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INTERNATIONAL ELECTROTECHNICAL COMMISSION

GUIDANCE ON TECHNIQUES FOR THE MEASUREMENT OF
THE COEFFICIENT OF FRICTION (COF) BETWEEN CABLES AND DU

FOREWORD

CTS

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising

9)

all national electrotechnical committees (IEC National Committees). The object of IEC is to

Techhnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred’ ‘to

promote
elds. To

nd and in addition to other activities, IEC publishes International Standards, Technical Spegijfications,

as “IEC

Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested
in the subject dealt with may participate in this preparatory work. International, goveramental gnd non-

governmental organizations liaising with the IEC also participate in this preparation. IEC|cellaborate

closely

with [the International Organization for Standardization (ISO) in accordance with conditions determjined by

agre¢ment between the two organizations.

The formal decisions or agreements of IEC on technical matters express, as nearly)as possible, an inte
consensus of opinion on the relevant subjects since each technical committee“shas representation
intergsted IEC National Committees.

ublications have the form of recommendations for international use”and are accepted by IEC

national
from all

National

ittees in that sense. While all reasonable efforts are made to enstre that the technical conterjt of IEC

for any

In ofder to promote international uniformity, IEC National Committees undertake to apply IEC Pullications

parently to the maximum extent possible in their natiohal and regional publications. Any di
betwgen any IEC Publication and the corresponding nationalhor regional publication shall be clearly ind
the latter.

ergence
cated in

IEC |tself does not provide any attestation of conformity. Independent certification bodies provide cqnformity
assepsment services and, in some areas, access, to-IEC marks of conformity. IEC is not responsiblg for any

services carried out by independent certification bodies.

All ugers should ensure that they have the latést edition of this publication.

No lipbility shall attach to IEC or its directors, employees, servants or agents including individual experts and
mempers of its technical committees and IEC National Committees for any personal injury, property dgmage or
othel damage of any nature whatsgeyer, whether direct or indirect, or for costs (including legal f¢es) and

expenses arising out of the puplication, use of, or reliance upon, this IEC Publication or any o
Publications.

Attertion is drawn to the Normative references cited in this publication. Use of the referenced public
indispensable for the correct application of this publication.

Atterjtion is drawn to the’ possibility that some of the elements of this IEC Publication may be the s
patemt rights. IEC shall hot be held responsible for identifying any or all such patent rights.

The main task(ofy IEC technical committees is to prepare International Standards. How
technidal committee may propose the publication of a technical report when it has cqllected
data off adifferent kind from that which is normally published as an International Stand
exampl|e\istate of the art".

her IEC
ptions is

ibject of

ever, a

ard, for

IEC TR 62470, which is a technical report, has been prepared by subcommittee 86A: Fibres
and cables, of IEC technical committee 86: Fibre optics.

The text of this technical report is based on the following documents:

Enquiry draft Report on voting
86A/1407/DTR 86A/1417/RVC

Full information on the voting for the approval of this technical report can be found in the
report on voting indicated in the above table.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.
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The committee has decided that the contents of this publication will remain unchanged until
the stability date indicated on the IEC web site under "http://webstore.iec.ch" in the data
related to the specific publication. At this date, the publication will be

* reconfirmed,

* withdrawn,

» replaced by a revised edition, or
*+ amended.

A bilingual version of this publication may be issued at a later date.

IMPORTANT - The 'colour inside’' logo on the cover page of this publication.indicates
that |it contains colours which are considered to be useful for-the correct
undefstanding of its contents. Users should therefore print this document using a
coloufr printer.
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GUIDANCE ON TECHNIQUES FOR THE MEASUREMENT OF
THE COEFFICIENT OF FRICTION (COF) BETWEEN CABLES AND DUCTS

1 Scope and object

This technical report describes three techniques to measure the coefficient of friction (COF)
between cables and ducts. For a given technique, cable construction, installation method
(pulling, pushing, or blowing), and duct size, the relative values of the COF can give some
indicatijon as to the relative ease of installation. The techniques can be used for traflitional
cables|and ducts (see IEC 60794-3-10) as well as for microduct cables and microducts (see
IEC 60[f94-5). A fibre or fibre unit may be evaluated in place of a cable in all techniquesg.

Methods A, B, and C are distinguished by the equipment used for measurements:

e method A — using a wheel around which the duct is wound, a cable*with attached|weight
being pulled through the latter, while measuring the force needed for this;

e method B — using a device to clamp a duct specimen, a cable specimen placed |inside,
tilting both while measuring the angle at which the cable specimen starts to slide| or the
andle which sustains sliding; and

e method C - using a device to clamp and straightem~a cable specimen, a duct specimen
plaged around it, tilting both while measuring the @ngle at which the duct specimen starts
to dlide, or the angle which sustains sliding.

The COF when the cable is not moving with respect to the duct is the static COF, gnd will
increage until sliding suddenly starts. The COF. while the cable is sliding within the duct is the
kineticlor dynamic COF. It should be noted.that the static COF will generally be a higher value
than thie kinetic COF.

The resgults from the three methods can be compared qualitatively, but are not represented as
being g¢quivalent. None of the methods are represented as being the Reference Test Method.
Method A will yield the kinetic(COF; methods B and C will yield both static and kinetic JOF.

Both the static and kinetie \COF may be dramatically affected by lubrication of the cable|and/or
duct. While not specifically addressed herein, the intent of these methods may be us¢d with
lubricated cable/duct.samples.

These |methods/do not constitute a routine test used in the general evaluation [of the
installgtionsperformance of cables in ducts. This parameter is not generally specified within a
detail gpecification.

2 Reference documents

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

IEC 60794-1-1:2001, Optical fibre cables — Part 1-1: Generic specification — General

IEC 60794-3-10: Optical fibre cables — Part 3-10: Outdoor cables — Family specification for
duct, directly buried and lashed aerial optical telecommunication cables

IEC 60794-5: Optical fibre cables — Part 5: Sectional specification — Microduct cabling for
installation by blowing
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3 Test procedures

3.1 Method A: wheel test
3.1.1 General

This subclause describes a technique for the measurement of the COF between a cable
specimen and a duct specimen, an important parameter for the installation performance
(pushing, pulling, blowing, etc.) of the cable in the duct; see IEC 60794-1-1:2001, Annex C (to
be IEC/TR 62691). This method particularly evaluates the friction seen when a cable travels
around a curve in a duct.

In this|method, a cable specimen with attached weight is pulled through a duct spgcimen
wound |around the wheel and the pulling force is measured.

which fhe duct is pulled over the wheel. Sometimes a pulley is also used to|direct the dable in

Severjl variants of wheel tests are used with different weights, diameters,Jand anglgs over
line with the pulling/force-measuring device. One variant is given here as-am example.

3.1.2 Sample

The tgst sample comprises a duct specimen and a cable\§pecimen of the type| under
considgration. A new, clean, grease-free specimen of each s.required for each test t¢ avoid
the eff¢cts of wear and contamination. Sometimes a dummy Cable, with the same weight but a
lower dtiffness than the cable to be tested, is used to minimise stiffness effects at the ¢nds of
the dugts.

The duct specimen is of sufficient length to wrap>around the wheel or segment (see 3.1.3) the
numbef of times required by the detail specification, with an additional length for an entrance
and ex|t end (see Figure 1 and 3.1.4). Typically, 1 wrap around the wheel is used.

The cdble specimen shall be long _enough to fit within the duct specimen, with adgditional
length to accommodate attachments*at each end (see 3.1.3 and 3.1.4) and gauge lehgth(s)
for all fest runs (see 3.1.4).

3.1.3 Apparatus

A whegl with radius R-per the detail specification (50 + 2 cm is the suggested standard value)
is placeéd before a tensile test machine, see Figure 1. A mass, M, is attached to the taillend of
the cable specimen*to provide the specimen with a counter-weight, W (see Figure 1). The
weight|serves (fo simulate the upstream functional force, as friction from a long lepgth of
cable. [The arrangement allows the pulling force to be measured where a cable specimen is
pulled through a duct specimen wound around the wheel.

In the case of installation by blowing the attached weight in the wheel test must be small in
order to simulate the friction in blowing practice as closely as possible. In this case its mass
M should be approximately equal to the mass of a length of 2 m of the cable specimen. The
low forces involved in said case do not allow the use of (relatively small diameter) pulleys,
where bending the cable, thus dissipating energy, results in extra forces that cannot be
ignored.
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Figure 1 — Sketch of a wheel test

Procedure

bcedure follows the intent of the following steps, with variations as necessary
C test:

d the duct specimen firmly around the“wheel over the arc for the number o
cified in the detail specification (3602, 1 wrap, is a common value). At each eng
t specimen, a free angle, ¢, of abeut 10° is provided (see Figure 1). This minimi
ct of bending a cable with stiffness from straight to curved.

brt the cable specimen intosthe’duct by pushing or pulling, as appropriate. Take
id damaging the inner surface of the duct.

he discussion in 3.1:8.

the cable through the duct at the specified speed for the specified
tinuously measuring the force. This sequence is the test run. A speed of 1,0
nin is frequently used. A first length pulled is ignored in evaluating the force (ty
Cm), thereafter, the force is measured for a gauge length (typically 50 cm).

E 1 (The measured COF can be affected by the speed used in the test. The relationship of the nj
te the effective COF in actual installations can therefore be affected. The actual installation s

for the

f turns
of the
ses the

care to

mindful

length,
or 1,8
pically

easured
beeds of

inte

est,'could be used in the test, but this might lead to needing longer cable specimens in the

test and

mod

ification of the test setup.

e Repeat the test run several times, as specified, and average the pulling force. Typically,
about five test runs are performed. The data should be examined for outliers. Often, the
first one or two test runs should be excluded from the averaging, best simulating the long
length cable sliding found in a practical installation.

3.1.5

Calculations

The COF can be found from:

where

F = (Mg +WA)exp (2nmf )+ 1 fj;z WRexp(2nTif)-1]

(1)
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force to pull the cable through the duct (N);

is the acceleration of gravity (9,81 m/s2);

F
M is the mass of the weight (kg);
g
w

is the weight of the cable specimen per unit length (N/m);

Al is the length of cable outside the duct circle (m);

n is the number of wraps on the wheel;
f is the COF;
R is the radius of the wheel (m).

The fou
runs; s

NOTE 2

NOTE 3
orientati

NOTE 4
to result

3.1.6
e Thq
o tes
o dia
e len

e cab

e ma
e spe

e forg

ce 3.1.4. The value of f'can be calculated by iteration.

See Bibliography for the equation.

The equation is for coils oriented vertically (axis of helix horizontal). See Bibliography reference
bNS.

Different weights and wheel diameters may produce different results. They{should be selected
in consistent results for a given cable construction.

Results
following information should be reported for each test
apparatus arrangement;
meter of wheel;
jth of the cable outside the duct circle;
le specimen details
seath material
outer diameter
weight per unit of length;
t specimen details:
duct materials
inner diameter
details of the inner surface (smooth, ribbed, etc.);
5s of the weight;
ed at which the cable is pulled through the duct;
e to\pull the cable through the duct;

e caltutate

tad COC.
G

d test

for other

carefully

SO

e relative humidity and ambient temperature during the test.

3.2 Method B: sloped duct test

3.21

General

This subclause describes a technique for the measurement of the COF between a cable
specimen and a duct specimen, an important parameter for the installation performance
(pushing, pulling, blowing, etc.) of the cable in the duct; see IEC 60794-1-1:2001, Annex C (to
be IEC/TR 62691).
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3.2.2

Sample

The test sample comprises a duct specimen and a cable specimen of the type under
consideration. A new, clean, grease-free specimen of each is required for each test to avoid
the effects of wear and contamination.

The duct specimen is of a length consistent with the apparatus of Figure 2. The duct
specimen often must be straightened such that it will be straight when mounted in the
apparatus.

The cable specimen is shorter than the duct specimen. Straightening of the cable specimen

and a
straigh

short length of this specimen is required to achieve a specimen that is subst

antially

[. Take care that the length of the cable specimen is short enough but not so.s

hort as

to induice tumbling of the specimen. The (intrinsic) bend radius of the cable should“not result

in touching opposite walls of the duct, which would result in extra friction duerto’the

action
cable

cable g§pecimen may be treated with a pencil sharpener or a similar tool.‘'such that the

only in

3.2.3

A duct

to the

bpecimen and comes into contact with the cable specimen sheathy The ends

Apparatus

ase plate. Care shall be taken to place the base plate as horizontally as possibl

IEC 2411/11

spring

of the cable ends. Also care shall be taken that no filling compound @rips ouf of the

of the
duct is

contact with the outer sheath of the cable. The combination of the straightnesq of the
cable gnd its length can affect the results.

specimen is mounted straight on a duct supporting“-plate, see Figure 2. In thlis duct
specirrlen the cable specimen is placed. The duct supporting plate can be tilted with

espect

a)

C .

KEY:

A: duct fixing strap F: level indicator

B: duct G: level setting screw
C: setting wheel H: locking wheel

D: cable I:  base plate

E: coefficient of friction indicator J: duct support

Figure 2 — Sketch of the sloped duct test
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3.2.4 Procedure

The procedure follows the intent of the following steps:

Attach the duct specimen, placing it straight on the duct support.

Insert the cable specimen in the duct at the upper end, opposite the pivot of the supporting
plate.

Adjust the base plate horizontally using the level setting screw

Static COF - Tilt the duct support with duct and cables specimens. Measure the angle with
the base plate, «, at which the cable specimen starts sliding.

a S v

ping the specimen

of the duct. The smallest angle « at which continuous sliding occurs is\the angle yised to
calgulate kinetic COF.

For a alid measurement to be recorded the specimen must have travelled from the top to the

bottom|of the apparatus in one continuous motion.

NOTE §Peveral test runs with each setup, with averaging of the calculated~COF, may be advantageous.

This test is used mainly for traditional optical cables and ducts, since for microduct calple and

microdpct it is difficult to start the specimen sliding by*hand.

3.2.5 Calculations

The CQF can be found from:

where

a

S
3.2.6 Results

The following-information should be reported for each test:

J =tan(a) (2)

is the angle with the horizontal at which the cable specimen starts sliding (static JOF) or
continues sliding (kinetic: COF);

is the COF, static or kinetic, as applicable.

test apparatus arrangement;

length of the duct specimen;
length of the cable specimen;
cable specimen details:

— seath material

— outer diameter

— weight per unit of length;
duct specimen details:

— duct materials

— inner diameter

— details of the inner surface (smooth, ribbed, etc.);
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e angle a with the base plate at which the cable specimen starts sliding (static COF) or
continues sliding (kinetic COF);

e calculated COF (one or both types);

e relative humidity and ambient temperature during the test.

3.3 Method C: sloped cable test

3.3.1

General

This subclause describes a technique for the measurement of the COF between a cable
specimen and a duct specimen, an important parameter for the installation performance

be IEC

3.3.2

(pushirg pulling blowing etc ) of the cable in the duct; see |IEC 60794-1-1:2001 _Anne
TR 62691).
Sample
st sample comprises a duct specimen and a cable specimen_.of. the type

The te
consid

pration. A new, clean, grease-free specimen of each is required fer/each test t

the eff¢cts of wear and contamination.

The c4

appara

ble specimen is of a length consistent with the apparatus of Figure 3. The

us. Note that most apparatus for this test hold the~cable under tension, wh

specin‘l‘en often must be straightened such that it will be straight when mounted

assist i

The dd
and a

straigh
fail to

shall n
the spr
be atta
duct a
around
duct sf
the cal

The en
the ca
straigh

3.3.3

n straightening the cable specimen.

ct specimen is shorter than the cable specimen. Straightening of the duct sp
short length of the specimen is required toJachieve a specimen that is subst
t. Take care that the length of the duct specimen is short enough but not so sho
ay flat on the cable specimen during*the test. The (intrinsic) bend radius of t
Dt result in opposite walls touching the cable, which would result in extra friction
ing action of the duct ends. A mass; typically cylindrical and surrounding the du
ched to the duct specimen to,simulate the effects of upstream friction of a le
hd cable. Longer duct lengths are possible when using a straight (metal) g
the duct specimen, whiclrat the same time serves as a weight. The total we
ecimen and cylinder per,unit of length shall be between 1 and 10 times the we
le specimen per unit of length.

ds of the duct specimen may be treated with a conical drill or a similar tool, su
ble is only in contact with the inner surface of the duct. The combination
fness of the duct and its length can affect the results.

Apparatus

The af

x C (to

under
b avoid

cable
in the
ch will

Bcimen
Antially
rt as to
e duct
due to
Ct, may
ngth of
ylinder
ight of
ight of

ch that
of the

paratus is a clamping device (see Figure 3), such that a cable specimen 1

nay be

mounted straight. Before finishing clamping the cable specimen a short specimen of duct is
sleeved around it, see 3.3.2. The tension of the cable specimen in the fixture must be large
enough to straighten the cable specimen sufficiently such that the deviation of the cable from
a straight line is minimised (see the discussion in 3.3.2). The deviation is typically less than
0.5° which can be estimated by visual examination; if in doubt it should be measured. The
clamping device with specimens can be tilted with respect to the horizontal.
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IEC 2412/11

Figure 3 — Sketch of the sloped cable test.

Procedure
pcedure follows the intent of the following steps:

Ce the cable specimen in one side of the clamping device:"Sleeve the duct sp
Lnd the cable specimen. Mount the other end of the cable specimen in the other

cimen to the end of the apparatus to be raised. Seé&.the discussion in 3.3.3.

Bcimen
side of

clamping device, tensioning it such that the cable specimen is straight. Move the duct

e Static COF — Tilt the clamping device with duct and{cable specimens. Measure the angle «

at
e Kin
dug
con
rep
ang
the
cal
For a
bottom
NOTE
3.3.5
The C(

vhich the duct specimen starts sliding.

ptic (sliding) COF — Tilt the clamping device to the angle « to be evaluated. S

le a by a small increment and repeat the test until the duct does not slide to the
tulate kinetic COF.

alid measurement to be recorded the specimen must have travelled from the toq
of the apparatus_in-one continuous motion.

Several test runs with each setup, with averaging of the calculated COF, may be advantageous.
Calculations

DF can“be found from:

art the

t specimen moving by hand, e.g. by tapping the specimen. If the duct ddes not
tinue sliding to the end of the cable;* increase the angle « by a small incremgnt and
cat the test until the duct slides. _If\the duct does initially continue sliding, decregse the

end of

cable. The smallest angle. ¢ at which continuous sliding occurs is the angle ysed to

to the

where

f =tan(a)

a is the angle with the horizontal at which the duct specimen starts sliding;

f is the COF, static or kinetic, as applicable.

(3)

NOTE The use of increased duct-cylinder mass may affect the resulting COF. Caution in using these results in
comparison to results from other methods is advised.

3.3.6

Results

The following information should be reported for each test:

o test

apparatus arrangement;

e length of the duct specimen;


https://iecnorm.com/api/?name=9f71e5c47dcefc24e595a9971f94d612
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