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INTERNATIONAL

Standard Test Methods for
Steel Tire Cords *

This standard is issued under the fixed designation D 2969; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonej indicates an editorial change since the last revision or reapproval.

1. Scope D 76 Specification for Tensile Testing Machines for Tex-

1.1 These test methods cover the testing of cords made from tiles? o ] . .
steel that are specifically designed for use in the reinforcement D 122 Specifications for Tire Fabrics Other Than Tire Cord
of pneumatic tires. By agreement, these test methods may be Fabrics . _ _
used to test similar cords or filaments used for reinforcing other D 123 Terminology Relating to Textilés _
rubber products. The steel cords may be wound on spools or D 885 Methods of Testing Tire Cords, Tire Cord Fabrics,
beams. The steel cords may also be woven into fabric, in which ~ @nd Industrial Filament Yarns and Cords Made from

case they must be removed from the fabric prior to testing.

Note 1—For other methods of testing tire cords and tire cord fabrics,

refer to Methods D 885, Test Methods D 1871, Specifications D 122, and
Test Methods D 2692 and D 2970. For tolerances on tire cords and tire

cord fabrics, refer to Specifications D 122 and Methods D 885.

1.2 These test methods include test procedures only; they do

not establish specifications or tolerances.
1.3 This test method includes the following sections:

Subject Section
Adhesion of Steel Cords and Filaments to Elastomers 16
Brass Coating Composition and Mass 14, 15
Breaking Force (Strength) 10
Construction 12
Data Form for Reporting Test Results Appendix X1
Elongation at Break 10
Elongation Between Defined Forces (EDF) 11
Flare 8
Lay 12
Linear Density 9
Visual Appearance 8
Nomenclature System Annex Al
Residual Torsions 8
Straightness 8
Thickness and Out-of-Roundness 13

1.4 This standard does not purport to address all of the3

safety concerns, if any, associated with its use. It is the

Manufactured Organic-Based Fibérs

D 1777 Test Method for Thickness of Textile Materfals

D 1871 Test Methods for Adhesion of Single-Filament Steel
Wire to Rubbet

D 2229 Test Method for Adhesion Between Steel Tire
Cords and Rubbér

D 2692 Test Method for Air Wicking of Tire Fabrics, Tire
Cord Fabrics, Tire Cord, and Yarhs

D 2904 Practice for Interlaboratory Testing of a Textile Test
Method that Produces Normally Distributed Data

D 2970 Methods of Testing Tire Cords, Tire Cord Fabrics
and Industrial Yarns Made from Glass Filaménts

D 4393 Test Method for Strap Peel Adhesion of Reinforcing
Cords or Fabrics to Rubber Compoufds

D 6477 Terminology Relating to Tire Cord, Bead Wire,
Hose Reinforcing Wire, and Fabrits

E 663 Practice for Flame Atomic Absorption Analysis

2.2 International Bureau for the Standardization of Man-

Made Fibers (BISFA):

Internationally Agreed Methods for Testing Steel Tire
Cord$

. Terminology

responsibility of the user of this standard to establish appro- 3-1 Definitions: _ _ .
priate safety and health practices and determine the applica- 3.1.1 For definitions of terms relating to tire cord, bead wire,

bility of regulatory limitations prior to useSee 14.3 and Note hose wire, and tire cord fabrics, refer to Terminology D 6477.

11. 3.1.2 For definitions of other terms related to textiles, refer

1.5 This standard is written in SI units. No other units of {0 Terminology D 123.

measurement are included in this standard.

2. Referenced Documents
2.1 ASTM Standards:

1 These test methods are under the jurisdiction of ASTM Committee D13 on
Textiles and are the direct responsibility of Subcommittee D13.19 on Tire Cord and
Fabrics.

Current edition approved Sept. 10, 2002. Published October 2002. Originally
published as D 2969 — 71 T. Last previous edition D 2969<%00

4. Summary of Test Method

4.1 A summary of the test methods prescribed for the

determination of specific properties is stated in each of the

2 Annual Book of ASTM Standardgol 07.01.

3 Discontinued. Se&993 Annual Book of ASTM Standard®l 07.01.

4 Annual Book of ASTM Standardgol 07.02.

S Discontinued. Se@996 Annual Book of ASTM Standardél 03.06.

© Available from BISFA, Lauren Garten Strasse 12, PO Box, CH-4010 BASLE

Switzerland.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
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sections pertaining to the respective properties. each laboratory sampling unit as directed in each specific test
method.
5. Significance and Use 6.4 Specimen PreparatienFor cords, when practical, per-

5.1 The procedures in Test Methods D 2969 for the deterform tests on specimens taken directly from the spools or other
mination of the properties of steel tire cord and relatedPackages in the laboratory sample.
materials are considered satisfactory for acceptance testing 9f

; ; Conditioning
commercial shipments of such products because the procedures T )
are the best available and have been used extensively in the’-1 Conditioning of materials covered by these test methods

trade. When a purchaser frequently uses a specific supplier, has not been found necessary, except to maintain cleanliness.

is recommended that the two parties investigate the methods {0 /iy al Appearance, Residual Torsion, Straightness
determine if there is any bias between their two laboratories as' rj5e ’ ’ '

directed in 5.1.1.

5.1.1 In case of a dispute arising from differences in
reported test results when using this test method for acceptan8
testing of commercial shipments, the purchaser and the su;SQ
plier should conduct comparative tests to determine if there is
a statistical bias between their laboratories. Competent stati
tical assistance is recommended for the investigation of bia
As a minimum, the two parties should take a group of tes i ) .
specimens that are as homogeneous as possible and that arg‘"3 One.speume'n is taken from e"’.‘Ch laboratory _sampllng
from a lot of material of the type in question. Test specimené'n't for residual torsion, flare, _and straightness. Specimens for
should then be randomly assigned in equal numbers to eaéﬁher tests may be used for visual appearance.
laboratory for testing. The average results from the two 8.4 Proce_dures . . . .
laboratories should be compared using the appropriate statis-s'é"1 Residual Torsioa-Determine residual torsion by re-
tical analysis and an acceptable probability level chosen by th 1oving at Iga'ss m ofco_rd from the package, cutting it off, and
two parties before testing is begun. If bias is found, either it iscarding it. Make a right angle b_end about 2_5 mm from th?
cause must be found and corrected or the purchaser and tﬁgrd end on the package. Hold this bent end tightly so that it

supplier must agree to interpret future test results with considgagnzOt tulgn m;:le p“”'f‘g ou]:[ a s;iﬁmmenkhavmg a I(ra]ngth of 6
eration to the known bias. *+ 0.2 m. Pull the specimen from the package in such a manner

5.2 The significance and use of particular properties ar hat does not change the residual torsions of the specimen from
discussed in the appropriate sections. hat of the cord on the package. Release the free end of the cord
and allow this end to rotate while the cord is free of external
; tension. Count and record the number of rotations of the cord
6. Sampling . S
. end to the closest one-half rotation and, viewing the cord from
6.1 Lot Sample-As a lot sample for acceptance testing, {he pent end toward the package, denote clockwise rotations as

take at random the number of primary sampling units as,qsitive (+) and anti-clockwise rotations as negative (-).
directed in an applicable material specification or other agree- g 4 1 1 calculate the average residual torsion for the lot.

ment between the purchaser and the supplier. Consider cartonsg 4 » Straightness-Without cutting the specimen from the

of cords or rolls of fabric as primary sampling units. package, pull out a length of cord60.2 m and lay it on a
Note 2—A realistic specification or other agreement between theSmooth, hard surface and allow it to rotate freely. With no
purchaser and the supplier requires taking into account the variabilitgension applied to the cord, place the cord specimen approxi-
between cartons of cords and between spools or other packages withimaately equidistant from two straight parallel lines spaced at a

carton, or the variability between and within rolls of fabric so as to providedistance of 75+ 3 mm. If the specimen does not touch both

a sampling plan with meaningful producer's risk, consumer's risk.;inag consider the specimen straight. Record the observation
acceptable quality level, and limiting quality level. ' )

8.1 Scope—This test method covers the visual examination
steel cord for appearance and test procedures for residual
rsion, straightness, and flare.

8.2 Significance and UsePhysical properties of steel tire
ord may be affected by the methods of manufacturing and
andling procedures. Cleanliness has a direct effect on the
idhesion of steel tire cord to elastomers.

Note 3—It is common practice to make residual torsion and straight-
6.2 Laboratory Sample-As a laboratory sample for accep ness observations on the same specimen. Residual torsion is measured

tance testing, proceed as follows: first, then straightness.

6.2.1 For cords, take at random the number of spools or 8.4.3 Flare—Cut a straight section of cord (not less than
other packages per carton as directed in the applicable materi 0 mm) using cuttefsheld at right angles to the axis of the

specification or other agreement between the purchaser and t . .
supplier specimen and measure to the nearest 1 mm of the distance
6.2.2 .For fabric, take a full-width swatcl m long from the along the longitudinal axis that any filament or strand unrav-
end of each roll in the lot sample, after first discarding aeIIEd' Record this distance.
minimum d 1 m of fabric from the outside layer of the roll (see
6-2-3)- “ The sole source of supply of the apparatus known to the committee at this time
6.2.3 Place each laboratory sampling unit in a moistureis Felix Flisch Felco, 2206 Les Geneveys-s/Coffrane Switzerland or Loos and Co.,

proof container to protect it from atmospheric corrosion an0900 Industrial Blvd., Naples, FL 33942. If you are aware of alternative suppliers,
. . please provide this information to ASTM Headquarters. Your comments will receive
contamination. careful consideration at a meeting of the responsible technical committee, which

6.3 Test SpecimensTake the number of specimens from you may attend.
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8.4.3.1 Calculate the average flare for the lot. the specimen to within 0.1 % using a tension of £0L N to
8.4.4 Contaminatior—Make a visual inspection of the keep the cord straight. Cut the specimen at the required length.
specimen taken as directed in 8.4.1, 8.4.2, or 8.4.3 and recoilecord the length.

the presence of any dirt, rust, 0.”’. or a.ny Other foreign material. Note 4—A proposed method for measuring the linear density of
Also look for and record any pitting, including rough spots. A high-elongation cords is as follows:

visual inspection of the package and its integrity may be (1) Clamp an extensometer onto the specimen that is straight, but under
included, if appropriate. no tension; read the gage lendth(0);

8.5 Report—State that the inspection of visual appearance (2) Apply a tension of 1.5- 0.2 N to the cord and read the gage length,
was made in accordance with Section 8 of Test Method$ (1); .
D 2969. Describe the material sampled and the method used(®) Calculate the extension factdzF, as follows:

for sampling and report the following information: EF = (L(1) — LO)/L(O) (1)
8.5.1 Residual Torsionfor each sampling unit and the lot. ~ (4) Calculate and report the linear density, as follows:
8.5.2 Straightnessfor each sampling unit and the lot. Linear density, tex= M/(L(0) X (1 + EF)) )

8.5.3 Flare, for each sampling unit and the lot. .

8.5.4 Contaminatior—Visual appearance observations for "l\‘/’lhere'
each laboratory sampling unit. L (0)

8.6 Precision and Bias-No justifiable statement can be Egfr
made either on the precision or bias of the procedures in Test

i . 9.4 Procedure—Determine the mass of the specimen of
Methods D 2969 for the evaluation of visual appearance, | 4 by weighing to the nearest 1 mg.

because the test F‘?S”'FS merely state conformance to the Crlterla9.5 Calculation—Calculate the linear density to the nearest
for success specified in the procedures. . .
10 tex using Eq 3:

8.6.1 Twenty cord samples of 2X.30 HT construction were _ _
measured for residual torsion and flare in accordance with 8.4.1 Linear density, tex= M/L @)
and 8.4.2. A single operator in a single laboratory performedwhere.
the testing. A statistical analysis was used to quantify intral-\, - ' mass, g, and
aboratory variability for these properties. The property flare| - Iengtﬁ, km.

mass, g,
length, km, and
extension factor.

showed a strongly right-skewed distribution, with values be- g 51 calculate the average linear density for the lot.
tween 0 and 65 mm; the median value was 3 mm. Repeatability g g Report—Report that the specimen was tested in accor-
was not calculated for flare because of its non-normal distriggnce with Section 9 of Test Methods D 2969. Describe the

bution. Results are shown in the following: material sampled and the method of sampling used. Report the

o Property Avgrgge 1?3 Repeatability SX RePrO'gZCibi”ty linear density for each laboratory sampling unit and for the lot.
are . . - o ;

Residual Torsion ~ 1.45 0.2 0.62 NA NA 9.7 Precision and Bias

. . e 9.7.1 Summary—In comparing two averages of four obser-
S is the intra-laboratory standard deviatidg,, the total  \4iions; the difference between averages should not exceed 10
standard deviation, is formed by taking the square root of thgsy in 95 out of 100 cases when all of the observations are
sum of intra-laboratory and interlaboratory variance compoygyen py the same well-trained operator using the same piece of

nents.S; cannot be_c_Jet_ermin_ed from the“se df"‘ta' , Jest equipment and the specimens are randomly drawn from the
Method repeatability is defined as the *maximum difference’syme sample. Larger differences are likely to occur under all
that can “reasonably” be expected between two test resulSiner circumstances.

obtained on the same material when the test results areg 7 5 |nteriaporatory Test Data—An interlaboratory test
obtained in the same Iabqratory. Method reproducibility iSWas run in 1983 in which randomly drawn specimens of four
defined as the “maximum difference” that can “reasonably” b&naterials were tested in sixteen laboratories in accordance with
expected between two test results obtained on the samgacfice D 2904. Each laboratory used two operators, each of
material when the test results are obtained from differenfy,om tested specimens of each material on two different days.
laboratories. The components of variance expressed as standard deviations
9. Linear Density are listed in Table 1. _

S Sape i s mthod,  spctd kot of il 57 EORCT- L 1 omporens of e e
pord IIS \INe'ghEd using an anqu;ucal Ealance and linear densr[?,(onsidered significantly different at the 95 % probability level
IS ca cu_ate_:ql as mass per unit length. . if the difference equals or exceeds the critical differences listed

9.2 Significance and UseThe linear density of steel cord

. L in, Table 2.
is used to calculate the expected mass of pneumatic tires and

the various components used in their manufacture as a part ofNote 5—The values of the tabulated differences should be considered

the process control procedure. to be a general statement, particularly with respect to between-laboratory
9.3 Number and Preparation of SpecimenSake a speci- precision. Before a meaningful statement can be made about two specific

) . . laboratories, the amount of statistical bias, if any, between them must be

men having a minimum lengthfd m from each sample of

cord (see Note 4 for high-elongation cords). For samples from

fabric, use a sufficient number qf ends to give a minimum 8 Supporting data are available from ASTM Headquarters. Request RR: D13-

length d 1 m of cord for each specimen. Measure the length ofio72.
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TABLE 1 Components of Variance as Standard Deviations A
Name of Property Single-Operator Component Within-Laboratory Between-Laboratory
Component Component

Linear Density, tex

Single-material comparisons 4.96 3.31 1.28

Multi-material comparisons 0.00 3.31 3.15
Breaking Force, N&

1X4x0.25 4.30 1.63 5.88

3 X 0.20 + 6 X 0.38 16.13 11.58 25.84

3+9X022+1X0.15 27.48 0.00 34.62

2+7x022+1Xx0.15 17.63 3.05 15.12
Elongation, %°?

1X 4 Xx0.25 0.07 0.00 0.00

3 X 0.20+6 X 0.38 0.15 0.00 0.00

3+9x0.22+1x0.15 0.12 0.00 0.00

2+7X022+1X0.15 0.11 0.00 0.00
Cord lay length (rubbing), mm

Single-material comparisons 0.34 0.06 0.00

Multi-material comparisons 0.00 0.06 0.22
Strand lay length (rubbing), mm

Single-material comparisons 0.14 0.00 0.00

Multi-material comparisons 0.05 0.00 0.04
Cord lay length (counter), mm

Single-material comparisons 0.11 0.04 0.08

Multi-material comparisons 0.06 0.04 0.19
Strand lay length (counter), mm

Single-material comparisons 0.06 0.02 0.06

Multi-material comparisons 0.01 0.02 0.08
Cord thickness, mm

Single-material comparisons 0.009 0.004 0.033

Multi-material comparisons 0.004 0.004 0.061
Cord ovality, mm

Single-material comparisons 0.013 0.006 0.009

Multi-material comparisons 0.010 0.006 0.009
Mass of Brass, g/kg®

Single-material comparisons 0.197 0.084 0.136

Multi-material comparisons 0.000 0.084 0.152
Copper in Brass, %°

Single-material comparisons 1.118 0.284 0.308

Multi-material comparisons 0.223 0.284 0.383
Mass of Brass, g/kg®

Single-material comparisons 0.097 0.023 0.234

Multi-material comparisons 0.000 0.023 0.244
Copper in Brass, %°

Single-material comparisons 0.310 0.000 0.190

Multi-material comparisons 0.152 0.000 0.308

“The square roots of the components of variance are listed so that variability is expressed in the appropriate units of measure rather than as the square of those units
of measure.

BBreaking load and elongation were found to be dependent on cord construction during interlaboratory testing and no valid statement can be made about the components
of variance for multi-material comparisons. The cord constructions noted were those tested in the 1983 interlaboratory test.

CBy atomic absorption (Section 14).

Px-ray fluorescence (Section 15).

established with each comparison being based on recent data obtained on 1% 4X0.25
specimens taken from a lot of material of the type being evaluated so as 3 X 0.20 +6 X 0.38

to be as homogeneous as possible, and then randomly assigned in equal 3+9x022+1x0.15
numbers to each of the laboratories. 2+7x022+1x015

9.7.4 Bias—The procedure in Test Methods D 2969 for Except as noted in the appropriate section, components of
determining the linear density of steel cord has not beeWwariance and critical differences were found to be independent
checked against referenced materials but contains no knowss significant material effects. See Annex A1l for an explanation

bias. The test method is accepted as a referee method. of cord constructions.
9.7.4.1 The materials used in the 1983 interlaboratory test
were:

TABLE 2 Critical Differences for Conditions Noted

Name of Property Number of Single-Operator Within-Laboratory Between-Laboratory
Observations Precision Precision Precision
Linear Density, tex (single-material comparisons)
1 13.76 16.54 16.91
2 9.73 13.37 13.84
4 6.88 11.46 12.00




A0y D 2969 — 02
“afl

TABLE 2 Continued

Number of Single-Operator Within-Laboratory Between-Laboratory
Name of Property . e L L
Observations Precision Precision Precision
8 4.86 10.38 10.97
16 3.44 9.80 10.42
(multi-material comparisons)
1 13.76 16.54 18.70
2 9.73 13.37 15.97
4 6.88 11.46 14.42
8 4.86 10.38 13.57
16 3.44 9.80 13.13
Breaking Force, N* (single-material comparisons)
1 X4 X 0.25 1 11.91 12.73 20.63
2 8.42 9.55 18.89
4 5.95 7.47 17.93
8 4.21 6.17 17.43
16 2.98 541 17.17
(single-material comparisons)
3 X 0.20+6 X 0.38 1 44.69 55.03 90.31
2 31.60 45.05 84.50
4 22.35 39.12 81.59
8 15.80 35.78 80.05
16 11.17 33.99 79.27
(single-material comparisons)
3+9X022+1X0.15 1 76.16 76.16 122.50
2 53.86 53.86 110.02
4 33.08 38.08 103.22
8 26.93 26.93 99.65
16 19.04 19.04 97.81
(single-material comparisons)
2+7X022+1X0.15 1 48.87 49.60 64.93
2 34.56 35.58 54.98
4 24.44 25.86 49.25
8 17.28 19.24 46.12
16 12.22 14.86 44.47
EDF, % (single-material comparisons)
1 0.01 0.01 0.02
2 0.01 0.01 0.02
4 0.01 0.01 0.02
8 0.00 0.01 0.02
16 0.00 0.02 0.02
(multi-material comparisons)
1 0.01 0.02 0.02
2 0.01 0.01 0.02
4 0.01 0.01 0.02
8 0.01 0.01 0.02
16 0.01 0.01 0.02
Elongation, %* (single-material comparisons)
1 X4 Xx0.25 1 0.20 0.20 0.20
2 0.14 0.14 0.14
4 0.10 0.10 0.10
8 0.07 0.07 0.07
16 0.05 0.05 0.05
(single-material comparisons)
3 X 0.20+6 X 0.38 1 0.43 0.43 0.43
2 0.30 0.30 0.30
4 0.21 0.21 0.21
8 0.15 0.15 0.15
16 0.11 0.11 0.11
(single-material comparisons)
3+9X022+1X0.15 1 0.33 0.33 0.33
2 0.23 0.23 0.23
4 0.16 0.16 0.16
8 0.12 0.12 0.12
16 0.08 0.08 0.08
(single-material comparisons)
2+7X022+1x0.15 1 0.30 0.30 0.30
2 0.22 0.22 0.22
4 0.15 0.15 0.15
8 0.11 0.11 0.11
16 0.08 0.08 0.08
Cord lay length (rubbing), mm (single-material comparisons)
1 0.95 0.97 0.97
2 0.67 0.70 0.70
4 0.48 0.51 0.51
8 0.34 0.38 0.38
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TABLE 2 Continued

Name of Property Number of Single-Operator Within-Laboratory Between-Laboratory
Observations Precision Precision Precision
16 0.24 0.30 0.30
(multi-material comparisons)
1 0.95 0.97 1.14
2 0.67 0.70 0.92
4 0.48 0.51 0.79
8 0.34 0.38 0.72
16 0.24 0.30 0.68
Strand lay length (rubbing), mm (single-material comparisons)
1 0.39 0.39 0.39
2 0.28 0.28 0.28
4 0.20 0.20 0.20
8 0.14 0.14 0.14
16 0.10 0.10 0.10
(multi-material comparisons)
1 0.41 0.41 0.43
2 0.30 0.30 0.33
4 0.23 0.23 0.26
8 0.19 0.19 0.22
16 0.16 0.16 0.20
Cord lay length (counter), mm (single-material comparisons)
1 0.31 0.33 0.40
2 0.22 0.25 0.34
4 0.15 0.19 0.30
8 0.11 0.16 0.28
16 0.08 0.14 0.27
(multi-material comparisons)
1 0.35 0.37 0.64
2 0.27 0.29 0.60
4 0.22 0.25 0.58
8 0.19 0.23 0.57
16 0.18 0.21 0.57
Strand lay length (counter), mm (single-material comparisons)
1 0.17 0.18 0.24
2 0.12 0.13 0.21
4 0.08 0.10 0.19
8 0.06 0.08 0.18
16 0.04 0.07 0.17
(multi-material comparisons)
1 0.17 0.18 0.28
2 0.12 0.13 0.25
4 0.09 0.10 0.24
8 0.06 0.09 0.23
16 0.05 0.08 0.23
Cord thickness, mm (single-material comparisons)
1 0.02 0.03 0.10
2 0.02 0.02 0.10
4 0.01 0.02 0.09
8 0.01 0.02 0.09
16 0.01 0.01 0.09
(multi-material comparisons)
1 0.03 0.03 0.17
2 0.02 0.02 0.17
4 0.02 0.02 0.17
8 0.01 0.02 0.17
16 0.01 0.02 0.17
Cord out-of-roundness (single-material comparisons)
1 0.04 0.04 0.05
2 0.03 0.03 0.04
4 0.02 0.02 0.03
8 0.01 0.02 0.03
16 0.01 0.02 0.02
(multi-material comparisons)
1 0.05 0.05 0.05
2 0.04 0.04 0.05
4 0.03 0.04 0.04
8 0.03 0.03 0.04
16 0.03 0.03 0.04
Mass of brass, g/kg? (single-material comparisons)
1 0.546 0.594 0.703
2 0.386 0.451 0.588
4 0.273 0.359 0.520
8 0.193 0.302 0.483
16 0.136 0.270 0.464
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TABLE 2 Continued

Number of Single-Operator Within-Laboratory Between-Laboratory

Name of Property Observations Precision Precision Precision

(multi-material comparisons)

1 0.546 0.594 0.728
2 0.386 0.451 0.617
4 0.273 0.359 0.553
8 0.193 0.302 0.519
16 0.136 0.270 0.500
Copper in brass, %° (single-material comparisons)
1 3.10 3.20 3.31
2 2.19 2.33 2.48
4 1.55 1.74 1.94
8 1.10 1.35 1.60
16 0.77 1.10 1.40
(multi-material comparisons)
1 3.16 3.26 3.42
2 2.28 2.41 2.63
4 1.67 1.84 2.13
8 1.26 1.48 1.82
16 0.99 1.27 1.65
Mass of brass, g/kg® (single-material comparisons)
1 0.27 0.28 0.71
2 0.19 0.20 0.68
4 0.14 0.15 0.67
8 0.10 0.12 0.66
16 0.07 0.09 0.66
(multi-material comparisons)
1 0.27 0.28 0.73
2 0.19 0.20 0.71
4 0.14 0.15 0.69
8 0.10 0.12 0.69
16 0.07 0.09 0.68
Copper in brass, %° (single-material comparisons)
1 0.86 0.86 1.01
2 0.61 0.61 0.80
4 0.43 0.43 0.68
8 0.30 0.30 0.61
16 0.22 0.22 0.57
(multi-material comparisons)
1 0.96 0.96 1.28
2 0.74 0.74 1.13
4 0.60 0.60 1.05
8 0.52 0.52 1.00
16 0.47 0.47 0.98

“Breaking force and elongation were found to be dependent on cord construction during interlaboratory testing and no valid statement can be made concerning least
critical differences for multi-material comparisons. The cord constructions noted were those tested in the 1983 interlaboratory test.

BBy atomic absorption (Section 14).

CBy X-ray fluorescence (Section 15).

10. Tensile Properties or Cord Breaking Force (Strength) 10.3.1 Tensile Testing MachireA constant rate of exten-
and Elongation at Break sion (CRE) type with an autographic force-extension recorder,
gdigital readout, or automated data logger that conforms to the

10.1 Scope—The two ends of a specimen are clamped in ; o )
quirements of Specification D 76 is recommended.

tensile testing machine and an increasing force is applied untif
the specimen breaks. The change in the force measured Versufore 6—The accuracy of the determination of elongation can be
the increase in the separation of the specimen clamps to forimproved by the use of an extensometer in all cases where the gripping
a force-extension curve. Breaking force and nominal extensiomechanism permits some movement of the specimen. Improvement can
at break are read directly from the curve. Elongation at breaRIso be effected by using a longer gage length with gripping mechanisms
is calculated using the extension and specimen length. that do not permit movement of the specimen in the grips.

10.2 Significance and UseThe levels of tensile properties  10.3.2 Extensometer (OptionabyThis may be any device
obtained when testing specimens are affected by the rate difiat can be attached to the specimen and that permits recording
loading, the type of clamps, and the gage length of theof the specimen elongation during loading.
specimen. The clamps used to grip the specimen have the most10.3.3 Clamps—Any clamp that does not cause failure of
influence on the test results. Elongation at break is difficult tothe specimen at the gripping point or in contact with the clamp.
determine by the procedure in 10.6. For greater accuracy imstron pneumatic grips 2714-004, 2714-006, and Scott 400
determining elongation at break, see 10.3.2 and Note 6. A&lamps for finer cords have been found suitable. A smooth jaw
pretension of 1 % of full-scale force is required for all cords,surface or one similar to file cut is preferred over a diamond-
except as indicated in Note 4. type serration. If breaking force only is desired, a spool-type

10.3 Apparatus clamp may be used. The diameter of the capstan should be
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increased as the specimen thickness is increased to avoidspecified minimum and the specimen fractures at the gripping
bending radius that will damage the filaments where theyoint (jaw break) or on the clamp surface, discard that result
contact the capstan. The clamps must be of sufficient capacitgnd test another specimen. If the highest force attained meets
and design to prevent specimen slippage without causinthe specified minimum, retain the result whether or not the
specimen breaks at the gripping point within the clamps or irspecimen breaks at the gripping points or on the clamp surface.

contact with the clamp. 10.5.8 Determine the elongation at break of each specimen
10.3.4 Abrasive Cloth 180 or 240 grit. when determining its breaking force. Read the extension at the
10.4 Number and Preparation of Specimens point of maximum force from the autographic recorder chart or
10.4.1 Test five specimens from each laboratory samplingpy electronic means. If the force-extension curve exhibits an
unit. initial nonlinear portion, extrapolate from the initial straight
10.4.2 Remove the spiral wrap, if present, from the length ofine portion of the curve to the base line. This intersection is the
the specimen in contact with the clamps. point of origin for determining extension.

10.4.3 Tape the sample at convenient intervals equivalentto o 1o extrapolation procedure is not applicable to high-
the required length of the specimen to be used, and cut throug;bngation cords.
the sample whgre it has been taped to secure the needecﬁom 9—If capstan clamps are used, the elongation at the capstan
number of specimens. might be less than in the free part. The difference can be calculated by
10.4.4 For some constructions where flare or unraveling isletermining the elongation at break at two gage lengths.
not a problem, it may be convenient to remove the spiral wrap 10.6 Calculations

completely and omit taping. 10.6.1 Calculate the average breaking strength of the

10.5 Procedure sample to three significant digits from the observed breaking

10.5.1 Select a force scale based on the estimated breaki?@rces of the specimens tested. Calculate breaking strength for

force of the specimen so that the testing machine will bethe lot

operating in the range from 10 to 90 % of its full-scale force. 10.6.2 Calculate the elongation at break for each specimen
10.5.2 Adjust the distance between the clamps on the testing . " aarest 0.1 % using Eq 4:

machine so that the nominal gage length of the specimen
equals the distance from nip to nip of the jaws in the clamps or E = 100L/G )
between the axes of the capstan clamps. Jaw design angnere:

distance from nip to nip may vary. Gage length should be S00g = g|ongation at break, %,

* 5 mm. L extension of the specimen, mm, and
10.5.3 Operate the testing machine at a cross-head moves gage length (10.5.2), mm.

ment that gives a rate of extension between 5 and 10 % of the 10.6.3 Calculate the elongation at break for each laboratory
nominal gage length per minute. Testing at a rate in the lowegampling unit and for the lot.

end of a specified range is recommended when improved 10.7 Report

accuracy of elongation is needed. Graphic records of extension 10.7.1 Report that the specimens were tested as directed in

as a proportion of tester cross-head movement are permissibisction 10 of Test Methods D 2969. Describe the material
when the relationship of the record to the actual specimeBampled and the method of sampling used.

extension is known and the correct elongation can be calcu- 10.7.2 Report the following information:

lated. _ _ ~10.7.2.1 Breaking strength for each laboratory sampling
10.5.4 Secure the specimen in the top clamp, exertingnit and for the lot.

enough pressure to prevent the cord from slipping when 10722 Elongation at break for each laboratory sampling
loaded. Place the other end of the specimen between the jawsit and for the lot.
of the bottom clamp. Apply a pretension of 1 % of full scale to 1 g precision and Bias

keep the specimen taut. Tighten the bottom clamp. _10.8.1 Summary-Interlaboratory test data have shown that
10.5.5 If failure at the jaws is a problem, insert an abrasivgne variance in breaking force testing is dependent upon the
cloth as a jaw liner between the specimen and the jaw surfac@onstryction of the steel cord: therefore, no general statement
Insert the abrasive cloth to cover the full jaw gripping surface can pe made concerning least critical differences. The follow-
with the abrasive cloth extending beyond the leading edge qfyg gata were generated during the interlaboratory test and are
the jaw to protect the specimen where it is clamped. Theasented for reference. In comparing two averages of four
abrasive side of the cloth should contact the specimen. Ihhsepyvations, the difference between the averages should not
slippage occurs, it may be the result of a build up of residuabyceed the following values in 95 out of 100 cases when all of
wire drawing lubricant on the jaw surfaces and can behe gpservations are taken by the same well-trained operator

remedied by cleaning. _ _ using the same piece of test equipment and specimens are
10.5.6 Start the testing machine, break the specimen, ar}‘éndomly drawn from the same sample of the steel cord

note the highest force to three significant digits. construction indicated:
Note 7—In some constructions, it is possible for one or more strandsSteel Cord Construction Breaking Force, N  Elongation at Break, %
or filaments to rupture prior to the others so that a drop in Ioad-carrying; X 3500'265 058 22 8-;(1)
i i di ; X 0.20 + 6 X 0. .
ability may be indicated prior to complete rupture. 3405029 +1 %015 38 o016
10.5.7 If the highest force for any specimen is less than thé * 7 < 022+ 1 x0.15 24 0.15
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Larger differences are likely to occur under all other circum-pneumatic grips 2712-002, 2712-003, and 2712-005 have been
stances. The procedure for determining breaking force anfbund suitable.
elongation at break has no known bias and is considered a 11.4 Number and Preparation of Specimen
referee method. 11.4.1 Test five specimens from each laboratory sampling
10.8.2 Interlaboratory Test Datd—An interlaboratory test unit.
was run in 1983 in which randomly drawn specimens of four 11.4.2 Remove the sample from the spool without subject-
materials were tested in fourteen laboratories in accordandag the sample to any tension, rotation, or sharp bends that
with Practice D 2904. Each laboratory used two operatorsyould kink the sample or otherwise distort the normal con-
each of whom tested two specimens of each material ofiguration. If the cord construction being tested includes a wrap
different days. The components of variance expressed agire, do not remove the wrap wire.
standard deviations are listed in Table 1. 11.4.3 Mark the sample in intervals to give specimens at
10.8.3 Precision—For the components of variance reportedleast 1.5 m apart to prevent the cut ends from influencing the
in Table 1, the averages of two observed values should best results, and simultaneously cut and fuse the cut ends.
considered significantly different at the 95 % probability level 11.4.4 Alternatively, preserve specimen integrity by taping
if the difference equals or exceeds the critical differences listethe sample at specimen length intervals and cutting through the
in Table 2 (see Note 5). tape.
10.8.4 Bias—The procedures in Test Methods D 2969 for 11.5 Procedure
determining breaking force and elongation at break of steel 11.5.1 Calibrate the tester and recording instruments ac-
cord have not been checked against accepted reference magerding to the manufacturer's recommendations.

rials but contain no known bias. These test methods are 11.5.2 Select a force range such that the two force points

accepted as referee methods (see 9.7.4.1). between which the elongation is to be measured fall within the
) ) range (from 2.5 to 20 N or from 2.5 to 50 N). A force
11. Elongation Between Defined Forces (EDF) measuring device, commonly referred to as a load cell, with a

11.1 Scope—A specimen is mounted between the clamps ofmaximum capacity of no more than 100 N is recommended.
a tensile testing machine (usually with a specified pretension) 11.5.3 Set the crosshead speed at 5 mm/min.
and then elongated until the force on the specimen has reached11.5.4 If using a force-extension recorder, set the chart
a given value, usually less than 50 % of the nominal breakingpeed fast enough to enhance accuracy of measurement and
force of the specimen. The change in force is measured assimplify calculation of elongation. A multiple of 100 times the
function of the increase in the separation of the clamps of therosshead speed (500 mm/min) is recommended. When using
tensile testing machine to define a force-extension curve. Than automatic data logger, use a maximum signal sampling rate
extension between two specified force points is read directigompatible with the equipment.
from the curve or determined by electronic means or with an 11.5.5 Adjust the distance between the clamps on the tensile
on-line computer. Recommended force points are 2.5 N and 2@sting machine so that the nominal gage length of the
N or 2.5 N and 50 N. Calculate the EDF using the extensiorspecimen, measured from nip to nip of the jaws of the clamps,
between the two forces and the gage length. is 500 mm,*=1 %.
11.2 Significance and Use 11.5.6 Secure the specimen in the top clamp, exerting
11.2.1 The characteristic of elongation at relatively lowenough pressure to prevent the cord from slipping when force
force relates to steel cord processability or rubber penetratioris applied. Place the other end of the specimen between the
or both. jaws of the bottom clamp. Use light hand tension (less than
11.2.1.1 Test results may be affected by the rate of applical N) to straighten and center the specimen. Close the bottom
tion of the force, the type of clamps, the amount of pretensionglamp. Start the test machine. Stop the crosshead when a force
the method of obtaining the sample, and the gage length of that leas 5 N greater than the selected maximum force has been
specimen. The overall condition of the test equipment may alsteached.
affect results because of the small forces and small crossheadl1.5.7 If specimen slippage has occurred during the test,
movements used in this test. discard the results and repeat the test using a new specimen.
11.2.2 Simplified methods, using portable testing equip- 11.5.8 Repeat the test until 5 valid determinations are
ment, are sometimes used by the producing plants for contragibtained for each sample.
of production. Such methods and equipment should be com- 11.6 Calculation
pared to this test method for possible bias. The simplified 11.6.1 Calculate the elongation between the two chosen
methods are not considered suitable for acceptance testing. force points to the nearest 0.01 %. When measuring extension

11.3 Apparatus from a recorder chart, calculate EDF as follows in Eq 5:
11.3.1 Tensile Testing MachireA constant rate of exten- (E- — Ey)
. . _ F O
sion (CRE) type capable of low crosshead speeds (5 mm/min) EDF = ——1— X RX 100 ®)

and equipped with an automatic force-extension recorder,
digital read-out, or automatic data logger that conforms to thewhere:
requirements of Specification D 76 is recommended.
11.3.2 Clamps—Any clamp featuring smooth jaws which
prevents slippage without causing specimen breakage. Instron

= elongation between defined forces, %,
Eo = extension (in mm on the chart) at initial force (in
N)
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= = extension (in mm on the chart) at final force (in N) ~ 11.8.3 Precision—Two test results should be considered

L = gage length, in mm significantly different at the 95 % probability level if the

R = ratio of crosshead speed/chart speed. critical difference equals or exceeds the critical differences
11.6.2 Calculate the EDF for each laboratory sampling unitisted in Table 2 (see Note 5).

and for the lot. 11.8.4 Bias—The procedures contained in Test Methods
11.7 Report D 2969 for determining elongation between defined forces

11.7.1 State that the specimens were tested as directed @ontain no known bias because EDF is only defined in terms of
Section 11 of Test Methods D 2969. Describe the materiathis test method.
sampled and the method of sampling used.

11.7.2 Report the following information: 12. Construction

11.7.2.1 The EDF for each laboratory sampling unit and for 12 1 Scope—A specimen is separated into its components,
the lot. . . and the direction of lay and number of strands and filaments

11.7.2.2 The two force points used to determine the elongetermined. Conventional construction nomenclature is given
gation. in Annex Al.

11.7.2.3 The gage length of the specimen used if different 17 2 significance and UsePhysical properties of steel
than specified in this test method. cords are influenced by the direction of lay, length of lay, and

11.7.2.4 Any modification to this test method. number of strands and filaments. Certain special constructions

11.8 Precision and Bias may exist where the length of lay cannot be measured by this

11.8.1 Summary-In comparing two averages of five obser- tast method.
vations the difference between averages should not exceedqs 3 Mmaterials
0.005 % in 95 out of 100 cases when all of the observations are 15 3 ¢ Masking Tape20 mm wide.
taken by the same well-trained operator using the same 1, 3 5 \yhite Paper or Carbon Paper and Graphite Pencil
equipment and specimens are randomly drawn from the same 12.4 Procedure
sample of material. The procedures described in this method .’

for determining the elongation between defined forces have ng 12.4.1 Tape one specimen from each laboratory sampling
. 9 9a unit at two places approximately 250 mm apart and cut through
known bias and are considered referee methods.

; the tape and specimen. Remove the spiral wrap, if one is
11.8.2 Interlaboratory Test Dat&—An interlaboratory ) : : , . ;
evaluation coordinated by BISFA was conducted in 1991 irFresent, however, if the lay of this wrap is required, determine

. . : he lay before removing the wrap.
which randomly drawn samples of six constructions of stee - N
. R N - 12.4.2 Direction of Lay—Note and record the direction of
tire cord were tested in six laboratories in accordance Wltll

Practice D 2904. Each laboratory used two operators, each ?3/1254 S’SL or ch a}s Sef'nlfld n 3'1'2;1' t of whit
whom tested the six materials on two separate days. In ~ =™ ength of Lay—riace a sheet of while paper or

analyzing the data, the results from one laboratory Wergarbon paper over a straight-length section of the specimen and

discarded because there was evidence that the procedure v{ﬁ? the pbaperfwnh da p?”;'}' to form a_reh?f |mpress!?naclountth
improperly applied in that laboratory. e number of nodes in the impression for a specified leng

(not shorter than five times the specified lay length) measured
between the center of nodes (see Fig. 1). Using the number of

© Supporting data are available from ASTM Headquarters, 100 Barr HarborsFrandS f_rom 12.4.4, calculate the Iength of lay of the cord as
Drive, West Conshohocken, PA 19428. Request RR: D13-1064. directed in 12.5.

Example of a 3 fitament strand

~T] e e o W W S

PRF’ER‘/
~ ZRECIMEM FPEMCIL o

%TTTTT‘TTTJ‘,O

Length of lay = (length marked/number of nodes) X the number of filaments in the strand (see 12.4.6) For the three-filament strand illustrated,
Length of lay, mm = (75/10) X 3 = 22.5 mm

FIG. 1 Diagram lllustrating the Determination of the “Length of Lay”

10
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12.4.4 Number of Strands-Separate the outermost compo- Larger differences are likely to occur under all other circum-
nents making up the specimen by unwinding the surface layestances.
Note and record the number of components in this surface 12.7.2 Interlaboratory Test Datd—An interlaboratory test
layer. The outermost components may be single filaments aras run in 1983 in which randomly drawn specimens of four
strands. materials were tested in sixteen laboratories in accordance with

12.4.5 If the outermost component is comprised of morePractice D 2904. Ten laboratories used the rubbing method and
than one filament, unwind a strand from the cord and determingix laboratories used the twist counter method. Each laboratory
the direction of lay and the length of lay as directed in 12.4.2used two operators, each of whom tested two specimens of
and 12.4.3. Use the number of filaments determined as directeich material on different days. The components of variance
in 12.4.6 and in Eq 6 of 12.5 to calculate the length of lay ofexpressed as standard deviations are listed in Table 1 (see
the strands. 9.7.2.1).

12.4.6 Number of Filaments-Separate the strand by un-  12.7.3 Precision—For the components of variance reported
winding and count the number of filaments in the strand.  in Table 1, the averages of two observed values should be
12.4.7 Repeat the procedures in 12.4.2-12.4.6 for the core, fonsidered significantly different at the 95 % probability level
present. The core is the innermost component of a constructidﬁthe difference equals or exceeds the critical difference listed

that remains in the center and does not extend to the surfade Table 2 (see Note 5).

|ayer_ It can be a sing|e filament or a strand. 1274 _Bias—The procedures in Test Methods D 2969 for
12.4.8 An alternative method for determining the length ofd€termining the cord and strand lay lengths of steel cord have

lay is the untwisting method, as covered in the section on TwisfiOt been checked against accepted reference materials but

in Method D 885. A modified twist counter, such as a hand-contain no known bias. These methods are accepted as referee

driven torsion testing machine, is required to untwist the cordnethods (see 9.7.2.1).

due to the stiffness of the cord. Untwist the cord first, then )

untwist the strands when more than one strand is present. THe- Thickness of Cord

length of lay is calculated by dividing the initial specimen 13.1 Scope—A minimum length specimen of strand or cord

length as measured between the clamps by the number of turiss held between two parallel circular-faced anvils of a mi-

required to untwist the cord or the strand. For high-elongatiorcrometer. The movable anvil is closed gradually and gently

cords, apply 0.5 mN/tex pretension during the clamping. until it is in contact with the specimen. The thickness is
12.5 Calculation—Calculate the length of lay to the nearest determined by reading the micrometer gage. The out-of-

0.2 mm using Eq 6 as follows: roundness is determined from the minimum and maximum
Length of Lay, mm= (L/IN) X S ©) thickness measurements.

) Note 10—Alternative methods of determining thickness are described
where: . in Methods D 885. Optical or non-contact methods for thickness measure-
L = length over which the number of nodes are counted,ments, especially of easily deformed cords, are under study.

mm, I . . .

S = number of strands or filaments in the surface layer, and  13:2 Significance and UseThickness is one of the basic

N = number of nodes. physical properties of strand and cord needed in many indus-
12.5.1 Calculate the length of lay for the lot trial applications. Tire dimensions and calendered fabric thick-
12.6 Report ness are dependent on knowing cord thickness. Production

12.6.1 State that the specimens were tested as directed fi%chmques in calendering are also affected by the degree of

Section 12 of Test Methods D 2969. Describe the materia?u{'gogrzggi?:tissm the cord.
sa;nszGeg r:;nd thtet:]e;hﬁd C.)f sa.lrr;plmgt.use?. h cord part: 13.3.1 Precision Micrometer with a vernier to provide
e eport the foflowing information for €ach cord part. ., 35yrement to the nearest 0.01 mm. The anvils shall be plane
12.6.2.1 Direction of lay, __and parallel within 0.015 mm. The dimensions of the anvils
12.6.2.2 Length of lay for each laboratory sampling unit andshoy|d be greater than one lay length. The force on the anvils

for the lot. and _ shall be 1.5 0.2 N.
12.6.2.3 Number of strands or filaments, or both. 13.4 Number and Preparation of Specimens
12.7 Precision and Bias 13.4.1 Test one specimen from each laboratory sampling

12.7.1 Summary-In comparing two averages of four ob- unit.
servations the difference between averages should not exceed13.4.2 Remove a 150-mm specimen from the spool by
the following amounts in 95 out of 100 cases when all of theburning or cutting. The section to be measured may not be bent
observations are taken by the same well-trained operator using kinked.
the same piece of equipment and specimens are randomly13.5 Procedure

drawn from the same sample. 13.5.1 Verify that the measuring instrument reads 0.000
Rubbing Method when the anvils are closed.
Cord Lay Length 0.48 mm 13.5.2 Carefully make a right-angle bend in the cord with-
Strand Lay Length 0.20 mm bendi Kinki h . b d
Twist Counter Method out bending or kinking the section to be measured, so as to
Cord Lay Length 0.15 mm assist in rotating the cord between measurements and judging
Strand Lay Length 0.08 mm the amount of rotation. Determine the maximum and minimum

11
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thicknesses at each of three locations approximately 100 mm 14.2 Significance and UseThe adhesive properties of the
apart along the cord. Read and record each measurement to tterd depend in part on the composition and mass of the brass
nearest 0.01 mm. coating.
13.6 Calculations 14.3 Apparatus and Reagents
13.6.1 Calculate the thickness, to the nearest 0.01 mm, as14.3.1 Atomic Absorption SpectrophotometeA spectro-
the average of the three maximum and three minimum meghotometer capable of being operated in accordance with
surements for each laboratory sampling unit and for the lot. Practice E 663 with the following instrument operating param-
13.6.2 Calculate the difference between each pair of minieters:

mum and maximum readings for each specimen. The out-of- Copper Zinc
roundness for the specimen is the maximum difference detemwavelength 324.7 nm 213.9 nm
mined. Fuel/oxidant acetylene/air
lame oxidizing
13.6.2.1 Calculate the average out-of-roundness for the Iog”t width (per operating manual)
13.7 Report

13.7.1 Report that the specimens were tested as directed in14.3.2 Calibration Solutions—The following standard solu- _
Section 13 of Test Methods D 2969. Describe the materia)o"S May be used (fewer may be used based on the operating
sampled and the method of sampling used manual for the specific flame atomic absorption equipment

13.7.2 Report the following information: used):
H i H Solution A—1 ppm Cu, 0.5 ppm Zn, 5 % HNO3(by volume).
13.7.2.1 Cord thickness for each laboratory sampling unit Solution B2 ppm Gu. 1.0 ppm Zn. 5 % HNO.(by volume).
and for the lot, and ) ) Solution C—3 ppm Cu, 1.5 ppm Zn, 5 % HNOs(by volume).
13.7.2.2 Out-of-roundness for each laboratory sampling unit Solution D—4 ppm Cu, 2.0 ppm Zn, 5 % HNO;(by volume).
Solution E—5 ppm Cu, 2.5 ppm Zn, 5 % HNO3(by volume).
and for the lot.
13.8 Precision and Bias 14.3.3 Reference SolutierThe reference solution used

13.8.1 Summary—-In comparing two averages of four ob- should be 5 % (by volume) nitric acid in distilled water.
servations, the difference between averages should not exceedi4.3.4 Chloroform technical grade.
the following amounts in 95 out of 100 cases when all the 14 3.5 Toluene technical grade.

observations are taken by the same well-trained operator using 14 3.6 Nitric Acid, reagent grade, 69 to 71 % by weight.

the same piece of test equipment and specimens are randomly;4 4 Number of SpecimensTake one specimen per subunit
drawn from the same sample: in the laboratory sample.

Cord Thickness 0.01 mm 14.5 Hazards

d -of- d . .
cor _Oum Roundness _ o.02 mm . 14.5.1 Refer to the manufacturer's material safety data sheet
Larger differences are likely to occur under all other circum-(MSDS) for information on handling, use, storage, and dis-
stances. The procedures for determining cord thickness argbsal of chemicals used in this standard.

out-of-roundness have no known bias and are considered 1452 Precaution- In addition to other precautions, safety

referee methods. _ precautions should be followed when using any of the listed
13.8.2 Interlaboratory Test Datd—An interlaboratory test reagents. The reagents should be used only with adequate
was run in 1983 in which randomly drawn specimens of fouryenilation (in a hood) and with eye protection. Personnel
materials were tested in fifteen laboratories in accordance witBhould be familiar with current emergency first aid procedures
Practice D 2904. Each laboratory used two operators, each @iy each reagent and should obtain medical attention immedi-
whom tested two specimens of each material on different daygtely upon accidental contact.
The components of variance expressed as standard deviations; 4 g 3 Warning- Chloroform acts as a narcotic and anes-
are listed in Table 1 (see 9.7.2.1). , thetic at high concentrations, and is toxic by ingestion.
_ 13.8.3 Precision—For the components of variance reported 14 5 4 \warning-Toluene is a local irritant, may be narcotic
in Table 1, the averages of two observed values should bg nigh concentration, and is harmful or fatal if swallowed.
considered significantly different at the 95 % probability level 14.5.5 Warning- Nitric acid is corrosive and may cause
if the difference equals or exceeds the critical differences ”Stegeve.r burns of the skin eyes. the vapor is irritating to the
in Table 2 .(see Note 5). . mucous membranes.
13.8.4 Bias—The procedures in Test Methods D 2969 for 14.6 Procedure
determining thickness and out-of-roundness of steel cord have 14.6 1 Cut a lenath of cord to vield a specimen mass
not been checked against accepted reference materials Qut, ™ 9 y P

contain no known bias. These methods are accepted as refe %ﬁv?g (():'2 and 0.'4 g W.'thOlljt Wrip V\]ﬁ're‘ . v 30
methods (see 9.7.2.1). .6.2 Cut specimens into lengths of approximately 30-mm,

untwist, and place individual filaments in a suitable test tube. If
14. Brass Coating Analysis by Atomic Absorption (AA) wrap wire is present, discard and do not include in the analysis.
14.1 Scope-The brass coating is stripped from the steelRinse specimen with a 50:50 mixture of chloroform and
cord using nitric acid, and the composition is determined usingoluene. Drain and dry for 30 min in a vented oven at 100 to
flame atomic absorption analysis as in Practice E 663. Th&05°C. Remove and place in a desiccator and cool to room
mass of the brass (coating weight) is expressed as the ratio tfmperature.
the total mass of the copper and zinc to the specimen mass14.6.3 Weigh the specimen to the nearest 0.1 mg and place
prior to stripping. in a dry 200-mL volumetric flask. Strip coating by covering

12
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wires with 5 mL of nitric acid and magnet stir for 30 s. Draw copper in brass have no known bias and are considered referee

and hold the specimen in the neck of the flask using a magnemethods.

rinse with 5 mL of nitric acid. While retaining the specimen in ~ 14.9.2 Interlaboratory Test Datd—An interlaboratory test

the neck of the flask with a magnet, rinse the specimen severalas run in 1981 in which randomly drawn specimens of nine

times with distilled water, then carefully remove the specimemmaterials were tested in twenty-two laboratories in accordance

using the magnet. with Practice D 2904. Each laboratory used two operators,
14.6.4 Dilute to volume with distilled water and mix. each of whom tested two specimens of each material. In
14.6.5 Analyze this solution and applicable calibration so-analyzing the data, the results from two laboratories were

lutions in accordance with the specific flame atomic absorptiogliscarded because there was evidence that the procedure was

spectrophotometer manual and Practice E 663. improperly applied in those two laboratories due to inexperi-
14.7 Calculation enced operators. The components of variance, expressed as

14.7.1 Calculate the copper content to the nearest 0.01 g §fandard deviations, are listed in Table 1.
copper/kg of cord, using Eq 7 14.9.2.1 The materials used in both the 1981 and the 1983

) . interlaboratory tests for brass analysis were<(%) + (6 X 4)
Copper in brass, % 100X ppm Culppm Cut ppmZn  (7) 175 + 1x 0.15 construction with the nominal properties

14.7.1.1 Calculate the copper content for the lot. of:
14.7.2 Calculate the zinc content to the nearest 0.01 g of Copper Percentages in Coating—63, 67.5, 72
zinc/kg of cord, using Eq 8: Mass of Brass (g/kg)—3.66, 5.12, 6.59 in all possible combi-
Zinc in brass, %= 100 X ppm Zn{ppm Cu+ ppm Zn (8) . nations .

) 14.9.3 Precision—For the components of variance reported
14.7.2.1 Calculate the zinc content for the lot. in Table 1, two averages should be considered significantly
14.7.3 Calculate the mass of brass (coating weight) to thgifferent at the 95 % probability level if the difference equals or

nearest 0.01 g/kg using Eq 9: exceeds the critical differences listed in Table 2 (see Note 5).
Mass of brass, g/kg 0.2 X (ppm Cu+ ppm Zn/W 9) 14.9.4 Bias—The procedures in Test Methods D 2969 for
determining mass of brass and copper in brass on filaments,
where: strands, cords, and fabric made from steel cords have not been

W = specimen mass, g. _ checked against accepted reference materials but contain no
14.7.4 Cglculate the brass thickness to the nearest 10 NiRpown bias. These procedures are accepted as referee methods.

using Eq 10: ] } o

Thickness, mm= 0.234x F x mass of brass 100 (10) 15. Brass Coating Analysis by X-Ray Emission or

Fluorescence Spectroscopy (XRF)

where: ] 15.1 Scope—Steel cord specimens 38 mm long are placed

F = diameter of filament, mm. side by side on a holder and irradiated with X-rays. The
14.7.4.1 Calculate the brass thickness for the lot. resultant emissions are used to calculate the mass of brass and
14.8 Report the copper content in the brass.

14.8.1 Report that the specimens were tested as directed in15.2 Significance and UseThe adhesion properties of
Section 14 of Test Methods D 2969. Describe the materiasteel cord depend in part on the mass of brass and the brass

sampled and the method of sampling used. composition.
14.8.2 Report the following information: 15.3 Apparatus - _
14.8.2.1 Copper content for each laboratory sampling unit 15.3.1 X-ray Spectrometewith fine slit (see Note 11).

and for the lot. 15.3.2 Calibration Standards-Brass standards from the
14.8.2.2 Zinc content for each laboratory sampling unit andVational Institute for Standards and Technology (NFST)

for the lot. should be used to confirm proper apparatus operation based on

14.8.2.3 Mass of brass (coating weight) for each laborator rocedures specified for the particular spectrometer being used.
Y. ecommended standards taken and the percent copper in brass

sampling unit and for the lot. X 0 . )
14.8.2.4 Thickness of brass for each laboratory sampling'JjS calculated to the nearest 0.01 % using Eq 11:

unit and for the lot. Cu, %= (CuK, IntensityX 100/(CuK, + ZnK, Intensitie$

14.9 Precision and Bias
14.9.1 Summary—In comparing two averages of four ob- where:
servations, the differences between averages should not exce€lK,

(11)

number of intensity counts at the CyKvave-

the following amounts in 95 out of 100 cases when all of the length, and
observations are taken by the same well-trained operator usingnK, = number of intensity counts at the ZpKvave-
the same piece of test equipment and specimens drawn length.
randomly from the same sample of material: This value must fall within+0.5 % of the nominal copper
Mass of brass 0.27 glkg value for the NBS standard.
Copper in brass 1.55%

Larger differences are likely to OCCUI.’ Lfnder all other circum- 1 cajipration standards may be obtained through the National Institute for
stances. The procedures for determining mass of brass améhndards and Technology, U.S. Department of Commerce, Washington, DC 20234.
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Note 11—Precaution: In addition to other precautions, observe occu- ating procedures for the spectrometer. Record intensity values
pational health and safety standafden ionizing radiation at all X-ray  for CuK,, ZnK,, and Fek,.
emission spectrometer installations. X-ray equipment should be used only 15.6 Calculations

under the guidance and supervision of a responsible, qualified person. 15.6.1 Compute ratios as directed in 14.7 and determine the
15.3.3 Suitable monitoring devices, either film badges opercent copper and mass of brass from the calibration curves
dosimeters, shall be worn by all personnel using the equipmengstablished in accordance with 14.7.

Periodic radiation surveys of the equipment for leaks and 156.2 Determine zinc content by subtracting percent cop-
excessive scattered radiation shall be made by a qualifiegler from 100 %.

person using an ionization chamber detector in accordance 15.6.3 Calculate the brass coating thickness to the nearest
with local, state, and national radiation standards. The personab nm using Eq 14:
film badge survey record, the radiation survey record, and a
maintenance record shall be available upon request.
15.3.4 Special precautions for the operator shall be postedwhere:
15.3.5 X-ray caution signs shall be posted near the X-rayF = diameter of filament, mm.

Thickness, mm= 0.234X F X mass of brasx 1000 (14)

equipment and at all entrances to the radiation area. 15.7 Report
15.3.6 Fail-safe “X-Ray On” warning lights shall be used in  15.7.1 Report that the specimens were tested as directed in
the immediate area of the equipment. Section 15 of Test Methods D 2969. Describe the material
15.4 Number of SpecimensUnless otherwise agreed upon, sampled and the method of sampling used.
take one specimen per subunit in the laboratory sample. 15.7.2 Report the following information:
15.5 Procedure 15.7.2.1 Mass of brass (coating weight) for each laboratory

15.5.1 Calibration Curves—Due to the effect of specimen sampling unit and for the lot.
geometry, separate calibration curves must be established for15.7.2.2 Copper content for each laboratory sampling unit
each steel cord construction to be analyzed. The brass compand for the lot.
sition and mass of brass of the specimens used to establish thel5.7.2.3 Zinc content for each laboratory sampling unit and
calibration curves must encompass the expected values of tlier the lot.
material to be analyzed. Equipment operating conditions dur- 15.7.2.4 Thickness of brass for each laboratory sampling
ing establishment of calibration curves must be the same amit and for the lot.
those to be utilized during subsequent analysis. 15.8 Precision and Bias

15.5.1.1 Using a series of specimens drawn from samples 15.8.1 Summary—In comparing two averages of four ob-
whose brass composition and mass of brass have been preservations the difference between averages should not exceed
ously determined in accordance with Section 14, the copper tthe following amounts in 95 out of 100 cases when all of the
brass ratio and the brass to iron ratio as defined by Eq 12 arsbservations are taken by the same well-trained operator using
Eqg 13 are plotted versus the previously determined coppehe same piece of test equipment and specimens drawn from
content and mass of brass values for those same samples. the same sample:

R, = (CuK, intensity/(CuK, intensity+ ZnK, intensity (12) Mass of brass 0.14 g/kg
Copper in brass 0.43 %
R, = (CUK, intensity+ ZnK, intensity/(FeK, intensity ~ (13) Larger differences are likely to occur u_nder all other circum-
stances. The procedures for determining mass of brass and
where: ) ) copper in brass as directed in Section 15 have no known bias.
FeKy = number of intensity counts at the Fgkvave- 15.8.2 Interlaboratory Test Dat®*—An interlaboratory test
length, was run in 1983 in which randomly drawn samples of nine
Ry = (r:?)t;)(:):r) l;;zdplotted versus the known percentage materials were tested in six laboratories in accordance with

Practice D 2904. Each laboratory used two operators, each of
‘whom tested two specimens of each material on different days.

. . , The components of variance expressed as standard deviations
Data collection must be in accordance with the recom g jisted in Table 1. The samples used in this interlaboratory
mended operating procedure of the spectrometer. Analy

. i - “fest were drawn from the same group of samples used in the
duplicate specimens. If results are not within Q.4 % fqr COppefnterlaboratory test discussed in 14.9.2 (see 14.9.2.1).
and 0.1 g/kg for mass of brass, analyze a third specimen. 15 g 3 precision—For the components of variance reported

_15.5.2 Cut 40 specimens each 38 mm long. Place Specimeqs tapje 1, the averages of two observed values should be
side by side in a coplanar configuration and tape both endghgjgered significantly different at the 95 % probability level
These are now ready for analysis in accordance with thg ihe diference equals or exceeds the critical differences listed
operating procedures for the spectrometer. in Table 2 (see Note 5).

15.5.3 Analyze the specimens in accordance with the oper- 15 g 4 Bias—The procedures in Section 15, Test Methods

D 2969, for determining the mass of brass and the copper in

R, = ratio to be plotted versus the known mass of brass

11 Federal RegistgrVol 36, No. 105. May 29, 1971, Sec 1910.96 or of latest
issue of Subpart G; Superintendent of Documents, U.S. Government Printing Office;
Washington, DC 20025; National Bureau of Standards Handbook 111, ANSI '2Supporting data are available from ASTM Headquarters. Request RR: D13-
N43.2-1971. 1071.
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brass on filaments, strands, cords, and fabrics made from steel16.2 Determine the adhesion of filaments to elastomers as
have not been checked against accepted reference materials directed in Test Methods D 1871.

contain no known bias. The procedure in Section 15 is not an 16.3 Determine the peel adhesion of cords or filaments as
accepted referee method. directed in Test Method D 4393.

16. Static Adhesion of Filaments, Strands, and Cords to 17. Keywords

Elastomers 17.1 adhesion; brass coating; direction of lay; elongation;

16.1 Determine the adhesion of strands and cords to elatinear density; steel cord; strength, breaking; thickness; visual
tomers as directed in Test Method D 2229. appearance

ANNEX
(Mandatory Information)

Al. NOMENCLATURE SYSTEM FOR STEEL CORDS

Al.1 Format the filament diameter of the spiral wrap should always be
(SXF)XD+(SXF)XD+(SXF)XD+FXD written out.
Al.4.6 The lay and direction of lay may also be indicated

Al.2 Sections—-The sections of the format are listed in with the construction as in the following example:

order of sequence of manufacture of the cord structure:

(innermost) (intermediate) (outermost) (wrap) (110x 3 7 (61X04) 7 Oiio 7 13%50'}5 construction
s ! s / z / s/
Al1.3 Components core / outer / cord | spiral wrap
strand
More commonly identified as 7 X 4 X 0.20 + 1 X 0.15.
E z gﬂmgg: 8]]: zfg?r?gr?t’s and Al1.5 Special Constructiors-There may be special cord
D = nominal diameter of filaments. 0.001 mm. constructions that are nonsymmetric or that contain nonheli-
’ coidal elements and cannot be adequately described under this
Al.4 General Rules nomenclature system. In these instances a clear understanding
Al1.4.1 Start with the innermost part and proceed outward Must be established between the producer and user as to the
Al1.4.2 Separate each part by a plus (+) sign. geometry of each such cord construction.

Al1.4.3 Parentheses are used for clarity to differentiate a part Nore AL.1—Itis difficult to measure the diameter of the filament with
that consists of more than one component. Filaments ana micrometer after it has been combined with other filaments to form a
strands enclosed in parentheses form a part, the center of whistiand or cord due to undulations in the wire. The diameter of the filament

is not the center of the cord. may be measured using optical instruments or blade anvils in a microme-
Al.4.4 WhenSorF = 1. omitSor F in the format A1.1 to " For identification of filaments in the nomenclature system, the nominal
obtaih .short form of noménclature ) diameter of the filaments before forming as given by the supplier is used.

. ; Note Al.2—The nomenclature system describes the steel cord con-

A1-4-5 IT the diameter is the same for two or more parts g ction as manufactured by the producer. Various abbreviated methods

omit the diameter except for the last part before the changeave been derived from this system. All of these can be expressed in the
The filament diameter of the last part before the spiral wrap anebove format.

APPENDIX
(Nonmandatory Information)

X1. SUGGESTED DATA FORM FOR REPORTING TEST RESULTS

X1.1 To facilitate the reporting of test results for a lot of line sequence number be violated. As an example, if data on
steel tire cord, especially when the data is to be transmittetinear density is required, then it must be preceded by the line
electronically or recorded on tapes or diskettes designed to h&quence number 10. If data on a certain characteristic is not
read electronically, the data form in Table X1.1 is recom-required, then no adjustment should be made in the line
mended. sequence numbers for the subsequent characteristics; simply do

X1.2 The key element in the suggested form is that neithepot utilize the line sequence number shown for the character-
the characteristic nor the lot identification associated with eaclstic for which no data is required.
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TABLE X1.1 Data Form for Test Results from Lots of Steel Tire Cord A

Line Lot Identification
Sequence No.

01 Supplier code: NNN Supplier category: N

02 Purchaser specification number: '"AAAAAAAAAAAAAAA Purchaser plant code: NN

03 Date shipped: "YYMMDD’ Purchase order No: 'AAAAAAAAAA’ Date tested: 'YYMMDD’

04 Steelcord construction: 'AAAAA’ Supplier lot No:  'AAAAAAAA’ Brass analysis method:

05 Type spool: '"AAAAAAA’ Number of spools: NNNN
Characteristic Samples Average Standard Deviation Minimum Maximum CPK Limit

06 Cord thickness NN N.NNN N.NNN N.NNN N.NNN NN.NN ‘A

07 Breaking force: NN NNNNN. NNNN.N NNNNN. NNNNN. NN.NN ‘A

08 Adhesion force: NN NNNN. NNNN.N NNNN. NNNN. NN.NN ‘A

09 Adhesion NN NNN.N NN.N NNN NNN NN.NN ‘A
coverage:

10 Linear density NN NNNNN. NNNN.N NNNNN. NNNNN. NN.NN ‘A

11 Percent copper: NN NN.N NN.N NN.N NN.N NN.NN ‘A

12 Plating mass: NN N.NN N.NN N.NN N.NN NN.NN A

13 Residual torsions: NNNN NN.NN NN.NN NN.NN NN.NN NN.NN ‘A

14 Elongation at NN NN.NN NN.NN NN.NN NN.NN NN.NN ‘A
break:

Residual Torsions: <-30 -30 -25 -20 -15 -1.0 -05 0.0 0.5 1.0 1.5 2.0 25 3.0 >3.0

15 Histogram: NNNN NNNN NNNN NNNN NNNN NNNN NNNN NNNN NNNN NNNN NNNN NNNN NNNN NNNN NNNN

16 Flare: 'AA’ Straightness: 'AA’

30 Low load NN NN.NN NN.NN NN.NN NN.NN NN.NN ‘A
elongation:

31 Elasticity: NN NN.N NN.N NN NN NN.NN ‘A

32 Spare N N N N N N —

33 Spare N N N N N N —

34 Spare N N N N N N —

Symbol Dictionary:

A — alphanumeric character

N — numeric character

YYMMDD — international date format

AAll test methods and reporting units must be in accordance with purchaser specification.

X1.3 It is suggested that line sequence numbers of 30 gourchaser and the supplier.
greater be used for characteristics that are not the subject of an
ASTM standard. This procedure will facilitate the possible X1.5 Restrictions on the values of entries within a row,
future expansion of ASTM standards. between rows, and between groups of rows should be by

X1.4 Addition, deletion, or reordering of columns within mutual agreement between the purchaser and the supplier.

the form should be only by mutual agreement between the
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ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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