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Foreword

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

The
desc

ibed in the ISO/IEC Directives, Part 1. In particular the different approval criteria rie

different types of ISO documents should be noted. This document was drafted in accorda
editdrial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

tenance are
eded for the
hce with the

Attention is drawn to the possibility that some of the elements of this documént may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all such-patent right

5. Details of
ction and/or

nd does not

conformity
e Technical

ichine tools,

AC:2010-04.
e degree of
es.

bntion under
sures, and a

D 13849-1 is

duration of

any patent rights identified during the development of the document will'be in the Introdu

on the ISO list of patent declarations received (see www.iso.org/patents);

Any trade name used in this document is information given for the'€onvenience of users g

constitute an endorsement.

For an explanation on the meaning of ISO specific termis and expressions related to

assegsment, as well as information about ISO’s adherénee to the WTO principles in th

Barrjers to Trade (TBT) see the following URL: Forewdrd - Supplementary information

The |[committee responsible for this document .is* Technical Committee ISO/TC 39, Md

Subcpmmittee SC 10, Safety.

This|first edition of ISO 16089 is an adaptation of European Standard EN 13218:2002+A1

Significant differences between the Eurapean Standard and ISO 16089 are as follows.

a) Introduction of a subdivision .of-grinding machines into three groups, based on th
jqutomation. Specific safety measures for safe design for each group of grinding machin

b) Introduction of the Mode of safe operation 3 (optional special mode for manual interv
festricted operating conditions) with a separate selection device and specific safety meg
new informative Anmnex providing examples.

c) Instead of the categories of EN 954-1, the required performance level according to IS
defined for«elevant safety functions.

d) The deerease in the impact resistance of unprotected polycarbonate depending on thd
i1se,is'shown in the form of an aging curve in Annex A.

e)

f) Examples for the integration of extraction and fire extinguishing systems when using flammable
metalworking fluids are given in the new Annex L.

g) Example for rotational speed limit monitoring of the wheel spindle given in the new Annex K.
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Introduction

In order to take technological progress into account, it was decided to revise EN 13218 for this purpose.
Due to the worldwide use of these machines, an agreement was made by CEN/TC 143 and ISO/TC 39/SC
10. According to the Vienna Agreement, this revision was carried out as [SO 16089.

A decisive aspect for the preparation of this standard was the consideration of foreseeable misuse, e.g.
by means of manipulation of protective devices.

Safety measures for grlndlng machlnes are, 1n particular, characterlzed by guards with mterlockmg
and guard lack < :
of grinding peratlons guards can be regarded as dlsturblng by the operator because they obs ruct
process mohitoring. Then, by means of manipulation of the interlocking devices, automatic mode
without guard can occur with dramatically increased hazards for the operator. To reduce the inceptive
for manipulation, the possibility of using a special mode (MSO 3) was provided in the gperating mode
concept for grinding machines such as in the preceding standard EN 13218. This implies the same strong
safety meadqures as for the operating mode setting. These restrictions offer a significant motivation
for switching back into automatic mode where higher speeds and feed rates are)available for a more
profitable production. Comparisons of risks show that the provision of a specialbmode presents a nuch
lower risk than a manipulated automatic mode.

At the time|this International Standard was developed, it was already\foreseen that the informption
given in A.3|2 on the wall thickness of abrasive product guards and it/AZ3.5 on the work zone enclgsure
will probably be modified by an Amendment to this International-Standard, depending on the resplt of
further scientific research.
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INTERNATIONAL STANDARD

ISO 16089:2015(E)

Machine tools — Safety — Stationary grinding machines

1 Scope

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

to sh

ape metal by grinding:

Grou
num

Groy
cont]

Groy
NOTH

NOTH
mac
grou

This
devi
to th

This
line
work

This
whid
the i

The {
riskg

Whe
Inter
on h
Stan

This

brical control.

p 2: Manually controlled grinding machines with power operated axes afd limited
rolled capability, if applicable.

p 3: Numerically controlled grinding machines.
1  For detailed information on the groups of grinding machines, see the definitions in 3.1 a

2 Requirements in this International Standard are, in genefal, applicable to all group

l‘;l)ines. If requirements are applicable to some special group(s))of/grinding machines only, the

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

International Standard covers the significant hazards listed in Clause 4 and applies
es (e.g. for workpieces, tools, and workpiece holding devices, handling devices), which
e machine.

[nternational Standard also applies to machines which are integrated into an automati
br grinding cell inasmuch as the hazards and risks arising are comparable to those
ing separately.

International Standard also includes in Clause 7 a minimum list of safety-relevant
h the manufacturer has to provide to the user. See also ISO 12100:2010, Figure 2, whid
hteraction of manufacturér’s‘and user’s responsibility for the operational safety.

1ser’s responsibility toyidentify specific hazards (e.g. fire and explosion) and reduce th
can be critical (e.g-whether the central extraction system is working correctly).

e additional . metalworking processes (e.g. milling, turning, laser processing) are in
national Standard can be taken as a basis for safety requirements. For specific
pzards arising from other metalworking processes, which are covered by other I
lards, see the Bibliography.

International Standard applies to machines that are manufactured after the date of

Ip 1: Manually controlled grinding machines without power operated axes alnd without

numerically

nd 3.4.
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n the special
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are integral

c production
of machines
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issue of this

Inter

T 1 Q4 1 1
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This International Standard does not apply to stationary honing, polishing, and belt grinding machines
and not to transportable motor-operated electric tools in accordance with IEC 61029-2-4 and
IEC 61029-2-10.

2 Normative references

The following documents, in whole or in part, are normatively referenced in this document and are
indispensable for its application. 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

2015 - All rights reserved
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[SO 2553, Welding and allied processes — Symbolic representation on drawings — Welded joints

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

ISO 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
components

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

ISO 5817, Welding — Fusion-welded joints in steel, nickel, titanium and their alloys (beam~wédlding
excluded) — Quality levels for imperfections

ISO 9355-1,|Ergonomic requirements for the design of displays and control actuators =<)Bdrt 1: Human
interactions|with displays and control actuators

[SO 9355-2, [Ergonomic requirements for the design of displays and control actuatotsy— Part 2: Displdys

ISO 9355-3,|Ergonomic requirements for the design of displays and control dctuators — Part 3: Cgntrol
actuators

IS0 9606-1, Qualification testing of welders — Fusion welding — Part > Steels

ISO 9606-2,|Qualification test of welders — Fusion welding — Part2>Aluminium and aluminium alloy)]

A

ISO 10218-1{2006, Robots for industrial environments — Safety. requirements — Part 1: Robots
ISO 11161, Safety of machinery — Integrated manufacturing systems — Basic requirements
[SO 12100:2010, Safety of machinery — General prindiples for design — Risk assessment and risk reduction

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

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

ISO 13856-3, Safety of machinery —"Pressure-sensitive protective devices — Part 2: General principles for
design and tgsting of pressure-sensitive edges and pressure-sensitive bars

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

ISO 14118:2P00, Saféty)of machinery — Prevention of unexpected start-up

ISO 14119:19984.Sdfety of machinery — Interlocking devices associated with guards — Principles for design
and selection

ISO 14120:2002, 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 of access between two levels

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

ISO 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
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https://standardsiso.com/api/?name=f65ed60c72864b79515d14306690ce61

ISO 16089:2015(E)

[SO 15607, Specification and qualification of welding procedures for metallic materials — General rules
[SO 19719, Machine tools — Work holding chucks — Vocabulary

IEC 60204-1:2009, Safety of machinery — Electrical equipment of machines — Part 1: General requirements
IEC 60825-1, Safety of laser products — Part 1: Equipment classification and requirements

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

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

IEC §1800-5-2, Adjustable speed electrical power drive systems — Part 5-2: Safety requirementd - Functional

IEC 162061, Safety of machinery — Functional safety of safety-related electrical, eldctronic and
programmable electronic control systems

EN 1127-1, Explosive atmospheres — Explosion prevention and protection — Part 1: Balsic concepts
and inethodology

3 Terms and definitions

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

3.1 | General terms

3.1.1
grinding machine
machine tool intended to machine workpiéces by means of rotating grinding tools

Note [l to entry: The machine can combihe/different types of grinding methods, e.g. external cylindrical grinding
and ipternal cylindrical grinding.

3.1.11
stationary grinding machine
grinding machine (3.1.1)Aixed in position during operation

Note |l to entry: For types and groups of stationary grinding machines, see 3.4.

Note |2 to entry: Innthe following text of this International Standard, the term “grinding machines” will stand for
“stationary grinding machines”.

3.1.2

manuahcontrol
contrtl_h—h—rf'fh—h—dﬁ_n_t_ﬁi_d_rhﬂ'b_t‘h_o Where each movement of the machine 15 individually initiated and controiled by the operator
3.1.3

manually controlled grinding machine
grinding machine (3.1.1) for which all process steps for the machining are controlled or started by an
operator without support by an NC-machining program

3.1.4

numerical control

NC

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

[SOURCE: ISO 2806:1994, 2.1.1]

© IS0 2015 - All rights reserved 3
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computerized numerical control

CNC

realization of NC (3.1.4) using a computer to control the machine functions

[SOURCE: ISO 2806:1994, 2.1.2]

3.1.6

numerically controlled grinding machine

NC grinding

machine

grinding machine that operates under numerical control (3.1.4) or computerized numerical control (3.1.5)

3.1.7
power opel
axis which i
3.1.8

abrasive pr
grinding to
rotary cutti
grains and H

Note 1 to e
EN 12413 a

3.19
dressing to,
fixed or rotd

geometry (tr

3.1.10
work zone
space wherg

3.1.11
access to th
entering or
(whole body

3.1.12
operationa
stop of the 1

Note 1 to ent
rotation, pos

I

3.1.13

8

ated axis

operated by a force other than muscular or gravity force

oduct

ol

hg tool of varied shapes with geometrically unspecified cutting edges made from abr
ond

ry: There is a distinction between bonded abrasive products-~and superabrasive product;
EN 13236).

jol
ry tool for the generation or reproduction of the;grinding capacity (sharpening) and/d

uing) of abrasive products

cutting is to take place

e hazard zone
reaching the hazard zone€ejther with individual parts of the body or with the whole

access)

stop

nachine movements in the production process

y: Contr@l functions between control system and machine drives are maintained (torque, sp4

tion).

hsive

(see

r the

body

ed of

safe operati

B s
vlldal DLUP

operational stop with additional control system measures preventing dangerous machine movements
due to control system faults

3.1.14
safe stop

stop by removal of the power to the machine actuators, preventing dangerous machine movements due
to control system faults

© ISO 2015 - All rights reserved
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3.1.15
performance level

PL

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

[SOU

RCE: ISO 13849-1:2006, 3.1.23, modified]

3.1.16
required performance level

PL,
perfg

[SOU

3.2

3.2.1
visid
wind
of th

3.2.7
tran
screg
piecd

3.2.3
chud

clamping device in which workpieces are clamped either by manual force or with the aid o

hydr

Note

Note

function

1 1P Lada A | 4 Ll H A aaal < iy £ 1. £oi
I'IIIariCe ICTVvLTI \_l LA_} ayyucu III'UIUTIT tU TCacll tIIT 1 C\.iull CUTIONTCTUULLIVUIT 1IUI Tadulll 5dITCU

RCE: ISO 13489-1:2006, 3.1.24, modified]

Parts of grinding machines

n panel
ow provided in a guard through which the operator can view the'work zone (3.1.10) oy
e machine

sparent screen
n used on the machines for the protection of the face'and the eyes of the operator]
s of debris and grinding sparks

k

hulic, electric energy, or mechanically stored energy (e.g. preloaded springs)

1 to entry: See Figure 1.

other areas

from small

[ pneumatic,

Figure 1 — Chuck

2 to entry: The chuck with 3 jaws is only an example; a chuck can have 2, 3, 4, 6, etc. jaws.

[SOURCE: ISO 16156:2004, 3.1, 3.2, and 3.3, modified]
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3.2.4
collet
chuck with

:2015(E)

multiple clamping

elements for the internal or external clamping of workpieces

[SOURCE: IS
3.2.5

0 19719:2010, 1.5]

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

input to the

3.2.6
abrasive pr
guard whi

numerical control (3.1.4) during its rotation

oduct guard
encloses the abrasive product exposing only the part necessary for grinding and wh

c
designed ar}]ld constructed in such a way that it retains fragments in the guarded areasin'the evg

breakage of

3.2.7

work zone

guard for g
product, pa
access to th{

3.2.8
tool holdinj
device inten|

3.3 Modqg

3.3.1

MSO 0
manual mo
mode with 11
without the

Note 1 to entrj

3.3.2
MSO 1

the abrasive product

enclosure

Finding machines, which is so designed that any ejected objeet (e.g. fragments abr
't of machine, material, working fluid) are retained in the work zone (enclosed) and
e dangerous movement is prevented

b device
ded to secure and position the abrasive product.otithe wheel spindle

s of safe operation (MSO)

(de
o automatic machine operation, where the operator has control over the machining pr
use of pre-programmed operations

y: This can be controlled by the use of push buttons, mechanical or electronic hand wheels, or joy

automatic mode

operation m
manual or a

3.3.3
MSO 2

ode for theautomatic, programmed, sequential operation of the machine, with the facili

chis
nt of

hsive
that

pCESS

ticks.

'y for

itomatieJoading/unloading of workpiece and tools, until stopped by program or operator

setting mo

T

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

operator

Note 1 to entry: Checking of grinding tool or workpiece position (e.g. by touching the workpiece with a probe or

the grinding t

3.34
MSO 3
optional sp

ool) are procedures of the setting mode. Adjustment includes machine setup operations.

ecial mode for manual intervention under restricted operating conditions mode

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

EXAMPLE

6

Programmed movements can be continued automatically, e.g by a program or the operator with
movable guards open to access the work area.

© ISO 2015 - All rights reserved
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MSO service

mode for service and maintenance tasks

ISO 16089:2015(E)

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

EXAMPLE

Axis calibration by e.g. laser, ballbar testing, and/or spindle error analysis.

3.4 Types and groups of grinding machines defined in this International Standard

3.4.1 General

Grinling machines are subdivided into different groups with regard to the relevant-}
into different types with regard to the grinding process. For examples for differentytypes

machines, see Table 1.

Table 1 — Types of grinding machines

1azards and
of grinding

Ng. (scheme)

Type of machine

Designation

Grinding method

11 - :E

en: Bench or pedestal grind:
ing machine

fr: Touret pour établi ou sur

Peripheral grinding

Grinding at the peripher
abrasive products. The ¥

y of the
vorkpiece is

avec machine suspendue

— socle guided by hand.
de: Tisch- oder.Stdnder-
schleifmaschine
{__ E| en: Pedestal grinding ma- Side grinding
12 chine Grinding at the side of tHe abrasive
‘ fry Lapidaire products. The workpiec¢ is guided
de: Stdnderschleifmaschine by hand.
en: Cutting-off machine Cutting-off
fr: Trongonneuse Grinding for the generatidn of cuts. The
. . workpiece is fixed, the cutfing-off wheel
de: Trennschleifmaschine ; ; :

1.3 is mechanically guided (1nanual feed).
en: Swing frame grinding Peripheral grinding, ciitting-off
machine High pressure grinding at the periphery

1.4 fr: Meulage et tronconnage |oftheabrasive products. The workpiece

is firmly attached or sta

bilized by its

de: Pendelschleifmaschine

own weight. The grinding machine is
suspended and guided by hand.

en: Cutting-off machine
fr: Trongonneuse

de: Trennschleifmaschine

Cutting-off

Grinding for the generation of slots or
cuts. The workpiece is guided by hand.
The cutting-off wheel is mechanically

guided.

© ISO 2015 - All rights reserved
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Table 1 (continued)

No. Typfsglflznn?gl e Designation Grinding method
en: Tool grinding machine Peripheral and side grinding
fr: Affateuse Grinding for the generation or repro-
16 . duction of cutting faces. Workpiece
de: Werkzeugschleif- . :
) and abrasive product are mechanically
maschine X
guided.
en: External cylindrical External cylindrical grinding
agrindinamachine
© ° Grinding for the generation of exter-
17 fr: Rectifieuse cylindrique nal surfaces at a rotating workfjiece.
) extérieure Workpiece and abrasive produdt are
de: Aufienrundschleif- mechanically guided
maschine
en: Centreless external cylin-|Centreless extérnal cylindricdl
drical grinding machine grinding
fr: Rectifieuse cylindrique Grinding forthe generation of
sans centre external faces at a rotating work-
1.8 . piece. The workpiece is mechanically
de: Spitzenlose Aufdenrund- : T . .
. . gliided in its position to the abrdsive
schleifmaschine
product by a control wheel and fests
on a guiderail between the two
wheels
en: Internal cylindrieal Internal cylindrical grinding
B [ grinding machine Grinding for the generation of intgrnal
19 —— fr: Rectifieuse cylindrique |facesatarotatingworkpiece. Workipiece
' intérieure and abrasive product are mechanjcally
. guided.
de: Innenrundschleif-
maschihe
enr Surface grinding ma- Surface grinding — Peripheral
chine, reciprocating or rotary |grinding
table, horizontal spindle Grinding for the generation of plane
l-\ % /-l fr: Rectifieuse plane a surfaces, where the workpiece i
1.10 — —— table a déplacement rectiligne |attached to a table. Workpiece apd
) ou rotative- broche horizon- |abrasive product are mechanically
tale guided.
de: Planschleifmaschine,
Rechteck- oder Rundtisch,
waagerechte Spindel
en: Surface grinding ma- Surface grinding — Side grindling
chine, reciprocating orrotary | . .. 4.0 p ool e ne
' table, vertical spindle o Ip R o e e
m surfaces where the workpiece is
N ¢ 1 ] fr: Rectifieuse plane a attached to a table. Workpiece and
1.11 — ] — table a déplacement rectiligne |abrasive product are mechanically
ou rotative - broche verticale |guided.
de: Planschleifmaschine,
Rechteck- oder Rundtisch,
senkrechte Spindel
8 © IS0 2015 - All rights reserved
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Table 1 (continued)
No. Type of machine Designation Grinding method
(scheme)
en: Surface grinding ma- Surface grinding — side grinding
chine, double spindle, hori- 1. .
— : Grinding of plane parallel opposite
- zontal or vertical . :
H | il faces. Workpiece and abrasive prod-
TTU 1 mli fr: Rectifieuse plane a deux |uctare mechanically guided.
I 1 broches horizontales ou
1.12 .
verticals
de: Dovpelspindel
e D Opp eTpTITeeT
Planschleifmaschine, waa-
gerechte oder senkrechte
Spindel
en: Cutting-off machine Cutting-off
fr: Trongonneuse Grinding forthe generatjon of slots or
1.13 de: Trennschleifmaschine cuts, Workp-lece and .abrz sive product
aresmechanically guided.
en: High pressure grinding" |Surface grinding
machine High pressure grinding for the
5 fr: Machine pour meulage a |generation of plane surfaces where
1.14 haute pression the workpiece is attached to a table.
de: Hochdrukschleif- Workple_ce and a_braswe product are
. mechanically guided.
maschine
3.4.2 Group 1: manually controlled grinding machine without power operated axes pnd
without numerical control
Gringling machine without power-operated axes with the exception of the wheel spindle and individual
axes [for rough positioning. Al'\movements are initiated and controlled by the operator, onelat a time.
This|group of grinding machines can be equipped with the following features:

|

echanical facilities for mechanical feed;

anual workpiece or tool guiding for processing;

— ¢lectronicfacilities for constant surface speed (CSS);

—

opying attachments (e.g. radius grinder, template);

— measuring equipment for workpiece outline (e.g. microscope);

— indexing equipment (partial device);

— power controlled rough positioning of individual axes.

Grinding machines of this group have no limited nor fully numeric control system (NC).
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3.4.3 Gro
applicable,

Grinding m4
or as a mach

The feed md
power oper3

This group ¢f grinding machines,can be equipped with the following features:

a) allofth
b) alimite
1) MS

2) axif

0000

/

M
N\
P ——
[
\
\=

%

with limited numerically controlled capability

ted.

e features of group1;
d numeric centrol system (NC) providing:
D 0 exclusively;

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

Figure 2 — Example of a group 1 grinding machine

up 2: manually controlled grinding machinie with power operated axes and, if

chine with power operated axes that:ean be operated by the use of electronic handwheels
ine with limited NC control by operating controls on NC panel.

vement between grinding toel and workpiece is carried out manually by physical force or

However, th

e following features are not provided:

— automatic program start;

— automatically initiated tool change system;

— automatic workpiece change system.

10
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Figure 3 — Example of a group 2 grinding machine

3.4.4 Group 3: numerically controlled grinding machine

Grinling machine with numerical contr@l)(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;

b) automatic workpiece(change systems;

c) Jutomatic tool magazine, tool transfer, and tool changing systems;

d) aqutomatic tailstock quill advance or retreat;

e) 4Jutomatictruing devices;

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

g) additional ancillary handling devices.

© IS0 2015 - All rights reserved 11
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Figure 4 — Example 1 of a group 3 grinding machine
Figure 5 — Example 2 of a group 3 grinding machine

iy
)

3.5 Speeds and axes speed

3.5.1

maximum operating speed

maximum permissible speed specified by the manufacturer of the abrasive product

© ISO 2015 - All rights reserved
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3.5.2
maximum permissible speed
maximum permissible speed set as a machine parameter by the machine manufacturer

3.5.3
maximum possible speed
highest possible speed which occurs in case of failure

3.54
reduced speed
speed which is limited for safety related purposes by the machine manufacturer to a maximum

3 ilal 1
perngssiore-varte

3.5.5
rotational speed
speefl of an abrasive product calculated by the formula

vx1000x60
n=——
Dxm

whertte
n isthe rotational speed in rotations per minute;
Vv isthe peripheral speed in metres per second;

D isthe outside diameter of the abrasive produetin millimetres.

3.5.4
peripheral speed
speefl of an abrasive product calculated by the formula

Dxmxn

17 60x 1000
whertte
n  isthe rotational speed in rotations per minute;
Vv is the peripheral speed in metres per second;

D is the outSide diameter of the abrasive product in millimetres.

4 Listofsignificant hazards

4.1 General

The manufacturer of the grinding machine shall conducta 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, Clauses 4 and 5.4, for
grinding machines covered by the Scope of this International Standard. The safety requirements and/or
protective measures in Clauses 5 and 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 well as unexpected start-up.
Risks to both the operator(s) and other person(s) who can have access to the hazard zones are identified,
taking into account hazards which can occur under various conditions (e.g. commissioning, set-up,
production, maintenance, repair, and decommissioning) during the life of the machine. The assessment
includes an analysis of the effect of failure in the control system.
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In addition, the user of this International Standard (i.e. the designer, manufacturer and supplier)
shall confirm through a risk assessment that the risk assessment is complete for the machine under
consideration with particular attention to

a)

the intended use of the machine including maintenance, setting and cleaning and its reasonably
foreseeable misuse (see ISO 12100:2010, 3.23 and 3.24), and

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

4.2
The

a)

b)
‘)
d)
e)
4.3
The

the (sub)claf

Main hazard zones

main hgzard zomnes are tite fottowing:

work z
holding

handling devices for workpiece loading/unloading;

interna
gear box;

cam melchanisms.

Significant hazards and hazardous situations covered by this International Stan

significant hazards covered by this International Standar@jare listed in Table 2. The number
i1ses in the table refers to the numbering in ISO 12100:2010, Table B.1.

and external tool magazines and tool changers;

Table 2 — List of significant hazards and hazardous situations

bnes with moving axis(es) and wheel spindle(s) including truing spindle(s), @ork
device, work holding spindle(s), rest(s), tailstock, workpiece(s);

biece

tard
ing of

Relevant
Examples for hazardous (sub)clause in
No.a Causes for hazards and situations.and Possible this 0
’ hazardous situations hazard zones at grinding consequences .
. Internatignal
machines
Standard
1 Mechanical hazards
Manual activities in the area between | CTushing 51.2
abrasive product and parts of the Shearing -
grinding machine, particularly the . 5.2
work rest or between abrasive prod- |Drawing-in 512
uct and workpiece Trapping —
Crushing
Approximation-of a moving part |Feed movement of the abrasive prod- . 5.1.2
1.1 . Shearing
to a fixedpart uct to the workpiece 52
Ejected parts
Manual activity in the vicinity of the E 2.1.2
. . ntanglement
abrasive product or the spindle 52
Crushing
Clamping of tools and workpieces
Shearing
Activity in the area of travelling axes,
moving machine parts, and in the
area of automatic loading devices Impact 5.1.2
during machining, setting, mainte-
. nance, and repair. Entanglement 5.2
1.2 Moving parts o
Reciprocating movement of the work- | Drawing-in 5.9
piece table. Trapping 512
Activities in the area of working
platforms
14 © IS0 2015 - All rights reserved
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Relevant
Examples for hazardous (sub)clause in
No.a Causes for hazards and situations and Possible this
' hazardous situations hazard zones at grinding consequences International
machines Standard
o 51.2
Friction
Unintended contact with the rotating | Abrasion 22
1.3 Rotating parts abrasive product during loading and o 59
unloading and/or measuring Drawing-in 1
[rappin .
pping sh2
Cutting
Pointed and cutting parts Unintended contact with sharp Puncture 5412
1.4 workpiece edges during loading and o
Sharp edges unloading and/or measuring Friction
Abrasion
511.2
Ejection or falling down of materi- 52
al parts and chips during start-up, .
setting, grinding operation, changé¢ |Crushing 2P
of abrasive product, maintenanee, or Shearing 500
decommissioning
1.5 Falling or ejected objects ) ) Impact 5112
Workpiece falling down;
. Penetration 503
Rupture of abrasive product;
. ) Puncture 7.2
Machine parts ejected after rupture
at or in the vicinity of the machine 7p.3
7p.5
Falling movable machine elements
during setting, e.g. during abrasive | Crushing 5.2
product or workpiece change due to
1.6 Gravity gravity. Shearing 52
Activities in the area of working plat- |Impact Sz
forms or at pits
At hydraulic components when . .
/ . AP Penetration or impact of 5h.2
. staying at or in the vicinity of the ma- . —
1.7 High pressure . . Lo .~ |media under pressure
chine, particularly during installation |. . 5P
L . into the skin/eyes a
and commissioning of the machine
Falling or tipping of a non-fixed
. machine or of machine parts when Impact sS4
1.8 Stability . . L
staying at or in the vicinity of the Crushing 70.10
machine
Activities in the floor and step area at
and around the machine and work in
a height due to
— ejection or spillage of metalwork- |
ing fluid, lubricants, or hydraulic Slipping 512
1.9 Rough, slippery surface fluid; Tipping 5.2
— residues contained in ejected Falling 5.15
fluids;
— insufficient railing or other
containing devices, particularly at
points, where there is a risk of falling.
2 Electrical hazards
2.1 Live parts Contact with live parts Electric shock 5.3
Parts which have become live Contact with parts which have be- .
2.2 under fault conditions come live under fault conditions Electric contact 53

© ISO 2015 - All rights reserved
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Table 2 (continued)

Relevant
Examples for hazardous (sub)clause in
No.a Causes for hazards and situations and Possible this
’ hazardous situations hazard zones at grinding consequences .
. International
machines
Standard
3 Thermal hazards
Objects or materials with high E]ectl(_)n qf hot}g};rmdmg_ sparks c_lur-h 5.1.2
temperature ing grinding when staying at or in the |Burns
vicinity of the machine 5.2
4 Nois¢-hazards
Aerodynamic noise due to
— the rotating abrasive product; Permanent hearing loss
i 4
— vibration of abrasive product Slte}éilr“ig:ee;% }Igezcahrazirllcal, 54
Many facturing process and and/or workpiece during grinding; as a consequence of 7.2.6
movihg parts — drive and transmission elements; |a disturbed voice Annex F
i blast for cleaning: communication or an A G
— airblastior cleaning; interferencéof acoustic | AMMEX
when staying at or in the vicinity of  |signals
the machine.
5 Vibration hazards
Transmissions of vibrations from Discomfort 55
Vibrafting parts the grm_dlng process on the (_)perator Neurological disease '
at machines for manually guided 727
grinding Joint damages
6 Radijtion hazards
. During activities at ele¢tric equip- Influence on active im-
Low gnd high frequency electro- . A -
6.1 - o ment, particularly during setting or |plants e.g. pacemakers, |5.6
magnetic radiation . o
maintenance defibrillators
Opticpl radiation (infrared, vis- |During actiyities at measuring devic- | Byrning
6.2 ible and ultraviolet), including | es and measuring lasers, particularly 5.6
laserjradiation during settihg or maintenance Eye damage
7 Matefial/substances hazards
Biological and Contact with metalworking fluids
contaminated with bacteria
7.1 micrgbiological Infection 571
when staying at or in the vicinity of
(viral or bacterial) agent the machine
Skin contact with metalworking
fluids 5.71
7.2 Liquifd Skin damage
when staying at or in the vicinity of 5.7.2
the machine
Inhalation and intake of substances
used or generated during machining. |Byreathinga difficulties 571
7.3 Vapours e.g. by metalworking fluids when o
staying at or in the vicinity of the Poisoning 5.7.2
machine
7
Fire and explosion hazards 57
5.7.3
a) during machining of flammable .
. . . .2 . Burns due to fire and
7.4 Fire hazardous material material, e.g. aluminium, magnesium . Annex H
explosion
b) during use of flammable material, Annex |
e.g. oil containing metalworking fluid
J J W gfiu Annex]
8 Ergonomic hazards
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No.a

Causes for hazards and
hazardous situations

Examples for hazardous
situations and

hazard zones at grinding
machines

Possible
consequences

Relevant

(sub)clause in

this

International

Standard

8.1

Design or location of indicators
and optical displays

Misjudgment of the indicated infor-
mation

at operator’s position

8.2

Design, location or identification

Faulty operation of the machine

Other (e.g. mechanical,
electrical) hazards as a
consequence of human
error

5.8

[

oI control devices

at operator’s position

8.3

Effort

8.4

Body posture

8.5

Repeated activities

At control devices and during han-
dling

Inadequate consideration of hand/
arm or foot/leg anatomy during
workpiece or tool change

Fatigue

[
(3

Disturbance of the mas-
culoskeletal system

o9]

Fatigue

[l
(€3

8.6

Visibility, local lighting

Affection of the accuracy and the
judgment ability of/for manual activ-
ities during handling and alignment
of the workpiece and the abrasive
product

during loading/unloading, setting;
abrasive product change, andumain-
tenance

atloading/unloading and changing
points of the abrasive products

Fatigue

Other (e.g. mechanical,
electrical) hazards as a
consequence of human
error

[©e)

Hazards related to the environment in which the'machine is used

Human error

Reasonably foreseeable misuse,

Incorrect operation of the machine
(manipulations)

Inappropriate handling and setting
of the workpiece and the abrasive
product

Insufficient design of the workplace
and/or machining process

Inadequate consideration of hand/
arm or foot/leg anatomy

Incorrect installation

All hazards listed above

N o
SIS
= o

N
T~
i
—

10

Combination of hazards

© ISO 2015 - All rights reserved
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Table 2 (continued)

Relevant
Examples for hazardous (sub)clause in
No.a Causes for hazards and situations and Possible this
’ hazardous situations hazard zones at grinding consequences .
. International
machines
Standard
Fall or ejection of moving machine
parts or a mounted workpiece or tool 59
10.1  |Failure of power supply or their fragments o
Failure of stop control for moving Crushing 511
parts . )
OIICdI lllg
Uncontrolled movements (including 59
10.2 Restdration of energy supply speed variation) Impact 2
' afterpn interruption Cutti 500
Unintended/unexpected start-up utting :
Falling or ejection of moving machine | Cutting-off
parts or a mounted workpiece or tool Drawing-in
Failure of stop control for moving Trapping
parts
. . Penetration 59
Uncontrolled movements (including 2.2
10.3  |Failufe of control system speed variation) Puncturg 5.10
Unintended/unexpected start-up Friction 12
Other hazardous events due to failure [ Abrasion
or poor design of the control system
Variation of speed of tools (during
setting)

a Table 2 con
the clausesin

ains the hazards specific to grinding machines from Table B.1 in ISO 12100:2010, Annex B. The number
this column also refer to that table.

5 of

5 Safety
5.1 Gene

5.1.1 Gen
Grinding m4
which are n
with the pri

For guidang
measures, s

The designd

requirements and/or measures
ral requirements

eral

chines shall compl§zwith the safety requirements and/or measures of Clause 5. For haz
pt dealt with in €hjs International Standard, the machines shall be designed in accord
hciples of 1SO<12100:2010, Clause 4 and 6.1.

e in conmecdtion with risk reduction by design, see ISO 12100:2010, 6.2; for safeguai
pe [SO42100:2010, 6.3.

r¢shall take into account hazards which can occur during the life of the machine to

ards
ance

rding

both

d

athor navcnnec vha haowvun acnnce +0 +hn hagard S afe) £oy ~ndibia e AF b A

operator a

O OTthCT pPCToUTts vv U frav C-actlos to— it aZar O ZOTIC(S) 19T COTTOTTIOTIS OT et Trac

use,

including reasonably foreseeable misuse of the machine (see ISO 12100:2010, 3.23 and 3.24). The
hazards for both machining operation and/or operations requiring intervention by the operator and/or
other persons (e.g. setting, cleaning, maintenance and repair) shall be considered. An analysis of the
failure of machine components, including failure in the control system(s), is part of the risk assessment
and guidance on this subject is given in ISO 13849-1. Therefore, reliability requirements for safety
functions are defined as performance level (PL), in accordance with ISO 13849-1 (see 5.12 b)).

All requirements and/or protective measures given in Clause 5 apply to all groups of grinding machines,

unless speci

18

fically referenced.
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5.1.2 Requirements 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.

5.1.2.2  Pgsition and cnfnfy

The tequirements are the following:

a) Height and position: where guards are floor-mounted (e.g. perimeter fencing), they shall be fixed
gecurely and have a minimum height of 1,4 m. The distance from the hazard zonqg shall be in
dccordance with ISO 13857:2008, Table 2. Any opening between the bettom of the gyard and the
floor shall not exceed 180 mm.

b) For the guarding of drives, access to mechanical power transmission drives (e.g.| chains and
gprockets, gears, leadscrews, feedscrews and ballscrews etc))shall be prevented, ¢.g. by fixed
guards or by design, so that the hazardous zone is not accessible.

If access to these parts is required during normal operation of the machine, interlocked movable
guards shall be provided (see c)).

NOTE Interlocked movable guards are not alwayshécessary for group 1 and group 2 macHines.
c) Interlocking of guards

1) movable guards shall be interlocked with or without guard locking in accofdance with
ISO 14119 in order to prevent-access to hazardous machine movements. The |selection of
interlocking devices shall be inaécordance with ISO 14119:1998, Clause 7;

2) a failure in the interlogking device, i.e. function and/or arrangements, shall|result in a
category 1 stop of the miachine in accordance with [EC 60204-1:2009, 9.2.2;

3) for requirements concerning safety functions of interlocking devices associated wjith movable
guards, see 5.12-b)}1).

5.2 | Specific requirements resulting from mechanical hazards identified in Taple 2, Nos.
1.1{1.4,1.6 and 1.7

5.2.1 Groeup 1 machines, manually controlled grinding machines without power operated axes
and without numerical control

Requirements are the following:

a) The machines shall be provided with means of preventing unintended contact with the abrasive
product. The complete abrasive product shall 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.

b) In case of power controlled rough positioning, the speed of axes shall be 2 m/min. at maximum.
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)).
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c) For loading and unloading or measuring, additional equipment or precautions shall be provided
or taken to prevent contact with the rotating abrasive product, except for machines, where the
workpiece is guided by hand. These may include one or more of the following:

1) stopping the rotation of the abrasive product;
2) providing safeguards;

3) positioning the abrasive product so that it cannot be reached by the operator (respect of safety
distances, at least 200 mm between abrasive product and workpiece).

NOTE Deviation from ISO 13857 due to small work zone.

d) Cuttingioff machines for mechanically guided cutting-off in accordance with Table 1, No.r.3/|shall
be provlided with measures to ensure that the cutting-off wheel moves automatically\back to its
initial gosition after use. It shall remain in that position and be automatically guardéd agpinst
contactfuntil the cutting-off wheel has stopped.

e) Swing frame grinding and swing frame cutting-off machines in accordance with Table 1, N¢. 1.4
shall be[equipped with an adjustable counterbalance weight so that the grinding head moves gway
from the workpiece after release of the handles.

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

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

2
1 {5/
‘ 3
N
-'\- L
5 i\
NN
4850
Key
1 motor
2 suspension
3  guard
4  swivelling axis
5 grinding wheel

Figure 6 — Swing frame grinding machine
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notor
quspension
dguard
qwivelling axis
dutting-off wheel

Figure 7 — Swing frame cutting-off machine

Bench and pedestal grinding machines in aecordance with Table 1, Nos. 1.1 and 1.2 shall
yith a transparent screen for the protéction of the face and especially the eyes of t
dgainst small grinding particles and grinding sparks.

¢rack in the case of impact load, e.g. during handling of workpieces, and that the surf3
¢aused by ejected abrasive grit and grinding sparks is minimised. Polycarbonate is an
3 suitable screen material,

¢an only view thégrinding operation through the screen. The screen shall not impede
lholding of theworkpieces.

The minimuim dimensions of screens are given in A.3.4.

At Graup 1 grinding machines, unintended start-up of the wheel spindle and, if applica

be provided
he operator

The screens shall have sufficientfesistance to impact and abrasion so that they do not break or

ice abrasion
example for

The screen shall be adjustable and of sufficient size so that the operator in normal working positions

guiding and

ble, the axis

1|or rough positioning shall be prevented in accordance with ISO 14118:2000, Clause 6.

The wheel spindle may be operated if an abrasive product guard in accordance with 5.13.2.1 is

provided and the peripheral speed of the abrasive product is limited to values v <

50m/s. For

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

shall only be initiated manually by a control device (e.g. a start button) provided for t
(see 5.12 b) 14)).

© ISO 2015 - All rights reserved
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5.2.2 Group 2 machines, manually controlled grinding machines with power operated axes
and, if applicable, with limited numerically controlled capability

Requirements are the following:

a)

b)

f)

g)

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.
Access :'into the work zone

Group 2

be equipped with fixed and/or movable guards at the rear and the sides of the work Zone preve

access t
the wor

Reachirn
workpig

Shearinjg and crushing points outside the work zone, e.g. between réciprocating table and statig

machin
machin

precaut]
These

1) stoj
2) pro

3) pos
disf

NOTE

Mode of safe operation

Only M

speed of the recipro¢ating movement longitudinal to the table may be 25 m/min at maximy

surface

Hazard

prevented,-e:g. by automatic disengagement or by using plain solid (no spokes) handwheels

For miIual interventions, such as loading and unloadingéér measuring, additional equipme]

grinding machines - except for machine tools with workpiece dimensions < 3Q0'mm -

p hazards zones, including the machining point, and the ejection of metal@orking fluid
k zone. The minimum distances specified in ISO 13857 shall be compliedwith.

g of trapping and entanglement points at rotating parts in the work zone, e.g. at ch
ces, shall be prevented by fixed and/or movable guards.

e parts (including electrical cabinets) and at reciprocating/switches (e.g. on surface gri
es) shall be prevented by design or safeguarded.

ions shall be provided or taken preventing contact with the rotating abrasive pro
ay include one or more of the following:

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

itioning the abrasive product so that it cannot be reached by the operator (respect of s
ances, at least 200 mm between abrasive product and workpiece).

Deviation from ISO 13857 due to small work zone.

50 0 in accordance with 5.2.7.2 is permitted. Deviating from 5.2.7.2 c), the reduced

grindingmachines, if only a striking hazard exists.

of entrapment, trapping, and impact resulting from power rotation of handwheels sh:

shall
hting
from

cks,

nary
1ding

nt or
duct.

hfety

axis
m at

11 be
with

either n

c "
pegsorsprungtosatepositionpegs:

5.2.3 Group 3 machines, numerically controlled grinding machines

5.2.3.1 Access to the work zone

Guards shall be provided to mitigate the risks listed in Table 2 (entanglement, crushing, shearing, etc.) by
preventing access to dangerous parts of the machines. General guidance for the selection of safeguards,
where the hazards from moving parts cannot be avoided by design is given in ISO 12100:2010, 6.3.2,
6.3.3. For the features of guards to minimize the hazard of ejection, see 5.13.
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5.2.3.2 Specific requirements for guards

The specific requirements for guards for Group 3 machines are the following:

a)
1)

Interlocking of guards

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 c¢)). Opening of a movable

guard or actuation of a protective device shall cause hazardous movements to stop
movement to be inhibited (see ISO 14118). If the movable guards provide access

and further
to the work

zone and hazards by follow-up movements arise, they shall be additionally equipped with

()'ll:ll"('] ]f\f‘l(]'nﬂ' MD:‘CIIVDC to m]nlml'7ﬂ fhﬂ nnccﬂﬂn HDFDﬂf nf]nh:r]nr](lng r]n(nr‘nrc\ S

all be taken

b) Power operated guards

1
2)

INOTE
for dangerous movements by its key.

(see ISO 14119 1998, Clause 5 and Clause 7)

When persons can have whole body access or can remain in the hazardguszon
being visible to the operator, a means to inhibit restart shall be provided,‘e’g. prese
protective equipment or door closure inhibition by captive keys.

Captive key is an interlocking device allowing the door unlock after initiation of stop,

The requirements of 5.2.3.2 a) shall also apply.

If power operated guards for operator access are-provided, they shall be in acco
ISO 12100:2010, 6.3.3.2.6 and shall be equipped with a protective device to avoid 3

b(s) without
nce-sensing

ping function

rdance with
hearing and

crushing hazards at the front edge. If pressure=sénsitive 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 o
the height of the guard is more than 2,50;m. The pressure-sensitive edge shall be in
with ISO 13856-2. The safety function-of the guard shall comply with 5.12 b) 9).

The force to prevent the door ffom closing shall not exceed 75 N and the Kkif
of the guard shall not exceed4”]. When the guard is fitted with a protective d
automatically initiates reopening of the guard on actuation, this may be a maxim
and the kinetic energy a‘maximum of 10 ] (see ISO 14120:2002, 5.2.5.2). These r¢

platform, if
accordance

letic energy
evice which
im of 150 N
pquirements

only apply under the aSsumption that the front edges have a minimum width of 8 inm and that

no shearing movenient occurs. At the side edge between movable guard and ho
width of 4 mm shall not be exceeded.

If the requiréments of b) 2 and b) 3) cannot be met, another fixed position prote
e.g. a two-=hahd control device, shall be provided.

It shall|not be possible to start the movement of the machine until the guard is
Closing of the guard can be used as a start command for the machine, when the g
meets the requirements of [SO 12100:2010, 6.3.3.2.5.

using, a gap

Ctive device,

fully closed.
lard system

63

wiramaonte chall anly Ay for gy ade dafinad in 1
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applyferguardsasde

5.2.3.3 Additional specific requirements

Additional specific requirements for Group 3 machines are the following:

a)

machine operation.

b)

parts that can be ejected (see also 5.13 and 5.15 b)).

© ISO 2015 - All rights reserved

Access into the work zone is allowed according to the requirements in 5.2.7 on modes of

Guards shall also be designed to contain and/or prevent exposure to grinding debris, fluids and
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c) Contact

:2015(E)

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 abrasive

product

1y

. These can include the following:

stopping the rotation of the abrasive product

2) providing an automatic safeguard;

3) positioning the abrasive product so that it cannot be reached by the operator (respect of safety
distances in ISO 13857).

d) Mode of safe operation
MSO 1 and MSO 2 are mandatory for this machine group. MSO 0, MSO 3, and MSO servicearé optjonal.

e) For MSQ 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 inclyding

acceleration and deceleration.

For clamping methods for abrasive products and safety requirenients for tool holding deviceg, see

Annexe 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 workpiecgs to

prevent them from inadvertent movement. Opéning and closing of the workpiece holding devicgs for

manual workpiece change can be possible ir{ all modes of safe operation.

5.2.5.2 Wprkpiece rests

a) Grinding machines without svorkpiece holding device (compare Table 1 No. 1.1 and 1.2) sh3ll be
provided with workpiece 1€sts capable of accommodating safely the forces generated.

b) The workpiece rests shalt’be adjustable with respect to the wear of the abrasive product so that the
distancg between the-abrasive product and the workpiece rest will not exceed 2 mm. It shall pe of
atleast fhe same-width as the abrasive product for which the grinding machine was designed and it
shall be|of substantial construction and securely attached to the grinding machine.

5.2.5.3 Pgwer operated workpiece holding devices

a) Grinding machines with power operated clamping devices shall be equipped so that in the case of
clamping energy losses or if the actuating force of the clamping device falls below a pre-set minimum
value, the machining process is prevented or a machine stop category 1 in accordance with I[EC 60204-
1 shall be initiated. For rotating workpiece holding devices, a rotation of the power operated work
holding spindle without or with reduced actuating force is permitted for positioning of the workpiece
in exceptional 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) Efficiency of the actuating function shall be monitored, e.g. monitoring of the clamping pressure
and/or the clamping travel (see 5.12 b) 7)).

c) At rotating workpiece holding devices, opening of the clamping device shall not be possible with
rotating work holding spindle (see 5.12 b) 7)).
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For manual loading, injuries of the fingers during operation of the clamping device shall be
avoided[pre-setting of a maximum jaw stroke < 4 mm (see ISO 13857)].

Rotating workpiece holding devices shall be clearly marked with their maximum permissible speed.

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

Meallls shall be provided to prevent hazardous movement of vertical or slant axes <uijder gravity

(e.g.

uninfended descent of vertical or slant axes, see 5.12 b) 13).

5.2.

5.2.
a)

b)

5.2.

brake system). For requirements concerning the safety function control for the*prevention of

s

1 Modes of machine operation

.1 Mode selection

The modes of safe operation which are mandatory or optional fahthe specific grinding machine are
givenin 5.2.2. f) and 5.2.3.3 d).

To select a mode

1) The selection of a mode of safe operation shall be either by key switch, access c¢de or other
equally secure means and shall only be permiitted from outside the work zone. The selected
mode shall be easily visible (e.g. by display; or by position of the selector switch).|Selection of
a mode shall not initiate a hazardous situiation. If a lockable mode selection swit¢h is used, it
shall be in accordance with ISO 12100:2010, 6.2.11.10 and IEC 60204-1:2009, 9.2.3

2) The mode selection device and the associated control system arrangements shalllensure that
only one mode is selected and.enabled at any one time. For requirements concefning safety
function for mode selection, see 5.12 b) 10).

3) For the selection of MSO-3 (see 5.2.7.5), a separate device is necessary, which shpll meet the
requirements under{1)7and 2).

7.2 MSO 0: Manualmode

Whenp MSO 0 is selected and the movable guards are open or when machines do not require guards

against mechanieal hazards as specified in 5.2, the following requirements apply:

a)

b)

The wheel spindle may be operated if an abrasive product guard in accordance with 5.13.2.1 is

rovided and the peripheral speed of the abrasive product is limited to values v <{50 m/s. For
$10nitoring of the reduced speed of the wheel spindle, see 5.12 b) 5). Rotation of the §pindle shall
only be initiated manually by a control device (e.g. a start button) provided for that purpose (see
5.12 b) 14));

The feed movement between abrasive product and workpiece shall be effected manually. At
maximum, 2 axis movements, which may also be numerically controlled, may be initiated
simultaneously by a start button (see 5.12. b) 14)) while the wheel spindle is rotating. The infeed
movements of all other axes may be effected manually by hand wheels, power operated by
electronic hand wheels (see 5.12 b) 3)) or by hold-to-run devices (see 5.12 b) 2));

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 up to 5 m, and
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3) 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 position;

d) 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-1 at the reduced
speed. For monitoring of the reduced speed of the work holding spindle, see 5.12 b) 5).

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 app]ir‘qh]p

5.2.7.3 MPO 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 spindlesshall be in safe|stop
(see 5.1P b) 12)) or safe operational stop (see 5.12 b) 11)). Exceptions are thefellowing movements:

1) For{manual workpiece holding, see 5.2.5.

2) Workpiece spindle(s) rotation shall be controlled by hold-to-riih control [see 5.12 b) 2)] and
sha]l not exceed 5 min-1 and the peripheral speed shall net‘exceed 5 m/min for the lafgest
stapdard work holding device described in the instructionfor use. The reduced speed shall be
monitored [see 5.12 b) 5)].

3) Thg wheel spindle may be operated, providing

— |[the peripheral speed of the abrasive prodaets shall be limited to v < 50 m/s, wherg the
requirements of 5.2.3.3 c) (contact protéction) and 5.13.2.1 (abrasive product guard) are
met, or

— |[the peripheral speed of the abrasive product shall be limited to v < 16 m/s, wherg the
abrasive product guard according to 5.13.2.1 is not provided and the requirements of
5.2.3.3 ¢) are not met.

For monitoring of the reduced spe€d of the wheel spindle, see 5.12 b) 5).
NOTE For manual clearifng,of the chip spaces of the abrasive product by means of a dressing stong, the

requirerhent for contact protéction can be met by means of personal protective equipment subject o the
result of|a risk assessmenty if applicable (see Clause 7).

When MSO [l is selectedand the movable guards are closed, all programmed movements of mag¢hine
elements arfe possible’and the machine shall only be started or restarted by actuation of the start
device. The monitoring of the maximum permissible speed of the wheel spindle shall be active (seq 5.12
b) 5)); (exception: mains operated asynchronous motor).

5.2.7.4 MSO 2: Setting mode

This operating mode is not intended for machining.

When MSO 2 is selected and the movable guards are open, the following requirements apply:
a) The wheel spindle may be operated using a starting device, 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

— the peripheral speed of the abrasive product shall be limited to v < 16 m/s, where the abrasive
product guard according to 5.13.2.1 is not provided and the requirements of 5.2.3.3 c) are not met.
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For monitoring 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 up to 5 m;
3) 10 m/min at maximum for a travel of more than 5 m in combination with a prote

ctive device

(e.g. a two hand control device or a pressure-sensitive mat) ensuring the operator is standing

in a safe position.

[ontrol of the movements shall be effected by means of a hold-to run device (Se€ 5.12
¢lectronic hand wheel (see 5.12 b) 3)).

gufficient, if there is a realistic chance to avoid the hazard. This can be assumed, if
gpeed of the axes is limited to a value below 0,5 m/min (see 5.12 b) 6)).

Limitation of the speed of power operated work holding spindle(s) to 1 3 50 min-1 butn
1,3 m/s, measured at the diameter of the clamping device or, if the Workpiece diametel
the largest workpiece diameter. For monitoring of the reduced speed of the work hold
gee 5.12 b) 5). Control of the movement shall be effected by nieans of a hold-to-run dev
Ib) 2)) or an electronic hand wheel (see 5. 12 b) 3)) or by.‘means of a start button in
yvith an enabling device (see 5.12 b) 4)).

The hold-to-run device may also be designed as a two-step foot switch for ergono
see 5.12 b 2)).

For the hold-to-run device or the electronicchand wheel, a PL; lower than specified
gufficient, if there is a realistic chance that.the severity of the injury to be expected is |
Ibe assumed, if no trapping, entanglement) drawing-in hazards, etc. are present.

INOTE The values for the reduced.speeds of the feed, rotation, and periphery given iy
maximum values. In the framework(ofthe risk assessment, they are reduced in accordance with
4pecific hazardous situation, if applicable.

When access is given to a hazard zone from more than one position through movable §
ﬁart of the hazard zone‘is'not visible from the operator’s position, no movement shal
nless the remaining'guards at these hazard zones are closed

b) 2)) or an

For the hold-to-run device or the electronic hand wheel, a PL; lower than specified in 5.12. b) is

the reduced

t more than
" is larger, at
ling spindle,
ice (see 5.12
rombination

mic reasons

n 5.12 b) is
bw. This can

a) to c) are
the machine-

ruard(s) and
be possible

1) For handling device setting, the requirements specified under b) or the req
IS0 10218-1:2006, 5.7.3 and 5.7.4 apply, even if the handling device is only progr
less.than three axes;

If the axes speed cannot exceed the limits (e.g. on pneumatic axes), monitoring of

If the machine js.€quipped with handling devices for workpiece and tool loading/unlo:lding:

irements in
ammable in

the reduced

3)

speed according to 5.1Z bJ 6] with guard open is not required. Power operated motion shall
only be initiated under control of an enabling device together with a hold-to-run device to
permit step-by-step movement. When continuous movement is required, the enabling device
and the hold-to-run device shall be at a safe distance from the hazardous situation to keep both
hands outside the hazardous zone (see ISO 13855). For requirements concerning the safety
functions, e.g. hold-to run control and enabling device, see 5.12 b) 2) and 4). No hazardous
movement shall arise from the actuation of any sensor or feedback device;

If a robotis used for workpiece loading/unloading, the requirements of ISO 10218-1 shall apply.

When MSO 2 is selected and the movable guards are closed, all movements of machine elements are
possible. Monitoring of the maximum permissible speed of the wheel spindle shall be active (see 5.12 b)
5); (exception: mains operated asynchronous motor).
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5.2.7.5 MSO 3: optional special mode for manual intervention under restricted operating
conditions

This operating mode is only intended, where access for the operator to the danger zone is absolutely
necessary, and provided that all safety measures applicable under technological aspects and feasible in
accordance with the state of the art are carried out. Access for the operator can be absolutely 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 workpiece and tool arrangements.

If MSO 3 is selected and the guards are open, the requirements according to 5.2.7.4 (MSO 2: setting

b 1 dr ] rll - - i 1 b= = 1
mode) appl CO NTaITudl OPTT dCIOTT, dITd CIIT TOHTOWIITE TCUUIT CHITIICS dPPly t0 tXeCute prograimiIctCy cles:

a) The wheel spindle may be operated, providing

— the|peripheral speed of the abrasive products shall be limited to v < 50 ni/s,”wher¢ the
reghirements of 5.2.3.3 c) (contact protection) and 5.13.2.1 (abrasive product guard) are mgt, or

— the|peripheral speed of the abrasive product shall be limited to v < 16 m/s, where the abrpsive
profuct guard according to 5.13.2.1 is not provided and the requirements.of’5.2.3.3 c) are nof met.

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

c) The peripheral speed of the work holding spindle(s)<shall be limited to 0,7 m/s at maximuin for
clamping devices or workpieces up to a diameterof 500 mm. For larger diameters, limitatipn to
1,3 m/s|at maximum peripheral speed shall be applied, but not more than 50 min-1 at the reduced
speed. Jor monitoring of the reduced speed-of the work holding spindle, see 5.12 b) 5).

NOTE The values for the reduced spéeds of the feed, rotation, and periphery given in a) to ¢) are
maximum values. In the framework of the risk assessment, they are reduced in accordance with the madhine-
specific hazardous situation, if applicable:

d) Control|of the programmed mevements under b) and c) can be effected by a hold-to-run dgvice
(see 5.12 b) 2)) or with an lelectronic hand wheel (see 5.12 b) 3)) or with start button, eafh in
combingtion with an enabling device.

e) Access fo the dangeryzone created by moving clamping devices, e.g. rotating protruding jaws on
chucks, [shall be prevented by guards.

f) A start¢d program cycle shall be displayed throughout the whole cycle. The next step pripr to

executipn shall also be displayed.
Requiremelﬁ‘mﬁﬁﬁ‘m‘ﬁ%ﬂmﬂ%@ﬁmﬁn@ﬂmm 3is

required are given in Annex K.

When MSO 3 is selected and the movable guards are closed, all movements of machine elements are
possible without enabling device. Monitoring of the reduced speed of the wheel spindle shall be active
(see 5.12 b) 5)).
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5.2.7.6 MSO service

MSO service shall only be provided for service staff, trained and authorized by the machine
manufacturer, and for staff qualified by the client in accordance with the instructions of the machine
manufacturer (see as well 7.2.9).

a) General

1y

For the selection of MSO service, a lockable switch mounted on a cable connected, detachable
service device shall be provided. The connection of the service device shall be accessible at the

machine, e.g. at the outside of an electric enclosure. Warning signs at the service

informthatthe use ofthe service deviceis restricted to service cf:\f‘f“' trained and a1

device shall
1thorized by

b)

4

5.2.9

5.2.9

3)

1
2)

the machine manufacturer. As long as the service device is connected to the machi
mode of safe operation shall be selectable. The instructions for use shall require r
device after completing service activities

The service device may be replaced by other selection devices limiting application of

o the persons mentioned above.

)

)

)

Manual operation shall be possible under the conditions in 5.2.7.4-

According to the risk assessment, additional safety measures can be necessd
secondary guards, barriers, or screens, in connection with warning signs.

This mode will enable restricted automatic functionality‘of the machine with the moy
open. The restrictions are the following:

machining shall not be possible in MSO serviee;

ne, no other
bmoving the

MSO service

ry, such as

able guards

axes speed shall be reduced and monitored (see 5.12 b) 6)) with the exception of cases

according to 5.2.7.6 b) 5). These reduced axes speed shall not exceed 2 m/min, or
axes with traverse of more than 1 m§

Continued moving cycles can be'possible (e.g. repeatability test);

Rotation of the wheel and work holding spindles shall be possible under the c
5.2.7.5 a) and c);

Control of the programmed movements may be effected by a hold-to-run device (s€
or with an electronic hand wheel (see 5.12 b) 3)) or with start button, each in comb
an enabling dewice. This enabling device shall be placed outside the hazard zone, if
speed is exCeeded according to 5.2.7.6 b) 2).

Optienal or additional equipment for grinding machines

.1\ Handling devices for workpiece loading/unloading

5 m/min for

bnditions in

e5.12b) 2))
ination with
the reduced

If the machine is equipped with handling devices for workpiece loading/unloading, the following
requirements shall be fulfilled.

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

b) Access to the hazardous movements of handling devices shall be prevented by means of fixed
and/or interlocked movable guards (see 5.12 b) 1) iv)) or hazardous movement(s) shall be either
stopped or inhibited by the actuation of protective devices (e.g. interlocked guard or light curtain).

c) For requirements concerning setting mode of handling devices for workpiece loading/unloading,
see 5.2.7.4 e).
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d) Actuation of a machine’s emergency stop device (see 5.12 c)) shall also initiate the emergency stop
function of the handling device and vice versa, if the loader is in the machine area. If the machine

and the

loader form one integrated manufacturing system, ISO 11161 shall be applied.

e) Ifaccess to the handling device hazard zone is possible, access from that area to the machine work

zone

— is either impossible, or

— the mac

hine shall be in stopped condition and unexpected start-up shall be prevented.

f) Ifaccess to the work zone of the machine is possible, access to the handling device

— s eithe]

— the han|
prevent]

5282 M

If the mach|
tailstock be
(e.g. mechar

a) Power
actuate

1) ac
acc

2) ahd
3) a2

b) Means f
not clos|
the clary
clampin

c) Opening
of safe ¢

d) Manual
possiblg
steady 1

impossible, or

dling device shall be in stopped condition and unexpected start-up shall be prevented (for

ion of unexpected start-up, see ISO 14118).

hchines equipped with a tailstock and/or quill

ine is equipped with a tailstock and/or quill, means shall beg“provided to preven

t the

ng unintentionally pulled off the end of the bed during manualyadjustment of its pogition

ical stop). For machines with power operated tailstock andfer quill:

perated movements of the quill when the guard is epéen, with the exception of spring-
1 quills, shall not exceed 1,2 m/min when the strokeds>»10 mm and shall only be possiljle by
using ome of the following devices:

bntrol device requiring both hands outside the”work zone (e.g. by two-hand contifol in

brdance with ISO 13851; see 5.12 b) 2)),
ld-to-run control, (see 5.12 b) 2)), or
position or 3-position-foot switch;see 5.12. b) 2).

o adjust the clamping force are recommended. If the clamping system is not activat
led, a process start shall belinhibited. The process shall be stopped (e.g. controlled st
hping system opens unintended (e.g. initiation of the opening mechanism or a mini
g force level predefined by the operator is not reached) (see 5.12 b) 7)).

bd or

bp) if
mum

b and closing of theétailstock quill for manual workpiece change may be possible in all mjodes

peration.

initiation. of~power operated tailstock and power operated quill movements shall n

bt be

when_the/work holding spindle is rotating (see 5.12 b) 7)), if the holding force of chukk or

est isnot sufficient.

e) The clajnping limit shall be

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

2) monitored by a limit switch which is interlocked with the spindle rotation (see 5.12 b) 7)).

f) Power operated movement of the tailstock body towards to the workpiece when the guard is open
in all modes of safe operation shall only be possible by using a hold-to-run control (see 5.12 b) 2)).
The tailstock body can retract to the defined position by one operation considering ISO 13854 for
the necessary gaps to avoid crushing. The maximum traverse rate of the tailstock body shall not
exceed 2 m/min.
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5.2.8.3 Externally accessible tool magazine, tool-transfer, and tool-changing mechanism

If the machine is equipped with an externally accessible tool magazine, tool transfer, or tool changing
mechanism, the following requirements shall apply.

a)

b)

d)

b)

Access to an externally accessible tool magazine and tool transfer and tool changing mechanism
shall be safeguarded by a combination of fixed and movable guards (see 5.2.3.2 a)) in accordance
with ISO 14119:1998, 7.1. For requirements concerning safety functions for interlocking devices
associated with tool changer, tool magazine, see 5.12 b) 1) iii).

When the movable guard(s) for access to the tool magazme 1s (are) open the tool magazine drive
e e : : 12 b) 12). In
l SO 2 MSO 3 and in MSO service W1th the movable guard(s) open power operated thovement 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 indexmovement or by
fwo-hand control device (see ISO 13851) for continuous movement. This movement ghall be at a
feduced speed of 2 m/min or initiated from control devices located outside the reach df hazardous
movements in accordance with ISO 13857.

In order to prevent falling or ejection of tools, they shall be held-within the tool hpplder of the
magazine. The design data for tool holding (e.g. limits for maxinium mass, moments of|inertia, and
gpatial envelope of tools) shall be provided to the user (see 7.2.2).

Fixed or movable guards shall prevent access to movablé€ parts of the tool changer. When movable
guards providing access to the tool changer from any:hazard zone are open, the move¢ment of the
ool changer shall be inhibited. No hazardous machine'movements shall arise from the|actuation of
any sensor or feed-back device. To prevent falling-0¥ ejection of tools, they shall be held in the tool
¢hanger under all operating conditions includingloss of power.

Specific requirements resulting from electrical hazards
Direct contact with electrical equipment

1) Electrical equipment shall be/in accordance with IEC 60204-1, unless otherwise|[specified in
this International Standard.

2) See IEC 60204-1:2009;-Clause 6, for the prevention of electric shock and IEC 6(0204-1:2009,
Clause 7, for protection against short circuits and for protection against overloading. :In particular,
the following reguirements in the relevant clauses of IEC 60204-1:2009 shall be fulfilled:

i) Clause(7yfor protection of equipment;
ii) Clause 8 for equi-potential bonding;

iii},~Clause 12 for conductors and cables;

iv) Clause 13 for wiring practices;

v) Clause 14 for electrical motors and associated equipment.

3) Electrical enclosures shall not be exposed to the risk of damage from the ejection of tools
and/or workpieces. Live parts shall not be accessible (see IEC 60204-1:2009, 6.2.2). The risk of
fire caused by faults in the electrical equipment is not considered significant on the machine
where power circuits are protected against over current (see IEC 60204-1:2009, 7.2.2).

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

NOTE See IEC 60204-1:2009, 3.27 for the definition of “indirect contact”.
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c) For the protection of control gear, enclosures of control gear shall provide a degree of protection of
atleast [P2X, in accordance with [EC 60204-1:2009, 6.2.2, except for control gear enclosures within
the work zone that shall be protected to IP55.

5.4 Specific requirements resulting from noise hazards

When designing the machine, the available information and technical measures to control noise at its
source shall be taken into account (see, for example, 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:

— abrasivg products and workpieces;
— wheel spindles;

— work ho|]ding spindles;

— axis drives;

— Dball scrgws;

— dressing and truing devices;

— loading,|unloading, ejection, and transfer operations;
— hydraulfc systems;

— extractipn systems;

— pneumatic systems;

— metalwarking fluid systems.

If means for|the noise reduction at source are insuifficient, secondary noise reduction measures shall be
taken wher¢ver possible. For measures for noise reduction, see Annex E.

For determipation of noise emission, see:Annex F.

The declaration of the noise emission‘values shall be in accordance with 7.2.6.

5.5 Specific requirements resulting from vibration hazards

On grindinglmachines with manually guided tool feed using a handle, for examples, see Table 1, Nok. 1.3
and 1.4, where operatefs can be subject to vibrations of more than 2,5 m/s2, measures for prevepting
vibrations ghall be-taken. Measures for the reduction of vibrations can be achieved by construgtion
and design,|damping, and/or insulation (see CR 1030-1). For measurement of mechanical vibrations,
see [SO 20643«

5.6 Specific requirements resulting from radiation hazards

a) For low-frequency radiation, radio frequency radiation, all microwaves, see 5.9 k). See also
EN 12198-1, EN 12198-2 and EN 12198-3 for more information.

b) Built-in laser feedback systems shall be designed to prevent exposure to beam paths or specular
reflections in accordance with IEC 60825-1.
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Specific requirements resulting from materials or substance hazards

5.7.1 General

Materials or substances used for the construction and operation of grinding machines shall be chosen
in such a way that no health hazardous effects occur over the life of the grinding machines, e.g. asbestos

shall

not be used for brake and clutch lining.

Where material hazardous to health is machined or used or where dusts, fumes, and mists are likely to
be generated, the safeguards shall be designed to minimize operator exposure. An integral extraction
system and/or means of fitting an extraction system shall be provided.
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.4.2 Measures for the protection against contact or inhalation

The system shallbe'designed to prevent splash, overflow, and leakage of the metalwor

ling machines with an integral extraction system shall be designed so that the'-4
ated as soon as functions likely to generate dusts, fumes, and mists are switche
ching off these functions, the extraction system shall continue to run until hazard
5, fumes, and mists no longer exist. For totally enclosed machines, the aftersrun period
olume of the workroom and on the extraction capacity, e.g. it should only;be possible
s after the air in the workroom has been exchanged at least twice. The integral extrag
be designed such that no exposure on hazardous substance on a dangerous level is po
uards will be opened.

ures shall be provided to prevent the escape of harmfulimist, e.g. resulting fron
e actual requirements for the extraction system will depend on a variety of different

he nature of the materials being used, it is not possible'to give more detailed technical r¢
s International Standard.

Devices for the use of metalworking fluids

.1 General

re metalworking fluids for cooling and lubrication are used during grinding whic
rds to health, the grinding,_machine shall be provided with devices for the pn
mization of these hazards:

]

integrity<of,the system.

‘luid reseryoirs and other system components shall be made of materials to ensure tH

he delivery nozzles shall be designed so that unwanted spray is minimized.

xtraction is
d on. After
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depends on
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king fluid.

e continued

system shall be provided or means for attachment of such a system (see 5.7.1).

The metalworking fluid shall have a capacity for the correct function of the grinding machine to

avoid excessive heating and subsequent evaporation of the fluid. Alternatively, cooling systems
shall be provided.

f)

Where it is foreseen to be necessary for operators to place their hands into the work zone (e.g.

during load/unload operations, setting, etc.), the metalworking fluid flow into the work zone
shall be automatically stopped (see 5.12. b) 19)), when the guards are opened. Adjustment of
metalworking fluid flow for the cooling of components or for bed flushing may be possible, e.g. for
adjustment of nozzles. All other machines without automatic fluid control shall be provided with
devices for manual control or diversion of the metalworking fluid supply.
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g)

h)

j)

5.7.2.3 B:|ological and microbiological hazards (viral or bacterial)

a)

b)

‘)
d)

e)

f)
g)
h)

5.7.3 Medsures againstfire and explosion hazards
5.7.3.1 Flammable.metalworking fluids

5.7.3.1.1 Requirements on metalworking fluids systems

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

The metalworking fluid system shall be capable of delivering metalworking fluid in a
quantity to prevent the generation of hazardous vapours or aerosols during all foreseeable
operating/grinding conditions.

The metalworking fluid system shall be designed to facilitate maintenance including sampling and
toreduce as far as possible the exposure of personnel to the metalworking fluid during maintenance.

The grinding machine shall be designed so that grinding residues can be removed without requiring
drainage of the whole system

The total content of the metalworking fluid systems shall be circulated in normabuse so that no
stationgry volume within the tank exists except where settlement is required by-design.

To avoid stagnant areas remaining within the machine, metalworking fluidishall drain from the
maching¢ towards the tank under gravity.

Discharge pipework shall have sufficient diameter and slope to minimize sludge settlement.
The metalworking fluid system shall be provided with filtrations

When sediment build-up occurs, cleaning shall be taken dnto account (e.g. rounded corners in
containgrs). Cleaning shall not require drainage of the whele system (see ISO 14159).

The inside of tanks shall not contribute to the growth.of bacteria (e.g. smooth surfaces).
Metalwprking fluid containers shall have covers désigned to prevent the ingress of foreign mafter.

Contamjination of the metalworking fluid ‘by 0il or grease from external sources such ag lost
maching¢ lubrication shall be avoided or_means shall be provided for their systematic removyal. It
should e possible to add a separation oxemoval system for oil or grease, if necessary.

Where p grinding machine is provided with enclosed guards used with metalworking fluid, the
enclosufe shall be designed to provide an interface between the guard enclosure and an extragction
system.[The positioning of the-dinterface should take into consideration the internal airflows generated
by the machine when in normal operation to enable effective operation of the extraction system

Grinding machines designed for the use of flammable metalworking fluids shall be provided with the
following devices minimizing the risk of generation of flammable mixtures and ignition sources.

a)

b)

34

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.

If the metalworking fluid supply is not functioning, start-up of the machine shall be prevented. For
monitoring 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, e.g. separation of tool and workpiece and disconnection of wheel spindle
and extraction system.
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d) Suitable extraction systems shall be provided.

5.7.3.1.2 Requirements on extraction systems

The extraction efficiency shall at least ensure maintenance of negative pressure in the workroom in
order to safely prevent egress of metalworking fluid vapours and aerosols from the machine.

If the extraction system is not properly functioning, starting of the operating cycle of the machine
shall be prevented (see 5.12 b) 18)) or a machining process under way shall automatically be
stopped by appropriate means, e.g. separation of tool and workpiece and disconnection of wheel
spindle and tool drives.

All nlletal bodies in the workroom, including the extraction system pipework, shall he_dontinuously
connfected to the protective conductor system.

If firp and explosion hazards cannot be prevented by these means, additionalcméasures|to limit the
effecfts of fire and explosion events shall be taken.

Such{measures include the following:

1) Pressure-resistant workroom enclosure including vision panels” and pressure relief, where
equired, in a direction presenting no hazard to persons. The pressure-resistan{ workroom
nclosure shall also fulfil the requirements for guards specifiéd in 5.1.2 and, if applicable, in 5.2.3.2.
or information on the dimensioning of pressure relief surfaces, see Annex H.

2) Prevention of the escaping of flames and hot gases intorthe operating area and the enyironment of
he machine, e.g. by flame-proof labyrinth seals atémovable parts of the guards (circymferential).
or examples, see Annex H.

3) TFire extinguishing devices (for technical centrol requirements for fire alarm and automatic fire
xtinguishing systems, see 5.12 b) 16) and 17)).

4) The machine, including the control-system, shall be so designed that connection to| devices for
ire detection, fire extinguishingsystems, fire alarm, pressure relief devices, etc. accarding to the
anufacturer’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,

— fiire propagation intethe central extraction system,
— flurther air supply into the machining room, and
— ¢xtraction-of extinguishing medium.

NOTH 1 , E.g. use of flame arresters (for an example see Annex H), exhaust air shut-off valves.

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

For examples for the integration of extraction and fire extinguishing systems when using flammable
metalworking fluids, see Annex I.

NOTE 2  Further measures for risk reduction depend on the actual conditions of use of the machine and shall
be considered for the individual case.

5.7.3.2 Flammable and explosive dusts

Where grinding machines are designed for the machining of materials which can generate flammable
and explosive dusts (e.g. aluminium, magnesium, and their alloys), devices for the safe removal of these
dusts and any flammable gas (e.g. hydrogen) shall be provided in order to prevent hazards caused by
fire or explosion. Explosion protection measures from EN 1127-1 shall be taken where applicable.
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To prevent dust explosions, the grinding machines shall be provided for example with systems for

a)
b)

c)

wet grinding,
dry grinding with wet precipitation by means of instantaneous moistening, or

dry grinding with wet precipitation by means of a wet-type cyclone.

For requirements, see Annex G.

5.8 Specific requirements resulting from neglect of ergonomic principles hazards

a)

b)

36

Machings shall be designed in accordance with the ergonomic principles in
[SO 121p0:2010, 6.2.6, 6.2.8 and 6.3.5.6;

ISO 6385;
[SO 155B4-1;
ISO 155B4-2.

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

1) The main control panel for starting, operational stop, mode selection, and hold-to-run cojntrol

(if applicable) for the machine, shall be located at the operator’s position(s). Control dis

blays

and/or actuators shall be protected against swarf and<grinding debris and be in accordance
with ISO 9355-1, ISO 9355-2, ISO 9355-3, and IEC.60204-1:2009, Clause 10, and shadll be

protected against unintentional operation, e.g. by collar push button.

2) No mode selection switch or start control thaginitiates MSO 1 shall be provided at any

hther

point on the machine than the main controlpanel. A separate start switch may be provided at
a po¢sition deviating from the main control*panel, if the operator thus has a better view qf the
hazprd zone. If more than one start switch are provided, the control system shall be designed

in spch a way that the use of one of them precludes the use of the others.

3) Controls for operating the machitie in MSO 2 may be provided remote from the main oper

nting

console, e.g. on a pendant. Alternatively, they may be provided at separate consoles oultside

thelhazard zone.

4) When multiple contrels’ are provided for machine movements in MSO 2, only one shgll be

operational at any-one time.

The requirements for unhealthy posture or excessive efforts (repetitive strain) include the d
of macHines in-ac¢ordance with ergonomic principles so as to avoid excessive effort, unhe
posture, or fatigue during use and in particular the following:

Psign
hlthy

1) Workpieces, tooling and accessories shall be easy to move. Lifting equipment can be reqhiired

for parts over 10 kg in weight (see EN 1005-1, EN 1005-2, EN 1005-3, EN 1005-4).

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

the machine when guards are open).

3) Where parts are manually loaded, their fixtures, e.g. tool holders, shall be positioned to prevent
excessive reaching into the machine (see EN 1005-1, EN 1005-2, and EN 1005-3, EN 1005-4).

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

(e.g. application of foot controls). See EN 894-3:2000, Clause 4.
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5) Movable guards shall be power operated where use of them will lead to repeated excessive
effort (see also 1SO 12100:2010, 6.2.2.2).

For consideration of hand-arm or foot-leg anatomy, the positioning of control devices and points
for observation or service such as those for filling and draining of tanks shall be chosen to satisfy
ergonomic principles (see EN 614-1, EN 614-2, EN 894-1, EN 894-2, EN 894-3; EN 894-4, EN 1005-1,
EN 1005-2, EN 1005-3, EN 1005-4; ISO 13855).

When designing machinery, lighting intensity, direction, glare, etc. shall be taken into account.
When necessary, integral lighting shall be provided. Especially the following items shall be taken
into account:

iy

3)

f) Design, location, and identification of manual controls and input devices (e.g. keyboar
ush buttons) shall be in accordance with ISO 9355-1, ISO 9355¢2,and ISO 9355-3.

a) Ior the purposes of this International Standard, the condition in IEC 60204-1:200
dchieved by the interlocking arrangements required in 5.2.3.2 a).

or design or location of visual display units, screen displayed information shall b
nambiguous. Reflections and glare shall be minimized{see EN 894-1, EN 894-2, EN
ISO 9241 (all parts)].

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

the required lighting intensity depends on the grinding operation to be performe
atleast 300 Ix in the area to be observed and its immediate vicinity;

glare, reflections and shadows, e.g. from workpiece or machine parts,’shall beg
far as possible;

the lighting source shall be positioned to minimize its contamination'during mach

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

Where access’is provided to programmable functions for alterations, it shall be
prevent unadthorised access to program data or programmable functions. This can
by the iise of a password or a key switch.

Safety-related software shall be protected against unauthorised reconfiguration. I
it shall not be possible for the user to suspend the operation of safety functio

d. It shall be

avoided as

ning.

ds, keypads,

e clear and
894-4, and

Specific requirements resulting from unexpected start-up, over-run, or ¢ver-
spee¢d hazards

D, 9.2.5.2, is

nd ISO 4414
york holding
e prevented

lockable to
be achieved

h particular,
h (including

interlocked guards) by means of sequences inserted in or called up by the part pro

bram.

g)

5.9

b)
1
1)
3)

0)
1)
2)
3)
4)

The requirements for starting are the following:

For requirements concerning safety functions for start and restart function, see 5.12 b) 14) and

19).

Where multiple hold-to-run control device locations are provided (e.g. main con
hand-held pendant), only one shall be functional at a time.

The closure of the movable interlocked guards shall not result in the restart of mov
parts. If power operated guards are provided, see 5.2.3.2 b).

trol station,

ing machine

Unexpected start-up of hazardous movements, e.g. of wheel and work holding spindles, axes, or

work holding devices, shall be prevented in accordance with ISO 14118:2000, Cla
the movable guards are open or in MSO 0.
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d)

£)

g)

h)

38

5) Any control device for manual spindle start shall be designed to prevent an unintentional

operation, e.g. mechanical double action device, flush-button, or shrouded push button.

The following requirements for the monitoring of reduced speed for spindle and axes shall apply to
all modes of safe operation.

1

2)

The reduced spindle and axis speeds depend on the mode of safe operation and shall be
monitored accordingly. This also includes the speeds of work holding devices and wheel spindles.

If one of the reduced spindle or axis speeds is exceeded, a category 1 stop, in accordance with
IEC 60204-1:2009, 9.2.2, shall be initiated automatically.

The grinding wheel spindle shall not be stopped in a manner which can cause slipping, loosenihg or

breakage of the abrasive product in the tool holding device.

3)

The requirements for axes movements are the following:

1) Axip movements may be achieved by manual actuation or by power dtiving:

2)

The requirements for stopping are the fpllewing:

1)

2)

3)

For| requirements concerning safety functions for the monitoring of the reduced speed of
workpiece and tool spindles and axes, see 5.12 b) 5) and 6).

i) [direction of axis movement shall be consistent with the direction of the control dgvice
according to the requirements in ISO 447;

ii) |unexpected start-up of power operated axis mewement shall be prevented | (see
ISO 14118:2000, Clause 6);

iii) [unexpected hazardous movement of vertical or‘slant axes under gravity shall be prevgnted
(e.g. by weight balance or a redundant brake-System).

For[requirements concerning safety functions for starting of axes movements or unintended
desfent of vertical or slant axes, see 5.12 b)*15) and 13).

Ma¢hine movements shall be_Stopped by stop functions in accordance with IEC 6(0204-
1:2009, 9.2.2.

Where persons are expgsed 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 §top”,
it shall not be possible to open the movable guards.

For[requirements for safety functions, see 5.12.b) 11) and 12).

For restoration-af’energy supply after an interruption, the control system design shall ensurg that
automatic restart is prevented and re-actuation of the start control is always required to initiate

power gperated movement (see ISO 14118).

For isolation and energy dissipation:

1y
2)

3)
4)

See IS0 12100:2010, 6.2.10 and 6.3.5.4 and ISO 14118:2000, Clause 5.

Means shall be provided for the isolation of energy supply (see ISO 4413:2010, 5.1.5,
ISO 4414:2010, 5.1.6, and IEC 60204-1:2009, 5.3). For the dissipation of stored energy, see
ISO 14118:2000, 5.3.

The device for disconnecting electrical supply shall be in accordance with IEC 60204-1:2009, 5.3.

When the machine has its own hydraulic pump and/or pneumatic compressor, the electrical
isolation of the machine shall also cut the electricity to the motor of the pump and/or
compressor. When hydraulic or pneumatic energy is provided from outside the machine, the
machine shall have a reliable manually operated and lockable supply disconnecting device
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(shut-off valve) meeting the requirements of ISO 14118, Clause 5. Where energy dissipation is
not possible automatically as the result of the isolation (see ISO 14118:2000, 5.3.1.3), means for
dumping of residual pressure shall be provided. These means may include a valve but not the

disconnection of pipes.

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

j)  Hydraulic systems shall be in accordance with ISO 4413.

k) The requirements for external influences on the electrical/electronic equipment (electromagnetic
compatibility) are the following:

1) Immunity - electronic control systems shall be designed and installed so as tg-He protected
from electromagnetic interference and stable when exposed to electrical systént pperation or
failure in accordance with IEC 61000-6-2.

2) Emission - electrical/electronic design shall apply technical information;and physidal measures
to limit electromagnetic emissions in accordance with IEC 61000-6-4«

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

5.1( Specific requirements resulting from variation in the rotational speed hazards

On grinding machines with devices for speed variatiom)'ef the wheel spindle, the following

meagures/devices for minimizing the risk of exceeding theimaximum operating speed of the clamped

abrasive product shall be provided alternatively dependifig’on the driving mode of the whel spindle:

a) $tarting devices which will start the wheel spindle'with the lowest adjustable speed only.

b) For pole-changing drives, a switch interlo¢k is required, preventing the direct starting of the
higher speed step.

c) Ongrinding machines where the rotatienal speed is calculated from the programmed cyitting speed
gnd the actual abrasive product.diameter, either the control shall recognize an abrasive product
¢hange 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.

d) 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).

e) Indication of.the selected rotational speed or peripheral speed; the indicated valfies shall be
identical toithie selected values.

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

spindlle speed, see 5.12 b) 5).

5.11 Specific requirements resulting from failure of the power supply hazards

The requirements for failure of power supply are the following:

a)
b)

c)

d)

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

interruption or a failure of the power supply shall not result in a hazardous loss of workpiece
holding or tool clamping (e.g. by means of under voltage and/or under pressure device);

restoration of the energy supply shall not result in the machine automatically restarting (see

ISO 14118 and ISO 12100:2010, 6.2.11.4);

interruption or failure of the power supply shall not result in hazardous movement of vertical or
slant axes under gravity (e.g. redundant brake system). For requirements concerning the safety
control function to prevent unintended descent of a vertical or slant axis, see 5.12 b) 13);
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e) systems shall be designed so that a line rupture in any circuit (e.g. broken wire, pipe or hose) will
not result in the loss of a safety function (see IEC 60204-1, ISO 4413, 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 IEC 60204-1:2009, 5.3). For the dissipation of stored energy, see ISO 14118:2000, 5.3.

5.12 Specific requirements resulting from failure of the control circuit hazards

a) Regarding safety-related hardware and software, for the purposes of this International Standard,
safety-related parts of a control system includes the entire system from the initial actuator (control
device) or position detector to the point of input to the final actuator or element, e.g. motor. Safety
functions of control systems shall be implemented using safety-related parts designed, constructed,
and applied in accordance with ISO 13849-1. In general, when activated, the input devite-tp the
safety flunction shall initiate a category 0 or 1 stop of the hazardous movements, incagéordance
with [EC 60204-1:2009, 9.2.2, and shall prevent unexpected start-up.

b) Safety functions shall meet the requirements for the performance level of ISO 13849-1 as given in
this subclause. Annex ] exemplarily shows possibilities for realization of the required performance
level foi 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-rglated
parts of the control system and other protective means, e.g. mechanical means{see ISO 13849-1:2006, Figufe 2.

NOTE 2  Fdr risk reduction by other technical means independent from/the control system, e.g. mechgnical
guards, the sftarting point in the risk diagram for the determination of the PL; for the intended safety furjction
can be positipned at the point after implementation of this measure; sée1S0O 13849-1:2006, A.1.
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Table 3 — Correlation of safety function and performance level

Required performance level,

Safety function PL,

1) Interlocking device associated with a movable guard in the follow-
ing areas, electro-sensitive protective equipment (ESPE), or other safety
equipment applied to
i) work zone; d category 3

zone only for maintenance; c
ii) transmissions, drive mechanisms

with access more than once per hour d

with access less than or equal to once per hour
iii) tool changer, tool magazine; d
iv) handling device for workpiece loading/unloading

with access more than once per hour d

with access less than or equal to once per hour c
V) pallet changer

with access more than once per hour d

with access less than or equal to once per hour c
vi) access to pits, gates in perimeter fencing

with access more than once per hour d

with access less than or equal to once per hour, c
2) Hold-to run control

as a combination of hold-to run control and enabling device

for axis reduced speed monitoring when it is not done in accordance d
with|5.12 b) 6),

for axis reduced speed monitoring when it is done in accordance c
with|5.12 b) 6)
3) Control system with electronic handwheel

as a combination of.control system with electronic handwheel and d
enablling device

for axis reddced speed monitoring when it is not done in accordance d
with|5.12 b) 6),

for axis reduced speed monitoring when it is done in accordance C
with(5.12 b))
4) Enabling device d
5) Spindlesreducedspeed-monitoring deategory 3
6) Axis reduced speed monitoring for axes if the feed control of the d
axis movement is effected by means of a hold-to-run device with PL = d of
5.12b)2)or

by an electronic hand wheel with PL = d of 5.12 b) 3)
7) Control system of power operated tool clamping and work holding
for machines which do not require movable guards c

for machines with movable guards when machining is effected with c
movable guards open, e.g. machines with MSO 3

For modes of safe operation with closed movable guards b
8) Emergency stop c
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Table 3 (continued)

Safety function Required perpfgrmance level,
r
9) Prevention of crushing hazard at power operated guards/doors with d
edge protection by e.g. pressure-sensitive protective devices (PSPD)
10) Mode of safe operation selection function c
11) Safe operational stop (stop category 2 in accordance with d
IEC 61800-5-2:2007)
12) Safe stop (stop category 1 in accordance with [EC 61800-5-2:2007) d
Safe|stop (stop category 0 in accordance with [EC 61800-5-2:2007) o
13) Control function to prevent unintended descent of vertical or slant
axis
if hazard avoidance is difficult d
if a Qazardous descent of vertical or slant axis exists, if a realistic c
chance of avpiding an accident or significantly reducing its effect is given
14) Starf and restart function (see 5.9 c))
for glectronic control systems d
for glectromechanical control systems c
NOTE Starf and restart functions are not safety related if they are avoided
by other megns, e.g. door interlocking, enabling device.
15) Starf of axis movement (see 5.9 e))
for glectronic control systems d
for gdlectromechanical control systems o
NOTE Starfand restart functions are not safety related)if they are avoided
by other megns, e.g. door interlocking, enabling device.
16) Preyention of unintended actuation of the.€0; extinguishing system
— for accessjible machines
— for inaccefsible machines b
17) TecHnical link between fire alarm or automatic fire extinguishing
system with|the machine control system
18) Monllitoring of metalwerking fluid supply and oil mist extraction b
when using flammable metalworking fluid
19) Previention of unexXpected start of metalworking fluid supply more c
than or equall to 5 bar
Prevention,of unexpected start of metalworking fluid supply with b
use of low prjesstire metal working fluid system, i.e. less than 5 bar

c¢) Emergency stop

1) Emergency stop functions 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
1SO 12100:2010, 6.3.5.2 and ISO 13850;

2) Emergency stop functions shall be initiated by (an) emergency stop device(s) which shall be
in accordance with [EC 60204-1:2009, 10.7 and ISO 13850. An emergency stop device shall be
provided at each 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);
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iv) atthe tool magazine;

v) atworkpiece loading and unloading stations.
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

fluid

are likelv to occur shall be provided with fixed and/or movable guards retaining

these parts

and
cons
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bubstances in the work zone. The guards shall be designed, constructed, and located
deration the expected stress. They shall comply with the general requirements ofJSO

ouards to prevent ejection of parts can also serve to contain abrasive product f
‘dance with 5.13.2 and/or to prevent access to the work zone when they.are suitab
fructed, and located.

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

2.1 Abrasive product guards

ling machines shall be equipped with abrasive product guards able to contain th
tively in the event of an abrasive product breakage..The wall thicknesses of these gud
fied in relation to the type of material used for the,guard and the maximum peripher
nass of the abrasive products.

ruard shall enclose the abrasive product to.the'greatest extent practicable.

Fe parts of the abrasive product guard.ate connected to each other by welding or othe
ection shall be strong enough to ensure that parts will not separate when subjected t
gments.

equirements for abrasive praduct guards, see A.3.1 to A.3.3.

brasive product guards-shall be attached to the grinding machines so that they will 1
 in an uncontrolled way:in the case of an abrasive product breakage.

equirements for the-attachment of the abrasive product guards, see A.4.

sive product guards and their fixing components shall be rated for the abrasive p
hrgest diménsions applicable on the machine at intended use and the maximum rota
e wheekspindle. The highest possible speed in case of failure of the wheel spindle d
dered,as the maximum speed.

An a

brasive product guard is not required on grinding machines where abrasive produ

taking into
14120.

ragments in
ly designed,

e fragments
rds shall be
1l speed and

' means, the
b the impact

ot loosen or

foduct with
fional speed
'ive shall be

'ts are used

with

D <1 000 mm and a peripheral speed of v < 16 m/s.

In circumstances/situations where an abrasive product guard cannot be provided, a guard enclosing the
work zone or other measures leading to the required protection shall be provided. The guard enclosing the
work zone shall comply with the requirements of A.3.5.2.2 in relation to the wall thickness and material.

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 Spr < 1,75 (see EN 12413) [see
Formula (1)] or with peripheral speeds v > 50 m/s are operated shall be equipped with a work zone
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enclosure, retaining the fragments including those ejected from the aperture of the abrasive product
guard in the machining area (totally enclosed working area).

2
Sor = [L] @

where

Spr  is the safety factor against bursting due to centrifugal force;

Vpr is W@MMM&M&W%-
trifugal force;

vs  is the maximum operating speed, maximum permissible peripheral speed of a rotating apra-
sive product.

Work zone gnclosure provision can include the following:
a) fixed anld movable guards in accordance with A.3.5;

b) an abrasive product guard, additionally equipped with an internal guardwhich closes the apefture
of the abrasive product guard in the event of an abrasive product bréakage (see A.3.1.4).

Work zone ¢gnclosure is not required:

c¢) For manually guided swing frame grinding machines and swing frame cutting-off machines with a
periphefral speed of the abrasive product of v < 80 m/s, seeTable 1, No. 1.4.

d) For mahpually and mechanically guided cutting-offi¥machines with a peripheral speed of the
abrasive product of v < 100 m/s and a diameter of the cutting-off wheel D < 406 mm, see Table 1,
Nos. 1.3 and 1.5.

Abrasive prpduct guards and work zone enclosures shall be rated for the abrasive product with the
largest dimgnsions applicable on the machine*at intended use and the maximum rotational spepd of
the wheel spindle. The highest possible,speed in case of failure of the wheel spindle drive sh3ll be
considered gs the maximum speed.

NOTE By speed monitoring related to different defined areas of the diameter of the grinding tfol, a
reduction of [the wall thickness of-guards (abrasive product guard and work zone enclosure) can be achijeved,
according to Annex A.

5.13.3 Devjices protecting against ejection of workpieces and workpiece parts

5.13.3.1 Géneral

Grinding mpchines shall be so de51gned that an e]ectlon of workpieces and/or workplece pats is
prevented. [fThis s IOt possibie, suitable guards with Tetaining capacity shait be provided whicit have
to be dimensioned in relation to the energy of these parts.

5.13.3.2 Surface grinding machines

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
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formulae in A.4.3 for the different materials of the protective device. Etyans in the formulae corresponds
to the determined energy of the ejected workpiece.

NOTE For surface grinding machines, the maximum workpiece mass to be ejected may be assumed to be
m = 0,5 kg.

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 hazar(s

a) Places of work and means of access on machines (such as stairs, integral ladders, plgtforms, and
alkways) shall be designed to minimize the likelihood of slips, trips, and falls by the [provision of

and holds, foot holds, and where necessary slip resistant surfaces. Requiréments in [SO 14122-1,

SO 14122-2 and ISO 14122-3 and ISO 14122-4 shall be met.

b) To avoid contamination of floors, where a metalworking fluid supply/system is provided, it shall
e designed to prevent splash, spray, and mist outside the machine-énclosure. Informgtion for use
ghall draw attention to the importance of preventing fluid spillage onto the surrounding area and
thus creating a slipping hazard.

6 Verification of the safety requirements and/or protective measures

Tabl¢ 4 indicates the methods by which the safety requirements and/or measures described in
Clauge 5 shall be verified, together with a reference to the corresponding (sub)clayses in this
Intennational Standard.

Table 4 — Verification methods

(Stb) Safety requirements Verification method
] .
clahse and/or protective Visual Functional ||, . . | Calcula- | Documenta-
measures inspection test tion tion
5.1 General requirements
5.1.2 Required characteristics
for guards fer'all grinding X X X X
machine groups
5.2 Specifictequirements resulting from mechanical hazards
5.2.1] Group 1 machines, man-
ually controlled grinding
machines without power X X X X
operated axes and without
numerical control
5.2.2 Group 2 machines, man-
ually controlled grinding
machines with power
operated axes and limited X X X X
numerically controlled
capability, if applicable
5.2.3 Group 3 machines, numerically controlled grinding machines
5.2.3.1 Access to the work zone X X X
5.2.3.2 Specific requirements for X X X X
guards
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Table 4 (continued)
(Sub) Safety requirements Verification method
clause and/or protective Visual  |Functional|, . . | Calcula- | Documenta-
measures inspection test tion tion
5.2.3.3 |Other specific require- X X X X X
ments
5.2.4 Tool holding devices X X X X X
5.2.5 Workpiece holding
5.2.5.2 Wi rl(pipr‘p rests X X X
5.2.5.3 |P¢wer operated clamping <O
. X X X X
dgvices AN
: 4
5.2.6 Vertical anc_l slant axes X X ng Ty
umder gravity R
5.2.7 Mpdes of machine operation \b
2.71 Mpde selection X X p X
5272 |MSO 0: Manual mode X X X N\ X
5273 MBSO 1: Automatic mode X X < X
5.274 |MBO 2: Setting mode X X N X
5.2.7.5 MSO 3: Optional special \\\
mpde for manual inter- \0
: : X X X X
vgntion under restricted \<\Q)
operating conditions \\,»
5276 |MBO service X R X X
5.2.8 Optional or additional equipment for grinding{ﬁzhines
5.2.8.1 |Handling devices for work- N N
) : . X - X X
piece loading/unloading ﬁQ\CJ
5.2.8.2 |Mpchines equipped with a
: . X, X X X
talilstock and/or quill N\
5.2.8.3 Externally accessible tool -O\
mpgazine, tool transfer and<J X X X X
tdol changing mechani
5.3 Specific requireme N~
rgsulting from el@%cal X X X X
hazards
54 S e(_:lflc re ‘ments re- X X X X
sylting from noise hazards
5.5 Sy e@g\{;quirements
rgsulting from vibration X X X X
hazards
5.6 Specific requirements
resulting from radiation X X X X
hazards
5.7 Specific requirements resulting from materials or substances hazards
5.7.1 General X X X X
5.7.2 Equipment for the use of metalworking fluids
5.72.1 General X X X X
5.7.2.2 Measures for the protec-
tion against contact or X X X X
inhalation
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Table 4 (continued)
; Verification method
(Sub) Safety requlremgnts
clause and/or protective Visual  |Functional |, . | Calcula- | Documenta-
measures inspection test tion tion
5.7.2.3 Biological and microbio-
logical hazards (viral or X X X
bacterial)
5.7.3 Measures against fire and explosion hazards
5.7.31 Flammable metalworking ¥ ¥ ¥ X
Tluids
5.7.3]2 Flammable and explosive X X X
dusts
5.8 Specific requirements
resulting fr_om qegl_ect X X X X
of ergonomic principles
hazards
59 Specific requirements
resulting from unexpected
X X X
start-up, over-run or over-
speed hazards
5.10 Specific requirements
resulting from variation X X X
in the rotational speed
hazards
5.11 Specific requirements re-
sulting from failure of the X X X
power supply hazards
5.12 Specific requirements re-
sulting from failure of the X X X X
control circuit hazards
5.13 Specific requirements resulting from ejected fluids or objects hazards
5.13[1 General requirements X X X
5.13)2 Guards to preventejection in the event of abrasive product breakage
5.13f2.1 |Abrasive product guards X X X X X
5.1312.2 |Work zoné ériclosures X X X X X
5.1313 Devices.protecting against
ejection of workpieces and X X X X X
wiorkpiece parts
5.14 Specific requirements
resulting from loss of sta- X X X
bility hazards
5.15 Specific requirements re-
sulting from slips, trips and X X X
fall of persons hazards
7 Information for use
71 Marking X X
7.2 Instruction for use X X
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7 Information for use

NOTE See IS0 12100:2010, 6.4.

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

h 1 - h . B 1.1 £l £ & 1 1 1. 1.1 h il : d
1) thepusmess Tame ana full aaaress of thre nranutacturer dllu, WIICI© dppPIlIL4dUIC, 1115 dUtliU 1Ze
representative;

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

3) thelserial number, if any;

4) thelyear of construction, that is the year in which the manufacturing proeess was completed.
b) In ordey to indicate its compliance with mandatory requirements (e.g. the\GE marking);
c) Forits dafe use

1) thel|direction of rotation of the wheel spindle;

2) thejmaximum permissible speed or speed range of the wheel spindle(s) in rotations per mjnute
or the peripheral speed in m/s;

3) thejmaximum permissible dimensions of the abrasive product;

4) the|weight of the machine;

5) supply data for electrical, hydraulic and-pheumatic systems;

6) thejmaximum permissible work holdihg spindle speed in rotations per minute;

7) guards, protective devices and-other parts of the machine, which are not permanently attathed,
shall be marked with identifi¢ation data;

8) ampchine presenting afire or explosion risk shall be provided with an appropriate markipg, if
i) [the extinguisling agent provided with the machine presents hazards, and

ii) [the machineis exclusively intended for the machining of special materials (e.g. light mg¢tals)
and the.wachining of other (e.g. spark forming) materials can generate hazards.

7.2 Instruction for use

7.2.1 General

An instruction handbook in accordance with ISO 12100:2010, 6.4.5, completed with the specific
information 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 of these modes have to be defined.

iy
2)

Information on the foreseeable misuse shall be given.

Information on possible residual risks, e.g. for

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

NOTH

In addition to the general information required according to ISO 12100:2010, the following
shalllbe given in the instruction for use:

b) A requirement that‘the safeguards shall be in place and functional before starting the
¢ach mode of safe-operation;

c) Anynecessaryihformation for safe installation (e.g. floor conditions, services, vibration

This ineludes information on the location for machines for the use with flammable m
fluids)which are equipped with pressure relief devices, and information on the locatid
recipitator for machines for the working of materials during which flammable and exp

ii) noise (see 7.2.6),

iii) vibration on manually guided machines (see 7.2.7), and

iv) touching the abrasive product when the tool is guided by hand.

Information on the necessary qualification of operators, in particular if the machine enables

MSO 0, MSO 2, MSO 3, and/or MSO service, which, for example €an comprise expertf
i) adjusting and clamping of workpieces and devices,

ii) setting, operating and monitoring of grinding machines,

iii) selection and use of abrasive products,

iv) mounting and dressing of the abrasive product,

v) data input for the machining of workpieces and optimization of the machining
vi) special hazards and safety requirements, and

vii) use of personal protective-equipment.

In MSO 3 and in MSO service, additional skills can be necessary (see 7.2.9).

ences in

process,

information

machine for

tampening) ;

talworking
n of the wet
losive dusts

RPN |
dlI'T gClITl dlTuU.

d) Arequirement for maintenance, including a list of those devices which shall be inspected or tested,
including frequency and methods of the tests;

e) The frequency of visual inspections that are necessary to ensure the protective function of vision
panels and transparent screens

iy

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
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f)

g)
h)

j)

k)

D)

50

as they are tarnished or discoloured and that they have to be replaced with new transparent
screens before that happens.

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.3.6.

3) The recommended methods of cleaning of transparent screens without causing damage and,
where appropriate, the selection and use of suitable cleaning agents.

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

Recomrl
of liftin

Recomi]

Recomn
braking

Recomr]
and pre
the marn

Recomi]
fluids, ¢
of the

Recomn
metalwi
of aeros

Recomn
This ind
1) esc
2) hot
3) bac

4) pre

nendations on handling and lifting heavy parts/tools or workpieces including the'loc
b points of exchangeable components, e.g. tools, parts, clamping devices;

hendations on the use of a calibration laser (where applicable, see IEC 608251);

nendations on selection, preparation, application, and maintenance_of‘lubricants fo
and transmission systems;

hendations on selection, preparation, application, and maintenance of metalworking f]

ufacturer of the metalworking fluid;

nendations on the measures to prevent spattering, spraying, or ejection of metalwo
g. cleanliness of collecting gutters, and on avoidance of spillage of fluids in the environ
achine;

nendation on the reduction of the fire and-explosion risk for the selection of flamn
brking fluids. This includes e.g. information'on viscosity and flash point and on the reduy|
pl and vapour formation through selectionof low-emission metalworking fluids (see Ann|

hendation to use additional precautions when working with flammable metalworking f
ludes information on

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

surfaces and parts possibly live after a fire,

kfire hazards during opening/restart of the machine directly after a fire, and

vention of ingress of foreign substances such as

machine'¢leaning and conditioning products,

waorkpiece cleaning products and solvents, and

htion

r the

luids

cautions against their degradation and the information to follow the recommendations of

'king
ment

hable
ction
ex [);

luids

iii)

foreign oils etc.,

in order to maintain the safety-related properties of the metalworking fluid with regard to fire and
explosion hazards over its lifetime.

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
protection);
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hazardous substances (e.g. dusts and mists);

Instructions for connection of an extraction system where the machining process generates

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

7.2.2
a)

Tooling

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, on truing and dressing,

b)

d)

7.2.
The

d) 1

3

~

)

ee Annex D. The information on the selection of abrasive products should include a
hecking of the applicability of low-noise abrasive products, if applicable.

nformation on the maximum permissible mass and the spatial envelope of the abrasi

n grinding machines supplied with automatic loading devices.

nformation on the selection of abrasive product guards for different\types and di
brasive products.

nformation on the safeguards and protective measures, e.g. personal protective equip,
ight be necessary during manual clearing of chip spaces of the-abrasive product.

Workpiece holding

ollowing information about workpiece holding and.workpiece holding devices shall be

or workpiece holding devices supplied with the machine: Information abo

orkpiece holding device shall be used and maintained (e.g. maintenance and lubricatic

or workpiece holding devices thatycan be used: Recommendations on the
orkpieces, including information on(collets or chucks that can be used with the mach
ith the recommendation for use/mtaintenance from the workpiece holding device ma

or replacement/changing . the workpiece holding device: Information to enabl
olding devices (e.g. chucks,faceplates or collets), to be selected, fitted, and/or changed,
ata relevant to that partref the clamping device/machine interface belonging to the
nbalance requirements.for chucks and faceplates.

or workpiece holding device modifications:

efficiency of these devices.

Information shall be given that workpiece holding devices shall only be modifi

e
limits given by the grinding machine manufacturer and in accordance with the clai

Hvice on the

ve products

mensions of

ment, which

supplied.

ut how the
n schedule).

flamping of
ine together
hufacturer.

e workpiece
for instance
machine or

Informatjon”shall be given that modification of workpiece holding devices supplied with
or fitted to the machine may reduce or alter the maximum permissible spindle s

peed or the

within the
ping device

3)

7.2.4

manufacturer’s recommendations.

(e.g.jaws) which would reduce the maximum permissible speed of those devices. Suc

Information shall be given on equipment added to or substituted for workpiece holding devices

h equipment

shall be clearly marked with the reduced maximum permissible speed in rotations per minute.

Machine functions accessible from the NC panel

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

from

© ISO

the NC panel, e.g. tool corrections, mode access, and mode changes.
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7.2.5 Restart

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.

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

The following information on airborne noise emissions of the machine shall be provided:

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

b) the peak C-weighted instantaneous emission sound pressure level at workstations, wherg this
exceedd 63 Pa (130 dB in relation to 20 pPa);

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

These valuep shall be either those actually measured for the machinery in question or those established

on the basiq of measurements taken for technically comparable miachinery which is representative of

the machingry to be produced.

In the case|of very large machinery, instead of the A-weighted sound power level, the A-weighted

emission solind pressure levels at specified positions around the machinery may be indicated.

Whenever sound emission values are indicated, the uncertainties surrounding these values shdll be

specified. The operating conditions of the machineky’during measurement and the measuring methods

used shall be described.

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

The declaration shall be accompanied by a statement of the measuring method used and the operpting

conditions dpplied during the test and Values for uncertainty K, using dual number form of declarption

defined in agcordance with ISO 48%1:

— K=4dB when using ISOZ3746 or ISO 11202 (grade 3);

— K=2,5dB when usihg1S0 3744 or ISO 11204 (grade 2).

EXAMPLE For assound power level Lwa = 83 dB(A) (measured value), uncertainty K = 4 dB(4) for

measuremenfs madeiin accordance with ISO 3746.

NOTE Anpother example can be found in ISO 230-5:2000, Annex E.

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

same metho

d and the same operating conditions as those declared.

The noise declaration shall be accompanied by the following statement:

“The figures quoted are emission levels and are not necessarily safe working levels. Whilst there is
a correlation between the emission and exposure levels, this cannot be used reliably to determine
whether or not further precautions are required. Factors that influence the actual level of exposure
of the workforce include the characteristics of the workroom and the other sources of noise, i.e. the
number of machines and other adjacent processes and the length of time for which an operator
is exposed to the noise. Also, the permissible exposure level can vary from country to country.
This information, however, will enable the user of the machine to make a better evaluation of the
hazard and risk.”
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7.2.7 Vibration

In case the upper parts of the body are exposed to vibrations, e.g. 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/s2.

— Ifthetotal vibration value to which the upper parts of the body are exposed does not exceed 2,5 m/s2,
this shall be indicated.

— Measuring uncertainties shall be advised.

The instruction handbook shall also give the following:
a) information on technical measures for vibration reduction;

b) :I:formation on personal protective equipment, if appropriate;

c) the operating conditions of the machinery during vibration measurement;
d) the transducer positions during measurement;

e) the vibration measurement methods used;

f) the criteria on which the vibration declaration is made'(e.g. EN 12096).

7.2.8 Ancillary handling devices

If apcillary handling devices are to be inteégrated on the machine, the ancillagy handling
devi¢e manufacturer/supplier shall provide information necessary to enable the machine
mantyifacturer/supplier to install these devices for use.

7.2.9 Residual risks to be addressed by the machinery user

Inforjmation shall be provided tewarn that guards provided or supplied with the machine ifj accordance
with|Annex A are intended to'minimize the risks of ejection and not to eliminate them completely. Also,
the minimum distance of the.operator to vision panels shall be provided.

Advife shall be proyided that processing substances such as aluminium or magnesiurh can cause
additional hazardsseg: fire and explosion or noxious dust.

Instructions shall'be provided on the necessary checks following the exchange of compongnts removal
of equipmentor change of software where these can affect safety functions.

Inforymdtion shall be provided to indicate that machining unbalanced workpieces can creatg an ejection
hazard-and that the way to minimize the risk is to counter balance or machine at reduced speeds.

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

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

If the machine provides MSO 3 according to 5.2.7.5,

— the details of 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.
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If 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.

Information shall be provided on the main parameters the user has to consider to lower the noise
emission level, e.g.

a) tool seld
b) workpig

c) mainter

7.2.10 Inst

Information|
provided. Al

7.2.11 Clesd

Information|
footholds ajf
machine shd

ction,
ce/tool clamping, and

lance.

allation instructions for the grinding machine

about the required foundation and how to install and supperf’the machine shalll be

pove all, the safe handling of heavy parts of large machines shalkbe described.

Ining instruction for the machine

about the foreseen cleaning procedures shall be provided. All utilities (e.g. handholds,
d/or slip resistant surfaces) shall be described and, the way to reach all sides/parts df the

1l be explained.
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Annex A
(normative)

Abrasive product guards, work zone enclosures, and their
combinations

A.1| General

The [following requirements apply to abrasive product guards, work zone enclosure$, and their

combinations intended for the use of bonded abrasive products and superabrasive-products.

A.2 | Abbreviated terms and symbols

As shearing cross section of a fixing element [mm?2]

AT reduced shaft cross section of a reduced bolt [mm?2]

D diameter of the shearing area [mm]

E total energy of the rotating abrasive product (71

Etran translational energy of a fragment 11

E’trafls  translational energy of a fragment for the calculation of the fixing elements of the ]
abrasive product guard

Erot rotational energy of a fragment ]

AE loss of energy during the impact 11

F force of impact [N]

Fm average shearing force [N]

Fmax maximum shéaring force [N]

k coefficient of impact [-]

L reduced shaft length of a reduced bolt [mm]

m mass of abrasive product [kd]

mpr mass of a fragment [kel

msy mass of abrasive product guard [kg]

n number of clamping elements [-]

Q ratio of bore diameter and outside diameter of abrasive product [-]

ReH yield point [N/mm?]

Rm tensile strength [N/mm?Z]

Rpo,2 0,2 % proof stress [N/mm?Z]
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s displacement [mm]
Sw shearing distance [mm]
v peripheral speed of an abrasive product [m/s]
Vmax maximum possible peripheral speed of an abrasive product in case of failure of wheel [m/s]
spindle drive
Vs maximum operating speed of an abrasive product [m/s]
Wp energy absorption capacity of a reduced bolt at tensile impact [1]
W endrgy absorption capacity of the ith clamping element [J]
W endrgy absorption capacity of a shearing element at shearing impact H
z nuthber of abrasive product fragments [-]
a half angle of fragments []
a half angle of fragments (radian measure) [-]
£B elophgation of break [%]
&R elophgation at rupture [%]
E elagtic modulus [N/mm2]
Om arithmetic mean from yield point Rep, or 0,2 % [N/mm?2]
prdof stress Rp0,2 and tensile strength Ry,
p der]sity [g/cm3]
Ts shefaring strength [N/mm2]
A.3 Requirements for abrasive product guards and work zone enclosures
A.3.1 Shapes of abrasive product guards and angles of aperture
A.3.1.1 General
Abrasive prpduct guards shall safely retain fragments in the case of an abrasive product breakage.
Generally, the abrasive' product is totally enclosed by the abrasive product guard. The angle of apefture
is different for the-various types of grinding machines and shall give access only to that part df the
abrasive productnecessary for the machining process.

A.3.1.2 Abrasive product guards for peripheral grinding

Abrasive product guards on grinding machines for peripheral grinding, cutting-off, profile grinding,
in accordance with Table 1, Nos. 1.3, 1.5, 1.10, 1.13, 1.14 shall enclose the abrasive product with a
maximum angle of aperture of 150° (see Figures A.1 and A.2).
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<
<150°

Figure A.1

Figure A.2

A.3.1.3 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)

The angle of aperture of the abrasive productguard 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 shalll not exceed
50° fpr abrasive products with an outsidediameter D > 250 mm (see Figure A.3).

a) outside diameter D < 250 mm b) outside diameter D > 250 mm

Key

1 x-axis
Figure A.3

Abrasive product guards for abrasive products with an outside diameter D 2 125 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 adjusted to <5 mm. For examples, see Figures A.4 to A.9.
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FigureA.5

Figure A.7
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Figure A.8

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.3.1.4 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-ond-pedestal-grinding machinesforabrasive produectswith-vs—>50-m/sshall- be-equipped with
an abrasive product guard and an internal guard. The internal guard closes the abrasive product guard
aperture in the event of a grinding abrasive product breakage (see Figures A.11 and A.12).
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Key
1 abrasive[product guard
2 internal guard
3 carrier peg
4  fastening screw
5 grinding|abrasive product
Figure A.11
1

7
Key
1 abrasive|product guard
2 internal guard
Figure A.12

Requirements and design of the internal guard:

U-shaped profiles adapted to the internal contour of the circular guard. The centring angle shall be
140°. As a function of the outside diameter of the abrasive product, the following widths of the wheel
(T) shall be observed:

NOTE Experiments have shown that a safe operation is only ensured if the following diameter/width ratios
are complied with:

D=500mm T=60mm
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D=2600mm T=50mm

D>762mm T=40mm

On the inside of the rotating part of the U-shaped profile, carrier pegs are to be provided.

The internal guard shall be attached to the side parts of the guard by means of fixing elements. The
fixing elements shall have a low breaking elongation, e.g. M5 10.9.

The wall thickness of the internal guard shall at least be 3 mm, but 5 mm at maximum, material 1 to 3

: a | LW s o N0 P | AL
1N acportance witn aner.7-

The

nternal guard shall be arranged so that the distance between the inner side of the'gy

outel side of the internal guard is a minimum of 8 mm (see Figure A.11).

A.3.1.5 Abrasive product guards for side grinding on bench and pedestal-grinding m
(see|Table 1, No. 1.2)

Abralsive product guards for side grinding abrasive products with or without recess shall
so thiat the aperture

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

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

See igures A.13 and A.14.

Key

y-axis

ard and the

hchines

be designed

Figure A.13
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J

Key
1 x-axis

Figure A.14

For abrasive¢ product guards for abrasive products with an outside diameter D < 200 mm, the front
enclosure alpove the x-axis is not necessary if the peripheral part extends outside the periphery df the
abrasive prgduct by at least 5 mm (see Figures A.15 and A.16).

Figure A.15

>5

Figure A.16
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A.3.1.6 Abrasive product guards for internal cylindrical grinding machines (see Table 1, No. 1.9)

For examples for automatically acting devices for protection against contact with the abrasive product,
e.g. during workpiece removal, see Figures A.17 to A.20.

Figure A.17

Figure A.18
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Figure A;20

During the machining process, ejection of abrasive product fragments shall be prevented by work|zone

enclosures i

A.3.1.7 Ab
1.7 and No.

1.8)

h accordance with 5.13.2.2.

rasive product guards for.external cylindrical grinding machines (see Table 1, N

1

The total angle of aperture of thé abrasive product guard shall not exceed 180°, the opening abovie the
hot exceed 60° (see Eigure A.21).

x-axis shall

Key
1 x-axis
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Figure A.21
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Abrasive product guards for abrasive products with outside diameter D = 250 mm shall be designed so
that for peripheral wear of the abrasive products the gap between the abrasive product periphery and
the abrasive product guard can be adjusted to <5 mm (see Figures A.5 to A.7).

A.3.1.8 Abrasive product guards for side grinding on surface grinding machines (see
Table 1, No. 1.11)

For moving adjustable abrasive product guards (also with adjustable protective band) where the axial
movement of the abrasive product carrier is transmitted, the clearance between the peripheral face
of the abrasive product and the inside of the abrasive product guard shall be a maximum of 12,5 mm
and the open (unprotected) width of the abrasive product Ty, projecting from the moving adjustable
abragive product guard (adjustable protective band) shall be

To < 0,3 Tfor T<50 mm

To=0,2 Tfor T>50 mm

See Higure A.22.

E
o
;

VNN B
<125 D \
3
Key
ddjustable guard band
interchangeable steel disc
3 grinding abrasive product
Figure A.22

A.3.1.9 £ Abrasive product guards for side grinding on double spindle grinding machines (see
Tablg@;No. 1.12) T

Abrasive product guards for double spindle grinding machines shall totally enclose the work zone
except for openings for loading and unloading of workpieces (see Figures A.23 and A.24).
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A.3.1.10 Ah

The type of
and the ope

The angle of
shall cover {]

Figure A.23

Figure A.24

rasive product guards for tool grinding machines (see Table 1, No. 1.6)

hbrasive product guard used shall depend on the shape and position of the abrasive prgduct
ation to be carried out.

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

66

Figure A.25
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?
%}}:: =
T

4
Ll
T

Figure A.26

A.3.1.11 Abrasive product guards for swing frame grinding machines-and swing frame¢ cutting-
off machines (see Table 1, No. 1.4)

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

Figure A.27

A.3.2 Wall thicknesses and)material

A.3.2.1 General

Abralsive product guards shall be of the dimensions given in Tables A.1 to A.6 depending on fhe material
used|(see Table ACZ)."The wall thicknesses specified for the abrasive product dimensions anfl peripheral
speefls given jn the 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 cage where the
highesténergy of fragments (for calculation, see A.4 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 calculation, see A.4.2). The dimensioning
of the guard shall be based on 150 % of this energy value for bonded abrasive products, or 100 % for
superabrasive products.

The principles for the determination of the wall thicknesses are described in A.4. For abrasive product
dimensions and peripheral speeds not listed in the tables, the wall thickness can be determined by
means of the procedure described. The wall thickness should be atleast 1,5 mm.

For abrasive product dimensions and/or peripheral speeds where higher fragment energies can be
expected than those taken as basis for the values in the tables, the designer shall specify the dimensions
individually. In this case, the design shall provide for the use of either additional energy absorbing
elements within the abrasive product guard or thicker product guards.
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A.3.2.2 Wall thicknesses

See Tables A.1 to A.6.
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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

Mate- Peripheral Width Outside diameter of abrasive product D
riala speedd of abrasive 125 200 315 406 508 610
Vmax product
T Minimum wall thicknessesb,c
25 35| 3 5 4 7 |55|185|65| 10 | 75 | 12 9
5 Ry 50 451 3,0 6,5 9 7/ 11 | 8,5 15 10 15, [|111,5

100 6 | 458565 12 9 |14,5| 11 | 17 | 13 |A9,57(14,5
160 7 |55 10 | 75 | 14 |10,5| 17 | 13 | 20 | 15- |23 |[17,5

a  Designatipn of material (see Table A.7).

b t, Wall thjickness peripheral part.

ts Wall thickf

c Determinj

hess side part.

Ation of the wall thicknesses (see A.4.3).

d  Highestppssible peripheral speed of the abrasive product taking account of a fault of the'wheel spindle drive (monifored
speed).
Table A.4 +— Wall thicknesses for aluminium alloy abrasive product guards for bonded abrasive

products, except for cutting-off wheels

Dimensions i

N mm

Materiala | Reripheral | Width Outsidexdiameter of abrasive product D
speedd | of abra- 125 200 315 406 508
Vmax sive
product Minimum wall thicknessesb,c
m/s T tp ts t ts tp ts t ts tp ts
10 2,5 2 3 2,5 4,5 3,5 5,5 4 6,5 5
40 20 3 2,5 4 3 6 4,5 7 5,5 8,5 6,5
32 3,5 2,5 5 3,5 7 5,5 8,5 6,5 10 7,5
10 3 2 4 3 5,5 4 6,5 5 7,5 6
6 50 20 3,5 2,5 5 3,5 7 5,5 8,5 6,5 10 7,5
32 4 6 6 4,5 8,5 6,5 10 7,5 12
10 3 2,5 4,5 3,5 6,5 5 7,5 6 9
63 20 4 3 6 4,5 8,5 6,5 10 7,5 12
32 5 3,5 5,5 10 7,5 12 9 14 10,5
10 5 4 55 10 7,5 12 9 14 11
32 20 6,5 7 13 10 15,5 | 11,5 | 18,5 14
7 32 8 6 11 8 15,5 | 11,5 | 18,5 14 22 16,5
10 6 4,5 8,5 6,5 12 9 14 11 17 12,5

a  Designation of material (see Table A.7).
b t, Wall thickness peripheral part.

ts Wall thickness side part.

¢ Determination of the wall thicknesses (see A.4.3).

d  Highestpossible peripheral speed of the abrasive product taking account of a fault of the

speed).

wheel spindle drive (monitored
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Table A.4 (continued)
Materiala | Peripheral | Width Outside diameter of abrasive product D
speedd | ofabra- 125, | 200 | 315 406 508
Vmax sive
product Minimum wall thicknessesb,c
m/s T tp ts tp ts tp ts tp ts tp ts
40 20 7,5 6 11 8 15 11 18,5 14 21,5 16
32 9 7 13 9,5 18 13,5 22 16 26 19
a  Designation of material (see Table A.7).
b ¢, Wall thickness peripheral part.

ts Wall thickness side part.
¢ Dpetermination of the wall thicknesses (see A.4.3).

d  Highest possible peripheral speed of the abrasive product taking account of a fault of the wlreélspindle dri
speed).

ve (monitored
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Table A.7 — Choice of material

Material designation Mechanical strength properties
Rm Ren €B
in accordance N/mm?2 N/mm?2 %
with
ISO
Cold-reduced carbon
1 |steelsheetof com- 3574 270 140 28
mercial and drawing
qualities
- 4997
] Cold-reduced stee_l sheet 300 220 18
of structural quality 6316
3 Steel_s for general engi- 1052 340 215 17
neering purposes
Cast carbon steels for
4 general engineering 3755 450 230 22
purposes
g Spheroidal graphite cast 1083 400 250 15
iron
q Wrought aluminium 6361-2 310 260 10
alloys
7 Cast aluminium alloys 3522 200 — 3
te Hot rolled stainless plate 9444 520 205 —
g Polycarbonate — 60 E =2400 N/mm?2 er> 80
A.3.3 Compound abrasive productguards
A.3.3.1 General
If abrasive product guards arejoined from individual parts, e.g. by means of welding, screwing, riveting,

the g
sepa

A.3.3

A.3.3
The 1

Fate due to the resulting energy.
.2 Welded abrasive product guards

.2.1 Drawings

omponents shall be connected so that in case of breakage of the abrasive product, jo

epresentation of the welding lines in the design drawings shall be in accordance with

nts will not

[SO 2553.

A.3.3

.4.4 Freparation

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.3.3.2.3 Personnel

The welder shall have attained approval under the conditions specified in the relevant standard.

— For steel abrasive product guards, a test certificate as per ISO 9606-1 is required.

— For aluminium alloy abrasive product guards, a test certificate as per ISO 9606-2 is required.
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A.3.3.2.4 Welding process

The welding process and weld metal shall be selected taking into consideration the parent metal
welding procedure shall be in accordance with the requirements of ISO 15607 and ISO 3834-1.

A.3.3.2.5 Inspection and testing

. The

The quality of the weld shall be to the standard specified in ISO 5817, Table 1 quality level C (medium).

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.

NOTE It[is not permissible to ignore the first and last 25 mm of the length of butt joint or filler wéld
it is expected that some joints will be relatively short and the required standard must be maintained fd
complete joir

o

A.3.4 Screens for bench and pedestal grinding machines

The minimum dimensions of the transparent part of rectangular, trapezoidal, or round screens of b

These dimefpsions are given as function of the abrasive product nomipal‘diameter D and for a grir
abrasive praduct width T limited to 0,15 D.

When T is greater than 0,15 D, b1 min shall be raised in proportien to the real value of T. The snj

since
r the

ench

e A.8

ding

aller

base by of trjapezoidal screens shall be equal to at least 1,5 timés the grinding abrasive product widlth 7,

with a miniinum value of 75 mm.

The minim@im dimensions of the transparent part of<the screens of bench and pedestal griy

1ding
hese
heels

machines equipped with face or cup grinding wheels are identical to those for the screens of {
grinding mgchines equipped with plain grinding wheels; however, the width T of plain grinding w
should be rgplaced by the width W of the working part of face grinding wheels.

b,

e =
b,
by
Figure A.28
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Table A.8 — Dimensions of the screens

Dimensions in millimetres

Outside diameter b1 min h by d
of the grinding
abrasive product
D
100/200 .75 .60 75 75
200 80 70 80 85
230/250 100 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

A.3.5 Work zone enclosures

A.3.3.1 Spreading area

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

Key
1 dpreadingarea

Figure A.29
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o

Key
1 spreadinfg area

2 work zone enclosure
3 travelling distance

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 sidesfrom an angle of at least 20° to the free side fages of
the abrasive product (see Figure A.30). Free side faces are faces which are not enclosed by the gualrd or

by the flangps.

Traverse angl rotating movements of the wheel spindle head shall be taken into account when speci

the spreading area (see Figure A.30).

A.3.5.2 Wall thicknesses and materials

A.3.5.2.1 Wall thicknesses‘and materials of work zone enclosures on grinding machines with

abrasive product guards

Steel sheet

In the spreafling area, wall thickness of 0,2 times ¢, in accordance with Table A.1, A.5, or A.6, but at

1,5 mm. Matetial' 1, 2, 3, or 8 of Table A.7.

fying

least

Polycarbonate

In the spreading area, wall thickness of 0,5 times ¢, in accordance with Table A.1, but at least 3 mm.

Material 9 of Table A.7.

A.3.5.2.2 Wall thicknesses and materials of work zone enclosures for grinding machines

without abrasive product guards

Steel sheet

In the spreading area, wall thicknesses in accordance with Table A.1, A.5, or A.6, the wall thickness
outside the spreading area may, however, be 0,2 times ¢t in accordance with Table A.1, A.5, or A.6, but
shall be not less than 1,5 mm. Materials 1, 2, 3, or 8 of Table A.7.

86
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Polycarbonate

In the spreading area, wall thickness of 2,5 times ¢, in accordance with Table A.1, A.5, or A.6, but not
less than 3 mm. Outside the spreading area at least 3 mm. Material 9 of Table A.7.

NOTE

Extensive investigations at steel sheet and polycarbonate have revealed that for a wall thickness

relation of tpc = 2,5 x tseel, approximately equal values result for the impact resistance (tpc = thickness of
polycarbonate, tstee] = thickness of steel sheet).

A.3.6 Attachment of vision panels in work zone enclosures

nclosure by

vision panel

with|the surrounding steel sheet structure is required. The following minimum valtes shall be observed:

b)

d)

anel outside the spreading area (see Figures A.29 and A.30) - minimum coverage
Figure A.31);

f the vision
10 mm (see

¢rinding machine with abrasive product guard and work zone,enclosure, location qf the vision

panel within the spreading area (see Figures A.29 and A.30J/~ minimum coverage 15

mm, from a

gize of the vision panel of 500 mm, the minimum coverage;shall be 35 mm (see Figure 4.31);

¢rinding machine without abrasive product guard butwith work zone enclosure, lodation of the

rision panel outside the spreading area (see Figures'A.29 and A.30) - minimum cove
(see Figure A.31);

rage 15 mm

¢rinding machine without abrasive productygtiard but with work zone enclosure, lodation of the
rision panel within the spreading area (see-Figures A.29 and A.30) - the manufacturer $hall furnish

proof of the suitability of the attachment.of the vision panel to contain abrasive produc
For verification methods, see Annexes:B and C.

t fragments.
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Machining side Access side
7112
710 3
-1
Ha
._4> A‘
|
2|
a -1
™4
Key
1 coveragq
2 vision pdnel
3 frame
4  steel shept
5 frame prpfile
Figure-A.31
Polycarbondte screens should be protected against ageing effects, e.g. by addition of a safety glass s¢reen
towards thelmachining side and a plastic screen towards the access side. The edges of the screens shall be

sealed. The

NOTE

curve shows

88

imited service life of polycarbenate screens shall be indicated in the instruction handbpok.

All-around protected polycarbonate panels show only marginal loss of impact resistance, whereas the
that the impact resistafice‘of unprotected polycarbonate is significantly reduced (see Figure Al32).
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Figuire A.32 — Ageing curve of unprotected polycarbonate (averaged test points) (S¢

A.3.

A.3.

St. Augustin, Germany [01])

/ Verification of strength, testing

7.1 Abrasive product guards

Abrafsive product guards which de not comply with the specifications set out in A.3.2 shall
verify their strength. The test shall be carried out in accordance with the following method

a)
b)

c)

d)

e)

mmounting of the guard;

the guard shall be mounted for the test so that its position and fixing elements corre
intended use o the grinding machine;

intended.use on the grinding machines;

reakage of the abrasive product shall be initiated at the intended maximum operating

burce: IFA,

be tested to
S:

spond to its

dn abrasive/product shall be used, which corresponds in its design type and dimernsions to its

speed or the

ermissible speed of rotation by a projectile shot onto the abrasive product or by anof

her suitable

procedure. The projectile shall hit the abrasive product near the clamping device (flange);

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, e.g. dye penetration or
magnetic crack detection. Minor deformations and surface damage can be accepted. Fixing devices, e.g.
clamping devices, bolts, shall remain in function with no detectable damage.

A.3.7.2 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
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Annexes B and C. For calculation of the wall thicknesses as provided in A.3.5.2, the values determined
in the individual verification may be used.

A.4 Criteria for the design of abrasive product guards and their means of
attachment

A.4.1 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 transmitfed

— directly or indirectly (by means of ejection of colliding fragments) to the abrasive produetgudrd,
— via the gbrasive product guard to its means of attachment and the machine frame, and

— via whegl dressers which can project into the abrasive product guard, indirectly.te’'the spindlefhead
and the|machine frame.

Methods foi] the calculation of the energy of abrasive product fragments and for the determinatipn of
wall thickng¢sses of abrasive product guards and the design of the means-of attachment for abrasive
product guards are described in the following subclauses.

A.4.2 Energy of abrasive product fragments

The calculation of the impact energy transmitted in the caseof’‘an abrasive product breakage from the
fragments tp the abrasive product guard is only possible by~approximation. Its value depends ainong
others on the breakage behaviour of the abrasive produet:

The energy pf a rotating abrasive product is

E = m 1+ Q%) xv? (A1)

and is contgdined in the fragments as/translational and rotational energy. On the assumption that the
resulting fragments are equal in siz€, the following formula applies:

E =zx[E +E

trans

rot) (A.2)

The translational energy.ofa fragment being

2
3

2 ) ina)”
5 XM % 5 X=XV (A.3)

X 2 a

1-
)

For a half angle of fragments a = 67°, the translational energy reaches its maximum value:

E

trans —

2
-
trans (o0 =67°) = 0,051 xmx ) X V2 (A4)
1- QZ)
The rotational energy of a fragment is calculated as
E
Eo = ; —Eans (A.5)

NOTE For symbols, see A.2.

90 © IS0 2015 - All rights reserved


https://standardsiso.com/api/?name=f65ed60c72864b79515d14306690ce61

ISO 16089:2015(E)

A.4.3 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.6 is based partly
on experience and partly on available experimental test results. The procedure is described below.

The basic criterion for the dimensioning of the abrasive product guards wall thickness is the
translational fragment energy in accordance with Formula (A.4), 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 drive.

iness tables

Req
in ng
The

calcu
wall
thicKk
guar

The
that

In o7
wer€

ired-wallthickness—and-fragment-energywererelated-on-the-basis—ofthe-wall-thic
tional regulations of Germany, England, and France valid when EN 13218:2002 was
fragment energy anticipated for the abrasive products listed in these wall thicknes
lated using the above mentioned formula. The corresponding value from- the ta
thickness of the abrasive product guard was assigned to this calculated energy valy
ness was represented in a diagram as a function of the fragment energy with the abra
d material as parameter.

liagram showed a considerable correspondence between the requirements. Howevel
n all Tables considered, the energy values assigned to the wall thickness values show a y

der to assign the wall thickness unambiguously to the fragment energy, the reveale
approximated by means of compensating functions, additionally using experimental

5 developed.
b tables was
bles for the
he. The wall
sive product

, it explains
wide scatter.

d variations
studies and

expefriences with wall thicknesses which have until presentbeen used in praxis.

This|empirical procedure resulted in the following relationships between the wall thickn
peripheral part of the abrasive product guard and the fragment energy Eirans of the abra
for the different guard materials in accordance with' Table A.7:

ess tp of the
bive product

Steel sheet:

0:37
trans

ty = 0,4 E (E 100000 Nm)

trans <

Caststeel:

0,37
trans

ty= 0,57 E (E 100000 Nm)

trans <

Castliron: 0,37
trans

t =092 E

b (E

(6 000 Nm)

trans

Wrotlight aluminium &lloy: 0,37
trans

t =0,7E

b (E

(3300 Nm)

trans

Castpluminidm alloy: 0,37
trans

t =1,8E

b (E

(1 300Nm)

trans

will then be

In theseformulae, the energy value Eirans shall be given in Nm, the wall thickness value ¢,
in mm.

The energy values given in brackets are limit values; there is no experience on the applicability of the
above formulae for higher values.

The wall thicknesses given in Tables A.1 to A.6 were determined by means of these approximation
functions. The following assumptions were taken as basis for the calculation of the fragment energy in
accordance with Formula (A.4):

Tables A.1 to
A.4:

Abrasive product type 1 or 41 in accordance with [SO 525

Q=0,2 for D <508 mm
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Q=0,4for D =610 mm
Q =ratio of bore diameter H and outside diameter D of the abrasive product
Semi angle of fragment a = 67°

Density of abrasive product p = 2,4 g/cm3

Superabrasive type 1A1 in accordance with ISO 6104

Depth of superabrasive section X = 6 mm

Exclusion of
correspondj

Based on data given in national tables and previous experience, a ratio“ts/t, = 0,75 was assumed a

basis for cal
thickness v4

This proced
dimensions
differing frg

A.4.4 Des

To simplify
means of aft
speed whicl
modified fo1

trans ((X

It can, howy{
energy can i

Q =ratio of core diameter (D-2X) and outside diameter D of the abrasive product
Semi angle of fragment o = 15°

Density of abrasive product section p = 8,6 g/cm3 (metal bond)

Exclusion of errors for core

errors for the core of superabrasive products is only permissible if the abrasive prq
to the requirements of EN 13236 or to comparable requirements.

culation of the wall thicknesses t; of the side parts of the abrasive product guards. The
lues determined by calculation were rounded to whole'er half millimetre values in the Tz

ure is also applicable for the dimensioning of abrasive product guards for abrasive prq
hnd peripheral speeds notlisted in Tables A.110'A.6 and for abrasive products with den
m those given above. The limits of the formulae-dependent relationships shall be obse

ign of the means of attachment.of abrasive product guards

matters, only the translational fragment energy is taken into account for the design
tachment. For safety reasons, however, the calculation is carried out with a perip
exceeds the maximum peripheral operating speed by 30 %. Consequently, Formula (A
this calculation as follows:

2
-
> x v
-
ver, be-taken into account that in the case of impulsive stress of a static mass, loss
esult\due to plastic deformation:

= 67°) = 0,0865¢m x

duct

s the
wall
\bles.

duct
bities
rved.

f the
heral
4)is

(A.6)

es of

\

AE =
mg

oIl X
r T Mgy

xE’

trans

(1—k2

)

(A7)

The coefficient of impact k varies between k = 0 (plasticimpact) and k = 1 (elastic impact). The coefficient
of impact k can be reduced within certain limits by plastically deformable materials and elements as
e.g. rigid expanded polyurethanes or thin-walled round tubes, which are integrated into the abrasive
product guard as lining. Practical tests have e.g. 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/cm2. Rigid obstructions in the abrasive product
guard, e.g. welded stabilizing webs should, however, 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
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the total number of n fixing elements exceeds the energy value determined by the calculation method,
i.e. the condition

n
zWi ) E,trans —AE
i=1

shall

be fulfilled.

Tensile impact stress

(A.8)

In the case of tensile impact stress, reduced shaft bolts are used. The energy absorption capacity of a

cylingdTicat Teduced Shaft bolt, Te. a highly etastic Screw (Mmatertal quality 8.8, 1079, 0T 24

appr
4

with

ReH 1
Shea
If po
abso

it shd
ofa s

"

for s]

with

thes

bximately calculated as Formula (A.9):

VD:ATxlsxamng

Formula (A.10):
_ ReH + Rm
mo 2
5 e.8. Rpo,2
ring impact stress

bsible, fixing screws shall not be submitted to sheafing stress by the fragment energy, 4
Fption capacity is very small under these conditions. If special means of attachment ar¢
111 be guaranteed that the provided shearing:area is large enough. The energy absorpt]
hearing element is approximately

VS:mesW

nearing elements with circular:section, the average shearing force is

2
m 5 X ax
the maximum shearing force

max = TS ><145

hearing.distance is

uivalent), is

(A9)

(A.10)

s the energy
e integrated,
ion capacity

(A.11)

(A.12)

(A.13)

.= 0,3xd

(A.14)

© ISO

2015 - All rights reserved

93


https://standardsiso.com/api/?name=f65ed60c72864b79515d14306690ce61

ISO 16089:2015(E)

B.1 Gene

Annex B
(informative)

Impact test for guards — Bursting test

ral

This Annex gpecifies tests for guards used on grinding machines in order to minimize risks of\ejé
of parts or workpieces out of the work zone.

This Annex ppplies to guard materials, as well as to complete guards.

B.2 Test method

B.2.1 Principle

This test m
guard and 1
resistance/d

In this test method, the hazardous event is reproduced by intentionally initiated bursting of abr
products used on the machine.

B.2.2 Test conditions

a) In the test, bursting of an abrasive productis-initiated at at least 1,2 times the maximum pos

spindle

relevant abrasive product diameter according to 5.12. b) 5) is ensured, the test may be carrie
with th¢ above limited maximum spéed multiplied by 1,2.

NOTE
spindle {
factor” ¢

— disj

— Ins¢
deld

ethod applies to machines operated with abrasive products without abrasive prq
eproduces the hazard of the ejection of abrasive product fragments. The test show
trength of guards and/or guard materials against penetration and dislodgement

speed of the relevant grinding miachine. If safe limitation of the maximum speed fo

A peripheral speed of the abrasive product is assumed which is 20 % above the maximum po
peed or the peripheralspeed resulting from the safely limited maximum spindle speed. This “{
pvers the following;

persions of the material characteristics of the materials of the samples or the guards;

bcurities due to increased speeds/peripheral speeds when shutting-down spindle driv
hys‘due to time intervals required by signal processing in the control system;

ction

duct
s the

hsive

sible
r the
d out

5sible
afety

es by

— the

— low

“central impact” is not the most critical case of stress;

number of impact tests required for the determination of the impact resistance;

— insecurities in the determination of the spindle speed of the test device.

b) 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.

c) The test samples shall be arranged radially in the direction of flight around the abrasive product.

d) 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

94
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the abrasive product should be produced. This may be achieved by preparing the abrasive product
with defined saw cuts.

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 could be
arranged in the direction of flight

B.2.3 Test device

The test device (see Figure B1) mainly consists of a power operated spindle withlabragive product
holding device which accelerates the abrasive product to the relevant speed or peripheral speed.

The §peed shall be controlled by measurement.

In addition, the test equipment consists of a device, which initiates bursting of the abrasive product, e.g.
a falling weight. The test device also includes a frame for fixing the test'samples.

5 3 2

Key

1 ame

2 spindte

3 abrasive product
4  bursting device
5 testsample

Figure B.1 — Example for a test device for the impact test

B.2.4 Test sample

Both material samples and guards ready for use may be test samples.
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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.

As to the vision panels, not only the pure impact resistance shall be tested. Another decisive factor is

the attachm

ent 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

hine

of the guar
(particularl

As larger ¥
minimum d
which appr
Deviations

of the grinding machine in qn;\]ngv to the way thev are mounted on the actual ma
y with regard to material overlap and fixing elements).

ision panels bulge more than small ones during impact and thus requifée”an
verlap, the tests shall be carried out with vision panels, the outside . dimensioi
pximately correspond to those of the vision panels used on the actual gtinding mac
f£15 % are acceptable.

B.3 Re

sults
After the imjpact, the damages identified on the test sample shall be asséssed as follows:

B.3.1 Dan
a) bucklin
b)

c) through
d)

e) guard W
f) guard Iq
B.3.2 Ass

The testis g
e) and f) acq

nages can be:

b /bulging (permanent deformation without crack);

incipient crack (visible only on one surface);

crack (crack visible from one surface to the other);

penetration (projectile penetrating the test ebject);

rindow loosened from its fixing;

osened from guard support:

pssment

assed if there ismo.through crack or penetration of the test object and no damage of t
ording to B.3.1.

report

ort shall specify the following minimum information:

ther
s of
hine.

ypes

B.4 Test

The test rep|
a)

b)

c) thedesi
d)

e) thetest
96

the date, place of the test, and name of the testing institute;

gn, material, and dimensions of the test object;

the clamping or fixing of the test object to test facility;

result with indication of the damage figures.

the mass, dimensions, and strength of the abrasive product and bursting and peripheral speeds;
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This

of pafrts or workpieces out of the work zone.

This

C.2

C.2.
This

guar
resis

In thiis test method, the hazardous event is reproduced-by the impact on the guard of a p1
impact energy of which corresponds to the translatjional energy of an abrasive product fragy

C.2.7

a)

b)

NOT
prod

from

d)

ISO 16089:2015(E)

Annex C
(informative)

Impact test for guards — Projectile impact

General

[Annex specifies tests for guards used on grinding machines in order to minimize risk

Annex applies to guard materials, as well as to complete guards.

Test method

1 Principle

test method applies to machines operated with abrasive ‘products without abras
d and reproduces the hazard of the ejection of abrasivel product fragments. The teg
tance/strength of guards and/or guard materials against penetration and dislodgeme

2 Test conditions
For the determination of the impact ehergy of the projectile, the abrasive product inte
n the machine which presents théhighest hazard potential shall be taken as basis.

The required impact energy €orresponds to the translational energy of the 134° frag
dbrasive product, determined by Formula (A.4), assuming a peripheral speed of {
Eroduct of 1,2 times the(maximum possible spindle speed of the relevant grinding ma
imitation of the maximum speed for the relevant abrasive product diameter according
is ensured, the test®miay be carried out with above limited maximum speed multiplied |

H For the cdlcnlation of the required impact energy of the projectile, a peripheral speed o
fict is assumedWhich is 20 % above the maximum possible spindle speed or the peripheral sp
the safelytimited maximum spindle speed. This “safety factor” covers

s of ejection

ive product
t shows the
nt.

ojectile, the
nent of 134°.

hded for use

ment of this
he abrasive
thine. If safe
to5.12b) 5)
by 1,2.

F the abrasive
eed resulting

dispersions of the material characteristics of the materials of the samples or the gu

lards,

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

insecurities due to increased speeds/peripheral speeds when shutting-down spindle drives by

low number of impact tests required for the determination of the impact resistance.

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 relevant abrasive product.

the width of

The required speed of the projectile is calculated from the translational energy determined under

b) and the mass according to c) with the formula v = JE
m
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with v = projectile speed = impact speed

E = impact energy calculated in accordance with b)

m = mass of projectile in accordance with c).

C.2.3 Test equipment

The

C.2.3.1 Gyn

The

test equipment consists of a gun, a projectile, and a support of the guard to be tested.

gun car] consist of a compressed-air vessel with a flanged gun barrel (see Figure C.1),-Compreéssed

air can be released by a valve to accelerate the projectile toward the test object. The difgun is fed by
an air compressor. The speed of the projectile can be controlled by the pressure of the-air. The drive or

thrust unit ghall enable acceleration of the projectile to +5 % of a given impact speed.

Projectile speed is measured near the muzzle of the gun barrel by a suitable velocimeter, e.g. by

proximity s¢nsor or photocell.

velocimdter
gun barrgl
projectilg
control ganel

compresged-air vessel
test objeft

Figure C.1 — Equipment for impact test

C.2.3.2 Projectile

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:

98

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.
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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.

30° a3

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

Figure C.2 — Projectile

Table C.1 — Projectile, mass, and dimensions

Projectile
Mass Diameter Front face
m D axa
kg mm mm x mm
30 19 x 19
30 19 x 19
40 25 x 25
0,625
50 30 x 30
1,25
30 19 x 19
2,5
50 30 x 30
60 38 x 38
70 45 x 45

C.2.3.3 Speed measurements

The $peed of the-projectile shall be measured at a point where it is no longer subject to pcceleration
(i.e. after exiting the barrel or in the barrel beyond suitable pressure relief). The speed [needs to be
meaguredsover a fixed distance using proximity sensors, photoelectric cells, or other equivalent means.

C.2.3.4~ Sunporting the suard undertest
rhn Pr 5 )

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

C.2.4 Test procedure

In order to evaluate the resistance class of a guard, a projectile has to be shot against a material sample
and the impact shall be in the centre of the sample and as perpendicular to the surface as possible. For
the test on real machine guards, the impact shall be in the weakest area of the guard.

© IS0 2015 - All rights reserved 99


https://standardsiso.com/api/?name=f65ed60c72864b79515d14306690ce61

ISO 16089:2015(E)

C.3 Testresults

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

C.3.1 Damages can be:

a)
b)
<)
d)
e)
f)
C.3.
The

C4
The

a)
b)

<)

d)
€)
f)
g)

100

buckling/bulging (permanent deformation without crack);

incipient crack (visible only on one surface);

through crack (crack visible from one surface to the other);

penetra|tion (projectile penetrating the test object);

guard W
guard 14
2 Ass

testis p

Test
testrep|
the datd

the proj

rindow loosened from its fixing;

osened from guard support.

pssment

assed if there is no through crack or penetration of the test object\and if there is no dajage
of types e) and f) according to C.3.1.

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

ectile mass, dimensions, speed;

the malchine manufacturer, type, maximum- diameter, maximum spindle speed, mass,| and

dimens

ons of the abrasive product, the failtire of which is to be reproduced by the impact;

the desrlgn, material, and dimensions of the test object;

the cla
the dire

the test

ping or fixing of the test 0bject;
ction of shock, point©fjimpact of the projectile;

result.
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Clamping methods for abrasive products and safety requirements
for tool holding devices

D.1| General

The following statements include safety requirements for devices for the mounting of abrasjve products
on gfinding machines.

D.2 | Clamping methods

Clanping methods are for example:

— by means of flanges. See Figures D.7 to D.15;
— Iy means of inserted nuts. See Figures D.13 to D.15;
— Dby means of clamping ring or chucking tool at the outside of the abrasive product. See Higure D.16;

— Iy means of cementing to a back plate. See Figures D.17 and D.18;

— Dby means of segments mounted on a clamping fixture. See Figures D.19 and D.20.

D.3 | General requirements

The flamping devices shall transmit the maximum required operating torque at minimym clamping
pressure. The following general xequirements shall be fulfilled:

— The design of flanges shallguarantee that the contact areas are perpendicular to the rofational axis
yhen clamped (except for tapered wheels type 4);

— The clamping foree shall be equally distributed all over the clamping area. The contacf areas shall
e flat and freefrom burrs. The concentricity with the rotational axis should be <0,02 mm;

— There shdllyalways be an undercut at the inner diameter of the clamping area. This undefrcut shall be
minimtm* 1 mm, for abrasive products with H> 0,2 D minimum 4 mm;

— Theclamping device shall be marked in accordance with D.4.4.

D.4 Design 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 D of the flanges shall be carried out in compliance with Tables
D.1 to D.3 as a function of 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 (Figure D.1) is
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covered 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 Df), (Figure D.2).

For the design of hub flanges (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)

Type of ma- Abrasive product Maximum operating | Flange outside di-
chine speed ameter
Designation Dimensions in mm Bond Ve Dp
m/s mm
Stationary Plain wheels, H<0,2-D >0,33> D
grmd_lng dish and saucer H>02-D all all >H 420,17 - M)a
machines wheels, cup
wheels

H = abrasive[product bore

M =radial wjdth of abrasive product

D = outside diameter of abrasive product

D—H

a  SeelSO 6¢6.

Table D.2 — Flange diameters for bonded abrasive cutting-off wheels

Type of ma- Abrasive product Maximum operating | Flange outsidg di-
chine speed ameter
Designation |Dimensions in mm Bond Vg Dp
m/s mm
<63 20,2-D
DE800 B, BF 80, 100 20,25-D
Plain cutting-off 125 033D
wheels
Stationary D> 800 BF <63 20,2-D
. _ >
cutting-off 80,100, 125 20,33 - D
machines
Depressed*een-
tre
allD BF <100
cutting*of >0,25D
wsels atleast
Swing frame| [Plain and o o oo
cutting-off  |depressed-cen- T2 {017 -M)
. : D <600 BF <80
machines tre cutting-off
wheels

102
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Table D.3 — Flange diameters for superabrasive cutting-off wheels with metal core

Type of ma- Abrasive product Maximum operating | Flange outside di-
chine speed ameter
Designation |Dimensions in mm Bond Vg Dr
m/s mm
G, M <200 .
D600 tleast 1
Stationary |¢ . o0 B <140
cutting-off | >19/8 1t CUF 600 <D <1500 20,18 - D
. ting-of wheels <Us= =Y,16 -
machines - e
D>1500 M =1zo >(,10 - D,
atleast 270
100
‘ O -
S) T RS
2 x
T
Key
1 flexible blotters
2 yndercut
Figure D.1.=>Clamping flanges for mounting abrasive products with large bore
(H>0,2D)
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D

[l 1=

Fig

D.4.3 Stif]

D.4.3.1 G¢g

Flanges sha
contact areg
to the undet
in D.4.3.2. |
measureme

D.4.3.2 Mg

The applied
manufactur

Execution o

a) Place th

r

ure D.2 — Clamping flanges for mounting abrasive products with small bore
(H<0,2D)

ness

neral

| have sufficient stiffness to ensure a homogenous distribution of the force over the y
when clamped. A flange is considered to besufficiently stiff, if its clamping area is pa
lying surface when the test force F. is_applied (A < 0,005). The test procedure is desc
‘langes complied with ISO 666 are considered to have enough stiffness, therefor
ht of the stiffness is not required in this case.

ethod for measuring the stiffness

test force shall have the value F. corresponding to the clamping force Fg calculated b
br and considering the'properties of the abrasive product.

F the measurement:

e flange on @’nteasuring table (permissible flatness deviation 0,01/100), the contact
contact with the measuring table.

rfor.Dr < 200 or at 2 mm for Dg > 200 mm.

rhole
rallel
ribed
e the

[y the

area

vo dialigauges, one normal to the recess diameter, the other at 1 mm from the ouftside

being in
b) Place ty

diametd
c)

clamping the flange (see notes),

— apply the test force F

Using a plain washer offering a similar contact area to that of the nut or the multiple screw system

— reduce that force to pre-load value corresponding to 1/10 of the test force and set the dial
gauges to 0.

For hub flanges 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 €1 and C», as indicated by the dial gauges, with F; being

the test

104

force (Figure D.3).
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e)

f)
g)

(C1, ¢ and R in millimetres).

D.4.

For

indidations, which shall still be visible afternrounting the abrasive product:

D.5

D.5.

Supplorting<flahges for the mounting of abrasive products with central threaded insert

flat
be <

their original position.

ISO 16089:2015(E)

Figure D.3 — Test arrangement

Remove the test force while maintaining the pre-load. The dial gauge pointe¥s should ¢

[arry out three measurements at 120° from each other.
[alculate the ratio
C1 — ¢y

R

| =

4 Marking of flanges

hbrasive products with outside diameter' D > 200 mm, the flanges shall bear th

aximum outside diameter D of the abrasive product;
aximum and minimum width 7 of the abrasive product;

iameter H of abrasive praduct bore.

I Centralthreaded inserts

¢ontact areas with the abrasive products. The run-out tolerance with the rotational

ome back to

e following

Devices for themounting of abrasive products by means of clamping inserts

5 shall have
axis should

(|),02 mm.

The outside diameter Dr of the supporting flanges shall be at least 0,33 D of the maximum outside
diameter of the abrasive product for the mounting of plain and tapered cup wheels (Figure D.4).
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ﬁ
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7

|
\,i/-\

I D4 y al o 1
rigurc u.x CUp wiictTis

Collets for the mounting of abrasive products with inserted steel spindle shall bear indications on
the clamping diameter and the length of the spindle within the clamp. They shall engure suff{[:ient
concentricify of the clamped spindle. This requirement is considered fulfilled ifCthe permigsible
run-out tol¢rances in accordance with Table D.4 are not exceeded when using;the test procegdure
described upder D.5.2.

D.5.2 Method for the determination of the run-out tolerance for ¢ollets
After mounting the collet in a test spindle, a test shaft, h5, is mounted imthe collet (Figure D.5).

The run-ouf tolerance of the test shaft is determined at a distance I (test length) from the clamping
position, e.gl by means of a dial gauge, and compared with the cotresponding test value.

dh5

Figure D.5 — Test shaft

Table D.4 — Permissible run-out tolerance for collets

Clamping diameter Testlength [ Permissible run-out
in mm in mm tolerance
in mm
more than 1,6 to 3 10 0,02
more than 3to 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 (see EN 12413) and comparable
abrasive products

The inserted nut of the abrasive product shall have enough area to touch the steel of the backplate, and
the guidance of the bolt shall be such that no bending or breaking out of inserted nuts take place. The
bolt end shall not reach the bottom of the inserted nut nor reach the abrasive body. There shall always
be a clearance between the bolt and the bottom of the nut/abrasive body. See Figure D.6.
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