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Foreword

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

Heavy duty ropes can be made from metal wire or synthetic fibre or a combination of these two.
Historically, fibre ropes were commonly made of natural fibres such as cotton, flax, etc. Recently,
synthetic fibres have been used to make heavy duty ropes. Synthetic fibre ropes are lighter and stronger
than steel wire ropes and natural fibre ropes.

However, synthetic fibre can acquire electrostatic charge more easily compared to metal wire ropes or
natural fibre ropes.

To oyercome this disadvantage different methods have heen applied to the manufacture of synthetic
fibre| ropes, such as combining them with steel wire or blending with conductive §afn, etc. The
development of such ropes has taken place without a standard procedure forcevalpfiating their
electirostatic propensity.

This|document describes a test method that is used to determine tribocharging of fibrg ropes by a
specified charging mechanism.

This testing method may not be representative of all possible charging mechanisms that are found in use.

© ISO 2018 - All rights reserved v
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Fibre ropes — Electrostatic surface potential measuring
method

1 Scope

This document specifies a method for determining the electrostatic charging propensity of fibre ropes

by
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4 1

Terms and definitions

ocument is notintended to be used to evaluate the safety of ropes for use in explasive g
ety also depends on application conditions.

test method described in this document is only applicable to fibre ropes, of diame
m and 20 mm.

result obtained using this test method is valid only for the chargihg-mechanism and
ibed in the test method. Charging can be different in end-use applications.

following documents are referred to in the text in¢such a way that some or all of t
fitutes requirements of this document. For datedjreferences, only the edition cited
ted references, the latest edition of the referenced document (including any amendme

30-1, Structural steels — Part 1: General technical delivery conditions for hot-rolled prod

968, Fibre ropes and cordage — Vocabulary

he purposes of this document, the terms and definitions given in ISO 1968 apply.
nd IEC maintain terminological databases for use in standardization at the following 2

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

EC Electropedia: available at http://www.electropedia.org/

Principle

A fibrépope specimen is cut to a designated length and both ends spliced by the short sp

tmospheres

fer between

parameters

heir content
applies. For
hts) applies.

ucts

ddresses:

lice method

to make an endless loop. The rope specimen loop is mounted in a rope driving apparatus and passes
around friction cylinders and a non-contacting electrostatic voltmeter. As the rope makes contact with
the friction cylinders, rollers and pulleys, it becomes electrostatically charged. The resulting surface
potential is measured by the non-contacting electrostatic voltmeter.

5 Test atmosphere

Unless otherwise agreed or specified, the atmosphere for conditioning and testing shall be a
temperature of (23 + 2) °C and a relative humidity of (25 * 5) %.

A different temperature or relative humidity may be used as appropriate for different geographical
regions, but in any case, the atmosphere for conditioning and testing shall include the lowest relative
humidity expected in use.

© ISO

2018 - All rights reserved


https://www.iso.org/obp
http://www.electropedia.org/
https://standardsiso.com/api/?name=7eda07f90c672ff4d6a02c553f3ef280

ISO 20615:2018(E)

6 Apparatus

6.1 Apparatus for tribocharging and measuring surface potential

One possible test apparatus is shown in Figure 1 as an example. Other apparatus capable of measuring
surface potential generated by tribocharging and recording such measurements over a period of time
may also be used after appropriate validation. For the validation, test a rope made of high modulus
polyethylene (HMPE) and compare the data with the example shown in Annex B.

The apparatus should be earthed. National electrical codes can be applicable.
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loading rfoller
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driving qultey

electrostatic voltmeter
motor

O© 0 N O U1 B W N -

recording device

Figure 1 — Diagram of an example of the test apparatus

6.1.1 Friction cylinders, consisting of two friction cylinders (see Figure 1, key items 2 and 3), which
are fixed without rotation, and the rope specimen winds around the cylinders. The dimension of each

2 © ISO 2018 - All rights reserved
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cylinder is 140 mm #* 3 mm in diameter and 180 mm * 3 mm between flanges. The material is E275A
prescribed in ISO 630-1 and polishing roughness is an arithmetic mean roughness of 6,3 pm.

E275A represents a typical material in many applications. However, there can be other materials in
other applications that have different triboelectric charging characteristics.

If the application for ropes requires testing using other friction materials, such as polyamide resin for
example, other material for the friction cylinders may be used and shall be recorded in the test report.

6.1.2 Loading roller, hanging freely in the rope path (Figure 1, key item 4) and loaded with a mass
of 2,4 kg + 0,3 kg (Figure 1 key item 5). The diameter of the roller is 46 mm * 3 mm. The material is the
samd as the friction cylinder material.

ifferent load is used, record it in the test report.

Driving pulley, for driving the rope specimen in this testing apparatus-along the rope path
re 1, key item 6). The material is the same as the friction cylinder material.

6.1.4 Electrostatic potential measuring instrument, non-contacting electrostatic voltmeter as
shown in Figure 2, which may be either an electrostatic field meter*calibrated to read sujface voltage

using a known target geometry, or a direct reading electrostatic voltmeter (e.g. vibrating reefl type).
ange: 0 kV to 20 kV, both positive and negative polarity:
esponse time (0 % to 90 % full scale): <10 ms.

Veriffication shall be performed, and the correction factors shall be calculated according to Annex A.

V)

pu
|

Key

1 non-contacting electrostatic voltmeter
2 sensing point

3  rope specimen

4  mounting base

Figure 2 — Electrostatic voltmeter

© ISO 2018 - All rights reserved 3
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6.1.5 Driving motor, with speed controlled by an inverter system. The rope running speed for this
measurement is 0,6 m/s + 0,1 m/s.

If a different rope speed is used, record it in the test report.

6.1.6 Recording device, data logger connected to a personal computer, or other suitable device for
recording the output of the electrostatic voltmeter.

6.2 Neutralization apparatus, compressed gas or blown air ionizer, etc.

7 Prepa

7.1 Specimen diameter

The applical
design is ch

The maximy
roller and th

7.2 Cutti)

Cut rope saf

7.3 Splici
Splice both §

ration of specimens

ble diameter of ropes for this specific apparatus is from 12 mm to 20 mmIf the appa
hinged, a wider range of diameters can be measured.

m value of the rope diameter is determined by the maximum groove-diameter of the log

g
hple to 7 300 mm * 50 mm in length.
ng rope specimen

bnds together by the short splice method ta-mvake a loop as shown in Figure 3.

=

Proceq

Process 1:
end positior]

Process 2: M

Process 3:

e driving pulley, and the minimum diameter is determined by the field meter accuracy.

ratus

1ding

V.

Process 2

—
—
—

s1 Process 3 Process 4 Process 5

Figure 3 <~Short splice method for connection of rope ends

nravel the beth rope ends to strands and wind up tightly to create knot at the unray
of ropes:

atch'the strands alternatively.

elled

nsert a strand into the rope as overlap one strand at the knotted position by us

ng a

knitting needle.

Process 4: Insert strands both sides reciprocally.

Process 5: Knit more than 3 times for both sides.

Wear gloves

for handling of specimen to avoid contamination.

The surface of ropes can be contaminated by residual processing finishes, dirt or other substances that
may affect to the test result. Contamination may be removed by washing. ISO 6330 specifies washing
procedures that may be used for pre-treatment of rope samples.

© ISO 2018 - All rights reserved
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7.4 Conditioning of specimen
Condition specimens for a minimum of 24 hours under the conditions specified in Clause 5 before

testing under the same conditions.

8 Testing procedure

8.1 Rope specimen setting

a) Hang the looped rope specimen as shown in Figure 4. Wrap the rope twice around both driving
%ulleys in Figure 4, T to 2 and 2 to 1, go to the first friction cylinder, 3, then the loadling roller, 4,

nd wind around the second friction cylinder, 5, then pass the electrostatic voltmeter-and return to
riving pulley, 2.

[

() )

NOTH The numerical values in the figure indicate the mounting order.

Figure4'— Rope path explanation

b) Apfter hanging the rope specirhen around the path, add a mass of 2,4 kg + 0,3 kg to the lgading roller.
Lonfirm that the loading noller position has not reached the lower end.

c) Apdjust the electrostatie voltmeter position so that it is equal to the distance used in [verification,

if a field meter is used, or as recommended by the measuring instrument manufacture if a direct

feading electrostatic voltmeter is used. The distance between the measuring instrument and

fope specimen‘shall be 50 mm # 2 mm, or the distance determined in verification, and the centre
f the sensing point shall be in line with the centre of the rope. Then, neutralize th¢ measuring

;I;lstrument and rope specimen by using an ionizer (6.2) and check that the surface potential of the

fope specimen is in the range of +100 V to -100 V along its entire length. This check shall be done
sing a hand-held electrostatic potential measuring instrument (see 6.1.4) scanned alTng the rope
pécimen.

8.2 Measurement of surface potential generated by tribocharging
a) Connect the electrostatic voltmeter to the recording device.

b) Check that the starting measured value of surface potentials in the range of +100 V to =100 V along
the entire length of the rope specimen.

c) Switch on the motor and run the rope specimen.
d) Record data for at least 10 minutes or until a maximum plateau is observed.

e) Measure 3 rope specimens.

© IS0 2018 - All rights reserved 5
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f)

g)

9

Calculate the average of the maximum surface potentials obtained from each measurement of the 3
rope specimens.

Example of the test result is shown in Annex B, Annex C and Annex D.

Test report

Test report shall include at least the following information:

a)
b)
c)
d)
€)
f)
g)
h)
i)

areference to this document, i.e. ISO/IEC 20615:2018;

date an{l time of measurements;

atmosphere for conditioning and testing if there is deviation from this document;

cleansii]
specific
testres
identifi
friction

any dev]

g method and condition, if used;

ations of tested rope (material of fibre, product type, diameter);
hlts;

ration of instrumentation used;

cylinder material used;

iation from this document.

© ISO 2018 - All rights reserved
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Annex A
(normative)

Verification procedure and correction factor

Tools

Preppre 5 metal pipes 200 mm in length and with diameters of 12 mm, 14 mm, 16 mm, 18min] and 20 mm.

A2

Verification procedure

a) With the pipe and other nearby conductors earthed, adjust the zefo,point of thg measuring

instrument.

b) Apply 10 000 V DC to a 16 mm diameter metal pipe and adjust the electrostatic voltnjeter so that

the reading is 10 000 V.

c) Apply 10 000 V DC to each pipe and measure the voltage forall pipes as V12, V14, V1g and Vyo.

A3

Correction factor is calculated by using Formulae (A1) to (A.4):

wherte

ol

o

o

x4

Fci2 is.eoxrection factor for diameter 12 mm;

Fc14¢ IS correction factor for diameter 14 mm;

Correction factor

c12=10000/V72

c14 =10 000/V14

c16=10000/V1g

c20=10000/V>29

o £
T

o 3 e fioan £
Mg 1S COTTreC o Tattort

rdiga ot 1O o on
o1 O TICT O 1111

IA11IC il 1§ II,

Fcyp is correction factor for diameter 20 mm;

V12  isthe voltage measured according to A.2 using the metal pipe with 12 mm diameter;

V14  is the voltage measured according to A.2 by using the metal pipe with 14 mm diameter;

Vig  isthe voltage measured according to A.2 by using the metal pipe with 18 mm diameter;

V20 isthe voltage measured according to A.2 by using the metal pipe with 20 mm diameter.

(A1)

(A.2)

(A.3)

(A4)

The correction factors for the diameters between the prepared pipes are interpolated from the
obtained values.

© ISO
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A.4 Example of correction factors

Table A.1 shows the verification on the pipe with a diameter of 16 mm and calculation of the correction

factor to other diameters.

Table A.1 — Calculation of correction factors

Diameter Measured voltage
Correction factor
mm kv
12 8,84 1,13
13 — 1,09
14 9,65 1,04
15 — 1,02
16 10,00 1,00
17 — 0,99
18 10,24 0,98
19 — 0,97
20 10,39 0,96

The data of[Table A.1 is described in Figure A.1 and the correlationfactor is obtained as 0,986 1

approximatjon formula is as described in Formula (A.5):
Y =0,02px2 - 0,114x + 2,050 6

1,15 l
1,10 \
> 1,05
[ ]
1,00
0,95 ?
10 12 14 16 20 22

The

(A.5)

Key
Y correction factor (N)
X  diameter (mm)

Figure A.1 — Example of correction factor

A.5 Alternative verification procedure

a) Position one of the pipes near the measuring aperture of the measuring instrument.

© ISO 2018 - All rights reserved
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b) With the pipe and other nearby conductors earthed, adjust the zero point of the measuring
instrument.

c) Remove the earth connection from the pipe and apply 10 000 V DC to the pipe.
d) Move the measuring instrument until the reading is 10 000 V DC.

e) Record the distance between the measuring instrument and the pipe. This distance shall be used
when testing ropes of the same diameter as the pipe.

f) Apply 10 000 V DC to each of the other pipes and record the corresponding distance at which the
measuring instrument reads 10 000 V.

© ISO 2018 - All rights reserved 9
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Annex B
(informative)

Example of test results

B.1 Fibre rope sample preparation

B.1.1 Sa

p
prepared. "‘F‘L details of sample A is as following.

A conductiv
synthetic filj

B.1.2 Sam

B.2 Test

B.2.1 Fric

Metal E2754

B.2.2 Washing.

The washin
at 40 °C wat

B.3 Test

The test co
values from|
rope and Fig

le A: A rope combining high modulus polyethylene (HMPE) and conductivefibre

e spun fibre of 1/34 metric count, which consists 50 % of conductive fibre and 50
re is combined by twisting in HMPE rope. The diameter of this rope is #4unm.

ple B: Regular rope, made of 100 % HMPE with 14 mm diameter.

condition

tion cylinder material.

\ is used.

b method used is described in ISO 6330:2012 Table B.1, Procedure No. 4M: 3 cycles w3
er for 10 min, then, dried naturally.

result

hdition and measuremeént results are shown in Table B.1. The results are the maxi
the recorded output of the electrostatic voltmeter as shown in Figure B.1 for HMPE
ure B.2 for the combination rope of HMPE and conductive fibre.

Table B.1 — Test result

Sample A Sample B

Temperature 21,2t0 21,4

was

% of

shed

mum
fibre

°C

Relative humidity 64,1 to 65,0

%RH

Correction factor 1,04

Maximum surface potential

-114,4 -11772,8

\

10

© ISO 2018 - All rights reserved


https://standardsiso.com/api/?name=7eda07f90c672ff4d6a02c553f3ef280

:2018(E)

ISO 20615

009 €
0vS €
087 €
0Zv €
09€ €
00€ €
0¥z €
08T €
0ZT €
090 €
000 €
0¥6 T
088 ¢
028 ¢
09LC
00LC
0¥9 ¢
085 ¢
0cs e
097 ¢
00%
0ve T
082 ¢
0z
09T ¢
00T 2
0%0 Z
0861
0z6 1
0981
0081
VLT
0891
0291
0981
00ST
(Uga"
08€T
0zel
0921
00ZT
ovT 1
080T
0z0T
096
006
0%8
082
0zZL
099
009
0%S
087
0zv
09€
00€
0¥e
08T
0zt
09

009 €
0vs €
08% €
0¥ €
09€ €
00€ €
0%Z ¢

2000

-2 000

-4 000

-6 000

-8 000

10 000

12 000

14 000

Figure B.1 — Reference HMPE fibre rope (Sample B)

08T €
0C¢T €
090 €
000 €
0¥6 ¢
088 ¢
0¢8¢
09L¢C
00L¢C
0¥9 ¢
085 ¢
0zs e
09%
00¥
0vET
082¢
0cee
091 ¢
00T Z
0¥0¢
0861
0z6 1
0981
008 I
0L
08971
0291
0961
00ST
ov¥ 1T
08€T
0ceT
0921
0021
ovT T
080T
0201
096
006
0%8
08L
0ZL
099
009
0vS
08¥%
0y
09¢
00€
(V44
08T
0zt
09

-50

-100

-150

-200

-250

Key
Y
X

yoltage (V)

passed time (sec)

Key
Y
X

yoltage (V)

passed time (sec)
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Annex C
(informative)

Information on the effect of parameters

C.1 General

Test results

C.2 Samj

The washin
water for 10

C.3 Test

Test corf
E275A
Rope w
Rope sp
Load: 1

C.4 Test
Table C.1 sh

ple preparation

condition

eed: 1,2 m/s.
kg.

result

fapping on cylinder: 1,5 times

are shown to demonstrate the influence of changing some test parameters.

ditions of different relative humidity (RH) were chosen{ar'the tests.

vas selected as the friction cylinder material in thesétests.

bws the test result of different relative humidity.

Table C.1 — Effect of testing at different relative humidity

b method used is ISO 6330:2012, Table B.1, Procedure No. 4M: 3 cyclés“washed at 40 °C
min, then, dried naturally.

Diameter

mm

12

Correction factor

1,13

Temperature
°C

12,1t0 13,8

Ralativo hyyyai ity

TCCTocry C Tty

% RH

36,6 to 37,0

46,8 to 47,9

HMPE rope
\Y

-20758,1

-20193,1

HMPE+8 % conductive fibre rope

\Y

-192,1

-203,4

Table C.2 shows the result of different rope diameters.

12
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Table C.2 — Effect of diameter of ropes under test

Temperature
11,6 to 13,9
°C
Relative humidity
36,6 to 41,4
% RH
Diameter
12 14 16
mm
Correction factor 1,13 1,04 1,00
HMPE rope
v -20758,1 Over-20 800 Over-20.000
HMPE + conductive fibre rope
-192,1 -239,2 -340
\%
Tablg¢ C.3 shows the result on several kinds of rope products.
Table C.3 — Result on different kinds of rope materials
Temperature
11,3t0 13,8
°C
Relative humidity
36,6 to 40,8
% RH
Diameter
14 12
mm
Correction factor 1,04 1,13
Kind of rope HMPE Polyarylate HMPE Polyester
Regular (no conductive fibre)
v over -20 800 over -20 800 -20758,1 16 147,7
Rope with conductive fibre
v -239,2 -634,4 -192,1 -372,9

© ISO
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