INTERNATIONAL ISO
STANDARD 11148-6

Second edition
2012-12-15

Hand-held non-electric power tools| —
Safety requirements —

Part 6:
Assembly power tools for threaded
fasteners

Machines portatives a meteur non électrique — Exigences de sécurité —

Partie 6: Machines d’assemblage pour éléments de fixation filetés

— Reference number
= — ISO 11148-6:2012(E)

©180 2012


https://standardsiso.com/api/?name=81c0df2b14d0ce8d595ee34e6ea55c43

ISO 11148-6:2012(E)

COPYRIGHT PROTECTED DOCUMENT

© 1S0 2012

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form or by any means,
electronic or mechanical, including photocopying and microfilm, without permission in writing from either ISO at the address below or ISO’s
member body in the country of the requester.

ISO copyright office

Case postale 56 « CH-1211 Geneva 20

Tel. + 412274901 11

Fax + 4122749 09 47

E-mail copyright@iso.org

Web www.iso.org
Published in Switzerland

ii © IS0 2012 — All rights reserved


https://standardsiso.com/api/?name=81c0df2b14d0ce8d595ee34e6ea55c43

ISO 11148-6:2012(E)

Contents
oY (=30 Y ([
0o Yo Lo oY o
1 85T o7 oo -
2 NOIMALIVE FEFEIENCES ...ttt s e e e e e seneeesnessnressneennneans
3 Terms and definitioONS....... ..ot e e e s s
3.1 General definitioNS........... .ot e e e e e e ne s
3.2 Definitions related to assembly power tools Tor threaded fasteners ... ... ..
4 Safety requirements and/or protective measures ...............ccccocoiiiiiiiiiiieicceceeeee O
4.1 L€ 7=Y 0 1= - | R S
4.2 Mechanical safety...............coiiiiii e e
4.3 Thermal safety ... g e
4.4 L\ Lo T =30 = o L1 o 4 o) o S
4.5 RV A1 o = 11 (o o 1Y A
4.6 Materials and substances processed, used or exhausted............[. 0 oo,
4.7 ErgONOMICS ...t ettt
4.8 (090 Y 01 4o ] 1 S
5 R =Y o= 4 Y
51 General conditions fOr teStS..........ooooeiiiiiiiicieeeeeeeeeeee e N ettt
5.2 1 oY ==
5.3 RV A1 o = 11 (o o 1 S
5.4 Unintentional Start............cccoooiiiiiiiicciiiiccccie ettt nned]
5.5 [0 XVTZ=Y o Yo I o0 Y g K3 1 0 [ 1 o o T
5.6 Structure of verification of safety requirements.................ccocooiiiiiiiiiiii
6 INFOrMAtioON FOT USE ... e e e an s nne s
6.1 Marking, signs and written Warnings:..............cooi
6.2 INStructions hanNdbOOK ........... ... .o e e e e
6.3 Operating iINStrUCLIONS ... 0 et
6.4 - - e
6.5 MaintenanCe INSEIUCTIONS N .........oooiee et e e
Annex A (informative) List of significant hazards...............c.ccocoiiiiiiiiiiiiiccccce
Annex B (informative) Examples of assembly power tools for threaded fasteners covered by
ST 0 T e 7
Annex C (normative))Symbols for labels and Signs..............cocooiiiiiiiiiiiii e
Annex D (normative) Additional safety requirements related to internal combustion engine
0703 Y= o LS
=] o FTo o T= = 0 /2%

© 1SO 2012 — All rights reserved


https://standardsiso.com/api/?name=81c0df2b14d0ce8d595ee34e6ea55c43

ISO 11148

-6:2012(E)

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.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.
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sk of technical committees is to prepare International Standards. Draft International Stand
the technical committees are circulated to the member bodies for voting. Publication "as
| Standard requires approval by at least 75 % of the member bodies casting a vote.

drawn to the possibility that some of the elements of this document may be the\subject of pa
shall not be held responsible for identifying any or all such patent rights.

b was prepared by Technical Committee ISO/TC 118, Compressors and pneumatic tools, mach
ent, Subcommittee SC 3, Pneumatic tools and machines.

edition cancels and replaces the first edition (ISO 11148-6:2010), of which it constitutes a minor revis

onsists of the following parts, under the general title Hand-held/ non-electric power tools — S3
(s:

lAssembly power tools for non-threaded mechanical fasteners
Cutting-off and crimping power tools

Drills and tappers

Non-rotary percussive power tools

Rotary percussive drills

Assembly power tools for threaded fasteners
Grinders

Sanders and polishérs

Die grinders

; Compression power tools

" Nibblers and shears

:‘Circular, oscillating and reciprocating saws

hrds
an

tent

fnes

ion.

fety

Apart13,d

ealing with fastener driving tools, is under preparation.
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Introduction

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

The machinery concerned and the extent to which hazards, hazardous situations and events are covered are

defined in the Scope of this part of ISO 11148.

When provisions of this type C standard are different from those that are stated in type A or B standards, the
requirements of this type C standard take precedence over the requirements of other standards for machines

that have been designed and built according to the requirements of this type C standard.

ISO[11148 consists of a number of independent parts for individual types of hand-held, non-electric

Cerfain elements of this part of ISO 11148 cover hand-held, non-electric power tools(driven
conjbustion engines powered by gaseous or liquid fuel. In these parts, the safety aspetts ‘relatin
combustion engines are found in a normative annex.

Thelparts are type C standards and refer to pertinent standards of types A and B where Such standards ar

power tools.

by internal
j to internal

b applicable.
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INT

ERNATIONAL STANDARD ISO 11148-6:2012(E)

Hand-held non-electric power tools — Safety requirements —

Part 6:
Assembly power tools for threaded fasteners

IMPORTANT — The electronic file of this document contains colours that are considered useful for the

cor
prin

refdrences from colour order systems.

1

Thig
thre
thre
inte
e.g.

Thig

NOT

This
thre

Thid
the
mair
exp

ter. ISO 3864-4 provides colourimetric and photometric properties together with, as

Scope

part of ISO 11148 applies to hand-held non-electric power tools (hereinafter “assembly pov
aded fasteners”) intended for tightening or installing of threaded fastenefs) The assembly po
aded fasteners can be powered by compressed air, hydraulic fluid or intérnal combustion engi
hded for use by one operator and supported by the operator’s hand or.hands, with or without a

a balancer.

part of ISO 11148 covers

air-hydraulic impulse wrenches;

impact wrenches;

fastener installation tools;

nutrunners;

open-ended spanners (crow-foot with-open-ended socket or tube nut wrench);
ratchet wrenches;

screwdrivers.

E1 For examples of'assembly power tools for threaded fasteners, see Annex B.

part of ISO 11148)does not cover special requirements and modifications of assembly pow
aded fasteners for the purpose of mounting them in fixtures.

part of SO 11148 deals with all significant hazards, hazardous situations or hazardous €
tools_are*used as intended and under conditions of misuse which are reasonably foresee
ufacturer, with the exception of the use of assembly power tools for threaded fasteners ir
oOsive atmospheres.

ihg a colour

guideline,

er tools for
ver tools for
hes and are
suspension,

er tools for

vents when
bble by the
potentially

NOTE 2 EN 13463-1 gives requirements for non-electrical equipment for potentially explosive atmospher

2

Normative references

es.

The following referenced documents are indispensable for the application of this document. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced document
(including any amendments) applies.

ISO 3857-3, Compressors, pneumatic tools and machines — Vocabulary — Part 3: Pneumatic tools and machines

ISO 3864-2, Graphical symbols — Safety colours and safety signs — Part 2: Design principles for product
safety labels

© 1SO 2012 — All rights reserved
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ISO 5391, Pneumatic tools and machines — Vocabulary

ISO 7000, Graphical symbols for use on equipment — Registered symbols™)

ISO 7010, Graphical symbols — Safety colours and safety signs — Registered safety signs")
ISO 9158, Road vehicles — Nozzle spouts for unleaded gasoline

ISO 9159, Road vehicles — Nozzle spouts for leaded gasoline and diesel fuel

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

ISO 13732-[1, Ergonomics of the thermal environment — Methods for the assessment of human response
contact with surfaces — Part 1: Hot surfaces

ISO 13732-B, Ergonomics of the thermal environment — Methods for the assessment of human-responsg
contact with surfaces — Part 3: Cold surfaces

ISO 15744,|Hand-held non-electric power tools — Noise measurement code — Engineering-method (grad
ISO 17066,|Hydraulic tools — Vocabulary

ISO 20643 Mechanical vibration — Hand-held and hand-guided machinery < “Principles for evaluatio
vibration emission

ISO 28927-R, Hand-held portable power tools — Test methods for evaluation of vibration emission — Pa
Wrenches, hutrunners and screwdrivers

EN 12096, Mechanical vibration — Declaration and verification ofvibration emission values

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 3857-3, ISO 5391, ISO 12100
ISO 17066 [for hydraulic tools), and the following apply.

3.1 Geng¢éral definitions

3141

hand-held [power tool

machine operated by one or two.hands and driven by rotary or linear motors powered by compressed
hydraulic fllid, gaseous or liquid\fuel, electricity or stored energy (e.g. by a spring) to do mechanical work an
designed thpt the motor andthe’mechanism form an assembly that can easily be brought to its place of opers

NOTE and-held power tools driven by compressed air or gas are called pneumatic tools (or air tools). Hand
power tools diriven by-hydraulic liquid are called hydraulic tools.

31.2
inserted tgol

s to

s to

e 2)

n of

't 2:

and

air,
H so
tion

held

tool inserted In the assembly power tool for threaded fasteners o perform the intended work

31.3
service tool
tool intended for performing maintenance or service on the assembly power tool for threaded fasteners

31.4

control device

device to start and stop the assembly power tool for threaded fasteners or to change the direction of
rotation or to control the functional characteristics such as speed and power

the

1) The graphical symbol collections of ISO 7000, ISO 7001 and ISO 7010 are also available online in the ISO web store.

For more information, consult http://www.iso.org/iso/fr/publications_and_e-products/databases.htm.
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31.5

start-and-stop device

throttle

manually operated control on the assembly power tool for threaded fasteners by which the energy supply to
the motor can be turned on and off

3.1.6

hold-to-run start-and-stop device

constant-pressure throttle

start-and-stop device that automatically returns to the OFF position when force on the start-and-stop device
actuator is released

permits the
r or fingers

and where

starf-and-stop device that remains in an ON position:until it is manually changed

3110
maximum operating pressure
ma)imum pressure at which an assembly power tool for threaded fasteners may be operated

31N
whip hose
air hose, connecting the main ainhose with an air tool for the purpose of providing more flexibility

3112

ratgd air pressure
air pressure, required-at an air tool inlet port to assure rated performance of the tool, also considered the
ma)imum pressuré.at which the tool may be operated

3.1.13 Rated-speed

3.1.1341

ratgd speed

(pngumatic tool) speed of an air tool at no load and rated air pressure at the tool inlet port

NOTE The rated speed is expressed in revolutions per minute.

3.1.13.2
rated speed
(hydraulic tool) nominal speed of a hydraulic tool at no load and rated flow at the tool inlet port

NOTE The rated speed is expressed in revolutions per minute.

3114

maximum attainable speed

maximum speed which the tool can achieve under the most adverse condition of possible maladjustment or
malfunction of its speed control devices, when supplied with compressed air at the pressure marked on the
assembly power tool for threaded fasteners

© 1S0O 2012 — All rights reserved 3
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suspension device
device, which is attached to the tool, whose primary purpose is to reduce the strain on the operator caused by
the weight of the tool

NOTE

The device may also have a secondary purpose of transmitting a reaction torque.

3.2 Definitions related to assembly power tools for threaded fasteners

3.21
screwdriv

r

rotary, reve

q
N

NOTE
defined in IS

3.2.2
nutrunner
rotary, reve

NOTE )
two-speed a

3.23

impact wre
percussive
strikes an &
NOTE L

3.24

'sible or non-reversible, power tool driving a spindle fitted with a screwdriver bit

crewdrivers can be straight, pistol-grip or angle types, and might or might not have a clutch; theseterms
D 5391.

sible or non-reversible, power tool, incorporating a socket adapter for the tightening of nuts and &

hd crow-foot nutrunners; these terms are defined in ISO 5391.

nch
rotary power tool fitted with a multi-vane or oscillating motor driving a hammer that periodi
nvil to tighten nuts and bolts without producing any considerable reaction torque on the tool

'hese terms are defined in ISO 5391.

air-hydraulic impulse wrench

power asse

which appli
NOTE £

3.2.5

Mbly tool fitted with a motor driving a hydraulic impulse mechanism for tightening threaded fasten
bs torque through a hydraulic impulse@nit to a fastener in discontinuous increments

ir-hydraulic impulse wrenches have the'same types as impact wrenches; these terms are defined in ISO §

fastener injstallation tool

screwdriver
threaded c3

having a manual or(automatic reverse mechanism and a threaded drive spindle for insta
ptive fasteners, which’may be straight, pistol-grip or angle-drive type

3.26
open-end
crow-foot

d spanner
ith open-ended socket

tube nut wrench
nutrunner ofr afatchet wrench with an open-ended socket

are

olts

lutrunners can be pistol-grip or angle-drive types, and might or might not havesaClutch. This category incljides

ally

ers,

391.

Jling

3.2.7

ratchet wrench

angle-drive

3.2.8

wrench progressively rotating a socket by means of a ratchet and pawl coupling

reaction bar
implement fitted to the hand-held tool to place against a fixed structure of sufficient strength to accept the load
of the reaction torque

3.2.9

sleeve fitting
device for aligning the inserted tool or drive adapter with the axis of rotation of the power tool spindle that can
reduce the vibration caused by misalignment

© 1SO 2012 — All rights reserved
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3.210
drive adapter
implement fitted to the hand-held power tool to drive the threaded fastener

EXAMPLE Drive bits and sockets.

4

4.1

Safety requirements and/or protective measures

General

-6:2012(E)

The|
acc
for ¢

The
Itis
perf

vari
asi

4.2

machine shall comply with the following safety requirements and/or protective measures and

measures adopted to comply with the requirements of Clause 4 shall take account.of the stat

recognized that optimizing the design with respect to some safety measures ean‘result in a de
ormance against other safety requirements. In such cases, it is required to strike a balance k&
bus requirements in order to achieve an assembly power tool design that'satisfies each require
5 reasonably practicable, and remains fit for purpose.

Mechanical safety

4.21 Surfaces, edges and corners

verified in

brdance with Clause 5. In addition, the machine shall be designed in accordance with the principlesgf ISO 12100
he relevant, but not necessarily significant, hazards, which are not dealt with by this part ofjISO 1[1148.

-of-the-art.

pjradation of
etween the
ment, so far

Acckssible parts of assembly power tools for threaded fasténers, except the inserted tool, shall notfhave sharp
edges or angles or rough or abrasive surfaces; see 1ISO-12100:2010, 6.2.2.1.

4.2.p Supporting surface and stability

Asspmbly power tools for threaded fastengrs shall be so designed that they can be laid aside and|remain in a
stabjle position on a plane surface.

4.2.3 Hydraulic fluid ejection

Hydraulic systems of the assenibly power tool shall be enclosed so as to give protection against high-pressure
fluid ejection.

4.2.4 Guards

Gugrds covering’'the drive adaptor and the inserted tool are not required.

4.2.6 Access openings

Op ningc prn\lidnd nthe nﬁenmhly pn\uor toal forthroaded fasteners to allow access to ndj||cfing Mmeans shall

be designed to protect the operator from pinching his/her fingers while operating the tool; see ISO 13857.

4.2.6 Socket retainer

The socket retainer shall be designed and used so that it retains the socket on the output shaft while the
assembly power tool for threaded fasteners is operating. Loose pin retainers shall have a positive means of

reta

ining the pin.

4.2.7 Power tool construction

The assembly power tool for threaded fasteners shall be designed and constructed so as to prevent the
loosening or loss of components during expected use, including rough handling and occasional dropping,
which can compromise its safety functions. Verification shall be made in accordance with 5.5.

© 1SO 2012 — All rights reserved
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4.3 Thermal safety

Surface temperatures of parts of the assembly power tools for threaded fasteners that are held during use or

that can be

inadvertently touched shall follow the provisions of ISO 13732-1 and ISO 13732-3.

Pneumatic tools shall be designed to avoid the cooling effects of exhaust air on the handles and other gripping zones.

4.4 Noise reduction

The assembly power tool for threaded fasteners shall be designed and constructed so that the emission of noise
o the lowest level, taking account of technical progress and the availability of means of reducing

is reduced

noise, in pg
reduced no
The noise ¢
— the asg
the ins

the wo

NOTE q
manufacture

Typical sou
a) themo
b) the exh

c) vibratig

rticular at the source. Principles for designing assembly power tools for threaded fasteners
se emission are contained in ISO/TR 11688-1 and ISO/TR 11688-2.

mission from using assembly power tools for threaded fasteners has three main soufees:
embly power tool for threaded fasteners itself;

bried tool;

kpiece.

Benerally, the noise emitted due to the characteristics of the workpiece cannot be controlled directly by
[ of the assembly power tool for threaded fasteners.

‘'ces of noise emitted by the assembly power tool for threaded fasteners itself are
for and drive mechanism;
aust air or gases;

n- or impact-induced noise.

Where the ¢xhaust air or gases are the major contributor to the noise, means to reduce the noise, for exar

a silencer o
Alternativel
Vibration-in|

This list is n
available, th

r equivalent means, shall be included in‘the design.
, where practicable, the exhaust air or gases can be piped away from the operator in a hose.
duced noise can often be reduced by vibration isolation and damping.

ot exhaustive; where dlternative technical measures for noise reduction, with greater efficiency.
ey should be usedbyithe manufacturer.

4.5 Vibration

The assem
reduced to

bly powentool for threaded fasteners shall be designed and constructed so that the vibratig
the Jowest level at the handles and at any other parts of the tool in contact with the opera

hands, taki
source. Pri

Wwith

the

ple

are

are contained in CR 1030-1.

Typical sources of vibration emitted by an assembly power tool for threaded fasteners are

unbalance of rotating parts;
poorly designed motors and gears;

resonances in the structure of the machine, particularly the handles and their mounts.

The following design features have been found effective and should be considered by manufacturers when

designing a

a)

ssembly power tools for threaded fasteners:

autobalancers;

© 1SO 2012 — All rights reserved
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b) increasing inertia;
c) isolated casing or handles;
d) in the case of impulse wrenches, the socket interface should be dimensioned as recommended by

ISO/TS 21108.

This list is not exhaustive; where alternative technical measures for vibration reduction, with greater efficiency,

are

4.6

4.6.

Ass|
eng
the

available, they should be used by the manufacturer.

Materials and substances processed, used or exhausted

L Exhaust air or gas

embly power tools for threaded fasteners driven with compressed air or gas or ancinternal
ne shall be designed in such a way that exhaust air or gases are directed so as hot to cause
bperator and so that any other effects, such as blowing the dust and reflected airor'gas from th

combustion
a hazard to
b workpiece

ontq@ the operator, are minimized.

4.6.2 Lubricants

When specifying lubricants, the manufacturer shall take environmental and occupational health aspects into account.
4.71 Ergonomics

4.7l Design of the handle

Grigping areas of the assembly power tools for threaded fasteners shall be designed to provide a|convenient,
effective means for the operator to exercise full cotitrol over the assembly power tool for threaded [fasteners.
Handles and other parts used for gripping the*assembly power tool for threaded fasteners shall be [designed to
enspre that the operator is able to grip the@ssembly power tool for threaded fasteners correctly andl to perform

the
the

NOT

Ass
be ¢

The
the

The

4.7.

expected work. Handles shall suitthefunctional anatomy of the hand and the dimensions of t
bperator population.
E Further guidance on efgonomic design principles can be found in EN 614-1.

embly power tools for threaded fasteners having a mass greater than 2 kg (including the inserte
apable of being supported by two hands while being lifted or operated.

grip shall be stch that normal feed force and reaction torque can be transmitted in an ergonon
hand of the.operator to the assembly power tool for threaded fasteners.

strength'of'a removable handle and the method of fixing it shall be appropriate to the intended p

R _-Suspension device

he hands of

d tool) shall

ic way from

[incipal use.

Provision shall be made, where appropriate, to enable the attachment to the assembly power tool for threaded
fasteners of a suspension device in order to reduce, where practicable, the physical strain placed on the
operator by the weight of the assembly power tool for threaded fasteners. The fitting of a suspension device
shall not introduce an additional hazard.

4.7.3 Reaction torque absorption

Screwdrivers and nutrunners shall be designed to reduce the effect of the reaction torque as much as possible.
The reaction torque can be absorbed by mechanical means, such as support handles, reaction bars or
suspension arms.

Where it is possible to envision that screwdrivers and nutrunners can be used in such a manner that the
operator is required to absorb a harmful reaction torque, provisions shall be made for the attachment of

© 1S0O 2012 — All rights reserved 7
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absorbing devices (support handles, reaction bars). Reaction bars shall be designed to withstand the strain
that can be exerted upon them.

Straight rotary tools shall have provisions for mounting a second handle when the reaction torque absorbed by
the operator can exceed 4 NLm.

Pistol-grip tools shall have a provision for mounting a second handle when the reaction torque absorbed by
the operator can exceed 10 N[Um.

Angle nutrunners shall have provision for mounting a reaction bar when the reaction torque absorbed by the
operator can exceed 60 NLUm.

NOTE 1 Frovision for mounting second handles or reaction bars can be required at values of reaction torque)lpwer
than those irjdicated above, depending upon factors such as the expected frequency and daily duration of operation} the
physique andl posture of the operator, the type of joint and use of accessories, such as extensions.
NOTE 2 Recommended force limits for machinery operation are given in EN 1005.

Figures 1 to|3 show examples of methods (indicated by the arrows in Figures 1 and 2) for absorbing reaction torfjue.

Figure 1 =< Reaction bar

2N

Figure 2 — Support handle

8 © 1S0 2012 — All rights reserved
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4.8. Start-and-stop device

Ass
then

grip,

Sta
stoq
pos

Sta
pow

It sh

The
hav

Sta
pre

ISO 11148
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Figure 3 — Suspension arm

Controls

embly power tools for threaded fasteners shall be equipped with @’single control device to s
n. It shall be adapted to the handle or to the part of the assembly. power tool for threaded fast
ped, so that the operator can activate it without releasing the grip on the handles.

t-and-stop devices shall be so designed that the inserted)tool ceases to be powered when th
device is released. Without manual effort and when completely released, the device shall mov
tion, i.e. shall be of the hold-to-run type.

t-and-stop devices shall be in the stop position.er immediately move to the stop position when th
er tool for threaded fasteners is connected-to the energy supply.

all not be possible to lock the start-and=stop device in the running position.

e is an exception for assembly, pewer tools for threaded fasteners with a capacity to tighte
ng a thread size of 8 mm or leSs, which may have a lock-on start-and-stop device.

t-and-stop devices shall be;so positioned or guarded that release cannot be unintentionally or in
ented. An example of/@asuitable position for the control device for angle nutrunners is shown i

="

tart or stop
bners being

b start-and-
b to the stop

e assembly

n fasteners

advertently
h Figure 4.

Figure 4 — Suitable position for the control device on the upper side of the handl

4.8.2 Unintentional start

e

The start-and-stop device for open-ended spanners shall be so designed, positioned or guarded that the risk
of unintentional start is minimized. Verification shall be made according to 5.4.

Open-ended spanners shall have a lock-off throttle.

© 1SO 2012 — All rights reserved
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4.8.3 Actuating forces

For assembly power tools for threaded fasteners that are intended for frequent starts or for use with precision
work, the actuating force shall be small.

For assembly power tools for threaded fasteners that are normally used in operations of long duration, the force

to keep the

NOTE

start device in the run position should be small.

For further information on trigger forces for control devices, see EN 894-3.

4.8.4 Directional control devices

An assemb

unexpected

threaded fq
and the rev

Forward is

Examples g

y power tool for threaded fasteners starting in an unintended direction can be hazardous due id
direction of the assembly power tool's movement. If it is possible for the assembly poweb tog
steners to start in the reverse direction, the positions of the control device that contral the forv
brse movements shall be clearly marked by arrows showing the rotational direction.of the spin

jefined as the direction of rotation of the inserted tool that tightens a right-hand threaded faste

f indicating the mode of operation are found in Annex C.

5 Verifigation

5.1

Tests accor

5.2 Nois

Geng¢éral conditions for tests

ding to this part of ISO 11148 are type tests.

P

The noise-¢mission values shall be measured and declared in accordance with 1ISO 15744

Compliance
machines o

with 4.4 may be verified through the comparison of the noise emission values with those for o
f the same family or with machineg-of'similar size and performance characteristics.

5.3 Vibration

The vibratig
The vibratid

Compliance
other mach

5.4 Unin

Complianc

n total value shall be measured and reported in accordance with ISO 28927-2.

n-emission value and/its uncertainty shall be declared in accordance with EN 12096.

nes of the same family or with machines of similar size and performance characteristics.

kentional start

the
| for
ard
lle.

ner.

ther

with 4.5 may,ybe’ verified through the comparison of the vibration emission values with thosg for

with 4.8.2 shall be verified as follows

Visually check that open-ended spanners require two separate and dissimilar actions to start them.

Open-ended spanners shall be subjected to a test in which the open-ended spanner shall be connected to the
energy supply and placed in any possible position and pulled over the horizontal plane by its hose and the tool

shall then n

ot start.

5.5 Power tool construction

Compliance with 4.2.7 shall be verified by dropping a sample assembly power tool for threaded fasteners
without inserted tool or accessory three times onto a concrete surface from a height of 1 m without affecting its

operational

10

and safety functions. The sample shall be positioned to vary the point of impact.
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5.6 Structure of verification of safety requirements

Table 1 — Structure of verification

Safety requirement Visual Functional | Measurement Reference
check check [to the subclause(s) of this part
of ISO 11148 or other standard]

421 X — — —
Surfaces, edges and corners
422 X X — —
SU PUIt;IIH QUII:GUU (ZII\‘;l Qtabl:lty
4.213 X — — —
Hydraulic fluid ejection
4.215 X — — —
Acgess openings
4.2|6 X — — —
Sog¢ket retainer
4.27 — X — 5.5
Poyver tool construction
4.3 — X X ISO 1373211
The¢rmal safety ISO 1373243
4.4 — — X ISO 15744
Nofse reduction 5.2
4.5 — — X 1ISO 2892712
Vibjration 5.3
4.6 — X — —
Exlpaust air or gas
4.71 X — — —
Desgign of the handle
4.712 X X — —
Susgpension device
4.713 X X — —
Refction torque absorption
4.811 — X — —
Stqrt-and-stop device
4.812 X X — 5.4
Unintentional start
4.813 X X — —
Acfuating forces
4.8l4 X X — —
Dirgctional ‘eontrol device

6 TInformation for use

6.1 Marking, signs and written warnings

Assembly power tools for threaded fasteners shall be marked visibly, legibly and indelibly with the following
information:

— name and full address of the manufacturer and, where applicable, his/her authorized representative;

NOTE 1 The address can be simplified if there is not really enough room on small machines, as long as the manufacturer
(and, where applicable, his/her authorized representative) can always be identified so that mail is able to reach the company.

— designation of series or type;

© 1S0O 2012 — All rights reserved 1
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NOTE 2

— year of

-6:2012(E)

The designation of the tool can be achieved by a combination of letters and numbers.

serial number or batch number;

construction, that is the year in which the manufacturing process is completed;

rated speed, in revolutions per minute:

for pneumatic assembly power tools for threaded fasteners:

the rated air pressure marked as (max.);

for

Assembly
accordancs

The directiq

Open-endeg
against the

Tools with f

hydraulic assembly power tools for threaded fasieners:
the nominal pressure and flow,
the maximum allowable setting for the pressure relief valve.

power tools for threaded fasteners shall be permanently marked with a graphical symbg
with Annex C showing that the operator’s instructions shall be read before work starts.

n of rotation, as required in 4.8.4, shall be permanently marked in accordance with Annex C.

d spanners shall have a warning sign in accordance with Annex Cyaffixed to the head, war
risk of crushing.

position of

Other grap

6.2 Instr

6.2.1

For the infg
6.4.5.3, apyq

xed torque reaction bars shall be provided with labels as shown in Annex C indicating the pr
e reaction device.

Jh
ical symbols that can be used are shown in Annex:C:

uctions handbook

General

rmation provided to the user, the (content of Clause 6 together with ISO 12100:2010, 6.4.5.2
ly.

The inform
assembly

tion provided by the manufacturer is an important, but not exclusive, basis for the safe use of
wer tool for threaded fasteners. It shall provide sufficient information for the end user to perf

an initial risk assessment.

The hazardgs identified in 6:2,2/4 to 6.2.2.12 are foreseeable in the general use of hand-held assembly pg
tools for thfeaded fasteners. The information provided with the tool shall state that the user or the us
employer shall assess.the specific risks that can be present as a result of each use.

The instructions handbook shall contain information relating to at least the following:

name gnd address of the manufacturer or supplier or any other agent responsible for placing the asser

in

hing

bper

and

the

wer
er’s

nbly

power tool for threaded fasteners on the market;

operati

12

designation of the series or type;

ng instructions; see 6.3;

information on noise emission; see 6.4.2;
information on vibration transmitted to the hands of the operator; see 6.4.3;

maintenance instructions; see 6.5;

information about residual risks and how to control them.

explanations of any symbols marked on the assembly power tool for threaded fasteners; see Annex C;

© 1SO 2012 — All rights reserved
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6.2.2 Operator’s instructions

6.2.2.1

General

-6:2012(E)

The instructions and warnings stated in 6.2.2 to 6.2.4 shall be given with all assembly power tools for threaded
fasteners unless the risk assessment shows that they are not relevant to a particular assembly power tool for
threaded fasteners. Words of equivalent meaning may be used.

6.2.2.2 Statement of use

The

apnaratoradnaterotione cbhall tnaliiAda o Aacapintion Aftha ~apreant o Afth s cccama b, n v ar taal

for threaded

fast
any
exp

6.2.

The
prof

6.2.

6.2.

OpPTTatorTS HFStFHeHeRS-SRamHherHae-a-aeSef PO OT T TCCOTTCTT HSEe-Ot+the T SSCTIToTy POvWCTtOOT

bners and make reference to the appropriate inserted tools. The operator’s instructions,sha
other use is forbidden. Foreseeable misuse of the assembly power tool for threaded(faste
brience has shown to occur, shall be warned against.

.3 Allowance for user

operator’s instructions shall be written primarily for professional users. Where a tool can be u
essional users, additional information for use shall be provided.

.4 General safety rules

For multiple hazards, read and understand the safety instructions before installing, operatin
maintaining, changing accessories on, or working near the ‘assembly power tool for threade
Failure to do so can result in serious bodily injury.

Only qualified and trained operators should install, adjust or use the assembly power tool for threadsg

Do not modify this assembly power tool for threaded fasteners. Modifications can reduce the e
of safety measures and increase the risks to-the operator.

Do not discard the safety instructions;give them to the operator.
Do not use the assembly power t6ol for threaded fasteners if it has been damaged.

Tools shall be inspected périodically to verify that the ratings and markings required by
ISO 11148 are legibly marked on the tool. The employer/user shall contact the manufactur|
replacement marking labels when necessary.

.5 Projectile hazards
Failure of the'workpiece, of accessories or even of the inserted tool itself can generate high-velocit

Always wear impact-resistant eye protection during the operation of the assembly power tool f
fasteners. The grade of protection required should be assessed for each use.

Il state that
ners, which

5ed by non-

), repairing,
 fasteners.

d fasteners.

fectiveness

this part of
br to obtain

projectiles.

or threaded

Ensure that the workpiece is securely fixed

6.2.2.6 Entanglement hazards

Entanglement hazards can result in choking, scalping and/or lacerations if loose clothin
jewellery, neckware, hair or gloves are not kept away from the tool and accessories.

Gloves can become entangled with the rotating drive, causing severed or broken fingers.

g, personal

Rotating drive sockets and drive extensions can easily entangle rubber-coated or metal-reinforced gloves.

Do not wear loose-fitting gloves or gloves with cut or frayed fingers.

Never hold the drive, socket or drive extension.

© 1SO 2012 — All rights reserved
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ands away from rotating drives.

6.2.2.7 Operating hazards

— The use of the tool can expose the operator’s hands to hazards including crushing, impacts, cuts and
abrasions and heat. Wear suitable gloves to protect hands.

— Operators and maintenance personnel shall be physically able to handle the bulk, weight and power of the tool.

— Hold the tool correctly; be ready to counteract normal or sudden movements and have both hands available.

— Mainta

T o batanced body positiomand-secure footing:

— In cas¢s where the means to absorb the reaction torque are requested, it is recommended to"ug

susper

sion arm whenever possible. If that is not possible, side handles are recommended-far stra

case gnd pistol-grip tools. Reaction bars are recommended for angle nutrunners. In.any case,

recomi
for pist

— Releas]
— Useon
— Fingers

— Do not
when |

hended to use a means to absorb the reaction torque above 4 N-m for straight to6ls;above 10
bl-grip tools, and above 60 N-m for angle nutrunners.

e the start-and-stop device in the case of an interruption of the energy supply.
ly lubricants recommended by the manufacturer.
can be crushed in open-ended crow-foot nutrunners.

use in confined spaces and beware of crushing hands between tool and workpiece, espeg
nscrewing.

6.2.2.8 R

petitive motions hazards

— When Uising a power tool for, the operator can experience discomfort in the hands, arms, shoulders, n
or othef parts of the body.

— While pising an assembly power tool for threaded fasteners, the operator should adopt a comfort
posturg while maintaining secure footingrahd avoiding awkward or off-balanced postures. The operator
should|change posture during extended tasks, which can help avoid discomfort and fatigue.

— If the operator experiences symptoms such as persistent or recurring discomfort, pain, throbbing, ach
tinglind, numbness, burning sensations or stiffness, these warning signs should not be ignored.

operat

6.2.2.9 Ac

— Discon
inserte

— Do nof
vibratiq

r should tell the employer and consult a qualified health professional.

cessory hazards

hect the assembly power tool for threaded fasteners from the energy supply before changing
0 tool oraccessory.

toOch sockets or accessories during impacting, as this increases the risk of cuts, burn

e a
ght-
it is
N-m

ially

ek,

hble

ing,
The

the

n-injuries.

— Use only sizes and types of accessories and consumables that are recommended by the assembly power
tool for threaded fasteners manufacturer; do not use other types or sizes of accessories and consumables.

— Useonlyimpact-wrench-rated sockets in good condition, as poor condition or hand sockets and accessories
used with impact wrenches can shatter and become a projectile.

6.2.2.10 Workplace hazards

— Slips, trips and falls are major causes of workplace injury. Be aware of slippery surfaces caused by the use
of the tool and also of trip hazards caused by the air line or hydraulic hose.

— Proceed with care in unfamiliar surroundings. Hidden hazards, such as electricity or other utility lines, can exist.

14
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The assembly power tool for threaded fasteners is not intended for use in potentially explosive atmospheres

and is not insulated against coming into contact with electric power.

Make sure there are no electrical cables, gas pipes, etc., that can cause a hazard if damaged by us

6.2.2.11 Dust and fume hazards

e of the tool.

Dust and fumes generated when using assembly power tools for threaded fasteners can cause ill health
(for example cancer, birth defects, asthma and/or dermatitis); risk assessment and implementation of

appropriate controls for these hazards are essential.

6.2.

6.2.

The
con

Risk assessment should include dust created by the use of the tool and the potential for disturbing
Direct the exhaust so as to minimize disturbance of dust in a dust-filled environment.
Where dust or fumes are created, the priority shall be to control them at the point.of:'emission

All integral features or accessories for the collection, extraction or suppressionof airborne du
should be correctly used and maintained in accordance with the manufacturer’s instructions.

Use respiratory protection in accordance with employer’s instructions-and as required by g
health and safety regulations.

.12 Noise hazards

Exposure to high noise levels can cause permanent, disabling hearing loss and other prol
as tinnitus (ringing, buzzing, whistling or humming ‘in“the ears). Therefore a risk asseg
implementation of appropriate controls for these hazards are essential.

Appropriate controls to reduce the risk maysificlude actions such as damping materials
workpieces from “ringing”.

Xisting dust.

st or fumes

ccupational

lems, such
sment and

to prevent

Use hearing protection in accordance withremployer’s instructions and as required by occupatjional health

and safety regulations.

Operate and maintain the assembly power tool for threaded fasteners as recommended in the
handbook, to prevent an unnecessary increase in noise levels.

If the assembly power toolfor threaded fasteners has a silencer, always ensure it is in place
working order when the)assembly power tool for threaded fasteners is operating.

Select, maintain ‘and replace the consumable/inserted tool as recommended in the instructions
to prevent an-unnecessary increase in noise.

.13 Vibration hazards

information for use shall draw attention to vibration hazards that have not been eliminated by

instructions

bnd in good

handbook,

design and

struction and remain as residual vibration risks. It shall enable employers to identify the circumstances in

which the operator is likely to be at risk from vibration exposure. If the vibration emission value obtained using
ISO 28927-2 does not adequately represent the vibration emission in the intended uses (and foreseeable
misuses) of the machine, additional information shall be supplied to enable the risks arising from vibration to
be assessed and managed.

For recommended interface dimensions for spindles and drive adapters to help reduce vibrations, see
ISO/TS 21108.

Exposure to vibration can cause disabling damage to the nerves and blood supply of the hands and arms.

Keep the hands away from the nutrunner sockets.

Wear warm clothing when working in cold conditions and keep your hands warm and dry.

© 1SO 2012 — All rights reserved
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6.2.3 Additional safety instructions for pneumatic power tools

6.2.4 Additional safety-instructions for hydraulic power tools

16

If you experience numbness, tingling, pain or whitening of the skin in your fingers or hands, stop using the
assembly power tool for threaded fasteners, tell your employer and consult a physician.

Operate and maintain the assembly power tool for threaded fasteners as recommended in the instructions
handbook, to prevent an unnecessary increase in vibration levels.

Do not use worn or ill-fitting sockets or extensions, as this is likely to cause a substantial increase in vibration.

Select, maintain and replace the consumable/inserted tool as recommended in the instructions handbook,
to prevent an unnecessary increase in vibration levels.

Sleeve flﬂ'mge should be used where prar\hr\nhln

Support the weight of the tool in a stand, tensioner or balancer, if possible.

Hold the tool with a light but safe grip, taking account of the required hand reaction forces{-becausg the
risk from vibration is generally greater when the grip force is higher.

Air under pressure can cause severe injury:

— always shut off air supply, drain hose of air pressure and disconnect t00l from air supply when npt in
usk, before changing accessories or when making repairs;

— ne)er direct air at yourself or anyone else.
Whippihg hoses can cause severe injury. Always check for damaged or loose hoses and fittings.
Cold air shall be directed away from the hands.

Do not|use quick-disconnect couplings at tool inlet for impact and air-hydraulic impulse wrenches. Use
hardened steel (or material with comparable shockresistance) threaded hose fittings.

Whengyver universal twist couplings (claw couplings) are used, lock pins shall be installed and whipcheck
safety ¢ables shall be used to safeguard against possible hose-to-tool and hose-and-hose connection failure.

Do not|exceed the maximum air pressure stated on the tool.

For torque-control and continuous-rotation tools, the air pressure has a safety critical effect on performapce.
Therefpre, requirements for length and diameter of the hose shall be specified.

Never ¢arry an air tool bythe hose.

Do not|exceed\the maximum relief-valve setting stated on the tool.

Carry gut-a daily check for damaged or worn hoses or hydraulic connections and replace if necessary.

Use only clean oil and filling equipment.

Power units require a free flow of air for cooling purposes and should, therefore, be positioned in a well
ventilated area free from hazardous fumes.

Ensure that couplings are clean and correctly engaged before operation.

Do not inspect or clean the tool while the hydraulic power source is connected. Accidental engagement of
the tool can cause serious injury.

Do not install or remove the tool while the hydraulic power source is connected. Accidental engagement of
the tool can cause serious injury.

Be sure all hose connections are tight.

© 1SO 2012 — All rights reserved
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— Wipe all couplers clean before connecting. Failure to do so can result in damage to the quick couplers and
cause overheating.

Instructions shall be given that only hydraulic fluid recommended by the manufacturer shall be used.

NOTE It is advisable to equire of the manufacturer whether or not non-flammable fluids can be used.

6.2.5 Specific safety instructions

Warnings shall be given about any specific or unusual hazards associated with the use of the assembly power
tool for threaded fasteners. Such warnings shall indicate the nature of the hazard, the risk of injury and the
avoldance action to take.

6.3| Operating instructions
Thelinstructions shall include, where appropriate,

— |instructions for setting up or fixing the assembly power tool for threaded fasteners in a stalple position,
appropriate for assembly power tools for threaded fasteners that can be mounted in a supporf;

— |assembly instructions, accessories and inserted tools;
— |illustrated description of functions;
— |limitation on tool use due to environmental conditions;
— |instructions for setting and testing;

— |general instructions for use, including changing inserted tools and limits on the size and type of workpiece.
6.4| Data

6.4./1 General

Thelinstructions shall include the information on the data plate and the following:
— |mass of the assembly power ool for threaded fasteners;

— |for hydraulic assembly-power tools for threaded fasteners:

— specification-of.the coupling,

— specification of hoses with regard to pressure and flow,

— maximum inlet temperature of the inlet fluid.

6.4.2 ~Noise

6.4.2.1 Declaration of emission

The instructions shall include a noise-emission declaration in accordance with ISO 15744.

6.4.2.2 Additional information

If the values for noise emissions obtained using the appropriate tests defined in 5.2 do not adequately represent
the emissions during the intended uses of the machine, additional information and/or warnings shall be supplied
to enable an assessment and the management of the associated risks.

Information on noise emission shall also be provided in the sales literature describing the performance
characteristics of machinery.

© 1S0O 2012 — All rights reserved 17
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6.4.3 Vibration

6.4.3.1 Declaration of emission

The instructions handbook shall include the vibration-emission value and uncertainty as specified in 5.3 and
the reference number of the test code, ISO 28927-2.

6.4.3.2 Additional information

If the values for wbratlon emissions obtained using the appropriate tests defined in 5.3 do not adequately

represent the

amicciona. dirina tha intandad ione Aftha paaahina ANl tnfarmaatinn anA/ar v arnin o

shall

be supplied

Information

C eSS STOTTS OO gt T e O T OO ST SOt oo o aattroTarT HroratoR-aRGrof AAA=LERLLELS =)

to enable the potential risks to be assessed and managed.

on vibration emission should also be provided in the sales literature.

6.5 Maintenance instructions

The mainte

hance instructions shall contain

— instructions to keep the assembly power tools for threaded fasteners safe by regularpreventative maintena

— informa

tion on when the regular preventative maintenance shall be carried out, for instance, aft

specifi¢d time of operation, a specified number of cycles/operations ora.stated number of times per y

— instruc

ions for disposal so as not to expose personnel and the efwvironment to hazards;

— list of the service operations that the user should carry out;

— instruc
— instruc
— instruc
— specifi

Maintenandg
deposited (

NOTE 9
maintenancse

ions for lubrication, if required;

ions to check the speed and make a simple-check of the vibration level after each service;
ions to check the speed regularly;

ations of the spare parts for use when these affect the health and safety of operators.

e instructions shall include _the“precautions to take to avoid exposure to hazardous substar
lue to work processes) on.the tool.

bkin exposure to hazardous dust can cause severe dermatitis. If dust is generated or disturbed during
procedure, it can beiinhaled.

Nce,

el a
ear,;

ces

the
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Annex A
(informative)

List of significant hazards

This annex contains all the significant hazards, hazardous situations and events, as far as they are dealt with
in this part of ISO 11148, identified by risk assessment as significant for this type of machinery and that require

actipn to eliminate or reduce the risk. The following significant hazards are associated with the use pf assembly
power tools for threaded fasteners. For additional hazards that can occur in assembly power tQols™for threaded
fastgners driven by an internal combustion engine, see Annex D.
Table A.1 — List of significant hazards
Reference to safety requirement
Hazard type
By design or guarding Information for use
1 Mechanical hazards:
— | crushing 4.2.5,4.81, 482,484 6.2.2.5,6.2.2.4
— | cutting 4.21,481,4.8.2,4.8.3 6.2.2.5,6.2.2.4,6.2.2.8
— | drawing in or trapping (caused by hair, clothing, etc., 4.8.1,48.2,483 6.2.2.5,6.2.2.4
getting entangled in a rotating assembly power tool for
threaded fasteners)
— | friction or abrasion hazard 4.21,4.81,4.8.2 6.2.2.6,6.2.2.4
— | loss of stability 422
— | whipping hose 6.2.3,6.24
— | ejection from high-pressure hydraulic systems 423
— | ejection of parts 4.2.4,4.26,4.2.7 6.2.2.4,6.2.2.9
— | hose and hose coupling specifications 6.2.3,6.2.4
2 Electrical hazards 6.2.2.9
3 Thermal hazards: 4.3
— | explosions 6.2.2.9
— | health damage due o-hot or cold surfaces 4.3 6.2.2.8
4 Hazards caused by)noise 4.4 6.2.2.11
5 Hazards generated by vibration 4.5 6.2.2.12
— | hazardscalsed by the operator putting hands on the 6.2.2.5,6.2.2.4
nut-running socket
6 Hazards generated by materials and substances
processed, used or exhausted:
— exhaust air or gas 461 6.2.3,6.2.2.10
— lubricants 46.2 6.2.2.6
— hydraulic fluid 423 6.2.4
7 Hazards caused by neglecting ergonomic principles:
— repetitive strain injuries 471,47.2,473,4.8.3 6.2.2.6,6.2.2.7
— unsuitable postures 6.2.2.6,6.2.2.7
— inadequate grip design and tool balance 6.2.2.6
— effects of reaction forces upon operator 4.7.3 6.2.2.6
— neglected use of personal protection equipment 6.2.2.4,6.2.2.5,6.2.2.6,
6.2.2.10
8 Hazards caused by the energy supply:
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Table A.1 (continued)

Reference to safety requirement
Hazard type - - -
By design or guarding Information for use
— unexpected return of energy supply after a breakdown 6.2.4,6.2.2.6
— discharge of high-pressure air or hydraulic fluid 6.2.4
— incorrect hydraulic fluid flow and outlet pressure 6.2.4
9 Hazards caused by missing and/or incorrectly
positioned safety-related means:

— start- ||u'-atup device 4874 62-2-6
— uninteptional start 4.8.2
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Annex B
(informative)

Examples of assembly power tools for threaded fasteners covered by
this part of ISO 11148

(-

Figure B.1 — Fastener installation tool (straight)

— & T

Figure B.2 — Screwdriver (straight)

Eigure B.3 — Nutrunner (angle)

¢ (IS

Figure B.4 — Ratchet wrench

%

Figure B.5 — Open-ended spanner
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—ll C&—

/

Figure B.6 — Fastener installation tool (pistol-grip)

/)
N

Figure B.7 — Screwdriver (pistol-grip)

Figure B.9 — Impact or air-hydraulic impulse wrench (pistol-grip)

© 1SO 2012 — All rights reserved


https://standardsiso.com/api/?name=81c0df2b14d0ce8d595ee34e6ea55c43

Annex C
(normative)

Symbols for labels and signs

ISO 11148-6:2012(E)

C.1_Normative symbols for labels and signs
Table C.1 — Symbols for labels and signs
Np. Symbol Significance Colours Symbol rpgistration
number jor source
CA Warning Background jn'the ISO $864-2
/A\x Minimum requirement. circle: blue ISO 70110-M002
This symbol is Symboli.white
normative. Additional Backaround for
symbols and/or text are W fm% - orange
informative. arning: 9
CA12 Warning Background:
@ Risk of crushing yellow
» ¢ (intended for open- Triangular band:
black
ended spanners)
Symbol: black
CA3 Warning Background:
Risk of crushing yellow
. Triangular band:
(between the reaction black
bar and the workpiece)
Symbol: black
C14 r N Direction of rotation Background: Appligation of
optional ISO 70P0-0004
d Symbhal: hlack
L _
C1.5 r 1 Direction of rotation Background: Application of
optional ISO 7000-0004
Z-\ Symbol: black

© 1SO 2012 — All rights reserved
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Table C.1 (continued)

Symbol registration
number or source

CA1.6 Tools with fixed torque ANSI| B186.1
reaction devices shall

No. Symbol Significance Colours

ﬂ@ be provided with labels
.\vj% indicating the proper
\Q‘ position of the reaction
device.
CA17 r 1 Engine oil Background: ISO 7000-0248

optional

W} Symbol: black

L _
C.1.8 r 1 Fuel Background: ISO 7000-0245
optional
Symbok black
L _

C.2 Infprmative symbols for labels and sighs

Table C.2 —(Alternative symbol(s)

Corresponding

No. Symbol Significance Colours standard

Cc29 |¢ ) | Alternative direction of

{} @ LEJ ﬁ rotation
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