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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.
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Introduction

This International Standard covers a wide range of non-fixed load lifting attachments which have never
previously been standardized by ISO. The lack of previous standards as a starting point, together with
the wide scope of the equipment covered and the wide variety of current practices, among the established
manufacturers made this International Standard particularly difficult to draft and to get agreement on.
Nevertheless, considerable progress has been made up to the point where the parties involved are now
sufficiently in agreement to enable the first draft of this International Standard to be prepared. The ISO
technical subcommittee SC 9 which is responsible for the preparation of this International Standard is
of the view that while further development may be required, this International Standard, in its present

form
forw
with
the 1
somd

contains much userut information to guide the manufacturers and it Tepresents an im
ard. Experience of applying this International Standard will doubtless reveal some.hg
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INTERNATIONAL STANDARD ISO 17096:2015(E)

Cranes — Safety — Load lifting attachments

1 Scope

This International Standard specifies safety requirements for the following non-fixed load lifting
attachments for cranes, hoists, and manually controlled load manipulating devices as defined in Clause 3:

— Jplate clamps;

— Yacuum lifters;

— gelf priming,

— non-self-priming (pump, venturi, turbine);
— ¢lectric lifting magnets (battery-fed and main-fed);
— permanent lifting magnets;

— ¢lectro-permanent lifting magnets;

— lifting beams/spreader beams;

— (-hooks;

— lifting forks;

— ¢lamps.

This|International Standard does not specify the additional requirements for the following

a) ad lifting attachments in direct'eontact with foodstuffs or pharmaceuticals requiring a high level
f cleanliness for hygiene reasens;

b) lhazards resulting from jHandling hazardous materials (e.g. explosives, hot molten masses,
fadiating materials);

c) Iazards caused biy-operation in an explosive atmosphere;
d) lhazards caused-by noise;

e) ¢lectricalhazards;

f) hazaxrds due to hydraulic and pneumatic components.

This International Standard does not cover attachments intended to lift people.

This International Standard does not cover slings, ladles, expanding mandrels, buckets, grabs or grab
buckets, and container spreaders.

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.

[SO 4306-1, Cranes — Vocabulary — Part 1: General

IS0 4309, Cranes — Wire ropes — Care and maintenance, inspection and discard

© IS0 2015 - All rights reserved 1
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[SO 4778, Chain slings of welded construction — Grades M (4), S (6) and T (8)

[SO 7531, Wire rope slings for general purposes — Characteristics and specifications

ISO 7593, Chain slings assembled by methods other than welding — Grade T (8)

ISO 7731, Ergonomics — Danger signals for public and work areas — Auditory danger signals

ISO 8686, Cranes — Design principles for loads and load combinations

ISO 11428, Ergonomics — Visual danger signals — General requirements, design and testing

[SO 11429, K

[S012100:2
[SO 13854, §
ISO 20332, §

IEC 60204-]
hoisting mad

EN 1492-1,
general pur}

EN 1492-2, 1

EN 1492-4,
made fibre r

3 Terms

For the pur]
following af

31
adhesion fq
force requir

lgUIlUII“.LD - S)/DtCIH ufuud[(fu:_y Ulld vi.)u(,u, dullyCl Ulld l.llj[UI I“M(‘:I.Ull .)i,ylu,u,.)

10, Safety of machinery — General principles for design — Part 1: Risk assessment and riskredy
fafety of machinery — Minimum gaps to avoid crushing of parts of the human body
[ranes — Proof of competence of steel structures

B2, Safety of machinery — Electrical equipment of machines — Part.B2: Requirement
hines

Textile slings — Safety — Part 1: Flat woven webbing slingSsmade of man-made fibrg
ose use

[extile slings — Safety — Part 2: Roundslings made of mdan*made fibres for general purpos
[extile slings — Safety — Part 4: Lifting slings for genéral service made from natural and
bpes

and definitions

poses of this document, the terms.dnd definitions given in ISO 4306-1, ISO 12100, an

ply.

rce
bd to remove the load from a vacuum lifter (3.21) at the upper limit of specified pressure 1

ction

s for

s for

e use

man-

i the

ange

3.2
C-hook
equipment ip the form of a-“C” used for lifting hollow loads
EXAMPLE Coils and)pipes among others.
M\
. y
Figure 1 — Example of a C-hook
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3.3

design factor

arithmetic ratio between the minimum failure load of the lifting attachment and its working load
limit (WLL) (3.22)

3.4
clamp
equipment used to handle loads by clamping on a specific part of the load

L 1

Figure 2 — Example of a clamp

3.5
exclusion area
areaffrom which persons are excluded forthe purpose of safety whilst lifting operations ar¢ in progress

3.6
expqsure area
area{where personnel may be exposed to hazards arising from a lifting operation

3.7
indiyidual verification
veriffcation carried’out on every item produced

3.8
lifting beam
equipment;eonsisting of one or several members equipped with various attachment point$ in order to
distrfibute the force as required by the characteristics of the handled loads

VAN

S 3

Figure 3 — Example of a lifting beam

© IS0 2015 - All rights reserved 3
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lifting forks
equipment consisting of two or more arms connected to an upright with an upper arm used to lift
palletized or similar loads

3.10 lifting

3.10.1

electric lift
equipment ¥
holding, and

3.10.2
permanent]
equipment Y
handling lod

Figure 4 — Example of lifting forks

magnet

AT

Figure 5 — Example of a lifting magnet

ing magnet
vith a magnetic field-generated by an electric current creating sufficient force for grip
handling loads fith ferro-magnetic properties

lifting magnet
vith a<permanent magnetic field which creates sufficient force for gripping, holding
ds with ferro-magnetic properties

ping,

and

Note 1 to ent

by he magnetic field or logad holding is controlled by mochanical means

3.10.3

electro-permanent lifting magnet
equipment with a permanent magnetic field which creates sufficient force for gripping, holding, and
handling loads with ferro-magnetic properties

Note 1 to entry: The magnetic field is controlled by an electric current which is not required to sustain the
magnetic field.

3.11

minimum working load
minimum load that the non-fixed load lifting attachment (3.13) is designed to lift under the conditions

specified by

the manufacturer

© ISO 2015 - All rights reserved
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3.12
no-go area
area from which persons are excluded during normal operation

3.13

non-fixed load lifting attachment

liftting attachment which can be fitted directly or indirectly to the hook or any other coupling device of
a crane, hoist, or manually controlled manipulating device by the user without affecting the integrity of
the crane, hoist, or manually controlled manipulating device

3.14
plat P \.}aulpo
non-powered gripping device designed for lifting and turning plates or sections

Note |1 to entry: The gripping action or clamping force is achieved with a mechanical leverage dr cam action
enabling the cam to clamp (3.4) the section on to a pad.

Note [2 to entry: Vertical plate clamps are used to lift plates or sections in a vertical plane or from the horizontal
to the vertical plane.

Note B to entry: Horizontal plate clamps are used to lift plates in a horizontal\plane.

Figure 6 — Example of plate clamps

3.15
positive holding device
devi¢e making a directimechanical connection to hold the load and which does not rely solely on friction,
suction, or magnetic @dhesion to hold the load

3.16
secopdary positive holding device
devige to held loads if the primary holding means fails and which does not rely on friction, suction, or
magneti¢ adhesion to the load

3.17
tear-off force

force applied at a right angle to the plane of the magnet poles which is required to detach the load from
the switched-on magnet

3.18

tongs

equipment for lifting loads by clamping forces, positive locking, or by frictional connection and positive
locking which act between gripping elements such as tongs arms or jaws, pressure plates, or centres

3.19

two-action control

control which, in order to be operative, requires the performance of two separate actions with one or
two hands, such as the following:

© IS0 2015 - All rights reserved 5


https://standardsiso.com/api/?name=0f1f0903b4953688b49e6cc2c7d19258

ISO 17096:2015(E)

a) operation of two separate hold-to-run controls;
b) sequential operation of two movements of a control device;
c) previous unlocking of the control with self-locking in the neutral position

3.20

type verification

verification carried out on one or more samples representative of a particular design and size of product
before it is first placed on the market

Note 1 to entry: Although the term “type verification” is normally associated with series produced equipment, for
the purpose ¢f this International Standard, it also applies to single unit produced attachment.

3.21
vacuum lifter
suction pad
equipment which includes one or more suction pads operating by vacuum

3.211
self-priming vacuum lifter
vacuum liftef (3.21) using the load to create the vacuum

Figure 7 — Example of a self-priming vacuum lifter

3.21.2
non-self-priming vacuum lifter
vacuum liftey (3.21) using an extérnal source of energy

"N

Figure 8 — Example of a non-self-priming vacuum lifter

3.22

working load limit

WLL

maximum load the load lifting attachment is designed to lift under the conditions specified by the
manufacturer

6 © IS0 2015 - All rights reserved
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4 Safety requirements and/or measures

4.1 General requirements

The attachment shall comply with the safety requirements and/or measures of this subclause. In
addition, the attachment shall be designed according to the principles of ISO 12100 for relevant hazards

which are not dealt with by this International Standard.

4.1.1 Mechanical load bearing parts

4.1.1..1 Requirements for static strength

The
a)

echanical load bearing parts shall have a mechanical strength to fulfil the following re

1
1

he attachment shall be designed to withstand a static load of three times the(W¥EL withd
he load even if permanent deformation occurs;

b) the attachment shall be designed to withstand a static load of twice the working load 1

permanent deformation.

Atta
desig
maxi

hments shall be designed to function properly if tilted to,an’angle of at least 6°. 4
ned to tilt shall be designed to function properly if tilted to~an angle of at least 6° greg
mum working angle.

4.1.1.2 Requirements for fatigue strength

The proof of fatigue strength shall be based on the\group classification for the load lifting
in adcordance with ISO 8686. The class shall beanarked in the lifting device or in the ac
docujmentation together with the WLL.

The §
a)

tress ranges used in the fatigue assessment shall be based on the following maximum|

\
multiplied with a dynamic ceefficient typical for the application of the lifting device
This dynamic coefficient shall'be specified in the documentation by the manufacturer;

b) lorizontal force is a typieal horizontal force that may be applied to the lifting device
ad simultaneously-with the dynamic effect in vertical direction.
The minimum stressesfor the stress ranges shall be taken as zero unless the lifting device’s

is more than 20 %-of the WLL and the weight of the lifting device is not placed on the li
groupd during-normal work cycles.

The calculation of the limit fatigue strengths of structural details shall be in accordan
apprppriate part of ISO 8686 and ISO 20332.

quirements:

utreleasing

mit without

\ttachments
ter than the

attachment
companying

loadings:

rertical force is the gravity forcejrelated to the WLL plus the own weight of the lifting device

in question.

or the lifted

own weight
fted load or

ce with the

4.1.2 Controls

The electrical controls of the attachment shall be in accordance with IEC 60204-32.

4.1.3 Handles

An attachment that is intended to be guided manually shall be equipped with handle(s) arra
finger injuries are avoided. Handles are not required where features exist to provide natura

4.1.4 Requirements for slings which are integrated

nged so that
I handholds.

Slings which are an integrated part of the attachment shall be in accordance with ISO 4778, ISO 7531,

EN 1492-1, EN 1492-2, and EN 1492-4 as appropriate.

© ISO 2015 - All rights reserved
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4.1.5 Stability during storage

When notrequired for use, it shall be possible to set down the attachment so that itis stable during storage.
To be regarded as stable, it shall not tip over when tilted to an angle of 10° in any direction. This can be
achieved either by the shape of the attachment or by means of additional equipment such as a stand.

4.2 Speci

fic requirements for each category of attachment

4.2.1 Plate clamps

4211 U
release the |

a)

b) mass of

<)

contact

intende

4.2.1.2 Pl
prevent the

4.2.1.3 Th
4.2.14 Th

4.2.1.5 Pl
a) forami
b) for ami

c¢) forami

421.6 W
shall take ac
of share dud

4.2.1.7 Th
are transmitj
marking and

4.2.2 Vac

der the conditions specified by the manufacturer, it snail N0t be poSsibie T0 UNINTENTIo
pad, in particular, by the following influences:

of the plate clamp particularly the locking mechanisms with an obstacle;
the crane hook, bottom block, or other connections bearing down on thesdevice;

d tipping and/or turning.

ite clamps intended to transport vertically suspended plate shall incorporate a devi
oad from unintentional detachment when it is set down.

e design factor to prevent the load from slipping shall be at least two.

e minimum working load of the plate clamp shall be¢’equal to or less than 5 % of the WL

himum thickness less than or equal to 50’'mm, 10 % of the minimum thickness;
nimum thickness between 50 mm:and 100 mm, 5 mm;

nimum thickness more than 100 mm, 5 % of the minimum thickness.

here the lifting attachmeént'is designed to use more than one clamp, the WLL of each ¢

to the rigidity of the-load).

e method of<coitnecting to the crane or intermediate equipment shall ensure that the f
ted throughthe plate clamp in the correct alignment. Where this is not possible by desig}
| /or opérating instructions shall clearly indicate how it should be connected.

ham lifters

nally

ce to

L.

ite clamps shall comply with the requirements@pecified in 4.2.1.3 using the following tolerapnces:

lamp

count of the share of the load which can foreseeably be imposed on it (including any inequality

breces
0, the

4.2.2.1 Vacuum lifters shall be dimensioned to hold at least a load corresponding to twice the WLL at
the end of the working range and the beginning of the fall range respectively at all intended angles of tilt.
The maximum angles of tilt shall be increased in accordance with 4.1.1.2.

NOTE

The pressure range with which it is possible to work is termed the working range. The fall range

adjoins the working range. In some vacuum lifting systems, in particular self-priming vacuum lifters, the pressure
decrease arising depends upon the mass of the load.

4.2.2.2 Non-self-priming vacuum lifters shall be equipped with a pressure measuring device showing

the working

range and the fall range of the vacuum.

© ISO 2015 - All rights reserved
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4.2.2.3 Self-priming vacuum lifters shall be equipped with an indicator showing to the operator that
the end of the working range is reached.

4.2.2.4 The measuring device or the indicator respectively shall be fully visible for the slinger or, where
there is no slinger, for the operator of the crane in their normal working position.

4.2.2.5 Means shall be provided to prevent the risks due to vacuum losses. This shall be as follows.

a) Inthe case of vacuum lifters with a vacuum pump: A reserve vacuum with a non-return valve between
the reserve vacuum and the pump located as close as possible to the reserve vacuum.

eserve-tank
| as close as

b) In the case of vacuum lifters with venturi-system: A pressure-reserve-tank or vacuunj-i

ith a non-return valve between the reserve vacuum and the venturi system locateq
ossible to the reserve vacuum.

‘)
d)

n the case of turbine vacuum lifters: A supporting battery or an additional flywheel-mass.

n the case of self-priming vacuum lifters: A reserve-stroke at least equalto 5 % of the[total stroke

f the piston.

NOTH
duet

Vacuum losses can occur, for example, due to leaks or in the case of non-self-priming vgcuum lifters,

b a power failure.

4.2.2
cann
of us
deviq

.6 There shall be a device to warn automatically thatthe'fall range is reached when vacuum losses
pt be compensated. The warning signal shall be opticaleracoustic depending upon the cifcumstances
e for the vacuum lifter and in accordance with 1SQ711428, 1SO 11429, and ISO 7731. The warning
e shall work even when there is a power failure ‘of-the vacuum lifter.

NOTH

~
S

The warning device is not the pressure measuring device of 4.2.2.2 or the indicator of 4.]

. This is not
e following

4.2.4.7 In case of power failure, the vacuum lifter shall be able to hold the load for 5 mir
necefsary in exclusion areas and this.is-niot necessary for turbine vacuum lifters if all tl
condjitions are met.

a) Theoperator maintains confrel of the load through steering handles which ensures that the operator
iIs outside the fall zone in-case of the load falling.

b) In addition to 4.2.2.6,;awarning device shall be activated as soon as the power fails.

c¢) The manufacturetshall instruct that lifting of the geometric centre of the suction pads|above 1,8 m
ils prohibiteddy appropriate marking and instructions for use.

4.2.2.8 Forwvacuum lifters intended to be used in an exposure area, a secondary positive holding device is

required.orthere shall be two vacuum reserves each fitted with non-return valves. Each vacuum [reserve shall

be connected to a separate set of vacuum pads. Each set of vacuum pads shall fulfil the requirement of 4.2.2.1.

4.2.2.9 The releasing of the load shall be actuated by a two-action control. This is not necessary where
the release of the load is not possible until the load has been put down or in exclusion areas.

4.2.2.10 Controls for tilting or turning movements shall be hold-to-run type.

4.2.2.11 The shape of the suction pad shall be matched to that of the intended load(s). Where more than
one suction pad is used in conjunction with a lifting beam, the layout and working load limit of the suction
pads shall be matched to that of the intended load(s). The share of the load which can foreseeably be
imposed on each suction pad shall not exceed its WLL taking account of the rigidity of both the load and
the vacuum lifter.

© ISO 2015 - All rights reserved
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4.2.3 Lifting magnets
4.2.3.1 General

4.2.3.1.1 Thereleasing of the load shall be actuated by a two-action control. This is not necessary where
the release of the load is not possible until the load has been put down or in exclusion areas.

4.2.3.1.2 The shape of the magnet shall be suitable for the intended load(s). Where more than one
magnet is used in conjunction with a lifting beam, the layout and WLL of the magnets shall be suitable for
the intended load(s). The share of the load which can foreseeably be imposed on each magnet shall not
exceed its WLL taking account of the rigidity of both the load and the Tifting beam.

4.2.3.2 Battery-fed electric lifting magnets

4.2.3.2.1 Battery-fed electric lifting magnets shall provide a tear-off force corresponding to at|least
twice the WLL under the conditions specified by the manufacturer.

4.2.3.2.2 Anautomatic warning device shall be provided which monitors the pewer supply and proyides
a warning at|least 10 min before the supply reaches the level where the load will be released. The warning
device shall |pe optical or acoustic.

4.2.3.2.3 safety device shall be provided which, after the low power warning device has been actiyated
and the magnet has been switched off, prevents the magnet from being switched on again until the battery
is recharged to the minimum level at which the low power wariting device is not activated.

4.2.3.2.4 Anindicator shall be provided to show that the magnet is energized (ON/OFF).

NOTE The indicator does not necessarily indicate that there is sufficient magnetic field.
4.2.3.3 Mahpins-fed electric lifting magnets

4.2.3.3.1 Mains-fed electric lifting magnets shall provide a tear-off force corresponding to at leasf two
times the WLL under the conditions(specified by the manufacturer.

4.2.3.3.2 An automatic warning device shall be provided to warn when the main power supply|fails.
The warning device may be-gptical or acoustic. This is not necessary in exclusion areas.

4.2.3.3.3 A stand-by\battery shall be provided to automatically supply power when the main sypply
fails. It shall|be capable of providing the current needed to hold the working load limit for at least 10| min.
This is not necessary in exclusion areas.

4.2.3.3.4 Requirements of 4.2.3.3.7 and 4.2.3.3.3 are not necessary where all of the following
requirements are met.

a) The manufacturer instructs that lifting the pole geometric centre above 1,8 m is prohibited by
appropriate marking and instructions for use.

b) The load mass is less than 20 kg.

4.2.3.3.5 In cases where it is difficult to leave the fall zone (e.g. in an exposure area or in ships during
loading and unloading), a redundancy of the flexible cables of the DC supply lines between the control
cabinet and the attachment (e.g. spreader beam or single magnet) and of the power control unit of the
magnet system shall be provided. Alternatively, a secondary positive holding device shall be provided.

10 © IS0 2015 - All rights reserved
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4.2.3.3.6 Magnets for lifting loads such as plates, sheets, or bars from the top of a stack, shall have
controls to reduce the power supply so as to facilitate the shedding of excess load. After the excess load
has been shed, the controls shall permit restoration of full power.

4.2.3.3.7 The magnet system shall have an indicator to show when the magnet(s) are energized. For
magnets with variable power control, the indicator shall distinguish between full and partial magnetization.

NOTE The indicator does not necessarily indicate that there is sufficient magnetic field.

4.2.3.4 Permanent lifting magnets

Permanent lifting magnets shall comply with the following requirements:

a) they shall provide a tear-off force of at least three times the WLL under the conditions |specified by
the manufacturer;

b) the control shall clearly indicate whether the magnet is ON or OFF;

c) the control for operating the magnet shall be in accordance with ISQ.13854 with regard to the place
fior the operator’s hands.

4.2.3.5 Electro-permanent lifting magnets

4.2.3.5.1 Electro-permanent lifting magnets shall provideta tear-off force of at least thrge times the
WLL|under the conditions specified by the manufacturer.

4.2.3.5.2 The magnets shall have an indicator to show when the magnet(s) are energized. For magnets
with|variable power control, the indicator shall distinguish between full and partial magnetigation.

4.2.4 C-hooks

4.2.4.1 The unloaded C-hook shall-hang with the lower arm within 5° of horizontal |to facilitate
access to the load.

4.2.4.2 One of the following.means shall be provided to prevent the load from sliding on the lower arm
or the load or part of the-load from falling.

a) The C-hooktiltedbackwards with an angle greater or equal to 5° of horizontal in the loaded position.

b) Ior C-hook intended for handling single steel sheet coils, the lower arm shall be horizontal or titled
Ibackward in the loaded position.

c) A chain, strap, or bar to close the C-hook opening.

d 1 H + + 4] 1 |
1 LIAIITPIITG S Yy STTIT tU STLUT T LT TUAU.

e) An end-stop on the lower arm.
4.2.5 Lifting forks

4.2.5.1 The unloaded lifting fork shall hang with the fork arms within 5° of horizontal to facilitate
access to the load.

4.2.5.2 Within the intended load range and position of the load centre of gravity, the fork arms shall be
tilted backwards with an angle greater or equal to 5° of horizontal to prevent the load from sliding from
the fork arms.

© IS0 2015 - All rights reserved 11
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4.2.5.3 Lifting forks for loose material (e.g. bricks and tiles) to be used in an exposure area shall have a

secondary p

ositive holding device (e.g. net, cage).

The secondary positive holding device shall prevent the release of the complete load or any loose

parts of the

load.

For handling loose materials (e.g. bricks and tiles), the secondary positive holding device (e.g. nets or

cages) shall

not have side and bottom openings that a sphere of 50 mm can pass through.

[t is recommended that the secondary positive holding device is automatically activated.

4.2.5.4 Liftt 25 pable
of holding a[uniformly distributed load equal to 50 % of the WLL in all four horizontal directions.

4.2.5.5 Lifting forks for unit load (e.g. plastic wrapped palletised load) to be used in an@xposurelarea
shall have a [retaining device (e.g. chain, strap, or bar) to prevent the unit load sliding off-the forks.
4.2.5.6 Lifting forks with a retaining device as required in 4.2.5.5 shall be capableof holding a unifqrmly
distributed Joad equal to 50 % of the WLL.

4.2.6 Lifting beams

4.2.6.1 Attaching the lifting beam to the crane

4.2.6.1.1 Any connection made by moving or removing a liftihg beam component shall be such that it
can be secured before lifting so as to prevent any accidentaluncoupling of this connection.

4.2.6.1.2 [Means shall be provided to prevent any unintended movement and damage to the suspended
parts of the |ifting beam parts during storage, coupling, or uncoupling from the crane.

4.2.6.2 Sgcuring the load to the lifting beam

4.2.6.2.1 lifting beams with load securing parts moving along the beam shall have means to pr¢vent
them from falling off.

4.2.6.2.2 l.oad securing partsumoving along the beam shall have means to retain them in position ywhen
they hold thg load.

4.2.6.2.3 WWhere th€'means to retain the load securing parts is positioned manually, the state qf the
means shall|be visible for the slinger.

4.2.6.3 Structure

4.2.6.3.1 Where the lifting beam is intended to tilt, the manufacturer shall indicate the maximum

permissible angle of tilt from the horizontal. Where the lifting beam is intended for horizontal use, the
design shall tolerate a tilt of up to 6° from the horizontal.

4.2.6.3.2 Moving parts of the structure shall have devices to hold them in position when loaded. These
devices shall be effective up to 6° from the maximum tilting angle permitted for the lifting beam. Where
these devices operate on a friction basis, the design factor shall be at least two.

4.2.6.3.3 Where free movement presentsahazard, lifting beams fitted with arotation or tilting mechanism
shall be equipped with a device to stop movement and to immobilize the load in its intended position.
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4.2.6.3.4 When the spacing between moving parts of the beam is controlled by a power source,
protection devices shall be provided to avoid crushing and shearing hazards as specified in ISO 13854.

4.2.7 Clamps

4.2.7.1 The holding force of clamps holding by friction to prevent the load from slipping shall be at least
two times the WLL.

4.2.7.2 In the case of clamps holding by friction, where the range of thickness does not start at zero,
a safety range in which the holding force does not fall below the value given in 4.2.7.1 is required below
the g§mallest specified thickness to be able to compensate for the manufacturing tolerahces, elastic
deformation, etc.

The following minimum safety ranges are required:
a) flor a minimum thickness less than or equal to 50 mm, 10 % of the minimum’thickness;

b) flor a minimum thickness between 50 mm and 100 mm, 5 mm of the minimum thicknes

4

c) for a minimum thickness more than 100 mm, 5 % of the minimum thickness.

Due fo the wide variety of applications for clamps, it is impossilile to specify a safety ramge which is
suitable for all. The above ranges should therefore be treated #vith caution and increased asfappropriate
to the application.

4.2.7.3 In the case of clamps holding by friction, the€ldmping mechanism shall be designgd to ensure
that the clamping force will be maintained in case of deformation of the load (e.g. surface drushing and
elastjc and plastic deformation).

NOTH This can be achieved by, for example) a scissor mechanism activated by gravity or Hy a pressure
compensation device (e.g. springs, hydraulic accumulators) etc.

Clamps holding the load hydraulically or pneumatically shall be fitted with a device to compensate for
any pressure drop below working pressure.

Where it is not possible to maintain the requirements of 4.2.7.1, an acoustic or optical wajrning signal
shalllbe automatically activated.

4.2.17.4 For clampscwhich are not self-closing, the releasing of the load shall be actuatdd by a two-
action control.

Thislis not neeessary where the release of the load is not possible until the load has been put down or in
exclysion axeas.

4.2.4.5 Clamps to be used in an exposure area shall have a positive holding device or p secondary
positive holding device [e.g. slings, net, cage].

The positive holding device or secondary positive holding device shall prevent the release of the complete
load or any loose parts of the load.

For handling loose materials (e.g. bricks and tiles), the positive holding device or secondary positive
holding device (e.g. nets or cages) shall not have side and bottom openings that a sphere of 50 mm can
pass through.

[t is recommended that the secondary positive holding device is automatically activated.

4.2.7.6 For handling loose materials (e.g. bricks and tiles) the positive holding device or secondary
positive holding device (e.g. nets or cages) shall be capable of holding a uniformly distributed load equal
to 50 % of the WLL in all four horizontal directions and 200 % of the WLL in the vertical direction.
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4.2.7.7 The requirements of 4.2.7.5 and 4.2.7.6 shall not apply where the clamp is intended to be used
only to lift the lowest part of the clamp to a height less than 1,8 m and is either

— for moving single bricks or building components with a weight less than 50 kg, or

— for unloading lorries to the ground.

5 Verification of the safety requirements and/or measures

5.1 General
Conformity fo each safety requirement and/or measure (given in Clause 4 and Clause 6) shall be verified
by the methpds specified in Table 1 and detailed in Annex A to Annex G.
For single upit designed and produced products, type verification and individual verification shgll be
done. For series produced, product type verification shall be done on one or more representative product
of the seriegand the individual verification shall be done on each product produced:
Table 1 — Methods to be used to verify conformity with the safety requirements and/or measures
Requirement Verification Methgd
Equipnjent Descri Clause Type Individual
escriptor A A
nuinber verification | verificafion

Mechanical load bearing parts 4110 A2 A3

Tilting limit 4.1.1.2 A2

Controls 4.1.2 A4

Handles 4.1.3 A4

Lifting slings 4.1.4 A4

Stability in storage 4.1.5 A4

Preventing unintentional release 4.2.11 B.1

Preventing unintenfional release when  [4.2.1.2 B.1
Plate clamps .

setting down

Friction coefficient 4.21.3 B.2+B.3

Tolerances on rage of thickness 4.21.4 B.4

Minimum working load 4.21.4 B.5

Fareseeable share of the load 4.2.1.6 A4

€onnection of the crane 4217 A4

Information for use 6.1 A4 A4

Marking 6.2 A4 A4

14
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Table 1 (continued)
Requirement Verification Method
Equipment . Clause Type Individual
Descriptor A e .
number verification | verification
Mechanical load bearing parts 4111 AlorA.2 AlorA.3
Tilting limit 41.1.2 Cl0orA.2 |CO
Controls 41.2 A4
Handles 4.1. A4
LITTIng SIngs T17% AT P
Stability in storage 4.1.5 A4 (\'\’)
NJ
Adhesion force 4.2.2.1 A4 ’:(]/
Pressure measuring device 4.2.2.2 C.‘ %\&
Leakage indicator 4.2.2.3 r< - Cl1
Vacujum lifters Visibility of measuring device or indictor |4.2.2.4 fp Cc3 Cl2
Means to prevent risk of vacuum losses  |4.2.2.5 X\J
Warning device 4.2.26 O Cl4 and C.6
Holding time @_} Cl5and C.8
Exposure area i S:&.‘Z.Z.S A4 Cl4
Two-action control 0‘\ 4.2.29 C.7
Controls for tilting or turning \\\,Qv 4221 A4
Design appropriate for the lo,gé»,*‘ 4.2.2.11 A4
Information for use ~ ) 6.1 A4 A4
. Y7
Marking - 6.2 A4 A4
Mechanical load l?emétﬁg parts 4111 AlorA.2 AllorA.3
Tilting limit _ - 41.1.2 A2
\}
Controls 412 A4
N
Handled_) 4.1, A4
Li‘fg',&g)slings 414 A4
<§_f}§b«i,lity in storage 4.1.5 A4
Batt¢ry-fed 11&1,@~ ‘Two-action controls 4.2.31.1 D.2
maghnets Q Design appropriate for the load 4.2.31.2 D.7
@ Tear-off forces 4.2.3.2.1 D.1
é Warning devices 4.2.3.2.2 D.3orD4 D.3and D.4
Safety device preventing switched on 17237, AZ A4
Magnetisation indicator 4.2.3.2.4 D.5 D.5
Information for use 6.1 A4 A4
Marking 6.2 A4 A4
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Table 1 (continued)

Requirement Verification Method
Equipment . Clause Type Individual
Descriptor A e e
number verification | verification
Mechanical load bearing parts 4111 AlorA.2 AlorA.3
Tilting limit 41.1.2 A2
Controls 41.2 A4
Handles 4.1. A4
LITTtIng sIngs T1.7% AT PR
e vJ
Stability in storage 4.1. A4 (\'\
NJ
Two-action controls 42311 D.2 (.’:(]/
Design appropriate for the load 4.2.3.1.2 D.7 ) (\O_U
Mains-fed liffing Tear-off forces 4.2.3.3.1 D.1 r< -
magnets
Warning devices 4.2.3.3.2 D34ndD4 |D.3and [14
Discharge time batteries 4.2.3.3.3 @k D.4
Exception 4.2.3.3.4 A4 A4
Redundancy or back-up devices 4.2.3.3.500 D.6 D.6
Shedding 42336 |D2
Magnetisation indicator 4%3‘?7 D.5 D.5
Information for use \‘&v A4 A4
Marking .‘Q,Q\ 6.2 A4 A4
Mechanical load bearing parts AA\ 4111 AlorA.2 AlorA3
Tilting limit N 411.2 A2
. U‘
Controls CJ\\ 41.2 A4
Handles L 4.1.3 A4
Lifting slings (\$\ 41.4 A4
N
Stability in storage 415 Ad
Permanent lifting . Ny
magnets Two-acthrajs-gtrols 4.2.31.1 A4
Desigp\@ropriate for the load 4.2.31.2 D.7
Tea@{forces 4.2.3 a) D1
\(Pg\?i\tion of the controls 4.2.34Db) A4 A4
??‘%fety distance 4.2.34¢) A4 A4
é\ Information for use 6.1 A4 A4
Marking 0.2 A% A4
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Table 1 (continued)
Requirement Verification Method
Equipment . Clause Type Individual
Descriptor number verification | verification
Mechanical load bearing parts 4111 AlorA.2 AlorA.3
Tilting limit 41.1.2 A2
Controls 4.1.2 A4
Handles 41 A4
LIfting slings 1% AZ B
Elecftro-permanent|Stability in storage 415 A4 (\'\J
lifting magnets Two-action controls 42311 D.2 ’:(]/V
Design appropriate for the load 4.2.3.1.2 D.7 O,)
Tear-off forces 4.2.3.5.1 Q;V
Magnetisation indicator 42352 p D.5 D.5
Information for use 6.1 X\VJ A4 A4
Marking 6.2 ¢, S A4 Al4
Mechanical load bearing parts @ AlorA.2 AllorA.3
Tilting limit JEDEE A2
Controls 0‘\ 4.1.2 A4
Handles \\\,Qv 41 A4
Lifting slings .‘Q,Q\ 414 A4
C-Hopks Stability in storage B 4.1.5 A4
~ 4.1.5 A4
Unloaded position .| 4241 A4 A4
Preventing load s}l»pb&ﬁ‘g or falling 4.2.4.2 A4 A4
Information fgr’u;e'j 6.1 A4 A4
Marking " 2 Ad A4
Mechinﬁd\l'foad bearing parts 4111 AlorAz2 AllorA3
Tileifglimit 4.1.1.2 A2
\ {rols 4.1.2 A4
Qgﬁandles 4.1.3 A4
Qv Lifting slings 4.1.4 A4
@ Stability in storage 4.1.5 A4
Liftians Unloaded position 4251 A4 A4
Preventing load slipping or falling 472572 AT A4
Exposure area 4.2.5.3 A4 A4
Strength of secondary holding device 4.2.5.4 E1
Retaining device for unit load 4.2.5.5 A4
Strength of the retaining device 4.2.5.6 AlorA.2
Information for use 6.1 A4 A4
Marking 6.2 A4 A4
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Table 1 (continued)

Requirement Verification Method
Equipment . Clause Type Individual
Descriptor number verification | verification
Mechanical load bearing parts 4111 AlorA.2 AlorA.3
Tilting limit 411.2 EdlorE.2
Controls 41.2 A4
Handles 4.1 A4
Lifting slings 1% A R
Stability in storage 4.1.5 A4 (\'\v')
Connecting to the crane 4.2.61.1 A4 (.’:(1/\’
Lifting beamls Damage to suspended parts 4.2.61.2 A4 ) (\O,U
Securing the load to the lifting beams 4.2.6.2 A4 A
Tilting limit 4.2.6.3.1 E.LdcB.2
Securing moving parts of the structure  [4.2.6.3.2 @‘\'Z{r E.2
Securing tilting and rotation mechanisms |4.2.6.3.3 l
Spacing between moving parts 4.2.6.3.400 A4
Information for use 6.1 \\\‘ A4 A4
Marking 6_%.\\} A4 A4
Mechanical load bearing parts \‘& AlorA2 A.lorA.j
Tilting limit oY 412 AlorA2
Controls AA\ 41.2 A4
Handles N 4.1.3 A4
Lifting slings r‘\\b‘ 4.1.4 A4
Stability in storage |, * V 4.1.5 A4
Safety coefficient('\$\ 4.2.71 G1+G.2
Clamps Range thickngs()v 4.2.7.2 G.3
Deformati@&e«?the load 4.2.7.3 A4 A4
Two-a,c\tfi-g\l-c’ontrol 4.2.74 A4 A4
Holding devices 4275 A4 A4
\4§&~ﬁgth of secondary holding devices 4.2.7.6 AlorA.2
??‘%,xception 4.2.7.7 A4
é Information for use 6.1 A4 A4
Marking (WA AL AL

5.2 Proof of fatigue strength by testing

The test arrangement shall produce stress variation that corresponds to the maximum and minimum
vertical load events as described in 4.1.1.2. This includes that all clamping forces are released between
each work cycle.

The design number of working cycles of the lifting device shall not be taken greater than one third of the
average life of at least three tested devices. Where not more than seven devices are tested, the design
number of working cycles shall not be greater than one half of the minimum life found in the tests.
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5.3 Minimum classification

The minimum group classification of the lifting device is LCD1. The devices designed to this group need
no proof of fatigue strength where they

— meet the requirements for the static strength according to 4.1.1.1,
— are made from steel with yield stress not more than 500 MPa, and

— do not include details with lower fatigue strength than class 50 according to ISO 20332.

6 Information for use
6.1 | Instruction handbook

6.1.1 General information

To allow the purchasers to select, install, use, and maintain suitable remo¥able lifting equipment during
its ngrmal lifetime, the manufacturer shall at least provide the followinginformation and gyidance in an
instrjuction handbook specific to the equipment supplied (see ISO 12100:2010, 6.4.5):

a) brief description;
b) WLL;

c) intended use;

d) ¢haracteristics of the load including the performance and the number of parts that can be
andled at one time;

e) determination of the operating range;

f) instructions for operation and use;

g) {itting, securing, coupling/uneoupling, and adjustment of the equipment on the crane;
h) lhandling and storage of equipment;

i) gtability (where applieable);

j)  the range of temperature within which the attachment can be operated;

k) testriction foroperation in special atmospheres (e.g. high humidity, explosive, saline, acjd, alkaline);

Chains slingsin accordance with ISO 4778 and ISO 7593 are not recommended for use in pickling baths
due to the danger of hydrogen embrittlement.

D)

m) where appropriate, prohibition of handling above persons;

n) specific training of operators, where necessary;

0) dynamic coefficient for apparatus.

6.1.2 Specific information

In addition to the above general information, the manufacturer shall provide specific information on
the following.
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6.1.2.1 Plate clamps

a)
b)
‘)
d)
€)
f)
g)
h)

6.1.2.2 V3acuum lifters

a)
b)
‘)
d)
e)
f)

6.1.2.3 Bjttery- and mains-fed lifting magnets

a)
b)
‘)
d)
e)

6.1.2.4 C-hooks-and lifting forks

a)
b)

c)

Vertical lifting for one part at a time.

Turning plates over when on the ground.

Operation of the safety locking device.

Surface condition (grease, paint, or coating) of the part to be handled.

Clamping ranges to be observed.

Minimumworking toad:
Surface|hardness of parts to be handled.

Measurgs to prevent unintentional release of the load due to the mass of the crane‘ficok, bottom
block, of connections acting on the clamp (e.g. short length of chain).

Checkirlg of the vacuum level.

Measurgs to be taken as soon as the warnings are actuated.
Checkirlg of the condition of the vacuum connections and hoses.
Checking of the condition of the suction pads.

Holding time in case of power failure.

Intended ambient maximum noise level up to whiech'warning devices are effective.

Safety measures to be taken as soon as the warnings are activated.

Checking of the condition of cables:

Guidange for the maintenancesand checking of the state of charge and capacity of battery.
Holding time in case of power failure (where applicable).

Intended ambient makimum noise level up to which warning devices are effective.

Checkirlgthe suitability of the load.

Required load range and position of the load’s centre of gravity to prevent the load from sliding.

When using lifting forks in exposure areas, a check that the secondary positive holding device is
in its place.

6.1.2.5 Lifting beams

a)

20

The lifting beam’s manufacturer shall provide information in the instruction handbook about the
methods of attaching the load to enable the user to ensure that the combined lifting beam and load
will be stable when lifted.

The information shall identify the centre of rotation of the lifting beam to the crane, the centre
of rotation of the suspension points to the load, and the vertical distance between them. This is
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illustrated schematically in Figure 9 in one plane only together with similar illustrations for the
centre of rotation of the suspension points to the load and the vertical distance to the centre of gravity.

NOTE An object with a narrow base and a high centre of gravity will need less force to topple it than
one with a wide base and a low centre of gravity. As the height of the centre of gravity increases relative
to the width of the base, a point will be reached where the object will fall over, unless it is supported by
external means. At this point, the object is regarded as being unstable and the greater the support required,
the more unstable it is. A similar situation exists with a suspended load. Forces which try to topple the load
will inevitably be present (e.g. wind, acceleration, braking). It is important, therefore, when slinging a load
to ensure that it is sufficiently stable to resist these toppling forces. A load will be inherently stable when the
lifting sling is attached above the centre of gravity and properly disposed around it.

ﬂln Figure 9, lifting beam T has a positive stability height, and lifting beam 2 has a negative stability
eight. Load 1 has a positive stability height and load 2 has a negative stability height. Fgr stability of
the combined lifting beam and load, the total stability height shall be positive. Although illustrated
in one plane only, this shall apply to each horizontal axis of rotation. The result-of'each fombination
iis as follows:

Lifting beam 1 + Load 1: will always be stable;
Lifting beam 1 + Load 2: will be stable if A > D*;
Lifting beam 2 + Load 1: will be stable if C > B;
Lifting beam 2 + Load 2: will always be unstable.

[he load shall be supported in more than one verticdlplane to be stable in both horizoptal axes.

Maximum tilting angle permitted for the lifting beams.
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- M ]

Key
1 lifting bepm 1
2 lifting bepm 2
3 load1l
4 load?2

4 denotes ¢entre of gravity

e denotes ¢entre of rotation

Figure 9 — Centres of rotation (pivot points) of a load and lifting beam

6.1.2.6 Clamps

a) Surface|condition (grease, paint, or coating) of the part to be handled.

b) Clampingranges to be observed.

c) Surface hardness of parts to be handled.

d) Measures to prevent unintentional release of the load due to the weight of the crane hook, bottom
block, or connections acting on the clamp (e.g. short length of chain).

6.1.3 Guidance for maintenance

The manufacturer shall provide sufficient information to ensure the proper maintenance of the
attachment to include the following:

a) instructions for periodic maintenance;

b) instructions for repair;
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c) precautions to be taken during repairs;

d) use of original spare parts;

e) maintenance records, where necessary;

f) list of parts requiring particular operation and checking;
g) use of special lubricants.

6.1.4 Verifications and inspections

The manufacturer shall indicate the inspections and verifications that are necessary forthe following:

a) Iefore commissioning;

b) after repair or recoupling;

c) during the equipment service life.

The manufacturer shall also include the following:

a) list of the parts which require special operation and checking;

b) defects to look for.

6.2 | Marking

6.2.1 General

The WLL of the attachment, hazard warnings and safety instructions shall be legibly marked.

The WLL of the lifting device shall be marked on the main structure where it is visible. Where the lifting

devige is made up of several lifters, each-detachable from the group, these lifters shall als¢ be marked

with|their individual loads.

6.2.2 Minimum marking

All rlemovable equipment)shall bear in a clearly visible place a durable identificatign with the

folloing information:

a) business name.and full address of the manufacturer and, where applicable, his| authorized
fepresentative;

b) designation of the machinery;

c) derialnumber;

d) mass of the unloaded attachment when it exceeds 5 % of the WLL of the equipment or 50 kg,
whichever is the less;

e) WLL in tonnes or kg; when the attachment is used in several configurations, the resulting WLL's
shall also be indicated;

f) number of lifting cycles.

6.2.3 Additional marking

6.2.3.1
a)

In addition to the data in 6.2.2, the following shall be stated, where applicable:

© ISO 2015 - All rights reserved
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b) on plate clamps and self-priming vacuum lifters, the minimum load;

c) on equipment connected mechanically to the load, indication on the connectors fitted on the load
(e.g. connectors integrated in prefabricated concrete parts);

d) on C-hook and lifting forks, the limits of the intended position of the load centre of gravity;

e) on lifting forks where a minimum load is required to tilt the fork in accordance with 4.2.5.2, the
minimum load.

6.2.3.2 For turbine vacuum lifters with a holding time in case of power failure of less than 5 min, the
fOllOWing Sha}} bc nrat ll\Cd

“WARNING|— Load must not be lifted above 1,8 m”

6.2.3.3 6.2.1 e) does not apply for load lifting magnets provided the lifting capacity can'be taken|from
documents at the place of use.

In the case df magnets, the lifting capacity depends, amongst other things, upon the material of thefload,
its thicknes§ and surface, and the air gap between the load and the magnet. It is therefore recommepnded
to state the maximum permissible loading as a function of the various parameters. However, it shall be
recognized that the lifting capacity does not depend solely upon the magnetic forces, but also can be
limited by the lifting capacity of the suspension.

24 © IS0 2015 - All rights reserved


https://standardsiso.com/api/?name=0f1f0903b4953688b49e6cc2c7d19258

ISO 17096:2015(E)
Annex A
(normative)

General verification methods

A.1 Verification of mechanical strength without static tests

Verifiication of mechanical strength without static test shall be carried out using the requirements of the
releviant part of ISO 8686 and I1SO 20332.

A.2 | Verification of mechanical strength on the type by a static test

A.2.1 Conditions

The test shall be conducted by applying a static force, F3, in a manner\which replicates the donditions in
which the attachment is intended to be used.

A.2.2 Procedure

The pttachment shall be loaded through its suspension, and load attachment points so that the lines
of force through these points are the same as they will' be in service. The test force, F3 + 2 %, shall be
applied without shock for a minimum period of 1 min.

Where the intended use of the attachment permits or requires it to tilt or move in any way quch that the
lines|of force through the suspension or attachment points will vary, the test shall be repeatgd at several
positions throughout the range of movement. These positions shall be selected to simulate the worst
opergtional conditions and take account'of the tilting tolerance required by 4.1.1.2.

After the force has been remoyed, the attachment shall be examined for deformation, |cracks, and
othef defects.

A.2.3 Acceptance critepia
An aftachment representative of the type shall withstand the static force, F3 = 3 x workirlg load limit.

The attachment shall withstand the force even if permanent deformation occurs.

A.3 | Verification of mechanical strength on each individual attachment by a static
test

A.3.1 Conditions

The test shall be conducted by applying a static force, F2, in a manner which replicates the conditions in
which the attachment is intended to be used.

A.3.2 Procedure

The attachment shall be loaded through its suspension and load attachment points so that the lines
of force through these points are the same as they will be in service. The test force, F2 + 2 %, shall be
applied without shock for a minimum period of 1 min.

Where the intended use of the attachment permits or requires it to tilt or move in any way such that the
lines of force through the suspension or attachment points will vary, the test shall be repeated at several
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positions throughout the range of movement. These positions shall be selected to simulate the worst

operational

conditions.

After the force has been removed, the attachment shall be examined for deformation, cracks, and
other defects.

A.3.3 Acceptance criteria

Each individual attachments of a series shall withstand a static force, F2, equivalent to 2 x working load
limit without permanent deformation and after removal of the force, there shall be no visible defects.

A.4 Verif

A.4.1 Pro
The equipm
in the mann
shall be takd

The markin
conformanc

— IS0 477
— IS0 759

— IS0 430p;

— EN 1494
— EN 149}

A.4.2 Acc

The equipm

ication by inspection

cedure

ent shall be inspected and the feature checked to see whether it is present'and/or func
br required. In assessing compliance with the requirements, the manufacturer’s instruc
b1 into account.

gs on each sling and the certificates provided with each sling shall be inspecte
e with the following:

pptance criteria

ent shall meet the appropriate requirements according to Clause 4 and Clause 6.

tions
tions

 for
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Annex B
(normative)

Verification methods for plate clamps

B.1 No detachment when the load is brought down and in case of impact

B.1.
The

Il Conditions

working load limit.

B.1.

NOTH

2 Procedure

plate[clamp does not hold the load, it can fall against him.

The
be li

The l]r)ad shall be attached to the equipment and the locking meehahisms broughtinto the clo

oad shall be lifted and put down onto the ground during a maximum duration of 5s. T
fted again without any operator’s intervention on the-€quipment.

The procedure shall then replicate the impact of the eqéipment against an obstacle. Where th
is fitted with a locking mechanism, the impact shallloccur against this device.

With| the load lifted from the ground, the locking mechanisms shall be moved to the open
the plate clamp shall hold the load. The locking mechanisms shall be returned to the lock

thel
be a

(e.g.

(ﬁad shall be put down on the ground ahd the connection between the crane hook and th
|
ength of chain) which prevent the‘weight of the crane hook acting on the equipment in

releases the load.

B.1.
The

B.2

B.2.
The

a)

b)
‘)

B3 Acceptance criteria

load shall not detaclifrom the equipment at any time during the simulation.

Determination of the friction coefficient

| Conditions

tesDapparatus shall include the following:

equipment shall be suspended from a crane. The test load mass shall be @t least ¢qual to the

The tester can be at risk when disconnecting and reconnecting the.locking mechanism hecause if the

bed position.
he load shall

e equipment

pbosition and
bosition and
e equipment

owed to go slack. This shall be done under the conditions specified in the instructions handbook

A way which

the load or a material sample corresponding to the load under the maximum conditions specified in

the instruction manual (e.g. material hardness);
a support covered with the clamp material which is in contact with the load;

the shape of the coating shall be reproduced (e.g. teeth of the clamp jaws).

© ISO 2015 - All rights reserved
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Key

1 support
2 clamp cdating
3 load sanyple

Figure B.1 — Test apparatus and forces applied

The actual |environmental conditions which are of importance-for friction (e.g. presence of qgil or
moisture) shall be reproduced.

B.2.2 Profcedure

A vertical force, F, shall be applied on the support producing a pressure between 2 and 3 corresponding
to the minithum contact pressure between the clamp and the load when the load is lifted. A horizpntal
tensile forcg, T, shall be applied between 1 + 2 and 3; until the part 1 + 2, starts moving (see Figure|B.1).
The variatign of this tensile force represents a.ciivve usually corresponding to the diagram in Figur¢ B.2.

A

Key

1 transitory state

2 steady-state (motion)
3  displacement

Figure B.2 — Characteristics of tensile force, T
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B.2.3 Acceptance criteria

The friction coefficient, u, used for the calculations is the ratio of T;. (average horizontal tensile force in
steady-state) to the vertical force, F.

A minimum of three tests is required and the friction coefficient shall be taken as the smallest of the
measurements.

B.3 No slipping of the load — Clamping by friction or penetration

B.3 .:L Procedire

The maximum obtainable force to hold a load is called holding force. It is determined by Formula (B.1).

~J

=S(p1+1z) (B.1)

wherte

§ isthe clamping force of the clamp;

1 is the friction coefficient between load and one clamping/part;
:[2 is the friction coefficient between load and the other‘elamping part.

See Higure B.3.

The holding force is determined by calculation. The,calculation shall be done for the most unfavourable
gripping range.

S——EPD—S—

[ =Su 1 [ T,=Su,

T=T,+T,

Key
P Work piece

Figure B.3 — Clamping forces

B.3.2 ~Acceptance criteria

The holding force, T, holding the load shall be two times the load to be held.

This requirement shall be verified throughout the lifting operation regardless of whether the clamping
force, S, is due to self-actuation (in proportion to the load weight) or to a mechanical actuator.
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B.4 Range of thickness of clamps

B.4.1 Conditions

The clamp shall be tested using a sheet sample with a thickness equal to the lower limit of the range of
thicknesses less the safety range.

EXAMPLE Clamp with a range of thicknesses of 30 mm to 60 mm, test with a 30 mm sheet - 10 %, i.e. a
thickness of 27 mm.

B.4.2 Procedure

The sheet sgmple shall be lifted vertically.

B.4.3 Acceptance criteria

The clamp shall not release the sheet sample.

B.5 Minimum working load

B.5.1 Conditions

The clamp shall be tested using a sheet sample weighing not more than 5 % of the clamp’s WLL and|with
a thickness equal to the lower limit of the range.

—-

EXAMPLE Clamp with a range of thicknesses of 30 mm to 60.fim, test with a 30 mm sheet - 10 %,|i.e. a

thickness of 27 mm.

B.5.2 Profcedure

The sheet sgmple shall be lifted vertically.

B.5.3 Acceptance criteria

The clamp shall not release the sheet sample.
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Annex C
(normative)

Verification methods for vacuum filters

Verification of pressure measuring device

C.1.]

The {
such

C.1.7

| Conditions

est is to verify the correct functioning of the pressure measuring device. The@srangen
as to limit risk in the event of vacuum drop.

) Procedure

A condition for which the device is required shall be simulated by reducing the maximum v

in th
C.1.3
The

rang

C.2

C.2.]

The
avoid

C.2.2

A coi
pads
spec

C.2.]
Whe

P vacuum system.

B Acceptance criteria

bressure measuring device indicates the vacuum level reduction. The working range
b are clearly shown.

Verification of leakage indicator

| Conditions

est is to verify the correct functioning of the leakage indicator. The arrangement shall |
[ risk in the event of vacuum drop.

) Procedure

ndition for which therdevice is required shall be simulated by creating leakage under
fied in the instruction handbook.

B Acceptance criteria

h the fault or condition is simulated, the device shall comply with 4.2.2.3.

nent shall be

acuum level

and the fall

be such as to

the suction

The size of the leakage shall correspond with the agreed minimum hanging time of the load to be

C3

Verification of visibility of measuring device or indicator

C.3.1 Conditions

The test is to verify the visibility of the measuring device or the indicator.

C.3.2 Procedure

Check if the measuring device or the indicator can be seen from the normal position of the vacuum lifter
operator or the crane operator. When the position of the crane operator is relevant to the operation of
the vacuum lifter and is unknown, the instruction handbook shall indicate the correct position of the
liftting equipment with respect to the crane operator.
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C.3.3 Acceptance criteria

The measuring device or the indicator can be seen properly.

C.4 Verification of devices to compensate for vacuum losses

C4.1 Con

ditions

The test applies to self-priming and non-self-priming vacuum lifters.

The test is

to verifu that the devices for comnpensation for vacuum lasses function correctlu
J F J

arrangemen

C4.2 Pro

t shall be such as to avoid risk when the load is dropped.

cedure

The

The vacuum lifter shall be loaded with the WLL per suction pad which shall be‘indicated ip the

instruction
which will b
or extrapold

C4.3 Acc

The hanging
time shall b

C.5 Verif

C.5.1 Conditions

The test is 4
working rarn

C.5.2 Pro

The vacuuni
made in the
automatical

C.5.3 Acc

The momen

of the vacuum.

handbook. The material and other conditions (e.g. dirt) shall be comparable with the]
e manipulated in practice. With the power switched off, the hanging titme shall be meas
ted.

pptance criteria

e long enough for all persons to leave the fall area and €omply with 4.2.2.5 and 4.2.2.7.

ication of warning device

o verify the correct functioning of the warning device indicating that the limit of the
ge of the vacuum system has beenreached.

cedure

lifting device shall be(sucked onto a load and a small non-compensated leakage shg
vacuum system. When the safe working range of the vacuum system has been reache
y acting warning-d€vice shall come into action.

pptance criteria

F the warning device comes into action shall correspond with the limit of the working 1

' time shall be at least equal to the hanging time specified/in the instruction handbook

The warnin

b device is optical and/or acoustical and easily seen/heard by the operator.

C.6 Verification of the non-return valve

C.6.1 Conditions

The test is to verify the correct functioning of the non-return valve and its position.

C.6.2 Pro

cedure

load
ured

The

safe

11 be
d, an

ange

The vacuum pump shall be energized for sufficient time to generate vacuum in the vacuum system
with the load. When the vacuum pump is stopped, the vacuum level shall be checked visually for any
noticeable decrease.
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C.6.3 Acceptance criteria

The valve shall comply with the requirement specified in 4.2.2.5. Where there is no noticeable decrease
in the vacuum level, this indicates an air-tight vacuum system including the non-return valve.

C.7 Verification of controls

C.7.1 Conditions

A test load shall be sucked by the vacuum lifter. The arrangement shall be such as to avoid risk in event
of coprtrotmratfurctiom:

C.7.2 Procedure

One representative sample of each design and size shall be inspected and operated; The confrols shall be
inspected and operated in all combinations foreseen by the manufacturer. Imaddition, a ppwer failure
shalllbe simulated to check if it alters the condition of the vacuum system.

C.7.3 Acceptance criteria

The yacuum lifting system shall comply with 4.2.2.9.

C.8 | Verification of energy source failure warning system

C.8.1 Conditions

The tlestis to verify that the automatically warningdevice functions correctly. The testis to e conducted
in the unloaded condition.

C.8.2 Procedure

A failure in the energy source shall be-simulated.

C.8.3 Acceptance criteria

When the failure is simulated, the device shall comply with 4.2.2.6.

C.9 | Verificatian of the position of the load

C.9.1 Conditions

A test load'is used that is equal to the WLL and representative of the intended loads.

C.9.2 Procedure
The testload shall be lifted and placed at the maximum intended tilting angle plus 6°, but not more than 90°.

The vacuum level shall be at the end of the working range and the beginning of the fall range.

C.9.3 Acceptance criteria

The test load shall not slip.
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C.10 Verification of adhesion force by calculation

C.10.1 Procedure

The friction coefficient between the suction pads and the material to be handled shall be determined
in accordance with C.11 and the components of the adhesion force at the end of the working range shall
be calculated.

F, 1L =PS
Fa// = uPS

P: The VaCUlllm level in Pa

S =2 Si: Tot{
u: Friction ¢
C.10.2 Acc

Both effectiy

effective comnponent of the working load limit.

Fa L =PS2
Fa /] = uPS 3
g: Gravity ad
WLL: Worki

See Figure (.1

The calculat
lifter design

The above c
the moment|
lifter shall a

[[so be taken into account:

1 interior surface of the suctions pads in m2

pefficient

pptance criteria

e components of the adhesion force shall be greater or equal to twotimes the correspor]

P WLLgcosa

2 WLLgsina
celeration in m/s?2
hg load limit in kg
1.

ion shall be carried out for the maximum intended tilting angle plus 6°, except for vac
ed for a vertical position of the Vaguum pads.

5 arising from the position.of the centre of gravity of the load and the geometry of the vag

1ding

uum

hlculations determine the cemponents of the adhesion force. To fully verify the requirement,

uum

WLLgcosa

Figure C.1 — Adhesion force and effective component of the working load limit weight
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C.11 Determination of the friction coefficient

C.11.1 Conditions

The test apparatus shall include the following:

a) theload or a material sample corresponding to the load under the maximum conditions specified in

t

he instruction manual;

b) the suction pad connected to a system able to create a vacuum level corresponding to the end of the
working range;

c) aload cell to record the variation of the tensile force necessary to move the load.

See Higure C.2.

1 3

2 lpad material sample

Tr ¥

The
mois|

C.11
A pr¢

A vel

uction pad with a vacuum level equal to.the'end of the working range
ertical tensile force
Figure C.2 — Test apparatus and forces applied

actual environmentdl conditions which are of importance for friction (e.g. presern
ture) shall be reproduced.

.2 Procedure

ssure.level equal to the end of the working range shall be applied to the suction pad.

tical displacement shall be applied on the load to move it. The tensile force necessary

ce of oil or

to move the

load shall be measured. The curve obtain is usually corresponding to the diagram in Figure C.3.
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Key
1 transitor
2 steady-sf

y state
ate (motion)

3 displacement

C.11.3 Acc

The friction|
steady-statg

yz(Tr+

where

m 1mas

g gra

A minimum
measureme

mg)/PS

nts.

pptance criteria

s of material sample in kg;

ity acceleration in m/s#:

Figure C.3 — Characteristics of tensile force, T

coefficient, u, used for the calculation is the ratio of T;- (average horizontal tensile forlce in
) plus the weight of the material sample to théiadhesion force, PS.

€.1)

of three tests is reguired and the friction coefficient shall be taken as the smallest df the
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Verification methods for lifting magnets

D.1 Verification of tear-off force

D.1.1 Verification by pull test

D.1.1.1 Conditions (referring to Figure D.1)

a) Test piece length

1) [ 211 x 1,2 for rectangular magnets

2) dp=dp x 1,1 for round magnets

b) Test piece width

1) w2 2w x 1,2 for rectangular magnets

2) dp=dp x 1,1 for round magnets

c) Test piece thickness, tmin, at least equal to thefollowing:

1) half of the middle pole diameter for reund magnets;

2) the width of the middle pole forthree polar magnets;

3) two times the width of the pote for bipolar magnets.

d) Test piece shape: Flatness@hnialler than 0,1 mm/500 mm

e) Test piece material: Low-.carbon steel (such as S 235)

f)  One out of the folowing gaps shall be chosen for the verification of the tear-off force:
1) for round/magnets: No gap, 1/300 or 1/100 of the outer diameter;

2) for rectangular magnets: No gap, 1/300 or 1/100 of width over the poles.

The ¢hoSen gap shall correspond to the specified use of the magnet in the instructions for yse.

g) Magnetsupply current shall be as rated
h) Ambient temperature range: +10 °C to 40 °C

As an alternative, at the manufacturer’s discretion, special purpose magnets may be tested in conditions
which simulate the intended purpose.
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