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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 1SO
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
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Introduction

The object of this International Standard is to define rules for safeguarding persons and objects against the
risk of accident associated with the operation of mobile elevating work platforms (MEWPs). MEWPs are
assemblies of one or more sub-assemblies produced by one or more manufacturers. A MEWP is the product
of activities that include design, production and testing, as well as the provision of information on the MEWP

itself
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International Standard does not repeat all the general technical rules applicable to, eve
anical or structural component. Its safety requirements have been drawn up on the|basis
eriodically maintained according to given instructions, working conditions, frequency of use
her regulations. It is assumed that MEWPs are checked for function before start-of work, v
or seldom used, and are not put into operation unless all the required control and safety

Hed as the only possible solution. Any other solution leading to the same-tisk reduction is
uivalent level of safety is achieved.

x A explains the choice of Beaufort Scale 6 as the maximum wind, speed.

satisfactory explanation could be found for the dynamic factors used for stability calculation
nal standards, the results of the tests carried out by the<former TC 98/WG 1 of the Europe3

adopted. That test method is described in Annex B as a guide for the responsible entity w
r or lower operating speeds and to take advantage of developments in control systems.

arly, to avoid the unexplained inconsisteneies in coefficients of utilization for wire ropes f¢
ards for lifting devices, appropriate extracts from the widely accepted DIN 15020311 have b
X E gives kerb test calculations, Annex F provides information on the instruction handbook,

fies additional requirements for\cableless controls and control systems.

X H presents the list of significant hazards dealt with by this International Standard.
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INTERNATIONAL STANDARD ISO 16368:2010(E)

Mobile elevating work platforms — Design, calculations, safety
requirements and test methods

1 $cope
This |nternational Standard specifies safety requirements and preventive measures, and the me¢ans for their
verification, for all types and sizes of mobile elevating work platforms (MEWPs) intended ‘for mgving persons
to working positions. It gives the structural design calculations and stability criteria, constryction, safety
exanjinations and security tests to be applied before a MEWP is first put into service, identifieq the hazards
arisir|lg from the use of MEWPs and describes methods for the elimination or reduction of those hazards.

This |nternational Standard is not applicable to

a) permanently installed personnel-lifting appliances serving defineddevels,

b) fire-fighting and fire rescue appliances,

c) Unguided work cages suspended from lifting appliances;

d) elevating operator position on rail-dependent storage and retrieval equipment,
e) fail lifts,

f)  mast-climbing work platforms (see 1SO.16369),

g) fairground equipment,

h) l|fting tables with a lifting height of less than 2 m,

i)  builder's hoists for persens and materials,

i) aircraft ground-support equipment,

k) digger derricKs,

I) ¢levating operator positions on industrial trucks,

ibadarbridaainan fioan o Ao
m NMUTT VTIuUyc miopouuuvlrt art UG UCTVILT O,

n) certain requirements for insulating aerial devices on a chassis for use in live work on electrical
installations.

It does not cover hazards arising from
— use in potentially explosive atmospheres,
— use of compressed gases for load-bearing components,

— work on live electrical systems.

© 1SO 2010 — All rights reserved 1
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NOTE 1

Hazards arising from work on live electrical systems are addressed in IEC 61057. MEWPs equipped with

certain non-conductive (insulating) components can provide some protection from hazards associated with inadvertent
contact with such systems (see ISO 16653-2).

NOTE 2

For MEWPs that employ aerial devices used for live working, this International Standard will need to be used

in conjunction with IEC 61057, taking into consideration the potential exceptions from this International Standard that are
specified in IEC 61057.

2 Normative references

The followin

Eor

ated

references,
document (in

ISO 3864 (al
ISO 4305, M

ISO/TR 116§
equipment —

ISO 13850, ¢
ISO 13854,
ISO 18893, |
ISO 20381, |

IEC 60068-2
guidance

IEC 60204-1

IEC 60204-3
hoisting mac

IEC 60529, [

IEC 60947-5
switching el¢

3 Terms

For the purpgses of this document, the terms and definitions given in ISO 18893 and the following apply.

0 referenced _documents are indicpnnenhln for the npplir‘gfinn of this document

bnly the edition cited applies. For undated references, the latest edition of the refere
cluding any amendments) applies.

parts), Graphical symbols — Safety colours and safety signs
Dbile cranes — Determination of stability

8-1:1995, Acoustics — Recommended practice for the design of Jow-noise machinery
- Part 1: Planning

bafety of machinery — Emergency stop — Principles for design

bafety of machinery — Minimum gaps to avoid crushing of parts of the human body

obile elevating work platforms — Safety principles, inspection, maintenance and operation
Yobile elevating work platforms — Symbols for operator controls and other displays

164, Environmental testing — Part 2-64: Tests’— Test Fh: Vibration, broadband randon

2000, Safety of machinery — Electricallequipment of machines — Part 1: General requirem

P:2008, Safety of machinery — Electrical equipment of machines — Part 32: Requiremen
hines

Degrees of protection provided by enclosures (IP Code)

£1:2000, Low-voltage--switchgear and controlgear — Part 5-1: Control circuit devices
Iments — Electromeehanical control circuit devices

and definitions

nced

and

and

bnts

(s for

and

3.1

access position
normal position which provides access to and from the work platform (3.40)

NOTE

can be identical.

3.2

aerial device
any device, extensible, articulating or both, which is primarily designed and used to position personnel

NOTE

The access position, lowered travel position (3.18), stowed position (3.34) and transport position (3.35)

This does not include the chassis (3.5). When an aerial device is mounted on a mobile chassis it becomes a

component of a MEWP (3.19). The device can also be used to handle material, if designed and equipped for that purpose.

© 1SO 2010 — All rights reserved
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3.3

cableless control

means by which an operator's commands are transmitted without any physical connection for at least part of
the distance between the control console and the MEWP (3.19)

3.4

chain-drive system

system that comprises one or more chains running on chain sprockets and on or over chain pulleys, as well as
any associated chain sprockets, chain pulleys and compensating pulleys

3.5
chassis
base|of a MEWP (3.19)

See Figure 1.
NOTE The chassis can be pulled, pushed, self-propelled, etc.

3.6
ductile material
matefial that has a minimum elongation before failure of 10 % and adéquate notch impact strength at the
lowest operating temperature for which the MEWP (3.19) is rated

3.7
elevated travel position
configuration of the MEWP (3.19) for travel outside of the lowered travel position (3.18)

3.8
extending structure
strucfure connected to the chassis (3.5) that supports the work platform (3.40) and allows the work
platfgrm's movement to the required position

See Figure 1.

NOTH It can, for example, be a single, telescoping or articulating boom or ladder, a scissor mechanism or any
comblnation of these, and might or might hot slew on the base.

3.9
fall afrest system
fall pfotection system desighed to arrest a fall by a worker

3.10
fall rgstraint system
fall pfotection\system that restrains or prevents a worker from being exposed to a fall from the wprk platform
(3.40

3.1
finite element analysis model

FEA model

computerized method of idealizing a real model for the purposes of performing structural analysis

3.12

indoor use

operation in areas shielded from wind so that there is no wind force acting on the MEWP (3.19) being
operated

3.13

instability

condition of a MEWP (3.19) in which the sum of the moments tending to overturn the unit exceeds the sum of
the moments tending to resist overturning

© 1SO 2010 — All rights reserved 3
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3.14
installer
entity that installs an aerial device on a chassis (3.5)

NOTE The installer can also be the responsible entity (3.27).

3.15

load cycle

cycle starting from an access position (3.1) and completed by the carrying out of work and return to the
same access position

3.16
load-sensing system
system of m@nitoring the vertical load and vertical forces on the work platform (3.40)

NOTE THe system includes the measuring device(s), the method of mounting the measuring deviegs)and the signal
processing sygtem.

3.17
lowering, nqun
all operationg, other than travelling (3.36), for moving the work platform (3.40) to a-lower level

See Figure 1|

3.18
lowered trayel position
configurationl(s) of the MEWP (3.19), as defined by the responsibleentity (3.27), for travel at maximum fravel
speed

NOTE THe lowered travel position, access position (3.1),,'stowed position (3.34), and transport position |(3.35)
can be identicgl.

3.19
mobile elevating work platform
MEWP
machine/devjce intended for moving persens, tools and material to working positions, consisting of at Iqast a
work platforqm (3.40) with controls, an_extending structure (3.8) and a chassis (3.5)

3.19.1

group A
MEWRPs on which the verticakprojection of the centre of the platform area, in all platform configurations at the
maximum chassis (3.5) inClination specified by the manufacturer, is always inside the tipping lines

3.19.2
group B
MEWPs not |n group A (3.19.1)

3.19.3
type 1 MEWP
MEWP for which travelling (3.36) is only allowed when in the stowed position (see 3.34)

3.19.4

type 2 MEWP

MEWP for which travelling (3.36) with the work platform (3.40) in the elevated travel position (3.7) is
controlled from a point on the chassis (3.5)

NOTE Type 2 and type 3 MEWPs can be combined.

4 © 1SO 2010 — All rights reserved
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3.19.5

type 3 MEWP

MEWP for which travelling (3.36) with the work platform (3.40) in the elevated travel position (3.7) is
controlled from a point on the work platform

NOTE Type 2 and type 3 MEWPs can be combined.
3.19.6

pedestrian-controlled MEWP
MEWP whose controls for powered travel can be operated by a person walking close to the MEWP

totally manually operated MEWP
MEWP whose movement is powered only by manual effort

3.19./10
vehi¢le-mounted MEWP
MEWP whose aerial device is designed for and installed on a‘vehicle chassis

3.20
moment-sensing system
systgm of monitoring the moment acting about the tipping line tending to overturn the MEWP (3.1P)

NOT The system includes the measuring.device(s), the method of mounting the measuring devices [and the signal
procepsing system.

onductive components
ting components

components composed of materials selected for their electrical properties, used on a MEWP (3.19) for the
purpose of potentially providing electrical protection from inadvertent contact of certain parts qf the MEWP
with pverhead electrical lines

NOTH See I1ISO16653-2.

3.22
non-fuctile.materials
brittle materials
fibreglass reinforced plastic materials and other materials that do not meet the requirement for ductile
materials

3.23

oscillating axle

supporting structure which allows mainly vertical movement of the end wheel assemblies independently or in
relation to each other

3.24

outdoor use
use of a MEWP (3.19) in an environment that can be exposed to wind

© 1SO 2010 — All rights reserved 5
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3.25
raising, noun
any operation, other than travelling (3.36), that moves the work platform (3.40) to a higher level

See Figure 1.

3.26

rated load

load for which the MEWP (3.19) has been designed in normal operation, comprising persons, tools and
materials, acting vertically on the work platform (3.40)

NOTE A MEAP-ear-havetrere-than-oreratedHead:

3.27

responsible|entity

person or entity with responsibility for the design, specification, procurement, fabrication,Cmanufagture,
assembly, prpvision of information and testing of a MEWP (3.19) sub-assembly or ready-fortuse MEWP.
NOTE Dg¢pending on national regulations or local practice, this term can refer to one or more of the following entities:
manufacturer, |installer, custodian, dealer, designer or entity placing the product on the market.

3.28

rotation

circular movément of the work platform (3.40) about a vertical axis
See Figure 1|

3.29
secondary work platform
platform attdched to the work platform (3.40) or the extending structure (3.8), and able to be n
separately

oved

3.30

slab
substantially [level surface of asphalt, concrete or equivalent supporting material
3.31
slewing, noyn

circular movément of the extending.-structure (3.8) about a vertical axis

See Figure 1|

3.32
stability
condition of
equal to the

h MEWP (3.19) in which the sum of the moments which tend to overturn the unit is less than or

bum of the moments tending to resist overturning

3.33

stabilizer

any device or system used to stabilize a MEWP (3.19) by supporting and/or levelling the complete MEWP or
the extending structure (3.8)

See Figure 1.

EXAMPLE Outrigger, jack, suspension-locking device, extending axle, torsion bar.

© 1SO 2010 — All rights reserved
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3.34
stow

ISO 16368:2010(E)

ed position

configuration of the MEWP (3.19) as defined by the responsible entity, in which the extending structure (3.8)
is lowered and retracted and stabilizers (3.33) are retracted

NOTE

can be identical.

3.35

transport position
configuration of the MEWP (3.19) prescribed by the responsible entity in which the MEWP is to be transported

The stowed position, access position (3.1), lowered travel position (3.18) and transport position (3.35)

NOTH
canb

3.36

travelling

any r
See

3.37
type
test ¢
desig

3.38
wire
systé
any g

3.39

workiing envelope

spac
norm

NOTE

3.40

work
mova
withg

EXAN

The transport position, access position (3.1), lowered travel position (3.18) and stowed™p
e identical.

novement of the chassis (3.5) except when the MEWP is being transported

Figure 1.

test
n a representative model of a new design, or a model incopporating significant changes {
n, carried out by or on behalf of the responsible entity (3.27) or his authorized representati

rope drive system
m that comprises one or more wire ropes running-on rope drums and on or over rope pulley
ssociated rope drums, rope pulleys and compensating pulleys

e in which the work platform (3.40)is designed to work within the specified loads and f
al operation conditions

A MEWP (3.19) can have more than one working envelope.
platform
ble component.efthe MEWP (3.19), other than the chassis (3.5), intended for carrying pers

ut material

PLE Cage, bucket, basket.

osition (3.34)

Db an existing

e

s, as well as

orces, under

onnel with or
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3.40

38

35

3.40

38

35

3.40

38

35

3.40

3.8

35

Figure 1 — lllustration of key terms (continued)
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3.11/3.25

O O

]
a

-

ﬁ — 3.36

Figure 1 — lllustration of key terms
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4 Safety

4.1
MEWPs shal

NOTE

2010(E)

requirements and/or protective measures

Compliance

| comply with the safety requirements and/or protective measures of this clause.

National or local requirements can apply which could be more stringent.

4.2 Structural and stability calculations

421
The respons

a) structura

Calcytatioms—and ratedtoad

ble entity shall perform

| calculations, to evaluate the individual loads and forces in their positions~directions

combingtions which produce the most unfavourable stresses in the components, and

b) stability
which to

The rated lod

n isth

The minimun
422 Load
4.2.21
The following

a) forces cr

b) wind forg

calculations, to identify the various positions of the MEWP and combinations of loads and f
gether create conditions of minimum stability.

d, equivalent to a mass, m, shall be determined from:

mp)+me

qual to 80 kg (mass of a person);
qual to 40 kg or greater, representing the 'mass of tools and materials;

e permitted number of persons on/the*work platform.

h rated load of a MEWP shallbg 120 kg.

Is and forces acting on MEWP structure

General

loads and forces shall be taken into account:
pated by-rdted load and structural masses (4.2.2.2);

es+(4.2.2.3);

and

prces

c) manual forces (4.2.2.4);

d) special loads and forces (see 4.2.2.5).

4222

42221

Forces created by rated load and structural masses

Gravitational and dynamic forces

Gravitational forces created by the rated load and structural masses shall be taken to act vertically downwards
at the component centres of mass. The forces shall be calculated by multiplying the component masses by

1,0 g.

10

© 1SO 2010 — All rights reserved
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NOTE The factor g represents the acceleration due to gravity (9,81 m/s2).

Dynamic forces created by acceleration and deceleration of structural masses and rated load shall be
represented by forces acting in the line of motion of the component centres for mass.

Dynamic forces created by extension or retraction of the extending structure shall be calculated by multiplying
the structural masses by 0,1g (see Annex B).

Dynamic forces created by travelling movements of type 2 and type 3 MEWPs shall be calculated by
multiplying the structural masses by z times g. Factor zg represents the acceleration/deceleration of the
MEWP due to travel and its angular acceleration/deceleration due to travel over ground obstacles such as that
whicheceurs—duringthekerbtest(see-54+4322)—Facto shatt-be—a-minimurof-O;Hurtess—determined by
calculation or testing (see Annex E for an example of the calculation of z).

4.2.2|12.2 Load distribution on work platform
Each|person is assumed to act as a point load on the work platform and any platfofm-extension aft a horizontal
distapce of 0,1 m from the upper inside edge of the top rail. The distance between the point Igads shall be
0,5 m. The width of a person shall be taken to be 0,5 m (see Figure 2).

Equipment is assumed to act as an evenly distributed load on 25 % of-the floor of the work platform. If the
resulfing pressure exceeds 3 kN/m2, the value of 25 % may be increased to give a pressure of 3 KN/m2.

All these loads are assumed to be located in the positions giving,the worst-case results.

Dimengions in metres

@)
A
nx iy 0,1
0,5 0,5 0,25 0,1 <
> < > | o
Y { \
o (o]
A i
o o — |—+ I |
el | i
LN N o
1 o - A
1\

Key
1 edge of work platform

Figure 2 — Rated load — Person
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4.2.2.3 Wind forces

4.2.2.3.1 Outdoor MEWPs

All MEWPs used outdoors are regarded as being affected by wind at a pressure of 100 N/m2, equivalent to a
wind speed of 12,5 m/s (Beaufort Scale 6, see Annex A).

Wind forces are assumed to act horizontally at the centre of surface of the parts of the MEWP, persons and
equipment on the work platform.

NOTE This does not apply to MEWPs intended for indoor use only.

4.2.2.3.2 Lhape factors applied to surfaces exposed to wind

The following shape factors are applicable to surfaces exposed to wind:

a) L-, U-, T}, I-sections: 1,6;
b) box secfions: 1,4;
c) large flaj areas: 1,2;
d) circular $ections, according to size: 0,8/1,2;
e) persons|directly exposed: 1,0.

If additional |information is needed, especially concerning shielded structural areas, see 1SO 4302 For
shielded pergons, see 4.2.2.3.3.

4.2.2.3.3 $urface area of persons on a work platform exposed to wind

The full surface area of one person shall be 0,7“m? (0,4 m average width x 1,75 m height) with the cenfre of
area 1,0 m apove the work platform floor.

The exposed surface area of one person~standing on a work platform behind an imperforate (not perfofated)
section of fefjcing 1,1 m high shall be 0,35 m2, with the centre of area 1,45 m above the work platform flopr.

The number pf persons directly exposed to the wind shall be calculated as follows:

a) the length of the side of\the work platform exposed to the wind, rounded to the nearest 0,5 m, divided by
0,5m, of

b) the numper of persons allowed on the work platform, if less than the number calculated in a).

If the numbef 6fpersons allowed on the work platform is greater than for a) above, a shape factor of 0,6 shall
be applied to the extranumber of persons.

4.2.2.3.4 Tools and equipment on work platform exposed to wind

The wind force on exposed tools and materials on the work platform shall be calculated as 0,03 g, acting
horizontally at a height of 0,5 m above the work platform floor.

4.2.2.4 Manual forces

The minimum value for a manual force, F,;,, shall be taken as 200 N for MEWPs designed to carry only one
person, and 400 N for MEWPs designed to carry more than one person. Manual forces are to be applied at a
height of 1,1 m above the work platform floor. Any greater force permitted shall be specified by the
responsible entity.
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4.2.2.5 Special loads and forces

Special loads and forces are created by special working methods and conditions of use of MEWPs, such as
objects carried on the outside of the work platform, wind forces on large objects carried on the work platform
and forces imposed by winches or material handling devices (see also Annex A).

If a user asks for such special working methods and/or conditions of use, the resulting loads and forces shall
be taken into consideration as a modification to the rated load, structural load, wind load and/or manual
forces, as appropriate.

4.2.3

Stability calculations

4.2.3

The
comb
motid

The maximum allowable chassis inclination shall be increased by 0,5° to allow-for inaccuracy in s

MEW,

4.2.3
Wind
4.2.3

Manu
actin

4.2.3
Sped|
4.2.3
The
favod
and f

the o

All fo
that ¢

1 Forces created by structural masses and rated load

MEWP shall be taken to be operating in the most adverse stability situation~with re
ination of chassis inclination, structural configuration, position, structural metions and
n (see examples in Figure 3).

P.

2 Wind forces

forces shall be multiplied by a factor of 1,1 and taken to betacting horizontally.

3 Manual forces

spect to the
ehicle travel

etting up the

al forces applied by persons on the work platform shall be multiplied by a factor of 1,1 andl taken to be

j in the direction creating the greatest overturning moment [see Figure 3 a) to d) for example

4  Special loads and forces

s].

al loads and forces, as determined by the responsible entity, shall be included in the calculation.

5 Calculation of overturning and stabilizing moments

maximum overturning—and corresponding stabilizing moments shall be calculated abg
rable tipping lines.\Fipping lines shall be determined in accordance with 1ISO 4305; howe
pam-filled tyres; the tipping lines may be taken at a point on the tyre ground contact at a ¢
Litside edge of 4/4 of the ground contact width.

rces shall\be taken to act in their allowable direction that will produce the least stable outg
an act:simultaneously shall be taken into account in their least favourable combinations.

Whe

ut the least
ver, for solid
istance from

ome. Forces

favourable load combination on the work platform.

For examples, see Table 1 and Figure 3 a) to d). Graphical methods may be used.
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Table 1 — Examples of load and force directions and combinations for stability calculations
[see also Figure 3 a) to d)]

Rated load Structural Manual Wind force
force force
Example | Working condition m S, Frm w lllustration
x10 |x0,1 [x10 |[|x0,1 [x10([x0,1 |x1,0 x 0,1
1 Raising (lowering) \Y A \% A — — H H KEI
2 Travelling v S Vv S — | = H H | ju
3 Travelling \Y S \Y, S — — H H
4 Fqrward stability, Vv — \ — A A H H |
stationary with | )j
chassis inclined ,i
5 Backward stability, [80kg | — \% — A A H H
stationary with Vv
chassis inclined
6 Wijth limited reach, V A \Y A — — H H
fofward stability, .~ ;‘
stationary with .
chassis inclined,
loyvering
7 Wijth chassis V — \Y — A A H H
in¢lined, stationary
8 Ldvel-ground 80 kg — \L — A A H H
stationary Vv /:I

V  vertical

H horizontal

A angular

S atchassis inclination angle

S, represents the mass of the structural component, n

NOTE This table is not exhaustive.
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In each case, the calculated stabilizing moment shall be greater than the calculated overturning moment.

In the calculation, the following influences shall be taken into account:

a)
b)
c)

d)

The

4.2.3|5.1 Dynamic stability

The
(5.1

4.2.4] Structural calculations

4.2.4{1 General

The

special formulastare used, the sources shall be given, or otherwise the formulas shall be develo
princ|ples, so.that their validity can be checked.

Reqguirements given in 4.2.2 and elsewhere above shall be considered for the determination
forcep to)be used in the calculations.

+— peaks caused by short-term dynamic effects,

+ hysteresis,

.4.3.2.3) and the kerb and depression test (5.1.4.3.2.2).

tolerances in the manufacture of the components;
play in the connections of the extending structure;

elastic deformations due to the effects of forces;

failure of any one tyre in the case of MEWPs supported by pneumatic tyres in the working position, unless

3;re monitoring system that warns the operator when tyre pressure has reached at least 25

dlesired inflation pressure;

performance characteristics (accuracy) of the load-sensing system, moment-sensing system
¢ontrol, which can be affected by, for example,

+— chassis inclination of the MEWP,
+— ambient temperature,
+ different positions and distribution of load on the‘work platform (see 4.2.2.2.2).

determination of elastic deformations shall be abtained by experiment or by calculation.

MEWP shall be assessed to detérmine that it will remain stable when subjected to the

alculations shall.conform with the laws and principles of applied mechanics and strength o

with a direct
% below the

and position

braking test

f materials. If
ped from first

pf loads and

Except where otherwise stated, the individual loads and forces shall be taken to act in the positions, directions

and

combinations that produce the least favourable conditions.

© 1SO 2010 — All rights reserved
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me x 0.1 g
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Six10g $$=x01g
/
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a)

nxm,x10g

nx m,x zg

b)

Figure 3 — Examples of maximum overturning load and force moment combination (continued)
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Figure 3 — Examples of maximum overturning load and force moment combination (continued)
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Figure 3 — Examples of maximum overturning load and force moment combination (continued)
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1 nxmpx1,0g

me x 10 g

h)

Key

tipping line
direction of travel
limited reach

a wN =

maximum chassis inclination

Figure 3 — Examples of maximum overturning load and force moment combination
(see also Table 1)
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4.24.2 Analysis

42421 General stress analysis

The general stress analysis is the proof against failure by yielding or fracturing. This analysis shall be made
for all load-bearing components and joints.

The required information on stresses or safety factors shall be included in the analysis in a clear and easily
verifiable form. Details of the main dimensions, cross-sections and materials for the individual components
and joints shall be given.

Finite elemept analysis (FEA) modelling may be used to meet this requirement. The FEA model shall be
specified and include an explanation of the loading areas, load types, constraint areas and constraintitypés.

Stresses impgosed by the static test (see 5.1.4.3.1) and overload test (5.1.4.4) shall not exceed .90 % of the
elastic limit of the ductile materials.

Non-ductile gtructural elements of the MEWP shall have a design stress of no more than 20 % of the minjmum
ultimate stremgth of the material.

design stress may need to be decreased based on the evaluation.given in 4.2.4.

Elastic stability analysis

Elastic stabilfty analysis is the proof against failure by elastic instability)(e.g. buckling, crippling). This anglysis
shall be madg for all load-bearing components subjected to compressive loads.

4.2.4.2.3 Fatigue-stress analysis
Fatigue-stregs analysis is the proof against failure by fatigue due to stress fluctuations. This analysis shall be
made for all load-bearing components and joints critical'to fatigue, taking into account the construction dgtails,
the degree of stress fluctuation and the number'of stress cycles. The number of stress cycles may|be a
multiple of the number of load cycles.

As the number of stress fluctuations during*transport cannot be calculated with any degree of accuracy, the
stress in the| transport position in compenents subject to vibration during transport shall be low enough to
ensure virtudlly infinite fatigue life (see also 4.4.6 and 4.6.15).
The number pf load cycles for@MEWP is normally the following:
a) light int

cycles;

rmittent duty“(ezg. 10 years, 40 weeks per year, 20 h per week, 5 load cycles per hour): 4 x 104

b) heavy dility (e.9- 10 years, 50 weeks per year, 40 h per week, 5 load cycles per hour): 105 cycles.

When deter oad—combinatio itispermissibie o 3 ed—toad—to e load

spectrum factor in accordance with Figure 4; wind loads need not be taken into account.

NOTE For the design of wire-rope drive systems, see Annex D.
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Figure 4 — Load spectrum factor

4.2.4{2.4 Effects of stress concentration and ambient temperature

The @nalysis shall consider the effects of stress concentration, and the effects of ambient tempgrature in the
tempgrature range for which the MEWP has been designed.

4.2.5| Verification

Verification of the requirements of 4.2 shallbg carried out by design check, static tests and overlgad tests.
4.3 [ Chassis and stabilizers

4.3.1 Automatic safety device

An alitomatic safety deviéeiin accordance with 4.11 shall be fitted to prevent the travel of pedestrign-controlled
MEWPs and power-driven type 1 MEWPs when the work platform is out of the transport or stowed position.

Any fravel speed.restriction for self-propelled MEWPs, when the work platform is out of the Iqwered travel
position, shall e automatic.

Verification¢shall be carried out by means of a design check and functional testing.

4.3.2 Chassis inclination

Every MEWP shall have a device to indicate whether the inclination of the chassis is within the limits permitted
by the responsible entity. This device shall be automatic, in accordance with 4.11, and shall be protected
against damage and accidental change of its setting. The adjustment of the device shall require the use of
tools and be capable of being sealed.

The device shall also prevent elevation beyond the lowered travel position or between various configurations
when the chassis inclination is beyond that specified by the responsible entity for that configuration.

For type 1 MEWPs, the device can be replaced by a spirit level. For those MEWPs with power-driven
stabilizers, the indication shall be clearly visible from each control position.
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For type 2 MEWPs, when travelling out of the transport configuration, an audible warning shall be given at
each control position before reaching the maximum limits specified by the responsible entity.

For type 3 MEWPs, when travelling out of the lowered travel position, upon reaching the limits specified by the
responsible entity, the device shall prevent the MEWP from continuation of travel and, for group A MEWPs,
further elevation shall not be allowed. If travel is interrupted due to an exceeding of the chassis inclination
limit, travel is allowed provided that stability is maintained or improved. An audible warning shall be given
when the chassis has reached the limits of inclination.

Verification shall be carried out by means of functional testing.

4.3.3 Lockjngpins

Any locking pins shall be secured against unintentional disengagement (e.g. spring pin) and loss (e(g, chain).

Verification shall be carried out by visual examination.

4.3.4 Contfol bars
Control bars jof pedestrian-controlled MEWPs and tow bars shall be securely fastened’to the chassis.

Verification shall be carried out by visual examination and testing.

4.3.5 Contfol bars held in vertical position

If control bafs and tow bars, when not in use, are raised to the Vertical position, an automatic device| (e.g.
hook) shall bge provided to hold the bars in this position; sudden fall'shall be prevented.

For multi-axle chassis, the minimum clearance between:the fully lowered control bar or tow bar anfl the
ground shall pe 120 mm.

Verification shall be carried out by visual examination, testing and measurement.

4.3.6 Stabllizer feet

The stabilizef feet shall be constructedto-accommodate ground unevenness of at least 10°.
Verification shall be carried out by-visual examination and measurement.

4.3.7 Permitted work platform positions

MEWPs shall be fitted with a safety device in accordance with 4.11 that prevents the work platform opefating
outside pernitted positions, unless the stabilizers are set in accordance with the operating instructions.

MEWPs conptructed for operation without stabilizers for a limited range of operation shall be equipped with
safety devicesin accordance with 4.17 that prevent operation outside that limited range without stabilizers.

Verification shall be carried out by means of a design check and functional testing.

4.3.8 Prevention of powered stabilizer or levelling system movement

MEWPs with powered stabilizers or a levelling system shall be fitted with a safety device in accordance with
4.11 to prevent movement of the stabilizers or levelling system, unless the extending structure and the work
platform are in the stowed or transport position or within the limited range specified in 4.3.7. When the
extending structure and the work platform are inside the limited range, the operation of the stabilizers or
levelling system shall not create an unstable situation.

Verification shall be carried out by means of a design check and functional testing.
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Manually operated stabilizers

Manually operated stabilizers shall be designed to prevent unintentional movement.

Verification shall be carried out by means of a design check and functional testing.

4.3.10 Movement of stabilizers

The movements of stabilizers shall be limited by mechanical stops. Hydraulic cylinders fulfil this requirement if
designed for that purpose.

A md
posit
stabi
stabi
to MH
and t

Verifi
4.3.1

Vehigq

indicate if all parts of the stabilizers, the extending structure, the access ladders and the work p

MEW

Verifi

4.3.1
Any ¢
The
view

stabi

Trav
oper:

Verifi
4.3.1

The

chanical means shall be provided to prevent uncontrolled movements of stabilizers from
on. The stabilizers shall be locked in the transport position by two separate locking devi
izer, at least one of which operates automatically, e.g. a gravity locking pin plus~a_dete
izers meeting the requirements of 4.3.8 and 4.10 are regarded as meeting this requir€ment
EFWPs with permanently attached stabilizers that increase their width or length andyto all veh
Failer-mounted MEWPs.

cation shall be carried out by means of a design check.

1 Vehicle-mounted MEWP stabilizer indicator
le-mounted MEWPs shall be equipped with one or more indicators visible from the travellin
P are in the transport positions.

cation shall be carried out by means of functional testing.

P Visual contact at control positions

ontrol position shall provide the operator with visual contact with the resulting movements.
bperator positions for powered stabilizers that deploy beyond the width of the chassis shall
of the movement of each stahilizer until it reaches the supporting surface. Once surface

izers is established, further movement no longer requires visual observation of them.

| controls fixed to the-chassis and operated from ground level shall be positioned so as
tor to stand at least¢t-m’from the vertical tangent of the wheels or crawlers.

cation shall be €arried out by visual examination.

3 Totally manually operated MEWPs

equirements of 4.3.7 are not applicable to MEWPs that are totally manually operated and

the transport
ces for each
nt. Powered
This applies
icle-mounted

g controls to
atform of the

allow a clear
contact of all

to cause the

have a work

platfd

rin-floor height less than or equal to 5 m above ground level (see 6.3.15).

These MEWPs are also exempt from all safety requirements that cannot be met without power supply.

Verifi

cation shall be carried out by means of a design check.

4.3.14 Oscillating axle lock or control systems

MEWPs equipped with one or more oscillating axles, in systems that lock or control the oscillating axle(s) to
maintain stability, shall satisfy the following requirements:

a) on type 1 MEWPs, a safety device in accordance with 4.11 shall prevent deployment of the extending
structure until oscillation of the axle(s) is locked or controlled;
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b) on type 2 and type 3 MEWPs that have a means of locking or control of the oscillating axle(s), safety
devices in accordance with 4.11 shall be incorporated; where hydraulic cylinders are used as positional
locking or control devices, these shall comply with 4.10.

4.3.15 Self-propelled MEWP brakes

Self-propelled MEWPs shall be equipped with brakes on at least two wheels on the same axis that engage
automatically when power to the brakes is removed or fails, and that shall be able to stop the MEWP in
accordance with 4.3.18 and keep it in the stopped position. Such brakes shall not rely on hydraulic or
pneumatic pressure or electrical power to remain engaged.

Verification Tall be carried out by means of a design check and functional testing.
t

4.3.16 Unauthorized use

MEWPs shall be equipped with a device to prevent unauthorized use.

EXAMPLE Lockable switch.

Verification shall be carried out by means of functional testing.

4.3.17 Maximum travel speeds in elevated travel position

Travel speeds for type 2 and type 3 MEWPs in the elevated travel paosition shall not exceed the follpwing
values:

a) 1,5 m/s fpr vehicle-mounted MEWPs when using the travelling.¢ontrols;
b) 3,0 m/s fpr rail-mounted MEWPs;
c) 0,7 m/s fpr all other self-propelled type 2 and type 3 MEWPs.

Verification shall be carried out by means of a design' check and functional testing.

4.3.18 Stopping distances

MEWPs travglling at the maximum speeds listed in 4.3.17 on the maximum chassis inclination allowed Ry the
responsible éntity shall be capable-of being stopped over distances not greater than those given in Figlire 5.
The values ffom Figure 5 are basedon an average deceleration of 0,5 m/s2 and do not include the operptor's
reaction time|.

NOTE Minimum braking. distances depend on factor z (see 4.2.2.2.1).

Verification shall be_carried out by means of functional testing.
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Figure 5 — Maximum braking distance for type 2 and type 3 MEWPs
4.3.1p Maximum travel speed of pedestrian-controlled MEWPs

The maximum travel speed of a pedestrian-controlled MEWP with its work platform in the transpprt or stowed
position shall not exceed 1,7 m/s.

Verification shall be carried\out by measurement.

4.3.2D Guards for persons at control positions

Guarfs shall be\provided to protect persons at control positions or standing adjacent to the MEWP at ground
level |or at other points of access, against thermal or mechanical hazards. The opening or rempval of these
guards shallonly be possible by means of devices stored in fully enclosed and lockable enclosurés (e.g. cabs,
compartments) or by the use of tools or keys provided with the MEWP.

This requirement does not apply to the exhausts of vehicles conforming with road traffic regulations.
Verification shall be carried out by visual examination.

4.3.21 Engine exhaust

The exhaust from internal combustion engines shall be directed away from control positions.

Verification shall be carried out by visual examination.
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4.3.22 Filling points for fluids

The filling points of gas and fluid reservoirs (other than for fire-resistant fluids) shall be positioned so as to
avoid any fire from spillage onto very hot parts (e.g. engine exhausts).

Verification s

hall be carried out by visual examination.

4.3.23 Battery constraint

Batteries and battery containers of all MEWPs shall be constrained to prevent displacement that gives rise to
danger. A means shall be provided that, in the event of overturning, will constrain the battery assembly so as

to avoid the fisk of injury 10 tThe operator by the battery being displaced or electrolyie being ejected.

Suitable ven
accumulatiorn

NOTE E
apertures are
5 h rated capq

Verification s

4.3.24 Derajlment and run-away prevention

4.3.241

The following
when moving

When movin
wheels loads

4.3.24.2 Proof against derailment

MEWPs with
derailment.

For ME
foreseer

a)

the
thre
flex

ther

General

ilation holes shall be provided in the battery container, compartment or cover so that\dang
s of gases do not occur in places occupied by operators.

perience has indicated that when openings are positioned such that gases can escape’ freely, vent
usually satisfactory if they provide a cross-section, in square millimetres, of 0,5 x thesnumber of cells|
city, in ampere-hours. This level is, however, not intended to cover the charging ¢ondition.

hall be carried out by visual examination.

requirements relate to the prevention of derailment-of rail-mounted MEWPs during runnin
along the track in working configuration.

j along the track in running and working eonfigurations, rail-mounted MEWPs shall have 2
d sufficiently to avoid derailment.

structures that are movable*and influence the potential to derail shall have proof ag

[VPs with only one suspension in stationary or running modes, proof against derailment i
working conditionsis deemed to have been shown if, simultaneously,

suspension.is.fiot blocked out or, for MEWPs with three-point suspension, at least one ¢
e supportpoints can turn freely and absorb the twist, or the MEWP (including the wheel se
ble eneugh to absorb the track twist, and

eds,no rigid connection between several connected MEWP parts that would obstruct the tU

Erous

lation
x the

) and

Il rail

ainst

n the

f the
ts) is

rning

fre

formmorthefree movementimverticatandcross=wise directiomwithim thefreedonTof Tmove

necessary for the threshold parameters between the parts.

b)

ment

For MEWPs having different axle or suspension configurations in stationary and running modes, proof

against derailment is deemed to be shown by stationary tests, taking into account the work configurations
according to 4.3.24.3. Neither when stationary nor when moving along the track shall it be possible to
change from one configuration to the other if this would cause the load moment to reach or exceed 90 %
of the rated load for the new configuration.

If one of these conditions is not observed, proof against derailment shall be achieved by stationary tests

according to

26

4.3.24.3.
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4.3.24.3 Load cases for prevention of derailment during moving

Wheel unloading shall be proven by stationary tests for rail-mounted MEWPs that could have their centre of
gravity displaced when moving along the track. Using all possible unfavourable positions of the MEWP and
load, and the worst combination of track cant, gradient and twist, no rail wheel shall leave the rail when
1,5 times the maximum load is applied.

In addition, at the most unfavourable track condition with a maximum load, no wheel shall unload by more
than 60 % of its normal weight.

4.3.24.4 Limiting use of MEWPs due to derailment requirements

If thel prevention of derailment is not guaranteed for all working configurations, the scope ofithel MEWP shall
be limited and this shall be indicated in the technical documentation and the instruction handbopk, and shall
be displayed on notices on the MEWP.

4.3.24.5 Prevention of run-away — Placement and removal from rails

The gocumented system used to describe the placing of the vehicle on, or-removal from the track, shall be
assegsed to ensure that there is no inadvertent movement of the vehicle ‘at“any time during ogeration. This
would normally require that the MEWP have, at all times, whether on on'off the track, at the very least one
braked axle (with the brakes applied), sufficient to hold the vehicle .on the most adverse gradient on which it
can Qe on-tracked, in contact with either the rail or ground.

Whele an emergency stop button is fitted, it shall apply the brakes by stopping rotation of the brpked axle(s).
Emelgency stop buttons (normally red mushroom-headedswitches) are fitted to MEWPs and oh the outside
of certain other vehicles. Where fitted, the button's operation should be tested to ensure that the brakes are
applied in all possible vehicle configurations, includingsduring both on- and off-tracking.

Verification shall be carried out by means of functional testing.

4.3.26 Vehicle-mounted MEWP chassis.selection

For \Jehicle-mounted MEWPs, the chassis shall be selected to meet the responsible entity's specifications.
Installation criteria shall meet theSehassis manufacturer's specifications and the specifications|for mounted
sub-gssemblies.

4.4 | Extending structure
4.41 Methods to)avoid overturning and exceeding permissible stresses

4.4.11 General

In addition to the provisions of 4.2.3.5, MEWPs shall be provided with devices, or the equivalent methods

appliedto reduce the risk of overturning and of exceeding permissible stresses in accardance with Table 2.

NOTE Load or moment controls are not able to protect against an overload that grossly exceeds the rated load.

Table 2 — Control devices

Load-sensing system Load- and Enhanced overload Enhanced overload and
Group| and position control | moment-sensing systems criteria stability criteria
(4.4.1.2and 4.4.1.3) (4.4.1.2and 4.4.1.4) (44.14and44.16) | (4.4.1.3,44.1.5and 4.4.1.6)
X — — X
B X X X X
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441.2 Load-sensing system

The load-sensing system shall operate as follows.

a)

b)

c)

d)

It shall trigger after the rated load is reached and before 120 % of the rated load is exceeded.

When the load-sensing system is triggered, a warning consisting of a flashing red light at each
preselected control position, together with an acoustic signal audible at each control position, shall be
activated. The light shall continue to flash for as long as the overload persists and the acoustic alarm shall
sound for periods of at least 5 s, repeated every minute.

If th | <l + 4+ docs ool + ry £ Ll L laitf, £l 'I.'It f
e AU=STITONTY SySiTliT was UigycTiTtuUuuinTyg  TTTOUvVeTITCTTU UTUTe WUTR ™ PTatiurTiT, U PuUSSTUN y [e)

movemgnt shall remain.
NOTE This movement can be used to release a trapped person.

If the logd-sensing system is triggered while the work platform is stationary, it shall prevent all movgment
of the work platform. Movement shall only restart if the overload is removed.

For type 1, group A MEWRPs, it is permitted for the load-control device to be effective only when raising the
extending stiucture from the lowest position. In this case, for the overload test*specified in 5.1.4.3, the test

load shall be|150 % of the rated load.

For group AMEWPs, the load-sensing device need not be activated until'the work platform is elevated |more
than 1 m or 10 % of lift height, whichever is the greater, above the lowest position. If an overload conditjon is

sensed at orfabove this height, further elevation shall be prevented.

The load-sersing system shall be in accordance with 4.11.

The emergency override system shall remain active at all-fimes, including those times when the load confrol is

activated.
4413 Position control
4.41.31 eneral

To avoid overturning of the MEWP, or\the exceeding of the permissible stresses in the structure of the MEWP,
the permissiple positions of the.'extending structure shall be limited automatically by mechanical ptops

(see 4.4.1.3.2), non-mechanicalNimiting devices (see 4.4.1.3.3) or electrical safety devices (see 4.11.3).
4413.2 echanical limiting devices
Where permissible positions are limited by mechanical stops, these shall be designed to resist wijthout

permanent deformation the maximum forces exerted. Hydraulic cylinders fulfil this requirement if designgd for

that purpose

4.41.3.3 Non-mechanical limiting devices

Where non-mechanical limiting devices are used, permissible positions of the extending structure shall be
limited by a device that measures positions of the extending structure and is operated through the control
systems to limit movements to the working envelope. This device shall be backed up by a safety device in
accordance with 4.11.

28
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4414 Moment-sensing system
The moment-sensing system shall operate as follows.

— When the permissible overturning moment (see 4.2.3.5) is reached, a visual warning shall be given and
further movements shall be prevented, except those which reduce the overturning moment.

— The control system for the moment-sensing system shall comply with the requirements of 4.11.

4.41.5 Criteria for enhanced stability for limited work-platform dimensions

MEWPs for up to two persons may be excluded from the requirements for load- and moment-sengsing systems
if they meet the following criteria for enhanced stability.

a) The outside dimensions of the work platform — including any extension, but excluding steps that might be

present on the outside surfaces of the work platform — at any horizontal section"shall have

L for one person, a sectional area not greater than 0,6 m2, with no side/greater than 0,85 m

L for two persons, a sectional area not greater than 1,0 m2, with né.side greater than 1,4 nj.

b) For the static test specified in 5.1.4.3.1, the test loads shall be ¢alculated using 150 % of the rated load as
igentified in 4.2.1. The other load and force combinations specified in 4.2.2 shall remain as specified.

44116 Criteria for enhanced overload for limited work platform dimensions

MEWPs for up to two persons may be excluded from.the requirements for load-sensing systemg if they meet
the fallowing criteria for enhanced overload.

a) The outside dimensions of the work platform — excluding steps that might be present onf the outside

surfaces of the work platform — at any herizontal section shall have
— for one person, a sectional area not-greater than 0,6 m2, with no side greater than 0,85 m;
— for two persons, a sectional(area not greater than 1,0 m2, with no side greater than 1,4 m.

b) Hor the overload test specified in 5.1.4.4, the test load shall be 150 % of the rated load.

4.41|7 Variable working envelope with more than one rated load

MEWPs with maore than one rated load and more than one working envelope shall have an indlicator of the
selegted combination visible at the work platform.

EXAMPLE A physical change (such as a platform extension) to the configuration of the work platform|that affects its
rated load.

An indicator is not necessary for MEWPs on which the working envelope is limited by a moment-sensing
system.

The MEWP shall be fitted with load- and moment-sensing systems or a load-sensing system and position
control.

MEWPs with enhanced stability for two persons shall require activation of a load-sensing system when
extended working envelope(s) are selected.
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4.41.8 Variable working envelope with one rated load
For MEWPs with one rated load and a variable working envelope (e.g. those with variable positions of

stabilizers), selection by manual means is acceptable. In such cases, the selection shall only be possible with
the extending structure in the access position (see 4.4.1.3).

4419 Verification

Verification of the requirements of 4.4.1 shall be carried out by means of a design check (see 5.1.2) and by

testing in accordance with 5.1.4.

4.4.2 Sequencing of extending structure

When the extending structure needs to be extended or retracted in a specific sequence, this sequence

be automatic

Verification s

443 Trap

Trapping ang
adjacent to t
accordance

during normal operation.

hall be carried out by means of a design check and functional testing.

bing and shearing

shearing points between moving parts within reach of persons on‘the work platform or sta
ne MEWP at ground level shall primarily be avoided by providing safe clearances or guard
vith ISO 13854.

Where the vértical distance between the outer ends of the scissor arms is not less than 50 mm, descent

be automatid
delay of 3 s.
a distinctive
In all cases,

If the averag
necessary.

Verification s

444 Supp

When the wi
provided to 4
supporting a
any part of th

ally stopped by a safety device. Further downward. movement shall only be possible after 3
A further lowering command by the operator shall Cause a distinctive audible alarm to soun
isual warning to operate for at least 1,5 s beforeJlowering of the extending structure comme
he audible alarm and visual warning shall continue to operate throughout any further lowerir

e lowering speed above “the first descent limit” is not greater than 0,2 m/s, speed reduction

hall be carried out by measuremént and by visual examination.

orting extending structare for routine maintenance

nable the extending structure to be held in the required position. This means shall be capa
h unloaded work platform and of being operated from a safe position; it shall not cause dams
e MEWP (see.6.3.14). It shall also be capable of supporting a work platform even when a f

occurs on th

Verification

raising/lowering system.

allbe carried out by visual examination and functional testing.

shall

nding
ng in

shall
time
i and
hces.

g.

s not

brk platform of a MEWP needs to be raised for routine servicing purposes, a means shall be

ble of
ge to
Bilure

445 Spee

ds of extending structure

If accelerations or decelerations are less than or equal to 0,25 ¢, the MEWP shall not exceed the following

speeds:
a)
b)

c)

0,8 m/s for raising and lowering of the work platform;

0,8 m/s for telescoping of the boom;

maximum range).

30

1,4 m/s for slewing or rotation (horizontal speed at the outer edge of the work platform, measured at

© 1SO 2010 — All rights reserved


https://standardsiso.com/api/?name=89475f578a525a1f3331294ec3a31a22

ISO 16368:2010(E)

However, if accelerations or decelerations are greater than 0,25¢, then the following speeds shall not be
exceeded:

d) 0,4 m/s for raising and lowering of the work platform;

e) 0,4 m/s for telescoping of the boom;

f) 0,7 m/s for slewing or rotation (horizontal speed at the outer edge of the work platform, measured at
maximum range).

Deceleration caused by an emergency stop shall not be considered during measurement of g forces.
Accelerations and decelerations, including emergency stops, shall be taken into account in accordance with

4.2.

Verifi

4.4.6

The
(see

Verifi
4.5
4.51

4.51

Drive
struc

Verifi

4.51

If the)
drive
systé

cation shall be carried out by means of functional testing.

Support in transport position

1.2.4.2.3).

cation shall be carried out by means of a design check and by visuakexamination.
Extending structure drive systems
General

1 Inadvertent movements

systems shall be designed and constructed\té prevent any inadvertent movements of t
ure.

cation shall be carried out by means.of a design check and functional testing.

2  Protection of extending,structure from power sources

power source is capable-of-producing greater power than the extending structure and/or {
system requires, protection shall be provided to the extending structure and/or work p
m to prevent damage.(e’g. by a pressure-limiting device).

The dise of friction cauplings does not fulfil this requirement.

Verifi

4.51

cation shall,be carried out by means of a design check.

3 Failure of transmission chain or belt

bxtending structure shall be supported in the transport position so as to limit(vibrations dufing transport

ne extending

vork platform
latform drive

Tran

mission chains or Dells shall only De used In darive systems IT Inaavertent movements

of the work

platform are automatically prevented in the event of failure of a chain or belt. This can be achieved by using a
self-sustaining gear box or by monitoring the chain/belt using a safety device in accordance with 4.11.

Flat belts shall not be used.

Verifi

4.51

cation shall be carried out by means of a design check and functional testing.

4 Kick-back of handles

Manual drive systems shall be designed and constructed to prevent kick-back of handles.

Verifi

©1S0

cation shall be carried out by means of a design check and by visual examination.
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4.51.5

Powered and manual drive systems for the same function

If both powered and manual drive systems are provided for the same function (e.g. to override an emergency
system) and if there is a risk of injury from engaging both systems at the same time, this shall be prevented,
using, for example, interlocks, shut-off valves or bypass valves.

Verification s

4.5.1.6

hall be carried out by means of a design check and functional testing.

Braking system for all drives

A braking system shall be provided on all drives. For raising movements, this system shall be an automatic

lock or self-d
energized.

The braking
power-opera
held at any
inadvertent r

Verification s

4.5.2 Wirejrope drive systems

4521

45211 (
Wire rope, d
load is taken

Wire-rope dr
limits the ver
a mechanica

4.5.2.1.2

Mechanical 9
structure. Th
the event of
operating thi
more than ha

45213

Wijre-rope drive system safety

Mechanical safety device

ustaining device. [ he braking system shall be automatically applied when the drive IS no_|

system shall ensure that the work platform, loaded with 1,25 times the rated loa
ed MEWPs or with 1,5 times the rated load for manually powered MEWPs, canbe’ stoppe
position in all configurations of operation. The braking system shall be-protected ag
blease.

hall be carried out by means of a design check and functional testing.

Seneral

'um and pulley diameters shall be calculated. inraccordance with Annex C, assuming that &
on one wire rope system. Traction drive systems shall not be used.

ve systems shall have a device or systém which, in the event of a wire-rope drive system f3
lical movement of the fully loaded werk’platform to 0,2 m. This requirement shall be met by
safety device (see 4.5.2.1.2) or an.additional wire-rope drive system (see 4.5.2.1.3).

afety devices shall belin accordance with 4.11, and shall operate by engaging with the exte
s safety device shallZgradually bring the work platform plus the rated load to a stop and hol
the wire-rope drivessystem failure. The average deceleration shall not exceed 1,0 g,,. Any s
5 device shallbe.a guided compression spring with secured ends, or shall have a wire diame
If the pitch in-the operating condition, to limit the shortening of the spring should it fail.

\dditional wire-rope drive system

The additional wire-rope drive system shall be designed either

bnger

d for
| and
ainst

Il the

ilure,
bither

nding
d it in
pring
ter of

a) according to the first wire-rope system, with a device giving approximately equal tension in both systems,
thus doubling the working coefficient, or

b)

half of the load in the operating condition, but is able to take the full load if the first system fails, or

c)

wire-rope system to at least twice the calculated lifetime of the first system.

Failure of the first system shall be self-revealing.

Verification shall be carried out by means of a design check and by visual examination.

32

according to the first wire-rope system, with a device to ensure that the additional system takes less than

according to a), but with larger drum and pulley diameters to increase the fatigue life of the additional
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.2 Load-carrying wire ropes

Load-carrying wire ropes (see 1SO 2408) shall be made from galvanized steel wires or equivalent and shall

have

the following characteristics:

a) minimum diameter: 8 mm;

b) minimum number of wires:  114;

c) tensile grade of wires: minimum 1 570 N/mmZ2, maximum 2 160 N/mm?2;

d) fatiguetife suitable forthe appiication (See ANNexX CJ;

d) gorrosion resistance equivalent to galvanized steel;

e)

—

The minimum breaking load of the wire ropes shall be shown on a certificate.

Wire
ends

Wire

Verifi

4.5.2

If mq
equa

Verifi

4.5.2

It sha

Verifi

4.5.2

For tihe terminations of wire ropes, only the following shall be used:

—_— q

4

bquired ratio of pulley diameter to wire diameter (see Annex C).

ropes used directly for lifting or supporting the work platform shall notiinclude any splicing, &

rope with other characteristics may be used if they provide eqtivalent safety.

cation shall be carried out by design and by visual examination.

3  System of multiple wire ropes

re than one wire rope is attached at a sihgle point, a device shall be provided for 3
izing the tension of the wire ropes.

cation shall be carried out by means.of a design check and by visual examination.

4  Re-tensioning wire ropes
Il be possible to re-tension wire ropes.

cation shall be carried eut by means of a design check and by visual examination.

5 Terminations of wire ropes

plices;

xcept at their

pproximately

— aluminium pressed ferrules;

— non-ageing steel pressed ferrules;

— wedge-socket anchorages.

U-bolt grips shall not be used as wire rope terminations for load-carrying wire ropes.

The junction between a wire rope and its termination shall be able to resist at least 80 % of the minimum
breaking load of the wire rope.

Verification shall be carried out by means of a design check and by visual examination.

©1S0
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4.5.2.6 Visual examination of wire rope terminations

Visual examination of wire rope terminations shall be possible, preferably without the removal of the wire
ropes or major disassembly of the structural components of the MEWP.

If it is not feasible to use inspection openings, the MEWP responsible entity shall provide detailed instructions
for examination.

Verification shall be carried out by means of a design check and by visual examination.

4.5.2.7 Safety device for MEWP work platforms raised and lowered by wire ropes

MEWPs withh work platforms raised and lowered by means of wire ropes shall be equipped with a“gafety
device in acgordance with 4.11 that interrupts movements causing slack rope conditions. Movements in the
opposite direction shall be possible. This device is unnecessary if no slack rope condition can develop.

Verification shall be carried out by means of a design check and functional testing.

4.5.2.8 Rope drum grooves and prevention of rope leaving the ends of the drum

Rope drums shall be grooved and a means shall be provided to prevent the wire fope from leaving the ends of
the drum, e.g. flanges extending to a height of at least twice the wire rope diameter above the highest laygr.

Verification shall be carried out by visual examination.

4.5.29 L3gyers of rope
Only one layer of wire rope shall be wound on the drum unless‘a special spooling system is used.

Verification shall be carried out by visual examination.

4.5.2.10 Turns of rope

At least two furns of wire rope shall remain on the drum when the extending structure and/or the work plgtform
is in its most[extreme position.

Verification shall be carried out by means of functional testing and by visual examination.

4.5.2.11 F3stening rope to drum

Each wire rgpe shall be ‘properly fastened to the drum. The fastening shall be able to take 80 % qf the
minimum brgaking load of the wire rope.

Verification shallde’carried out by means of a design check and by visual examination.

4.5.2.12 Unintentional displacement of rope

A means shall be provided to prevent unintentional displacement of wire ropes from pulleys, even under slack
rope conditions.

Verification shall be carried out by means of a design check and by visual examination.

4.5.2.13 Drum and sheave grooves

The dimensions of the drum and sheave grooves shall be in accordance with the wire-rope manufacturer's
recommendations.

Verification shall be carried out by means of a design check and by visual examination.
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4.5.3 Chain drive systems
Round-link chains shall not be used. Leaf chains may be used.

The responsible entity shall have on record a chain certificate from the manufacturer of the chain, giving the
minimum design breaking load of the chains.

4.5.3.1 Limit of vertical movement in case of failure

4.5.3.1.1 General

Chaif drive systems shall have a device or system that, in the event of a chain drive system failfire, limits the
vertidal movement of the fully loaded work platform to 0,2 m. This requirement shall be met\by|either of the
drive|systems specified in 4.5.3.1.2 and 4.5.3.1.3.

4.5.3[1.2 Single-chain drive systems

A single-chain drive system shall have a working coefficient of at least 5, plusta mechanical saflety device in
accofdance with 4.11 that operates by engaging with the extending sttucture. This safety [device shall
gradyally bring the work platform plus the rated load to a stop and hold it in the event of a drive system failure.
The pverage deceleration shall not exceed 1,0 g,,. Any spring operating this device shall pe a guided
compression spring with secured ends, or shall have a wire diaméter of more than half thel pitch in the
operating condition, to limit the shortening of the spring, should it fail:

4.53|1.3 Two-chain drive systems
Two-fhain drive systems shall meet the requirements of either a) or b) below.
a) [Equal tension
ach chain of a two-chain drive system-shall have a working coefficient of at least 4 (a total minimum
oefficient of 8) and shall be provided.with a device giving approximately equal tension in the two-chain
ystem, or else shall comply with b).
ailure in the first chain shallbe self-revealing.
b) nequal tension
he first componént*of a two-chain drive system shall have a working coefficient of at least 5 when
arrying the fulNoad, and the second component shall have a working coefficient of at lepst 4 (a total
inimum coefficient of 9 when carrying the full load) and be provided with a device to engure that the
econd camponent takes less than half the load in the operating condition, but is able to tak¢ the full load

if the firsteomponent fails.

ailure in the first component shall be self-revealing.

Verification shall be carried out by means of a design check and by visual examination.

4.5.3.2 Multiple chains attached to a point

If more that one chain is attached at one point, a device shall be provided to approximately equalize the
tension in the chains.

Verification shall be carried out by means of a design check and by visual examination.
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Tensioning chains

It shall be possible to re-tension chains.

Verification shall be carried out by means of a design check and by visual examination.

4534

Strength of junction between chain and termination

The junction between the chain and the chain termination shall be able to resist at least 100 % of the minimum
breaking load of the chain.

Verification

4.5.3.5

Visual exam

chains or mdjor disassembly of structural components of the MEWP.

If it is not po
examination

Verification s

4.5.3.6

MEWPs with

accordance

direction sha

Verification s

4.5.3.7

A means shall be provided to prevent unintentional displacement of the chain from the sprockets or pu
even under S

Verification s

454 Lead

4541

The design

material usecli. The lead screw material shall have a higher abrasion resistance than the load-bearing nut

i

Safety device for MEWP work platforms raised and lowered by chains

Unintentional displacement of chain

Le

all be carried out by means of a design check.

ual examination of chains and terminations

nation of chains and chain terminations shall be possible, preferably without the-removal

Esible to provide inspection openings, the responsible entity shall provide detailed instructio
n accordance with Annex F.

hall be carried out by means of a design check and by visual examination.

work platforms raised and lowered by means of chains shall be equipped with a safety dev
with 4.11 that interrupts movements causing slack ‘ehain conditions. Movements in the opq
Jl be possible. This device is unnecessary if no slack chain condition can develop.

hall be carried out by means of a design check and functional testing.

lack conditions.

hall be carried out by means of a design check and by visual examination.
Iscrew drive systems

ad-screw-and nut design stress and material

stress\of lead screws and nuts shall not be more than 1/6 of the ultimate tensile stress (

bf the

s for

cein
osite

lleys,

f the

Verification shall be carried out by means of a design check.

4.54.2

Separation of lead screw from work platform

The lead screw mechanism shall be designed to prevent separation of the work platform from the mechanism
during normal use.

Verification shall be carried out by visual examination.
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.3 Load-bearing nut and safety nut

Each lead screw shall have a load-bearing nut and an unloaded safety nut. The safety nut shall only be
loaded if the load-bearing nut fails. It shall not be possible to raise the work platform when the safety nut is
under load.

Verifi

454

cation shall be carried out by means of a design check and by visual examination.

.4 Detection of wear on nuts

It shall be possible to detect the wear of the load-bearing nuts without disassembly.

4.5.5

4.5.5

The dlesign stress of racks and pinions shall not be more than 1/6 of the ultimatertensile stress o

used

Verifi

4.5.5

Rack|
shall
mech
autor

Verifi

4.5.5

In ag
preve
ensu
enga
posit

Verifi
4.5.5

Visua
struc

Rack and pinion drive systems

1 Design stress of racks and pinions

cation shall be carried out by means of a design check.

2 Safety device and over-speed governor

and pinion drives shall have a safety device actuated by-'an over-speed governor. This

gradually bring the work platform plus the rated load t0 a stop and hold it in the event
anism failing. The average deceleration shall notexceed 1,0g,. Actuation of the safety
natically interrupt the power supply.

cation shall be carried out by means of a design check and functional testing.

3  Device to prevent pinion disengagement

dition to the normal work platferm guide rollers, positive and effective devices shall be
nt any driving or safety-device.pinion from becoming disengaged from the rack. These
e that axial movement of the ‘pinion is limited so that a minimum of 2/3 of the tooth width
pement with the rack. They shall also restrain radial movement of the pinion from its nor
on to no more than 1/8 of the tooth depth.

cation shall be carfied out by visual examination.

4  Visualexamination of pinions

| examination of the pinions shall be possible without the removal of the pinions or major di
ural’ecomponents of the MEWP.

f the material

safety device
of the lifting
device shall

provided to
jevices shall
is always in
mal meshing

sassembly of

Verifi

4.6

4.6.1

4.6.1

cation shall be carried out by visual examination.
Work platform

Level of work platform

A Level control

The level of the work platform out of the transport position shall not vary by more than 5° from its original

positi

©1S0

on when the extending structure is raised or lowered from the access position.
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The levelling system, excepting hydraulic levelling systems, shall incorporate a safety device complying with
4.11 that, in the case of a failure within the system, will maintain the work platform level within a further 5°.

Verification shall be carried out by means of a design check and functional testing.

Mechanical levelling systems fulfil this requirement if designed to take at least twice the load imposed on
them. If a single wire rope or chain is used, it shall be designed with a safety factor of five against breaking
when subjected to twice the imposed loads.

Verification shall be carried out by means of a design check.

Hydraulic cylirders-inhydre

Verification shall be carried out by means of functional testing.

4.6.1.2 Platform level adjustment

Manually controlled adjustment of the level of the platform is permissible in all positions of the work plafform.
When the work platform is not in the lowered travel position or transport position, the'rate of change ¢f the
platform angle shall not exceed the maximum that occurs during lowering or raising.in“operation.

4.6.2 WorK platform materials

The work platform shall be made of at least non-flammable material(s), i.e. materials that will not susfain a
flame after tHe ignition source has been removed.

4.6.3 Guardrail (protection) systems

Protection shall be provided on all sides of each work platform to prevent the fall of persons and matgrials.
The protectign shall be securely fastened to the work platform and shall, as a minimum, consist of guardrails
at least 1,0 i high, toeguards at least 0,1 m high.and intermediate guardrails not further than 0,55 m| from
either the gugrdrails or the toeguards.

Vertical post$ may be used instead of an intermediate guardrail if the clear horizontal distance between those
posts is no more than 180 mm maximum-Elear space between guardrail segments shall not exceed 120|mm.

Clear horizontal space between toeguard segments shall not exceed 15 mm.

The guardrails shall be constructed to withstand concentrated loads of 500 N per person, applied at the|least
favourable positions and i the least favourable direction at 0,5 m intervals, without causing permanent
deformation pf the guardraifs:

For MEWPs joperatediin countries where national or other MEWP regulations allow, a minimum of 0,9 nl may
be applied irjstead,of 1,0 m for the guardrail height (this recognizes national variations in physical statyre of
persons).

Folding guardrails satisfy this requirement provided that they remain securely fastened to the work platform
and are equipped with locking pins secured against unintentional disengagement and loss, or an equally
effective means of locking.

4.6.4 Anchorage(s)

Anchorage(s) for the connection of a fall protection device shall be provided for boom-supported lifts and may
be provided for scissor-supported or mast-supported lifts.

— Each arrest anchorage used as part of a fall arrest system or fall restraint system shall be capable of
withstanding a static force of 16 kN without reaching ultimate strength. For anchorages rated for more
than one person, the strength requirement shall be increased by 20 % for each additional person. This
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strength requirement shall only apply to the anchorage and its attachment to the MEWP in all possible
load directions.

— Each restraint anchorage used as part of a fall arrest system or fall restraint system shall be capable of
withstanding a static force of 3 kN without reaching ultimate strength. For anchorages rated for more than
one person, the strength requirement shall be multiplied by the number of persons. This strength
requirement shall only apply to the anchorage and its attachment to the MEWP in all possible load
directions.

When fitted, the number of anchorages shall equal or exceed the allowable number of persons. More than one
occupant may attach to a single anchorage if the anchorage is rated for more than one person.

The tfesponsible entity shall test any anchors defined as fall arrest anchorages according to the fequirements
of 5.1.4.2.

The @anchorages shall be designed so as to accept personal protective equipment. Exposed edges or corners
shall |be relieved either with a radius of at least 0,5 mm or a 45° chamfer.

Verification shall be carried out by means of a design check and by visual examination.

4.6.5 Openings in guardrails for entrance and exit

4.6.5{1 General

Any part of the protection movable for the purpose of access. o the work platform shall not [fold or open
outwards except as specified in 4.6.5.2. It shall be designed:\to fasten in the closed position. The gate shall
eithef return automatically to the closed and fastened position, or be interlocked in accordance with 4.11 to
prevent operation of the MEWP until it is closed. Inadvertent opening shall be prevented. Sliding or vertically
hinggd intermediate guardrails that return automatically. to their protective position do not need fastening and
interlpcking. Consideration should be given to easé.of entry and exit.

The minimum opening width for the purpose of‘access to the work platform shall be 420 mm.

On work platforms with fixed top guardrails, the opening shall not be less than 800 mm high fand 420 mm
wide

Whetever possible, the opening should be at least 920 mm high and 645 mm wide.
Verification shall be carried out by visual examination.

4.6.5|2 Special-purpose work platforms

Spedjal-purposework platforms of 0,5 m2 floor area or less, designed for single occupant {ise, may be
equigped with{an outward-opening door, provided they have a self-closing top guardrail in accprdance with
46.3

Verification shall be carried out by visual examination.

4.6.6 Floor of work platform

The floor of the work platform, including any trapdoor, shall be slip-resistant and self-draining. Any opening in
the floor or between the floor and toeguards or access gates shall be dimensioned so as to prevent the
passage of a sphere of 15 mm diameter.

Verification shall be carried out by visual examination.

The floor of the work platform and any trapdoor shall be able to take the rated load distributed according to
4.21.1.

Verification shall be carried out by means of a design check.
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4.6.7 Chains or ropes

Chains or ropes shall not be used as guardrails or access gates.

Verification s

hall be carried out by visual examination.

4.6.8 Access ladder

When the di
exceeds 0,7

stance between the access level and the upper edge of the toeguard in an access position
m, the MEWP shall be equipped with an access ladder. The steps or rungs shall be not more

than 0,3 m apart and shall be spaced equally over the distance between the bottom step/rung and the floor of

the work pla
rung shall be
rungs shall

components

Verification s

form. The bottom step/rung shall be not more than 0,7 m above the access level. Each step or

at least 0,3 m wide, at least 25 mm deep, and shall be slip-resistant. The front of the.steps or
pe a horizontal distance of at least 0,15 m away from the supporting structure er.any [other
of the MEWP. The access ladder shall be symmetrical with the access gate.

hall be carried out by means of a design check and by visual examination.

4.6.9 Handholds and handrails

Handholds,

andrails or similar adequate devices shall be provided for, both hands while climbipg or

descending fhe access ladder to the work platform. They shall be arranged:to avoid the use of control$ and

piping as ha

Verification s

4.6.10 Trapgoors

Trapdoors in
possible. It s

Verification s
4.6.11 Prote
The hand(s)
Verification s

4.6.12 Audi

MEWPs of t
platform.

dholds or footsteps.

hall be carried out by visual examination.

work platforms shall be securely fastened to\the work platform so that no inadvertent openjng is
nall not be possible for trapdoors to open downward or to slide sideward.

hall be carried out by visual examination.
cting controls and hands

pperating the controls shall e protected.
hall be carried out byvisual examination.
ble warning device

ype 3 shall)be equipped with an audible warning device (e.g. a horn) operated from the|work

Verification s

hall’be carried out by means of functional testing.

4.6.13 Means of communication

MEWPs of type 2 shall be equipped with a means of communication (e.g. walkie-talkie) between the persons
on the work platform and the driver.

Verification s

40

hall be carried out by visual examination and functional testing.
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4.6.14 Mechanical stops

The movements of work platform(s) relative to the extending structure shall be limited by mechanical stops.
Hydraulic cylinders fulfil this requirement if designed for that purpose.

Verification shall be carried out by means of a design check and functional testing.

4.6.15 Support in transport position

The work platform shall be supported in the transport position in such a way as to avoid harmful vibrations
during transport (see 4.2.4.2.3).

Verification shall be carried out by means of a design check and by visual examination.

4.6.1p Work platforms constructed from non-conductive materials
Non-|nsulating work platforms may have drain holes and/or access openings.,The work platfborm shall be

made of at least non-flammable materials, i.e. materials that will not sustain a-flame after the ignition source
has Qeen removed.

NOTEH For work platforms constructed from non-conductive (insulating) materjals, see ISO 16653-2.
4.6.1f Noise reduction

Nois¢ reduction shall be an integral part of the design process for MEWPs, specifically taking|into account
techrfical progress and measures at source according to ISO/TR 11688-1.

NOTEH ISO/TR 11688-2 gives further information on noise generation mechanisms in machinery.

Somé major sound sources of MEWPs are. power generation and transmission equipment such as
comBRustion engines, the cooling system, electric'drive systems and hydraulic systems.

Meagures for noise reduction includeenclosed power generation, transmission and hydrauli¢ equipment,
capstlated cooling system and exhaust silencers.

4.7 | Controls

4.7.1| Activation and operation

MEWPs shall be provided with controls designed such that movements of the MEWP only take place while the
contrpls are being‘actuated. The controls, when released, shall automatically return to the neytral position.
The travel controls of vehicle-mounted MEWPs do not need to satisfy this requirement.

All controls{ shall be designed to protect against inadvertent operation, i.e. any operation other than that
intentionally initiated by the operator. A separate control that has to be continuously activated by the operator
in or i i i i i ; Il have slip-
resistant surfaces and be easy to clean.

Controls shall be positioned to avoid danger to the operator from the moving parts of the MEWP.

Verification shall be carried out by means of functional testing and by visual examination.

4.7.2 Direction of movement

The direction of all movements of the MEWP shall be clearly indicated on or near the controls by words or
symbols in accordance with ISO 20381.

Verification shall be carried out by means of visual examination and functional testing.
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4.7.3 Location, accessibility, protection and selection among duplicate controls

The control devices shall be situated on the work platform. Duplicate controls for all powered functions of the
extending structure shall be provided at the base or ground level, except for drive or steering, and shall
override control devices situated on the work platform. Control devices shall be readily accessible to the
operator. Control boxes not permanently attached shall have their normal location and orientation clearly
marked. All control devices shall automatically return to the “off” or “neutral” position when released, if used to
control any movement of the MEWP.

The requirement for protection from inadvertent operation in 4.7.1 is applicable to all duplicated controls.

O - g 8 v such
nt is possible from only one pre-selected control station. The base or ground-level contrels

shall

ontrol systems are used, they shall comply with Annex G. Operation of extending-structur¢ and
ivie functions shall only be possible when the cableless controls are located in theywork platfdrm in
a position spgcifically designed by the manufacturer.

On MEWPs |with non-conductive (insulating) components the lower controls shall-be located such thpt an
operator is npt placed in the electrical path between the aerial device and the ground.

Verification shall be carried out by means of functional testing and by visual’@éxamination.

4.7.4 Emeilgency stops

MEWPs shgll be provided with emergency stop controls in ,aceordance with ISO 13850 at each cpntrol
position.

Verification shall be carried out by means of a design check and functional testing.

4.7.5 Elecftrical switches
Electrical switches controlling safety functions shall be in accordance with 4.11.3.1.

Verification shall be carried out by means of a design check.

4.7.6 Pilotjand solenoid valves

Pilot and sol¢noid-operated<control valves shall be so designed and installed that they stop the correspohding
movement inf the event of power failure.

Verification shall be«carried out by means of a design check and functional testing.

4.7.7 Restoration of power after failure

On starting, or on restoration of power after failure of the power supply, no movement shall occur without a
deliberate action on the part of the operator.

Verification shall be carried out by means of functional testing.

4.7.8 Overriding emergency system

MEWPs shall be fitted with an overriding emergency system (e.g. hand pump, secondary power unit,
gravity-lowering valves), in an easily accessible position, to ensure that in the event of failure of the main
power supply or the operator becoming incapacitated, the work platform can be returned to a position from
which it is possible to leave it without danger, taking into account the need to manoeuvre it clear of
obstructions (see 6.3.4).
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The controls of the emergency system shall be easily accessible from the ground (see 4.7.3). This is not
necessary if the MEWP is equipped for safe access to (or exit from) the work platform by other means (e.g.
fixed ladders).

Verification shall be carried out by means of a design check and functional testing.

4.7.9 Speed restriction

A device shall be provided to limit the speed of movement of the work platform to 1,4 times normal speed,
even under emergency operations.

Verifijcation shall be carried out by means of a functional check.

4.7.1p Automatic or programmed operation
Automatic or programmed operation performed with the joystick, lever or switch mgleased is permissible if

appropriate safety measures are employed, e.g. a warning device alerting the opeérator that the machine is
“under operation”, and provided a separate control is activated and release interrupts the movemeént.

4.7.11 Winch control on vehicle-mounted MEWPs

If theg MEWP is equipped with a material-handling winch, this shall~have both upper controls gnd the lower
contrpls. The lower controls shall be located in close proximity to thelower control station.

On NIEWPs with non-conductive (insulating) components, the lower control shall be located puch that an

operator of the lower winch control is not placed in the.'electrical path between the aerial deyvice and the
ground.

4.8 | Electrical equipment

4.8.1] Relevant norms and standards

The ¢lectrical equipment of MEWPs shall comply with the relevant standards, in particular with |EC 60204-1.
If, owling to special conditions, MEWWRSs are used outside the ranges covered by IEC 60204-1 for f.c. supplies,
ambient air temperature, altitude or connection to moving elements of the machine, then devigtions will be
necegsary, and the responsible/entity shall take the necessary safety measures and/or state gny operating
limitgtions in the instructionthandbook (see 6.2 and Annex F).

Verification shall be cartied out by means of a design check and by visual examination.
4.8.2 Main switch

A mdin switeh shall be fitted in an easily accessible position. It shall be possible to secure it in a flisconnected
position-by means of a locking device or equivalent, to prevent operation.

Verification shall be carried out by means of a design check and by visual examination.

4.8.3 Cables
Cables shall be multi-stranded when flexibility is necessary and, if necessary, shall be oil-resistant.

Verification shall be carried out by means of a design check and by visual examination.
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4.8.4 Battery protection

Batteries shall be protected against damage due to short circuits and against mechanical damage. If batteries
are the primary power source, the disconnection (isolation) of the battery, i.e. breaking of one pole of the
electrical supply, shall be easily possible without the use of tools.

Verification s

4.8.5

hall be carried out by visual examination.

Ingress of water

When necessary to prevent ingress of water, the minimum degree of protection provided by enclosures shall

be IP 54 accfrdmg fo TEC 6052Z9. The responsible eniity shall take into account any foreseeable condiiig
s other than water necessitating higher degrees of protection).

use (e.g. flui

Verification s

4.8.6 Electromagnetic compatibility (EMC)

The relevant
4.9 Hydrg

491

The hydrauli
control valv
pressure-lim

The adjustm
sealed.

Verification s

4.9.2 Stren

Pipes and th
pressure-lim
deformation
than those p

Pressure-limiting device

hall be carried out by means of a design check and by visual examination.

EMC requirements shall be observed.

ulic systems

a)
E -

If different maximum pressures are used (i0vthe hydraulic system, more than
ting device shall be provided.

ent of pressure-limiting devices shall require the use of tools and shall be capable of

hall be carried out by means of a desigh check and by visual examination.

gth of pipes and connections

ose of their connections.which can be subjected to the maximum pressure permitted b
ting device shall be‘designed to withstand at least twice that pressure without perm
yield stress R, 5).\If;-under normal operation, components can be subjected to higher pres
ermitted by the-pressure-limiting device, they shall be designed to withstand at least twic

ns of

c system shall include the pressure-limiting device (e.g. pressure-relief valve) before the¢ first

one

being

any
Anent
sures
e the

higher presstire without pefmanent deformation (RpO,Z); see 4.10.1.3 for failure conditions.

Verification shall be carried out by means of a design check.

4.9.3 Bursting strength of hoses and fittings

All fittings and hoses shall have a minimum bursting strength of three times the operating pressure for which
the system is designed.

Verification shall be carried out by means of a design check.

4.9.4 Pressure rating of other components

All components of the hydraulic system, other than those specified in 4.9.2, 4.9.3 and 4.10, shall be rated for
at least the maximum pressure to which they will be subjected, including any temporary increase in pressure
setting necessary for carrying out the overload test (see 5.1.4.4).

Verification shall be carried out by means of a design check.
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Gauge connections

Each hydraulic circuit shall be provided with sufficient connections for pressure gauges to allow checking for
correct operation.

Verification shall be carried out by means of a design check and by visual examination.

4.9.6

Venting of air

The design of the hydraulic system shall enable entrapped air to be vented.

Verifi

4.9.7

Any fluid reservoir open to the atmosphere shall be equipped with an air-inlet filter.

Verifi

4.9.8

Each

maximum fluid level and the necessary minimum level when the “extending structure is fully

retra

Verifi

4.9.9

Each
the s

Verifi

4.91

In hy
press

If the
comp
Dupli
diagr

cation shall be carried out by means of a design check.

Inlet filter

cation shall be carried out by visual examination.

Fluid level indicators
fluid reservoir tank shall be equipped with easily accessible\devices indicating both the
ted and the stabilizers fully retracted.

cation shall be carried out by visual examination and-by/functional testing.

Fluid cleanliness

hydraulic system shall have means to ensure the fluid cleanliness level necessary for safe
ystem and its components.

cation shall be carried out by means’of a design check.

D Gas-loaded accumulators

ure automatically or te positively isolate the accumulator when the system is in the unpressu

gas-loaded @ccumulator pressure is required by design to be retained when the systen
lete information for safe servicing shall be given on or near the accumulator in a vis
cate information shall be provided in the instruction handbook (see 6.2 and Annex F) ¢
am.

permissible
lowered and

operation of

draulic systems incorporating gas-loaded accumulators, a means shall be provided to vegnt the liquid

rized state.

h is shut off,
ble location.
n the circuit

Verifi

cation shall be carried out by means of a design check and by visual examination.

410

Hydraulic cylinders

4.10.1 Structural design

4.10.1.1 General

The design of load supporting cylinders shall be based on an analysis of the pressures, imposed loads, and
forces during normal operation, and failure conditions (see 4.10.1.3). Cylinders acting as mechanical stops
shall be designed to withstand twice the imposed load and shall include the additive effects of both external
and internal forces such as those resulting from hydraulic pressure.

©1S0
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4.10.1.2 Normal operating conditions

4.10.1.2.1 Buckling

The responsible entity shall identify the operating conditions which produce the combinations of extended
length, pressure, deflections and externally applied loads and forces creating the maximum buckling
conditions.

4.10.1.2.2 Constructional details

The design of welded joints shall conform to 4.2.4.2. Load-carrying threaded joints shall comply with relevant
standards, ahd stress calculations shall take into account the reduced shear areas due to manufacjuring
tolerances and the elastic deformation caused by hydraulic pressures. The design of threaded joints Subjected
to varying tgnsile loads shall take into account the effects of fatigue and prevent inadvertent) ‘sepafation
(unscrewing).

4.10.1.2.3 Conditions causing pressure above pressure-limiting device pressures)(see Figures 6 o 10)
The following conditions cause pressures above those of the pressure-limiting devices:
a) the effegt of devices that reduce the speed of the cylinders below the speged-that could result from the full

fluid supply to the cylinders, thereby causing an internal pressure~igading additional to the nprmal
pressurg due to externally applied loads, with this additional pressure_expressed by the ratio

hE
D?|-d?

where
D |is the diameter of the piston;

d |is the diameter of the piston rod when a cylinder is in tension and the speed control devicg acts
on the annulus;

b) the effegt of thermal expansion of fluid confined in the cylinder when at rest.

NOTE THe speed control devices'\described in a) above can take the form of the control valve being partially open or
closed.

46 © ISO 2010 — Al rights reserved


https://standardsiso.com/api/?name=89475f578a525a1f3331294ec3a31a22

Key
D
d

F
p

Prr
V4

ISO 16368:2010(E)

1 2 1+ 2
F ‘¢D; F
p p

Tl

i

I

'UFC | _a = b
B L =
Z Z

dlameter of piston D2 _ 42
d|ameter of piston rod with cylinder in tension and 2 : T
speed control device acting on annulus
Idad ) 2_y42
system pressure PEet P D2

nprmal pressure

r¢stricted flow
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Figure 7 — Cylinder pressures under normal operation — Cylinder in tension
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The pressure at the top of the piston is equal to the pressure at the bottom. The load is supported by the area
of the rod, nd2/4, instead of the area of the piston, tD2/4. The normal pressure, Pgc increases by the ratio
D?/d?2,

od

 J
A

F

Key
D diameter ¢f piston F load

d diameter o¢f piston rod with cylinder in tension and

speed corjtrol device acting on annulus 1 failed seal

Figure 8 — Cylinder pressures at(seal failure
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Figure 9 — Twin cylinders under compression in normal operation
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Figure 10 — Twin cylinders under compression, one line blocked

1]

4.10.1.3< Failure conditions

4.10.1.3.1 Oil leaking past piston seals

The pressure normally generated can increase by the ratio D2/d? where oil leaks past piston seals in double-
acting cylinders under compressive loads. This particularly affects the stresses in the cylinder tube and the
head, and these shall not exceed the yield stress (R, 5). This ratio is the minimum safety factor for valves,
hoses and pipes which are at the same pressure as the cylinder, unless the pressure increase is limited by
other hydraulic components.

4.10.1.3.2 Several cylinders operating the same mechanism

When more than one cylinder operates the same mechanism, illustrated in Figures 9 and 10, consideration
shall be given to the effect of one cylinder being blocked and taking or causing greater loads. In the case of
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double-acting cylinders, this includes the force(s) generated by the other cylinder(s) or the force required to
move the other cylinder.

Under failure conditions, the calculated maximum stress shall not exceed the yield stress of the material
(RpO,Z)'

4.10.2 Prevention of unintended movement of load-holding cylinders

Load-holding cylinders shall be fitted with a device to prevent unintended movement caused by failure of an
external pipe [excluding those indicated in c)] until it is released by an external force.

The effects df thermal expansion in load-holding cylinders shall be accounted Tor.
Such devices shall be either

a) integral with the cylinder,

b) directly and rigidly flange-mounted, or

c) placed glose to the cylinder and connected to it by means of rigid pipes (as\short as possible), hpving
welded ¢r flanged connections and whose characteristics are calculated in the-same way as the cylinder.

Other types |of fittings, such as compression fittings or flared pipe fittings, are not permitted betweeh the
cylinder and the lock valve.

NOTE THese requirements, when met, also meet those of 4.5.1.6.
4.10.3 Verification

Verification df the requirements of 4.10 shall be carried eut'by means of a design check, functional testing and
by visual exgmination.

4.11 Safety devices

4.11.1 General

Safety devices shall, in the prescribed situations, positively interrupt the relevant movements in an upsafe
direction, unless otherwise specified.

Safety devicgs are composed,of the following types of components:
a) componegnts that provide information, e.g. switches, valves;

b) compongentsithat transmit information, e.g. wiring, rods, levers, piping;

c) components that respond to information, e.g. contacts, relays, valves.

Verification shall be carried out by means of a design check and functional testing.

4.11.2 Location of safety devices

Safety devices shall be located or protected so as to prevent damage. They shall only be adjustable by tools
and shall be easily accessible for inspection.

Verification shall be carried out by visual examination.
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4.11.3 Electrical safety devices

4.11.3.1 Safety switch systems

Safety switch systems acting as information-providing components shall be designed to fail in a safe mode.

Normally closed switches, if used, shall conform to IEC 60947-5-1.

Sensors or switches may be used, provided

a) t

hey are duplicated, or

b) 3
NOTE

Verifi

4.11

Wirin
exter

Verifi

411

Com
at leg

Verifi

ingle sensors or switches have continuous monitoring of the plausibility of their signals.
Category 1 well-tried components meet this requirement.

cation shall be carried out by means of a design check and functional testing.

.p.2 Damage to wiring

nal influences.

cation shall be carried out by means of a design check and\by visual examination.

.p.3 Operating life of components

bonents reacting to information (e.g. contacts apdrelays) shall have a reliable operating life,
st twice the number of load cycles for which the MEWP is designed (see 4.2.4.2.3).

cation shall be carried out by means of.a désign check.

4.11.4 Hydraulic/pneumatic safety devices

Hydr.

systgms need to be duplicated ifya failure of one component can cause a failure of the system. R
contrpl valves in these devices/systems shall be so designed and installed that they fail to safety

corr

ulic/pneumatic parts of devices/systems which act directly on full-flow valves of the hydrau

ponding movement)in the event of power failure.

This fequirement shall.be fulfilled either by

a)

b)

full-flowdvalve acting directly on the relevant part of a hydraulic/pneumatic circuit, or

valve which is positively mechanically operated, controlling a pilot-operated valve in acc

6.

g used as a signal-transmitting component shall be installed and (protected so as to avoig damage by

equivalent to

ic/pneumatic
ilot-operated
(i.e. stop the

prdance with

Verifi

cation shall be carried out by means of a design check and functional testing.

4.11.5 Mechanical safety devices

Components of mechanical safety devices such as rods, levers, wire ropes and chains shall be designed to
take at least twice the load normally imposed on them in operation (see 4.5.2.1 and 4.5.3.1 for wire ropes and
chains).

Verifi

©1S0

cation shall be carried out by means of a design check and functional testing.
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riding of safety devices

The overriding of safety devices shall be prohibited, whether during normal operation or rescue, except in
accordance with the responsible entity's prescribed safe override procedures. The overriding of safety devices

during the te

sting, repair or maintenance of a MEWP shall be carried out in accordance with the responsible

entity's recommendations and procedures. Procedures and equipment for overriding safety devices shall be
designed to minimize the possibility that an unsafe condition could exist and to provide safety to personnel.

Verification shall be carried out by means of a design check and functional testing.

5 Verification of the safety requirements and/or measures

5.1 Examjnations and tests

5.1.1 General

The MEWP [shall comply with the safety requirements and/or protective measures of this International
Standard.

Examination$ and tests to ensure that the MEWP complies with this International Standard (see 5.2 and 5.3)
shall consist jof

a) design dhecks (see 5.1.2),

b) manufagturing checks (see 5.1.3), and

c) tests (se

The results ¢
shall be reco

Examination

5.1.2 Design check

The design
shall include

a) drawing
b) descript

c) informat

e 5.1.4).

f examinations and tests, and the name(s) and address(es) of the person(s) carrying them out,
Fded in a signed report.

5 and tests applicable in a number‘of' circumstances are given in 5.1.4, 5.3, 6.2.2 and Annex|F.

heck shall verify that(the MEWP is designed in accordance with this International Standard. It
verification of the fellowing:

5 containing the'main dimensions of the MEWP;
on of the‘MEWP, with necessary information about its capabilities;

onvabout the materials used;

d) diagrams of the electrical, hydraulic and pneumatic circuits;

e) the instruction handbook;

f)  calculations.

All necessary information shall be provided to enable the calculations to be checked.
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5.1.3 Manufacturing check

The manufacturing check shall verify that

a) the MEWP is manufactured in accordance with the design check documents,

b) the components are in accordance with the drawings,

c) test certificates are available for each type of rope, chain and hydraulic or pneumatic hose, and that these
certificates indicate the minimum breaking force or bursting pressure, as appropriate,

d) , i ' =beart i appropriate
gtandard(s), and

e) the construction and installation of parts (especially safety devices) are in .accordance with this
International Standard.

5.1.4| Tests

5.1.4{1 General

Testg shall be made to verify that

d)

Ie MEWP is stable,
e MEWP is structurally sound using appropriate testifig,
all functions work correctly and safely, and

markings are fitted.

Spedal aids may be required to allow .these tests to be carried out safely on MEWPs withput duplicate

contrpls according to 4.7.3.

5.1.4/2 Dynamic fall arrest anchorage test

MEWPs designed for use with a fall arrest system (see 4.6.4) shall successfully complete the follgwing test.

b)

c)

[he MEWP shallCwhile positioned on a level surface, withstand the force of a free-falling 136 kg test
nass

+ the origin of which has been placed so that its centre of gravity is 0,46 m outside of the fop rail of the
work platform in a direction that creates the most adverse stability condition,

~+-_Wwhich |s attached by a non- shock absorblng Ianyard to a Ianyard anchorage pomt nearest the test

overturnlng force is apphed to the ra|I and

— falling a minimum vertical distance of 1,2 m, without interference or obstruction and without hitting the
floor/ground during the test.

The MEWP shall be loaded to the most adverse stability condition during the test. The test mass and the
platform load shall equal the maximum platform rating. The test shall be conducted with no platform load
if this is the condition of least stability. Any platform load shall be evenly distributed on the platform.

The MEWP shall not overturn as a result of this test. Permanent deformation of any part is acceptable,
provided that the test mass is not released during the test.

See Figure 11.
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Dimensions in metres

1 0,46 2

Key

1 anchoragg
2 136 kg tes
3 free-fall di
4 MEWP

5 level surfg

The configur:

5.1.4.3 Stability tests

5.1.4.3.1 $tatic tests

The MEWP
plus 0,5°. S
supported in
warning syst

/ A
X /
s

—J/

b (see 4.6.4)
t mass
Stance

ce

ption of the boom, platform and chassis shall be the most adverse configuration.

Figure 11 — Fall arrest anchorage test

shall be _set'up on the maximum allowable chassis inclination defined by the responsible
abilizers;»if provided, shall be used as specified by the responsible entity. If the MEV]

b5, the MEWP shall be set up with the inclination taking into account a deflated tyre. Test

entity
VP is

the, working position by pneumatic tyres and is not protected by a low-tyre-pressure opgrator

oads

shall be appl

4.2.3.3and 4.2.3.4.
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edto represent atttheteast favourabte toadand-force combimations—specifiedim4:2:3714:2.3.2,

© 1SO 2010 — All rights reserved


https://standardsiso.com/api/?name=89475f578a525a1f3331294ec3a31a22

ISO 16368:2010(E)

For MEWPs in group A that have platform extension(s) with rated load(s) different from the main work platform
rated load, and which do not have specific load control of the extension(s), the rated load (see 4.2.1.1) shall
be in accordance with Figure 12.

1

N

A~

Key
1 main work platform

2 ektension platform (fully extended)
3 rated load, m

Rated load is expressed as (see dls04.2.1):

= Mp work 1 Me ext

wherg

["p,work = "p,wark. < "p

7 is.the permitted number of persons on the main work platform;

p,work

b is equal to 80 kg (mass of a person);

ot maca-aoftaocleand tariale Had k. ytancian-nlatfarm.
rotHCTHaSS O tC oSt atCriars Pttt C OO thCCXCsStOrprat ot

‘e,ext

Figure 12 — Static test
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Persons and tools/material loads shall be distributed on the extension platform and, if necessary, on the main

platform as s

pecified in 4.2.2.2.2.

The test may be carried out on level ground if the test loads are re-calculated to include the effects of the
maximum allowable chassis inclination defined by the responsible entity, plus 0,5°.

The test load(s) may be applied at any suitable strong point, if necessary, to avoid overstressing any part of

the MEWP.

The test shall be repeated in all the least favourable extended and/or retracted positions. Examples are shown

in Table 2 an

d Figure 3.

NOTE TH
supporting theg
instability.

Additionally,
in any positid

51432 I

5.1.4.3.2.1

Types 2 and
over the half

For types 2 ¢

work platfornmy rated load and that do not have specific load control of the extension platform(s), the tests]

be carried ol
and the exte

e MEWP is considered to be stable if it can attain a stationary condition without overturning
test load(s). During the stability test, the lifting of tyres or outriggers alone does not indicate a‘condi

t shall be demonstrated that following application of the manual forces in accordance with 4
n of the work platform, there is no permanent deformation of the work platform.

Dynamic tests on types 2 and 3 MEWPs

General

3 MEWPs shall be subjected to kerb tests and braking tests with the rated load distributed ¢

nd 3 MEWPs in group A that have platform extension(s) with rated loads different from the

t with the loads distributed in the same way andsat the same time on both the main work pla
nsion platform. See Figure 13.

of the work platform that will create the greatest overturning moment in the specific test cassg.

while
ion of

2.2.4

venly

main
shall
tform
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\ N\
T
|
|
RIOOOKXXK _J
4 3
L
ya N
Key
1 main work platform
2 ektension platform (fully extended)
3 r]ted load (extension platform), m;
4 rated load (main platform), m,,.
Rated load m,,, is defined by (see also 4.2.1):
ext = (mp,ext + Mg ext ) +mp
Rated load m,,, is defined by((see also 4.2.1):
work = (mp,work M5 ext _mp) + (me,work - me,ext)
where
[0, work = “pywdrk < Mp
'p.ext ="p,ext < Mp
owetk 1S the permitted number of persons on the main work platform;
My ext is the permitted number of persons or rated number of occupants on the extension platform;
Mg ok 1S the mass of tools and materials permitted on the main work platform;
Mg st is the mass of tools and materials permitted on the extension platform;
m is equal to 80 kg (mass of a person).

Figure 13 — Dynamic tests on types 2 and 3 MEWPs

Tests shall also be carried out with only the extension load, distributed in the same way on the extension. In
addition, the main platform loads that increase the overturning moments shall be taken into account in
accordance with 4.2.3. An example of where these loads would need to be taken into account is given in
Figure 14.
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Key

o OB WON -

Rated load m

Rated load m,,

where

NOTE

main worl platform

extension

rated load (extension platform), m,
rated load (main platform), m

removal o

tipping ling

Mext = ("

Myork =

My work =
Mpext =7

”p,work

A

platform (fully extended)

work
f the stabilizing proportion of the main work platform load

b

; is defined by (see also 4.2.1):

p.ext T e ext ) +mp

i is defined by (see als0-4.2.1):

(mp,work —Mp ext7 Uy ) + (me,work ~ Mg ext ):| S

np,work x mp

b, ext X mp

is-the permitted number of persons on the main work platform;

is the permitted number of persons or rated number of occupants on the extension platform;
is the mass of tools and materials permitted on the main work platform;

is the mass of tools and materials permitted on the extension platform;

is equal to 80 kg (mass of a person);

is the proportion of the main work platform load outside the tipping line.

f'is calculated by distributing the persons and tools/materials on the work platform as specified in 4.2.2.1 and

then representing the proportion of the load outside the tipping line by the factor f.
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Figure 14 — Dynamic test on types 2 and 3 MEWPs with load locations
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5.1.4.3.2.2 Kerb and depression tests

The tests shall be repeated, driving in both the forward and reverse directions, in each extended position of
the MEWP and, if different travel speeds are allowed for different heights, at each of those heights, at the
maximum permitted speed for each height. In all cases, the steering wheels shall be parallel to the length of
the machine.

During the tests, it is not necessary to simulate the effect of the permissible wind speed.

The MEWP shall not overturn during the tests.

a) fFortests pcl"funllc;d on typco 2-and-3 N:E‘v'\vlpe, UAb:Ud;IIy rat=motmnted ME‘V’VPQ, where-the-MEWP is run
into a kerb, the MEWP shall be driven on level ground so that
1) each leading wheel/track in turn is driven into contact with a kerb of height 0,1 m.at anfangle of 30°

from perpendicular to the kerb, and
2) both leading wheels/tracks simultaneously are brought into contact with the’same kerb.
The drive control shall be maintained at maximum until the MEWP.'.comes to a stop or |both leading
vheels/tracks climb the kerb.

b) For depression tests performed on types 2 and 3 MEWPS"intended for off-slab use, excluding
fail-mounted MEWPs, the MEWP shall be driven on level ground so that
1) each leading wheel/track in turn is driven off the edge of a depression of 0,1 m, with the test machine

approaching the depression at an angle of 30° from' perpendicular to the depression and being driven
until the leading wheel is in the depression, and
2) both leading wheels/tracks are driven simultaneously into the same depression.
The drive control shall be maintained at-maximum until both leading wheels or tracks are ¢riven into or
over the depression.

c) [ror depression tests performed, on types 2 and 3 MEWPs intended for paved/slab use or]ly, excluding
flail-mounted MEWPs, the MEWP shall be driven on level ground so that each leading wheel/track in turn
is driven off the edge of a depression 600 mm square with a vertical drop of 100 mm, and with one front
vheel/track aligned across (perpendicular to) the edge of the depression. The leading wheel/track shall

nter at all points_aleng the depression's edge, with only one leading wheel/track driven into the
epression for eachsapproach.
Maximum speed shall be maintained until both leading wheels/tracks enter into, or are driyen over, the
dlepressiorn.
5.1.4{3.2:3 Braking tests

Types 2 and 3 MEWPs shall be tested by being stopped as rapidly as their controls allow. This shall be done
in both the forward and reverse directions, in each MEWP position, in each combination of chassis inclination,
loads and forces that will together create conditions of minimum stability, and where different travel speeds
are allowed for different heights, at each of those heights, at the maximum permitted speed for each height.

During the tests, it is not necessary to simulate the effect of the permissible wind speed.

The MEWP shall not overturn during the tests and the stopping distance shall comply with 4.3.17.

5.1.4.4 Overload test

The test load shall be 125 % of the rated load for power-operated MEWPs, and 150 % of the rated load for
manually operated MEWPs.
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For MEWPs in group A that have platform extension(s) with rated loads different from the main work platform
rated load, and that do not have specific load control of the extension(s), the test load shall be as defined in

Figure 15.
1

N

P

Key
1 main worH platform

2 extension|platform (fully extended)
3 rated load, m

Rated load, m)is defined by (see also 4.2.1):
m= (mp,e xt +me,ext)><1v25+(mp,work _mp,ext)

where

Kk Xm

Mp work T p,worl p

mp ext = Pp,ext X Mp
s the permitted number of persons on the main work platform;

”p,work

np ext s the pprmiﬂpd number of persons or rated number of occlt |In:mfe an the extension pl:\ffnrm'
Mg ot IS the mass of tools and materials permitted on the extension platform;

m is equal to 80 kg (mass of a person).

p

Figure 15 — Overload test
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The person and tools/material loads shall be distributed on the extension and, if necessary, on the main work
platform, as specified in 4.2.2.2.2.

All movements with the test loads shall be carried out at accelerations and decelerations appropriate to safe
control of the load. If several movements with the test load have to be carried out (i.e. lifting, lowering, slewing,
travelling), the intended movements shall be carried out separately, when vibrations associated with preceding
movements have subsided, and with care, taking into due account the least favourable positions.

If, due to the various combinations of loads or outreaches of a MEWP, tests with different test loads are
necessary, all movements shall be carried out with all test loads, except where the least-favourable conditions
can be sufficiently simulated by one performance test.

During the overload test, the MEWP shall be on level ground and the extending structure_gut into each
position which creates maximum stress in any load-bearing part of the MEWP.

During this test, it is not necessary to simulate the effect of the permissible wind speed;
The braking systems shall be capable of stopping and sustaining the test load(s).

After|removing the test load(s), the MEWP shall show no permanent deformation.
5.1.4/5 Vehicle-mounted overload and stability check tests

5.1.4/5.1 On level ground

Every vehicle-mounted MEWP shall sustain a static load 150 % of the platform rated load plus 1%0 % of lifting
attachment capacity (when so equipped). The load shall be placed in the position of maximum overturning
moment with the MEWP on a firm and level surface.xThe test shall be conducted without readily removable
toolsfand material on the MEWP.

The platform load shall be applied at the cenire-of the work platform simultaneously with the lifting attachment
load |n the position of maximum overturning moment.

Simujtaneous application of platform capacity and lifting attachment capacity shall be d¢ne only on
vehidle-mounted MEWPs that are“designed to be used in service with both types of |oad applied
simultaneously.
If utilizing the stabilizing components is part of the configuration definition, these shall be so utilized according
to the responsible entity's’ instructions, for purposes of determining whether the vehicle-moynted MEWP
meets the stability requireéments.

During this test,.it’is' not necessary to simulate the effect of permissible wind speed.

The test shall-not produce instability of the vehicle-mounted MEWP.

NOTH During the stability test, the lifting of one or more tyres or outriggers on the opposite side of the load does not
necessarily indicate a condition of instability. The vehicle-mounted MEWP is considered to be stable if it can come to a
stationary condition without turning over while supporting the test load(s).

5.1.45.2 On slopes

Every vehicle-mounted MEWP shall sustain a static load 133 % of the platform rated load plus 133 % of lifting
attachment capacity (when so equipped). The load shall be placed in the position of maximum overturning
moment with the MEWP on a slope of 5° in the direction of least stability. The test shall be conducted without
readily removable tools and material on the MEWP.

The platform load shall be applied at the centre of the platform simultaneously with the lifting attachment load
in the position of maximum overturning moment.
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If there is a condition of greater instability without loads, the test shall be conducted under this condition (i.e.
backward stability).

If having stabilizing components utilized is part of the definition of the configuration, they shall be utilized
according to the responsible entity's instructions for the purposes of determining whether the vehicle-mounted
MEWP meets the stability requirements.

Simultaneous application of platform capacity and lifting attachment capacity shall be done only on vehicle-
mounted MEWPs that are designed to be used in service with both types of load applied simultaneously.

During this test it is not necessary to simulate the effect of permissible wind speed.

This test sha
NOTE TH

condition of in
without turning

5.1.4.6 Fu
Functional te

the MEV
speeds,

a)

b) all safety
c)
5.2 Type

The first ME
subjected to

a) adesign
b) a manuf
c) the appr
5.3 Pre-m

5.3.1

MEWPs buil

| not produce instability of the vehicle-mounted MEWP.

e lifting of one or more tyres or outriggers on the opposite side of the load does not necessarily indi
stability. The vehicle-mounted MEWP is considered to be stable if it can come to a stationary con
over while supporting the test load(s).

nctional tests
sts shall demonstrate that

VP can operate smoothly for all motions while carrying 11@ %" of the rated load at the

devices work correctly, and

maximuim permitted speeds are not exceeded.

fests

the following:
check — required for each vehicle-mounted MEWP (see 5.1.2);
pcturing check — required.for each vehicle-mounted MEWP (see 5.1.3);

ppriate testing (see\5.1.4).

arket release-tests

MEWPs notwvehicle-mounted

Cate a
dition

rated

WP made to a new design or incorporating significant changes to an existing design shall be

inmaccordance with a type-tested model shall be subjected to the following tests before

being

placed on th

a)

market.

brake testing, where applicable (see 5.1.4.3.2.3);

b) overload testing (see 5.1.4.4);

c)

62

functional testing (see 5.1.4.6).
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5.3.2 Vehicle-mounted MEWPs

MEWPs built in accordance with a type-tested model shall be subjected to the following tests before being
placed on the market:

a)
b)
c)

d)

6

6.1

brake testing, where applicable (see 5.1.4.3.2.3);
overload testing (see 5.1.4.4)

overload and stability checking (see 5.1.4.5)

4 (e 4 /£ L4 A O
IIUTICUONar testryg (st J. 1.5.9).

Information for use

General

The fesponsible entity shall provide an instruction handbook in at least onelofthe languages of
in which the MEWP is intended for market, sale or lease by the responsible entity.

6.2

Instruction handbook

6.2.1] Content

The ipstruction handbook shall include, but not be limitedto, the following information:

a)
b)
c)
d)

e)

f)

g)

operating instructions which give details for saféluse;

transport handling and storage information;

¢ommissioning information;

the responsible entity's recommeénded periodical examinations or tests;

maintenance information for use by trained personnel — instructions for maintenance ope
¢arried out only by specialist maintenance personnel shall be separate from the other instruc

parts that are detachable for functional reasons (see 6.3.8);

ambient temperature for which the MEWP has been designed.

Examples of-elements of this type of information are given in Annex F.

6.2.2L Modification-orrepair

each country

rations to be
ions;

The instruction handbook shall state that modifications or additions to a MEWP are to be made only with the
prior written permission of the responsible entity.

The instruction handbook shall include details for the performance of major alterations or major repairs to a
MEWP. For the purposes of this International Standard, a “major alteration” or “major repair” is a modification
of the whole or part of the MEWP which affects stability, strength or performance. As a minimum, the user
shall be instructed to perform the design check (see 5.1.2), manufacturing check (see 5.1.3) and practical
tests (5.1.4) to an extent corresponding to the type of major alteration or major repair.
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6.2.3 Record-keeping

There shall be provisions in the instruction handbook to

6.3 Marki

6.3.1
Symbols use

One or more
attached to t

a)
b)
c)
d)
e)
f)
9)
h)

q)
r

record the results of examinations and tests,

record major alterations and repairs,

keep certificates.

ng

respons
country
model d
serial or
year of 1
unloade
rated lod
rated lod

for work
allowabl

maximum allowable manual,force, in newtons;
maximuin allowable.wind speed, in metres per second;

maximum allowable chassis inclination;

Responsible entity's plate

d for marking shall comply with ISO 20381.

durable responsible entity's plates giving the following information indeliblyishall be permar
ne MEWP in an easily visible place:

ble entity's or supplier's name;

bf manufacture;

psignation;

fabrication number;

hanufacture;

] mass, in kilograms;

d, in kilograms;

d, given as the allowable numberof persons and mass of equipment, in kilograms;

platforms that have different specified rated loads, each rated load shall be given a
e number of persons and mass of equipment, in kilograms;

hydrauli

L Supply information, if an external hydraulic power supply is used:;

pneumatic supply information, if an external pneumatic power supply is used,;

electrica

name of

| supply information, if an external electric power supply is used;

the installer of the vehicle-mounted MEWP (if applicable);

the rated load capacity, including platform capacity and lifting attachment capacity (if applicable);

maximum work platform height.

ently

5 the

The capacity rating in either case shall be designated with boom or booms and load-carrying attachments
extended to the position of maximum overturning moment attainable throughout full rotation. Capacities of the

64
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MEWRP in other positions shall be specified separately. The responsible entity shall state all applicable ratings
in the manual and on placards affixed to the MEWP.

If these capacity ratings are based on some fixed conditions of the load-carrying attachments, this shall be
indicated.

Parts of this information may be repeated at other appropriate places on the MEWP (see 6.3.2 and 6.3.7).

6.3.2 Work platform

Symbols used for marking shall comply with ISO 20381.

The following information shall be permanently and clearly marked at or on each work platform} in an easily
visible place:

a) e rated load, in kilograms;
b) e rated load, given as the allowable number of persons and mass of equipment, in kilogranys;
c) e maximum allowable manual force, in newtons;

d) aximum allowable wind speed, in metres per second;

e) dllowable special loads and forces, if applicable (see 4.2.3.4);

f) e indication “non-insulated”; however, if equipped with a work platform constructed of ngn-conductive
insulating) materials, see ISO 16653-2;

g) ipformation related to the use and load rating ofithe equipment for material handling;
h) ipformation related to the use and load rating of the MEWP for multiple configurations;

i)  the location of the lanyard anchorage point and the allowable number of occupants connectef;

i) the type of anchorage (i.e. falkrestraint or fall arrest);
k) Wwhere applicable, the responsible entity's fall protection equipment requirements;

[) the minimum approach distance requirements for energized electrical lines or apparatus, in accordance
vith 1ISO 18893 er by a governing authority if more stringent.

6.3.3| Multiple.rated loads

If mgre that-one rated load is designated, the loads shall be tabulated in relation to the configdration of the
MEWPR-MEWPs with a work platform which can be extended, enlarged or moved relative to the extending
Struc = ar= De _MalrkKec nl ne ale0] ar=lal ap= a0 _De a ‘.l_ DO .l =lala lll lOftl']ew(:)rk
platform.

6.3.4 Emergency systems

The location and instructions for operating the emergency system(s) shall be marked on the MEWP near the
relevant controls.

6.3.5 Work platform rated loads

MEWPs with main and secondary work platforms shall be marked with the total rated load as well as the rated
loads of each work platform.
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6.3.6 Indoor use

MEWPs designed for indoor use only — wind loads need not to be taken into consideration — shall be
permanently and clearly marked to that effect in an easily visible place.

6.3.7 External power supply connections

Points for connection of external power supplies shall be permanently and clearly marked with the essential
power supply information (see 6.3.1).

6.3.8 Detachable parts

Parts which jmay be detached for functional reasons (e.g. work platforms, stabilizers) shall be permarluently
and clearly marked in an easily visible place with

a) the resppnsible entity's or supplier's name and address,
b) the modgl designation of the MEWP,

c) the part humber.

6.3.9 Abridged instructions

An abridged|version of the instructions for using the MEWP shall be permianently and clearly affixed in a
suitable position. This abridged version shall, as a minimum, refer the opérator to the full instructions for yse.

6.3.10 Projecting extremities

All projecting, movable extremities of MEWPs shall be marked with hazard colours in accordance| with
ISO 3864.

6.3.11 Whege¢l/stabilizer load

Each stabilier/wheel shall be permanently and clearly marked in an easily visible place with the maxjmum
load it could pe required to support on the ground during operation of the MEWP.

6.3.12 Tyre pressure

The pressurg for pneumatic tyres-shall be indicated on the MEWP.

6.3.13 Cleanances

Where safe ¢learances of adequate guarding are not possible, warning notices shall be fitted (see 4.4.3).

6.3.14 Maintenance

A notice shall'be Titted to a MEWP warning persons not fo enter the space beneath a raised work plafform and
an extending structure during maintenance unless a means of structure support is in place.

6.3.15 Stabilizer use

MEWPs requiring the use of stabilizers shall be provided with a warning notice at the operator's position to
alert the operator of the need to position the stabilizers.

6.3.16 Pressurized vessel

Hydraulic systems with a gas-loaded accumulator shall have an appropriate warning label on the gas-loaded
accumulator. Duplicate information shall be provided in the instruction handbook (see Annex F) on the circuit
diagram.
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Annex A
(informative)

Use of MEWPs in wind speeds greater than 12,5 m/s — Beaufort

Scale 6

Beaufort Scale 6 was adopted for this International Standard after examination of a number of previously
existing standards and the experience of users of MEWPs. A significant reaction from users was that Beaufort

Scale 6 represented a natural limit at which operators became aware of the effects of wind spe
relucfant to use the machines.

ed and were

The pccasional, or locally regular, occurrence of higher wind speeds was recognized, baf it was considered

unreasonable to expect all MEWPs to be designed for exceptional circumstances- which
recognizable by operators. This took into account the fact that wind forces increasecby-the squar
speefl.

It wag agreed that higher wind speeds are in the category of special loads and-forces (see 4.2.3
be dealt with

a) by the responsible entity's specification that higher wind speeds.are acceptable [see 6.3.1 k)]

were readily
e of the wind

4) and could

, Or

b) by measures such as a reduction in the number of persons' allowed on the work platformp under such

¢onditions.

Most|responsible entities use procedure b), giving appropriate details in their operating instruction

manuals.
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B.1 Stabil

Annex B
(informative)

Dynamic factors in stability and structural calculations

ity calculations

Different me

ods of determining stabllity used In existing standards were considered during the develod

of this Interngtional Standard, including the following.

Applicat
large md

Applicat

on of a factor to the rated load: it was eventually agreed that this was inadequatesparticula
chines with large structural masses.

on of various factors to rated load, structural masses, etc., applied vertically: these factors

from ong standard to another and in no case were they substantiated by experiments or calculations

Residua
unloade
machineg
slewing

load (i.e. the percentage of the total weight of the MEWP to remain on the ground o
] side) when carrying the rated load on the work platform: this‘was shown to be impractic
s with variable stabilizer widths and with several tipping lines at different distances fror
Centre.

It was conclyded that the method to be used must take into account not only structural masses, rated

wind forces,
acting in the
static stabilit
other standa

However, thi
this must be
operation of
stabilizers dg

Taking the s

manual forces, etc., but also their dynamic effects,xwhere applicable, expressed as a perce
direction of movement. It was also agreed that.the calculation method must be checked
type test representing the calculated overturfing moment, something which is not requir
ds.

determined experimentally. The~method chosen was to strain-gauge the stabilizers, d
he extending structure with the rated load in the work platform, on the basis that the load @
termines the stability.

tatic stresses as unity, the stress fluctuations, when reversing the controls to obtain the

violent oscill

tions possible, varied(between the minimum of 0,9 and the maximum of 1,2, over a curve s

ment

ly for

aried

n the
al for
n the

load,
htage
by a
bd by

5 still left open the percentage figure to~be used for the dynamic effects, and it was agreed that

uring
n the

most
milar

to a sine waye. It was considered’ that the dynamic forces producing this result could be represented
static test calculated using the-mean value. The mean value 1,05 was rounded up to 1,10 to give a subst
margin of safety, and various.calculations to compare the resulting test loads with their existing test me
were conducfed.

by a
antial
hods

r test
, and

Compared wjth existing test methods (which varied considerably), the new method showed slightly lowe
loads for some smaller machines (under 10 m), similar figures for medium-sized machines (up to 20 m
substantially [higher figures for the largest machines (up to 70 m), due to their higher centres of gravity.

The oscillations produced during the tests were much more severe than those produced by even accidental
misuse at normal maximum operating speeds, indicating that the results were related more to the
energy-absorbing flexibility and natural frequency of the structure than to operating speeds.

B.2 Structural calculations

Clearly, under the same type of misuse, the stress fluctuations at the upper end of the extending structure
would be much greater. Experience under known service conditions is the most valuable and reliable basis for
design (see reference [30]), but responsible entities are advised to make similar strain-gauge tests to check
that the peak stresses are within the maximum permissible stress limits for the particular design details. Being
of a very intermittent nature, they would not normally need to be taken into account in fatigue calculations.
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Annex C
(normative)

Calculation of wire-rope drive systems

General

A wir|
as ar

Com
segm

The ¢
This

ropes

C.2

E-rope drive system comprises the wire ropes running on rope drums and on or over rope.p
y associated rope drums, rope pulleys and compensating pulleys.

ent not exceeding three times the diameter of the wire rope.
ategories of running time are given in Table C.1.

annex does not address wire ropes which do not run on rope drums and/or over rope pull
and tensioning ropes) or sling ropes.

Calculation of wire-rope drive systems

When calculating the wire-rope drive systems, the following factors which influence the service

rope

Shall be taken into consideration:

a) mode of operation (drive group);

b)

c)

vire-rope diameter (coefficient ¢);

iameters of rope drums, rope pulleys and compensating pulleys [coefficient (44 - A5)];

d) nope grooves.

The
acco
toru
rega
deter

mechanical components’ shall be graded according to their mode of operation into a “dr|
dance with Table.C.1/in order to achieve an adequately long service life. The grading is ma
ning-time categories, which take the average running time of the wire-rope drive system intq

mining factor:

lleys as well

bensating pulleys are rope pulleys over which the wire rope normally runs dufing operation over a

eys (carrying

life of a wire

ve group” in

de according
account. As

s the grading-into running-time categories, the mean running time per day, related to on¢ year, is the
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Table C.1 — Drive groups according to running-time categories

Symbol Voos | Yotz | Vozs | Vos | Vi | Vo2 | Va | Vs [ Vs
Running-time
category Mean running time per day in hours | upto |~ 2125(>0.251>05| >1 | >2 | >4 | >8 |_ g
related to one year 0.125| UP to | upto [upto [upto|upto|upto|upto
’ 0,25 0,5 1 2 4 8 16
No. Duty term Explanation Drive group
Maximum load
1 |_|ght occurs 0n|y 1 Em 1 Em 1 Dm 1 Cm 1 Bm 1 Am 2m 3m 4m
infrequently
Load Lowaverage-and
oad category maximum loads
i 1E,| 1D 1C, [1B,|1A, | 2 3 4 5
2 Medium |~ cur with roughly m m m m L L LY N U (I
equal frequency
Maximum loads
3 Heavy occur almost 1D 1Ch [ 1By | TAG] 2m | 360 %m | Om || 5m
continuously

NOTE

If the duration of a load cycle is 12 min or longer, the rope drive may be graded one drive group Jlower than the drive group
grading determjned from the running-time category and from the load category.

C.3 Calculation of minimum rope diameters

The minimum rope diameter, d,,;,, in millimetres, is determined in accordance with the formula below, fro
calculated traction force on the rope, S, in newtons:

dyin =

Table C.2 for

The calculat
consideratio

Items which
forces.

NS

The values gf the coefficient ¢ [in millimetres divided by-the square root of newtons (mm/\/ﬁ )] are giV
the various drive groups. These values also apply to bright and to galvanized wire ropes.

Table C.2 — Coefficients c¢ for wire ropes which are not non-twisting

d rope traction force, S, is determined from the static traction force in the wire rope, takin
the acceleration forces and the efficiency of the wire-rope drive system (see C.5).

heed not be taken into consideration include acceleration forces up to 10 % of the static tra

M the

(C.1)

en in

j into

ction

Coefficient ¢
mm//N
;'Z‘::) Nominal strength of individual wires
N/mm?2
1570 1770 1 960 2160
L= — 0,067 0 070630 070600
1D, — 0,071 0 0,067 0 0,063 0
1C, — 0,0750 0,071 0 0,067 0
1B, 0,085 0 0,080 0 0,0750 —
1A, 0,090 0 0,0850 —
2., 0,095 —
3, 0,106 —
4. 0,118 —
om 0,132 _
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C.4 Calculation of diameters of rope drums, rope pulleys and compensating pulleys

The diameter, D, of rope drums, rope pulleys and compensating pulleys, related to the centre of the wire rope,
is calculated from the minimum rope diameter, 4, determined according to C.3, using the following
equation:

Diin = hy - hg - dmin (C.2)
In the above formula, /4 and %, are dimensionless coefficients. Factor 4 is dependent on the drive group and

on the rope design, and is listed in Table C.3. Factor /4, is dependent on the arrangement of the wire-rope
drive system and is listed in Table C.4.

ThicKer wires ropes (up to 1,25 times the calculated rope diameter) may be laid on rope drumis)|rope pulleys
and ¢ompensating pulleys having the diameters calculated in accordance with Tables €3 ang C.4 for the
samg rope traction force, and without any impairment of the service life, provided thatthe"groove radius is at
least| 0,525 times the diameter of the wire rope. Larger rope drum, rope pulley and compensating pulley
diamegters will increase the service life of the wire rope.

Table C.3 — Coefficients, 7

. Rope drum and wire . Non-twisting
Drive ropes that are not non- Rope pulley and wire ropes compensating pulley and
group P I that are not non-twisting pensating pulley

twisting wire ropes
1E, 10 11,2 10
1D, 11,2 12,5 10
1C,, 12,5 14 12,5
1B, 14 16 12,5
1A, 16 18 14
Tm 18 20 14
3 20 22,4 16
4. 224 25 16
5, 25 28 18

For the determination of %,, wire-rope drive systems are classified according to the number, @, pf alternating
bend|ng stresses‘'which the most unfavourable stressed portion of the rope has to run through dufing one load
cycle] (liftingsand lowering of the load). The value of wis entered as the sum of the following individual values
for the elements of the wire-rope drive system:

rope dram 0= 1
rope pulley for deflection in the same direction, > 5° w=2
rope pulley for deflection in the opposite direction, o> 5° w=4
rope pulley, a < 5° (see Figure C.1) w=0
compensating pulley w=0
end attachment of rope w=0
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Figure C.1 — Angle of deflection

Deflection in the opposite direction shall be taken into consideration if the angle between the planes of two
adjacent rope pulleys (traversed by the rope in succession) is greater than 120° (see Figure C.2).

a) Same direction b) Opposite direction

Figure C.2 — Deflection-in same/opposite direction

72
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Description

Examples for arrangements of rope drives

Examples of application
(drums illustrated in double lines)

hy? for

rope
drums,

compen-
sating
pulleys

rope
pulleys

Wire

rope runs on rope drum

and over no more than

Lo PP N-W-NECT1 | O NRFIL 1 ~8
- TOPCTPUNT Yy STVt

deflection in the same
direction, or

1 rope pulley with
deflection in opposite
direction

N

Wire
and

rope runs on rope drum
ver no more than

i rope pulleys with
deflection in the same
direction, or

P rope pulleys with
deflection in the same
direction and

1 rope pulley with
deflection in the
ppposite direction, or
P rope pulleys with
deflection in the
ppposite direction

7

6t09 1
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Table C.4 (continued)

Description

Examples for arrangements of rope drives

Examples of application
(drums illustrated in double lines)

rope

1 drums,

compen-
sating
pulleys

hy? for

rope
pulleys

— 5ropep

Wire rope runs on rope drum
and over at least

Havie it
vvTerT

deflectio
direction
— 3ropep
deflectio
direction
1 rope p
deflectio
oppositel
— 1ropep
deflectio
direction
2 rope p
deflectio
opposite]
3 rope p
deflectio
oppositel

Py S

h in the same
or

Llleys with

h in the same
plus

Llley with

hin the
direction, or

Llley with

h in the same
plus

Llleys with

hin the
direction, or

Llleys with

hin the
direction

b
\.Qll

oy
b

2 pulley blocks each = 11

through the en
occur at the md

b

Compensg

st unfavourable segment of the rope need be considered.

ting pulley.

@  The correlption of wand &, with respect to the description and the.examples of application is only valid if one segment of ropg runs
ire arrangement of the rope drive during one working stroke. For the determination of 4,, only the values of wwhich

C.5 Efficiency of wire-rope drivessystems

The efficienc
ng = (7
= (77

where

y of a rope drive, 7g, for calculation of the rope traction force using C.3, is determined as follpws:

R)i’ﬂF

)i a 1-(7g)"

n 1—77R

s s thelefficiency of the wire-rope drive system;

(C.3)

nr s the efficiency of one rope pulley;

i is the number of fixed rope pulleys between the rope drum and the pulley block or load;

ne s the efficiency of the pulley block:

_1 1=(m)"
n 1—77R

(C.4)

n is the number of rope plies in one pulley block [one pulley block consists of the sum total of all the
rope plies and rope pulleys for one rope winding onto a rope drum (see Figure C.3)].
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Q | 0

a) Pulley block, two-ply n =2 b) Twin pulley block, four-ply, consisting of two,
two-ply, pulley blocks 2 x (n = 2)

Figure C.3 — Pulley blocks

The ¢fficiency of a rope pulley is dependent on the ratio of the rope pulley diameter to the rope dipmeter (D/d),
on the rope design and on the rope lubrication, in addition to being dependent,‘\0n the type of bearing
arrangement of the pulley (plain bearings or anti-friction bearings). In so far as more accurate|values have
been|proved by means of trials, the following shall be assumed for calculations:

— for plain bearings nr = 0,96;
— fpor anti-friction bearings nr=0,98.
The ¢fficiencies given in Table C.5 are calculated on the basis of'the above values.

No efficiency need be taken into consideration in the case-0f'compensating pulleys.

Table C.5 — Efficiéncy of pulley blocks

n 2 3 4 5 6 7 8 9 10 11 12 13 14

uj
F 098 | 0,96 | 0,94 ( 0,92 | 091 | 0,89 | 0,87 | 0,85 | 0,84 | 0,82 [ 0,81 []|0,79 | 0,78

Plgin bearings

e

Ahti-friction 099 | 098 _}) 0,97 | 0,96 | 0,95 [ 0,94 | 0,93 | 0,92 [ 0,91 | 0,91 | 0,90 []0,89 | 0,88

bearings
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