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Foreword

:2021(E)

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

uction

Recent developments of high-performance fibre ropes (HPFR) made from synthetic fibre have led to
comparable strength with regard to steel wire ropes. The main advantages of using HPFR on cranes

are:

a) light weight (significant weight reduction);

b) no environment pollution by grease (no re-lubrication);

c) easy lhandling (faster and easier assembly/disassembly]J;

d) robug

The use d
comparis

For steel
criteria e

t spooling (increased tolerance for spooling failures).

n to the long-term application of steel wire ropes.

Uire ropes, substantial experience over many decades covering both rope selection and disc3
ists, which can be found in International Standards (e.g. ISO 16625 and\SO 4309). Curren

there is n¢ standard available that deals with design and discard criteria for theuse of HPFR on cran

Therefore

The FEM

this document has been developed based on the content of the FEM/5.024 guideline.

5.024 guideline was developed by the Fédération Européerine“de la Manutention (FEM)

a joint project with various stakeholders in the industry. It is based on first experiences with molj

cranes an

This docd
manufact

This docu

 the requirements/limits in some cases can be specific t¢ mobile cranes only.

ment includes additional input from tower crane“and electric overhead traveling cra
irers. Adaptation to other crane types or applications can be necessary.

ment reflects the current knowledge about the use of HPFR on cranes.

f HPFR on cranes has already started, however, there is limited experience with HPFR| i

rd

tly,
es.
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ne
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Cranes — Safe use of high-performance fibre ropes in
crane applications

is document also covers winch applications. The mention of crane applications implicitl
ihch applications.

is document covers performance criteria and the necessary evaluation to enable selectio
well as best practice guidelines on procedures, testing and maintenance.to’safely operat

crgne applications including provisions for assembly/disassembly.

Th

e performance criteria are related to tasks performed when using cranes as intended,

asg§embly/disassembly, operation and required checks and maintenance.

Th

is document does not deal with so-called hybrid ropes which are a combination of steel

high-performance fibres, where the load bearing capabilityis shared between steel wirg
high-performance fibre. This document does not deal with HPFR used for high risk applic4
trgnsport of hot molten metal).

2

co
un

Normative references

Thf following documents are referred to-in the text in such a way that some or all the
stitutes requirements of this document. For dated references, only the edition cited applies. For

Hated references, the latest edition.@f the referenced document (including any amendment

ISQ 2307:2019, Fibre ropes — Determination of certain physical and mechanical properties

ISQ 4309:2017, Cranes — Witeyopes — Care and maintenance, inspection and discard

ISQ 9554:2019, Fibre ropes— General specifications

For

Terms and. definitions

the purposes of this document, the following terms and definitions apply.

ISQ and TEC maintain terminology databases for use in standardization at the following addr

in crane

y includes

n of HPFR
e HPFR in

including

wire and
s and the
tions (e.g.

ir content

5) applies.

ESSES:

[SO Online browsing platform: available at https://www.iso.org/obp

IEC Electropedia: available at https://www.electropedia.org/

3.1
assembly/disassembly
operations needed to set up/down a crane in a specific configuration or change the configuration

3.2
competent person
designated person, suitably qualified by knowledge and experience, and with the necessary instruction

to

©lI

ensure that the required operations are carried out correctly
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cyclic bending over sheave

CBOS

condition where a section of rope experiences a repeated straight-bent-straight change of curvature
onto and off a sheave or roller

Note 1 to entry: In a CBOS test, the fibre rope runs around at least one test sheave. A rope pulling force is applied
via an appropriate system. During the test, the rope is running in a constant manner on and off the sheave,
taking the condition straight-bent-straight. A movement straight-bent-straight over a test sheave counts as one
bending cycle for the rope.

3.4

efficienc
loss of ro
differencd

3.5

factor
e force of a high-performance fibre rope (3.5) when bent over sheaves, resulting in‘tope p
s

high-performance fibre rope

HPFR
rope base
at break

Note 1 to

d on high-performance fibres, with a high tensile strength, high modulus and low elongat

entry: These fibre ropes have mechanical characteristics in the rahge of steel wire with reg

to strength per area, axial stiffness and elongation at break [e.g. aromatic polyamide (aramid), high modu

polyethyle

3.6
maximun
MRP
maximum
effects, ef

3.7

he (HMPE), liquid crystal polymer (LCP), see 4.3.1].

h rope pull

force applied to the rope during design [of the&srope drive (3.13)], taking into account dynaf
Ficiency of the rope drive, reeving, spread, ete!, during operation

minimum breaking strength

MBS
minimum
method

3.8
point of d
point whe

3.9
residual |
RBS
forceaus
method

force achieved by a new ropewhen tested in accordance with a recognized procedure/t

iscard
re the tested failuré-or wear criterion is achieved considering the residual lifetime (3.10)

preaking strength

bd fibrerope achieves at a point in time when tested according to a recognized procedure/t|

ull

on

hrd
lus

nic

est

est

3.10

residual lifetime
remaining lifetime at a point in time, where the attested failure criterion is not yet fully achieved

3.11

actual rope diameter

d

act

diameter of the circle circumscribed about the cross-section of the rope, usually measured under a
given tension and method

[SOURCE:

[SO 1968:2004, 5.1.10]
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3.12

nominal rope diameter

d

reference value for the diameter of a given high-performance fibre rope (3.5)

[SOURCE: ISO 1968:2004, 5.1.11]

3.13
rope drive
reeving system according to [SO 4306-1, including the drum (actuator) or other actuators, e.g

or traction systems

:2021(E)

.cylinders

torsional stiffness
abllity of the high-performance fibre rope (3.5) to resist exterpmally induced twist

4 | HPFR performance considerations

Responsibilities

hch, hook)

Where a HPFR is installed in a new crane, the crane manufacturer is responsible for the fope drive

des$ign, selection of the rope and instructigns for use and maintenance.

The rope manufacturer is responsible-for providing correct and complete information regarding the

rope characteristics and providing.ihformation regarding maintenance and inspection of t
use.

e rope in

When a steel wire rope originally installed in a crane is intended to be replaced by a HPFR, an ¢valuation

of the crane design in general and the rope drive components shall be performed by the c
with the support and@pproval of the crane manufacturer, to ensure that all the provisions gi
HHFR manufacturef-and this document are fulfilled. The same principle applies when an exis
is Teplaced by arother type of HPFR. The crane user is responsible for ensuring that the cra
anfl maintaineds instructed.

Risk assessment

rane user,
ven by the
ting HPFR
ne is used

Prlor®o approval for use of HPFR on a crane application, a risk assessment considering the intended use

and any reasonably foreseeable misuse shall be carried out by the manufacturer of the crane application,
identifying potential risks that can impact the safety of the rope in operation (see ISO 12100:2010).

The risk assessment should cover the entire life cycle of the rope including installation, mai

intenance,

storage and disposal, rope drive, potential environmental conditions and specifics of the application,

including all reasonably expected risks of contact with objects external to the crane. This

document

shall be reviewed jointly by both the rope manufacturer and the crane application manufacturer (or
other applicants), in order to identify potential operational and system risks that can affect the safety of
operation. Critical interactions during operation between the rope drive system and HPFR identified in
this analysis shall be documented in the technical files to ensure they are in line with the requirements
of this document and provide suitable safety as determined for mitigation in the risk assessment

process.

© IS0 2021 - All rights reserved
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Qualification testing of the HPFR shall cover identified critical wear modes to validate that discard
criteria provide the required safety factor. The safety factor shall take into account residual breaking
strength (RBS) in relation to maximum rope pull (MRP) and residual lifetime required at discard
condition of the HPFR.

Where either the HPFR or the rope drive system is intended to change, the risk assessment shall be
reviewed to ensure that critical safety considerations are not changed.

The limits of the machinery and the remaining residual risks, which can result from the risk assessment
analysis, shall be added in the crane’s manual.

4.3 Rolle

4.3.1 Types ofropes

The base |element of a HPFR is the load bearing fibre. There is a variety of high-pefformance fibres
available o rope manufacturers, each with different attributes that affect characteristics of the final
rope. Typical materials utilized in HPFR design include amongst others:

a) aromatic polyamide (aramid);

b) high modulus polyethylene (HMPE);

c) polyafrylate (liquid crystal polymer, LCP);
d) polybenzoxazole (PBO).

The high-performance fibre is selected by the rope manufacturer based on specific characteristics
inherent to the material including:

a) tensile strength;

b) modu[us (axial stiffness);

c) elonghtion at break;

d) creep|characteristics (if applicable);

e) fatigue resistance (bending ahd tension);
f) coefficient of friction;

g) lineaj density;

h) envirpnmentalresistances [for details see 4.3.2.2 j)].

For furthdr infexrmation, see ISO 9554:2019, Table A.1.

The high-performance fibres are combined into larger structures through a process such as twistipg,
braiding, winding or a combination of these or other methods. The design of HPFR construction has a
significant impact on the performance of the rope.

Traditional fibres such as polyester, polyamide or polypropylene may be utilized in non-load bearing
structures [e.g. protective covers (jackets), stabilizing cores].

Coatings and other non-fibrous materials may be incorporated into the construction of a HPFR in order
to achieve various performance characteristics.

Various rope constructions can be utilized in the design of a rope. Several common examples are shown
in Figure 1:

— laid in Figure 1 a);

4 © IS0 2021 - All rights reserved
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— braided in Figure 1 b);
— cover (jacket over braided rope) in Figure 1 c);
— cover (jacket over parallel fibre) in Figure 1 d).

e T

:-__..-.-"'-‘ e e e a1 |

d) Cover:(jacket over parallel fibre)

Figure 1 ~— Common rope construction examples

4.3.2 Selection of ropes

4.3.2.1 General

Hojist ropes shalllbeselected individually for each particular application and shall be made ¢f suitable
mdterials so that-they withstand the intended use. They shall be designed for a period of yse, which
shall be at least twice the inspection interval, as specified by the crane manufacturer.

e fibrie;rope construction and coatings utilized in the design of a HPFR, as well as the degign of the
pe-drive, impact the performance of the HPFR in a given application. Selection of a suitjable HPFR
sibility 3 anufa nufacturer-thking into
consideration the potential operational and system risks of the particular crane application including
the items listed in 4.3.2.2 and 4.3.2.3.

The HPFR discard criteria as per examples shown in Annex D shall be provided by the rope manufacturer
and shall be provided in the manual of the crane.

Where HPFR is used in static (e.g. pendants) or semi-static applications, the rope manufacturer and
crane manufacturer shall agree on designed lifetime and discard criteria, specifically in consideration
of creep elongation, creep rupture, tension-fatigue and dampening.

© IS0 2021 - All rights reserved 5
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The list of items given in 4.3.2.2 and 4.3.2.3 is not exhaustive. Additional items given in Annex A shall
be fulfilled.

NOTE Many of the properties listed do not have standard test methods available. The rope manufacturer
needs to show how these properties were determined.

4.3.2.2 Rope characteristics

The rope characteristics shall be provided by the rope manufacturer. The rope characteristics shall
include the standard or test method used to determine each characteristic.

a) Rope pasic characteristics:
— npminal rope diameter

— afttual rope diameter (initial and in service including tolerances and measurementmethod)

—t

gngth (initial and in service including tolerances);
— r¢pe weight (per metre);

b) efficigncy factor;

c) abrasjon resistance;

d) resistfance to particle ingress;

e) cutrgsistance;

f) coefficient of friction;

g) fatigye characteristics:
— bpnding fatigue;
— té¢nsion-tension fatigue;

h) load dlongation characteristics:
— elongation;
— stiffness (axial, transverse);
— cleep;

i) termipations (see,5.1 and 5.2):

—n

nstallatien’methods;

— fdtigue characteristics;

j) environmental resistance:
— temperature;
— chemical;
— ultraviolet radiation (UV);
— weathering;
k) discard criteria;

1) rope minimum breaking strength (MBS);

6 © IS0 2021 - All rights reserved
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twist performance:
— tension-torsion coupling;

— torsional stiffness.

4.3.2.3 Rope drive characteristics

Th
a)

e rope drive characteristics are the responsibility of the crane application manufacturer.

Maximum rope pull (MRP);

b)
‘)
d)
e)
)

g)

h)

4.4

Th
fon

fleet angles;

in-service, out of service and storage temperatures;
service intervals;

efficiency of the rope drive system;

sheave, block and drum design:

— roughness;

— corrosion resistance,

— diameter ratio;

— groove profile and system;

— spooling performance (including pre-tensioning, rope pull etc.);
— material;

classification (according to ISO 4301-1):

— U-class (total numbers of working cycles),

— Q-class (load spectrum);

— D-class (average displacement of load);

average load movements (displacements).

| Proof of competence

e rope drive design shall assure sufficient safety margins on strength and service life un
a givenrapplication of a crane. This shall be achieved by the following requirements:

a)

the HPFR shall be selected according to the criteria given in 4.3.2; and

il discard

b) the competence of the rope drive design shall be determined by a proof of competence, including

proof of static strength and proof of fatigue strength of the HPFR.

This is achieved by a qualification test (see 6.3).

4.5 Safety factor at discard for HPFR

Selection of an appropriate HPFR for specific applications shall take into account a rope safety factor at
discard when assessing suitability for the required lifetime (design lifetime) and specified inspection
frequency.

© IS0 2021 - All rights reserved
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The safety factor at discard for HPFR shall be determined by the crane manufacturer, considering
performance data from the rope manufacturer and the results of the risk assessment, to ensure a
sufficient safety margin for residual breaking strength and a sufficient residual lifetime at discard.
Inspection intervals of the HPFR drive and in particular of the HPFR shall be determined with regard to
the degradation of the rope during use.

The minimum safety factor at discard, expressed as the ratio of RBS at discard and MRP, and the ratio of
residual lifetime and total lifetime shall be taken from Table 1 and Table 2 for various crane types (see
also 6.3 and 7.5).

Table 1[— Minimum HPFR salety Iactors for running ropes at discard Ior various crane types

Crane types Safety factor at discard Residual lifetime
n at discard

%
Winches for pulling purpose only 2,4 60
Hoists (in¢luding winches for lifting) 3,0 60
Mobile crgnes 3,0 60
Tower crahes 3,0 60
Bridge andl gantry cranes 3,0 60

Table P — min. HPFR safety factors for stationary ropes atdiscard for various crane types

Crane types Safety factorat discard Residual lifetime
n at discard
%
Mobile crgnes 2,5 60
Tower crahes 2,5 60
Bridge andl gantry cranes 2,5 60

NOTE1 |The safety factor at discard differ§ from the normally used safety factor related to the beginning of
the servicd-life.

NOTE 2  |The various factors consider the risk assessment for different applications and current experience

NOTE 3 |HPFR safety factors arnd residual lifetimes can be reviewed after gaining future experience.

5 Crane design considerations

5.1 Termination/on the drum

The termilnation on the drum consists of:

a) the drum attachment; and
b) arequisite number of safety wraps.

This termination a) and b) shall be capable of holding at least a rope force equivalent to 80 % of the
safety factor at discard, n, multiplied by the maximum rope pull, Fyyrp.

To calculate the required drum attachment strength, Formula (1) shall be used:

F,
Tirum = 0,8 X1 x% (1)
where

8 © IS0 2021 - All rights reserved
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5.3
]
.

Th|
mi

3
]

FMRP

Tdrum

Termination at load side

ISO/TS 23624:2021(E)

is the maximum rope pull;
is the required drum attachment strength;

is the required minimum safety factor at discard (see Table 1 and Table 2);

is the coefficient of friction for HPFR to drum;
is the angle of wrap in radians, equivalent to 2m times the number of wraps on the drum.

ned under

pe pull in

when the

ours. The

h cases re-

end termination at the load side shall be capable®@f holding at least a rope force equivalent to 80 %
he safety factor at discard, n, multiplied by the maximum rope pull, Fyzp, as given in Formula (2).

Tipaq 2 0,8 X n XFypp (2)

ere

.1 Lowering limiter

Tload

FMRP

n

Drum

is the required load side“strength;
is the maximum(rope pull;

is the requifed minimum safety factor at discard (see Table 1 and Table 2).

e hoisting system shall be fitted with a lowering limiter. The lowering limiter shall ensuye that the
himum engagement (requisite safety wraps) of the HPFR with the drum is maintained af all times

du

imgoperation:

5.3.2 Forces on flange and tube (Multilayer drum)

HPFR behave differently than steel wire ropes whilst spooling on a multilayer drum and can cause
significantly increased forces acting on drum flange and tube. These forces shall be taken into account
where multilayer drums are equipped with HPFR. The calculation should be verified by practical
testing.

NOTE
increased lateral forces acting on the flange. The difference in axial stiffness can also increase the forces acting
on the drum tube.

A HPFR is more compressed during work than a steel wire rope, flattening the rope and causing

© IS0 2021 - All rights reserved 9
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5.3.3 Shape of grooves on drums

Drum grooves surfaces shall be smooth and free of surface irregularities that can damage the HPFR.
Peaks and edges shall be rounded to reduce damage of the HPFR due to cutting. System grooving,
helical grooving or flat patterns may be used depending on the design of the HPFR and drum.

As HPFR tend to flatten when compressed on the drum, the cross-section for rope stored on a drum is
typically not circular. This effect shall be taken into account.

The groove pitch shall provide sufficient clearance between adjacent HPFR turns on the drum, taking
into account the HPFR diameter tolerance.

The grooye of grooved drums shall fit to the type of HPFR as given by the HPFR manufacturer.

The rope manufacturer shall be consulted regarding the anticipated changes in width of the.rope ungler
the compilessive loading specific to a given application prior to optimizing the groove prefile for a giyen
HPFR. Th¢ amount of rope ovalization depends on many factors including high-performance synthdtic
fibres usef, rope construction and tension profile common in the application.

NOTE The minimum groove diameter to be chosen in relation to the nominal\rope diameter strongly
depends o1} the effects of bedding-in a new rope.

5.3.4 C(Clearance between rope and diameter of drum flange

Where HRFR is used in hoisting mechanism, measures on drums<hall be provided, e.g. flanged driim
end plate§, frame/housing and rope guides, which prevent the ropes from running off the ends of the
rope drums.

Flanged dfrum end plates shall protrude beyond the rope woeund on the drum at the top layer by at lepst
1,5 times fhe bedded-in HPFR diameter with the rope spooled on the drum with minimum (functionjal)
rope pull.

5.3.5 Teémperature limits

HPFR actgas a thermal insulation when compared with steel wire ropes spooled on a drum with interpal
gearbox. This effect shall be taken inte_aecount when designing the drum system. Peak temperatutes
shall not gxceed the allowable temperature limits for the HPFR used, taking into account the maximpyim
permitted environmental temperatiires.

5.4 Shdaves

5.4.1 Shape of grooves

Sheave grooves_shall be rounded to form a close-fitting saddle as recommended by the rape
manufactyirer, based on the design of the HPFR. The opening of the sheave should be wide enough to
easily allgwoOpe entry at any anticipated fleet angle with an opening angle between 45° and 60°.

Grooves of sheaves shall be smooth and free from surface defects liable to damage the HPFR. The peaks/
edges shall be rounded to reduce damage of the HPFR due to cutting.

5.4.2 Material of sheave

Sheaves for use with HPFR may be made of either metallic or polymer materials. Consult the rope
manufacturer on recommended materials and surface requirements.

5.4.3 Minimum D/d ratio

The minimum D/d ratio chosen shall be at least as large as the ratio proven in qualification CBOS testing,
where D is the sheave pitch diameter and d is the nominal rope diameter.
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Reliability of discard criteria shall be explicitly proven for D/d ratios used in the application (see rope
qualification testing in Annex B).

NO

TE Current experience indicates a typical D/d value of 20. A lower value can reduce the lifetim

5.5 Crane

5.5.1 Contact surfaces

e.

All surfaces where contact between HPFR and structural parts is foreseen shall be free from sharp

ed
or

Su
cla

NO|
ouf

5.5

Th
sm

bes, defects and corrosion. Surface roughness values shall be maintained as specified by, c
rope manufacturer.

sses significantly accelerate the rate of abrasion in HPFR and reduce service lifetime.

TE All surfaces need to be checked for potential contact with the loaded or unloaded HPFR
-of-service and transport/travel and during assembly.

.2 Fleetangles

e maximum fleet angle of running ropes shall be kept under, 2(5°, unless the risk assessm
all deviations to higher values.

Anly fleet angle influences the lifetime of the rope. The lifetime of a HPFR is significantly de

the

Po
teq

5.5

fleet angle of 2,5° is exceeded.

Fential influence of fleet angle on twist (rotation) of the HPFR shall be checked during qu
ting (see Annex B).

.3 Substitution on existing design and optimization on new designs

When intended to fit HPFR on new cranes designed originally for use with steel wire rope, an ¢

of
the

In
std

the crane design shall be perforimed by the crane manufacturer to ensure all instruction
HPFR manufacturer and this document are fulfilled.

addition, the crane manufacturer shall review other criteria relevant for safety, e.g. 1
bility of the crane, which-can be related to the weights of the installed rope.

Optimization of the méc¢hanical systems specifically for use with HPFR is preferable whenevs

Fo
red

5.5

lowing a procesS’of designing the crane systems specifically for use with HPFR allov
lization of thie benefits provided by the technology.

4 Substitution on used cranes

rane and/

rface roughness should not exceed ISO 1302:2002 roughness class N9 (equivalent R,.6,3 um). Greater

for in- and

ent allows

creased if

hlification

bvaluation
5 given by

igid body

r feasible.
s for full

HPFR, an

en a steel wire rope or1g1nally 1nstalled 1n a crane is intended to be replaced by a

rane user

w1th the support and approval of the crane manufacturer to ensure all 1nstruct10ns glven by the HPFR
manufacturer and this document are fulfilled. Critical and worn out parts need to be repaired or
exchanged prior to the use of HPFR on the crane.

6

Qualification testing of HPFR

6.1 General

The qualification testing shall demonstrate fitness for purpose for a HPFR drive design for the
considered application and validate the discard criteria of the HPFR.

© IS0 2021 - All rights reserved
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To approve a HPFR for use in a specific application, the rope manufacturer and/or the crane
manufacturer shall determine at least the data of 6.2 to 6.4. They shall also ensure safe use and fitness
for purpose of the HPFR as identified in the risk assessment.

6.2 Basic data of HPFR

6.2.1 General

For a HPFR in a specific application, the following basic data at least shall be determined by testing:

a) minirum breaking strength, MBS;
b) resid:[al breaking strength, RBS at discard;

c) residgal lifetime at discard.

6.2.2 Minimum breaking strength, MBS

The minirpum breaking strength shall be stated by the HPFR manufacturer. The, MBS shall be verifjed
through tgsting in accordance with ISO 2307:2019.

6.2.3 Residual breaking strength, RBS

The most damaged section of the rope shall be the area of interest{for‘this testing. Therefore, it shalllbe
placed at the centre of the free rope length of the test specimen.The rope residual breaking strength
shall be vgrified through testing in accordance with ISO 230%:2019, but changing the pre-tensionjng
force duripng bedding-in procedure from 50 % MBS to 20 %-MBS.

6.2.4 Residual lifetime

The most|damaged section of the rope shall be the area of interest for this testing. Therefore, it sHall
be placed |at the location showing the most degradation during continued testing of the test specimgn.
The rope fesidual lifetime shall be verified through continued testing of the sample in a manner that
simulates|the same wear pattern which.resulted in the observed discard criteria being achieved (¢.g.
cyclic benf over sheave, abrasion with assubstrate, etc.) (see also 6.3).

6.3 Quaglification testing

6.3.1 General

Testing included during qualification of the HPFR shall be determined based on the application specijfic
considerafions idefitified during the risk assessment. These tests shall simulate the rope damaging
wear modes thatoecur through use in the designated operation. Qualification testing shall be designed
to identify theé discard criteria and ensure that they are observable while the required safety margin
remains.

The combined effect of the factors identified under 4.3.2 has a significant impact on the HPFR lifetime.
Therefore, qualification testing of the rope drive is required taking into account these factors and a
combination of these factors. The requirements and test scope of this program shall be established
between crane and rope manufacturer. A recommended practice is given in Annex B.

The samples for qualification testing shall be chosen to give sufficient statistical evidence (at least 3
samples, except if the deviation in the first two test results is less than 25 % of the higher lifetime, then
two tests are sufficient).

NOTE 1 For guidance, see Annex B.
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Where applicable, test samples for evaluation of the safety factors should be taken from both the area
of discard as well as from other critical areas. The following tests shall be included in the qualification
testing for applications that are identified as having the corresponding wear modes.

NOTE 2  For an example report of results, see Annex C.

6.3.2 Bending fatigue performance

It shall be proven experimentally with a full-scale rope diameter that the discard criteria for bending
fatigue reliably shows the point of discard:

a) | in intended use as defined by the crane manufacturer (e.g. rope pull regime, D/d ratio, etg.);

b) | in the most relevant combination, e.g. bending counts, identified in the risk assgssment for the
discard criterion to show up.

It $hall be demonstrated that for the above combinations of lifetime determining factors the tested
HPER section meets the required minimum safety factors at discard as given invTable 1 (see 4.5).

C

o)

S testing is not a requirement for stationary ropes that are not subjected to any bending.

NQTE For guidance on CBOS testing, see B.3.

6.3.3 Multilayer spooling performance

It shall be proven experimentally on a full-scale basis (g.g. rope diameter, number of layer§) that the
didcard criteria for multilayer spooling reliably show the-point of discard:

a) | in intended use as defined by the crane manufacturer (e.g. rope pull regime, D/d ratio, et¢.);

b) | in the most relevant combination, e.g. hending counts, identified in the risk assessment for the
discard criterion to show up.

The multilayer spooling performance testing should preferably be performed as a full-scale fest run to
br¢akage to establish the residual multilayer spooling lifetime at the point of discard.

Alernatively, if the full-scale_test cannot be carried out until breakage on the testing eqyipment, a
combination of multilayer spooling test, CBOS testing and/or other comparable wear testirlg shall be
performed.

It $hall be demonstrated that for the above combinations of lifetime determining factors the tested
HHBFR section meetsthe required minimum safety factors as given in Table 1 (see 4.5).

NOTE1  Sectiofis other than the one which shows the discard criterion can have been stressed equdlly or even

NO[TE 2 \>~For guidance on multilayer spooling testing, see B4.

It shall be proven experimentally with a full-scale rope diameter that the discard criteria for tension
fatigue reliably shows the point of discard:

a) innormal use operation (e.g. rope pull regime, D/d ratio etc.);

b) in the mostrelevant combination identified in the risk assessment for the discard criterion to show
up.

It shall be demonstrated that, for the above combinations of lifetime determining factors, the tested
HPFR section meets the required minimum safety factors at discard as given in Table 1 (see 4.5).
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6.3.5 Termination performance (Static)

It shall be proven experimentally with a full-scale rope diameter that the performance of the
terminations meets the requirements of 5.1 and 5.2 at point of discard of the HPFR.

NOTE For guidance on termination testing, see B.5.

6.4 Interpolation of test results

If the tests of the HPFR demonstrate consistency of the HPFR design across the size range, interpolation
of sizes betw wo—tested—sizes—canbetutitizedfora—givenrope—drivedesign{number-oftdayers,
wraps, et¢.). Interpolated HPFR sizes should have cross-sectional areas under unstressed condition.not
differing by more than 50 % as compared to the closest size previously tested.

7 Information to be provided regarding care, maintenance and inspection

7.1 General

General infformation regarding installation and maintenance are given in IS@:9554:20109.

Both the HPFR manufacturer and the crane manufacturer shall provide general information regardijng
installatign and maintenance in accordance with ISO 9554:2019. The ¢rane manufacturer shall provjde
all as part|of, or as a supplement to, the manual of the crane.

7.2 Installation of HPFR

7.2.1 Stationary ropes

Instructijlns regarding HPFR installation in static or semi-static applications shall be provided by the
crane manufacturer in accordance with 7.1. In addition:

a) HPFRIshall be installed without twist;

b) HPFR|should not be connected to steel wire ropes. If not specifically addressed, the consequence of
not following this rule is the possibility of torsion/twist being introduced into the HPFR.

7.2.2 Running ropes

The crang manufacturer shall provide information for running rope applications according to 7.1.

e

The cranelshall be inspécted by a competent person to ensure the suitability for continued use of HPF
taking intp accountthie requirements listed in 5.3, 5.4 and 5.5 prior to first installation of a HPFR.

Any deficiencies’discovered shall be resolved prior to the installation.

Due to themultitude of fibre elements in the structure of a HPER and the inherent void space that is
maintained between them, the new rope diameter is often much larger at the installation stage than
when in the operating stage. Adequate tension, as defined by the rope manufacturer, shall be applied to
the entire length of the rope in order to bed-in the rope diameter prior to use and allow for appropriate
spooling performance in operation.
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7.3 Maintenance

7.3.1 Maintenance of the rope

HPFR not in regular use (e.g. transport, storage, prior to installation, during extended downtime) shall
be stored in environments that provide protection from damaging elements as required by the rope
manufacturer including:

a)
b)

c)

d)

Th
ap
wi
of

7.3.2 Maintenance of rope-related parts of the crane

Ro|

mdintained such that they are always free to turn: HPFR can become damaged when opet
styck sheaves, for example.

Alll surfaces which come in contact with the rope shall be maintained in a clean condition wi
rofighness as recommended by crane.and/or rope manufacturer. Metallic crane compone

be
co

7.

Refuirements for inspection of HPFR shall be provided by the crane manufacturer. If no i
frgm the crane manu@facturer is available, the information of the rope manufacturer sha
addlition to the reqtivements given in ISO 4309:2017, 5.2 to 5.5, as long as it is applicable to H

7.

A HPFRon a crane is regarded as an expendable component, requiring replacement when t
of Inspection indicate that its condition has diminished to the point where further use would
unpafe situation according to this document.

maintained below the specified critical temperature;

protected-by-coveringfrombVradiation:

covered against particulate ingress:

— between rope wraps;

— within the structure of the non-tensioned rope;
away from non-approved chemicals.

 provided maintenance instructions shall be followed. This can include re-termin
blication of coatings, removal of damaged sections, etc. In the case of significant partid
thin the rope structure, the foreign material shall be removed@s this can cause an accele
nternal wear. The HPFR manufacturer should be contacted-for recommended methods of

fating components (e.g. boom and block sheaves, guide rollers) shall have rotating

painted or coated against development of rust in areas which contact the HPFR. Alterna
ponents shall be made from stainless steel/plastics/composites.

Inspection

Discard-criteria

ation, re-
le ingress
rated rate
rleaning.

elements
ated over

h surface
ts should
tively, the

;Instruction
I

apply in
PFR.

he results
lead to an

During storage, handling and operation, degradation of the rope’s characteristics occurs.

Reliable discard criteria shall be established by the HPFR manufacturer to ensure safe operation over
the whole lifetime of the rope, ensuring that the HPFR is discarded with sufficient remaining tensile
strength and fatigue life (examples are given in Annex D).

Since there is a variety of HPFR designs, information of discard criteria and inspection method shall be
provided in the crane manual to the user. It shall be possible to detect the discard criteria by reliable
means selected by the rope manufacturer.
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points|of discard,of the rope types A, B and C

Figure 2 — Theorized HPFR performance of various rope types and discard criteria

Discard criteria shall be provided by the HPFR manufacturer that identify whether the rope strength
and lifetime at time of measurement are in the acceptable range. Figure 2 shows points of discard for
three different types of ropes (A, B and C in Figure 2) either by falling below the required residual
lifetime or by falling below the required effective safety factor, n. Where the HPFR is found to be
outside of the acceptable range, it shall be replaced. Testing of the discard criteria shall be performed
for critical life impacting wear effects identified in the risk assessment as required in 4.2 (see Annex B
for an example testing procedure).

Specific discard factors that may contribute to a removal of the HPFR from service include:

a) bending fatigue;
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b) tension fatigue;

c) static fatigue (creep rupture);
d) axial compression fatigue;

e) overload/shock load;

f) sudden release of the load;

g) abrasion of fibre material - external and/or internal (ingress of particles);

h) | environmental degradation (e.g. due to chemical substances, UV radiation);
i) | melted/charred fibre;

j) | cutting of rope structures (e.g. jacket, strand);

k)| damage of termination;

1) | deformation of structure (e.g. kink, twist, pulled strand).

NOTE This list is not exhaustive. Depending on the application and-environmental conditiohs, further
facfors can be considered.
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A.1 Gemerat

Fibre, rope construction and coating utilized in the design of a HPFR determine the performance i

given app

Selection
manufact

A.2 Abrasion resistance

A.2.1 Interaction with external contacts

Abrasion

Annex A
(normative)

Selection of ropes

ication.

Lirer, taking into consideration the requirements of the application including|A:2 to A.9.

pf a suitable HPFR shall be the responsibility of the crane manufacturer advised by the rgpe

resistance of the HPFR against external contacts is required to withstand contact wjith

surfaces df the rope drive (e.g. sheaves, drums - especially flanges, terminations, the rope itself, parts of

the crane
contacts

roughness of the surfaces in contact with the rope (see als0.5.5.1).

A.2.2 Interaction with internal contacts

In every Bending and at every load cycle, the fibres and strands of the HPFR move against each oth
This relative movement causes internal friction and wear that degrades the rope, and which is
always vigible from the outside.

A.2.3 Particle ingress

Particles
HPFR sha

A.3 Cufresistanceé

HPFR are

shall be ayoided,

Where ap

structure) or surfaces contacted during operation and-assembly (e.g. buildings). All exter
nfluence the lifetime of the HPFR. The rope manufacturer shall indicate the maxim

ivhich penetrate the HPFR increase the rate of internal wear and degradation. Therefq
] be kept clean to keep/particle ingress at a minimum.

susceptible to cutting. Damage from contact with sharp edges while the HPFR is under tens

nal
im

er.
not

on

plicable, the user shall ensure during both operation and assembly/disassembly conditi

ns

that contact with objects external to the crane system is avoided whilst tension is applied to the rope.
For applications where the history record shows damage of the rope by contact with objects external
to the crane, the crane manufacturer shall take this risk into consideration during the risk assessment.

Sections of the crane structure that have a reasonable potential to interact with the rope during both
operation and assembly/disassembly shall have edges rounded as required by the HPFR manufacturer.

A.4 Coefficient of friction

The coefficient of friction is relevant for the terminations (e.g. when bolted or spliced), in which case a
high coefficient is desirable.

18
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For sliding of the rope on itself (e.g. in multilayer drum winding) or across components of the rope drive
system, a low coefficient generates less external abrasion.

The coefficient of friction can change during use and depends on various factors, e.g. speed and load.

A.5 Fatigue characteristics

A.5.1 Bending fatigue

In both operation and qccpmh]y]/dic:\ccpmhlyl the rope can be hent e g around drums Slhdl/ r sheaves.
Benhding of the rope causes internal wear via fibre-on-fibre movement, compression fatigue and tension-
terision fatigue. The number of bends a rope can be subjected to until it breaks is limited.and shall be
knpwn. Bending fatigue life is a function of many factors including sheave design, D/d-ratio, tension
applied, rope design, cycle frequency, temperature and fleet angle.

The number of bending fatigue cycles required for the design life calculation-of’the crane dgpends on
the designed total lifting cycles of the application and the designed number®f rope replaceménts.

Behding performance should be tested by CBOS testing (see B.3).

A.5.2 Tension — Tension fatigue

In poth operation and assembly/disassembly, the HPFR is stréssed by different loadings. Thede changes
in fension create internal wear. The number of tension-tension loadings a rope can be subjectpd to until
it breaks is limited.

Tepsion-tension performance should be validated-by testing agreed between the rope &and crane
mgnufacturer.

A.6 Load elongation characteristies

A.6.1 Elongation

Under tension, the HPFR elongates: This can be reversible (e.g. elastic elongation) as well as permanent.
Pefmanent elongation can be-observed during initial loading of the HPFR as constructional hedding-in
anfl/or during the operating life.

A.6.2 Stiffness (axial; transverse)

Every rope has d\certain axial and transverse stiffness. Axial stiffness of the rope exerts an influence
onfhandling chatracteristics, transverse stiffness on the grade of deformation when the rope |s running
over sheavesiand the spooling performance in multilayer spooling. The elastic behaviour of|the HPFR
generatescforces on the drum tube and the flange which can differ significantly from the forces
geherdted by steel wire ropes.

A.6.3 Creep
All of the fibres used in HPFR creep under the influence of tension, time and temperature.

Creep can result in permanent elongation of the fibre. For applications which subject the HPFR to
periods of extended tension (i.e. stationary support ropes), it is critical to ensure that the load bearing
fibre has sufficient resistance to irreversible elongation and rupture.

The rope manufacturer shall provide test data and/or modelling for worst-case scenarios, as provided
by crane manufacturer, that can be experienced in these static or semi-static rope applications prior to
implementation.
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A.7 Terminations

Known terminations for HPFR today are different types of splices, mechanical hardware and resin
sockets. Unqualified terminations (e.g. knots) shall not be used as terminations or anywhere in the rope

drive due

to significant loss in breaking strength.

A.7.1 Installation methods

Depending on the application and the rope drive the terminations can face different requirements. Only
terminations approved by the crane and rope manufacturer shall be used.

A.7.2 F3atigue characteristics

Terminations can fatigue as well as the HPFR itself. Therefore, the intended terminations shall be test

with rega

A.8 Enyironmental resistance

A.8.1 Te¢mperature

Temperat

fatigue, tension-tension fatigue, stiffness, etc. This depends on fibre type, rope design, coating, etc. T

rope man
The critic

surface temperatures and generation of heat within the rope dcive.

Contact
prevent

the rope shall be protected accordingly.

A.8.2 Chemicals

HPFR can

For chemifcals commonly used in cranes:(e.g. fuel, hydraulic oil, lubricant, diesel exhaust fluid, clean
agents), the rope manufacturer shall provide guidance regarding the influence on rope propertie

contamin

For chemi
be contac

A.8.3 Ultraviolet radiation (UV)

UV degradles theload bearing capacity of HPFR. Therefore, it influences the breaking strength and
the lifetine,

Exposure

-d to tension-tension fatigue before use (see B.5).

ire influences the performance of the HPFR with regard, to)breaking strength, bend

pfacturer shall specify the critical operating and storage‘temperature limits for the HP
bl temperature limits shall not be exceeded, taking inte account ambient conditions, cont

ith hot metal, grinding and welding slag as well:ds vicinity to heat sources shall be avoided
elting or charring damage to the HPFR. If welding or grinding takes place within the vicin

be adversely affected by chemicals'used in cranes or on job sites.

hition occurs to the HPFR.

lcals encountered during operation, rigging, transport or storage the rope manufacturer sh
ed for guidance,

ed

ng
he
FR.
act

to
N

—

ng
5 if

all

or

of the HPFR to UV shall be minimized, in particular during longer storage periods.

A.8.4 Weathering

Combinations of temperature, UV radiation and other factors such as humidity, rain, snow, etc., can
affect HPFR differently. The rope manufacturer shall be contacted for advice.
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A.9 Twist performance

A.9.1 General

Depending on the rope design and the design of the rope drive (fleet angles, etc.) the rope can twist in
service. Induced twist influences breaking strength, bending fatigue, tension-tension fatigue, stiffness
and residual breaking strength of the HPFR. The influence of induced twist on these parameters
shall be known and the HPFR manufacturer shall specify the maximum allowed twist. Appropriate
countermeasures shall be applied to the rope drive system.

A.9.2 Tension - Torsion coupling

Depending on the rope, twisting of the HPFR can be experienced when tensile load is applied
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Annex B
(informative)

Qualification testing

B.1 Gemerat

This anngx provides guidance on parameters for qualification testing of HPFR to be used.in trgne
applications. These testing parameters should be considered during design of the testing'plan ffor
qualificatjon process, in combination with critical parameters and concerns identifi¢d /in the rjisk
assessment, performed in accordance with 4.2.

B.2 Re¢ommendations for testing party

Testing pqrty should be an institution that is experienced in fibre ropes and testing. Tests should always
be done in] a safe and responsible manner, the practice of approaching a rope while under load should|be
avoided.

B.3 Qualification testing, CBOS

B.3.1 Performance of bending tests

The tests phould cover at least the following content:
a) D/dratio;

b) test force;

c) rope jurface temperature;

d) twist
e) numbler of test samples.

An examplle of a typical beriding test program is given in Table B.1.

Table B.1 — CBOS test matrix

Test number 1 2 3 4
D/d ratio 20
Test force Maximum rope pull in the Tope drive
Targetrope surface temperature (toward groove) (°C) 205 505
Twist (turns/100d) 0 1 0 1
Water cooling/heating Yes Yes No Yes
Minimum number of test samples 2 1 2 1

NOTE1 The temperature value can differ depending on the risk assessment and the end user requirements.

NOTE 2  Itis not current practice to make UV tests on the entire rope but on the yarns when it is deemed to be
necessary.

NOTE3  With laid construction ropes, the direction of twist is relevant.
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NOTE4  Water cooling/ heating is allowed for accelerating testing to maintain the surface temperature of the
rope with correlation of the test results between wet and dry condition recorded.

If deviation between duplicate test samples is more than 25 % of the higher lifetime, an additional
sample should be tested. If the third test sample also does not meet this target deviation, the test
procedure and HPFR design should be reviewed and the tests should be repeated.

EXAMPLE

— Sample 1: 30 000 bending cycles; Sample 2: 50 000 bending cycles;

20 0 £C00 000 cucla
[=x=4 [CA*aRvava<)

o cic ]
Ot €y eresT5—T o€y €TeS;

The difference of 20 000 cycles between Sample 1 and Sample 2 is greater than the allowable deyiation of 12 500.
Therefore, an additional test needs to be carried out.

B.3.2 Sheaves

Thf geometry, material and surface of the sheaves used in testing should/be 6ptimized for{the HPFR
copstruction and the design used should be provided with the test results:

NOTE Typical steel wire rope sheaves designed for cranes have groove-R/d ratios greater than [0,525 with
op¢ning angles of 45° or greater, where R is the radius of groove in sheave, and d is the nominal rope diameter.

B.B.3 Testing

Testing should be performed for single bending evaluationwith a bend length of at least 20d.

B.B.4 Water cooling/heating
The setup for the water should be defined clearly*and provided with the test results, for example:

a) | either rope running through a water bath (whole rope cross-section should be watered), spraying
or flowing water in the groove at aminimum flow rate of 2 1/min;

b) | if a water tank is utilized, it showld have a capacity big enough to prevent saturation of|the water
with material removed from the rope;

c) | temperature control, esperially for 50 °C £ 5 °C;
d)| no salt water;
e) | water should be-¢changed after every test (because of coating, chemicals, etc.).

NO[TE Water@cts as lubricant and can have an influence on the rope performance.

B.3.5 Machine parameters

Thedending machines should feature the following parameters:

a) load tolerance: £2 %;

b) minimum distance of the bending zone to the end connection: 10 times nominal HPFR diameter, d;
c) fleetangle of 0°;

d) wrap angle on the test sheave: minimum 60° (usually around 150°);

e) speed and stroke length variability.
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B.3.6 Identifying discard criteria

Periodic observation to identify discard criteria should be made and documented with the test results:

a) measurements of sample condition such as diameter, elongation, etc., should be tested at periodic
intervals when feasible;

b) stopping the machine can have an influence on the result and should be maintained consistently for
all samples to provide equivalent conditions and should be included within the test results.

B.3.7 Testend criteria

The bending test should be ended in the case of:

a) abrol
b) awhd
c) ifthe
d) if10

NOTE
criteriais 1

ken strand;

le broken rope;

rope is elongating and the rope force cannot be applied;
0 000 cycles are reached (long runner).

If a residual breaking strength test is performed, the bending test neéds to be stopped when disc
eached.

B.4 Multilayer spooling test

B.4.1 G
Tests are
a) onteg

b) onad

B.4.2 S¢

a) The t
the te

b) Thes
force
c) It sho
withi

pneral
bither carried out:
t equipment designed for multi-layer winding; or

rane that is prepared for the eventuality of a potential rope break.

tup of the drum test

st can be done either by-lifting a load or pulling between two winches and the parameters
st system should be provided with the test results.

ystem for applying.the load should be sufficient enough for a load corresponding to the rg
ised in the application.

uld be ensured that the rope force where the rope spools onto the drum remains const
h the tolerances of £2 % over the entire rope spooling cycle.

d) Dru

(s).should be large enough for the number of layers used in the application.

hrd

of

pe

hnt

e) Drum(sj width allowing number oI wraps should be equivalent to those 1 the application.

f) The fleet angle between the drum and the first sheave in the test configuration should be 2,0° + 0,5°
when the rope is positioned against each flange, unless the application requires operation at larger

or sm

24

aller fleet angles (see Figure B.1).
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g)
h)

B.1

d)
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y
fleet angle at the sheave (angle is enlarged for better visibility)
sheave
drum

Figure B.1 — Fleet angle

Drum design should be as in the intended application.

Number of sheaves that the rope bends around in the'test setup should be minimized.

1.3 Full load test method

An appropriate pre-tensioning procedure'should be applied at installation to ensure that
is not damaged prior to test start.

One test cycle is defined as spoolinig the entire rope length on and off the drum from the
wrap limit to the uppermost layer as specified for the application.

Maximum rope pull (MRPJ}.1s-applied to the rope for the duration of every cycle on and off]

Periodic observation to)identify discard criteria should be made and documented wit
results.

Measurementsof ‘sample condition such as diameter, elongation, etc., should be tested 3
intervals when/feasible.

Testingshiould be performed at ambient temperature with measured temperatures proy
the results.

B.

the HPFR

minimum

the drum.

h the test

t periodic

ided with

I 4) Alternating load test method

b)

An appropriate pre-tensioning procedure should be applied at installation to ensure that the HPFR

is not damaged prior to test start.

One test cycle is defined as spooling the entire rope length on and off the drum from the requisite

number of safety wraps to the uppermost layer.
— Rope is spooled onto the drum with 5 % MRP applied.
— Rope is spooled off the drum with 100 % MRP applied.
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d)

Periodic observation to identify discard criteria should be made and documented with the test
results.

Measurements of sample condition such as diameter, elongation, etc. should be tested at periodic
intervals when feasible.

Testing should be performed at ambient temperature with measured temperatures provided with
the results.

B.4.5 Number of test samples

At least two drum tests should be carried out for each test method on the chosen equipment to provjde

sufficientcomparison between results.

Where deyiation between the test samples is more than 25 % of the higher cycle number, aipadditiohal
sample sHould be tested. If the third test sample also does not meet this target deviation, the test

procedurg and rope design should be reviewed, and the tests should be repeated.

EXAMPLE

Sample 1: 3 000 spooling cycles; Sample 2: 5 000 spooling cycles;
25 % ¢f 5 000 cyclesis 1 250 cycles.

The differgnce of 2 000 cycles between Sample 1 and Sample 2 is greatef than the 1 250 allowable deviation.

Therefore,jan additional test needs to be carried out.

B.4.6 T¢st end criteria

The drum|test should be ended in the case of:

a)
b)

<)

B.5 Teymination test

B.5.1 T:[:'mination at drum side

The termi

a)

b)

26

a broken strand;
a whdle broken rope;

discard criteria being reached, if a residual breaking strength test is performed.

ation used to,eonnect the HPFR to the drum should be evaluated to ensure the following.

The rppe termination without safety wraps is capable of holding at least 1,2 times the MRP of the
HPFR|(see 5.1}

This fermiimation strength requirement is intended to provide safety in the event that the wifap
limitdrfails. The termination should not fail when loaded to this target tension with the rope loaded
as under service conditions. Testing results snould be provided as evidence along with parameters
of the test method used.

The rope termination including safety wraps is capable of holding at least (0,8 x n) times the MRP of
the HPFR (see 5.1).

Evaluation of strength with minimum required friction wraps can be performed through direct
testing on a drum with wraps.

An alternative method is testing a drum attachment without wraps where a calculation for the
tension reduction by wraps is determined in accordance with 5.1.

HPFR fastening on to the rope drum should be tested with the rope installed on a test fixture
utilizing the minimum friction wraps. The termination should not fail when stressed to the
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required termination strength (see 5.1) and testing results should be provided as evidence along

with parameters of the test method used.

Calculated termination efficiency takes into account the results from a linear tension test of the
termination without friction wraps; the angle corresponding to the specified minimum friction

wraps; the coefficient of static friction between the HPFR and the drum. The coefficient

of friction

should be taken as 0,04 unless validated through testing by the rope manufacturer with evidence

provided in combination with the termination test findings.

The rope termination without safety wraps is capable of being cycled under maximum rope pull in

Th
fol

b)

.5.2 Termination at load side

the rope drive ina Faﬁglm life test

This test without safety wraps should ensure that the HPFR is not slipping out of the enid te
and the termination is able to hold the rope.

Testing of the termination should be carried out through cycling tension between 50 % ¢
of the maximum designed rope pull in the rope drive using a new HPFR in the designed te
The termination should not fail during testing up to 75 000 force eyclés. The temp
HPFRs should be kept at the maximum intended operating temperdture. No modificat
termination during the testing should be made. Testing results should be provided af
along with parameters of the test method used.

e termination used to connect the HPFR to the load sidéshould be evaluated in order to 4
owing.

Strength exceeds the requirements in 5.2.

Testing should be performed through application of tension up to the maximum rope |
rope drive using a new HPFR with thedesigned termination. The termination shou
when loaded to this target tension andytesting results should be provided as evidence 3
parameters of the test method used;

NOTE Terminations for HPFR ¢an necessitate bedding-in (see ISO 2307:2019, 9.5) to be op
prior to a breaking strength test.

Termination fatigue life(@llows for repetitive cycling with maximum rope pull in the rope

Testing of the terniination should be carried out by cycling tension between 50 % and
the maximum repe pull in the rope drive using a new HPFR in the designed terminaf
performing 75,000 cycles the termination should be loaded to the minimum required te

operating temperature. No modification of the termination during the testing should
Testingwesults should be provided as evidence along with parameters of the test method|

rmination

ind 100 %
mination.
brature of
ion of the

evidence

nsure the

bull in the
d not fail
long with

timally set

drive.

100 % of
ion. After
rmination

strength ag'defined in 5.2. The temperature of the HPFR should be kept at the maximunp intended

be done.
used.
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Annex C
(informative)

HPFR test report - Spreadsheet

C1 Geterai
This annefk provides guidance on test reports to demonstrate the performance of the HPFR as-tequired
in 4.4 and|Clause 6.

C.2 Ex3gmples

Examples|are given in the Tables C.1 to C8.

Test methpds should be provided against the appropriate values in the tables:
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