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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.

The preecedures—tsed—to—developth ment-and-these—ntendedfor-its—further-maintenance are
described in the ISO/IEC Directives, Part 1. In particular, the different approval criteria‘needed for the
different types of ISO documents should be noted. This document was drafted in acéordapce with the
editdrial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all such patent rights. Details of
any patent rights identified during the development of the document willbe in the Introdu¢tion and/or
on tHe ISO list of patent declarations received (see www.iso.org/patents);

Any trade name used in this document is information given for the'éonvenience of users gnd does not
consfitute an endorsement.

For an explanation of the voluntary nature of standards; the meaning of ISO specifi¢ terms and
exprgssions related to conformity assessment, as wellvas information about ISO's aglherence to
the World Trade Organization (WTO) principles .in’’the Technical Barriers to Tradel (TBT) see
www.iso.org/iso/foreword.html.

This|document was prepared by Technical Comnittee ISO/TC 41, Pulleys and belts (including veebelts),
Subcpmmittee SC 3, Conveyor belts, in collaberation with the European Committee for Standardization
(CEN) Technical Committee CEN/TC 188,.Conveyor belts, in accordance with the Agreement pn technical
cooperation between ISO and CEN (Vienha Agreement).

This|third edition cancels and replaces the second edition (ISO 21178:2013), which has been technically
revided. The main changes compared to the previous edition are as follows:

— addition of terms and definitions;
— 1nodifications to thefigures and formulas;
— flechnical changes to the Clauses 5, 6 and 7;

— dleletion ef\Annex A;

— ¢ditorial modifications.

Any teedback or questions on this document should be directed to the user’s national standhrds body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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INTERNATIONAL STANDARD IS0 21178:2020(E)

Light conveyor belts — Determination of electrical
resistances

1 Scope

This document specifies test methods for determining the electrical resistances of light conveyor belts
accordi =1 T T > i rpendicular
to the belt plane, and longitudinal and transverse volume resistance parallel to the /dely plane. This
ent also specifies two test methods for determining the surface resistivity. and|the volume
resisfivity.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
consfitutes requirements of this document. For dated references, gunly the edition cited |applies. For
unddted references, the latest edition of the referenced document (including any amendments) applies.

[SO 18573, Conveyor belts — Test atmospheres and conditioning/périods

3 Terms and definitions
For the purposes of this document, the following térms and definitions apply.
ISO gnd IEC maintain terminological databases for use in standardization at the following dddresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at http://www.electropedia.org/

3.1
electrical surface resistance
quotjent of a direct-currentyvoltage applied between two electrodes on the same surface of a test piece
and the current betweetrthe electrodes

Note |l to entry: It is €xpressed in ohms (Q2).

3.2
electrical surface resistivity
meagured\surface resistance calculated to apply to a square

Note [l te’entry: It is expressed in ohms (Q) and the size of the square is immaterial

3.3

electrical volume resistance

quotient of a direct-current voltage applied between two electrodes in contact with opposite faces of a
test piece and the current between the electrodes, excluding current along the surface

Note 1 to entry: It is expressed in ohms (Q).

3.4
electrical volume resistivity
measured volume resistance calculated to apply to a cube of unit side

Note 1 to entry: It is expressed in ohm metres (Qm).

© IS0 2020 - All rights reserved 1
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4 Symbols
Symbol Description Unit
Rop Electrical surface resistance, method A Q
Rop Electrical surface resistance, method B Q
Ry Electrical surface resistance for the determination of p, Q
Rp Electrical volume resistance perpendicular to the plane of the belt Q
Rp; Electrical volume resistance in longitudinal and transverse direction parallel Q
to the plane of the belt

Ps Electrical surface resistivity Q
Pp Electrical volume resistivity im
dyp3 Diameter of electrode mm
dy, Middle of the gap diameter 1inm
g Width of the gap 1inm
A Sprface of the electrode nllm2
hy/, Thickness of test piece hm
NOTE The SI unit of surface resistivity, p,, is the ohm (Q). In practice, this-is sometimes referred to as “phm/

square” or “0}/sq” . The size of the square is immaterial.

5 Electr]

5.1 Methpd A: Measurement of surface resistance, R,,, omni-directionally

51.1 App

cal surface resistances

licability

This methodl is applicable to belts which are electrically two-dimensionally isotropic in the plape of

the belt.

5.1.2 Principle

An electric ¢urrent of specified.voltage is passed via electrodes through a suitably prepared test piece

taken from {

5.1.3 App

5.1.3.1 Shleet of insulating material, a little larger than the test piece.

he belt.

aratus (see‘Figure 1)

5.1.3.2 Two-eylindrical and coaxial electrodes (see Figure 1), with contact surfaces machined flat

and polished, as follows.

5.1.3.2.1 Electrode 1, circular.

5.1.3.2.2 Electrode 2, annular.

5.1.3.2.3 Material of electrodes, either brass or stainless steel.

5.1.3.3 Ohmmeter, having a measuring range up to 1019 Q and accurate to within +5 %.

© IS0 2020 - All rights reserved
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5.1.3.4 Source of direct current, adjustable up to 500 V, and not permitting a current greater than
10 mA.

1 2

o o~
< S
|
{ﬁ & \. |
. |
£ SRR R ARIRII LT RLRR R A IR RK I
SRR IR BILHEELHRLHKY
N | N
Key
1 ¢lectrode 1
2 leetrode 2
3  testpiece
4  sheet of insulating material
5 ohmmeter

Figure 1 — Test arrangement for measurement of electrical surface resistance R,

© IS0 2020 - All rights reserved 3
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5.1.4 Test piece

5.1.4.1 Material

Test piece material shall be new, unused (“virgin”), but shall not be tested sooner than five days after
manufacture. It shall be free from contamination and superficial damage.

5.1.4.2 Dimensions

The test pieces shall be square, 300 mm x 300 mm minimum, and shall be cut from the full thickness of
the belt.

5.1.4.3 Number

Three test pieces shall be taken. One test piece shall be taken from the middle of the belt, the other two
test pieces ghall be taken in the area between 100 mm to 400 mm from each of the helt.edges. Th¢ test
pieces shall pe selected in accordance with Figure 2.

Dimensions in millinjetres

300

100 100

b/2 b/2

Key
b  belt width

Figure 2 — Distribution of test piece selection

5.1.4.4 Cleaning

If necessaryj clean both surfaces of the test pieces by rubbing with fuller's earth (hydrated magnegium-
aluminium silicate), for example, using a clean cloth. After cleaning away all traces of the powder, wipe
the surface with a clean cloth moistened with distilled water and then dry with a clean cloth.

5.1.4.5 Conditioning

Before testing, condition the test pieces in accordance with ISO 18573, Atmosphere B, for 24 h, except
that, if the light conveyor belt consists of materials with a high absorption of moisture, for example
cotton or polyamide, condition the test piece for 48 h.

5.1.4.6 Preparation

To ensure good contact between electrodes and test piece a contact medium as described in 5.1.4.7 can
be used if necessary.

4 © IS0 2020 - All rights reserved
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If contact medium is used, paint two areas of the test piece as shown in Figure 3. Take care to ensure
the accuracy of the dimensions of the painted areas, although the symmetry of the centre is not critical.

Dimensions in millimetres

?150
9125

@25

Key
1 dontact medium

Figure 3 —Design to be painted on the test piece

5.1.4.7 Contact medium

The glectrical surface resistivity of the contact medium shall not be higher than 10% Q. For checking
this Yalue, use the same electrode arrangement as described in Clause 6. Examples for suitable contact
media are silver laequer or a jelly.

NOTH Ajelly\having the following composition is suitable:

— Anhydrous polyethylene glycol of molecular mass 600: 800 parts by mass;

— ater: 200 parts by mass;

— Potassium chloride: 10 parts by mass;

— Soft soap (pharmaceutical quality): 1 part by mass.

5.1.5 Procedure

The temperature and relative humidity in the test room shall be in accordance with ISO 18573,
Atmosphere B.

Measure the temperature and relative humidity in the test room.

Place the test piece on the sheet of insulating material, with the test surface upwards.

© IS0 2020 - All rights reserved 5
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Apply the test voltage to the electrodes, starting with a low voltage to protect very fine antistatic layers
against damage.

Read the value of the electrical resistance 1 min after applying the test voltage.

5.1.6 Expression of results

For each surface of the belt subjected to test, record the electrical resistance, in ohms, measured for
each test piece, and calculate the mean of the values recorded for that surface for the three test pieces.

Record the electrical resistance for the two surfaces of the belt separately.

5.1.7 Testreport

The test replort shall include the following information:

a) complete designation of the tested light conveyor belt material and the manufacturing date;
b) referenge to this document, i.e. ISO 21178;

c) testroom temperature and relative humidity;

d) conditigning period;

e) contactjmedium, if applied;

f) voltage applied to the electrodes;

g) results pf the tests;

h) date of test;

i) any devjiations from the standard test.

5.2 Methpd B: Measurement of surface resistance R in longitudinal and transvers:
directions

3%

5.2.1 Applicability

This methodgl is applicable to.bglts which have electrically varying properties in the plane of the|belt,
especially those where fabries have conducting threads in the longitudinal direction which cgn be
exposed on the belt surface:

5.2.2 Principle

An electric gurrent is passed via electrodes clamped in a suitable arrangement to the surface of g test
piece of the beltmaterial.

5.2.3 Apparatus (see Figure 4)
5.2.3.1 Earthed screen plate

5.2.3.2 Bottom plate, made of insulating material, such as polymethylmethacrylate,
polytetrafluoroethylene or similar, having dimensions 600 mm x 200 mm x 20 mm.

5.2.3.3 Electrodes (see Figure 4), with connection points for the ohmmeter connecting cables, as
follows.

5.2.3.3.1 Contact area, 100 mm x 10 mm.

6 © IS0 2020 - All rights reserved
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5.2.3.3.2 Material of electrodes, either brass or stainless steel.
5.2.3.4 Electrode holders
5.2.3.5 Ohmmeter, having a measuring range up to 1010 Q and accurate to within +5 %.

5.2.3.6 Source of direct current, adjustable up to 500 V, and not permitting a current greater than
10 mA.

NOTE The source current can be either an accumulator or a rectified, stabilized AC power supply.

Dimensiohs in millimetres

‘ /
T —l—‘“-r'|
[ I‘||
1yl [
J"_I" "li
PN | 1
S [: = —_3 '
N AN — |‘|.4|-—I
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[Ny = |‘J
T T

i

Lk

—_
— =
=
S

Jiaas
A

0

w

4 Il 2
i) &
NS

Key

screen plate, earthed
bottom plate
electrodes
connection points
electrode holder
test piece

N O U1 W N

ohmmeter

Figure 4 — Test arrangement for measurement of electrical surface resistance R
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5.2.4 Test piece

5.2.4.1 Material

Test piece material in accordance with 5.1.4.1.

5.2.4.2 Dimensions

The test pieces, 500 mm long x 100 mm wide, shall be cut from the full thickness of the light conveyor

belt in the longitudinal or transverse direction.

5.2.4.3 NImber

Three test

ieces shall be taken. One test piece shall be taken from the middle of the belt, the ¢pther

two test pielces shall be taken 100 mm from each of the belt edges. The test pieces shall he'selected in

accordance with Figure 5.

Dimensions in millimetres

100

b/2

100
]
o
I o I
) \
|
T~~~ |

b/2

100

a) Longitudinal direction of belt
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Key

5.2.4
Cond

5.2.4
If the

If thd
betw
cont

5.2.5

The
Atm

Meas

Placd
the e

100 100
b/2 b/2

b) Transverse direction of belt

elt width

Figure 5 — Distribution of test piece selection
.4 Conditioning
ition the test pieces in accordance with 5.1.4.5.

.5 Preparation

surface of the test piece is flat, contact medium as described in 5.1.4.7 is not required

e surface of the test piece is texturéd, a contact medium may be required to ensure g
een electrodes and test piece. Paint the test piece or bottom surface of the cleaned eleq
ct medium at contact area in.accordance with 5.2.3.3.1.

Procedure

temperature and. telative humidity in the test room shall be in accordance with
sphere B.

ure the température and relative humidity in the test room.

the test.piece on the insulating plate so that the warp is exactly at right angles to the
lectrades.

Place

the electrodes on top of the test piece and clamp them in position

ood contact
trodes with

ISO 18573,

long axes of

Apply the test voltage to the electrodes starting with a low voltage to protect fine conducting layers
against damage.

Read the value of the electrical resistance 1 min after applying the test voltage.

5.2.6 Expression of results

See 5.1.6.

5.2.7 Testreport

See 5.1.7.

© ISO
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6 Electrical surface resistivity p

6.1 General

This electrical surface resistivity is calculated from the electrical surface resistance, R;, determined
with a different electrode arrangement to that used in 5.1. This method is applicable to the same types
of belt to which the method described in 5.1 applies.

NOTE1 The values obtained using the methods described in Clause 6 are comparable to those obtained using
ASTM D 257.

NOTE 2 Tlgfeunitis the ohm ({IJ but1s also written {I/Sq (S€€ Clause 4, NOote]J.

6.2 Prindiple

An electric ¢urrent of specified voltage is passed via electrodes through a suitably prepared test piece
taken from the belt.

10 © IS0 2020 - All rights reserved
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6.3 Apparatus

6.3.1 Three electrodes, having the following diameters: d; = 50 mm, d, = 60 mm, d; = 80 mm, and
d,, = [(d; +d,)/2] (see Figure 6).

1 2

RESESESSESESANPS SIS
IR

]
X PSS KA AKX AKX A AR
0 0.0.0.9.00.0.0.0.0.90.9.9.9.¢.
LR RRIRRERRRKA

‘\'_

Key

1 dlectrode 1
2 dleetrode 2
3  testpiece
4  electrode 3
5 ohmmeter

Figure 6 — Test arrangement for measurement of electrical surface resistance R

6.3.2 Ohmmeter, having a measuring range up to 1010 Q and accurate to within +5 %.

6.3.3 Source of direct current, adjustable up to 500 V, and not permitting a current greater than 10 mA.

NOTE The source current can be either an accumulator or a rectified, stabilized AC power supply.

© IS0 2020 - All rights reserved 11
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6.4 Testpiece

6.4.1 Material

Test piece material in accordance with 5.1.4.1.

6.4.2 Dimensions

The test pieces shall be square, 120 mm x 120 mm minimum, and shall be cut from the full thickness of

the belt.

6.4.3 Number

Three test piieces shall be taken. One test piece shall be taken from the middle of the belt, the othe

test pieces ghall be taken in the area between 100 mm to 220 mm from each of the beltedges. Thg
pieces shall pe selected in accordance with Figure 7.

100

|

Key
b belt width

6.4.4 Clegning

Clean the teptpieces in accordance with 5.1.4.4.

b/2

120

120

Dimensions in millin

100

b/2

Figure 7 — Distribution of test piece selection

" two
e test

letres

6.4.5 Conditioning

Condition the test pieces in accordance with 5.1.4.5.

6.4.6 Preparation

To ensure good contact between electrodes and test piece a contact medium as described in 5.1.4.7
can be used if necessary. Paint the test piece or contact surfaces of the cleaned electrodes with contact

medium at contact area in accordance with Figure 6.

6.5 Procedure

Carry out the procedure in accordance with 5.1.5.

12

© IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=30891e51f6167491ca2b125720a45dd1

IS0 21178:2020(E)

6.6 Expression of results

For each surface of the belt tested, record the electrical resistance, R, in ohms. Then, calculate the
surface resistivity in ohms, as per Formula (1).

_dm ><1tR o
Ps = 0G
g
where
d1 +d2
d = : =55 (In mmJ;

d,—d
gz%zS (in mm).

For ¢ach surface of the belt tested, calculate the surface resistivity, in ohms;.for each tegt piece, and
calcylate the arithmetic mean of the values for that surface for the three test/pieces.

6.7 | Testreport

See §.1.7.

7 Electrical volume resistances

7.1 | Volume resistance, R}, perpendicular to plane of belt

7.1.1 Principle

The top and bottom sides of a test pieee; cut from the full thickness of the light conveyor belt, are
connfected to electrodes.

7.1.1 Apparatus
7.1.1.1 Three electrodés)(see Figure 8), with contact surfaces machined flat and polished, as follows.
7.1.2.1.1 Electrode, circular (measuring electrode).
7.1.2.1.2 Electrode 2, annular (guarding electrode).

7.1.2.1.3 YElectrode 3, of any shape provided that its area is greater than the test pig¢ce (counter
electrode).

7.1.2.1.4 Material of electrodes, either brass or stainless steel.

7.1.2.2 Ohmmeter, having a measuring range up to 1010 Q and accurate to within +5 %. The instrument
shall be calibrated in the range 100 V to 500 V DC, current /_ .. = 10 mA.

max

© IS0 2020 - All rights reserved 13
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Dimensions in millimetres

MQ

a3
NEme—

—_
I/ 11
\

2 N DN DiDiViViV; N 7
1\\§
x\\, 8
\ =
3 30T r ey Yty Yy ettt ta e e et Pt tata ettt tetaretetetetetetetatetetetetutetetetatalalalatita atetetateteletateletetate et tetetededs! o
T~ S—
10 0d, £
@d, 9
Key
d; =50 mm
d, =60 mm
1 electrod¢ 1 (measuring electrode, guarded electrode)
2 electrod¢ 2 (guard electrode, guard ring)
3  electrod¢ 3 (counter electrode, unguarded electrode)
4  isolatingland guide piece
5 shielding cap
6  positive pole connector for ohmmeter or ammeter
7  connectdr for earthing
8  test piecg, thickness = h
9 negative[pole connector.fop ohmmeter or ammeter
10 isolating|stands
11 ohmmetgr
Figure 8 — Gircular disk electrode for measurement of electrical volume resistance R}, of ljght

conveyor belts (design example)

7.1.3 Test piece

7.1.3.1 Material

Test piece material in accordance with 5.1.4.1.

7.1.3.2 Dimensions

Dimension of the test pieces in accordance with 6.4.2.

14 © IS0 2020 - All rights reserved
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7.1.3.3 Number

The number of test pieces in accordance with 6.4.3.

7.1.3.4 C(Cleaning

Clean the test pieces in accordance with 5.1.4.4.

7.1.3.5 Conditioning

Condition the test pieces in accordance with 5.1.4.5.

7.1.3

To empsure good contact between electrodes and test piece, a contact medium as§-describ

can |

medjum at contact area in accordance with Figure 8.

7.1.4

The
Atm

Mead
Brin
Conrj
Appl
Mead

If th

fitted (illustrated as item 2 in Figure 8).

If th
mea

7.1.5
Expr

NOTH

.6 Preparation

e used if necessary. Paint the test piece or contact surfaces of the cleanedrelectrodes

Procedure

temperature and relative humidity in the test room shall beé in accordance with
sphere B.

ure the temperature and relative humidity in the test xeom.

b the test piece into contact with the electrodes.

ect cables as per the arrangement and method\(see Figure 8).
y the test voltage for 60 s.

ure and record the volume resistancé, Ry,

e resulting volume resistance, Rp)'is >108 (), repeat the measurement with the gual

e measured resistance, Ry, is >1010 ), and a mains supply was used, remove it ang
urement with an off-the=line DC source. Take the result of this measurement as final.

Expression ofresults
ess the resultsas the arithmetic mean value of the measurements on the three test pig

Noranally, the range of values is #10 % to +20 %.

bd in 5.1.4.7
with contact

ISO 18573,

d electrode

| repeat the

ces.

7.1.4

Test report

The test report shall include the following information:

a) complete designation of the tested light conveyor belt material and the manufacturing date;

b) reference to document, i.e. ISO 21178;

c) testroom temperature and relative humidity;

d) conditioning period;

e) contact medium, if applied;

f) voltage applied to the electrodes;

© ISO
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thickness of each test piece
time that voltage was applied;

measured values of the appropriate resistances, in ohms;

g)

h)

i)

j) date of test;
k) anydev

iations from the standard test.

7.2 Volume resistance, Ry, in longitudinal and transverse directions parallel to

plane of b

1+
e

7.2.1 Principle

An electric
conveyor bej

7.2.2 App
7.2.2.1 Sc

7.2.2.2 Bd
polytetraflu

7.2.2.3 El
follows.

7.2.2.3.1 ¢
7.2.2.3.2
7.2.2.4 El

7.2.2.5 O

current is passed via electrodes through a suitably prepared test piece“taken fron
It material.

aratus
reen plate (counter plate), earthed.

ttom plate, made of insulating material such as polymethylmethacr
pbroethylene or similar, having dimensions 600 mm x 200 mm x 20 mm.

pctrodes (see Figure 9), with connection points:for the ohmmeter connecting cablg

Contact area, 50 mm x 10 mm.

Material of electrodes, either brass'or stainless steel.

bctrode holders.

ymmeter, having a méasuring range up to 1010 Q and accurate to within =5 %.

7.2.2.6 Source of directeurrent, adjustable up to 500 V, and not permitting a current greater

10 mA.

n the

rlate,

than

16

© IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=30891e51f6167491ca2b125720a45dd1

	Foreword
	1 Scope
	2 Normative references
	3 Terms and definitions
	4 Symbols
	5 Electrical surface resistances
	5.1 Method A: Measurement of surface resistance, ROA, omni-directionally
	5.1.1 Applicability
	5.1.2 Principle
	5.1.3 Apparatus (see Figure 1)
	5.1.4 Test piece
	5.1.5 Procedure
	5.1.6 Expression of results
	5.1.7 Test report
	5.2 Method B: Measurement of surface resistance ROB in longitudinal and transverse directions
	5.2.1 Applicability
	5.2.2 Principle
	5.2.3 Apparatus (see Figure 4)
	5.2.4 Test piece
	5.2.5 Procedure
	5.2.6 Expression of results
	5.2.7 Test report
	6 Electrical surface resistivity ρs 
	6.1 General
	6.2 Principle
	6.3 Apparatus 
	6.4 Test piece
	6.4.1 Material
	6.4.2 Dimensions
	6.4.3 Number
	6.4.4 Cleaning
	6.4.5 Conditioning
	6.4.6 Preparation
	6.5 Procedure
	6.6 Expression of results
	6.7 Test report
	7 Electrical volume resistances
	7.1 Volume resistance, RD, perpendicular to plane of belt
	7.1.1 Principle
	7.1.2 Apparatus
	7.1.3 Test piece
	7.1.4 Procedure
	7.1.5 Expression of results
	7.1.6 Test report
	7.2 Volume resistance, RDi, in longitudinal and transverse directions parallel to plane of belt
	7.2.1 Principle
	7.2.2 Apparatus
	7.2.3 Test piece
	7.2.4 Procedure
	7.2.5 Expression of results
	7.2.6 Test report
	8 Electrical volume resistivity, ρD 
	8.1 Procedure
	8.2 Expression of results
	8.3 Test report
	Bibliography



