is nec€ssary, which shal

juirements under 1) and 2).

MSO 0: Manual mode

0 is selected and the movable guards are open or when machines do not require gua
| hazards as specified in 5.2, the following requirements apply.

neel spindle may be operated if an abrasive product guard in accordance with 5.13.2.1

Huced speed of the wheel spindle, see 5.12 b) 5). Rotation of the spindle shall only |
lly by a control device (e.g. a start butten) provided for that purpose [see 5.12 b) 14)].

bd movement between abrasive product and workpiece shall be effected manually. At
movements, which may also be numerically controlled, may be initiated simultaneousl
[see 5.12 b) 14)] while the wheel spindle is rotating. The infeed movements of all othg
cted manually by hand wheels, power operated by electronic hand wheels [see 5.12 |
-run devices [see 5.12 ) 2)].

hall move at a reduced speed as follows [see 5.12 b) 6)]:

/min at maximym;

5 n/min atmaximum for a travel of more than 1 m up to 5 m;

10| m/minrat maximum for a travel of more than 5 m in combination with a protective
a wo hand control device or a pressure-sensitive mat) ensuring the operator is standi

e mode selection device and the associated control system arrangements Shall ensur

€ selection of a mode shall not

hccordance

e that only
lnction for

| meet the

ds against

s provided

e peripheral speed of the abrasive product’is limited to values v < 50 m/s. For monitoring of

e initiated

maximum,
y by a start
I axes may
b) 3)] or by

Hevice (e.g.

1|1g in a safe

polsition

The peripheral speed of the work holding spindle(s) shall be limited to 0,7 m/s at maximum for

clamping devices or workpieces up to a diameter of 500 mm. For larger diameters, limitation to 1,3 m/s
at maximum peripheral speed shall be applied, but not more than 50 min~! at the reduced speed. For
monitoring of the reduced speed of the work holding spindle, see 5.12 b) 5).

a)
given i
b)
1)
ea
in
2) Th
m
3) Fo
re
5.2.7.2
When MSQO
mechanica
a) The wl
and th
the re
manug
b) The fe
2 axis
button
be effe
hold-tq
c) Axess
1) 2
2)
3)
d)
NOTE

The values for the reduced speed of the feed, rotational and periphery given in a), c) and d) are maximum

values. In the framework of the risk assessment, they are reduced in accordance with the machine-specific hazardous

situation, if

applicable.
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5.2.7.3 MSO 1: Automatic mode

When MSO

1 is selected and the movable guards are open, the following requirements apply.

a) No movement of machine elements shall be possible, and all axes and spindles shall be in safe stop [see
5.12 b) 12)] or safe operational stop [see 5.12 b) 11)]. Exceptions are the following movements.

r manual workpiece holding, see 5.2.5.

Workpiece spindle(s) rotation shall be controlled by hold-to-run control [see 5.12 b) 2)] and shall not

exceed 5 min~! and the peripheral speed shall not exceed 5 m/min for the largest standard work holding
device described in the instruction for use. The reduced speed shall be monitored [see 5.12 b) 5)].

e wheel spindle may be operated, providing

1) Fo

2)

3) T
For monitg
NOTE K

for contact protection can be met by means of personal protective equipment subject to the result of a risk

if applicablg
When MS(

elements are possible and the machine shall only be started or'restarted by actuation of the st

MSO 2: Setting mode

<

the peripheral speed of the abrasive products shall be limited to v < 50 m/s;
requirements of 5.2.3.3 c) (contact protection) and 5.13.2.1 (abrasive product guard)

the peripheral speed of the abrasive product shall be limited to v < 16 m/s) where t}
product guard according to 5.13.2.1 is not provided and the requirementsof 5.2.3.3 c)

ring of the reduced speed of the wheel spindle, see 5.12 b) 5).
or manual clearing of the chip spaces of the abrasive product by meansiefa dressing stone, the 1

(see Clause 7).

pring of the maximum permissible speed of the.wheel spindle shall be active [see
mains operated asynchronous motor).

Ling mode is not intended for machining.
2 is selected and the movable guards are open, the following requirements apply.

neel spindle may be operatéd-using a starting device, providing

5.2.3.3 ¢) (contact pretection) and 5.13.2.1 (abrasive product guard) are met, or

e peripheral speed/of the abrasive product shall be limited tov< 16 m/s, where the abras

nitoring'of the reduced speed of the wheel spindle, see 5.12 b) 5).

hallimove at a reduced speed as follows [see 5.12 b) 6)]:

where the
are met, or

e abrasive
re not met.

equirement
Assessment,

1 is selected and the movable guards are closed,~all programmed movements ¢f machine

art device.
5.12 b) 5)]

e peripheral speed of the-abrasive products shall be limited to v < 50 m/s, where the requirements

ve product

ard in accordance with 5.13.2.1 is not provided and the requirements of 5.2.3.3 ¢) are not met.

The monit
(exception
5.2.7.4
This opera
When MSO
a) The wl
— th
of
— th
gu
For m(
b) Axess
1) 2¢
2)

3)

y: . .
I/ T dt IIIdATIITULLL,

5 m/min at maximum for a travel of more than 1 m up to 5 m;

10 m/min at maximum for a travel of more than 5 m in combination with a protective device (e.g.

a two-hand control device or a pressure-sensitive mat) ensuring the operator is standing in a safe

po

sition.

Control of the movements shall be effected by means of a hold-to run device [see 5.12. b) 2]] or an
electronic hand wheel [see 5.12 b) 3]].

For the hold-to-run device or the electronic hand wheel, a PL, lower than specified in 5.12 b) is sufficient,
if there is a realistic chance to avoid the hazard. This can be assumed, if the reduced speed of the axes is
limited to a value below 0,5 m/min [see 5.12 b) 6)].
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c) The speed of power operated work holding spindle(s) is limited to n < 50 min~! but not more than
1,3 m/s, measured at the diameter of the clamping device or, if the workpiece diameter is larger, at the
largest workpiece diameter. For monitoring of the reduced speed of the work holding spindle, see 5.12
b) 5). Control of the movement shall be effected by means of a hold-to-run device [see 5.12 b) 2)] or an
electronic hand wheel [see 5.12 b) 3)] or by means of a start button in combination with an enabling

device

[see 5.12 b) 4)].

The hold-to-run device may also be designed as a two-step foot switch for ergonomic reasons

12 b) 2)].

[see 5.

For the hold-to-run device or the electronic hand wheel, a PL, lower than specified in 5.12 b) is sufficient,
if there is a realistic chance that the severity of the injury to be expected is low. This can be assumed, if
no trapping, entanglement, drawing-in hazards, etc. are present.

NOTE
values.
hazard

d) When

of the

The values for the reduced speeds of the feed, rotation, and periphery given in a) to ¢)‘ar
In the framework of the risk assessment, they are reduced in accordance with the{mach
pbus situation, if applicable.

hccess is given to a hazard zone from more than one position through motable guard
hazard zone is not visible from the operator’s position, no movement shall be possible

remaining guards at these hazard zones are closed.

If the 1

1) Fo
IS
th

2) If

Sp

be

by
ru
ha

hachine is equipped with handling devices for workpiece and toe] loading/unloading:

r handling device setting, the requirements specified<inder b) or the requip
D 10218-1:2011, 5.7.3 and 5.7.4 apply, even if the handling-device is only programmj
hn three axes.

ced according to 5.12 b) 6) with guard open is<hot required. Power operated motior
initiated under control of an enabling devicettogether with a hold-to-run device to p
-step movement. When continuous movemeént is required, the enabling device and t
n device shall be at a safe distance from-the hazardous situation to keep both hands

zardous zone (see ISO 13855). For requirements concerning the safety functions, fa

hold-to run control and enabling deviCe, see 5.12 b) 2) and 4). No hazardous movement

fr

3) If

When MSO
Monitoring
mains opel

5.2.7.5
conditiony

This opers
necessary
accordanc

m the actuation of any sensor ot feedback device.
h robot is used for workpieceloading/unloading, the requirements of ISO 10218-1 shal

2 is selected and the movable guards are closed, all movements of machine elements a
of the maximum permissible speed of the wheel spindle shall be active (see 5.12 b) 5);
ated asynchronons-motor).

MSO 3: Optional special mode for manual intervention under restricted operating

ting ‘mode is only intended, where access for the operator to the danger zone is
and ‘provided that all safety measures applicable under technological aspects and

e maximum
ine-specific

s) and part

unless the

ements in
hble in less

the axes speed cannot exceed the limits (e.g. onppneumatic axes), monitoring of tlhe reduced

shall only
Prmit step-
he hold-to-
butside the
r example,
shall arise

| apply.

e possible.
(exception:

absolutely
feasible in

uvrath tha ctata af thao art avo carriod At Accace for thao anaoratar can hao ahenlntaly
v oo e—otat O et -t e Bt EEe ST o e O p et Ot B e oottt

tely necessary

in the case of production of single items and small production series with high precision and complexity.
Furthermore, automatic program runs with guards opened are required for first program testing with

complex wi

orkpiece and tool arrangements.

If MSO 3 is selected and the guards are open, the requirements in 5.2.7.4 (MSO 2: setting mode) apply to
manual operation and the following requirements apply to execute programmed cycles:

a) The wheel spindle may be operated, providing

— the peripheral speed of the abrasive products shall be limited to v < 50 m/s, where the requirements

of

5.2.3.3 c) (contact protection) and 5.13.2.1 (abrasive product guard) are met, or
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— the peripheral speed of the abrasive product shall be limited to v< 16 m/s, where the abrasive product
guard in accordance with 5.13.2.1 is not provided and the requirements of 5.2.3.3 c) are not met.

For monitoring of the reduced speed of the wheel spindle, see 5.12 b) 5).

Axes shall move at a reduced speed as follows [see 5.12 b) 6)]:

1) 2 m/min at maximum;

2) 5 m/min at maximum for a travel of more than 1 m.

The peripheral speed of the work holding spindle(s) shall be limited to 0,7 m/s at maximum for

clamping devices or workpieces up to a diameter of 500 mm. For larger diameters, limitation to 1,3 m/s
at maximum peripheral speed shall be applied, but not more than 50 min-?! at the reduced speed. For

b)
c)
monitg
NOTE
values.
hazard
d) Contrd
b) 2)] «
enablij
e) Access
chuckd
f) A start
shall a
Requirems
are given i
When MSO
without en|
5.2.7.6
MSO servi
and for sta
well 7.2.9).
a) Genersg
1) Fo
de
ex
th
m
sa

MSO service

Ir the selection-of MSO service, a lockable switch mounted on a cable connected, detachd

ring of the reduced speed of the work holding spindle, see 5.12 b) 5).

The values for the reduced speeds of the feed, rotation and periphery given in a) to ¢) are th
In the framework of the risk assessment, the values are reduced according to(the mach
bus situation, if applicable.

1 of the programmed movements under b) and c) can be effected by a hold-to-run devi
r with an electronic hand wheel [see 5.12 b) 3)] or with start buttonjeach in combinat
g device.

to the danger zone created by moving clamping devices, for €xample, rotating protrud
, shall be prevented by guards.

ed program cycle shall be displayed throughout the whole cycle. The next step prior t
so be displayed.

nts of 5.3 to 5.15 shall additionally be met. Examples for applications where MSO 3
n Annex K.

abling device. Monitoring of the reduced speed of the wheel spindle shall be active [see

e shall only be provided ferservice staff, trained and authorized by the machine ma
ff qualified by the clientin-dccordance with the instructions of the machine manufacty

11

vice shall-beprovided. The connection of the service device shall be accessible at the nj
phmple, at'the outside of an electric enclosure. Warning signs at the service device s}
ht theruse of the service device is restricted to service staff, trained and authori
chine manufacturer. As long as the service device is connected to the machine, no otH

e maximum
ine-specific

e [see 5.12
on with an

ngjaws on

execution

s required

3is selected and the movable guards are,closed, all movements of machine elements are possible

5.12b) 5)].

hufacturer,
Irer (see as

ble service
achine, for
hall inform
ved by the
er mode of

aBmnarations chall bha cnlactalhln Tha tnctriindinne £o o chall vaaiin a7 o

evice after
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completing service activities.

The service device may be replaced by other selection devices limiting application of MSO service to
the persons mentioned above.

2) Manual operation shall be possible under the conditions in 5.2.7.4.
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3) According to the risk assessment, additional safety measures can be necessary, such as secondary

ards, barriers or screens, in connection with warning signs.

The restrictions are as follows.

Machining shall not be possible in MSO service.

This mode enables restricted automatic functionality of the machine with the movable guards open.

Axes speed shall be reduced and monitored [see 5.12 b) 6)] with the exception of cases in accordance

with 5.2.7.6 b) 5). These reduced axes speed shall not exceed 2 m/min or 5 m/min for axes with a
traverse of more than 1 m.

ntinued moving cycles can be possible (e.g. repeatability test).

with an electronic hand wheel [see 5.12 b) 3)] or with start button, each inscombinati

the lodder form one integrdted manufacturing system, ISO 11161 shall be applied.

Load/yinload positions for operators at workpiece transfer devices shall be located outsid

p.7.5 a) and c).

ntrol of the programmed movements may be effected by a hold-to-run device,[see 5.

abling device. This enabling device shall be placed outside the hazard zofe, if the red
bxceeded in accordance wiht 5.2.7.6 b) 2).

tional or additional equipment for grinding machines

fandling devices for workpiece loading/unloading

chine is equipped with handling devices for workpiece loading/unloading, the
hts shall be fulfilled:

hd away from the other hazardous mechanisnt' (e.g. the tool changer).

to the hazardous movements of handling devices shall be prevented by means of fi
cked movable guards [see 5.12 b) 1).iv)] or hazardous movement(s) shall be either
ed by the actuation of protective devices (e.g. interlocked guard or light curtain).

quirements concerning setting mode of handling devices for workpiece loading
.7.4 €).

ion of a machine’s emergency stop device [see 5.12 c]] shall also initiate the emer
n of the handling device and vice versa, if the loader is in the machine area. If the m|

5s to the handlitig device hazard zone is possible, access from that area to the machine
pither impossible, or

posSible but the machine shall be in stopped condition and unexpected start-up shall be

tation of the wheel and work holding spindles shall be possible under the conditions in

12 b) 2)] or
bn with an
iced speed

following

b the work

ked and/or
stopped or

unloading,

gency stop
achine and

work zone

prevented.

gu
b)
iy
2)
3) Co
4) Rd
5.1
5 C
en
is
5.2.8 Op
5.2.81 H
If the ma
requireme
a)
zone a
b) Access
interlg
inhibit
c¢) For re
see 5.7
d) Actuat
functi
e) Ifacce
— is
— is
f)

If accessTo the work zone of the machine 1S possible, access to the handiing device

— iseither impossible, or

— is possible but the handling device shall be in stopped condition and unexpected start-up shall be
prevented (to prevent an unexpected start-up, see ISO 14118).
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5.2.8.2 Machines equipped with a tailstock and/or quill

If the machine 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 of its position (e.g. mechanical
stop). For machines with power operated tailstock and/or quill:

a)

Power operated movements of the quill when the guard is open, with the exception of spring-actuated

quills, shall not exceed 1,2 m/min when the stroke is >10 mm and shall only be possible by using one of
the following devices:

1)
wi

th ISO 13851; see 5.12 b) 2)],

ald a1 012 211
e v

a control device requiring both hands outside the work zone [e.g. by two-hand control in accordance

2) akl

3) aj

b) Means

closed

clamping system opens unintended (e.g. initiation of the opening mechanism '6r a minimur

forcel

safe o

Manua
when {
not suf

The cld

in
co

iy

2) m

Power
modes|
body ¢

f)

to avoid crushing. The maximumr-traverse rate of the tailstock body shall not exceed 2 m/mif

5.2.83 K

If the mac

mechanisny, the following requirements shall apply.

a) Access
be saf

Opening and closing of the tailstock quill for manual workpiece change miay be possible in a

ma-contral lcaa 17N ok
OO o COTITr O 5CC—> O =717 Ot

-position or 3-position-foot switch [see 5.12 b) 2]].

to adjust the clamping force are recommended. If the clamping system is hot activ
a process start shall be inhibited. The process shall be stopped (e.g.cdntrolled s

bvel predefined by the operator is not reached) [see 5.12 b) 7)].

eration.

| initiation of power operated tailstock and power operated. quill movements shall not
he work holding spindle is rotating [see 5.12 b) 7)], if the-holding force of chuck or st¢
ficient.

imping limit shall be

licated on the tailstock quill and the end position of the quill shall be durably indicatg
oured ring), or

nitored by a limit switch which is interlocked with the spindle rotation [see 5.12 b) 7)

operated movement of the tailsto¢k body towards to the workpiece when the guard is|

an retract to the defined pesition by one operation considering ISO 13854 for the necq

xternally accessible tool magazine, tool-transfer and tool-changing mechanism

hine is equipped with an externally accessible tool magazine, tool transfer or tog

to an<externally accessible tool magazine and tool transfer and tool changing mech
pguarded by a combination of fixed and movable guards [see 5.2.3.2 a)] in accor(

ited or not
top) if the
h clamping

[l modes of

be possible

bady rest is

d (e.g.bya

.

open in all

of safe operation shall only be possible by using a hold-to-run control [see 5.12 b) 2)]. The tailstock

ssary gaps
.

| changing

inism shall
lance with

[SO 14

119;2013, 7.1. For requirements concerning safety functions for interlocking devices

associated

with t

b)

Ol changer, toot magazine, See 5.12 by 1) 1iiJ:

When the movable guard(s) for access to the tool magazine is (are) open, the tool magazine drive

shall be stopped in safe stop or safe operational stop in accordance with 5.12 b) 11) and 5.12 b) 12). In
MSO 2, MSO 3 and in MSO service with the movable guard(s) open, power operated movement of the
tool magazine (e.g. for tool replenishment, maintenance or adjustment purposes) shall only be possible
by means of hold-to-run control allowing a single tool station index movement or by two-hand control
device (see ISO 13851) for continuous movement. This movement shall be at a reduced speed of 2 m/min
or initiated from control devices located outside the reach of hazardous movements in accordance with

[SO 13

857.
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¢) Inorder 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 7.2.2).

d) Fixed or movable guards shall prevent access to movable parts of the tool changer. When 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

operat

ing conditions including loss of power.

5.3 Specific requirements resulting from electrical hazards

The follow

no requirements apply
(=4 T TT

a) Direct

1) El
do

2) Se
fo
fol

i)

ii)
iii]
iv)
v)

3) El
w
by
cit

b) For in
fulfille

NOTE

c¢) Forth
least |
work 7

5.4 Speg

contact with electrical equipment:

bctrical equipment shall be in accordance with IEC 60204-1, unless otherwise ‘speci
cument.

e [EC 60204-1:2009, Clause 6, for the prevention of electric shock and IEE€ 60204-1:200)
" protection against short circuits and for protection against gverloading. In part
lowing requirements shall be fulfilled:

[EC 60204-1:2009, Clause 7 for protection of equipment;

IEC 60204-1:2009, Clause 8 for equi-potential bonding;

IEC 60204-1:2009, Clause 12 for conductors and cables;

IEC 60204-1:2009, Clause 13 for wiring practices;

IEC 60204-1:2009, Clause 14 for electricalmotors and associated equipment.

pctrical enclosures shall not be exposed-to the risk of damage from the ejection of tq
rkpieces. Live parts shall not be aceessible (see IEC 60204-1:2009, 6.2.2). The risk of
faults in the electrical equipment is not considered significant on the machine wh
cuits are protected against over current (see I[EC 60204-1:2009, 7.2.2).

Hirect contact with electfigal equipment, the requirements of IEC 60204-1:2009, 6
d.

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

e protection of control gear, enclosures of control gear shall provide a degree of prot
P2X, in accordance with [EC 60204-1:2009, 6.2.2, except for control gear enclosures
one thatshall be protected to IP55.

rific requirements resulting from noise hazards

Fied in this

9, Clause 7,
icular, the

ols and/or
fire caused
ere power

3 shall be

bction of at
within the

When designing the machine, the available information and technical measures to control noise at its source
shall be taken into account (e.g. see ISO/TR 11688-1).

NOTE The main noise sources at grinding machines depend on the grinding method and the components and
equipment used on the grinding machine. Sources of airborne noise include the following:

— abrasive products and workpieces;

— wheel spindles;

— work holding spindles;

— axis drives;
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ews;
g and truing devices;

,unloading, ejection and transfer operations;

hydraulic systems;

ion systems;

pneumatic systems;

metalworking fluid systems.

If the means for noise reduction at the source are insufficient, secondary noise reduction measures shall be

taken whe}

5.5 Speq

On grindinjg machines with manually guided tool feed using a handle, for examples,$eeTable 1,

1.4, where
shall be tak
and/or ins

5.6 Speq

The follow
a)

For loy
1142] H

b) Built-ii

reflect]
5.7 Speq

5.7.1 Ge|

Materials d
a way that|
shall not b

Where ma
generated,
and/or me

Grinding 1
as soon as

‘ever possible. For measures for noise reduction, see Annex E.

rific requirements resulting from vibration hazards

operators can be subject to vibrations of more than 2,5 m/s2, measures\or preventing

hlation (see CR 1030-1[491). For the measurement of mechanical vibrations, see ISO 206

rific requirements resulting from radiation hazards
ng requirements apply.

v-frequency radiation, radio frequency radiation, allNmicrowaves, see 5.9 j). See also
N 12198-2[43] and EN 12198-3[44] for more inforngation.

W laser feedback systems shall be designed“to prevent exposure to beam paths d
ions in accordance with IEC 60825-1.

rific requirements resulting frommaterials or substance hazards

neral

r substances used for the'‘eonstruction and operation of grinding machines shall be cho
no health hazardous-effects occur over the life of the grinding machines, for exampl
e used for brake and clutch lining.

erial hazardous,to health is machined or used or where dusts, fumes and mists are
the safeguatds'shall be designed to minimize operator exposure. An integral extract
hns of fitting an extraction system shall be provided.

lachines with an integral extraction system shall be designed so that the extraction i
funetions likely to generate dusts, fumes and mists are switched on. After switchin

Nos 1.3 and
vibrations

en. Measures for the reduction of vibrations can be achieved by constfuction and design, damping,

43.

EN 12198-

r specular

sen in such
e, asbestos

ikely to be
ion system

s activated
g off these

functions,

he‘extraction system shall continue to run until hazards caused by dusts, fumes a

d mists no

longer exist. For totally enclosed machines, the after-run period depends on the volume of the workroom
and on the extraction capacity, for example, it should only be possible to open the guards after the air in the
workroom has been exchanged at least twice. The integral extraction system shall be designed such that no
exposure on hazardous substance on a dangerous level is possible, when the guards are opened.

Measures shall be provided to prevent the escape of harmful mist, for example, resulting from the use of

compresse

d air.

As the actual requirements for the extraction system depend on a variety of different parameters,
for example, the nature of the materials being used, it is not possible to give more detailed technical
requirements in this document.
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5.7.2 Devices for the use of metalworking fluids

5.7.2.1 General

Where metalworking fluids for cooling and lubrication are used during grinding which can cause hazards
to health, the grinding machine shall be provided with devices for the prevention or minimization of these

hazards.

5.7.2.2 Measures for the protection against contact or inhalation

The following requirements apply.

a) The System shall he dpcignpd to prevent cphch averflow and lp;\k:\gp of the mp‘rnl\/\mrking fluid.

b) Fluid reservoirs and other system components shall be made of materials to ensure' the| continued
integrity of the system.

¢) The ddlivery nozzles shall be designed so that unwanted spray is minimized.

d) Wher¢d the generation of mists and vapours in the work zone is foreseen, guards and an|extraction
systenp shall be provided or means for attachment of such a system (see 5.A1).

e) The mgtalworking fluid shall have a capacity for the correct function-of the grinding machipe to avoid
excessjve heating and subsequent evaporation of the fluid. Alteépnatively, cooling systems shall be
provided.

f) Wherd it is foreseen to be necessary for operators to place their hands into the work zone (e.g. during
load/unload operations, setting), the metalworking fluid flow into the work zone shall be automatically
stoppdd [see 5.12 b) 19)], when the guards are openedCAdjustment of metalworking fluid flow for the
cooling of components or for bed flushing may be passible, for example, for adjustment of nozzles. All
other machines without automatic fluid control-shall be provided with devices for manual| control or
diversjon of the metalworking fluid supply.

g) Fluid reservoirs shall be fitted with clearly readable fluid level indicators marked with minimum/
maxinjum filling levels.

h) The metalworking fluid system shall be capable of delivering metalworking fluid in a quantity to prevent
the geeration of hazardous vapeurs or aerosols during all foreseeable operating/grinding cpnditions.

i) The mptalworking fluid system shall be designed to facilitate maintenance including sampling and to
reduc as far as possible the-€xposure of personnel to the metalworking fluid during mainternance.

i) The giinding machine\shall be designed so that grinding residues can be removed withouf requiring
drainajge of the whole System.

5.7.2.3 Biological'and microbiological hazards — Viral or bacterial

The follow|ng-requirements apply.

a) The total content of the metalworking fluid systems shall be circulated in normal use so that no
stationary volume within the tank exists except where settlement is required by design.

b) To avoid stagnant areas remaining within the machine, metalworking fluid shall drain from the machine
towards the tank under gravity.

c) Discharge pipework shall have sufficient diameter and slope to minimize sludge settlement.

d) The metalworking fluid system shall be provided with filtration.

e) When sedimentbuild-up occurs, cleaning shall be taken into account (e.g. rounded corners in containers).

Cleaning shall not require drainage of the whole system (see ISO 14159).
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f) The inside of tanks shall not contribute to the growth of bacteria (e.g. smooth surfaces).

g) Metalworking fluid containers shall have covers designed to prevent the ingress of foreign matter.

h) 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.

i) Where a grinding machine is provided with enclosed guards used with metalworking fluid, the
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.

5.7.3 Mgdasures against fire and explosion hazards

5.7.3.1 HKlammable metalworking fluids

5.7.3.1.1 |Requirements on metalworking fluids systems

Grinding machines designed for the use of flammable metalworking fluids(shall be providel with the

following devices minimizing the risk of generation of flammable mixtures and)ignition sources.

a) Metalworking fluid circuit shall be designed in such a way (pipe cross-section, storage container, pumps,
nozzle|types and positioning options etc.) to ensure sufficient quantities of metalworking fluid at the
machining point at any time and for any tool.

b) If the metalworking fluid supply is not functioning, startup of the machine shall be preyented. For
monitgring of the metalworking fluid supply, see 5.12 b).18).

¢) In case¢ of malfunction of the metalworking fluid supply, the process shall be stopped automatically in
an appropriate manner, for example, by the separation of tool and workpiece and disconnectipn of wheel
spindle¢ and extraction system.

d) Suitable extraction systems shall be provided.

5.7.3.1.2 | Requirements on extraction systems

The extraction efficiency shall at leastensure maintenance of negative pressure in the workroom|in order to

safely prevent egress of metalwerking fluid vapours and aerosols from the machine.

If the extra
prevented
means, for

All metal b
to the prot

If fire and ¢xplosion hazards cannot be prevented by these means, additional measures to limit th

fire and ex

[see 5.12 b) 18)ror a machining process under way shall automatically be stopped by
example, separation of tool and workpiece and disconnection of wheel spindle and to

bdies in'the workroom, including the extraction system pipework, shall be continuously
ectiye.conductor system.

ppropriate
| drives.

ction system is not-properly functioning, starting of the operating cycle of the machﬁ'ne shall be

connected

e effects of

plosion events shall be taken.

Such measures include the following:

a) Pressure-resistant workroom enclosure including vision panels and pressure relief, where required,
in a direction presenting no hazard to persons. The pressure-resistant workroom enclosure shall also
fulfil the requirements for guards specified in 5.1.2 and, if applicable, in 5.2.3.2. For information on the
dimensioning of pressure relief surfaces, see Annex H.

b) Prevention of the escaping of flames and hot gases into the operating area and the environment of the

machine, for example, by flame-proof labyrinth seals at movable parts of the guards (circumferential).
For examples, see Annex H.
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uishing systems, see 5.12 b) 16) and 17)].

Fire extinguishing devices [for technical control requirements for fire alarm and automatic fire

The machine, including the control system, shall be so designed that connection to devices for fire

detection, fire extinguishing systems, fire alarm, pressure relief devices, etc.,, according to the
manufacturer's recommendations is possible.

For machines intended for being connected to a central extraction system, measures or systems shall be
provided, preventing, in case of a fire,

— fire propagation into the central extraction system,

— further air supply into the machining room, and

— extrac
EXAMPLE '}
Integral ex

For examp
metalwork

Further m
considered

5.7.3.2 K

Where gril
explosive d
any flamm|
Explosion |

To prevent
a) wetgr|
b) drygr
c) drygr

For requirg

fion of extinguishing medium.

'he use of flame arresters (e.g. see Annex H), exhaust air shut-off valves.

traction systems shall automatically shut-off in case of a fire or explosion.

les of the integration of extraction and fire extinguishing systems\when using
ing fluids, see Annex I.

pasures for risk reduction depend on the actual conditions of‘use of the machine aj
for the individual case.

lammable and explosive dusts

1ding machines are designed for the machining ofmaterials which can generate flan
usts (e.g. aluminium, magnesium and their alloys]),devices for the safe removal of thes
bble gas (e.g. hydrogen) shall be provided in order to prevent hazards caused by fire of
protection measures from EN 1127-1 shall h&taken where applicable.

dust explosions, the grinding machines'shall be provided for example with systems fo
inding,

nding with wet precipitation by means of instantaneous moistening, or

nding with wet precipitation by means of a wet-type cyclone.

bments, see Annex G.

flammable

hd shall be

mable and
b dusts and
explosion.

—

5.8 Spec¢ific requirements resulting from neglect of ergonomic principles hazards
The follow|ng specifictequirements apply.
a) Machines shall be designed in accordance with the ergonomic principles in:
— 1S9 12100:2010, 6.2.6, 6.2.8 and 6.3.5.6;
— IS0 6385;
— IS0 15534-1;
— SO 15534-2.
b) The requirements for the positioning of the main control panel are as follows.

1) The main control panel for starting, operational stop, mode selection, and hold-to-run control (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 grinding debris,
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— inaccordance with ISO 9355-2, ISO 9355-3 and IEC 60204-1:2009, Clause 10, and
— protected against unintentional operation, for example, by collar push button.

No mode selection switch or start control that initiates MSO 1 shall be provided at any other point
on the machine than the main control panel. A separate start switch may be provided at a position
deviating from the main control panel, if the operator thus has a better view of the hazard zone. If
more than one start switch are provided, the control system shall be designed in such a way that
the use of one of them precludes the use of the others.

Controls for operating the machine in MSO 2 may be provided remote from the main operating
console, for example, on a pendant. Alternatively, they may be provided at separate consoles outside
the hazard zone.

When multiple controls are provided for machine movements in MSO 2, only one shallbegperational
atfany one time.

The rgquirements for unhealthy posture or excessive efforts (repetitive strain) include the design of
machines in accordance with ergonomic principles so as to avoid excessive effort, unhealthy posture, or

fatigug during use and in particular the following.

iy

2)

3)

4)

5)

Workpieces, tooling and accessories shall be easy to move. Lifting egiripment can be re¢quired for
parts over 10 kg in weight (see EN 1005-1[37], EN 1005-2[38], EN 1005-3[32] and EN 1005-{[491),

Where handling equipment, hoists or lifting devices are requité€d, provision shall be magle for their
installation and operation (e.g. by making work zone access’possible through the top of the machine
wlen guards are open).

Where parts are manually loaded, their fixtures, forrexample, tool holders, shall be positioned to
prevent excessive reaching into the machine (see<EN 1005-1[37], EN 1005-2[38], EN 100[5-3[32] and
EN 1005-4[401),

Cantrol devices to operate clamping or gripping devices (e.g. drawbars, chucks) shall be|positioned
tolavoid excessive reaching while supporting the weight of the tool or workpiece (e.g. application of
fopt controls). See EN 894-3:2000, Clause 41331,

Movable guards shall be power operated where use of them leads to repeated excessive| effort (see
algo I1SO 12100:2010, 6.2.2.2).

For copsideration 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 EN 614-1[315EN 614-2[32], EN 894-1[33], EN 894-2[34], EN 894-3[35] EN 894-4[34], EN 1005-

11371, BN 1005-2[38], EN-1005-3[32], EN 1005-4[40] and 1SO 13855).

When [designing machinery, lighting intensity, direction, glare, etc., shall be taken into accqunt. When
necess@ary, integral lighting shall be provided. Especially the following items shall be taken info account:

1y

2)

3)

the required lighting intensity depends on the grinding operation to be performed; it|shall be at
legs€300 Ix in the area to be observed and its immediate vicinity;

glare, reflections and shadows, for example, from workpiece or machine parts, shall be avoided as
far as possible;

the lighting source shall be positioned to minimize its contamination during machining.

Design, location and identification of manual controls and input devices (e.g. keyboards, keypads, push
buttons) shall be in accordance with ISO 9355-2 and ISO 9355-3.

For the design or location of visual display units, screen displayed information shall be clear and
unambiguous. Reflections and glare shall be minimized [see EN 894-1[33], EN 894-2[34], EN 894-4[3¢]
and ISO 9241 (all parts)].
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5.9 Specific requirements resulting from unexpected start-up, over-run or over-speed hazards

For the purposes of this document, the condition in [EC 60204-1:2009, 9.2.5.2, is achieved by the interlocking
arrangements required in 5.2.3.2 a).

a) There

quirements for failure/disorder of the control system are as follows.

1) Control systems shall be designed in accordance with IEC 60204-1, ISO 4413, ISO 4414 and
IEC 62061, or ISO 13849-1. Unexpected machine movements (e.g. wheel and work holding spindle
rotation, axis movement, grinding tool release from the spindle) shall be prevented (see ISO 14118).

2) Where access is provided to programmable functions for alterations, it shall be lockable to prevent
unauthorised access to program data or programmable functions. This can be achieved by the use

of

3) Sa
sh

guards) by means of sequences inserted in or called up by the part program.

b) There
1) Fo
2) W

hej

3) THe closure of the movable interlocked guards shall not result in the restart of movir
parts. If power operated guards are provided, see 5.2.3.2/b).

4) Uy
ax
th

5) Af
fo1

c) The fo
modes|

1) TH
ac

2) If
IE
TH
br
3) Fo

andtool spindles and axes, see 5.12 b) 5) and 6).

d) There

A | 1 atal
=3 IJGDDVVUI uvul ada I\C_y O VVILUIIL.

fety-related software shall be protected against unauthorised reconfigurationclnp4
a1l not be possible for the user to suspend the operation of safety function (including i

gquirements for starting are as follows.

Ir requirements concerning safety functions for start and restart function, see 5.12 b) 1

[d pendant), only one shall be functional at a time.

es, or work holding devices, shall be prevented.in‘accordance with ISO 14118:2017, Clay
e movable guards are open or in MSO 0.

y control device for manual spindle stait’shall be designed to prevent an unintentional
 example, mechanical double action‘device, flush-button or shrouded push button.

lowing requirements for the monitoring of reduced speed for spindle and axes shall
of safe operation.

e reduced spindle and axis’speeds depend on the mode of safe operation and shall be
rordingly. This also includes the speeds of work holding devices and wheel spindles.
C 60204-1:2009,;972.2, shall be initiated automatically.

e grinding'Wwheel spindle shall not be stopped in a manner which can cause slipping, ld
pakage efthe abrasive product in the tool holding device.

requirements concerning safety functions for the monitoring of the reduced speed of

rticular, it
nterlocked

4) and 19).

here multiple hold-to-run control device locations are providedy(e.g. main control station, hand-

g machine

expected start-up of hazardous movements, for~€xample, of wheel and work holding spindles,

Ise 6, when

operation,

hpply to all

monitored

one of the reduced-spindle or axis speeds is exceeded, a category 1 stop, in accordlance with

osening or

workpiece

quirements for axes movements are as follows.

1) Axis movements may be achieved by manual actuation or by power driving:

i)

the direction of axis movement shall be consistent with the direction of the control device in

accordance with the requirements in ISO 447;

ii) unexpected start-up of power operated axis movement shall be prevented (see ISO 14118:2017,

Clause 6);
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iii) unexpected hazardous movement of vertical or slant axes under gravity shall be prevented (e.g.

by weight balance or a redundant brake system).

2) Forrequirements concerning safety functions for starting of axes movements or unintended descent

of vertical or slant axes, see 5.12 b) 15) and 13).

e) Therequirements for stopping are as follows.

1) Machine movements shall be stopped by stop functions in accordance with [EC 60204-1:2009, 9.2.2.

2) Where persons are exposed to hazards by unexpected start of machine movements, only the stop
functions “safe stop” or “safe operational stop” shall be used. In case of “operational stop”, it shall
not be possible to open the movable guards.

3) Fopr requirements for safety functions, see 5.12 b) 11) and 12).

f) For reptoration of energy supply after an interruption, the control system designshall gnsure that
automatic restart is prevented and re-actuation of the start control is always required to inifiate power
operated movement (see ISO 14118).

g) Forisglation and energy dissipation:

1) See IS0 12100:2010, 6.2.10 and 6.3.5.4 and 1SO 14118:2017, Clause,5:

2) Mgans shall be provided for the isolation of energy supply (see/1S0°'4413:2010, 5.1.5, ISO 4#414:2010,
5.1.6 and IEC 60204-1:2009, 5.3). For the dissipation of stored energy, see ISO 14118:201Y, 5.3.

3) THhe device for disconnecting electrical supply shall be intaccordance with IEC 60204-1:2D09, 5.3.

4) When the machine has its own hydraulic pump.a@nhd/or pneumatic compressor, the¢ electrical
isglation of the machine shall also cut the electricity to the motor of the pump and/or cpmpressor.
When hydraulic or pneumatic energy is provided from outside the machine, the maching shall have
a feliable manually operated and lockable supply disconnecting device (shut-off valve) meeting the
refluirements of ISO 14118:2017, Clause 5. Where energy dissipation is not possible automatically
as|the result of the isolation (see ISO 14118:2017, 5.3.1.3), means for dumping of residugal pressure
shpll be provided. These means may.in€lude a valve but not the disconnection of pipes.

h) Pneumatic systems shall be in accordance with ISO 4414.

i) Hydratilic systems shall be in aceordance with ISO 4413.

j)  The re¢quirements for exterhal influences on the electrical/electronic equipment (electfomagnetic
compa[ibility) are as follews.

1) For immunity, electronic control systems shall be designed and installed so as to be protected from
electromagneétic interference and stable when exposed to electrical system operation of failure in
acprordancéwith IEC 61000-6-2.

2) For emiSsion, electrical/electronic design shall apply technical information and physical measures
to riimit electromagnetic emissions in accordance with IEC 61000-6-4.

NOTE EN 50370-1[4Z] and EN 50370-2[48] are also applicable.

5.10 Specific requirements resulting from variation in the rotational speed hazards

On grinding machines with devices for speed variation of the wheel spindle, the following measures/devices
for minimizing the risk of exceeding the maximum operating speed of the clamped abrasive product shall be

provided a

Iternatively depending on the driving mode of the wheel spindle:

a) Starting devices which start the wheel spindle with the lowest adjustable speed only.

b) For pole-changing drives, a switch interlock is required, preventing the direct starting of the higher

speed

step.
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On grinding machines where the rotational speed is calculated from the programmed cutting speed
and the actual abrasive product diameter, either the control shall recognize an abrasive product change
or there shall be a clearly visible warning of the necessary data input in case of an abrasive product
change. The data input shall have to be confirmed by the operator.

On grinding machines where abrasive products with different outside diameters can be operated, there
shall be a clearly visible warning of the maximum rotational speed for the different diameters. The
selected speed shall be clearly visible (e.g. control knob with speed scale).

Indication of the selected rotational speed or peripheral speed; the indicated values shall be identical to
the selected values.

e)

For requirements concerning the safety function monitoring of the reduced wheel and work holding spindle

speed, see 512 b)5):

5.11 Specific requirements resulting from failure of the power supply hazards

The requirgments for failure of power supply are the following:

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

b) interryption or a failure of the power supply shall not result in a hazardeus loss of workpiecd holding or
tool clgmping (e.g. by means of under voltage and/or under pressure dévice);

¢) restoration of the energy supply shall not result in the machine atitomatically restarting (se¢ ISO 14118
and ISP 12100:2010, 6.2.11.4);

d) interryption or failure of the power supply shall not resultiin hazardous movement of vertifal or slant
axes under gravity (e.g. redundant brake system). For“requirements concerning the saf¢ty control
functign to prevent unintended descent of a vertical or'slant axis, see 5.12 b) 13);

e) systems shall be designed so that a line rupture in-any circuit (e.g. broken wire, pipe or hosg) does not
result |n the loss of a safety function (see IEC 60204-1, ISO 4413 and ISO 4414);

f) means|shall be provided for the isolation of'energy supply (see ISO 4413:2010, 5.3.2.2 and 5|4.7.2.1 and
[EC 60R04-1:2009, 5.3). For the dissipatign of stored energy, see ISO 14118:2017, 5.3.

5.12 Specific requirements resulting from failure of the control circuit hazards

The follow|ng requirements appty.

a) Regarding safety-related\lHardware and software, for the purposes of this document, safety-related
parts of a control systémntincludes the entire system from the initial actuator (control device)or position
detectpr to the point-of input to the final actuator or element, for example, motor. Safety flinctions of
contro|l systems-shall be implemented using safety-related parts designed, constructed, and applied in
accordance with’ISO 13849-1. In general, when activated, the input device to the safety furjction shall
initiat¢ a catégory 0 or 1 stop of the hazardous movements, in accordance with IEC 60204-1:2009, 9.2.2
and shpll'prevent unexpected start-up.

b) Safety functions shall meet the requirements for the performance level of ISO 13849-1 as given in
Table 3. Annex | exemplarily shows possibilities for realization of the required performance level for the
monitoring of the reduced spindle speed of the wheel spindle.

NOTE1 Riskreduction can be achieved by the application of different protective measures, i.e. safety-related parts

of the control system and other protective means, for example, mechanical means; see ISO 13849-1:2023, Figure 2.

NOTE 2  Forrisk reduction by other technical means independent from the control system, for example, mechanical
guards, the starting point in the risk diagram for the determination of the PL, for the intended safety function can be
positioned at the point after implementation of this measure; see ISO 13849-1:2023, Clause A.1.
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Table 3 — Correlation of safety function and performance level

Safety function PL,
1) Interlocking device associated with a movable guard in the following
areas, electro-sensitive protective equipment (ESPE), or other safety
equipment applied to
i) — work zone, and d category 3
— zone only for maintenance; c
ii) transmissions, drive mechanisms
— with access more than once per hour, and d
— with access less than or equal to once per hour; c
iii) TOOI changer, tool magazine; d
iv) handling device for workpiece loading/unloading
— with access more than once per hour, and d
— with access less than or equal to once per hour; c
V) pallet changer
— with access more than once per hour, and d
— with access less than or equal to once per hour;
vi) access to pits, gates in perimeter fencing
— with access more than once per hour, and d
— with access less than or equal to once per hour.
2) Hold-fo-run control
¢, or a combination of hpld-to-run
— if the axis speed limit monitoring is done in PL = d; and enabling device complying with
PL = c shall be uded.
d, or a combination of hpld-to-run
— if the axis speed limit monitoring is done in PL < d. and enabling device complying with
PL = d shall be uged.
3) Contr¢l system with electronic hand wheel
¢, or a combination of gdlectronic
— if the axis speed limit monitoring iS\done in PL = d; hand wheel and enablipg device
complying with PL = c shiall be used.
d, or a combination of glectronic
— if the axis speed limit monitofing is done in PL < d. hand wheel and enablipg device
complying with PL = d shall be used.
4)  Enabling device. d
5) Spindles reduced speed monitoring. d category 3
6) Axisrpduced speed monitoring for axes
— if the feed.control of the axis movement is effected by means of a d
hold-tp-rtn device with PL = c or an electronic hand wheel with PL = ¢;
— iftheféed control of the axis movementis effected hy meansofa
hold-to-run device with PL = d or an electronic hand wheel with PL =d. a
7) Control system of power operated tool clamping and workpiece holding
— for machines which do not require movable guards; c
— for machines with movable guards when machining is effected with c
movable guards open, for example, machines with MSO 3;
— for modes of safe operation with closed movable guards. b
8) Emergency stop. C
9) Prevention of crushing hazard at power operated guards/doors with edge d
protection by, for example, pressure-sensitive protective devices (PSPD).
10) Mode of safe operation selection function. c
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Table 3 (continued)
Safety function PL,
11) Safe operational stop (stop category 2 in accordance with d
[EC 61800-5-2:2007).
12) Safe stop (stop category 1 in accordance with IEC 61800-5-2:2007). d
Safe stop (stop category 0 in accordance with [EC 61800-5-2:2007). c
13) Control function to prevent unintended descent of vertical or slant axis
— if hazard avoidance is difficult; d
— if a hazardous descent of vertical or slant axis exists, if a realistic c
chance of avoiding an accident or significantly reducing its effect is given.
14) Start grdTEstartfunction {see 59 bj}
— forjelectronic control systems; d
— forjelectromechanical control systems.
NOTE| Startand restart functions are not safety related if they are
avoidg¢d by other means, for example, door interlocking, enabling device.
15) Start ¢f axis movement [see 5.9 d)]
— forjelectronic control systems; d
— forjelectromechanical control systems. c
NOTE| Startand restart functions are not safety related if they are
avoidg¢d by other means, for example, door interlocking, enabling device)
16) Preveption of unintended actuation of the CO, extinguishing system
— forjaccessible machines; c
— for|inaccessible machines. b
17) Technjcal link between fire alarm or automatic fire extinguishing system b
with the machine control system.
18) Monitpring of metalworking fluid supply and oil mist'extraction when b
using flammable metalworking fluid.
19) Prevention of unexpected start of metalworking fluid supply
— mote than or equal to 5 bar. c
— with use of low pressure metal werking fluid system, i.e. less than b
5 bar.
c¢) Emergency stop:

1) Emergency stop fufietions shall be category 1 or 0 (determined by the risk assessment) in accordance
with IEC 60204-1:2009, 9.2.5.4.2. Additionally, they should be in compliance with ISO 12100:2010,
6.8.5.2 and 1SO13850.

2) Emergeneystop functions shall be initiated by (an) emergency stop device(s) which ghall be in
acrordarce with IEC 60204-1:2009, 10.7 and ISO 13850. An emergency stop device shall e provided
atleaeh’operator’s position including the following:

i) each position, where hazardous movements can be initiated;
ii) atthe main control panel;

iii) atany portable control panel (if provided);

iv) atthe tool magazine;

v) atworkpiece loading and unloading stations.

© IS0 2025 - All rights reserved
42


https://standardsiso.com/api/?name=8af199dcda4be8cb436fdb3fae7c9c61

ISO 16089:2025(en)

5.13 Specific requirements resulting from ejected fluids or objects hazards

5.13.1 General requirements

Grinding machines where, besides hazards caused by abrasive product fragments (see 5.13.2), hazards
caused by the ejection of workpieces, parts of the workpieces, machine parts, dust or metalworking fluids
are likely to occur shall be provided with fixed and/or movable guards retaining these parts and substances
in the work zone. The guards shall be designed, constructed and located taking into consideration the
expected stress. They shall comply with the general requirements of ISO 14120.

The guards to prevent ejection of parts can also serve to contain abrasive product fragments in accordance
with 5.13.2 and/or to prevent access to the work zone when they are suitably designed, constructed and
located.

5.13.2 Guards to prevent ejection in the event of abrasive product breakage

5.13.2.1 Abrasive product guards

Grinding machines shall be equipped with abrasive product guards able to contain the fragments|effectively
in the event of an abrasive product breakage. The wall thicknesses of these'guards shall be gpecified in
relation to|the type of material used for the guard and the maximum peripheral speed and the mass of the
abrasive products.

The guard [shall enclose the abrasive product to the greatest extent practicable.

Where paifts of the abrasive product guard are connected to, each other by welding or other means, the
connectior] shall be strong enough to ensure that parts do not separate when subjected to th¢ impact of
fragments)

For requir¢ments for abrasive product guards, see A.3.2to A.3.3.

The abrasiye product guards shall be attached to_the grinding machines so that they do not loosgn or move
in an uncontrolled way in the case of an abrasive product breakage.

For requir¢ments for the attachment of the(abrasive product guards, see Clause A.3.

Abrasive groduct guards and their fixing components shall be rated for the abrasive produqt with the
largest dimensions applicable on the machine at intended use and the maximum rotational speed of the
wheel spindle. The highest possible-speed in case of failure of the wheel spindle drive shall be considered as
the maximpm speed.

An abrasivle product guard3ds not required on grinding machines where abrasive products arelused with
D <1 000 thm and a peripheral speed of v< 16 m/s.

In situatioms where‘an'abrasive product guard cannot be provided, a guard enclosing the work zopne or other
measures leading\fo the required protection shall be provided. The guard enclosing the work|zone shall
comply with the'requirements of A.2.5.2.2 in relation to the wall thickness and material and A.2.5.2.1 in
relation to|the’attachment.

Where rotating dressing tools generate the same hazards as rotating abrasive products, relevant protective
measures for these tools shall also be provided.

5.13.2.2 Work zone enclosures

Grinding machines on which abrasive products with a safety factor S,. < 1,75 [see EN 12413[43] and
Formula (1)] or with peripheral speeds v > 50 m/s are operated shall be equipped with a work zone
enclosure, retaining the fragments including those ejected from the aperture of the abrasive product guard
in the machining area (totally enclosed working area).
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is the safety factor against bursting due to centrifugal force;

force;
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Surface grinding machines (see Table 1 Nos 1.10 and 1.11) shall be additionally equipped with a containing
guard for ejected workpieces located at the border of the work zone in the direction of rotation of the
abrasive product. The translational energy of the ejected workpieces shall be determined from the weight
of the workpiece and the maximum peripheral speed of the abrasive product. The required dimensions of
the containing guard can then be determined by means of the calculation formulae in A.3.3 for the different

materials of the protective device. E,

workpiece.

NOTE

rans 1N formulae corresponds to the determined energy of
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5.14 Specific requirements resulting from loss of stability hazards

Machines and related equipment shall be designed so that they are stable under the specified conditions of

their use. The requirements in ISO 12100:2010, 6.2.6 and 6.3.2.6 shall be met.

5.15 Specific requirements resulting from slips, trips and fall of persons hazards

The following requirements apply.

a)

Places of work and means of access on machines (such as stairs, integral ladders, platforms and

walkways) shall be designed to minimize the likelihood of slips, trips and falls by the provision of
hand holds, foot holds and where necessary slip resistant surfaces. The requirements in 1ISO 14122-1,

1SO 14122-2,1S0 14122-3 and I1SO 14122-4 shall be met.

b) To avdid contamination of floors, where a metalworking fluid supply system is provided,

it shall be

designled to prevent splash, spray and mist outside the machine enclosure. Informatien far use shall

draw attention to the importance of preventing fluid spillage onto the surrounding are
creating a slipping hazard.

6 Verification of the safety requirements and/or protective measures

h and thus

Table 4 indlicates the methods by which the safety requirements and/or measures described in Clduse 5 shall

be verified| together with a reference to the corresponding (sub)clauses.of this document.

Table 4 — Verification methods

(Sub) Safety requirements and/or Verification method
clause protective measures Visual inspection | Furnictional test | Measurement | Calculation | Dofumentation
5.1 Generalrequirements
5.1.2 Rdquired characteristics for guards for
Lo . X X X — X
all grinding machine groups
52 Specific requirgments resulting from mechanical hazards
5.2.1 Grjoup 1 machines, manually controlled
grinding machines without power oper- X X X — X
atdd axes and without numerical control
5.2.2 Grjoup 2 machines, manually controlled
grinding machines with power operated X X X . X
axps and limited numerically controlled
capability, if applicablé
5.2.3 Group 3 machines, numerically controlled grinding machines
5.2.31 Access to the werkzone X — — X
5.2.3.2 Specific requirements for guards X X X — X
5.2.3.3 Other spesific requirements X X X X
5.2.4 Teelholding devices X X X X
5.2.5 Workpiece holding
5.2.5.2 Workpiece rests X — X — X
5.2.5.3 Power operated clamping devices X X —
5.2.6 Vertical and slant axes under gravity X X — — X
5.2.7 Modes of machine operation
5.2.7.1 Mode selection X — — X
5.2.7.2 MSO 0: Manual mode X X X — X
5.2.7.3 MSO 1: Automatic mode X X X — X
5.2.7.4 MSO 2: Setting mode X X X — X
5.2.7.5 MSO 3: Optional special mode for
manual intervention under restricted X X X — X
operating conditions
5.2.7.6 MSO service X X X — X
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Table 4 (continued)
(Sub) Safety requirements and/or Verification method
clause protective measures Visual inspection | Functional test | Measurement | Calculation | Documentation
5.2.8 Optional or additional equipment for grinding machines
5.2.8.1 Handling devices for workpiece load-
- . X X — — X
ing/unloading
5.2.8.2 Machines equipped w?th a tailstock X X X _ X
and/or quill
5.2.8.3 Externally accessible tool magazine,
tool transfer and tool changing mech- X X X — X
anism
5.3 Specific requirements resulting from
o ’ Joetrieathanards X X X — X
5.4 Specific requirements resulting from A b
. X X X — 1/ X
noise hazards
' Bk
5.5 Specific requirements resulting from -
vibration hazards X X X 0_9 i X
e . . \%
5.6 Specific requirements resulting from
. X X X - X
radiation hazards N
5.7 Specific requirements resulting from materials or substances hazards
5.71 General X X | 'X\(Ov — | X
5.7.2 Equipment for the use of metalworking flui(@
5.7.2.1 General X X L x — X
5.7.2.2 Measures for the protection against
contact or inhalation X X X - X
N
5.7.2.3 | Biplogical and microbiological hazards 5\\)
. : X X — — X
(viral or bacterial) (73
. . \%\ .
5.7.3 Measures against flre‘:!q' explosion hazards
5.7.3.1 Flammable metalworking fluids X 7@ X X —
5.7.3.2 Flammable and explosive dusts X A\U X — —
5.8 Specific requirements resulting from \O
S X X X — X
neglect of ergonomic principles hazards \
59 Specific requirements resulting from ‘\\k)‘
uhexpected start-up, overrun or over- C) X X — — X
speed hazards b .
o . . A\
5.10 Specific requirements resulting fro §~
vpriation in the rotational speed X X — — X
ards
5.11 Specific requirements res rom
. X X — — X
ailure of the power supply zards
5.12 Specific requiremen ‘lting from X X . X X
fhilure of the controhcircuit hazards
13 Avl‘ Specific requirements resulting from ejected fluids or objects hazards
5.13.1 Ge@u)r‘equirements | X X — — X
5.13.2 p: V) Guards to prevent ejection in the event of abrasive product breakage
5.13.2.1 c'.,h;asive product guards X X X
5.13.2.2 — WOTK zone enclosures X X X
5.13.3 Devices protecting against ejection of
. . X X X X X
workpieces and workpiece parts
5.14 Specific requirements resulting from X X . . X
loss of stability hazards
5.15 Specific requirements resulting from X X o . X
slips, trips and fall of persons hazards
Clause 7 Information for use
71 Marking X — — — X
7.2 Instruction for use X — — — X
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7 Information for use

7.1 Marking

Grinding machines shall bear markings in accordance with ISO 12100:2010, 6.4.4. At least the following
markings shall be provided:

a) for its unambiguous identification:

1)
2)
3) th
4) th
b) in ordg
c¢) forits
1) th
2) th
th
3) th
4) th
5) su
6) th
7) gu
sh
8) afj
i)
ii)
7.2 Inst
7.2.1 Ge|
An instruc

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

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

b serial number, if any;

e year of construction, that is the year in which the manufacturing process was cemplg
r to indicate its compliance with mandatory requirements (e.g. the CE matking);

cafe use:

e direction of rotation of the wheel spindle;

e maximum permissible speed or speed range of the wheelspindle(s) in rotations pel
e peripheral speed in m/s;

e maximum permissible dimensions of the abrasive proeduct;

e weight of the machine;

pply data for electrical, hydraulic and pneumatic systems;

e maximum permissible work holding spindle speed in rotations per minute;

ards, protective devices and other(parts of the machine, which are not permanentl
b1l be marked with identificationd data;

hachine presenting a fire orexplosion risk shall be provided with an appropriate marK
the extinguishing agentprovided with the machine presents hazards, and

the machine is exXelhisively intended for the machining of special materials (e.g. light 1
the machininglef other (e.g. spark forming) materials can generate hazards.

ruction foruse

neral

ted;

minute or

y attached,

ing, if

netals) and

Hon handhanlin accnrdaneca with 1SN 121002010 6 4.5 comnlatad with tha o
TOT OO cCor O ce—wWwrt o o5 95O+ Hprecea—vvrer =4

information

T It TOUUSEO IO COTITPT T—TIte

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

The instructions for use shall provide all necessary information regarding transport, assembly/disassembly,
operation, setting, maintenance, cleaning, etc. to train or qualify the operators sufficiently in intended and
safe use of the machine.
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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 safe operation for which the grinding machine is
suited. If the machine provides MSO 2 and/or MSO 3 and/or MSO service, the details of the intended use

e modes have to be defined:

information on the foreseeable misuse shall be given;

information on possible residual risks, for example, for

any provided mode of safe operation (e.g. MSO 0, MSO 1, MSO 2, MSO 3 or MSO service),

noise (see 7.2.6).

mode ¢f safe operation;

$0 2, MSO 3, and/or MSO service, which, for example, can comprise experiénces in

vibration on manually guided machines (see 7.2.7), and
touching the abrasive product when the tool is guided by hand;

formation on the necessary qualification of operators, in particular if the-machine enal

adjusting and clamping of workpieces and devices,
setting, operating and monitoring of grinding machines,
selection and use of abrasive products,
mounting and dressing of the abrasive product,
data input for the machining of workpieces andoptimization of the machining proce
special hazards and safety requirements, and
) use of personal protective equipment:
TE In MSO 3 and in MSO service, additional skills can be necessary (see 7.2.9).

to the general information required in accordance with ISO 12100:2010, the following i
en in the instruction for use:

rement that the safeguards shall be in place and functional before starting the machi

cessary information for safe installation (e.g. floor conditions, services, vibration d4
Cludes inforntation on the location for machines for the use with flammable metalwor
are equippedwith pressure relief devices and information on the location of the wet p
chines for the working of materials during which flammable and explosive dusts are g

includingfrequency and methods of the tests;

irement for maintenance, including a list of those devices which shall be inspected

bles MSO 0,

hformation

ne for each

hmpening);
king fluids,
recipitator
bnerated;

or tested,

of thes
1y
2)
i)
ii)
iii]
iv)
3) in
M
i)
ii)
iii]
iv)
v)
Vi)
vij
N(
In addition|
shall be giy
b) arequ
C) any ne
this in
which
for ma
d) areq
e)

and transparent screens:

1)

the frequency of visual inspections that are necessary to ensure the protective function of vision panels

Inspection methods and a description of defects which make the transparent screen unsuitable for

continued use or indicate that replacement is required. This information can include descriptions of
unacceptable transparent screen condition, e.g. plastic deformation (bulges, 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 transparent screens are dangerous as soon as they are tarnished or discoloured and
that they have to be replaced with new transparent screens before that happens.
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2) The manufacturer’s recommendations for the replacement of transparent screens shall take into
consideration the material properties of the respective transparent screen. For the special case of
polycarbonate, see A.2.6.

3) The recommended methods of cleaning of transparent screens without causing damage and, where

ap

propriate, the selection and use of suitable cleaning agents.

4) A requirement that, when changing transparent screens, the assembly instructions of the machine
manufacturer shall be followed.

recommendations on handling and lifting heavy parts/tools or workpieces including the location of

lifting
recom

recom
and tr{

recom
and pr
manuf

recom
for exd
the m4

recom
metaly
reduct]
Annex

recom
includq

1) es

2) hotsurfaces and parts possibly livedfter a fire,

3) ba
4) pr
i)
ii)
iii]
in ord

explos

points of exchangeable components, for example, tools, parts, clamping devices;

Ansmission systems;

mendations on selection, preparation, application and maintenance of\metalwor]
ecautions against their degradation and the information to follow the ¥eécommendat
hcturer of the metalworking fluid;

mendations on the measures to prevent spattering, spraying or, ejection of metalwor
mple, cleanliness of collecting gutters and on avoidance of spillage of fluids in the envi
chine;

mendation on the reduction of the fire and explosion risk for the selection of
vorking fluids; this includes, for example, information*on viscosity and flash point
ion of aerosol and vapour formation through selection of low-emission metalworking]

1);

mendation to use additional precautions when working with flammable metalworking
s information on

cape of hot gases at door gaps and openings of the machine,

ckfire hazards during opening/restart of the machine directly after a fire, and
evention of ingress offoreign substances such as

machine cleanjng-and conditioning products,

workpiececleaning products and solvents, and

foreign oils etc.,

br to ‘yiaintain the safety-related properties of the metalworking fluid with regard
jon-hazards over its lifetime;

mendations on selection, preparation, application and maintenance of lubricants-for the braking

kKing fluids
ions of the

king fluids,
ronment of

flammable
hnd on the
fluids (see

fluids; this

to fire and

recommendations on additional precaution measures, if flammable or explosive dusts are formed
during machining (see as well 7.2.9, second paragraph);

instructions to enable the release of trapped persons;

recommendations concerning the use of personal protective equipment (e.g. hand, ear and eye

protec

tion);

instructions for connection of an extraction system where the machining process generates hazardous

substa

nces (e.g. dusts and mists);

warning on hazards and precaution measures at workplaces and accesses to machines (e.g. ladders,
working platforms and runways) presenting slip, trip or fall hazards.
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7.2.2 Tooling

The following information about tooling shall be supplied.

a)

Information on selection and handling of abrasive products and clamping flanges, on the appropriate

mounting and clamping of abrasive products, on ring test and speed test, on the use of intermediate
layers and spacers, on the starting of new abrasive products, and on truing and dressing, see Annex D.
The information on the selection of abrasive products should include advice on the checking of the
applicability of low-noise abrasive products, if applicable.

b)

grinding machines supplied with automatic loading devices.

MZB-aa—a. Ha-aR-alain-a

4

Information on the maximum permissible mass and the spatial envelope of the abrasive products on

Inform
produ

9

Infornj
which

d)

7.2.3

The follow
a)

For wa
device

b)
includ
recom

For re
device
releva
requir

d) For wd

In
th
de

iy

2) In
lin
m
3) In
jav
be

Workpiece holding

For workpiece holding devices that can be used: Recommendations on the clamping of v

ation on tha calactioay of oo e for iffarant + |
ALIVIT VI UIIU OoLIC LU lLIVITI UVl dUuraoIlIve O IV UIlIvI il L-y l.l\fa AlTU UTITICIIOIVITIO

ts.

T

ation on the safeguards and protective measures, for example, personal protective
can be necessary during manual clearing of chip spaces of the abrasive produet.

ng information about workpiece holding and workpiece holding de¥ices shall be supp

rkpiece holding devices supplied with the machine: Information-about how the workpi
shall be used and maintained (e.g. maintenance and lubrieation schedule).

ng information on collets or chucks that can be*used with the machine togethe
mendation for use/maintenance from the workpije¢e holding device manufacturer.

placement/changing the workpiece holding-device: Information to enable workpig
5 (e.g. chucks, faceplates or collets), to be‘selected, fitted and/or changed, for ins
nt to that part of the clamping device/machine interface belonging to the machine or
ements for chucks and faceplates.

rkpiece holding device modificafions:

formation shall be given that'modification of workpiece holding devices supplied with
e machine may reduce or @lter the maximum permissible spindle speed or the efficien
vices.

formation shall beZgiven that workpiece holding devices shall only be modified
hits given by theZgrinding machine manufacturer and in accordance with the clamy
inufacturer’srecommendations.

formation shall be given on equipment added to or substituted for workpiece holding d
vs) which would reduce the maximum permissible speed of those devices. Such equij

clearly marked with the reduced maximum permissible speed in rotations per minutg.

f abrasive

bquipment,

ied.
bce holding

vorkpieces,
r with the

ce holding
tance data
unbalance

or fitted to

cy of these

within the
ing device

evices (e.g.
ment shall

7.2.4

Machine functions accessible from the NC panel

The instructions for use shall describe the correct selection and use of machine functions accessible from

the NC pan

7.2.5 Re

el, for example, tool corrections, mode access and mode changes.

start

Information shall be provided on restart procedures. In particular, after exchange of the abrasive product,
the machine setter shall enter the maximum speed of the abrasive product. After each program change, the
operator shall enter and/or validate the maximum operating speed and both speeds shall be validated by
the operator.
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The operator shall enter and or validate the maximum operating speed for the particular workpiece and the

maximum

speed of the workpiece.

7.2.6 Noise

For inform

ation on the determination of noise emission, see Annex F.

The following information on airborne noise emissions of the machine shall be provided in the information
for use and in the sales literature providing performance data of the grinding machine:

a)

level d

b) the A-
pressu

These valu
on the bas
machinery|

In the casq
sound pres
of the max

Whenever

specified. T

oes not exceed 70 dB(A), this fact shall be indicated;

the A-weighted emission sound pressure level at workstations where this exceeds 70 dB(A); where this

velghted Sound power tevel emitted by the machinery, wihere the A-welghted emis
re level at workstations exceeds 80 dB(A).

es shall be either those actually measured for the machinery in question or-those ¢
s of measurements taken for technically comparable machinery which is@épresents:
to be produced.

of very large machinery, instead of the A-weighted sound power leye], the A-weighte

mum sound pressure level shall be indicated.

sound emission values are indicated, the uncertainties\surrounding these valug
he operating conditions of the machinery during measutément and the measuring me|

ion sound

bstablished
itive of the

d emission

sure levels at specified positions around the machinery may be indicated. The position and value

s shall be
thods used

shall be depcribed.

The declarjation shall be accompanied by a statement of thie) measuring method used and thg operating
conditions|applied during the test and values for uncertainty K, using dual number form of ¢leclaration
defined in [SO 4871.

K =4 dB when using ISO 3746 or ISO 11202 (gradec3).

NOTE K =2,5dB when using ISO 3744 or ISO 11204 (grade 2).

EXAMPLE For a sound power level of Lyx"= 83 dB(A) (measured value), the uncertainty is K = 4 dB(A) for
measuremepts made in accordance with [S0.3746.

If the accutacy of the declared emission values is to be verified, measurements shall be made using the same

method an
The noise (

“The f
is a co
wheth
the wo
of mag

d the same operatingconditions as those declared.

leclaration shalldeédccompanied by the following statement:

igures quotéd-are emission levels and are not necessarily safe working levels. W|
rrelation-between the emission and exposure levels, this cannot be used reliably to
b1 or not.further precautions are required. Factors that influence the actual level of ¢
rkforceiinclude the characteristics of the workroom and the other sources of noise, i.e. t

ines and other ad]acent processes and the length of time for wh1ch an operator is exp

hilst there
determine
xposure of
he number
psed to the

h, however,

enables the user of the machine to make a better evaluatlon of the hazard and risk. Based on the noise
emission values in the operating instructions, different machines can be compared with each other. This
helps to select the quietest machine during procurement.”

7.2.7 Vibration

In case the upper parts of the body are exposed to vibrations, for example, manually guided grinding
machines, the instruction handbook shall contain the following information concerning vibrations
transmitted by the machinery:

— the total vibration value to which the upper parts of the body are exposed if the determined value is
above 2,5 m/sZ;
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— if the total vibration value to which the upper parts of the body are exposed does not exceed 2,5 m/s?,

this sh

all be indicated;

— measuring uncertainties shall be advised.

The instruction handbook shall also give the following:

a)
b)
)
d)

information on technical measures for vibration reduction;
information on personal protective equipment, if appropriate;
the operating conditions of the machinery during vibration measurement;

the transducer positions during measurement;

e) thevil

f)

the cri

ration measurement methods used;

teria on which the vibration declaration is made (e.g. EN 12096[41).

7.2.8 Ancillary handling devices

Ifancillary]
supplier sh
devices for

7.2.9 Re|

handling devices are to be integrated on the machine, the ancillary handling device mar
all provide information necessary to enable the machine manufacturer/supplier to ir
use.

sidual risks to be addressed by the machinery user

ufacturer/
stall these

Information shall be provided to warn that guards provided er)supplied with the machine in accordance

with Annek A are intended to minimize the risks of ejection and not to eliminate them completely. Also, the

minimum ristance of the operator to vision panels shall beprovided.

Advice shall be provided that processing substances such as aluminium or magnesium can causeg additional

hazards, fqr example, fire and explosion or noxious-dust.

Instructions shall be provided on the necessary-checks following the exchange of components removal of

equipment|or change of software where thesecan affect safety functions.

Information shall be provided to indicate that machining unbalanced workpieces can create an ejection

hazard and that the way to minimizethe risk is to counter balance or machine at reduced speeds

Informatiojn shall be provided gnymachining processes and modes of safe operation for which the grinding

machine is|suited.

Informatiojn on possible residual risks, for example, through mechanical hazards in setting mode 3nd manual

machining|lmode, shall beprovided.

If the machine provides MSO 3 in accordance with 5.2.7.5,

— the defailsof the intended use and safety measures shall be documented by the machine manufacturer/
supplier,-and

— the manufacturer/supplier of the machine shall specify the required skill level for the operator(s) to
operate MSO 3.

[f the machine provides MSO service in accordance with 5.2.7.6, the manufacturer of the machine shall specify

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

— the required skills and the skill level for the operator(s) to operate MSO service, and

— all tools and work holding devices (if applicable) to be removed.
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Information shall be provided on the main parameters that the user has to consider to lower the noise
emission level, for example,

a) tool selection,
b) workpiece/tool clamping, and

¢) maintenance.

7.2.10 Installation instructions for the grinding machine

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

7.2.11 Cl¢aning instruction for the machine

Informatiojn about the foreseen cleaning procedures shall be provided. All utilities (e.g. handholds, footholds
and/or slip resistant surfaces) shall be described and the way to reach all sides/parts.af the machne shall be
explained.
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Annex A
(normative)

Abrasive product guards, work zone enclosures and their

combinations

A.1 General

The follow
intended fd

A.2 Req

A.2.1 Sh

A211 G

Abrasive p
the abrasiy
for the varj
necessary

A212 A

Abrasive p
accordancd
angle of ap|

roduct guards on grinding machines forperipheral grinding, cutting-off and profile g

ng requirements apply to abrasive product guards, work zone enclosures and their,¢o
r the use of bonded abrasive products and superabrasive products.

uirements for abrasive product guards and work zone enclesures
ppes of abrasive product guards and angles of aperture

eneral

Foduct guards shall safely retain fragments in the case ofanabrasive product breakage]
re product is totally enclosed by the abrasive productiguard. The angle of aperture

for the machining process.

brasive product guards for peripheral grinding

with Table 1, Nos 1.3, 1.5, 1.10, 1.13.and 1.14 shall enclose the abrasive product with g
erture of 150° (see Figures A.1 andA22).

&

Figure A.1

mbinations

. Generally,

s different

ious types of grinding machines and shall give accéss only to that part of the abrasiyve product

rinding, in
maximum

N

=150°

Figure A.2
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A.2.1.3 Abrasive product guards for peripheral grinding with peripheral speeds of v< 50 m/s on
bench and pedestal grinding machines

NOTE See Table 1, No. 1.1.

The angle of aperture of the abrasive product guard shall not exceed 90°, the angle above the x-axis shall not
exceed 65° for abrasive products with an outside diameter D < 250 mm and shall not exceed 50° for abrasive
products with an outside diameter D > 250 mm (see Figure A.3).

~

&
o 1:7) o
=Y =Y
4] Vi 1
q) Outside diameter D < 250 mm b) OutSide diameter D > 250 mm
Key
1 x-axis

Figure A.3

Abrasive ppoduct guards for abrasive products with an outside diameter D = 125 mm shall be designed so
that for peripheral wear the width of the gap between the abrasive product and the abrasive product guard
can be adjysted to <5 mm. For examples, see Figures A.4 to A9.

Figure A.4
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Figure A.5
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Figure A.7

Figure A.8
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Figure A.9

The lateral distance between abrasive product and abrasive product guard shall not exceed 10 mm (see
Figure A.10().

<10

Figure A.10

A.2.1.4 Abrasive product guards for peripheral grinding with peripheral speeds of v > 50 m/s on
bench and pedestal grinding machines — See Table 1, No. 1.1

Bench and| pedestal grinding machines forabrasive products with v, > 50 m/s shall be equjpped with
an abrasive product guard and an internal‘guard. The internal guard closes the abrasive profluct guard
aperture in the event of a grinding abrasive product breakage (see Figures A.11 and A.12).

Key
1  abrasive product guard 4  fastening screw
2 internal guard 5  grinding abrasive product

3 carrier peg

Figure A.11
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| /2
r
Key
1  abrasive product guard
2 internal guard
Figure A.12

The requir
of the circy
product, th

a) D=50
b) D=60
c) D=76
On the insi

The intern
elements s

The wall t}
accordancg

The intern
side of the

A215 A
Table 1, N¢

bl guard shall be attached tovthe side parts of the guard by means of fixing elements.
hall have a low breaking elongation, for example, M5 10.9.

pnickness of the internal .guard shall at least be 3 mm, but 5 mm at maximum, materi
with Table A.8.

h| guard shall bejarranged so that the distance between the inner side of the guard an
internal gua®dis a minimum of 8 mm (see Figure A.11).

brasive-product guards for side grinding on bench and pedestal grinding machin
D, 142

1al contour

ements and design of the internal guard are: U-shaped<profiles adapted to the intert

(lar guard. The centring angle shall be 140°. As a function of the outside diameter of the abrasive
e following widths of the wheel T, shall be observed:

D mm and T = 60 mm;

D mm and T =50 mm;

P mm and T2 40 mm.

de of the rotating part of the U-shaped profile, carrier pegs shall be provided.

The fixing

n]l 1 to 3 in

d the outer

bs — See

Abrasive p
that the ap

oduct guards for side grinding abrasive products withr or without Tecess siatt be
erture

above the x-axis does not exceed 0,4 D, and

below the x-axis does not exceed 0,2 D.

See Figures A.13 and A.14.
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2D

<0

\ g

Key
1 x-axis

Key

1 X-axis

For abrasiy
above the
by at least

Figure A.13

<

Figure A.14

e product guards for’abrasive products with an outside diameter D < 200 mm, the fron|
-axis is not necessary if the peripheral part extends outside the periphery of the abras
b mm (see Figur'es A.15 and A.16).

[t enclosure
ve product

N
T r

Figure A.15
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=5

/

Figure A.16

A.2.1.6 Abrasive product guards for internal cylindrical grinding machines — See Table 1,|No. 1.9

For examp]es of automatically acting devices for protection against centact with the abrasive product, for
example, during workpiece removal, see Figures A.17 to A.20.

Figure A.17
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Figure A.18

Figure A.20

During the machining process, the ejection of abrasive product fragments shall be prevented by work zone
enclosures in accordance with 5.13.2.2.
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A.2.1.7 Abrasive product guards for external cylindrical grinding machines — See Table 1,
Nos 1.7 and 1.8

The total angle of aperture of the abrasive product guard shall not exceed 180°, the opening above the x-axis
shall not exceed 60° (see Figure A.21).

Key

1 x-axis

Abrasive product guards for abrasive products with outside diameter D = 250 mm shall be d

that for pe
abrasive pi

A2.1.8 A
No. 1.11

For movin
movement
abrasive p1
(unprotect

guard (adjyistable protective band) shall be:

a) T,<0,
b) T,=0,
See Figure

Figure A.21

ripheral wear of the abrasive products the gap betweenthe abrasive product periphg
oduct guard can be adjusted to <5 mm (see Figures A:5\to A.7).

brasive product guards for side grinding on surface grinding machines — See Tak

p adjustable abrasive product guards (also with adjustable protective band) wher
of the abrasive product carrier is transmitted, the clearance between the peripheral
oduct and the inside of the abrasive product guard shall be a maximum of 12,5 mm ar
ed) width of the abrasive produactT,, projecting from the moving adjustable abrasi

B T for T<50 mm;
P T for T> 50 mm.
A.22.

esigned so
ry and the

le1,

b the axial
face of the
d the open
ve product
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ZI i 1%
2/
W7 zz
i X NN '
< S i ~
| 1
' \
<125 D
3
Key
1  adjustable guard band
2 interchpngeable steel disc
3 grinding abrasive product
Figure A.22

A.2.1.9 Abrasive product guards for side grinding on double spindle grinding machines —
See Table |1, No. 1.12
Abrasive pfoduct guards for double spindle grinding machines shall totally enclose the work zong
openings for loading and unloading of workpieces (see Figufes A.23 and A.24).

|
R T

Figure A.23

b except for

o

Figure A.24
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A.2.1.10 Abrasive product guards for tool grinding machines — See Table 1, No. 1.6

The type of abrasive product guard used shall depend on the shape and position of the abrasive product and
the operation to be carried out.

The angle of aperture of the abrasive product guard shall not exceed 180°. The abrasive product guard shall
cover the whole width of the abrasive product (see Figures A.25 and A.26).

Figure A.25

T T
=

H——~—-

Figure A.26

A.2.1.11 Abrasive preduct guards for swing frame grinding machines and swing frame cutting-off
machines |[— See Table 1, No. 1.4

The angle of agerture of the abrasive product guard shall not exceed 160° (see Figure A.27).

Figure A.27

© IS0 2025 - All rights reserved
64


https://standardsiso.com/api/?name=8af199dcda4be8cb436fdb3fae7c9c61

ISO 16089:2025(en)

A.2.2 Wall thicknesses and material

A.2.2.1 General

Abrasive product guards shall be of the dimensions given in Tables A.1 to A.7 depending on the material used
(see Table A.8). The wall thicknesses specified for the abrasive product dimensions and peripheral speeds

given in th

e tables shall be considered as minimum values.

If the grinding machine is intended for the use of different types of abrasive products or for different
peripheral speeds, the abrasive product guard dimensions shall always be based on the case where the
highest energy of fragments (for the calculation, see A.3.2) is expected.

For gang mounted wheels, the dimensioning of the wall thickness of the guard shall consider the abrasive

product with the highest energy of fragments (for the calculation, see A.3.2). The dimensioning.o

shall be b
products.

The principles for the determination of the wall thicknesses are described in Clause AZ3:For abras

dimension
the proced

For abrasiy
than those
In this cas
abrasive pi

A2.22 W

ure described. The wall thickness should be at least 1,5 mm.

b, the design shall provide for the use of either additional efergy absorbing elements
oduct guard or thicker product guards.

yall thicknesses

Wall thicknesses are given in Tables A.1 to A.7.

sed on 150 % of this energy value for bonded abrasive products or 100 % for sug

5 and peripheral speeds not listed in the tables, the wall thickness can beldetermined 4

e product dimensions and/or peripheral speeds where higher fragment energies can b
taken as basis for the values in the tables, the designer shall specify the dimensions ir

f the guard
erabrasive

ve product
y means of

e expected
dividually.
within the
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Table A.3 — Wall thicknesses for spheroidal graphite cast iron abrasive product guards for bonded
abrasive products, except for cutting-off wheels

Dimensions in millimetres

Material? | Peripheral | Width of abrasive Outside diameter of abrasive product
speed¢ product D
125 200 315 406 508 610
Minimum wall thicknessesb
Vinax T t t t t t t t t t t t t
m/s
25 3,5 3,0 5,0 4,0 7,0 55 8,5 6,5 10,0 7,5 12,0 9,0
. 50 4,5 3,5 6,5 5,0 9,0 7,0 11,0 8,5 13,0 | 10,0 | 15,0 | 11,5
° o 100 60 | 45 | 85 | 65 | 120 | 90 | 145 | 11,0 | 170 | 13,0, [195 | 145
160 7,0 5,5 10,0 7,5 14 10,5 | 17,0 13 20,0 | @5,00|123,0 | 175

t wall thickhess peripheral part
t wall thickhess side part
a For the defignation of the material, see Table A.8.

b To determjine wall thicknesses, see A.3.3.

¢ Highest pdssible peripheral speed of the abrasive product taking account of a fault of the wheel spindle drivé (menitored speed).

Table A4 — Wall thicknesses for aluminium alloy abrasive product guards for bonded abrasive
products, except for cutting-off'wheels

Dimensions in millimetres

Material® | Peripheral | Width of abrasive Outside diameter of abrasive product
speed¢ product D
125 200 315 406 508
Minimum wall thicknessesb
Vinax T t, t t te t te t, t, 4, te
m/s

10 2,5 2,0 3,0 2,5 4,5 3,5 5,5 4,0 6J5 5,0

40 20 3,0 2,5 4,0 3,0 6,0 4,5 7,0 55 5 6,5

32 3,5 2,5 5,0 3,5 7,0 5,5 8,5 6,5 14,0 7,5

10 3,0 2,0 4,0 3,0 55 4,0 6,5 5,0 715 6,0

6 50 20 3,5 2,5 5,0 3,5 7,0 55 8,5 6,5 14,0 7,5
32 4,0 3,0 6,0 4,5 8,5 6,5 10,0 7,5 13,0 9,0

10 3,0 2,5 4,5 3,5 6,5 5,0 7,5 6,0 9J0 7,0

63 20 4,0 3,0 6,0 4,5 8,5 6,5 10,0 7,5 13,0 9,0
32 5,0 3,5 7,0 55 10,0 7,5 12,0 9,0 14,0 10,5
10 5,0 4,0 7,0 55 10,0 7,5 12,0 9,0 14,0 11,0
32 20 6,5 5,0 9,0 7,0 13,0 10,0 15,5 11,5 14,5 14,0
32 856 6;0 146 86 155 145 18;5 14-6 24,0 16,5
7 10 6,0 4,5 8,5 6,5 12,0 9,0 14,0 11,0 17,0 12,5
40 20 7,5 6,0 11,0 8,0 15,0 11,0 18,5 14,0 21,5 16,0
32 9,0 7,0 13,0 9,5 18,0 13,5 22,0 16,0 26,0 19,0

t wall thickness peripheral part

t,  wall thickness side part

a For the designation of the material, see Table A.8.
b To determine wall thicknesses, see A.3.3.

¢ Highest possible peripheral speed of the abrasive product taking account of a fault of the wheel spindle drive (monitored speed).
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Table A.8 — Choice of material

Material designation In accordance with Mechanical strength properties
Rm ReH €p
N/mm? N/mm? %
1 Cold-reduced carbon steel sheet of commercial and drawing 1SO 3574 270 140 28
qualities
2 Cold-reduced steel sheet of structural quality 1SO 4997 and ISO 6316 300 220 18
3 Steels for general engineering purposes — 340 215 17
4 Cast carbon steels for general engineering purposes 1SO 14737 450 230 22
5 Spheroidal graphite cast iron 1SO 1083 400 250 15
6 Wrought aluminium alloys ISO 6361-2 310 260 10
7 Cast aluminium alloys IS0 3522 200 — 3
8 Hotrolled stainless plate IS0 9444-1 and I1SO 9444-2 520 205 40
9 Polycarbonate — 60 E=2300N/mmp? | e;>80
A.2.3 Compound abrasive product guards
A.2.3.1 (eneral
If abrasive| product guards are joined from individual parts, for example;yby means of welding| screwing,
riveting, the components shall be connected so that in case of breakage‘of the abrasive product, jgints do not
separate dfie to the resulting energy.
A.2.3.2 Welded abrasive product guards
A.2.3.2.1 |Drawings
The representation of the welding lines in the design-drawings shall be in accordance with ISO 2353.
A.2.3.2.2 |Preparation
Preparation of the parts for welding shall*be in accordance with the drawings supplied. It is particularly
important that where full penetration.welds are called for, the correct procedures are carried out.
A.2.3.2.3 |Personnel
The weldey shall have attained-approval under the conditions specified in the relevant standard.

For steel alf

prasive product.guards, a test certificate as per ISO 9606-1 is required.

For aluminjium alloy abrasive product guards, a test certificate as per ISO 9606-2 is required.

A.2.3.2.4

Welding process

The welding process and weld metal shall be selected taking into consideration the parent metal. The

welding pr

A.2.3.2.5

ocedure shall be in accordance with the requirements of ISO 15607 and I1SO 3834-1.

Inspection and testing

The quality of the weld shall be in accordance with the standard specified in ISO 5817:2014, Table 1 quality

level C (me

dium).

After welding and post weld treatment, the component shall be examined visually. For abrasive product
guards with wall thickness >20 mm, a non-destructive testing of the weld seams shall be carried out.
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It is not permissible to ignore the first and last 25 mm of the length of butt joint or filler weld since it is
expected that some joints will be relatively short and the required standard must be maintained for the

complete joint.

A.2.4 Screens for bench and pedestal grinding machines
The minimum dimensions of the transparent part of rectangular, trapezoidal or round screens of bench

and pedestal grinding machines equipped with plain grinding abrasive products are given in Table A.9 and
Figure A.28.

These dimensions are given as function of the abrasive product nominal diameter D and for a grinding
abrasive product width T limited to 0,15 D.

When T is [greater than U,I5 D, b; ;;, shall be raised 1n proportion to the real value of I. The,sthaller base
b, of trapegoidal screens shall be equal to at least 1,5 times the grinding abrasive product width 7, with a
minimum yalue of 75 mm.

The minimum dimensions of the transparent part of the screens of bench and pedestal-grinding machines
equipped with face or cup grinding wheels are identical to those for the screens of these grinding machines
equipped with plain grinding wheels; however, the width T of plain grinding wheels should be 1leplaced by
the width W of the working part of face grinding wheels.

b,

b4

Figure A.28

Table A.9 — Dimensions of the screens

Dimensions inf millimetres

D b1 min h b, d
100/200 75 60 75 75
200 80 70 80 85
430/250 100 80 80 95
300 125 100 80 115
356 140 110 100 130
406/457 150 115 100 135
508 200 150 100 170
610 200 175 100 182
762 200 175 100 182
Key
D outside diameter of the grinding abrasive product

© IS0 2025 - All rights reserved
78


https://standardsiso.com/api/?name=8af199dcda4be8cb436fdb3fae7c9c61

ISO 16089:2025(en)

A.2.5 Work zone enclosures

A.2.5.1 Spreading area

The spreading area is the area of a grinding machine where dispersed fragments from an abrasive product
(tool) burst can be foreseen.

Key
1 spreading area

Figure A.29

3

2
¢ ALY
Sl / e
/ .
/
1
Key
1 spreadingarea 3 travelling distance
2 work zpné€enclosure
Figure A.30

The spreading area corresponds to about the largest width of the abrasive product designated for the
grinding machine plus an area arising on both sides from an angle of at least 20° to the free side faces of the
abrasive product (see Figure A.30). Free side faces are faces which are not enclosed by the guard or by the
flanges.

Traverse and rotating movements of the wheel spindle head shall be taken into account when specifying the
spreading area (see Figure A.30).
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A.2.5.2 Dimensioning

A.2.52.1

Attachment

Where parts of the work zone enclosure are connected to each other or to the grinding machine, the
connection shall be strong enough to ensure that parts do not separate when subjected to the impact of
fragments. This requirement is fulfilled when the energy absorption capacity of the total number of n fixing
elements exceeds the energy value of the fragment, see A.3.4.

A.2.5.2.2 Wall thicknesses and materials of work zone enclosures on grinding machines without

abrasive product guards
A.2.5.2.2.1 Steel sheet — Materials 1, 2 and 3 according to Table A.8
Inside the|spreading area, the minimum wall thickness shall be in accordance with &ermulla (A.1) or
Table A.10,|but at least 1,5 mm.
Outside th¢ spreading area, the minimum wall thickness shall be 0,2 times the wall;thickness ¢, but not less
than 1,5 mm.
E ( 670) 0051'm'(1—Q3)2'V2
i o= ’ max
t=0,5 >7.\/ trans ; =0,557- > (A1)
r-(1-0%)
where
t is the minimum wall thickness in mm;
E\ .i(a@=67°) isthe translational energy of a fragment, with an angle of 134°, in J;
T is the width of the abrasive product in mm;
m is the mass of the abrasive'product or the abrasive layer for superabrasives|in kg;
Q is the ratio of the bore diameter or the core diameter (for superabrasive products) to
the outer diameter of the abrasive product;
Vinax is the maximum peripheral speed of the abrasive productin case of failure offthe spindle
drive in m/s.
Table A.1Q — Minimum(wall thickness of steel enclosures for bonded abrasive products —|Examples
according to Formula (A.1)
Dimensions inf millimetres
Material? Safely limited peripheral speed Outside diameter of abrasive product
Vmax D
m/s
125 | 200 | 315 [ 406 | 508 | 610 | 762 | 914 | 1067 | 1250
Minimum wall thickness
t
32 1,5 1,5 2,0 2,5 3,0 3,5 4,5 5,5 6,5 7,5
40 1,5 1,5 2,5 3,0 4,0 4,5 5,5 6,5 8,0 9,0
50 1,5 2,0 3,0 4,0 4,5 5,5 7,0 8,5 9,5 11,5
1,2,3 63 1,5 2,5 3,5 4,5 6,0 7,0 85 | 10,5 | 12,0 14,0
80 2,0 3,0 4,5 6,0 7,5 90 | 11,0 | 13,0 | 155 18,0
100 2,5 3,5 5,5 7,5 90 | 11,0 | 135 | 165 | 190 | 225
125 30 | 45 7,0 90 | 11,5 | 13,5 | 170 | 20,5 | 24,0 | 28,0
a For the designation of the material, see Table A.8.
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A.2.5.2.2.2 Stainless steel sheet — Materials 8 according to Table A.8

Inside the spreading area the minimum wall thickness shall be in accordance with Formula (A.2) or
Table A.11, but at least 1,5 mm.

Outside the spreading area, the minimum wall thickness shall be 0,2 times the wall thickness t, but not less
than 1,5 mm.

2
3 2
E o0=67° 0,051-m-(1-Q v
t:0,279\/ trans (T ) :0’279 ( )2 max (AZ)
r(1-¢°)
where

t is the minimum wall thickness in mm;
E\ .s(@=67°) is the translational energy of a fragment with an angle of 134° in.J;
T is the width of the abrasive product in mm;
m is the mass of the abrasive product or the abrasive layer-for superabrasived in kg;
Q is the ratio of the bore diameter or the core diameter(for superabrasive pfroducts) to

the outer diameter of the abrasive product;

is the maximum peripheral speed of the abrasive product in case of failure of{the spindle
drive in m/s.

max

Table A.11 — Minimum wall thickness of stainless steel'enclosures for bonded abrasive prroducts —
Examples accordingto Formula (A.2)

Dimensions in millimetres

Material? Safely limited peripheral speed Outside diameter of abrasive product
Vmax D
m/s

125 | 200 | 315 | 406 | s08 | 610 | 762 | 914 | 1de7 | 1250

Minimum wall thickness

t

32 1,5 1,5 1,5 1,5 1,5 2,0 2,5 3,0 35 4,0
40 1,5 1,5 1,5 1,5 2,0 2,5 3,0 3,5 40 4,5
50 1,5 1,5 1,5 2,0 2,5 3,0 3,5 4,5 50 6,0
8 63 1,5 1,5 2,0 2,5 3,0 3,5 4,5 55 6,5 7,5
80 1,5 1,5 2,5 3,0 4,0 4,5 5,5 7,0 8,0 9,0
100 1,5 2,0 3,0 4,0 5,0 5,5 7,0 8,5 10,0 11,5
125 1,5 2,5 4,0 5,0 6,0 7,0 9,0 10,5 12,0 14,0
a For the depignation of the material, see Table A.8.

A.2.5.2.2.3 Polycarbonate — Material 9 according to Table A.8

Inside the spreading area, the minimum wall thickness shall be the wall thickness t in accordance with
Formula (A.3) or Table A.12, but at least 5 mm.

Outside the spreading area, the minimum wall thickness shall be 5 mm.

NOTE Extensive research on steel sheets and polycarbonate resulted in similar values for the impact resistance
for a ratio of wall thicknesses

tPC =3x tsteel
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where
tpc is the thickness of polycarbonate;

tteer 1S the thickness of the steel sheet.

0,051.m-(1—Q3)2-v2

E a=67°
t:1,671\/ trans (T ) :1,671 - max (A.3)
r-(1-¢°)
where
t is the minimum wall thickness in mm;
E (@ =67°) isthe translational energy of a fragment with an angle of 134°in J;
T is the width of the abrasive product in mm;
m is the mass of the abrasive product or the abrasive layer for superabrasives|in kg;
Q is the ratio of the bore diameter or the core diameter (for Superabrasive pfroducts) to

the outer diameter of the abrasive product;

is the maximum peripheral speed of the abrasive ptoduct in case of failure offthe spindle
drive in m/s.

max

Table A.12 — Minimum wall thickness of polycarbonate vision panels for bonded abrasive products
— Examples according to Formula (A.3)

Dimensions in millimetres

Material? Safely limited peripheral speed Outside diameter of abrasive product
vmax D
m/s

123 [ 200 | 315 | 406 | 508 | 610 | 762 [ 914 | foe7 | 1250

Minimum wall thickness

t

32 5,0 5,0 55 7,0 9,0 10,5 13,0 15,5 18,5 21,5
40 5,0 5,0 7,0 9,0 11,0 13,0 16,5 19,5 3,0 26,5
50 5,0 5,5 8,5 11,0 13,5 16,5 20,5 24,5 £8,5 33,5
9 63 5,0 7,0 10,5 14,0 17,0 20,5 25,5 30,5 86,0 42,0
80 5,5 8,5 13,5 17,5 21,5 26,0 32,5 39,0 5,5 53,0
100 7,0 11,0 17,0 21,5 27,0 32,5 40,5 48,5 b6,5 66,5
125 8,5 13,5 21,0 27,0 34,0 40,5 50,5 60,5 V1,0 83,0
E For the defignation ef-the'material, see Table A.8.

A.2.5.2.3 (Wall thicknesses and materials of work zone enclosures on grinding machines wjth
abrasive product guards

A.2.5.2.3.1 General

The following requirements for the minimum wall thicknesses of the enclosures are applicable if an impact
of 134° fragments is not possible. For all other cases, A.3.5.2.2 is applicable. An impact of 134° fragments is
not possible, if

— the overlap (see Figure A.31) of the spreading area and the additional guard is less than a fourth of the
outer diameter of the abrasive product, or

— the workpiece or other components are fixed in a position between the abrasive product and the
enclosure during processing, and a start-up of the abrasive wheel is only possible in a position where

© IS0 2025 - All rights reserved
82


https://standardsiso.com/api/?name=8af199dcda4be8cb436fdb3fae7c9c61

ISO 16089:2025(en)

the overlap of the spreading area and of the enclosure is less than a fourth of the outer diameter of the
abrasive product.

1—

Key
1

2

enclosy

abrasivj

3  abrasiy

A.2.5.2.3.2

Inside the
with Form

re overlap

4
A,
|:| spreading area

Figure A.31

e product guard machine bed

e product

Steel sheet — Materials 1, 2 and 3 according toTable A.8

spreading area, the minimum wall thickness shall*be 0,2 times the wall thickness t in
1la (A.1) or Table A.10, but at least 1,5 mm.

Outside th{

A.2.5.2.3.3

Inside the
with Form

e spreading area, the minimum wall thickness shall be 1,5 mm.

Stainless steel sheet — Material 8 according to Table A.8

spreading area, the minimum wall thickness shall be 0,2 times the wall thickness ¢t in
1la (A.2) or Table A.11, but atleast 1,5 mm.

Outside thg

A.2.5.2.3.4

Inside the
with Form

e spreading area, the minimum wall thickness shall be 1,5 mm.

Polycarbonate'—/Material 9 according to Table A.8

spreading areathe minimum wall thickness shall be 0,2 times the wall thickness ¢t in
1la (A.3) oriFable A.12, but at least 5 mm.

Outside th{

e spreading area, the minimum wall thickness shall be 5 mm.

A.2.6 At

achment of vision panels in work zone enclosures

hccordance

hccordance

hccordance

Vision panels in work zone enclosures shall be attached to the interior part of the enclosure by clamping or gluing.

In order to guarantee the protective effect of the vision panel, a sufficient coverage of the vision panel with
the surrounding steel sheet structure is required. The following minimum values shall be observed:

a)

grinding machine with abrasive product guard and work zone enclosure, location of the vision panel

outside the spreading area (see Figures A.29 and A.30) - minimum coverage 10 mm (see Figure A.32);

b)

grinding machine with abrasive product guard and work zone enclosure, location of the vision panel

within the spreading area (see Figures A.29 and A.30) - minimum coverage 15 mm, from a size of the

vision

panel of 500 mm, the minimum coverage shall be 35 mm (see Figure A.32);
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¢) grinding machine without abrasive product guard but with work zone enclosure, location of the
vision panel outside the spreading area (see Figures A.29 and A.30) - minimum coverage 15 mm (see

Figure A.32);

d) grinding machine without abrasive product guard but with work zone enclosure, location of the vision
panel within the spreading area (see Figures A.29 and A.30) - the manufacturer shall furnish proof
of the suitability of the attachment of the vision panel to contain abrasive product fragments. For
verification methods, see Annexes B and C.

Machining side Access side

2
13

-1
HY \4
,—/2
Al 5

-1
L

Key

1 coverage 4  steel sheet

2 vision panel 5 frame profile

3  frame

Figure A.32

Polycarborate screens should’beprotected against ageing effects, for example, by addition of a qafety glass

screen towards the machiding side and a plastic screen towards the access side. The edges of the screens

shall be s¢aled. The linfited service life of polycarbonate screens shall be indicated in the Instruction
handbook.

NOTE All-around™protected polycarbonate panels show only marginal loss of impact resistance, yhereas the

curve show$ that'the impact resistance of unprotected polycarbonate is significantly reduced (see Figure A.33).
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SOURCE  IFA, St. Augustin, Germany, [29] reproduced with permission ofithe authors.
Figure A.33
A.2.7 Verification of strength, testing
A.2.7.1 Abrasive product guards
Abrasive product guards which do not comply with the specifications set out in A.3.2 shall be test
their strength. The test shall be carriediout in accordance with the following methods:
a) mountling of the guard;
b) the guard shall be mounted'for the test so thatits position and fixing elements correspond to i

use on
c¢) anabr
use on
d) breaks
permis
proced
e)

the grinding machine;

hsive productshall be used, which corresponds in its design type and dimensions to it
the grindifig-machines;

ge of the abrasive product shall be initiated at the intended maximum operating sy
sible 'speed of rotation by a projectile shot onto the abrasive product or by anot
ure; the projectile shall hit the abrasive product near the clamping device (flange);

bd to verify

[s intended

s intended

eed or the

hler suitable

the test shall be carried out with three abrasive products in succession using the same guard.

Sufficient strength is verified if the guard and its clamping elements remain in function not showing any
visible cracks when examined by a recognized method of crack detection, for example, dye penetration
or magnetic crack detection. Minor deformations and surface damage can be accepted. Fixing devices, for
example, clamping devices, bolts, shall remain in function with no detectable damage.

A.2.7.2 Work zone enclosures

Work zone enclosures not complying with the requirements in A.3.5.2 shall be tested for verification of their
strength or their impact resistance to abrasive product fragments. For test methods, see Annexes B and C.
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For the calculation of the wall thicknesses as provided in A.3.5.2, the values determined in the
verification may be used.

individual

A.3 Criteria for the design of abrasive product guards and their means of attachment

A.3.1 General

The energy of the fragments resulting from an abrasive product breakage is the basic criterion for the design
of abrasive product guards and means of attachment, since the energy of the fragments is transmitted

— directly or indirectly (by means of ejection of colliding fragments) to the abrasive product guard,

: 1 . 1 1 - £ 1 h | 1 1 rad 1
— Via th dDId5IVE pProdutt gudlit LU IS HICEAILIS U ALUACHHIITICIIU allU LIIC TITdCIHITIC 11T d1IIC, dITU

— via wheel dressers which can project into the abrasive product guard, indirectly to the spind
the mdchine frame.

Methods fgr the calculation of the energy of abrasive product fragments and for thé determinat
thicknessef of abrasive product guards and the design of the means of attachment for abrasi
guards are|ldescribed in A.3.2, A.3.3 and A.3.4.

A.3.2 Engergy of abrasive product fragments

The calculption of the impact energy transmitted in the case of amabrasive product breakag
fragments [to the abrasive product guard is only possible by approximation. Its value depends am
on the bregkage behaviour of the abrasive product.

The energy of a rotating abrasive product is calculated according to Formula (A.4):

e head and

ion of wall
ve product

e from the
ong others

—_— 2 2

E=_ (1+Q% )xv (A4)
and is contpined in the fragments as translational and rotational energy.
On the assfimption that the resulting fragments are equal in size, Formula (A.5) applies:

E=2X[E\rans +Erot) (A.5)
The translational energy of a fragment is calculated according to Formula (A.6):

2
3
2 ADC) (e’
trans | 9 XmX 2 X XV (A.6)
X o
O (1-2)
For a half gngle offragments a = 67°, the translational energy reaches its maximum value:
2
=)
Epans (00 = 67°) = 0,051 xmx ———xv (A7)
(1-¢)
The rotational energy of a fragment is calculated as given in Formula (A.8):
E
Erot =—=Etrans (A.8)
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A.3.3 Determination of the wall thicknesses of abrasive product guards

A theoretical model for the calculation of the wall thicknesses of abrasive product guards is not available.
Therefore, the determination of the wall thickness values in Tables A.1 to A.7 is based partly on experience

and partly

on available experimental test results. The procedure is given in this subclause.

The basic criterion for the dimensioning of the abrasive product guards wall thickness is the translational
fragment energy in accordance with Formula (A.7), using the mass and dimensions of the new abrasive
product and the highest possible peripheral speed of the abrasive product in case of failure of the wheel

spindle dri

ve.

The fragment energy anticipated for the abrasive products listed in these wall thickness tables was calculated
using Formula (A.7). The corresponding value from the tables for the wall thickness of the abrasive product

guard was

function of the fragment energy with the abrasive product guard material as the parameter.

The diagral
all the tabl

In order tq assign the wall thickness unambiguously to the fragment energy, the'revealed varig
approximatted by means of compensating functions, additionally using experiméntal studies and e

with wall

This empi
peripheral
different g

— ste
— sta
— cas
— cas
— wr
— cas

In these fo
expressed

The energy
formulae fi

The wall tH
The follow

assigned to this calculated energy value. I'ne wall thickness was represented 1n a_di

Im showed a considerable correspondence between the requirements. However, it’expl
bs considered, the energy values assigned to the wall thickness values showta;wide scg

hicknesses which have until present been used in praxis.

ical procedure resulted in the following relationships between the wall thicknes
part of the abrasive product guard and the fragment energy,E, ., ., of the abrasive progq
1ard materials according to Table A.8:

rans

p| sheet: t, =0,093 6 EX> (E

trans

( £00 000 Nm)

trans

nless steel: (Etrgns ( 100 000 Nm)

trans

t, =0,047 4 E0S

t steel: t, =0,57 E0:37

trans

(Eqans ¢ 100 000 Nm)

tiron: t, =0,92 EO37

trans

(Erans ¢ 6 000 Nm)

pught aluminium alloy: ¢, =q,7 EX3T

(Etrans ¢ 3 300 Nm)

t aluminium alloy: (Etrans ¢ 1300 Nm)

trans

_ 0,37
t, =18 E
rmulae, the energy_vatue E, . shall be expressed in Nm and the wall thickness valu

n mim.

r highervalues.

icknesses given in Tables A.1 to A.7 were determined by means of these approximatior
ng assumptions were taken as the basis for the calculation of the fragment energy in

Agram as a

hins that in
tter.

tions were
Xperiences

5 tp of the
luct for the

P tp is then

r values givetinl brackets are limit values; there is no experience on the applicability of the above

functions.
hccordance

with Form

aA{A7)

— For Tables A.1 to A.4 and Table A.7:

abrasive product type 1 or 41 in accordance with ISO 525;
Q=04 for D=610 mm;
Q=0,2 for D <508 mm;

Q is equal to the ratio of bore diameter H and outside diameter D of the abrasive product;

the semi angle of fragment is: a = 67°;
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— the density of abrasive product is: p = 2,4 g/cm3.

su

For Table A.6:

perabrasive type 1A1 in accordance with ISO 6104;

the depth of superabrasive section is: X = 6 mm;

the semi angle of fragment is: a = 15°;

the density of abrasive product section is: p = 8,6 g/cm3 (metal bond);

Q is equal to the ratio of core diameter (D - 2X) and the outside diameter D of the abrasive product;

erfors for the core are exciuded.

The exclusfion of errors for the core of superabrasive products is only permissible if the abrdsi

correspon

Basedond
the calcula]
values detd

This proce
dimension
differing f7

A.3.4 De

A3.41 G

To simplify
of attachm
exceeds th
calculation

trans

However, i
can result

AE =

~

The coeffid

s to the requirements of EN 13236[46] or to comparable requirements.

hta given in national tables and previous experience, aratio t,/t, = 0,75 was.assumed as t
tion of the wall thicknesses ¢t of the side parts of the abrasive product guards. The wa
rmined by calculation were rounded to whole or half millimetre valugs)in Tables A.1 to

dure is also applicable for the dimensioning of abrasive product guards for abrasi
5 and peripheral speeds not listed in Tables A.1 to A.7 and fordbrasive products wit
om those given above. The limits of the formulae-dependent relationships shall be obs

sign of the means of attachment of abrasive product guards

eneral

matters, only the translational fragment energy is taken into account for the design of
ent. However, for safety reasons, the calculation is carried out with a peripheral sq

as indicated in Formula (A.9):
2
(1 S QB) 2
o =67°) =0,086xmx XV
[r-¢*)

F can be taken intotaccount that in the case of impulsive stress of a static mass, losse
Hue to plastic defermation, which are calculated with Formula (A.10):

Mgy

g, T Mgy

ient\of impact k varies between k = 0 (plastic impact) and k = 1 (elastic impact). The

x E’

trans

x(1—k2)

of impact

can be reduced within certain limits by plastically deformable materials and elem

[ve product

he basis for
I thickness
A.7.

ve product
h densities
erved.

the means
eed which

e maximum peripheral operating speedby 30 %. Consequently, Formula (A.7) is modifiied for this

(A9)

5 of energy

(A.10)

coefficient
bnts as, for

example, rigid expanded polyurethanes or thin-walled round tubes, which are integrated into the abrasive
product guard as lining. Practical tests have, for example, shown a coefficient of impact k = 0,75. The
thickness of the deformation elements shall be at least equal to that of the abrasive product. The ratio of the
lining thickness and the wall thickness of the abrasive product guard (Tables A.1 to A.5) should be about
4:1 for a strength of the expanded polyurethane of 180 N/cmZ2. However, rigid obstructions in the abrasive

product gu

ard, for example welded stabilizing webs, should be avoided.

Containing safety devices are so connected to the grinding machine that these parts remain connected
in the case of an abrasive product breakage. It shall be ensured that the energy absorbing capacity of the
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total number of n fixing elements exceeds the energy value determined by the calculation method, i.e. the

condition

n
ZVVI > E'Erans —-AE

i=1
shall be ful

filled.

A.3.4.2 Tensile impact stress

(A.11)

In the case of tensile impact stress, reduced shaft bolts are used. The energy absorption capacity of
a cylindrical reduced shaft bolt, i.e. a highly elastic screw (material quality 8.8, 10.9 or equivalent), is

approximafely catcutated as Formua (A1 2]

Wp =A4r xIy X0, X€p

with Formula (A.13):
R.y + Ry,
Op=F—"""
" 2

where R,y |s, for example, Rpo,z-
A.3.4.3 Shearing impact stress
If possible] fixing screws shall not be submitted to shearing stress by the fragment energy, as
absorption| capacity is very small under these conditions. If\special means of attachment are in
shall be gyaranteed that the provided shearing area is large enough. The energy absorption c3
shearing element is approximately [as given in Formulax{A.14)]:

W = Fj, Xsyy

for shearing elements with circular section:

The averag

and when {

e shearing force is given in Formula (A.15):
XFmax

aximum shearing force according to Formula (A.16):

T. XA

S S

he shearing distance is as given in Formula (A.17):

(A.12)

(A.13)

the energy
fegrated, it
pacity of a

(A.14)

(A.15)

(A.16)

3%

Sw=0
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Annex B
(informative)

Impact test for guards — Bursting test

B.1 General

This Annex specifies tests for guards used on grinding machines in order to minimize risks of ejection of

parts or w

This Anney

s
S

B.2 Test

B.2.1 Pr

This test nf

prkpieces out of the work zone.

t method, the hazardous event is reproduced by cntentionally initiated bursting
sed on the machine.

5t conditions

e speed of the relevant grinding machine. If safe limitation of the maximum speed for t
e product diameter accordingto-5.12 b) 5) is ensured, the test may be carried out wit}
| maximum speed multiplied'by 1,2.

P “ceéntral impact” is not the most critical case of stress;

applies to guard materials, as well as to complete guards.

method

nciple

ethod applies to machines operated with abrasive products without abrasive product
the hazard of the ejection of abrasive product fragments. Thé test shows the resistang
nd/or guard materials against penetration and dislodgement.

ng requirements apply.

test, bursting of an abrasive product is initiated for at least 1,2 times the maximu

A peripheral speed of the abrasive product is assumed which is 20 % above the maxim
speed or the peripheral speed resulting from the safely limited maximum spindle speed.
covers the following:

persions of thednaterial characteristics of the materials of the samples or the guards;

ecurities dueto increased speeds/peripheral speeds when shutting-down spindle drives by d
e intervals'required by signal processing in the control system;

guard and
e/strength

bf abrasive

Im possible
he relevant
h the above

im possible
[his “safety

elays due to

1 £ - 1c 1 1 . . £ : :
OW HUIIIUTT UI'HIIPAUTTLESLS TCUUITTU 10T LT UTLCT IITIITAUUIT U UIT HTIPAU LU TTSISUATILT,

insecurities in the determination of the spindle speed of the test device.

An abrasive product shall be used, the type (shape, hardness, porosity) and mass of which corresponds

to the abrasive products intended for use on the grinding machine. The abrasive product presenting the
highest hazard potential shall be used.

reproduce;s
of guards 4
In this teg
products ul
B.2.2 Te
The follow
a) In the
spindl
abrasiy
limited
NOTE
spindlg
factor”
— dig
— in{
tin
—  thd
— al
b)
0
d)

The test samples shall be arranged radially in the direction of flight around the abrasive product.

As the translational fragment energy is at maximum, if the mass of the fragment is about one third of the

mass of the abrasive product, fragments with approximately one third of the total mass of the abrasive
product should be produced. This may be achieved by preparing the abrasive product with defined saw cuts.
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e) The distance of the test samples to the wheel spindle should approximately correspond to the distance
between abrasive product and guard on the actual grinding machine.

f) Number of tests: As the directions of flight and thus the impact positions of the abrasive product
fragments are coincidental, it has to be tested (e.g. by means of high-speed photographs), if a test sample
was hit by at least one 1/3 fragment on the surface. If no such hit is realized, the test shall be repeated.
In order to increase the probability of hits, several test samples per test can be arranged in the direction
of flight.

B.2.3 Test device

The test device (see Figure B.1) mainly consists of a power operated spindle with abrasive product holding
device which accelerates the abrasive product to the relevant speed or peripheral speed.

The speed ghall be controlled by measurement.

In addition], the test equipment consists of a device, which initiates bursting of the abrasive product, for
example, alfalling weight. The test device also includes a frame for fixing the test samples:

3 2

Key
1 frame 4  Dbursting device
2 spindlg 5 testsample

3  abrasivle product

Figure B.1 — Example of a test device for the impact test

B.2.4 Test sample
Both material samples and guards ready for use may be test samples.

The test samples subjected to the impact shall correspond to the material and the structural construction of
the guard of the actual grinding machine at its weakest area.

If the interfaces between two elements of the guard are tested, the test samples shall present the relevant
interfaces which shall be arranged on the test equipment in such a way that the abrasive product fragments
hit directly beside the interface.
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As to the vision panels, not only the pure impact resistance shall be tested. Another decisive factor is the
attachment of the vision panel to the surrounding wall construction.

Therefore, vision panels to be tested shall be mounted on a frame corresponding to the structure of the
guard of the grinding machine in analogy to the way they are mounted on the actual machine (particularly
with regard to material overlap and fixing elements).

As larger vision panels bulge more than small ones during impact and thus require another minimum
overlap, the tests shall be carried out with vision panels, the outside dimensions of which approximately
correspond to those of the vision panels used on the actual grinding machine. Deviations of +15 % are
acceptable.

B.3 Testrestults

B.3.1 Gepneral

After the i

B.3.2 Damages

an be:

ng/bulging (permanent deformation without crack);
nt crack (visible only on one surface);

h crack (crack visible from one surface to the other);
ation (projectile penetrating the test object);
window loosened from its fixing;

loosened from guard support.

sessment

passed if there is no through'erack or penetration of the test object and no damage of

report
port shall specify the following minimum information:
e, place ofi\the test and name of the testing institute;

ss, dilménsions, strength of the abrasive product, and bursting and peripheral speeds;

bign, material and dimensions of the test object;

pact, the damages identified on the test sample shall be assessed as indicated'in B.3.2

' and B.3.3.

ypes B.3.2

mping or fixing of the test object to test facility;

the test result with indication of the damage figures;

ernational Standard used (including its year of publication);

the method used (if the standard includes several);

any deviations from the procedure;

Damages c
a) buckli
b) incipie
c) throug
d) penetr
e) guard
f) guard
B.3.3 As
The test is
e) and f).
B.4 Test
The testre
a) theda
b) the m3
c¢) thede
d) thecla
e)

f) thelnt
g)

h)

i)

any unusual features observed.
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Annex C
(informative)

Impact test for guards — Projectile impact

C.1 General

This Annex specifies tests for guards used on grinding machines in order to minimize risks of ejection of

parts or workpieces out of the work zone.

This Anneyx applies to guard materials, as well as to complete guards.

C.2 Testmethod

C.2.1 Principle

This test method applies to machines operated with abrasive products without abrasive product| guard and

reproduces the hazard of the ejection of abrasive product fragments. Thé test shows the resistande/strength

of guards gnd/or guard materials against penetration and dislodgement.

In this testjmethod, the hazardous event is reproduced by the impact on the guard of a projectile,|the impact

energy of which corresponds to the translational energy of am:abrasive product fragment of 134°

C.2.2 Test conditions

The test conditions are as follows.

a) For the determination of the impact energy-of the projectile, the abrasive product intended| for use on
the mdchine which presents the highesthazard potential shall be taken as the basis.

b) The required impact energy corrésponds to the translational energy of the 134° fragment of this
abrasiye product, determined by Eormula (A.7), assuming a peripheral speed of the abrasive|product of
1,2 tinjes the maximum possible spindle speed of the relevant grinding machine. If safe limitation of the
maxinum speed for the relevant abrasive product diameter according to 5.12 b) 5) is ensurgd, the test
may b¢ carried out with-above limited maximum speed multiplied by 1,2.
NOTE For the calculation of the required impact energy of the projectile, a peripheral speed of the abrasive
product is assumed.which is 20 % above the maximum possible spindle speed or the peripheral spegd resulting
from the safely limited maximum spindle speed. This “safety factor” covers
— digpersions of the material characteristics of the materials of the samples or the guards,
— ingecurities due to increased speeds/peripheral speeds when shutting-down spindle drives by delays due to

time intervals required by signal processing in the control system,

— the “central impact” is not the most critical case of stress, and
— alow number of impact tests required for the determination of the impact resistance.

c¢) The mass of the projectile shall be about the mass of the 134° fragment of the abrasive product specified
under a). The diameter of the projectile should approximately correspond to the width of the relevant
abrasive product.

d) The required speed of the projectile is calculated from the translational energy determined under b)

2E

and the mass according to c¢) with the formula v=,/—

m
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where
1% is the projectile speed, which is equal to the impact speed;
E is the impact energy calculated in accordance with b);

m is the mass of projectile in accordance with c).

C.2.3 Test equipment

C.2.3.1 General

The test e uinment consists of a cun a2 nroiectile and a sunnoertofthe cuardtobe tested
r o 4 r J rr o

C.2.3.2 QGun

The gun cdn consist of a compressed-air vessel with a flanged gun barrel (see Figuret€:). Compressed air
can be rel¢ased by a valve to accelerate the projectile toward the test object. The;air gun is fefd by an air
compressofr. The speed of the projectile can be controlled by the pressure of the ain. The drive or thrust unit
shall enable acceleration of the projectile to +5 % of a given impact speed.

Projectile $peed is measured near the muzzle of the gun barrel by a suitable velocimeter, for example, by
proximity sensor or photocell.

S it
/| m N
N 3
Key
1  velocimpeter 4  control panel
2 gunbafrel 5  compressed-air vessel
3  projectjle 6  testobject

Figure C.1 — Equipment for impact test

C.2.3.3 P|rojectile

Shape, mass and dimensions of standardised projectiles are given in Figure C.2 and Table C.1.

The specification of projectile material, mass and shape is done on the basis of the following:
— projectile material corresponding to the abrasive product material specified in C.2.2 a);
— projectile mass and diameter as specified in C.2.2 c);

— projectile front face as specified in Figure C.2 and Table C.1.

If the determined projectile parameters correspond to the standardised projectiles from Table C.1, the
standardised projectiles can be used. Otherwise, projectile geometries which are reduced or enlarged
accordingly shall be specified.
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Figure C.2 — Projectile

Table C.1 — Projectile mass and dimensions

Projectile mass Projectile diameter Projectile frentface
m D axa
kg mm min/x mm

30 19 x19

30 19 x 19

40 25 x 25

01”62255 50 30 x 30
25 30 19 x 19
50 30 x 30

60 38 x 38

70 45 x 45

C.2.34 S
The speed

exiting the
fixed dista

C.2.3.5 §

The test is
equivalent

peed measurements

pf the projectile shall be measured atapoint where it is no longer subject to acceleratig
hce using proximity sensors, photoelectric cells or other equivalent means.

upporting the guard under test

carried out with the-guard and/or a sample of the guard material. The guard suppq
to the guard mounting on the machine. For testing guard materials, samples can be us¢

n (i.e. after

barrel or in the barrel beyond suitable pressure relief). The speed needs to be measyred over a

rt shall be
bd, fixed on

a frame with an inner opéning of 450 mm x 450 mm. The frame shall be sufficiently rigid. The mounting of

the sample

C24 Te

In order to

shall be by hon-positive clamping.

5t procedure

evaluate the resistance class of a guard, a projectile has to be shot against a material §

ample and

the impact

1 111 H 41 4 £41 1 pa | i 1 4 41 £ 3lal o
SIIAITUT T LIIT LTI T UL LT SAIIIPIT dIIU 45 PTIHPTITUILUIALD TU LIIT SUl'tdit dsS PpUSSIUIT. T'UL

real machine guards, the impact shall be in the weakest area of the guard.

C.3 Testresults

C.3.1 General

the test on

After the impact, any damage found on the guard or material shall be assessed as indicated in C.3.2 and C.3.3.
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C.3.2 Damages

Damages can be:

buckling/bulging (permanent deformation without crack);

incipient crack (visible only on one surface);

through crack (crack visible from one surface to the other);

penetration (projectile penetrating the test object);

the clamping or fixing of the test object;

a)
b)
9]
d)
e) guard
f) guard
C3.3 As
The test is
types C.3.1
C.4 Test
The testre|
a) the daf
b) thepr
c¢) the mg
the abl
d) thede
e)
f) the dix
g) the tes
h) the Int
i) themse
j) anyde
k)

any unusual features observed.

window loosened from its fixing;

oosened from guard support.

sessment
passed if there is no through crack or penetration of the test object and if.thére is no
e) and f).
report
port shall specify the following minimum information:
e, place of the test and name of the testing institute;
jectile mass, dimensions and speed;

chine manufacturer, type, maximum diameter, maximum spindle speed, mass and din
rasive product, the failure of which shall be repproduced by the impact;

bign, material and dimensions of the test-object;

ection of shock, point of impact ofthe projectile;

t result;

ernational Standard used (including its year of publication);
thod used (if the-standard includes several);

viations fromithe procedure;

damage of

hensions of
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Annex D
(normative)

Clamping methods for abrasive products and safety requirements for

D.1 Gen

tool holding devices

eral

The staten]
on grindin

D.2 Clay
Clamping 1
— by mes
— by mes:
— by mes
— by mea
— by mes:

ents in this annex include safety requirements for devices for the mounting of abrasiy
b machines.

nping methods

hethods are for example:

ins of flanges, see Figures D.7 to D.15;

ins of inserted nuts, see Figures D.13 to D.15;

ins of clamping ring or chucking tool at the outside of the‘abrasive product, see Figure

ins of cementing to a back plate, see Figures D.17 and'D.18;

ins of segments mounted on a clamping fixture, see Figures D.19 and D.20.

D.3 Genferal requirements

The clamp
pressure. ]

— thedes
clampq

he following general requirements shall be fulfilled:

ign of flanges shall guaranteethat the contact areas are perpendicular to the rotationa
ed (except for tapered wheels type 4);

— the clamping force shall be equally distributed all over the clamping area. The contact areas s

and frq

be from burrs; the'concentricity with the rotational axis should be <0,02 mm;

— there {

— thedl

hall alwaysbe‘an undercut at the inner diameter of the clamping area. This undercu

minir:[nm of 1 muifor abrasive products with H > 0,2 D, the minimum shall be 4 mm;

ping'device shall be marked in accordance with D.4.4.

e products

D.16;

ing devices shall transmit the maximum required operating torque at minimun clamping

| axis when

hall be flat

t shall be a

D.4 Des

g of flanges

D.4.1 Clamping forces and tightening torques

The design of the dimensions can successfully be made by finite element modelling (FEM) method or
equivalent methods. As an alternative for the design, D.4.2 gives some guidance that may be used.

D.4.2 Outside clamping diameter, radial width and covering

The specification of the outside diameter Dy of the flanges shall be carried out in compliance with Tables D.1
to D.3 as a function of the abrasive product, type of machine and maximum operating speed. In addition, it
shall be guaranteed that at least 1/6 of the radial width M of the abrasive product (see Figure D.1) is covered
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by the clamping flange (R = 0,17 M). For straight recessed flanges, the annular contact area shall at least
have a width R of 1/6 of the flange diameter (R = 0,17 Dy; see Figure D.2).

For the design of hub flanges (see Figure D.1), see also ISO 666.

Table D.1 — Flange diameters for bonded abrasive products and for superabrasive products with
vitrified core with the exception of cutting-off wheels

H  abrasive p

a See ISO 64

oduct bore

D -H
M radial width of abrasive product ( )

6.

2

Type of machine Abrasive product Maximum operating speed Flange outside diameter
Designation Dimension Bond Vg Dy
mm m/s mm
Stationary grinding Plain wheels, dish H<0,2-D >0,33-D
machines and saucer wheels, all all
cup wheels A>0,2-D SH+2, (0,17 - M)2
Key
D outside difmeter of abrasive product

Table D.2 — Flange diameters for bonded abrasive cutting-off wheels

Type of machine

Abrasive product

Maxim@m operating speed

Flange outsifle diameter

Designation Dimension Bond Vg D}
mm m/s mmn
<63 20,4-D
D <800 B, BE 80; 100 20,2%-D
Stationarly Plain cutting-off wheels 125 >0,33-D
cutting-off ma- <63 >0,24-D
chines D >800 BF
80;100; 125 20,38-D
Depr_essed-centre allp BF <100
cutting-of wheels
Swina f 20,25 D,[at least
wing framne . . H+2- (017 - M)
cutting-off Plain and depressed D <600 BF <80

machinep

centre cutting-off wheels

Thble

D.3 — Flange diameters for superabrasive

cutting-off wheels wit

h metal core

Type of machine

Abrasive product

Maximum operating speed

Flange outsifle diameter

Desighation Dimension Bond Vs Df:
mm m/s mm
G,M <200
Stati D <600 20,18 - D, 4t least 41
ationarly Straight cutting-off B <140
cutting-off heel
machinek wheels 600<D<1500 y e 20,1 - D

D>1500

>0,10 - D, atleast 270
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1 1
Qc
S S -9
2 N
T

Key
1 flexiblg blotters R  clamping width
2 undercpt H abrasive product bore
D  outsidq diameter of the grinding wheel M  radial width of abrasive product
Dy outsidd diameter of the hub flange T  actual size ef'the grinding wheel thickness

NOTE For|more information on the symbols, see [SO 666.

Figure D.1 — Clamping flanges for mounting abrasive products with large bore — H > 0,2D

H
|
|
|
L=<l
Dk
D

r
Key

D  outside diameter of the grinding wheel H  abrasive product bore

Dy outside diameter of the hub flange T  actual size of the grinding wheel thickness

R clamping width
NOTE For more information on the symbols, see ISO 666.

Figure D.2 — Clamping flanges for mounting abrasive products with small bore — H < 0,2D
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D.4.3 Stiffness

D.4.3.1 G

eneral

Flanges shall have sufficient stiffness to ensure a homogenous distribution of the force over the whole
contact area when clamped. A flange is considered to be sufficiently stiff, if its clamping area is parallel to the
underlying surface when the test force F_ is applied (A < 0,005). The test procedure is described in D.4.3.2.
Flanges complying with ISO 666 are considered to have enough stiffness, therefore the measurement of the

stiffness is

not required in this case.

D.4.3.2 Method for measuring stiffness

The applieﬁ—mﬁnﬂﬁﬁﬁmwmmmmmm—mﬁmted by the
manufactulrer and considering the properties of the abrasive product.
The executlion of the measurement is as follows.
a) Place the flange on a measuring table (permissible flatness deviation 0,01/100),'with the c¢ntact area

being in contact with the measuring table.
b) Place fwo dial gauges, one normal to the recess diameter, the other at 1 min’from the outside diameter

for D £ 200 mm or at 2 mm for D > 200 mm.
c¢) Using p plain washer offering a similar contact area to that of thé nut or the multiple screw system

clamping the flange,

— apply the test force F, and

— refluce that force to pre-load value corresponding to(1/10 of the test force and set the dial gauges to 0.
For hub flgnges clamped with a multiple screw system;;the load shall be transmitted to the flange by pins
placed normal to the screws.
d) Note the algebraic value of displacement C;and C,, as indicated by the dial gauges, with F_ bejng the test

force (pee Figure D.3).

G
& :
, /a
—— \/
A [
: a
/
R
Figure D-:3— Testarrangemrent

e) Remove the test force while maintaining the pre-load. The dial gauge pointers should come back to their

original position.
f) Carry out three measurements at 120° from each other.
g) Calculate the ratio:

PO Sl

R
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rking of flanges

For abrasive products with the outside diameter D > 200 mm, the flanges shall bear the following indications,

which shall
— maxim

— maxim

still be visible after mounting the abrasive product:
um outside diameter D of the abrasive product;

um and minimum width T of the abrasive product;

— diameter H of the abrasive product bore.

D.5 Devices for the mounting of abrasive products by means of clamping inserts

D.5.1 Ce

Supporting
contactare

The outsid
of the abra

Collets for
clamping d
of the clan
accordancg

D.5.2 Me

After mounting the collef\in a test spindle, a test shaft, h5, is mounted in the collet (see Figure D.5

The run-ot
for exampl

htral threaded inserts

flanges for the mounting of abrasive products with central threaded inserts sha
as with the abrasive products. The run-out tolerance with the rotational axis,should be

A

|
=:= /
|

\—’IA

Figure D:4'— Cup wheels

the mounting of abrasive products with inserted steel spindle shall bear indicati
iameter and the length of the.spindle within the clamp. They shall ensure sufficient co
\ped spindle. This requigement is considered fulfilled if the permissible run-out to

thod for the determination of the run-out tolerance for collets

t tolerance'of the test shaft is determined at a distance I (test length) from the clampir
e, by meaits of a dial gauge, and compared with the corresponding test value.

with Table D.4 are not €xceeded when using the test procedure described under D.5.7.

1 have flat
<0,02 mm.

e diameter Dy, of the supporting flanges shall be at least 0,33D of the maXimum outside diameter
sive product for the mounting of plain and tapered cup wheels (see Eigure D.4).

bns on the
ncentricity
erances in

).

1g position,

[ 1

———

dhf]

Figure D.5 — Test shaft
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Clamping diameter Testlength Permissible run-out tolerance
mm mlm mm
more than 1,6 to 3 10 0,02
more than 3 to 6 16 0,02
more than 6 to 10 25 0,02
more than 10 to 18 40 0,03

D.5.3 Inserts for abrasive products type 2, 35, 36, 37 and comparable abrasive products

NOTE N

The inserted nut of the abrasive product shall have enough area to touch the steel of the backpla
guidance of the bolt shall be such that no bending or breaking out of inserted nuts take-place. T
ach the bottom of the inserted nut nor reach the abrasive body. There shall@always be
e bolt and the bottom of the nut/abrasive body. See Figure D.6.

shall not rd
between th

a  Theen

Figures D.]

ee EN 12413421,

d of the bolt shall

s
7

a

not reach the bottom of the nut.

Figure D.6 — Correctnut and bolt arrangement

CE=1p

to D.19 show different examples-for-holding abrasive products.

te, and the
he bolt end
h clearance

Figure D.7
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R
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Figure D.9

\

Figure D.10
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D

it

Figure D.11

Key
1 intermediate layers
2 undercut

Figure D.12

Key
1 intermediate layers

Figure D.13
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