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Introduction
This draft standard is based on national and international discussions. Y our comments on this draft are invited and will assist in
the preparation of the consegquent standard.

For international standards, comments will be reviewed by the relevant UK national committee before sending the consensus
UK vote and comments to the international committee, which will then decide appropriate action. If the international standard is
approved, it is usual for the text to be published as a British Standard.

For national standards, comments will be reviewed by the relevant UK national committee and the resulting standards published
as a British Standard.

UK Vote
Please indicate whether you consider the UK should submit a negative (with supporting technical reasons) or positive vote on
this draft. Pleaseindicate if you are aware of any reason why this draft standard should not be published as a British Standard.

Submission of Comments
Annotated drafts are not acceptable and will beregjected.

Template for comments and secr etariat observations

All comments should be submitted online at https.//standar dsdevelopment.bsigroup.com/. You will need to register in

order to comment.

Date; xx/xx/20xx

Document: 1SO/DIS xxxx

an alternative cannot be supported
as serious problems have been
lencountered in its use in the UK.

1 2 3 4 5 (6) 7
MB | Clause No./ Subclause| Paragraph/Figure/ Type of Commend (justification Proposed change by the MB Secretariat observations on
No./Annex (e.g. 3.1) Table/Note comment for change) by theMB each comment submitted
31 Definition 1 ed Definition is ambiguous and needs [JAmend to read '...so that the mains
clarifying. connector to which no connection...'
6.4 Paragraph 2 te The use of the UV photometer as  ||[Delete reference to UV photometer.
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

TEST PROCEDURES FOR DETERMINING PHYSICAL PROPERTIES
OF BRUSH MATERIALS FOR ELECTRICAL MACHINES

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote international
co-operation on all questions concerning standardization in the electrical and electronic fields. To this end and
in addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Reports,
Publicly Available Specifications (PAS) and Guides (hereafter referred to 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, governmental and non-governmental organizations liaising
with the IEC also participate in this preparation. IEC collaborates closely with the International Organization for
Standardization (ISO) in accordance with conditions determined by agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international
consensus of opinion on the relevant subjects since each technical committee has representation from all
interested IEC National Committees.

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any
misinterpretation by any end user.

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
transparently to the maximum extent possible in their national and regional publications. Any divergence between
any IEC Publication and the corresponding national or regional publication shall be clearly indicated in the latter.

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certification bodies.

6) All users should ensure that they have the latest edition of this publication.

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and
members of its technical committees and IEC National Committees for any personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of patent
rights. IEC shall not be held responsible for identifying any or all such patent rights.

IEC 60413 has been prepared by IEC technical committee TC2: ROTATING MACHINERY. It is
an International Standard.

This second edition cancels and replaces the first edition published in 1972. This edition
constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

a) Compliance of the document to the ISO/IEC Directives.

b) Addition of definitions (Clause 3)).

c) Clause 4 on test specimen: Nomenclature and addition of the different types of test
specimen, specification on their dimensions, tolerances and preparation.

d) Improvement of test procedures of the properties already disclosed in the previous edition
(Clauses 5 to 10).

e) Separation of Apparent porosity and apparent density (resp. Clauses 5 and 9).

f) Resistivity (Clause 6): Addition of the Eddy current method. Documents
Document Sharing Hub
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g) Rebound hardness (Clause 8): Addition of a new model of Scleroscope and of Leeb method,
as a possible alternative to the traditional Scleroscope method.

h) Common elements of the test report in a dedicated Clause 11.

i) Addition of Annex A (normative): introduction of tests categories (serial / type tests), list of
properties to be tested for each test category of test according to their purpose.

i) Addition of Annex B : test procedures for other mechanical properties than flexural strength
and hardness: traction, compression and impact strength.

k) Addition of Annex C: thermal properties testing procedures (coefficient of linear expansion,
specific heat capacity and thermal conductivity).

[) Addition of Annex D: supplement to density and porosity.
m) Addition of Annex E: recommendation of methods for elements analysis.
n) Addition of Annex F: supplement of information concerning Scleroscope hardness.

The text of this International Standard is based on the following documents:

Draft Report on voting

XXIXX/FDIS XX/IXX/RVD

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

The language used for the development of this International Standard is English.

This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available
at https://www.iec.ch/members_experts/refdocs. The main document types developed by IEC
are described in greater detail at https://www.iec.ch/standardsdev/publications.

The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under webstore.iec.ch in the data related to the
specific document. At this date, the document will be

e reconfirmed,
e withdrawn,
e replaced by a revised edition, or

e amended.
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TEST PROCEDURES FOR DETERMINING PHYSICAL PROPERTIES
OF BRUSH MATERIALS FOR ELECTRICAL MACHINES

A W N -

5 1 Scope

6 The present document concerns carbon-based materials that are used for sliding electrical
7 contacts, such as carbon brushes or pantograph strips.

8 It specifies uniformized procedures for determining the following properties:

9 ¢ Density and porosity;
10 e Resistivity;

1 e Flexural strength;

12 e Hardness;

13 e Ash content;

14 e Thermal properties: coefficient of thermal expansion, specific heat capacity, thermal
15 conductivity;

16 e Charpy impact test, compression strength, tensile strength.

17 By extension some tests may be relevant for other kind of sliding electrical contacts for electrical
18 transmission appliances.

19 Some test methods are suitable for use in production quality control (routine tests), others only
20 for more thorough investigations, using precise laboratory techniques.

21 The properties determined by these tests are inherent in the carbon-based materials
22 themselves as distinct from performance characteristics in operation on electrical equipment
23 (carbon brush in an electrical rotating machine, contact strips on a pantograph, etc.).

24 It should be kept in mind that since these materials are generally brittle, porous materials, it is
25 reasonable that their properties vary much more than the same properties in metals.

26 WARNING — The use of this International Standard can involve hazardous materials, operations and
27 equipment. It does not purport to address all of the safety or environmental problems associated with its use.
28 It is the responsibility of the user of this International Standard to establish appropriate safety and health
29 practices and determine the applicability of regulatory limitations prior to use.

30 2 Normative references

31 The following documents are referred to in the text in such a way that some or all of their content
32  constitutes requirements of this document. For dated references, only the edition cited applies.
33 For undated references, the latest edition of the referenced document (including any
34 amendments) applies.

35 IEC 60276:2018, Carbon brushes, brush holders, commutators and slip-rings — Definitions and
36 nomenclature

37 ISO 5022:1979, Shaped refractory products — Sampling and acceptance testing

38 ISO 2859-1:1999, Sampling procedures for inspection by attributes — Part 1: Sampling
39  schemes indexed by acceptance quality limit (AQL) for lot-by-lot inspection
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40 ISO 7500-1, Metallic materials — Verification of static uniaxial testing machines — Part 1:
41 Tension/compression testing machines — Verification and calibration of the force-measuring
42  system

43 ISO 6508-2:2016, Metallic materials — Rockwell hardness test — Part 2: Verification and
44 calibration of testing machines and indenters

45  ASTM E 448, Standard Practice for Scleroscope Hardness Testing of Metallic Materials
46 ISO 16859-1, Metallic materials — Leeb hardness test — Part 1: Test method

47 ISO 179-1:2010, Plastics — Determination of Charpy impact properties — Part 1. Non-
48 instrumented impact test

49 ISO 148-1:2016, Metallic materials — Charpy pendulum impact test — Part 1: Test method
50 ASTM C749:2015, Standard test method for tensile stress-strain of carbon and graphite
51 ISO 6892-1, Metallic materials — Tensile testing — Part 1: Method of test at room temperature

52 ISO 18515:2014, Carbonaceous materials for the production of aluminium — Cathode blocks
53  and baked anodes — Determination of compressive strength

54 ISO 11357-1:2016, Plastics — Differential scanning calorimetry (DSC) — Part 1. General
55  principles

56 ISO 11357-4:2016, Plastics — Differential scanning calorimetry (DSC) — Part 4: Determination
57  of specific heat capacity

58 ISO 19628:2017, Fine ceramics (advanced ceramics, advanced technical ceramics) —
59 Thermophysical properties of ceramic composites — Determination of specific heat capacity

60 ASTM C714:2000, Standard test method for thermal diffusivity of carbon and graphite by a
61 thermal pulse method

62 ISO 22007-2:2022, Plastics — Determination of thermal conductivity and thermal diffusivity —
63  Part 2: Transient plane heat source (hot disc) method

64 3 Terms, definitions and symbols

65 For the purposes of this document, the terms and definitions given in IEC 60276:2018 and the
66  following apply.

67 ISO and IEC maintain terminological databases for use in standardization at the following
68 addresses:

69 e |EC Electropedia: available at https://www.electropedia.org/

70 e |ISO Online browsing platform: available at https://www.iso.org/obp

71 31

72 sample

73 one or more items taken from a lot and intended to provide information on the lot and possibly
74 to serve as a basis for a decision on the lot or the process which had produced it

75 Note 1 to entry: One lot is constituted of one or several batches of production, see ISO 2859-1. D
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[SOURCE: ISO 5022:1979 — 2.3 — population replaced by lot]

3.2

test specimen

one or more blocks, drawn from an item of the sample, with dimensions 4, w and / as specified
on Figure 1

Key:

h height
w  width

! length

Figure 1 — Dimensions of a test specimen

NOTE 1 to entry: Test specimen types and dimensions are defined in Clause 4.

3.3

parallelism

difference between the dimensions of the two opposite sides at any cross-section perpendicular
to the length of the test specimen

3.4

anisotropy

material's directional dependence of a physical property, linked to an orientation of grains
obtained during the forming process of the material

Note 1 to entry: Such material is called anisotropic. The orientation of grains during a one-directional forming
process gives two main directions, defined in 3.5 and 3.6.

3.5
with-grain
wG

configuration of the material where the grains orientation is parallel to the longest dimension of
the test specimen during a test

Note 1 to entry: This configuration is further explained in 4.3.2 (especially Table 2).

3.6
across-grain
AG

configuration of the material where the grains orientation is perpendicular to the longest
dimension of the test specimen during a test

Note 1 to entry: This configuration is further explained in 4.3.2 (especially Table 2).

3.7

anisotropic grade

brush grade having a difference of minimum 20% between configuration WG and configuration
AG for almost one of its main properties
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3.8

apparent density
bulk density

0,

a
mass per unit volume of the material (including pores) divided by the mass per unit volume of

water

Note 1 to entry: The mass per unit volume of water u, at standardized temperature is 1 g.cm3.That is why the

apparent density of the material is often related to its volumetric mass, which is expressed in g.cm3.

Note 2 to entry: The terms bulk density and bulk volume (see 3.24) are often used for granular materials.

3.8.1

total volume

"

geometrical volume of the test specimen, calculated from its dimensions %, w and [

Note 1 to entry: It is expressed in cm3.

3.9

ambient temperature

room temperature

average temperature of air (or another medium) in the vicinity of the equipment

[SOURCE: IEV 826-10-03]

3.10

test temperature

8, T

average temperature inside the equipment where the test specimen is under test

Note 1 to entry: Symbol 7T is used for thermodynamic temperature [IEV 113-04-14], in K, and & for Celsius
temperature [IEV 113-04-16], in °C.

3.1
resistivity
specific resistance

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

Note 1 to entry: It is expressed in yQ.m (microohm metres) or yQ.cm (microohm centimetres).

3.12

potential span

de

distance between the extremity of the potential electrodes (during a resistivity test)

NOTE 1 to entry: It is expressed in mm.

3.13

flexural strength

bending strength

Of

flexural stress at break of the test specimen during a three-point bending test, the test specimen
being loaded by a loading edge, at a location midway between two supporting edges (see
Figure 13)

NOTE 1 to entry: It is commonly expressed in MPa.
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158 3.14
159 supports span
160 d,

S
161 distance between the points of contact between the test specimen and the supporting edges
162 (during a flexural strength test)

163 NOTE 1 to entry: Itis expressed in mm.

164  3.15

165 test speed

166 rate of relative movement between the specimen support or holding device and the loading
167 piece (during a mechanical test)

168 NOTE 1 to entry: It is expressed in mm.min-".
169  3.16
170  hardness

171 ability of a material surface to resist penetration or impact by a solid body, determined by a
172 specific test method

173 3.17
174 indentation hardness
175 HR

176 hardness number determined from the final and initial indentation depths resulting from the
177 application of a load by a ball indenter onto the material

178 NOTE 1 to entry: This number is an integer and is dimensionless.

179  3.18

180 rebound hardness

181 hardness relative to the amount of energy absorbed by the test specimen after a collision of a
182 moving impact body at normal incidence

183 NOTE 1 to entry: This number is an integer and is dimensionless.

184  3.19

185 Scleroscope hardness

186  Shore hardness

187  HSc, HSd

188 rebound hardness measured by a Scleroscope instrument

189 NOTE 1 to entry: The Scleroscope instrument is commonly named Shore, from the name of the inventor of the
190 instrument, although other manufacturers exist. Two models exist (Type C and D), leading to two different symbols
191 HSc and HSd — see 8.2.

192 NOTE 2 to entry: This number is an integer and is dimensionless.
193  3.20

194  Leeb hardness

195 HLD

196 rebound hardness measured by a Leeb hardness tester equipped with a D-type impact device

197 NOTE 1 to entry: This number is an integer and is dimensionless.
198  3.21

199 impact velocity

200 N

201 speed (or velocity) of the impact body measured before impact at a specified position

202 NOTE 1 to entry: Impact velocity is expressed in m.s™".
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3.22

rebound velocity

VR

speed (or velocity) of the impact body measured after impact at a specified position

NOTE 1 to entry: Rebound velocity is expressed in m.s™.

3.23

open pore

void of the material that can be penetrated by an impregnation liquid, or that is connected to
the atmosphere (liquid or gas), either directly or via one another

Note 1 to entry: By opposition, a closed pore is not penetrated either by any gas nor liquid.

3.24

apparent volume
bulk volume

v

a
volume of the test specimen, including all pores (open and closed)

Note 1 to entry: It corresponds to the sum of the solid, the open pores and closed pores of the material. It is
expressed in cm?®.

3.25
open pores volume
v

o
total volume of the open pores of the material

Note 1 to entry: It is expressed in cm?®.

3.26

apparent porosity

open porosity

430

ratio of the volume of the open pores V, of the material to its apparent volume V', and multiplied
by 100, which is determined from equation (1):

”
@0:7°x100 (1)

a
NOTE 1 to entry: It is expressed in % (percentage by volume).

3.27
ash
non-burnable residues of a carbon-based material

Note 1 to entry: Ash is composed of elements and their compounds from minerals or chemicals that were present
initially in the raw materials. These elements occur normally, by degradation of raw materials, or be purposely added,
for example silica or silicon carbide.

3.28

ash content

ash%

ratio of the ash mass to the mass of the test specimen

Note 1 to entry: It is expressed in % (mass percentage).
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3.29

Charpy impact strength

ac

impact energy absorbed in breaking a test specimen, referred to the original cross-sectional
area of the test specimen

Note 1 to entry: It is expressed in kJ.m™2,

[SOURCE: ISO 179-1:2010]

3.30

tensile strength

Ot

highest force that the test specimen withstands during the tensile test divided by the original
cross-sectional area

Note 1 to entry: It is expressed in MPa.

[SOURCE: ISO 6892-1]

3.31

compression strength
Oc
highest force that the test specimen withstands during a compression test divided by the original

cross-sectional area

Note 1 to entry: It is expressed in MPa.

3.32

coefficient of linear expansion

a

ratio of the change in length of a specimen within a temperature interval to that temperature
interval, related to the initial specimen length

Note 1 to entry: It is expressed in 10 K.

Note 2 to entry: By applying the method and formula described in C.2, it is more commonly known as being the
average coefficient of linear thermal expansion. One could refer to ISO 14420 for more details.

3.33

specific heat capacity

p

amount of energy per unit mass required to raise 1 kg of material of a temperature of 1 K

Note 1 to entry: The unit is J.kg".K".

3.34

thermogravimetry

TG

technique in which the mass of a substance is measured as a function of temperature or time
while the substance is subjected to a controlled temperature program

Note 1 to entry: Record is the thermogravimetric curve or TG curve. The mass should be plotted as the ordinate,
decreasing downwards, and temperature or time as the abscissa, increasing from left to right.

3.35

thermal conductivity

yl

heat-transfer rate through a unit length of a material divided by the temperature gradient

causing the heat transfer
? Documents

Document Sharing Hub

Full document details: 23/30440614 DC


http://www.avadocuments.com/doc/23-30440614-dc
http://www.avadocuments.com/doc/23-30440614-dc

IEC CD 60413 © IEC 2023 -17 - 2/2121/CD

288 Note 1 to entry: The unit is W.m™".K™".

289 3.36 Symbols
290

291 ac Charpy impact strength, %

292 ash% ash content, %

293 ¢, specific heat capacity, J.kg-'.K-"

P
294 d, electrodes potential span, mm
295 dg supports span, mm

296 Young’s modulus, GPa

E
297  Fgmax highest force that the test piece withstands during a compression strength test, N
298 Finax force measured at the instant of rupture during a flexural strength test, N
299 Fynax highest force that the test piece withstands during a tensile strength test, N
300  Fy initial test force (loading during indentation test)
301 F, additional test force (loading during indentation test)

302 h  height of the test specimen, mm
303 h; permanent indentation depth, mm

304  hg initial height of the impact body, from the surface of the test specimen, mm
305 h, rebound height of the impact body, from the surface of the test specimen, mm

306  HR indentation hardness

307  HSc Scleroscope hardness, obtained with Model C

308 HSd  Scleroscope hardness, obtained with Model D

309 HLD Leeb hardness

310 I current through the test specimen, A

311 K energy absorbed (during a Charpy impact test), J

312 [ length of the test specimen, mm

313 m mass of the impact body, g

314  m, mass of the test specimen, in air, g

315 m;5; mass of the test specimen after impregnation, in air, g

316 m; mass of the test specimen after impregnation, in immersion liquid, g
317 m,, mass of the test specimen in water, g

318 myq, Moy, ms, mass of the ashing dish, in g

319 T (thermodynamic) test specimen temperature, K

320 U voltage drop between the potential electrodes, V

321 S, initial cross-section of the test specimen in the constant cross-section region, mm?
322 v, impact velocity, m.s™

323 vy rebound velocity, m.s-!

324 V, apparent volume of the test specimen (including pores), cm?3

325 ¥, volume of liquid impregnated into the test specimen, cm?®

326 V, volume of the open pores of the test specimen, cm?®
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Vi total volume of the test specimen (geometric), cm3

w width of the test specimen, mm
a coefficient of linear expansion, 10-6 K-
. apparent (or bulk) density

6 liquid density
6, real density

/. thermal conductivity, W.m=".K™*

Uy, volumic mass of water, g.cm-3

p specific resistance, uyQ.m or yQ.cm

compression strength, MPa
o; flexural strength, MPa

oy tensile strength, MPa

2 apparent porosity, in %

&, total porosity, in %

v Poisson’s ratio

reference temperature, °C

9 test specimen temperature, °C
4 Test specimen

4.1 General

Measurements of properties specified in clauses 5 to 10 are carried on test specimens drawn
from item(s) taken from a sample.

Samples used for these tests must be representative of the batch of material involved using a
recognized and/or agreed sampling procedure or technique.

The sampling plan is defined by the grade manufacturer. The number of samples (and therefore
the number of test specimens) depends on the category of test (routine or type test), which is
defined in Annex A. For production control (routine), it is recommended to apply the procedures
specified in the standards ISO 2859-1 and/or ISO 5022.

The following sub-clauses define the different types of test specimen and their preparation.

4.2 Types of test specimen
4.2.1 General
A test specimen may be:

— an item, as is or with a surface preparation;
— a sized-block machined from an item.

Several types of test specimen are specified in this sub-clause. Each property’s measurement
method (clause 5) specifies the type(s) and the minimum number of test specimens to be tested.

Tests which are carried out on test specimens of different dimensions, or on specimens which
are prepared under different conditions, can produce results which are not comparﬁgc(lﬁﬁents
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364 factors, such as the test speed and the conditioning of the specimens, can also influence the
365 results.

366 Consequently, a high number of test specimen may be required to perform measurements to
367 determine the entire list of properties. Nevertheless, one test specimen may undergo several
368  successive tests (for example density, resistivity and flexural strength).

369 4.2.2 Type A

370  This type of test specimen corresponds to an item taken from the sample, that is to say a block
371 or a plate without cut-out.

372 Two sub-types are defined:

373 — Type A1: item as it is produced and cleaned from dust;
374 — Type A2: item machined to get a smooth and planar surface.

375 4.2.3 Type B

376  This type covers test specimen of a rectangular cross-section cut and machined from an item
377 (which could be a block, a plate or a brush). The preparation of the test sample shall be in
378 accordance with 4.3.

379  For example, a saw (or other device) for cutting the sample to a suitable size is used. In addition,
380 a grinding wheel (or other device) for machining the test specimen may be used so that all
381 adjacent surfaces are at right angles.

382 Its dimensions & x w x [ are linked to the test method and/or the grade family.

383 In any case, the smallest dimension shall be at least two times of the largest structural
384  constituent (e.g. maximum grain size) of the material to be tested, but not smaller than 4 mm.

385 The length of the test specimen must be at least three times its width or diameter.

386 NOTE Form and size of the samples influence the measurement, in particular the flexural strength (statistic of
387 Weibull).

388  The different sub-types and their dimensions are specified in Table 1.

389 Table 1 — Dimensions of test specimen of type B
390 Dimensions in millimetres
Type h w )
B1 5 5 30
B2 4 8 32
B3 5 5 40
B4 10 10 64
B5 12 25 90
391

392 4.24 Type C

393  This type regroups test specimens without any a special shape and specific dimensions, when
394 the determination of a property does not require a sample of type A or B.

395 When needed, the overall dimensions and/or mass of type C test specimen are spegified_i
396 test procedure. ﬁ&cmbﬁents
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397 4.2.5 Type D

398 This type is relative to blocks having smaller dimensions than test specimen of type B1. It is
399  mainly the case when the brush is directly moulded with its final dimensions (pressed-to-size).

400  Some of the properties described in clauses 5 to 10 may not be possible to be tested since they
401 absolutely require test specimen of type B (for example resistivity and flexural strength).

402 When it is acceptable the dimensions may be reduced. Nevertheless, it is recommended that
403 the length is at least three times the width (or diameter). This case will be specifically included
404 in each test procedure.

405 4.3 Preparation of test specimens
406 4.3.1 General

407 The present paragraph applies to test specimens of type A, B and D. It specifies the preparation
408 and the control of test specimens:

409 — grain orientation to be considered during its manufacturing process (machining or
410 moulding);

411 — test method for the measurement of its dimensions, with categories of tolerances, when
412 applicable;

413  — requirements on parallelism and squareness, when applicable;

414  — requirements on roughness, when applicable.

415  When machined from a sample, the test specimen should not be cut in the area closed to the
416 external side (baking skin). See Figure 2 and Figure 3.

417  4.3.2 Relation between dimensions and grain direction
418 Brush grades (and by extension sliding contacts) may be anisotropic, that is to say their

419 properties are different depending on the direction of measurement. This anisotropy is due to
420  the orientation of agglomerated grains during the forming operation:

421 — for one-directional compression (uniaxial moulding): grains are oriented in a plane that is
422 perpendicular to the pressing direction,
423  — for extrusion: grains are oriented in lines parallel to the extrusion direction.

424  Figure 2 and Figure 3 illustrate the grain orientation direction respectively for each process.
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425

426 Key:

427 h  height

428 w  width

429 P direction of pressing during moulding operation

430 White lines represent the grain orientation planes.

431 Figure 2 — Configuration of test specimen relative to the direction of moulding

o
- h AG
w
432
433 Key:
434 h  height
435 w  width
436 E direction of extrusion
437 Grey lines represent the grain orientation lines.
438 Figure 3 — Configuration of test specimen relative to the directio!i of ¢ xtrlt?s%cﬁ‘uments
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439  The anisotropy is mainly found for bakelite-graphite (BG), carbon-graphite (CG), hard carbon
440 (HC) and metal graphite (MG) grades, whereas, as it is commonly admitted, it is unsignificant
441 for electrographite grades (EG).

442 The consequence is that some of their properties, such as resistivity and flexural strength, will
443  differ depending on how the test specimen is cut from the item.

444  Therefore, two configurations are specified as per Table 2 and illustrated in Figure 2 for one-
445 directional compression and Figure 3 for extrusion.

446 Table 2 — Configuration type according to the forming process of the item
Configuration Configuration’s impact One-directional Extrusion
type on the property tested compression
wG the property will be the grain orientation planes the grain orientation lines are
measured “with-grain” are parallel to the plane w x [ | perpendicular to the plane
of the test specimen 2@ h x w of the test specimen
AG the property will be the grain orientation planes the grain orientation lines are
measured “across-grain” are parallel to the plane perpendicular to the plane
h x w of the test specimen w x [ of the test specimen P
2 For this case, two possibilities are given when machining of the test specimen from a block, as shown on
Figure 2.
b Lines are also parallel to the plane & x I. As for note 2, two possibilities of machining are also possible (the
second one is not represented on Figure 3 to avoid overwhelm).

447

448 If the test specimen has a square cross-section, a mark shall be done on the test specimen (for
449  example: a white line parallel to the orientation direction) to identify the pressing or extruding
450 direction, so that the operator will place it correctly on the test equipment.

451 4.3.3 Requirements on test specimens
452 4.3.3.1 Dimensions measurement

453 The height #, width w and length [ shall be measured by using either a micrometre, a digital-
454 indicator gauge or a calliper at points lying within £ 2 mm of the centre of the specimen.

455 NOTE The design, characteristics and metrology (periodic calibration, etc) of above instruments are specified in
456 respective standards 1SO 3611, ISO 13102 and ISO 13385-1.

457 If not stated in the paragraph Test equipment of the property to be measured, the accuracy of
458 the measuring instrument shall be in chosen in accordance with the tolerances on the
459  dimensions to be measured (see Table 3).

460 When a micrometre is used, the presser foot shall have a flat, circular contact face with a
461 diameter of minimum 4 mm and the anvil shall have a spherical contact face of radius 50 mm
462 to avoid errors caused by misalignment with the test piece.

463 4.3.3.2 Tolerances on dimensions

464 Two categories are defined:

465 — category 1: when the dimensions are measured on each test specimen, and then used in
466 the formula of the relevant property to be determined;
467 — category 2: when the dimensions are not measured on each test specimen, and the nominal
468 values given in Table 2 are used in the formulae of the relevant property to be determined.
469 As for the squareness, it is up to the brush manufacturer to define a suitable control plan
470 for evaluating the compliance on tolerances for this category.
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The tolerances on dimensions 4 x w x [ of the test specimen for each category shall be in
accordance with Table 3.

Table 3 — Tolerances on test specimen dimensions for each category

Dimensions in millimetres

Dimension Category 1 Category 2
h + 0,10 + 0,04
w +0,10 + 0,04
I +1,0 +0,8

4.3.3.3 Squareness and parallelism

The test specimen shall have all angles between adjacent sides of 90° + 15’. The parallelism
between opposite sides shall be £ 0,04 mm.

It is up to the brush manufacturer to define the control plan for the evaluation of squareness
(each test specimen of a sample, test specimens randomly taken from a sample, test specimens
taken periodically...).

4.3.3.4 Surface aspect

Where indicated in the paragraph relative to the test specimen for each property’s test
procedure, the surfaces of the test specimen that are subjected to testing shall be machined or
grinded to the surface finish normally used for carbon brushes, that is to say so as to remove
any surface irregularity nor traces of the process moulding (die or extrusion skin).

A maximum roughness of 5 ym is recommended.

NOTE The roughness type is arithmetical roughness (Ra) and it is measured with a roughness meter according to
ISO 21920-2 or ISO 4287.

5 Apparent density

5.1 General

The method described here is used to determine the apparent density (or bulk) of moulded
bodies made of carbon and graphite materials with rectangular block specimen and irregular
shape test specimen.

The apparent density may be determined by one of following standard methods:

— Rectangular block specimen: Mass-and-dimensions method.

It is suitable for type test and production quality control (serial test) and should preferably
be used since most of the materials are porous.

— lrregular shape test specimen: Immersion method,;
The immersion method is considered to be an alternative and may be used in cases where
the mass-and-dimensions method cannot be applied or is unsuitable.

All these methods are considered accurate to three significant figures, which is sufficiently
accurate for checking these properties, since carbon-graphite products vary much more than
metals.
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505 5.2 Mass-and-dimensions method

506  5.2.1 General

507 This method is only applicable to rectangular parallelepipedal block specimen.
508 NOTE 1 The apparent density determined with this method is also called geometric density.
509 NOTE 2 Standards ISO 12985-1 and ASTM C559 also describe equivalent test procedures.
510 5.2.2 Principle of measurement

511 The geometry of the test specimen and its mass are measured, the apparent density is
512  calculated according to the formula (2).

513 5.2.3 Test equipment
514 5.2.3.1 Instrument for measuring dimensions according to 4.3.3.1.

515 e Fortest specimens for which the largest dimension is £ 25 mm, the micrometre (£ 0,001mm)
516 must be used;

517 e Fortest specimens with the largest dimension > 25 mm, the calliper (x 0,01 mm) is sufficient.
518  5.2.3.2 Scale or balance suitable for weighing the test specimen with an accuracy of:

519 e 10,001 g (four significant figures) for small samples of dimensions w and /# up to 5 mm;

520 e + 0,01 g (three significant figures) for samples of larger dimensions.

521 NOTE The tolerances of the measurement devices above are set to influence the measured values up to 0,5 %.
522 5.2.4 Test condition

523  All tests should be conducted at 20 °C £ 5 °C. The exact ambient temperature shall be recorded.

524 5.2.5 Test procedure

525  Weigh the mass of the test specimen m_ with the minimum significant figures specified in 5.2.3.2.

526 5.2.6 Calculation and Report

527 Calculate the volume V; of the test specimen expressed in cm® by using formula (2):

Vi=hXxwxl (2)

528

529 where

530 h, wand [ are expressed in cm;
531V, is expressed in cm3.

532 Then, calculate the apparent density J, in accordance with the following formula (3):

58 = 7t (3)
533
534 where
535 mg is the mass of the test specimen, expressed in g; Documents
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536 d4 is the apparent density.

537 Report the results for each test specimen to three decimals in the test report according to
538 Clause 11.

539 5.3 Immersion method
540 5.3.1 General

541 This method is applicable to any kind of test specimen, especially of complex or irregular
542 geometry.

543 NOTE 2 Standard ISO 12985-2 also describes an equivalent test procedure.
544 5.3.2 Principle of measurement

545 The principle is based on hydrostatic method, by weighing a specimen before and after
546  immersing it into water. The volume of the test specimen is determined from the mass of the
547 displaced water, that is why it is also known as “Archimedes’ density”. The apparent density is
548 calculated by the formula (4) specified in 5.3.8.

549 5.3.3 Reagents

550 Distilled water, or water of equivalent purity.

551 5.3.4 Test equipment
552 5.3.41 Balance, with an accuracy of :

553 e 10,01 g or better (three significant figures) for big specimen;

554 e 0,001 g for small specimen (four significant figures).

555 5.3.4.2 Tank, to be filed with distilled water, with dimensions larger than those of the test
556  specimen holder device.

557 5.3.4.3 Specimen holders, to hold the test specimen in air and/or in water, for example a
558 pan or a basket.

559 5.3.44 Specimen holder device for weighing the test specimen in air and in water.

560  Two types of devices, a) and b), and their corresponding test method are accordance with the
561 size of the test specimen:

562 a) Type for method A : For “big” test specimen having dimensions equal or larger than specified

563 for type B5 (see 4.2), the test equipment shall be configured as per below and Figure 4:
564 — aspecimen holder basket 6 suspended to the balance 1, by the mean of a wire, a chain
565 or a rod 2 (the mass of the basket and suspension mean shall be as low as possible);
566 — a water tank 3, filed with water, is placed under the specimen holder, with a device 4
567 capable to move it up and down;
568 — optionally, a pan 5 placed onto the balance.
Documents
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balance

specimen holder

water tank

device to move up or down the water tank
pan placed onto the balance 1

basket of the specimen holder 2

Figure 4 — Test equipment for the measurement of apparent density by immersion

method A on big test specimen

b) Type for method B: for “small” test specimen having dimensions lower than specified for
type B5 (see 4.2), the test equipment shall be arranged as per below and as described in
Figure 5:

NOTE

the water tank 3 is placed onto the balance 1;

the specimen holder comprises a basket 6 (which will be dipped in water) and is
suspended thanks to a holding device 4.

a pan to weigh the test specimen in air, which may be on the top of the specimen holder
(5b) or of the balance (5a).

Such device is known as density kit.
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5b -

Key

1 balance

2 specimen holder

3 water tank

4 device to hold the test specimen

5a pan placed onto the balance 1

5b pan on the top of the specimen holder 2

6 specimen holder basket, immerged in water

Figure 5 — Test equipment for the measurement of apparent density by immersion
method B on small test specimen

5.3.5 Test specimen
As this method may be used for irregular shape test specimen, no preparation is necessary

beyond making sure that the sample is clean, dry and free from extraneous metal or foreign
material.

As an option, for high porous materials, it is possible to coat as thinly as possible all surfaces
of the test specimen with a waterproof masking material (for example vaseline). If this option is
used, make sure that there is no significant influence on the measurement of mass.

5.3.6 Test condition

All tests should be conducted at 20 °C £ 5 °C. The exact ambient temperature shall be recorded.

5.3.7 Procedure of measurement
5.3.71 General

The general procedure follows the principle stated in 5.3.2.

Two different methods are to be applied depending on the test specimen dimensions, as

described in 5.3.4: Documents
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