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Qd.l[.llb; Designation: D 885 — 02
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INTERNATIONAL
Standard Test Methods for
Tire Cords, Tire Cord Fabrics, and Industrial Filament Yarns
. . 1
Made from Manufactured Organic-Base Fibers
This standard is issued under the fixed designation D 885; 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 epsilon (e) indicates an editorial change since the last revision or reapproval.
1. Scope Breaking Toughness of Yarns and Cords 28
1.1 These test methods cover the testing of industriaﬁgnmd”i:;fiﬁé“"ass :
filament yarns made wholly of manufactured organic-baseontraction of Wet Yarns and Cords X3
fibers, cords twisted from such yarns, fabrics woven from sucﬁpu?/igr: Tire )Cgrdl_gaf;r_ick v 4 cord ’;’;
L H 1P esive 0lias PICKuUp on Yarns an oras
cords, and products that are made specifically for use in thgg oo at Break of Conditioned Yars and Cords 19
manufacture of pneumatic tires. They may be applied to similationgation at Break of Oven-Dried Rayon Yarns and Cords 25

yarns and cords used for reinforcing other rubber goods and fdrlongation of Rayon Yarns and Cords at a Specified Moisture Regain 20

. . . . Level, Adjustment of Observed
other industrial applications. The test methods apply to Nylong, .. ve Matter in Yarns and Cords 32

polyester, rayon, and aramid yarns and tire cords twisted fromorce at Specified Elongation (FASE) of Conditioned Yarns and 21

such yarns and to fabrics made from such cords. The yarn orCOde;S fed Elongation (FASE) of Oven-Dried Rayon Y 4 26
. Qrce at specifie ongation [0} ven-Drie ayon yarns an
cord may be wound on cones, tubes, bobbins, spools, or beanfs@mds

may be woven into fabric; or may be in some other form. Thecrowth of Conditioned Yarns and Cords X1
methods include testing procedure only and include no specidentification of Fibers 8
fications or tolerances. o Bersiy 29

1.2 No procedure is included for the determination OfMass of per Unit Area of Tire Cord Fabric 36
fatigue resistance of cord, but several commonly used procéh;m,d”'”sgc",”d‘i""edl Yarns and Cords ig
dures for the measurement of fatigue resistance of cords iﬂ%';t;;en a‘;?f,;”i;si};* Certain Yarn and Cord Tests 39
rubber were published in the appendix of these test methods in 35 to
the 1967 Annual Book of ASTM Standards, Part 24, and ir'g;‘:gelfi‘r‘]es of Tire Cord Fabric 28
earlier issues of Test Methods D 885. Shrinpkagge Force of Conditioned Yarns and Cords at Elevated Temper-

1.3 The sections on “Growth of Conditioned Yarns and ature X2.5
Cords,” “Properties of Yarns and Cords at Elevated Temperaghrirjlfage of Conditioned Yarns and Cords at Elevated Temperature ~ X2.4

. Significance and Use, General 5

ture,” and “Properties of Wet Yarns and Cords” have beemgiticance and Use, Tensile Properties 14
moved to Appendix X1-Appendix X3 as non-mandatory infor- s Calculations (examples for work-to-break, specific work-to-break,
mational items because of their very limited use by the industr%t;fr:ésbsr?k;’;%r‘iiugh”eSS) -
and because precision and bias statements are not included. 12 to

1.4 This standard includes the following sections: Tensile Properties of Yams and Cords 28

Secton  fyicknese of Cords 2

Adhesion of Cord to Elastomers 34 Twist in Yarns and Cords 30
Bibliography of Tire Cord Test Methods X5 Width of Tire Cord Fabric 35
Br;a::l;lng Strength (Force) of Yarns and Cords at Elevated Tempera-  X2.3 Work-to-Break of Yarns and Cords 27
Breaking Strength (Force) of Conditioned Yarns and Cords 16 1.5 These test methods show the values in both SI and
Sreaking Stenath (Frce of QverD1ed Rayon Yars and o5 22 inch-pound units. SI units is the technically correct name for

Moisture Regain Level, Adjustment of the system of metric units known as the International System of
g::zt::g I::Zg:g g: gggg“l';:g; g:;f; j{';f:ni‘;fg; ords ;ﬁ Units. Inch-pound units is the technically correct name for the

customary units used in the United States. The values stated in
either acceptable metric units or other units shall be regarded
separately as standard. The values expressed in each system
! These test methods are under the jurisdiction of ASTM Committee D13 onmay not be exact equivalents; therefore, each system must be

Textiles and are the direct responsibility of Subcommittee D13.19 on Tire Cord anqused independently of each other. without combining values in
Fabrics. ’

Current edition approved April 10, 2002. Published July 2002. Originally any Way'_
published as D 885 — 46T. Last previous edition D 885 — 01. 1.6 This standard does not purport to address all of the

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.

Hyosung Ex. 1028, Page 1 of 32



NOTICE: This standard has either been superceded and replaced by a new version or discontinued.
Contact ASTM International (www.astm.org) for the latest information.

Ay o 885

safety concerns, if any, associated with its use. It is thet has been the usual practice in the tire industry and related
responsibility of the user of this standard to establish appro-industries to use the terbreaking strengttio characterize yarn
priate safety and health practices and determine the applicaand cord of a specified size and type without any reduction to

bility of regulatory limitations prior to use. unit size. Numericallypreaking strengttis equal to breaking
force for the same specimen. The average of the breaking
2. Referenced Documents forces observed on two or more specimens of a specific sample
2.1 ASTM Standards: is referred to as the sample breaking strength, which is the
D 76 Specification for Tensile Testing Machines for Tex- property used in engineering calculations for a specific textile
tiles? material.Tensile strengtlandbreaking tenacityare derived or
D 123 Terminology Relating to Textilés calculated values that characterize a type or class of material

D 276 Test Methods for Identification of Fibers in Textles reduced to unit size. These terms can be used to compare

D 1423 Test Method for Twist in Yarns by the Direct- intrinsic strengths of yarns and cords of different sizes or
Counting different materials. The ternensile strength, in MPA (psi), is

D 1777 Test Method for Thickness of Textile Materfals ~ not synonymous with eitheibreaking force or breaking

D 1907 Test Method for Yarn Number by the Skein strengthin N (Ibf), or breaking tenacity, in mN/tex (gf/den).

Method? 3.1.2 breaking strengthpn—strength expressed in terms of
D 1909 Table of Commercial Moisture Regains for Textile breaking force.

Fiberg 3.1.2.1 Discussion—Breaking strength is particularly sig-
D 2138 Test Methods for Rubber Property—Adhesion tonificant as the characteristic of a sample as distinct from a

Textile Corc? specimen, and usually is expressed as newtons (N) or pounds-
D 2256 Test Methods for Tensile Properties of Yarns by theforce (Ibf) (see 3.1.1.1).

Single-Strand Methad 3.1.3 breaking tenacity,n—the tenacity at the breaking
D 2257 Test Method for Extractable Matter in Textiles force.

D 2258 Practice for Sampling Yarn for Testfng 3.1.3.1 Discussion—See 3.1.1.1.

D 2462 Test Method for Moisture in Wool by Distillation 3.1.4 breaking toughnessn—the actual work per unit
with Toluené volume or per unit mass of material that is required to rupture

D 2494 Test Method for Commercial Mass of a Shipment ofthe material.

Yarn or Man-Made Staple Fiber or Téw 3.1.4.1 Discussion—Breaking toughness is represented by
D 2654 Test Methods for Moisture in Textifes the area under the stress-strain curve from the origin to the
D 2969 Test Method for Steel Tire Cords breaking force per unit length.

Industrial Yarns Made from Glass Filamehts the change in stress to the change in strain between two

D 3775 Test Method for Fabric Count of Woven th‘)ric 3.1.6 cord, n—a twisted or formed structure composed of
D 3776 Test Method for Mass per Unit Area (Weight) of one or more single or plied filaments, strands, or yarns of

Fabric ) . __organic polymer or inorganic materials.
D 4393 Test Method for Strap Peel Adhesion of Reinforcing 3.1.6.1 Discussion—Cord. as used in these test methods. is

Cords or Fabrics to Rubber Compoufids used for the manufacture of pneumatic tires or other industrial
D 4776 Test Method for Adhesion of Tire Cords and Others,prics.

Reinforcing Cords to Rubber Compounds by H-Test Pro- 3.1.7 cord twist,n—the amount of twist in a cord made from

ceduré : :
. . two or more single or plied yarns.
D;‘f?i%:ggp_.}ggﬁégf Force, Deformation and Related 3.1.7.1 Discussion—Cord twist is based on the initial length
p of a cord specimen.

D 5591 Test Method for Thermal Shrinkage Force of Yarn 3.1.8 dip, n—a chemical composition that is applied to a

j?ggtecﬁord Using The Testrite Thermal Shrinkage Forcetextile cord or fabric to improve its adhesion to rubber or other
elastomer.
3. Terminology 3.1.9 dip pickup,n—in a textile cord or fabri¢the amount
3.1 Definitions: of dip or dip components present after processing, including
3'1 1 breakin .force n—the maximum force aoplied to a drying, as determined by prescribed methods, and expressed as
o <ing e PP a percentage of the mass of the oven-dried, dip-free material.
material carried to rupture.

3.1.1.1 Discussion—Materials that are brittle usually rup- 3.1.10 elongation,n—the ratio of the extension of a mate-

ture at the maximum force. Materials that are ductile usuallyrlal o the Iepgth Of the materlall prior to stretching.
3.1.10.1 Discussion—Elongation may be measured at any

experience a maximum force before rupturing. For many years, > "
specified force or at rupture.

3.1.11 fabric, n—in textiles, a planar structure consisting of

rns or fibers.
2 Annual Book of ASTM Standards, Vol 07.01. yarns o be. S . . .
3 Annual Book of ASTM Standards. Vol 09.01. 3.1.11.1 Discussior—For fabrics made of tire cord—

* Annual Book of ASTM Standards, Vol 07.02. consists of tire cord warp yarns with widely spaced filling yarn.
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3.1.12 force at specified elongation (FASE)—the force ential attachment to a vehicle wheel.
associated with a specific elongation on the force-extension or 3.1.23 tire cord fabric, n—a fabric consisting of tire cord
force-elongation curve. warp with widely spaced (usually 40 to 200 picks/m (1 to 5
3.1.13 growth, n—the increase in length of a specimen picks/in.)) single yarn filing.
caused by the application of a continuing load or force under 3.1.24 work-to-break,n—the total energy required to rup-
specified conditions. ture a specimen to the breaking force during a tensile test.
3.1.14 industrial yarn,n—a yarn composed of continuous  3.1.24.1 Discussion—Work-to-break is proportional to the
filaments, usually of high breaking tenacity, produced with orarea under the stress-strain curve from the origin to the
without twist; and intended for applications in which functional breaking force.
properties are of primary importance; for example, and in 3.1.25 For definitions of terms related to force and defor-
reinforcing material in elastomeric products (tires, hose, andnation in textiles, refer to Terminology D 4848. For definitions
belting), in protective coverings, in cordage and webbing, andf other terms related to textiles, refer to Terminology D 123.

so forth. 3.2 Definitions of Terms Specific to This Standard:
3.1.15 initial modulus,n—the slope of the initial straight ~ 3.2.1 aramid, n—for the purpose of these test methods,
portion of a stress-strain (or force-elongation) curve. those aramid yarns with a chord modulus of at least 35 N/tex

3.1.15.1 Discussion—Modulus is the ratio of the change in (400 gf/den).
tenacity, expressed in millinewtons per tex (mN/tex) or gramsy_ Summary of Test Methods, General

force per denier (gf/den) to the change in strain, expressed as N . .
a fraction of the original length. In the case of a tenacity 4.1 A summary of the directions prescribed for the determi-

elongation curve, the following equation is used to caIcuIaten?t'on q;_spiec[[ﬁrc;]p;ﬁpgrtles is stated in the appropriate sections
the initial modulus: ot specilic test methods.

Initial modulus= (tenacity/percent elongation) X 100 (1) 5. Significance and Use, General
5.1 The procedures in these test methods should be used
é(vith caution for acceptance of commercial shipments owing to
exposure to a test atmosphere that is in motion, two successi e ab_sence of factual information on th‘? betweep—laboratory
weighings not less than 4 h apart show not more than 0.1 oRrecision of many of the test procedures included in these test
progressive change in mass of the specimen or sample. met_hods. It is recommended that any program Qf acceptance
3.1.17 pneumatic tiren—a hollow tire that becomes load- testing be preceded by an interlaboratory check in the labora-

bearing upon inflation with air, or other gas, to a pressuréory. of the pu_rchaser and the Iab_oratory of the supplier on
above atmospheric ' ' replicate specimens of the materials to be tested for each

3.1.18single twist n—the amount of twist in each indi- prgple ?ylf(clrhg:gpaerrge;)ﬁ;?e?i:s\/ ac:? at?;étical significance be-
vidual single yarn element in a tire cord structure based on the ™ ™ P 9

length of the element after twist has been removed from th ween reported test results for wo Iaboratorie; (o_r more)_,
cord comparative tests should be performed to determine if there is

3.1.19 standard atmosphere for testing textiles, a s_tatlstlcal bias t_)e_tween them, using competent statistical
assistance. As a minimum, test samples should be used that are

n—Iaboratory conditions for testing fibers, yarns, and fabrics in

which air and relative humidity are maintaineed at specific"’ls homogeneous as possible, that are drawn from the material

levels within established tolerances. from which the disparate test results were obtained, and that

3.1.19.1 Discussion—Air is maintained at a relative humid- 2 randomly assigned in equal numbers to each laboratory for

ity of 55 = 2 % and at a temperature of 241°C (75+ 2°F) testlc??. Oht.her materlalsh with estat:lls?ed t(?]st vaIL:eg may .be
for this test method. used for this purpose. The test results from the two laboratories

3.1.20 tabby sample,i—the section of tire cord fabric should be compared using a statistical test for unpaired data, at

. ~_a probability level chosen prior to the testing series. If a bias is
between two tabbies that have been woven separately with . ;
) . ound, either its cause must be found and corrected, or future
distance of 0.5 to 1.0 m (18 to 36 in.) between them.

3.1.20.1 Discussion—A tabby usually is woven 150 to 200 test results must be adjusted in consideration of the known

mm (6 to 8 in.) in length using cotton filling yarn in the range bias. P : :
from 750 to 2000 tex (675 to 1800 denier) and 30 to 50 .5.2 The.S|gn|f|cance gnd use .of parUcuIar.propertles are
. S discussed in the appropriate sections of specific test methods.
picks/dm (8 to 12 picks/in.). _
3.1.21 tensile strengthn—the strength of a material under 6. Sampling
tension as distinct from compression, torsion, or shear. 6.1 Yarn:
3.1.21.1 Discussion—Technically, strength is a characteris- 6.1.1 Packages—For acceptance testing, sample each lot as
tic that is expressed in terms of force. Historically, howeverdirected in Practice D 2258. Place each laboratory sampling
tensile strength has been commonly expressed in terms of foremit in a moisture-proof polyethylene bag or other moisture-
per unit base, for example, the cross-sectional area of thgroof container to protect the samples from atmospheric
unstrained material. Some common units are Pascal (Paghanges until ready to condition the samples in the atmosphere
which is newtons per square metre (Njnand pounds-force for testing industrial yarns and tire cords. Take the number of
per square inch (psi) (see 3.1.1.1). specimens for testing specified for the specific property mea-
3.1.22 tire, n—a load-bearing ground-contacting circumfer- surement to be made.

3.1.16 moisture equilibrium for testingn—for industrial
yarns and tire cords, the condition reached when, after fre
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6.1.2 Beams—For acceptance testing, sample by windingape or strips of cemented fabric applied across a section of the
yarns on a tube or spool by means of a winder using a tensiocord fabric to give a tabby sample length at least 0.5-m (18-in.)
of 5 £ 1 mN/tex (0.05* 0.01 gf/den). Take the yarn from the long and at least one tenth of the roll width wide.
outside beam layers unless there is a question or disagreemen®.3.3 Preparation of SamplesCut the warp cords of the
regarding the shipment; in this case, take the sample only aftéabric along the center line of the special tabby for a distance
removing yarn from the beam to a radial depth of 6 m#ni.)  equal to the width of the sample. If this distance is less than the
or more to minimize the effects of handling and atmospheridull width of the fabric, cut the filling yarns of the sample and
changes that may have occurred during shipment or storagef the special and regular tabbies in the direction parallel with
Place each laboratory sampling unit in a moisture-proothe warp cords. The resulting section of cord fabric is the tabby
polyethylene bag or other moisture-proof container to protectample. Attach the tabby sample to a piece of cardboard or
the samples from atmospheric changes until ready to conditiofiberboard, the length of which shall be equal to at least the
the samples in the atmosphere for testing industrial yarns anéngth of the cord warp between tabbies. Fold the tabby
tire cords. Take the number of specimens for testing specifiedortions of the sample over each end of the board, and secure
for the specific property measurement to be made. the sample to the board with pressure-sensitive tape or staples.

6.2 Cord: Use care to avoid contact of tape or staples with the area to be

6.2.1 Number of Samples and Specimer&he size of an tested. I_—|and|e the sa_lmpl_e carefully, and hold it undersgfﬁqient
acceptance sampling lot of tire cord shall be not more than ont€nsion in the warp direction to prevent the cords from kinking.
truck or rail car load or as determined by agreement betweeRiscard any specimen subjected to change of twist, kinking, or
the purchaser and the supplier. Take samples at random frofi@king any bend with a diameter less than 10 times the
each of a number of cones, tubes, bobbins, or spools within yarn/cord thickness (or diameter). The board with the sample
lot to be as representative as possible within practical limitamay be folded lengthwise and parallel with the warp for
tions. Make only one observation on an individual package fofonvenience. Place the board with the fabric sample in a
each physical property determination. Take the number oPlyethylene bag, or wrap it with several layers of polyethyl-
samples, therefore, that will be sufficient to cover the total€n€ film, to protect the sample from changes in atmospheric
number of specimens required for the determination of almoisture content until ready to condition the sample in the
physical properties of the tire cord. The recommended numb@tm.osphere for testing mdpstrlal yarns and tire cords. Use care
of specimens is included in the appropriate sections of specifigufing subsequent handling of the sample to prevent any
test methods covered in this standard. Where such is n&hange in the cord twist and to avoid kinking the cords.

specified, the number of specimens is as agreed upon betweerf-4 Cord from Cured Tires: ,
buyer and supplier. 6.4.1 Number of Samples and Specimesor each test,

6.2.2 Preparation of Samples—Remove and discard a mini€St ten cords from each location or ply of each tire.

mum of 25 m (25 yd) from the outside of the package before 6.4.2 Preparation |°f Samp!esr]— ?btﬁin ahtiTe s.ectiosn c?lm-
taking the sample or any specimens. If specimens are not takd}jiSing approximately one sixth of the whole tire. Smaller

directly from the original package, preferably wind the sampleseCtions may be used, particularly for carcass cord samples of

on a tube or spool by means of a winder using a tension of éadi.al tires. If it is sus.pe(.:ted that cords “?ay.be damaged in
b y 9 pulling them from the tire, immerse the section in a solvént

e]. to 3 days to swell and soften the rubber. For convenience,

a loosely wound package, or in the form of a skein, somt th tion insid o if ible- ol f the bead
shrinkage invariably will occur, in which case, report that the Urn the Section inside out, It possibie, clamp one ot the beads
a vise. Mark a line along the inside of the section

observed results were determined on a relaxed sample. udd N )
care in handling the sample. Discard any sample subjected proximating the cord path of the first ply. Make a shallow cut
own to the first ply along this line. Make an incision adjoining

any change of twist, kinking, or making any bend with a . i .
diameter less than 10 times the yarn/cord thickness (or dianﬁnd perpendicular to this first cut at sufficient depth to sever
veral first-ply cords. Carefully cut and pull these cords from

eter). Place the sample in a moisture-proof polyethylene bag . . )
other moisture-proof container to protect it from atmosph(-:-rict e tire fr_om bead to bea_d_f_ollowmg the cord path. Discard
hese initial cords. After initial cords are removed, remove

changes until ready to condition the sample in the tes . X
atmosphere for industrial yarns and tire cords ands of cords for testing by cutting near the bead through Ply
' 1 cords adjacent to the trough formed in initial cord removal.

6.3 Tire Cord Fabric: . ) Carefully pull several cord bands approximately 2 émi(.)
6.3.1 Number of Samples and Specimesihe sizes of an i yidth from the tire. Identify bands, fully including tire

acceptance sampling lot of tire cord fabric shall be one 100Mymper and ply number. Remove the remainder of Ply 1 to
creel of cord. Take a sample from at least one roll of fabric pe{;ncover Ply 2. Proceed with Ply 2 or additional plies as
lot. From each roll of tire cord fabric, take the number of girected for Ply 1. If the cords to be removed are from a tire
specimens as specified in the test method for each property F%ving only one ply of reinforcement in the area to be sampled,
be measured. for example, carcass ply of many radial tires reinforced with

6.3.2 Size of Sample-Take a sample equal to the length of glass, aramid, or steel, it is preferable to remove cords for
cord between the regular tabby woven at the end of the roll and

a special tabby woven a short distance from the end when the
roll Qf fabric is manu_facwre_d' For rolls that do not have a ® Heptane, 1,1,1-trichloroethane, and a mixture of 50/50 Freon 113 and Stoddard
special woven tabby, improvise a tabby by the use of gummedolvent have been used for this purpose.
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testing one at a time from the tire section itself. It is preferredtesting for moisture dependent properties, such as tenacity and
that cord be removed in such a manner that it is not subjecteelongation.
to narrow-radius bending, such as a 3.14 rad (180°) bend back 10.2 Summary of Test MethedSpecimens of yarn or cord,
upon itself. This is accomplished by first removing andwhich are taken at the tensile testing machine at the time that
discarding a band of cords in the ply being sampled, thenensile tests are being made, are weighed and dried in an oven
pulling the exposed cord at the edge of the ply (still in the tireuntil they reach a constant mass. The observed moisture loss is
section) by applying tension to this single cord as much withircalculated and reported as percent regain.
the plane of the ply as possible and in such a direction that the 10.3 Significance and UseThis test method is used not
cord is subject to a bend of less than 1.05 rad (60°) at the te@hly to determine moisture regain of the original sample but is
point from its adjacent cord. The same principles just describegliso used to develop data, which may be used to correct
also apply to areas of the tire (such as the tread) composed ehserved tensile properties of rayon yarns and cords to a
multiple plies of high modulus cords. standard regain basis. Because the moisture regain levels of

6.4.3 Preparation of Specimens for Testing from a Ply different specimens vary even after conditioning in a test
Band—Make a cut approximately 20 mik(n.) long between  atmosphere and because tensile properties are affected by
each cord at one end of the ply band. Strip every other coréhoisture regain, it is advisable to correct observed tensile
from the band to a length sufficient for testing; leave a smallvalues when there is substantial variation from a standard
unstripped cord portion attached to the band to facilitatemoisture regain level. Directions for making such corrections
handling. Cut individual ends from the band for testing. are included in Section 11 for Linear Density, Section 17 for

6.4.3.1 Large variations in properties can occur within theBreaking Strength, and Section 20 for Elongation. It is as-
same cord depending on its location within the tire. Select thgumed that no significant amount of nonaqueous volatile matter
location in the tire to be sampled and take a length of cord froms present and that all loss in mass is moisture. If such materials
this location for subsequent testing. Use a testing lengtire present, apply a suitable correction, or determine the true
appropriate for the length of the specimen to obtain data thaimount of moisture by the toluene distillation method as
reflect the relationship between the cord properties and thgirected in Procedure 3 of Test Method D 2462.
location in the tire. 10.4 Apparatus:

10.4.1 Oven—An oven with circulating air maintained at a
. ) . . temperature of 105- 3°C (221 = 6°F) and with fresh air

7.1 Bring all specimens of yarn, cord, and fabric to moisturé;epjacement rate of 20 to 50 times the oven-volume per hour,
equilibrium for testing in the atmosphere for testing industrialy, o fresh air being taken from the standard atmosphere of 24
yarns. Approach moisture equilibrium of rayon samples from; .- (75+ 2°F) and 55+ 2 % RH. The air shall pass freely

the dry side, but not from a moisture-free condition. through and around the specimens. The specimens must not be

7.1.1 The moisture equilibrium of conditioned aramid yarnsg yiected to direct radiation from the heating unit. The oven

and tire cords made from such yarns can be affected by heglq 't pe large enough to handle the required number of spools
and humidity conditions to which the samples have been, 5cks and has to be equipped with suitable removable creels
previously exposed. for placing the spools or reels in the oven or with supports for
8. Identification of Fibers the special mounting_ racks _for the same purpose, or both. The
oven may be combined with a balance, in which case the
“design must prevent disturbance of the balance due to circu-
lating air during the weighing operation.

9. Commercial Mass 10.5 Preparation of Specimen—Take a single specimen of

9.1 Yarn—Determine the commercial mass of a yarn ship-yam or cord weighing at least 10 g from the original sample at

ment as directed in Option Il of Test Method D 2494. Takethe testing machine at the time that tensile properties are being

samples of yarn from the outside of beams unless there is %et_erhmlneg S‘Iee é\lote tl)t Plahceththls specimen ![2 ?h cog/ered

question or disagreement regarding a shipment; in this cas ;r']%smg ottie. Do not touc € specimen wi € bare

take a sample of yarn only after yarn has been removed fro )

a beam to a radial depth of 6 mri¥a(in.) or more. Take a NoTe 1—The determination of moisture regain can be combined with

sample 15 to 20-m (15 to 20-yd) long, which is composed of althe determination of linear density (Section 11) if the specimen is long

ends of yarn on the beam, and cut this sample crosswise ghnough to meet the length and mass tolerances and if the skein i§ ex_posed

obtain two specimens of approximately equal mass. Place tHe th_e same a_tmosphere as the sample to be used for determination of

: ) . ensile properties.

specimens in moisture-proof polyethylene bags or othef

moisture-proof containers until ready to begin the analysis.  10.6 Procedure—Weigh the specimen to 0.01 g and dry it in
9.2 Cord and Tire Cord Fabrie-Determine the commercial the ventilated oven at a temperature of 103°C (221 6°F).

mass of tire cord and tire cord fabric as agreed upon betweeBry the specimen to constant mass, that is, until it loses no

7. Conditioning

8.1 Identify the common types of manufactured organic
base fibers as directed in Test Methods D 276.

the purchaser and the supplier. more than 0.1 % of its mass at 15-min intervals if weighed in
) ) the oven or at 30-min intervals if weighed outside the oven. For
10. Moisture Regain, Actual specimens that are weighed outside the oven, use a weighing

10.1 Scope—This test is used to determine the amount olbottle with tight-fitting cover, and cool the specimen and
moisture in yarn or cord at moisture equilibrium at the time ofcontainer to room temperature in a desiccator before weighing.
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10.7 Calculation: Linear Density of Specimen Amount of Force

10.7.1 Calculate the moisture regain of the specimen using ) N of
Eq 2: bove 800 tex (7200 denier) 4 400

MR = [(W— D)/D] x 100 @ 11.4.2 Pr(_)cedu_re fo_r O\(en-'Dried Specimens—Using an
oven with circulating air maintained at a temperature of 305

where: 3°C (221 £ 6°F) (see Section 10.4), dry the specimen to
MR = moisture regain, %, constant mass; that is, until it loses no more than 0.1 % of its
W = original mass of specimen, g, and mass at 15-min intervals if weighed to the nearest 1 mg in the
D = oven-dried mass of specimen, g. oven or at 30-min intervals if weighed outside the oven. For

10.7.2 Calculate the average for the sample and use thipecimens that are weighed outside the oven, use a weighing
value for determining the amount of adjustment to make inbottle with a tight-fitting cover and cool the specimen and
Sections 17 and 20 to the observed breaking force andontainer to room temperature in a desiccator before weighing.
elongation of yarn or cord. Weigh the specimen of the oven-dried cord to the nearest 1 mg.

10.8 Report: 11.4.3 Calculation—Calculate the linear density of each

10.8.1 State that the specimens were tested as describedspecimen in tex (denier) units using Eq 3, Eq 4, Eq 5, or Eq 6:
Section 10 of Test Methods D 885. Describe the material or LD,, = (1000X M, X K)/L, ©)
product sampled and the method of sampling used.

10.8.2 Report the average moisture regain for each sample. LDg = (000> M, X KL, )
10.9 Precision and Bias: LDy, = (1000X Mo)/L, ®)
10.9.1 Precision—See Test Methods D 2654, Procedure 1. LDg, = (9000 X Mo)/L, (6)
10.9.2 Bias—See 39.3.
where
. . LD, = linear density at commercial moisture regain, tex,
11. Linear Density LD;CC = linear densitilx at commercial moisture reggain, de-
11.1 Scope—This test method is used to determine the nier,
linear density of yarn or cord for use in the calculation of LD, linear density at actual moisture regain, tex,
tensile properties, such as modulus and tenacity. LDgya linear density at actual moisture regain, denier,

11.2 Number of SpecimensTest five specimens of yarn or M, mass of oven-dried specimen, g,
cord. This number is based on the assumption that theVle mass of conditioned specimen, g,
applicable coefficient of variation is 1.0 % and the allowable Lo length of specimen, m (ye- 1.09 or ydx 0.918),
variation is 0.9 % of average with a probability level of 95 %. and ) . )
11.3 Procedure for Yarn—Determine the linear density of K = factor for commercial moisture regain.
yarn as directed in Option 1 of Test Method D 1907, except 11-4.3.1 Determine the factét using Eq 7:
condition the yarn as specified in Section 7. Use Option 3 for K = (100+ CMR)/100 (7)

rayon. If oven-dried and finish-free linear density is needed,

use Option 5 or Option 6 with i where: : . .
regainp bl with an allowance for moisture CMR = commercial moisture regain, %.
11.4 Procedure for Cord—Determine the linear density of Ta';?er g]igcggmmemal moisture regain, see Table 1. See also

cord on packages or removed from a tabby sample of fabric b
the procedures prescribed as follows for either conditione
cords or oven-dried cords (see 11.4.2). K= (100+ 11)/100= 1.11 (8)
11.4.1 Preparation of Specimens—Take specimens having a
minimum length of 10 m (10 yd) from samples of cord on 11.4.3.2 For dipped cord, correct the observed linear density
cones, tubes, bobbins, or spools. For tabby samples of fabritor dip solids pickup using Eq 9, Eq 10, or Eq 11. The
use a sufficient number of ends to give a minimum length of 10ven-dried linear density should be corrected for dip solids
m (10 yd) of cord for each specimen. Measure the length of theickup, not the conditioned linear density. For fibers with low
specimen to within 0.1 % while under a tension correspondingercentage moisture regain, Eq 10 can be used with no
with 5 + 1 mN/tex (0.05* 0.01 gf/den) (see Note 2). Weigh correction for moisture regain.

xample for rayon:

the conditioned specimen to the nearest 1 mg. If a balance of LDy, = [100100 + DPU)) + (MR,/100)]
the required sensitivity (1 mg) for weighing the 10 m (10 yd) X [100{100+ MR;)] X LDy, )
specimen is not available, take a longer specimen or multiple
ends.
TABLE 1 Commercial Moisture Regains of Manufactured Fibers
Note 2—When arbitration is not involved, an approximation of the Used in Tire Cords A

specified tension may be obtained by applying one of the forces listed &S %
follows for the specified groups of yarn and cord sizes: Rayon 11.0

Linear Density of Specimen Amount of Force Nylon 4.5

N gf Polyester 0.4

Below 400 tex (3600 denier) 1 100 Aramid 7.0
400 to 600 tex (3600 to 5400 denier) 2 200 ACommercial moisture regain of fibers not listed in this table shall be as agreed
600 to 800 tex (5400 to 7200 denier) 3 300

upon between the purchaser and the supplier or as in Table D 1909.
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LDy, = [(LDg. X 100/(100 + DPU)] (10) forced rubber products. When needed to compare intrinsic
LDy = [(100+ MR,/100] X [100(100 + MRy)] X [(100 strength characteristics of yarns or cords of different sizes or
X LDg)/(DPU/(100 + DPU)] (11) different types of fiber,breaking tenacityis very useful
because, for a given type of fiber, breaking force is approxi-
where: i ) . mately proportional to linear density.

LDy = linear density corrected for dip pickup, tex 14 3 Elongation of yarn or cord is taken into consideration
(denier), . . in the design and engineering of reinforced rubber products
LDgpm, = linear density corrected for dip pickup and . se of its effect on uniformity of the finished product and

moisture regain, tex (denier), its dimensional stability during service.

LD B odbse_rved linear density of dipped cord, tex 14.4 TheFASEis used to monitor changes in characteristics

DPU - g)eergzaer:zége dip pickup, % (see Section 35) of the textile material during the various stages involved in the

MR, = percentage commerc'ial moisture regaiﬁ of Processing and incorporation of yarn or cord into a rubber
greige cord, %, and product. _ _

MRy, = percentage moisture regain of dipped cord, %. 14.5 M_odulus is a measure _of the resistance of yarn or cord

11.4.4 Report; to extension as a force is applied. It is useful for estimating the

11.4.4.1 State that the specimens were tested as directed fSPONSe of a textile reinforced structure to the application of
Section 11 of Test Methods D 885. Describe the material of@¥ing forces and rates of stretching. Although modulus may
product sampled and the method of sampling used. be determined at any specified force, initial modulus is the

11.4.4.2 Report the option or procedure used, the number §f@/u& most commonly used. ) )
specimens tested, and the average linear density. 14.6 Work-to-breakis dependent on the relationship of

11.4.4.3 Report the basis on which linear density is beindorce to elongation. It is a measure of the ability of a textile

reported (for greige, dipped, and so forth.). structure to absorb mechanical enerByeaking toughness
11.4.5 Precision and Bias: work-to-break per unit mass.
11.4.5.1 Precision—See Section 39. 14.7 1t should be emphasized that, although the preceding
11.4.5.2 Bias—See 39.3. parameters are related to the performance of a textile-
reinforced product, the actual configuration of the product is
TENSILE PROPERTIES OF YARNS AND CORDS significant. Shape, size, and internal construction also can have

appreciable effect on product performance. It is not possible,
12. Scope therefore, to evaluate the performance of a textile reinforced
12.1 These test methods are used to determine the tensgeoduct in terms of the reinforcing material alone.
properties of yarns or cords.

13. Summary of Test Method 15. Apparatus

131 A ditioned dried . ¢ d 15.1 Tensile Testing MachireA single-strand tensile test-
. : conditioned or oven-dried specimen of yarn or cor ing machine of one of the following types:
is clamped in a tensile testing machine and then stretched or

) ; i T brincinle of _

loaded until broken. Breaking force, elongation, and force at pe rinciple of Operation

specified elongation (FASE) are determined directly. Modulus CRE constant-rate-of-specimen extension

and work-to-break are calculated from the force-elongation CRL constant-rate-of-loading (inclined plane type)
CRT constant-rate-of-transverse (pendulum type)

curve. The output of a constant-rate-of-extension (CRE) tensile
testing machine can be connected with electronic recording and The specifications and methods of calibration and verifica-
computing equipment, which may be programmed to calculatgon of these machines shall conform to Specification D 76.
and print the test results of tensile properties of interest. ~ The testing machine shall be equipped with an autographic
o ) ) recorder (rectilinear coordinates preferred) and clamps of the
14. Significance and Use, Tensile Properties cam or pneumatic type having fixed snubbing surfaces, that are
14.1 The levels of tensile properties obtained when testingntegral with one of the clamping surfaces. The snubbing
industrial yarns and tire cords are dependent to a certain exteaturfaces may be circular with a diameter of not less than 12.5
on the age and history of the specimen and on the specifimm (¥2 in.) or semi-involute. It is also permissible to use
conditions used during the test. Among these conditions artensile testing machines that have a means for calculating and
rate of stretching, type of clamps, gage length of specimendisplaying the required results without the use of an auto-
temperature and humidity of the atmosphere, rate of airflovgraphic recorder. CRE-type tensile testing machines are the
across the specimen, and temperature and moisture contentmferred type of test equipment to be used. Correlation of
the specimen. The relative importance of these factors varie®sults from CRL- and CRT-type tensile testing machines with
with each type of fiber. Testing conditions accordingly areresults from CRE-type tensile testing machines is poor, and a
specified precisely to obtain reproducible test results on &ias determination must be made. For tensile testing of aramid
specific sample. fibers, the CRL- and CRT-types of tensile testing machines are
14.2 Because the force-bearing ability of a reinforced rub-considered to be not suitable and are not recommended.
ber product is related to the strength of the yarn or cord used 15.1.1 CRE-Type Tensile Testing Machines—For all fiber
as a reinforcing materialbreaking strengtlis used in engineer- types, except aramid fibers, use a crosshead travel rate in
ing calculations when designing various types of textile rein-mm/min (in./min) of 120 % (100 % alternate) of the nominal
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gage length in millimetres (inches) of the specimen. For aramidpecified in 15.1. When the specimen breaks (ruptures), read
fibers use a crosshead travel rate in mm/min (in./min) of 50 %he breaking force (maximum force) in newtons (pounds-force)
of the nominal gage length in millimetres (inches) of thefrom the force-elongation (or force-extension) curve on the

specimen. chart, from the dial, from the display, or by electronic means.
15.1.2 CRL-Type Tensile Testing Machireblse the fol- Discard specimens that break in the jaws or within 10 rin (

lowing rates of loading: in.) of the nip of the jaws. If the clamps are of the air-actuated
For rayon 25 + 3 (mNitex)/s (18 = 2 (gfiden)/min) type, adjust the air pressure so that specimens will not slip in
For nylon and polyester 50 = 7 (mN/tex)/s (35 * 5 (gf/den)/min) the jaws, but keep air pressure below the level that will cause

15.1.3 CRT-Type Tensile Testing Machines—For all fiberSPecimens to break at the edge of the jaws.
types'_ except aramids, use a rate of traverse '_n mm/min Note 3—When arbitration of test data is involved, use care in the
('n-/m”'!) Of_ :!-20 % (1_00 % alternate) Of_ the nominal gage application of the pretension force that may be specified because the actual
length in millimetres (inches) of the specimen. pretension in the specimen commonly is different from the amount applied
externally because of losses due to friction in the clamp. Check the

16. Breaking Strength (Force) of Conditioned Yarns and pretension before starting the testing machine. The actual pretension can
Cords be measured by strain gages. Other tension-measuring instruments with

) ) ) sufficient accuracy may be used, provided that the specimen is threaded
16.1 Scope—This test method is used to determine thenrough the instrument prior to being placed in the second clamp. This
breaking strength (force) of yarns and cords after conditioningrocedure is necessary because many instruments require appreciable
in the atmosphere for testing industrial yarns and tire cords. displacement of the specimen.
16.2 Number of Specimens—Test ten specimens. This num- Note 4—When arbitration is not involved, one of the following
ber is based on the data for cords in Table 2, which show pproximations of the specified pretension may be used. Either exert a

precision to be expected at the probability level of 95 % base rce of 120 % of the nominal pretension to the unclamped end of the
Specimen prior to closing the second grip, or apply one of the forces listed

on ten brea!(s from a single test spool of cord of each p°|yme£s follows for the specified groups of yarn and cord sizes to secure the
type on various cords. necessary pretension.

16.3 Procedure—Select a loading cell and the settings of  |inear Density of Specimen Amount of Force
the tensile tester such that the estimated breaking force of theI .

H i H Below 400 tex (3600 denier
specimen will fall in the range from 10 to 90 % of the full-scale Jeow 4091 ((3600 denen denien)
force effective at the time of the specimen break. This selectioBo t 800 tex (5400 to 7200 denier) 300
of the full scale force may be done manually by the operatoprbove 800 tex (7200 denier) 400
before the .Start of the test or by el.eCtron'C.me.anS or Comp.u.terWhen using a CRE-type tensile machine, a third technique is to close
control during the test by automatically adjusting the amplifi-the upper clamp, then apply pretension by pulling on the specimen until
cation of the loading cell amplifier. Adjust the distance betweenhe recorder pen moves approximatéghart division from the zero line
the clamps on the testing machine so that the nominal gagen the chart when using a force scale that is the same as that used for

length of the specimen, measured from nip to nip of the jawsletermining the breaking force.

of the clamps, is 25& 1 mm (10= 0.05 in.) (alternate 50& 16.3.2 Slack Start Procedure—Thread one end of the speci-
2mm (20 £0.10 in.)). Make all tests on the conditioned yarnsmen between the jaws of one of the clamps and close it. Place
and cords in the atmosphere for testing industrial yarns and tirgye other end of the specimen through the jaws of the second
cords (Note 3, Note 4, and Note 5 provide useful informationdamp and keep the specimen just slack (zero tension) and
in obtaining more consistent results in tensile testing). Removg|ose the clamp, taking care that the thread is positioned in the
the specimen from the sample and handle it to prevent anyenterline of the jaws of the clamp. Operate the testing
change in twist prior to closing the jaws of the clamps on themachine at the rate as specified in 15.1 and stretch the
specimen. For essentially zero twist yarns, refer to Note 5. D@pecimen until it ruptures. When the specimen breaks, read the
not touch that portion of the Specimen that will be between th%reaking force (maximum force) in newtons (pounds_force)
clamps with bare hands. Depending on the equipment beingom the force-elongation curve, from the dial, from the
used and the availability of on-line computer control and datgjjsplay, or by electronic means. Discard specimens that break

of
100
200

A WNERLZ

processing, either can be used: in the jaws or within 10 mm¥g in.) of the nip of the jaws. If
pretension-start procedure (see 16.3.1) or the clamps are of the air-actuated type, adjust the air pressure
slack start procedure (see 16.3.2). to prevent specimens slipping in the jaws, but keep the air

16.3.1 Pretension-Start Procedure—Use a tensioning de-pressure below the level that will cause specimens to break at
vice that applies a pretension corresponding ta20 mN/tex  the edge of the jaws. This slack start procedure has the effect
(0.20= 0.01 gf/den) for aramid fibers; uset51 mN/tex (0.05 that the nominal gage length of the specimen is not exactly 250
+ 0.01 gf/den) for all other fibers (see Note 3 and Note 4). Thigor 500) mm (10 (or 20) in.) as specified in 16.3, but always
device may be a weight, a spring, or an air-actuated mechawill be somewhat more due to slack in the specimen after
nism. Thread one end of the specimen between the jaws of thiosing the clamps.
clamp ConnECted. to the loading cell and close it. .Place the Ot-herNOTE 5—Because of the difficulty of securing the same tension in all
end through the jaw of the second clamp and fix a pretensmme filaments and because of slippage in the clamps, variable results may
We'g_h_t to the unc_Iam_ped end or puII_ the t_hread _SUCh that thﬁe obtained when testing zero-twist multiflament yarns unless a small
specified pretension in the test specimen is applied. Close thgnount of twist is inserted prior to testing. A twist of 60 t/m (1.5 tpi)
second clamp and operate the testing machine at the raliserted into zero-twist yarns of different sizes has been found satisfactory
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TABLE 2 Critical Differences, Expressed as Percent of Observed Average (Except as Noted) AB
Number of Critical Differences
Property Measured Observations Single- Between-
in Each Operator Laboratory
Average Precision Precision
Table 4a 840/2 Nylon Cord (12 X 12 twist): ©
Breaking strength, Ibf 10 1.41 4.57
Elongation at break, % 10 4.50 13.60
Load at specified elongation (LASE) 10 4.97 20.70
(reported at 14 % E), Ibf
Modulus, gf/den 10 5.05 8.31
Work-to-break, in.-Ibffin. 10 6.69 10.41
Thickness of cords, mils 10 0.56° 1.46°
Twist, tpi: Cord 10 0.27° 0.43°
Singles 10 0.12° 0.25
Linear density, den:©
From bobbin 5 1.07 4.49
From tabby 5 0.40 4.54
Table 4b 1000/3 Polyester Cord (10 X 10 twist):
Breaking Strength, Ibf 10 1.72 4.65
Elongation at break, % 10 2.66 9.95
Load at specified elongation (LASE) 10 5.15 5.59
(reported at 10 % E), Ibf
Modulus, gf/den 10 4.75 4.75
Work-to-break, in.-Ibf/in. 10 4.83 16.07
Thickness of cords, mils 10 0.52°P 0.52°
Twist, tpi: Cord 10 0.21°P 0.47°
Singles 10 0.11° 0.29°
Linear density, den:
From bobbin 5 0.47 1.86
From tabby 5 0.65 2.83
Table 4c 1650/3 Rayon Cord (11 X 10 twist): £
Breaking strength, Ibf 10 2.73 5.62
Elongation at break, % 10 3.04 6.49
Load at Specified Elongation (LASE) 10 4.67 19.20
(reported at 6 % E), Ibf
Thickness of cords, mils 10 0.66° 2.07°
Twist, tpi: Cord 10 0.24° 0.51°
Singles 10 0.14P 0.30°
Linear density, den:
From bobbin 5 0.37 2.98
From tabby 5 0.41 1.58
Table 4d 1500/2 High-Modulus Aramid Cord (4 X 4 twist):
Breaking strength, Ibf 10 1.06 6.68
Elongation at Break, % 10 2.26 20.80
Modulus, gf/den 10 3.22 19.69
Work-to-break, in.-Ibf/in. 10 3.89 48.99
Thickness of cords, mils 10 0.77° 10.73P
Twist, tpi: Cord 10 0.09° 0.34P
Singles 10 0.097 0.24°
Table 4e 1500/2 High-Modulus Aramid Cord (7.5 X 7.5 twist):
Breaking strength, Ibf 10 211 9.79
Elongation at break, % 10 2.18 26.70
Modulus, gf/den 10 2.13 35.43
Work-to-break, in.-Ibf/in. 10 8.41 43.77
Thickness of cords, mils 10 0.77° 8.49°
Twist, tpi: Cord 10 0.09° 0.40°
Singles 10 0.09° 0.56°
Load at specified elongation (LASE) without Rosin 10 1.12 13.00

(reported at 2 % E), Ibf.
Table 4f 1500/1 High-Modulus Aramid Yarn:

Breaking strength, Ibf 10 1.33 9.46
Elongation at break, % 10 2.55 23.39
Modulus, gf/den 10 4.43 14.68

“The critical differences were calculated using t = 1.960 which is based on infinite degrees of freedom.

BTo convert the values of the critical difference expressed as a percent of the grand average to units of measure, multiply the average of the two specific sets of data
being compared by the critical differences expressed as a decimal fraction.

€1260/2 nylon cord for linear density.

PpProperties noted in this table have critical differences in the units shown rather than as a percent of the grand average.

ERayon data, except thickness, twist, and linear density, are for oven-dry cord.

for the purpose of tensile testing. Historically, twist up to 120 t/m (3.0 tpi) Ty = (80.3=4)\/ (LDy) (13)
have been used in some cases. For aramid yarns the amount of twist to be

inserted shall be calculated using Eq 12 and Eq 13: where:

T

= twist, tpm,
Tom = (1055 50)7/ (LD 12) tom 1t tpm
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Te = twist, tpi, 17.2 Calculation—If the moisture regain of a rayon sample
LD, = linear density, tex, and at the time of testing is withint0.3 % of the regain level
LDy = linear density, denier. specification, report the average observed breaking force as the

Inse_rting some twist in zero-twist yarns for tensile testing has theoreaking strength. If the moisture regain is outside@e3 %
following effects on the test results: , . limit, adjust the observed breaking strength to the specification
a. modestly increases breaking force; too much twist reduces . . . . ; . .
breaking force, regain basis using a sunaple adjustm_ent factor_. Establish this
b. increases elongation at break, and factor for a specific material by making breaking tests at a
c. reduces modulus (the slope of the force-elongation curve).  sufficient number of different moisture regain levels to deter-
Manner of inserting the twist into the yarn, manually or with a twisting mine the slope of the “breaking strength (force) versus mois-
machine, can influence the test results, especially for the aramid yarnsiyre regain” curve. Apply the factor using Eq 14:
16.3.3 The velocity of conditioned air flowing across a BS=BF X F (14)
specimen while determining tensile properties can have a
measurable effect on the breaking force and elongation at breaWhere: ) ) o )
because of the Gough-Joule effect. The magnitude ofthis effecBS = breaking strength, adjusted to specification moisture
depends on the type of fiber, air velocity, and sample history. regain level, N (Ibf), ,
Interlaboratory testing of nylon, polyester, and rayon cords observed average breaking force, N (Ibf), and
indicates that air velocities of less than 250 mm/s (50 ft/min) facto.r.for ad!ustlng ob;erved breaking forces to a
across the specimen will not significantly bias the comparison specified moisture regain level.
of cord properties between laboratorfes. ) ) .
16.3.4 As diameters and strengths of cords increase, clamp$- Breaking Tenacity of Conditioned Yarns and Cords
with larger snubbing surfaces and greater holding power or 18.1 Scope—This test method is used to determine the
capacity may be required to prevent slippage of cords in testingreaking tenacity of yarns and cords after conditioning in the
machine clamps or an excessive number of jaw breaks. Thatmosphere for testing industrial yarns and tire cords.
levels of cord size and strength at which such higher capacity 18.2 Calculation—Calculate the breaking tenacity of the
clamps are required must be determined by experiment becauggmple in terms of millinewtons per tex (mN/tex) (grams-force

they will vary with the type of fiber and construction. Some per denier (gf/den)) from the breaking strength and the linear
clamps with larger snubbing surfaces and greater holdingensity using Eq 15 and Eq 16:

power or capacity may be too large to allow a 250 or 500-mm B
(10 or 20-in.) gage length. In those cases, use the appropriate BTy = (BF, x 10001L0) (15)
gage length for the clamp in use. If slippage of cords cannot be BT, = (BF, X 454/LDy) (16)
prevented with the highest capacity clamps available to th
user, it has been found useful to apply powdered rosin to th
two portions of the cord that will be held between the snubbinggT"
surfaces. Use of rosin has been found particularly useful i”BF?,
testing organic cords that have been adhesive treated. BF,
16.4 Calculation—Calculate the average breaking force LD, measured linear density, tex, and
from the observed breaking forces of specimens read from thé.D,, measured linear density, denier.
testing machine chart or dial to the nearest 0.5 N (0.1 Ibf). 18.3 Report:

16.5 Report: 18.3.1 State that the specimens were tested as directed in

16.5.1 State that the specimens were tested as directed §yction 18 of Test Methods D 885. Describe the material or
Section 16 of Test Methods D 885. Describe the material Obroduct sampled and the method of sampling used.

product sampled and the method of sampling used.

16.5.2 Report the option or procedure used; the number og
specimens tested; the amount of twist, if any, inserted into the
yarn for the tensile testing; and the breaking force for the

Svhere:

breaking tenacity, mN/tex,
breaking tenacity, gf/den,
average breaking force, N,
average breaking force, Ibf,

18.3.2 Report the option or procedure used, the number of
pecimens tested, and the breaking tenacity for the sample.
18.4 Precision and Bias:

sample as the breaking strength. 18.4.1 Precision—See Section 39.
16.6 Precision and Bias: 18.4.2 Bias—See 39.3.
16.6.1 Precision—See Section 39.
16.6.2 Bias—See 39.3. 19. Elongation at Break of Conditioned Yarns and Cords
17. Adjustment of Observed Breaking Strength (Force) 19.1 Scope—This test method is used to determine the
of Rayon Yarns and Cords to a Specified Moisture elongation at break of yarns and cords after conditioning in the
Regain Level atmosphere for testing industrial yarns and tire cords.

17.1 Scope—This test method is used to adjust the observed 19-2 Procedure—Determine the elongation at break of each

breaking strength (force) of rayon yarns and cords to gonditioned specimen when determining its breaking force (see
specified moisture regain level. Section 16). Read the extension at the breaking force from the

autographic recorder or by electronic means. The general
o ) __equation for elongation at break is given in Eq 17:
¢ See Jones, R. E., and Desson, M. J., “Adiabatic Effects on Tensile Testing,”
Journal of the I.R.I., June 1967. EB = (Ey/L,) X 100 17)

10
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where: where:
EB = elongation at break, %, EB = elongation at break, %,
E,; = extension of specimen at the breaking force, mm E,; = extension of specimen at the breaking force, mm
(in.), and (in.),
L, = length of the specimen, under specified pretension L, = gage length after clamping specimen (absolute dis-
measured from nip-to-nip of the holding clamps, mm tance nip-to-nip before movement of crosshead),
(@in.). mm (in.), and
19.2.1 Pretension Start—Use Eq 17. DP = displacement of crosshead to reach the specified
19.2.2 Slack Start—Calculate the gage length.d) to in- pretension of the specinen (see Fig. 1), mm (in.).

19.2.3 Elongation also may be determined from the force-

clude the slack using Eq 18: elongation curve at any force.

L,=Ls+DP (18) 19.3 Calculation—Calculate the average elongation of the
where: sample to the nearest 0.1 %.
- . - ; 19.4 Report:
L, = length of the specimen, under specified pretension, . . .
e ; 19.4.1 State that the specimens were tested as directed in
gwne;asured from nip-to-nip of the holding clamps, mm Section 19 of Test Methods D 885. Describe the material or
L, = gage length after clamping specimen (absolute dis-Product sampled and th? method of sampling used.
tance nip-to-nip before movement of crosshead), mm 19._4.2 Report the option or proc_edure used, the number of
(in.), and specimens tested, and the elongation for the sample.

DP = displacement of crosshead to reach the specified 19-5 Precision and Bias:
pretension of the specimen (see Fig. 1), mm (in.). ~ 19-5.1 Precision—See Section 39.

The pretension for aramid corresponds with2a mN/tex 19.5.2Bias—See 39.3.

(0.20 = 0.01 gf/den) and for other yarns and cord tat51 20, Adjustment of Observed Elongation of Rayon Yarns
mN/tex (0.05+ 0.01 gf/den). and Cords to a Specified Moisture Regain Level

The general equation for elongation at break for the slack 20.1 Scope—This test method is used to adjust the observed
start procedure is given in Eq 19: elongation of rayon yarns and cords to a specified moisture
EB = [E,{(L, + DP)] * 100 (19)  regain level.

20.2 Procedure—If the moisture regain of a rayon specimen
at the time of testing is within=0.3 % of the regain level
specification, report the average observed elongation at break.
If the moisture regain is outside the0.3 % limit, adjust the
observed elongation to the specification regain basis using a
suitable adjustment factor. Establish this factor for a specific

Epgextension at breaking force material by making elongation tests at a sufficient number of
FASE=force at specified elongation . . H .
Fp = pretension force different moisture regain levels to determine the slope of the
BF = breaking force “ . HRT]
dp = slack elongation at break versus regain” curve. Apply the factor
using Eq 20:
E,=EXF (20)
BF —
where:
FORCE E, = elongation, adjusted to specification moisture regain
level, %,
E observed elongation, %, and

F factor for adjusting observed elongation to an elonga-

FAsE ™ tion at specification moisture regain level.

21. Force at Specified Elongation (FASE) of Conditioned
Yarns and Cords

21.1 Scope—This test method is used to determine the force
at specified elongation (FASE) of yarns and cords after

Fp —

|

i
1
i
!
'
1
]
|

i EXTENSION conditioning in the atmosphere for testing industrial yarns and
tire cords.
21.2 Procedure:

Extension corresponding with 21.2.1 Nylon, Polyester, Rayon, and Aramid Yarns and

elongation in Table # Cords—Determine the force at specified elongation (FASE) of
Beginaing paint (zero) on each conditioned specimen when determining its breaking
s oe g artion force (see Section 16 and Fig. 1). Read the force directly from
FIG. 1 Force-Extention Curve the force-extension curve (see Fig. 1) or by electronic means or

11
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with an on-line computer at the specified value of elongation P = foree corresponding with 107
for the fiber types listed in Table 3.

21.2.1.1 Assure that the displacement (DP) of the crosshead
to remove slack is taken into account when using slack start
procedure. Follow same general procedure as for elongation at
break (see 19.2 and Fig. 1).

21.2.1.2 Use Eq 21 in the case of slack start procedure to
locate extension corresponding to specified elongation. Exten-

sion is measured from the pretension point (see Fig. 1), where Fromlmo oo e - A
the slack is removed from the specimen. FORCE . !
E, = E, X (L + DP)/100 (21) o7 '
where: < |
E, = extension, mm (in.), :
E, = specified elongation, %, p E
L, = gage length after clamping specimen (absolute dis- |_ Tox N
. . Elongation

tance nip-to-nip before movement of crosshead), mm

(in.), and
DP = displacement of crosshead to reach the specified

pretension of the specimen (see Fig. 1), mm (in.). ELORGATION

FIG. 2 Force-Elongation Curve for the Determination of Initial

21.2.1.2.1 Read force, N (Ibf), corresponding to above Modulus

extension from the ordinate of the force-extension curve.
21.3 Calculation—Calculate the average FASE of the untilit intersects the tangent to the curve. This point represents
sample to the nearest 0.5 N (0.1 Ibf). the force required for 10 % elongation of the specimen at the
21.4 Report: rate represented by the straight line portion of the force-
21.4.1 State that the specimens were tested as directed @tongation curve. When electronic means are used, determine
Section 21 of Test Methods D 885. Describe the material othe modulus of the initial straight-line portion of the above

product sampled and the method of sampling used. curve. Calculate the modulus of a specimen, to the nearest 10
21.4.2 Report the option or procedure used, the number ghN/tex (0.1 gf/den) using Eq 22 and Eq 23:
specimens tested, and the FASE for the sample. M, = (10° X Fyq)/LD, 22)

21.5 Precision and Bias:
21.5.1 Precision—See Section 39.
21.5.2 Bias—See 39.3. where:
22. Modulus of Conditioned Yarns and Cords Mf“
22.1 Initial Modulus: Fllgn
22.1.1 Scope—This test method is used to determine theF,q, force at 10 % elongation, Ibf,
initial modulus of yarns and cords after conditioning in the LD, nominal linear density, tex (using Option 1 of Test
atmosphere for testing industrial yarns and tire cords. Method D 1907), and
22.1.2 Procedure: LD4 nominal linear density, denier (using Option 1 of
22.1.2.1Nylon, Polyester, or Rayon Yarns and Co#ds Test Method D 1907).
Determine the initial modulus of each conditioned specimen 22.1.2.1.1 The CRL- and CRT-type tensile testing machines
when determining its breaking force (see Section 16). Usingre not suited for modulus measurements; both types of testers
the force-elongation curve (see Fig. 2), draw a tangent to thtend to distort the slope of the force-elongation curve and do
initial straight-line portion of the curve. Extend this tangent tonot guarantee the required accuracy for these tests.
the abscissa (elongation axis), and upwards to a point that 22.1.2.2Chord-Modulus Yarns and CordsDetermine the
corresponds to slightly more than 10 % elongation. On the&hord modulus of each conditioned specimen from the force-
abscissa, measure and mark a distance equal to 10 % elongdongation curve (see Fig. 3). Determine the chord modulus
tion of the specimen gage length beginning at the point obetween the points A and B as specified in Table 4. Locate the
intersection of the tangent with the abscissa. At the 10 % markpoints A and B on the ordinate at the forces equivalent to A

draw a line perpendicular to the abscissa and extend it upwardsN/tex (gf/den) and B mN/tex (gf/den) respectively. Draw
from each of these two points respectively a line perpendicular

My = (4560% Fy)/LDy (23)

initial modulus, mN/tex,
initial modulus, gf/den,
force at 10 % elongation, N,

TABLE 3 Elongation Values for Determination of FASE to the ordinate to the intersection with the force-elongation
- curve. From these intersection points determine the related
. . Adhesive Processed . . . .

Type of Fiber Greige Cord elongation values by drawing perpendicular lines to the ab-
Rayon 5 3 scissa. _ _
Nylon 14 5 22.1.2.2.1 Calculate the chord modulus of a specimen using
Polyester 10 5 Eq 24:

Aramid 2 1
M, = 100X (T, — TH/(E, — E,) (24)
12
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FORCE~ELONGATION CURVE FOR THE DETERMINATION
OF CHORD MODULUS

Foixy = forces corresponding to specified
tenacity in table &
elongation points corresponding to
forces Fa. & Fu

Baib =

FORCE s

Fu

Elongation interval

ELONGATION
FIG. 3 Force-Elongation Curve for the Determination of Chord
Modulus

TABLE 4 Lower and Upper Limit of the Chord Modulus Interval
for the Different Types of Fibers

Lower Limit, T, Upper Limit, T,

Type of Fiber

mN/tex gf/den mN/tex gf/den
Rayon 30 0.3 60 0.6
Nylon 20 0.2 40 0.4
Polyester 30 0.3 60 0.6
Aramid 300 3.0 400 4.0
where
M. = chord modulus, mN/tex (gf/den),
T, = upper limit in mN/tex (gf/den),
T. = lower limit in mN/tex (gf/den),
E, = elongation corresponding fg,, %, and
E, = elongation corresponding fB,, %.

22 1.3 Calculation—Calculate the average initial modulus

or the average chord modulus, or both, of the sample to th

nearest 10 mN/tex (0.1 gf/den).
22.1.4 Report:

22.1.4.1 State that the specimens were tested as directed
Section 22 of Test Methods D 885. Describe the material o

product sampled and the method of sampling used.

22.1.4.2 Report the option or procedure used for measurin
the linear density, the number of specimens tested, and thﬁ
initial modulus or the chord modulus, or both, for the sample

22.1.5 Precision and Bias:
22.1.5.1 Precision—See Section 39.
22.1.5.2Bias—See 39.3.

23. Breaking Strength (Force) of Oven-Dried Rayon
Yarns and Cords

breaking strength of oven-dried rayon yarns and cords.

23.2 Apparatus—In addition to the tensile testing machine
(see Section 15), the following accessory equipment is re-
quired:

23.2.1 Sample Holder—Use a yarn/cord support that will
allow for tension-free contraction of the sample during the
drying (for example, for continuous length samples, a collaps-
ible spool or reel, or a tapered spool, and for short specimens
as from a tabby sample, a special mounting rack). The holder
must be of a suitable design to prevent any change in twist or
any buckling or crinkling or stretching of the specimen during
handling and drying and to facilitate rapid removal of the
specimen from the oven for testing.

23.2.2 Oven—An oven with circulating air maintained at a
temperature of 105 3°C (221 + 6°F) and with a fresh air
replacement rate from 20 to 50 times the oven-volume per
hour, the fresh air being taken from the standard atmosphere of
24 = 1°C (75 = 2°F) and 55+ 2 % RH. The air shall pass
freely through and around the specimens. The specimens must
not be subjected to direct radiation from the heating unit. The
oven has to be large enough to handle the required number of
spools or racks and has to be equipped with suitable removable
creels for placing the spools or reels in the oven or with
supports for the special mounting racks for the same purpose,
or both.

23.3 Preparation of Specimens—For the drying process,
mount the yarn or cord without stretching, buckling or crin-
kling and without any change of twist on the yarn/cord support
(see 23.2.1), which allows the specimen to contract during the
drying. Dry the sample(s) at 105 3°C (221 *= 6°F) for a
sufficient length of time (for at least 2 h, but no longer than 6
h) so that the loss in mass on heating for an additional 15-min
period is less than 0.1 % of the original mass of the sample.
After drying, test the specimens in the tensile testing machine
directly from the oven and start the tester 201 s after the
specimen leaves the oven. While moving the specimen from
the oven to the tensile testing machine, avoid any stretch,
buckling, crinkling, or change of twist of the specimen. Do not
touch with bare hands that portion of specimen that will be
between the clamps of the tensile testing machine.

23.4 Procedure—Place the oven with the samples in a
convenient position at the tensile testing machine so that in a
apid way the specimen can be taken out of the oven and can

e mounted in the prescribed way in the clamps of the testing
machine (see 16.3). Take all the precautions mentioned in 23.3.
Mﬂke sure that the specimen being tested has been in the
ta oratory ambient atmosphere for justtQl s at the moment
he tensile tester is started. Determine the breaking force as
8|rected in 16.3.

23.5 Calculation—Calculate the average breaking force of
e oven-dried sample from the observed breaking force of the
‘specimens read from the testing machine chart or dial to the
nearest 0.5 N (0.05 gf/den).

23.6 Report:

23.6.1 State that the specimens were tested as directed in
Section 23 of Test Methods D 885. Describe the material or
product sampled and the method of sampling used.

23.1 Scope—This test method is used to determine the 23.6.2 Report the option or procedure used, the number of

13
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specimens tested, and the breaking force for the oven-drie?i7. Work-to-Break of Yarns and Cords

sample. . 27.1 Scope—This test method is used to determine the
23.7 Precision and Bias: work-to-break of yarns and cords.
23.7.1 P_reC|5|on—See Section 39. 27.2 Procedure—Using the force-elongation curves ob-
23.7.2 Bias—See 39.3. tained as directed in Section 16, 17, 23, or X2.3, draw a line
24. Breaking Tenacity of Oven-Dried Rayon Yarns and from the point of the breaking force of each specimen
Cords perpendicular to the elongation axis. Measure the area bounded
by the curve, the perpendicular, and the elongation axis. This
Qrea may be estimated by counting squares, measured with a
planimeter, or determined by electronic means.
27.3 Calculation:

24.1 Scope—This test method is used to determine th
breaking tenacity of oven-dried rayon yarns and cords.

24.2 Calculation and Report—Calculate and report the
breaking tenacity of the oven-dried rayon sample as directed in . .
Section 18 using the average breaking force in newtonE zgfjngzécuzlzét.e the work-to-break for each specimen using
(pounds-force) of the oven-dried sample and the linear densityq q <5
based on the commercial regain (see Section 11). WB = A X Fg X Egg, X 107° X L, (25)

25. Elongation at Break of Oven-Dried Rayon Yarns and WE = A X Py X By, X 10 * X L (26)

Cords where:

25.1 Scope—This test method is used to determine theWB
elongation at break of oven-dried rayon yarns and cords. wWB
25.2 Procedure—Determine the elongation at break of eachA

oven-dried specimen when determining its breaking force (sed s
23.4). Read the elongation from the autographic recorder chartEsf o

work-to-break, J,

work-to-break, in.-lbf,

area under force-elongation curve, m¢n.?),

force scale factor, N/mm (Ibf/in.) of chart,
elongation scale factor, %, of specimen elongation

or by electronic means, at the breaking force. Express the _ permm (in.) of autographic chart, and

observed elongation of each oven-dried specimen as a percente = 9age length of specimen, mm (in.).

age of its nominal gage length. 27.3.2 Calculate specific work-to-break using Eq 27 and Eq
25.3 Calculation—Calculate the average elongation at 28:

break for the sample to the nearest 0.1 %. WEB = A X Fg X Eggy X 1072 (27
25.4 Report. WR,; = A X Fg X Egp, X 1072 (28)

25.4.1 State that the specimens were tested as directed in
Section 25 of Test Methods D 885. Describe the material orywhere:
product sampled and the method of sampling used. WB,
25.4.2 Report the option or procedure used, the number ofVB,

specimens tested, and the elongation at break for the sampléA

specific work-to-break, J/m,
specific work-to-break, in.-Ibf/in.,
area under force-elongation curve, &fim.?),

25.5 Precision and Bias: For force scale factor, N/'mm (Ibf/in.) of chart, and
25.5.1 Precision—See Section 39. Eqtoo elongation scale factor, %, of specimen elongation
25.5.2 Bias—See 39.3. per mm (in.) of autographic chart.

B ) ) 27.3.3 The equations used to calculate work-to-break and
26. Force at Specified Elongation (FASE) of Oven-Dried  gpecific work-to-break electronically are given in Eq 29-32:

Rayon Yarns and Cords
WB = [(F, + F.)/2] X [(E//1000 + sum((F; + F; , /2

26.1 Scope—This test method is used to determine the force X ((E, , , — E)/1000)] (29)
2(t)rsdpse0|f|ed elongation (FASE) of oven-dried rayon yarns and WB = [(F, + F,)/2] X [(E, + sum((F, + F,, /2
: . . . X(E,1—F 30
26.2 Determine the FASE of each oven-dried rayon speci- (B ] (30)
men when determining its breaking force (see 23.4). Read the WE,; = (1000 WB)/L, (1)

force directly from the autographic recorder chart, or by WB; = WB/L, (32)
electronic means, at the appropriate value of elongation for the .

; . Where:
product listed in Table 2.

26.3 Calculation—Calculate the average FASE of the WE work-to-break, J,

work-to-break, in.-Ibf,

sample to the nearest 0.5 N (0.05 gf/den). Fy force at pretension level, N (Ibf),
26.4 Report: _ _ Fa force at first data pair, N (Ibf),
26.4.1 State that the specimens were tested as directed ip, force at ith data pair, N (Ibf),

Section 26 of Test Methods D 885. Describe the material org, extension at first data pair, mm (in.),

product sampled and the method of sampling used. E; extension at ith data pair, mm (in.),
26.4.2 Report the option or procedure used, the number ofVB;; specific work-to-break, J/m,
specimens tested, and the FASE for the sample. WB;; specific work-to-break, in.:Ibf/in., and
26.5 Precision and Bias: L, gage length of specimen, mm (in.).
26.5.1 Precision—See Section 39. 27.4 Report:
26.5.2 Bias—See 39.3. 27.4.1 State that the specimens were tested as directed in
14
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Section 27 of Test Methods D 885. Describe the material o29. Reports, General

product sampled and the method of sampling used. 29.1 State that all specimens were tensile tested as directed
27.4.2 Report the option or procedure used, the number qf Test Methods D 885, Sections 12-28. Describe the material

27.5 Precision and Bias: 29.2 Report the following information:
27.5.1 Precision—See Section 39. 29.2.1 Test procedure used (pretension or slack start),
27.5.2 Bias—See 39.3. 29.2.2 Type of tensile testing machine used,
29.2.3 Type of clamp used,
28. Breaking Toughness of Yarns and Cords 29.2.4 The amount of twist, if any, inserted into the yarn
28.1 Scope—This test method is used to determine th@specially for the purpose of tensile testing the yarn,
breaking toughness of yarns and cords. 29.2.5 Number of specimens tested per sample, and

28.2 Procedure—Use the information developed in Sec- 29.2.6 The value of each property measured or calculated
tions 11 and 27 to calculate the breaking toughness of a yarn #@r each sample.

cord sample. OTHER YARN AND CORD PROPERTIES
28.3 Calculation:

28.3.1 Calculate the breaking toughness of each specime3D. Twist in Yarns and Cords
using Eq 33, Eq 34 or Eq 35 and Eq 36: 30.1 Scope—This test method is used to determine the

BT, = (A X Fg X Ego) X 10ALDy) (33)  amount of twist in yarns and cords.
- _ —2 30.2 Number of Specimens—Test ten specimens. This num-
BTr = (A Far X Esog) X 107D 34 ber is based on the assumption that the applicable coefficient of
BT, = (WB; X 10)/LD (3%)  variation is 3.0 % and the allowable variation is 1.9 % at a
BT, = WR/LDy (36)  probability level of 95 %.
30.3 Procedure—Determine the twist in single yarn, plied
\I/Bv_r|1_ere — breaki h / yarn, and tire cord as directed in Test Method D 1423, 9.2
BTj = brea ing toughness, J/g, through sections 9.5, except use a tension af 3 mN/tex
i = breaking toughness, in.- Ibf/in.- den, o : :
A = area under the force-elongation curve, #im?), (0.05__ 0.01 gf/den) based on the nominal yarn or cord linear
F. = force scale factor, N/mm (Ibffin.), dens_lty (see Note 6). When all b_ut one of the_: e_:lements (_)f the
E.s = elongation scale factor, % of specimen elongation untwisted cord have been cut prior to determining the twist of
per mm (in.) of autographic chart, an individual element, leave the total force unchanged even
LD, = measured linear density of specimen, tex, though the tension per unit linear density in the element will be
LDy = measured linear density of specimen, denier, higher than in the original cord. Before determining the twist of
WB,; = specific work-to-break of specimen, J/m, and the element, record its length after all but one of the elements
WB,; = specific work-to-break of specimen, in.-Ibf/in.-den. have been cut away from the untwisted cord. Use this length

when calculating the twist in the element using Eq 7 of Test
28.3.2 The equations used to calculate breaking toughneddethod D 1423.

electronically are given in Eq 37 and Eq 38: Note 6—For convenience in routine testing, an approximation of the

BT, = (1000 < WBy)/(L, X LDy) 37) specified tension may be obtained by applying one of the forces listed as
BT = WRY/(L, X LD,) 38) follows for the specified groups of yarn and cord sizes.
Linear Density of Specimen Amount of Force

where Below 400 tex (3600 denier) T l%fo
BT, = break!ng toughness, J/g, ) 400 to 600 tex (3600 to 5400 denier) 2 200
BT, = breaking toughness, in.-Ibf/in.-den, 600 to 800 tex (5400 to 7200 denier) 3 300
WB,; = specific work-to-break of specimen, J/m, Above 800 tex (7200 denier) 4 400
WB,; = specific work-to-break of specimen, in.-Ibf/in.-den,  30.4 Calculation—Calculate the twist of all specimens as

o = gage length of specimen, mm (in.), directed in Sections 10.1 through 10.4 of Test Method D 1423.
LD, = measured linear density of specimen, tex, and 30.5 Report:
LDy = measured linear density of specimen, denier.

30.5.1 State that the specimens were tested as directed in

28.4 Report: . _ Section 30 of Test Methods D 885. Describe the material or
28.4.1 State that the specimens were tested as directed jRoduct sampled and the method of sampling used.

Section 28 of Test Methods D 885. Describe the material or 30,52 Report the option or procedure used, the number of
product sampled and the method of sampling used. specimens tested, and twist of each specimen.
28.4.2 Report the option or procedure used, the number of 30.6 Precision and Bias:
specimens tested, and the breaking toughness for the sample.30 6.1 Precision—See Section 39.
28.5 Precision and Bias: 30.6.2 Bias—See 39.3.
28.5.1 Precision—The precision of breaking toughness is ]
derived from work-to-break and linear density (see Sectiorsl. Thickness of Cords
16). 31.1 Scope—This test method is used to determine the
28.5.2 Bias—See 39.3. thickness of cords.

15
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31.2 Summary of Test MethedThe average thickness Test Method D 2257. Describe the material or product sampled
(gage) of a group of parallel tire cords resting on an anvil isand the method of sampling used.
determined when under a specified pressure applied by the 32.2.2 Report the option used and the number of specimens
presser foot of a thickness gage. tested.
31.3 Apparatus—The thickness gage shall conform with the, . . . .
requirements specified in Section 6.1 of Test Method D 177755 DiP (Adhesive) Solids Pickup on Yarns and Cords
The gage shall be equipped with a presser foot having a 33.1 Scope—This test method is used to determine the
diameter of 10 mm ¥ in.) and shall exert a pressure of amount of dip solids pickup on yarns and cords.
approximately 25 kPa (3.4 psi) (related to the presser foot 33.2 Summary of Test Metheelndividual procedures are
area). given for determining the amount of adhesive dip solids for
31.4 Number of SpecimensTest five specimens. This num- specimens nylon, polyester, and rayon yarns or cords that have
ber is based on the assumption that the applicable coefficient dfeen treated with resorcinol-formaldehyde-latex (RFL) type of
variation is 1.0 % and the allowable variation is 1.5 % of theadhesive dip by dissolving the fiber in an appropriate solvent
average at a probability level of 95 %. and recovering the residue of dip solids by filtration after which
31.5 Procedure—Take a specimen comprised of four corddt is dried and weighed. The amount of adhesive solids on a
from the sample and handle the cords in such a manner that ri@ecimen is reported as percentage dip solids pickup based on
change of twist can occur. For tabby samples of tire cord fabricthe oven-dried mass of the dip-free specimen.
prior to removing each set of four cords, position the cords 33.3 Significance and Use
adjacent and parallel with no ends crossed. Grasp the four 33.3.1 Textile yarns and cords are treated with an adhesive
cords with the length of the cords between the fingertips of thélip to improve the adhesion of elastomers to the textile
left hand and the right hand approximately equal to the lengttnaterials. The amount of dip solids pickup on the yarns or
of the anvil. Use care to avoid any change in twist if the handgords is used for process control.
are repositioned after the set of four cords are removed from 33.3.2 This test method for testing dip pickup is not
the tabby sample. Inspect the top and bottom of the specimei#commended for acceptance testing of commercial shipments
to be sure that no knots, splices, or foreign protuberances af¥ dipped yarns or cords because of large between-laboratory
present on the lengths of cord to be gaged. Place the four cord@riations.
side by side on the anvil and directly under the presser foot of 33.4 Apparatus and Materials
the thickness gage. Apply sufficient tension to make the cords 33.4.1 Oven, convectigncontrolled at 105+ 3°C (221 =
taut (about 5 N (1bf)) (see Note 7). Lower the presser foot 6°F) and 150+ 3°C (311+ 6°F).
gradually and gently (take abb& s to apply the full force) by 33.4.2 Extraction Flasks capacity 250 mL, borosilicate
keeping a finger or thumb in contact with the lowering leverglass, with interchangeable ground-glass joints.
until the presser is in contact with the cord specimen. Wait until 33.4.3 Glass-Fiber Filter Disks
the gage reading becomes stable (about 5 s), and record the33.4.4 Glass Weighing Bottlesvith ground-glass stoppers,
thickness of the specimen to the nearest 0.01 mm (0.0005 in40 mm (1.5 in.) in diameter and 80 mm (3 in.) in height.
Make only one measurement of each specimen of four cords. 33.4.5 Gooch Crucible, No. 4.

) . 33.4.6 Vacuum Flask, 1-L capacity.
Note 7—Laboratory tests have shown that the average tension applied 33.4.7 Water-Cooled Condensers, borosilicate glass, with
by an operator to four parallel cords held between the fingertips was about .~ " ' !

5 N (1 Ibf). Tensions considerably greater than 5 NK(f) usually result interchangeable ground-glass joints.
in cord slippage. Tests using a tension in the range from 2 t0 7 N (0.5 to 33.4.8 Wat?r Bath. o
1.5 Ibf) resulted in no significant change in cord thickness, as measured. 33.4.9 Desiccator, with silica gel.

31.6 Calculation—Calculate the average thickness of the 33.4.10 Ten glass pearls or glass wool.
specimens to the nearest 0.01 mm (0.0005 in.). 33.5 Reagents:

31.7 Report: 33.5.1 For Nyl_on Y_arns and Cords:

31.7.1 State that the specimens were tested as directed in33.5.1.1Formic Acid (HCOOH), 90 %.

Section 31 of Test Methods D 885. Describe the material or 53-2-2 For Polyester Yarns and Cords
product sampled and the method of sampling used. 33.5.2.1 Potassium Hydroxide Solution, dissolve 400 g per

31.7.2 Report the opti d d, th §00 g water.
P bocimere teatod and the thicknows for '33.5.2.2 Phenolphthalein, 1 %.

the number of specimens tested, and the thickness for the
33.5.3 For Rayon Yarns and Cords:

Sa?ﬂ?zlae.Precision and Bias: 33.5.3.1 Sulfuric Acid (H,S0O,), concentrated, density 1.84

31.8.1 Precision—See Section 39. glen, reagent gr_ade. . .

31.8.2 Bias—See 39 .3. 33.5.3.2 Sulfuric Acid (H,SO,), approximately 71 %—

) Pour slowly, with constant stirring, 420 mL of concentrated

32. Extractable Matter in Yarns and Cords sulfuric acid into 260 mL of distilled water.

32.1 Procedure: 33.6 Hazards:

32.1.1 Determine the amount of extractable matter present 33.6.1 Use extreme care, wear rubber gloves and goggles,
in yarns and cords as directed in Test Method D 2257. and work in a hood with forced ventilation when handling

32.2 Report: acids and potassium hydroxide. Caution: the potassium hy-

32.2.1 State that the specimens were tested as directed @noxide mixing process is very exothermic.
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33.6.2 Refer to manufacturers’ Material Safety Data Sheeof 105 £ 3°C (221+ 6°F) to a constant mass.
(MSDS) for information on handling, use, storage, and dis- 33.7.3.2 Remove the specimen from the oven, close the

posal of all chemicals used in this test method. weighing bottle, and cool in a desiccator.
33.7 Procedure: 33.7.3.3 Weigh the bottle plus specimen to the nearest 1 mg
33.7.1 For Nylon Yarns and Cords: and determine the mass of the specimen by difference. Transfer

33.7.1.1 Cut approximatgB g ofdipped nylon yarn or cord the specimen to a 250-mL beaker and add about 150 mL of the
into pieces no longer than 10 mm (0.4 in.) and place the pieced,SO,, which has been heated to a temperature of:38°C
in a weighing bottle. Dry this specimen in the oven at a(86 = 9°F), to the specimen in the beaker with stirring of the
temperature of 105 3°C (221+ 6°F) to a constant mass.  solution. Maintain the mixture at the above temperature and
33.7.1.2 Remove the specimen from the oven, close thstir continuously until the fibers appear to be completely
weighing bottle, and cool in a desiccator. dissolved, then stir for an additional 20 min.
33.7.1.3 Weigh the bottle plus the specimen to the nearest 1 33.7.3.4 Filter the solution through a tared crucible which
mg and determine the mass of the specimen by difference&ontains a glass-fiber filter disk. Wash the beaker and residue
Transfer the specimen to a 500-mL beaker and add about 25@ith successive 25-mL portions of water until the wash water
mL of 90 % formic acid. Dissolve the nylon at room tempera-is acid-free when tested with methyl red.
ture with occasional stirring of the solution. 33.7.3.5 Dry the residue and crucible at a temperature of
33.7.1.4 Filter the solution through a tared crucible thatl05=* 3°C (221= 6°F) to constant mass, cool in a desiccator,
contains a glass-fiber filter disk. Wash the beaker and residu&nd weigh the residue.
with two 25-mL portions of formic acid and allow the acid to  33.8 Calculation:
filter slowly through the residue each time. Wash the residue 33.8.1 Calculate the amount of dip pickup for each speci-
with four 25-mL portions of water in the same manner asmen using Eq 39.
above. _ _ DPU = [My/(M, — M,)] X 100 (39)
33.7.1.5 Dry the residue and crucible at a temperature of
105 + 3°C (221 = 6°F) to a constant mass. Cool in a where:
desiccator and weigh to the nearest 1 mg. DPU ) _
33.7.2 For Polyester Yarns and Cords Mo, mass of oven-dried residue, g, and
33.7.2.1 Cut approximate8 g of dipped polyester yarn or Mo mass of oven-dried specimen, g.
cord into pieces no longer than 10 mm (0.4 in.) and take two 33-8:2 Calculate the average dip pickup for the sample to
specimens of approximately 3 g and each of these shall b&€ nearest 0.1 %.
placed in a tared weighing bottle. Dry this specimen in the 33.9 Report:
oven at a temperature of 1053°C (221 6°F) to a constant 33.9.1 State that the specimens were tested as directed in

mass (approximately 1 h). Each test specimen shall be used f&ection 33 of Test Methods D 885. Describe the material or

percentage dip pickup, %,

a separate determination. product sampled and the method of sampling used.
33.7.2.2 Remove the specimen from the oven, close the 33.9.2 Report the option or procedure used, the number of
weighing bottle, and cool in a desiccator. specimens tested, and the dip pickup for the sample.

33.7.2.3 Weigh the bottle plus specimen to the nearest 1 mg 33.10 Precision:
and determine the mass of the specimen by difference. Transfer33.10.1 For Nylon Yarns and Cords:
the specimen to the 250-mL extraction flask and add about 100 33.10.1.1Interlaboratory Test Data-An interlaboratory
mL of potassium hydroxide solution. Attach the flask to thetest was run in 1968 in which three laboratories each tested
condenser and reflux for 3 h until the polyester is dissolved. dipped cord specimens from a single sample. A single nylon
33.7.2.4 Dilute with 100 mL hot de-ionized water before cord at a dip pickup level of approximately 5 % was wound on
filtering. a drum, cut off the drum, and the resulting 250 to 300-mm (10
33.7.2.5 Filter the solution through a Gooch crucible cont0 12-in.) lengths of cord were thoroughly mixed. Each
taining glass pearls or glass wool, with a known oven-dryparticipating laboratory was supplied a bundle of these short
mass. Wash the flask with hot de-ionized water (70°C (144°F))sords taken at random from the sample described. Each
minimum which shall be used for the first rinsing of the laboratory made five determinations on two different occa-
crucible. Continue rinsing with hot de-ionized water until asions. The components of variance for dip pickup results
neutral reaction has been obtained with phenolphthalein a@xpressed as coefficients of variation were calculated to be as
indicator. follows:
33.7.2.6 Dry the crucible and filter disk with the dip solids Within-laboratory component 2.13 % of the average
residue to a constant mass. Constant mass can be obtained by Between-laboratory component 6.14 % of the average
drying at 105+ 3°C (221= 6°F) for 2 h or 150+ 3°C (302 33.10.1.2Precision—For the components of variance re-
+ 6°F) for 30 min. Cool in a desiccator and weigh to the ported in 33.10.1, two averages of observed values should be
nearest 1 mg. considered significantly different at the 95 % probability level
33.7.3 For Rayon Yarns and Cords: if the difference equals or exceeds the critical differences listed
33.7.3.1 Cut approximateB g ofdipped rayon yarn or cord in Table 5.
into pieces no longer than 6 mn¥a(in.) and place in a 33.10.1.2.1 The within-laboratory component of variance is
weighing bottle. Dry this specimen in the oven at a temperaturéhe sum of all the individual components of variance, except
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TABLE 5 Dip Pickup Critical Difference, % of Grand Average, for Method repeatability is defined as the “maximum difference”
the Conditions Noted ™ that can “reasonably” be expected between two test results
Number of Observations in Single-Operator Between-Laboratory obtained on the same material when the test results are
Each Average Precision Precision . . - .
obtained in the same laboratory. Repeatability standard devia-
1 5.90 18.01 . . « H TR
5 264 17.22 tion is taken to be the square root of the “determination
10 1.87 17.12 variance component, and represents within-operator precision.

“The critical differences were calculated using t = 1.960, which is based on the Method reproducibility is defined as the “maximum difference”
infinite number of degrees of freedom. A . that can “reasonably” be expected between two test results
To convert the values of the critical differences to units of measure, multiply the . .
average of the two specific sets of data being compared by the critical differences obtained on the same material when the test results are
expressed as a decimal fraction. obtained from different laboratories. The total, or reproducibil-

ity, standard deviation, is formed by taking the square root of

the single-operator component of variance, that contribute t§1€ SUm of intra- and inter-laboratory variance components.
the variability of observations within a single laboratory. The values in Table 7 show maximum critical differences for
Included are such components of variance as those for days single determinations and specified averages of determinations
testing, units of apparatus, and different operators within dor the single operator case (repeatability), within-laboratory
single laboratory. If the within-laboratory component of vari- case, and between-laboratory case (reproducibility). Two val-
ance is not calculated separately, all sources of variabilityies or averages of observed values are considered significantly
except the single-operator component are included in theifferent at the 95% probability level if the difference between
between-laboratory component. Under these conditions, calcyhem exceeds the appropriate critical difference in the table
late the standard error (between-laboratory) using zero for the 54 14 5 3gias—The procedure in this test method produces

within-laboratory component. a test value that can be defined only in terms of a test method.

33.10.2For Polyester Yams and Cords There is no independent referee method by which bias may be
33.10.2.1Interlaboratory Test Data-An interlaboratory ; =P y wh y
Sjetermmed. This test method has no known bias.

test was conducted in 2001 using the Dip Solids Pickup (DPU
method for a polyester cord based on Potassium Hydroxide. A 33.10.3 For Rayon Yarns and Cords:

dipped polyester tire cord was distributed to five participating 33.10.3.1Interlaboratory Test Data—The values of preci-
laboratories in each laboratory, one operator made ten DPjon are based on interlaboratory testing by eight laboratories
measurements on two test occasions. Variance componens a standard sample that contained about 5 % adhesive dip
were computed for individual DPU determinations and aresplids pickup. Components of variance are not available.

summarized in Table 6. 33.10.3.2Within-Laboratory Precisior-The uncertainty

.33.10.2.2F_’re(.:|.5|on—Repeatab|I|ty anq repraducibility d.e.al (0.95 level) of single measurements made in one laboratory has
with the variability of test results obtained under speuﬂedbeen found to be-10 % of the average dip solids pickup

laboratory conditions. Repeatability concerns the variability o )
between independent test results obtained within a single 33-10.3.3Between-Laboratory PrecisieaThe uncertainty
laboratory in the shortest practical period. Those results ar(0-95 level) in the difference between two laboratories, each
obtained by a single operator with a specific set of tesfnaking five measurements, has been found ta- b6 % of the
apparatus using test specimens (or test units) taken at randd#erage dip solids pickup.

from a single quantity of homogeneouse material obtained or

prepared for the interlaboratory study (ILS). Reproducibility 34. Adhesion of Cord to Elastomers

deals with the variability between single test results obtained in 34.1 Determine the adhesion of tire cords to elastomers

different laboratories, each of which has applied the teshsing either Test Method D 4393 or D 4776 (see Note 8)
method to test specimens (or test units) taken at random from '

a single quantity of homogeneous material obatained or pre- Nore 8—Other tire cord adhesion tests currently are being studied by
pared for the ILS. ASTM Committee D11 on Rubber and Committee D13.

TABLE 6 Interlaboratory Study Variance Components

Material Average Laboratory  Variance Variance

DPU Occasion Determination
Polyester 6.92 0.1474 0.01621 0.01267
Dipped
Cord
Material Total Within-Lab S S S

Variance Variance Repeatability Within Lab  Reproducibility
Polyester 0.17628 0.02888 0.11 0.17 0.42
Dipped
Cord
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TABLE 7 Interlaboratory Study: Critical Differences, 95%
Probability Level, Absolute Values

Material Number of Single Within-Lab. ~ Between-Lab.

Observations Operator Precision

Precision Precision

Polyester Dipped 1 0.312 0.471 1.164
Cord

2 0.221 0.416 1.143

4 0.156 0.386 1.132

8 0.110 0.370 1.127

16 0.078 0.361 1.124

PROPERTIES OF TIRE CORD FABRIC ]
Bonem Ultin)
diameter rod

35. Width

35.1 Determine the width of tire cord fabric as directed in
Test Method D 3774.

S5.mm (3iu-in)

diameter rod
o /
— ——

‘ SPECIMEN HOLDER

36. Mass per Unit Area

36.1 Determine the mass per unit area of tire cord fabric as
directed in Test Method D 3776 (Option A or B as appropriate).

37. Count

37.1 Determine the count of tire cord fabric as directed in |
Test Method D 3775 except count the filling yarns in a
specimen of fabric having a length of at least 250 mm (10 in.). ‘

85 mm (3 %% in.)

bmm (Y4-in.)
diameder
steel tubing

38. Stiffness of Fabric AT T =

38.1 Scope—This test method is used to determine the — 4 =T i
stiffness of tire fabric specimens. \-——%

25mm (4in) -.{ 5mm (3e-in)

/’ diameter rod

Lo~ SPECIMEN DEPRESSOR

38.2 Summary of Test MethedSpecimens of tire fabric are ll;;m 5:%“/‘.(;716
analyzed for stiffness using a CRE-type tensile testing ma-
chine, having normal jaws replaced with a holder or rack that
allows the sample to rest across a 25-mm (1-in.) span opening.
The specimen is deflected by a depressor applied in the center
of the span and the force in millinewtons (grams-force)
required to depress the specimen is recorded and averaged.

38.3 Significance and Use—Sitiffness of treated fabric is a
factor influencing the handling, fabrication, and performance
of the finished product. Specified stiffness values are inappro-
priate because of the variety of applications of tire cord fabrics,
the equipment for fabricating articles from such fabric, and
post-treatment that may occur prior to the use of the fabric; all
of the foregoing may bear on the degree of stiffness neded or
that can be tolerated.

38.4 Apparatus:

38.4.1 CRE-Type Tensile Testing Machine.

38.4.2 Loading Cell, 20 N (2000 gf). FIG. 4 Apparatus for Stiffness of Fabric Testing

38.4.3 Specimen HolderAn 85-mm (3s-in.) square frame
made of 5-mm¥s-in.) diameter steel rod. In the middle of one with a distance between the lower rollers of 25-mm (1-in.) can
side is a hook made of 3-mm¥in.) rod diameter for be used in place of the above described specimen holder. The
connecting the holder to the loading cell. In the middle of thelower rollers have a radius of 5-mn¥4in.) and the upper
opposite side, there is a 22-mr#s{in.) long, 5-mm ¥a-in.) roller has a radius of 6-mn¥4-in.) (see Fig. 5).
diameter rod fastened at midpoint and at right angles to the side 38.4.4 Specimen Depressor, 85-mn#3n.) square frame,
of the frame. These twor’s,” 25-mm (1-in.) apart, form arack made of 5-mm¥z-in.) diameter steel rod, rigidly fastened with
on which the test specimens lay across the 25-mm (1-in.y threaded connector to the lower crosshead. The side opposite
opening (see Fig. 4). the crosshead connection is covered with a 6-nimir.)

38.4.3.1 For CRE-type tensile testing machines, which areliameter piece of steel tubing. This forms a bar, which presses
able to measure under compression, a 3-point bending fixturggainst specimens to bend them during the test (see Fig. 4).

8 mm (331 in)

85 mm (38 in) =
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38.8 Calculation:

T Loadeell 38.8.1 Calculate the average stiffness results for the sample
adaptor to the nearest 1 mN (0.1 gf).
38.9 Report:

38.9.1 State that the specimens were tested as directed in
Section 38 of Test Methods D 885. Describe the material or
product sampled and the method of sampling used.

38.9.2 Report the option or procedure used, the number of
specimens tested, and the fabric stiffness for the sample.

—-

Q_ —
3 8' 38.10 Precision and Bias:
g Q 38.10.1 Interlaboratory Test Dat&—An interlaboratory test
gar:ﬁter - diameter g' was run in 1974 in which randomly drawn samples of one
5mm

material were tested in each of five laboratories using the
apparatus in Fig. 4. The operator in each laboratory tested five
specimens of each material. The components of variance of
stiffness property results expressed as coefficients of variation
were calculated to be as follows:
Single-operator component 2.65 % of the average
Between-laboratory component 3.36 % of the average
38.10.2 Precision—For the components of variance re-
ported in 38.10.1, two averages of observed values should be
considered significantly different at the 95 % probability level
if the difference equals or exceeds the critical differences listed
in Table 8.
38.10.2.1 The tabulated values of the critical differences
should be considered to be a general statement, particularly
. with respect to between-laboratory precision. Before a mean-
38.5 Number of Specimens ingful statement can be made about two specific laboratories,
38.5.1 Test the number of specimens such that the user mays amount of statistical bias, if any, between them must be
expect at the 95 % probability level that the test result is NQyg¢aplished, with each comparison being based on recent data
more than 3.50 % of the average above or below the trugpained on randomized specimens from one sample of the
average (that is, a theoretical average obtained from an infinitg, y;arial to be tested.
number of observations). Determine the number of specimens 3g 10 3 Bias—No justifiable statement on the bias of Test

in accordance with Practice D 2258. Methods D 885 for measuring the stiffness of fabric can be

38.6 Specimen Preparation_s . ) _made since the value of the property cannot be established by
38.6.1 Cut each 50-mm (2-in.) specimen of fabric to contain,, accepted referee method.

16 ends. Select specimens that are as straight as possible. Do
not preflex specimens before testing. Remove three ends fronsPECIFIC PRECISION AND BIAS AND KEYWORDS

each edge of each specimen, leaving ten warp ends and all the o ) )
filling in the sample. 39. Precision and Bias of Certain Cord Tests

Loadcell
adaptor

FIG. 5 Alternative Apparatus for Stiffness of Fabric Testing

38.7 Procedure: 39.1 Interlaboratory Test Data-An interlaboratory study
38.7.1 Mount the specimen holder and depressor in théround robin”) was run in late 1999-early 2000 to quantify
testing machine, calibrate, and set the tester at zero. repeatability and reproducibility of selected D 885 test meth-

38.7.2 Adjust the crosshead with the presser bar of theds. Seven laboratories participated in the study, with, in most
depressor approximately 6-mri#a{in.) above the opening in
the specimen rack. EE—

38.7.3 Set the crosshead speed at 25-mm/min (1_in_/min) 7 ASTM Research Report No. RR:D13-1040. A copy is available from ASTM
and the chart speed at 125-mm/min (5-in./min). Set the |oaaleadquarters, 100 Barr Harbor Drive, W. Conshohocken, PA 19428.
selector for the minimum scale force to accommodate the B ] .
specimen and for the bending force to occur between 10 and TABLE 8 Critical D'féirri’;igﬁ'n f,\fgtgéa’lf’BA"erage* for the
90 % of full-scale force, preferably at mid-scale.

. . . Number of Observations in Single-Operator Between-Laboratory
38:7.4 Place the. specimen on the rack with the mldqlle of the Each Average Precision Precision
specimen at the midpoint of the rack and the longitudinal axis 1 — %0
of the specimen parallel to the 25-mm (1-in.) opening. 5 3928 087
38.7.5 Start the tester to lower the crosshead and pull the 10 2.32 9.60
presser bar onto the specimen and through the opening in thesThe critical differences were calculated using ¢ = 1.960, which is based on the
specimen rack. infinite number of degrees of freedom.

3876 R d th . f ired t Il th BTo convert the values of the critical differences to units of measure, multiply the
s ecor € maximum force require 0 pu eaverage of the two specific sets of data being compared by the critical differences

specimen through the opening to the nearest 1 mN (0.1 gf). expressed as a decimal fraction.
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cases, two operators from each laboratory. Ten specimens wenbtained in the same laboratory. Repeatability standard devia-
tested by each operator (five specimens in the case of lineéion is taken to be the square root of the “determination”

density). The following ten materials were studied: variance component, and represents within-operator precision.
Nylon: 1260 denier yarn, greige Method reproducibility is defined as the “maximum difference”
Nylon: 1260/2 cord, greige that can “reasonably” be expected between two test results
Eg:g;‘s;f6;’;2(,3°g§ng'f5§;’n oreige obtained on the same material when the test results are
Polyester: 1300/2 cord, greige obtained from different I_aboratories. The_ total, or reproducibil-
Polyester: 1300/2 cord, dipped ity, standard deviation, is formed by taking the square root of
I D ener e the sum of intra-and inter-laboratory variance components.
Aramid 1500/2 cord, dipped 39.2.2 Test Methods D 885, section 16.4, says to calculate
Nomex meta-aramid: 1200 denier yarn the average breaking force from the (ten) observed breaking

forces. The average breaking strength is called a “test result.”

39.2 Precision—Variance components and method repeatthijs is an important distinction between test determinations
ability and reproducibility are given in Table 9. Results are(specimens) and test results, and applies to all properties
given in Sl units as well as in units of common use in thejncluded in this interlaboratory study. The values in Table
United States. These tables are based on analyses of individhow maximum critical differences for test results (averages
specimen values. Repeatability and reproducibility deal withof ten determinations except for linear density, where five
the variability of test results obtained under specified laboradeterminations are specified) for the single operator case,
tory conditions. Repeatability concerns the variability betweenwithin-laboratory case, and between-laboratory case. Two test
independent test results obtained within a single laboratory imesults are considered significantly different at the 95 % prob-
the shortest practical period. Those results are obtained by ability level if the difference between them exceeds the
single operator with a specified set of test apparatus using teappropriate critical difference in the table.
specimens (or test units) taken at random from a single quantity 39.3 Bias—The procedures in this standard produce test
of homogeneous material obtained or prepared for the inteivalues that can be defined only in terms of their respective test
laboratory study (ILS). Reproducibility deals with the variabil- methods. There are no independent referee methods by which
ity between single test results obtained in different laboratoriesyiases may be determined; the test methods have no known
each of which has applied the test method to test specimens (bias.
test units) taken at random from a single quantity of homoge-
neous material obtained or prepared for the ILS. 40. Keywords

39.2.1 Method repeatability is defined as the “maximum 40.1 commercial mass; dip pickup; industrial yarn; linear
difference” that can “reasonably” be expected between two testensity; manufactured fibers; moisture regain; shrinkage; ten-
results obtained on the same material when the test results asiée properties/tests; tire cord; tire fabric; twist
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TABLE 9 Components of Variance Expressed as Coefficients of Variation (Except as Noted)

Note 1—Note—Between-laboratory coefficients of variation of high-modulus aramids are undesirably high and may warrant interlaboratory
correlations in specific applications between the purchaser and the seller.

Degrees of Coefficient of
Number Freedom Variations
Number of Obser- Within- Between-
Property Measured of Lapora— vations in Within Between Labora- Labora-
tories Each Lab- Labora- Labora- tory tory
oratory tory tory Compo- Compo-
nent nent
Table 3a 840/2 Nylon Cord (12 X 12 twist): A
Breaking strength, Ibf 8 10 152 7 1.61 1.57
Elongation at break, % 6 10 114 7 5.13 4.63
Load at specified elongation (LASE) 7 10 133 6 5.67 7.25
(reported at 14 % E), Ibf
Modulus, gf/den 2 10 38 1 5.76 2.38
Work-to-break, in.-Ibf/in. 4 10 76 2 7.63 2.88
Thickness of cords, mils 4 10 76 3 0.64% 0.498
Twist, tpi: Cord 5 10 114 5 0.31% 0.128
Singles 5 10 95 4 0.148 0.078
Linear density, den:*
From bobbin 8 9to 15 105 7 1.92 1.24
From tabby 8 9to 15 71 7 0.73 1.49
Table 3b 1000/3 Polyester Cord (10 X 10 twist):
Breaking Strength, Ibf 5 10 95 4 1.96 1.56
Elongation at break, % 6 10 114 5 3.03 3.46
Load at specified elongation (LASE) 6 10 114 5 5.88 5.31
(reported at 10 % E), Ibf
Modulus, gf/den 2 10 38 1 5.42 0.00¢
Work-to-break, Ibf/in. 4 10 76 3 5.51 5.53
Thickness of cords, mils 3 10 57 2 0.598 0.165:¢
Twist, tpi: Cord 6 10 54 5 0.238 0.15%
Singles 5 10 95 4 0.13% 0.108
Linear Density, den:
From bobbin 8 9to 15 107 7 0.86 0.50
From tabby 8 9to 15 79 7 1.17 0.79
Table 3¢ 1650/3 Rayon Cord (11 X 10 twist): P
Breaking strength, Ibf 6 10 114 5 3.12 1.77
Elongation at break, % 6 10 114 5 3.47 2.07
Load at specified elongation (LASE) 5 10 95 4 5.33 6.72
(reported at 6 % E), Ibf
Thickness of cords, mils 3 10 57 2 0.758 0.718
Twist, tpi: ~ Cord 4 10 76 3 0.28% 0.16%
Singles 3 10 57 2 0.168 0.098
Linear density, den:
From bobbin 9 9to 15 114 8 0.66 0.94
From tabby 9 9to 15 94 8 0.73 0.78
Table 3d 1500/2 High-Modulus Aramid Cord (4 X 4 twist):
Breaking strength, Ibf 8 10 72 7 121 2.38
Elongation at break, % 8 10 72 7 2.58 7.46
Modulus, gf/den 5 10 45 4 3.67 7.01
Work-to-break, in.-Ibf/in. 6 10 54 5 4.44 17.62
Thickness of cords, mils 6 10 54 5 0.88% 3.86°
Twist, tpi: ~ Cord 7 10 63 6 0.108 0.128
Singles 7 10 63 6 0.108 0.082
Table 3e 1500/2 High-Modulus Aramid Cord (7.5 X 7.5 twist):
Breaking strength, Ibf 8 10 72 7 2.41 3.45
Elongation at break, % 8 10 72 7 2.49 9.60
Modulus, gf/den 5 10 45 4 2.43 12.76
Work-to-break, in.-Ibf/in. 6 10 54 5 9.60 15.50
Thickness of cords, mils 6 10 54 5 0.888 3.05%
Twist, tpi: Cord 7 10 63 6 0.108 0.208
Singles 7 10 63 6 0.108 0.208
Load at specified elongation (LASE) without Rosin (reported at 9 10 81 8 1.59 5.79
2 % E), Ibf
Table 3f 1500/1 High-Modules Aramid Yarn:
Breaking strength, Ibf 6 10 9 5 1.52 3.38
Elongation at break, % 5 10 9 4 291 8.39
Modulus, gf/den 3 10 9 2 5.06 5.05

A1260/2 nylon cord for linear density.

Bproperties that have components of variance as standard deviations in the units shown are noted in the table.
SThe F-ratio indicates not significant at 95 % probability level.

PRayon data, except thickness, twist, and linear density, are from oven-dry cords.
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APPENDIXES
(Nonmandatory Information)

X1. GROWTH OF CONDITIONED YARNS AND CORDS

X1.1 Scope—This test method is used to determine growth X1.6 Procedure—Secure one end of a specimen at least
of a specimen after conditioning in the atmosphere for testin@50-mm (10-in.) long in the clamp of the apparatus, and apply
industrial yarns and tire cords. a pretension force of & 1 mN/tex (0.05+ 0.01 gf/den) to the

o . other end of the specimen in such a manner that there is no

X1.2 Summary of Test Method—lInitial length of a speci-change in twist. Observe and record the initial length of the
men of yarn or cord that has been permitted to relax in &pecimen. Apply an additional force to the specimen so that the
conditioned atmosphere is determined while under a specifieghis| force is 100+ 1 mN/tex (1.0= 0.01 gf/den). When the
pretension force. A force is then applied to the specimen and it§,crease in amount of growth is no more than 5 % (based on

length again measured after the length of the loaded specimedp,ange in length of a specimen) during a 1-min interval,
becomes constant. The amount of growth is calculated from thgpserve and record the final length of the specimen.

differences in observed specimen lengths.
X1.7 Calculation:

X1.7.1 Calculate the growth of each specimen to the nearest
0.1 % using Eq X1.1:

G = [(L, — Ly/L,] x 100 (X1.1)

X1.3 Significance and Use—The growth of a yarn or cord
is a factor in the dimensional stability under loading of a
product that is reinforced with a specific textile material.

X1.4 Apparatus—A length measuring device upon which
test specimens at least 250-mm (10-in.) long can be mountesvhere:
with one end of each specimen in a fixed position. TheG = growth, %, _ _
apparatus shall be equipped with a means for measuring theo = initial length of specimen, mm (in.), and
initial length and the final length of each specimen during thelr = final length of specimen, mm (in.). _
test period. This device shall be designed so that a tension force X1.7-2 Calculate the average growth of all specimens to the
can be attached to the free end of each specimen in suchigarest 0.1 %.
manner that there shall be no change in twist. X1.8 Report:

X1.5 Preparation of SpecimensTest five specimens. X1.8.1 State that the specimens were tested as directed in
Wind a skein sample of yarn or cord from a package or removéppendix X1 of Test Methods D 885. Describe the material or
a tabby sample of tire cord fabric from the board to which itproduct sampled and the method of sampling used.
may be attached. Permit the sample to relax without kinking in  X1.8.2 Report the option or procedure used, the number of
the test atmosphere for a minimum of 48 h prior to testing. specimens tested, and the growth for the sample.

X2. PROPERTIES OF YARNS AND CORDS AT ELEVATED TEMPERATURE

X2.1 Scope—This test method is used to determine thehe testing clamps and specimen (see Note X2.1). The oven
breaking strength (force), the shrinkage, and the shrinkagshall be such that it will maintain the required temperature.

force of yarns and cords at elevated temperatures. ) ) ) )
Note X2.1—Air-actuated testing machine clamps as usually supplied

X2.2 Significance and Use—Because textile materials arere not suitable for use in ovens at high temperature without modification.
often subjected to elevated temperatures during their proces§uch modification consists of increasing the diameter of the cylinder to
ing and use, it is necessary to know the tensile properties arf@mpensate for thermal effects and the use of rings of heat-resistant
behavior at such temperatures. Such information is used ifiaterial on the pistons.

engineering calculations and in process specifications. X2.3.3 Procedure—Test five specimens. Place a condi-
X2.3 Breaking Strength (Force) of Yarns and Cords attioned specimen of yarn or cord (for rayon, an oven-dried
Elevated Temperature: specimen prepared as directed in 23.3) in the clamps of the

. testing machine, enclose it in the oven and expose it to the
X2.3.1 Summary of Test MethedThe breaking force of es(,jpecified temperature (see Note X2.3). When the specimen

yarn or cord is determmed while t_he specimen is atan _elevat Treaches the temperature of the oven, immediately determine its
temperature. Elongation usually is not determined. This test 'Breaking force as directed in Section 16 (see Note X2.2)

not a heat-aging test.

X2_-3-2 Apparatus—A tensile te§ting machine as specifigd iN" Nore X2.2—It is inappropriate on most materials to reliably measure
Section 15, except that the machine shall be equipped with agirain-related properties, such as modulus, elongation asst break, and
oven or elevated temperature chamber that completely encloseaASE, at elevated temperatures.
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Note X2.3—The temperature of the oven shall be ¥72°C (350+ X2.4.6 Report:

3°F). X2.4.6.1 State that the specimens were tested as directed in
X2.3.4 Calculation—Calculate the breaking strength for the X2.4 of Test Methods D 885. Describe the material or product

sample, to the nearest 0.5 N (0.1 Ibf), as the average of theampled and the method of sampling used.

observed breaking forces of the specimens at the specified x2.4.6.2 Report the option or procedure used, the number

temperature. of specimens tested, and the shrinkage for the sample.
X2.3.5 Report:

X2.3.5.1 State that the SpeCimenS were tested as directed Inx25 Shrinkage Force of Conditioned Yarns and Cords at
X2.3 of Test Methods D 885. Describe the material or producg|evated Temperature:

sampled and the method of sampling used. .
X2.3.5.2 Report the option or procedure used, the number X2-5.1 Summary of Test MetheeA specimen of yarn or
ord is permitted to relax in a conditioned atmosphere. The

of specimens tested, and the breaking strength for the sampfe?"@ 'S . . !
P g g IOcondmoned specimen is mounted between fixed clamps under

X2.4 Shrinkage of Conditioned Yarns and Cords at El-a specified pretension force and then exposed to a specified
evated Temperature: temperature. The maximum force developed during exposure

X2.4.1 Summary of Test Method—The initial length of a is the shrinkage force of the specimen at the specified tempera-
specimen of yarn or cord that has been permitted to relax in 4/re (se€ X2.5.4.1).
conditioned atmosphere is determined while under a specified X2.5.2 Apparatus—A force-measuring device in which a
force. After exposure of the loaded specimen to a specifieéeSt specimen can be secured with its ends in fixed clamps a
temperature until its length becomes constant, the final lengtfinimum distance of 250-mm (10-in.) apart, and that can be
is measured and the amount of shrinkage is calculated from tHxposed to an elevated temperature. The clamp at one end of
difference in observed specimen lengths. the device shall be attached to a strain gage connected with a

X2.4.2 Apparatus—A length-measuring device designed sgecorder that covers the range to be tested or a mechanical
that it can be exposed to an elevated temperature and up@kf:vice that measures changes in force without a significant
which test specimens at least 250-mm (10-in.) long can b&hange in the length of the specimen. The strain gage or
mounted with one end of each specimen in a fixed positionmechanical device shall permit less than 25-um change in
The device shall be equipped with a means for measuring th@ecimen length when used under the maximum tension
initial length and the final length of each specimen during thedeveloped. The device shall permit the attachment of a
test period. This device shall be such that a tension weight capfetension force to the end of the specimen opposite the strain
be attached to the free end of each specimen in such a manr@ge, without any change in twist, prior to tightening the
that there shall be no change in twist. clamp.

X2.4.3 Preparation of SpecimensTest five specimens. X2.5.3 Preparation of SpecimensTest five specimens.
Wind a skein sample of yarn or cord from a package or remové&Vind a skein sample of yarn or cord from a package or remove
a tabby sample of tire cord fabric from the board to which ita tabby sample of tire cord fabric from the board to which it
may be attached. Permit the sample to condition while relaxethay be attached. Permit the sample to condition while relaxed
without kinking in the test atmosphere for a minimum of 16 hwithout kinking in the test atmosphere for a minimum of 16 h
prior to testing. prior to testing.

X2.4.4 Procedure—Secure one end of the specimen in the X2.5.4 Procedure—Secure one end of the specimen in the
apparatus, and apply a tension of-51 mN/tex (0.05+ 0.01  clamp attached to the strain gage or mechanical force-
gf/den) to the other end of the specimen in such a manner thateasuring device and apply a pretension of-51 mN/tex
there is no change in twist. Record the initial length of the(0.05+ 0.01 gf/den) to the other end of the specimen using
specimen to the nearest 0.5 mm (0.02 in.). Place the apparatusre to avoid any change in twist. Secure the other end of the
with the specimen and weight in an oven at ¥72°C (350=  specimen in the other clamp while it is under the pretension.
3°F) (see Note X2.3). Expose the specimen until the rate oRemove the pretension and place the apparatus with the
shrinkage of the specimen is less than 5 % of the shrinkage&fpecimen in the oven at 17% 2°C (350 = 3°F) (see Note
min. Record the final length of the loaded specimen to thex2.3). Expose the specimen until the rate of increase in force
nearest 0.5 mm (0.02 in.) before removing it from the oven. exerted by the specimen is less than 5 %/min. Record to the

X2.4.5 Calculation: nearest 10 mN (0.002 Ibf) the maximum force developed by

X2.4.5.1 Calculate the shrinkage at the specified temperahe specimen while it is in the oven.
ture of each specimen to the nearest 0.1 % using Eq X2.1:  X254.1 If a strain gage with recorder is used, a complete

S=[(L, — Ly/L,] X 100 (x2.1)  force-time curve may be obtained.
X2.5.5 Calculation:

vSvherze shrinkage, %, X2..5.5.1 Calculate the tenacity for each specimen using Eq
L, = initial length of specimen, mm (in.), and X2.2:
L; = final length of specimen, mm (in.). ST=F,/LD (X2.2)

X2.4.5.2 Calculate the shrinkage for the sample as the

; ; i here:
average shrinkage of the specimens at the specified temperg:._= ~* . .
ture. %’T = shrinkage tenacity, mN/tex (gf/den),
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F, = maximum force developed by the specimen, mN X2.5.6 Report:
(of), and X2.5.6.1 State that the specimens were tested as directed in
LD = linear density of the specimen, tex (denier). X2.5 of Test Methods D 885. Describe the material or product

X2.5.5.2 Calculate the shrinkage tenacity for the sample, t6ampled and the method of sampling used.
the nearest 0.1 mn/tex (0.001 gf/den), as the average shrinkagexX2.5.6.2 Report the option or procedure used, the number
tenacity of the specimens at the specified temperature. of specimens tested, and the shrinkage tenacity for the sample.

X3. CONTRACTION OF WET YARNS AND CORDS

X3.1 Scope—This test method is used to determine the tabby sample of the cord fabric from the board to which it
amount of contraction a yarn or cord undergoes after exposumday be attached. Permit the sample to condition while relaxed
to an aqueous solution. without kinking in the test atmosphere for a minimum of 16 h

N prior to testing.
X3.2 Summary of Test Method—The initial length of a

specimen of yarn or cord that has been permitted to relax in @ x3.6 Procedure—Using the apparatus with dry clamps,
conditioned atmosphere is determined while under a specifiegecure one end of the specimen in one of the clamps, and apply
force. After having been thoroughly wetted with water at rooma force of 5+ 1 mN/tex (0.05+ 0.01 gf/den) to the other end
temperature, the length of the wet loaded specimen is measurgfl the specimen in such a manner that there is no change in
after the length of the wet specimen becomes constant. Thgjist. Record the initial length of the specimen to the nearest
amount of contraction of the wet specimen is calculated fronp 5 mm (0.02 in.). Immerse the apparatus with the specimen
the difference in the observed lengths of the specimens befoighg weight in the water at a temperature of 24 2°C

and after wetting. (75 + 2°F). Expose the specimen until the rate of contraction

. ; 0 . X
X3.3 Significance and Use—Because textile materials arif the specimen is less than 5 % of the shrinkage/min. Record

often subjected to aqueous media during their processing,
sometimes is necessary to know their behavior under suc

e final length of the loaded specimen to the nearest 0.5 mm
.02 in.) while it is wet.

conditions. X3.7 Calculation:
X3.4 Apparatus: X3.7.1 Calculate the contraction of each wet specimen
X3.4.1 Length-Measuring Devigemade of corrosion- USing Eq X3.1:

resistant material upon which test specimens at least 250 mm C =[(L, — Ly)/L,] X 100 (X3.2)

(10 in.) long can be secured with one end of each specimen in
a fixed position and can be immersed in water. The device shalVhere:
be equipped with a means for measuring the initial length an
final length of each specimen. This device shall be such that g°
tension force can be attached to the free end of each specimer{X3
in such a manner that there shall be no change in twist.
X3.4.2 Tank, made of corrosion-resistant material and o
suitable dimensions for immersing in water the device de-

scribed in X3.4.1 with the specimens of yarn or cord. X3.8 Report: . . .
X3.4.3 Tensioning Device, clamps of a corrosion-resistant X3-8.1 State that the specimens were tested as directed in
material. Appendix X3 of Test Methods D 885. Describe the material or

product sampled and the method of sampling used.
X3.5 Preparation of SpecimensTest five specimens. X3.8.2 Report the option or procedure used, the number of
Wind a skein sample of yarn or cord from a package or removepecimens tested, and the contraction for the sample.

contraction of wet yarn or cord, %,

initial length of specimen, mm (in.), and

final length of specimen, mm (in.).

.7.2 Calculate the contraction for the sample to the
fmearest 0.1 % as the average contraction of the specimen.

X4. S| CALCULATION

X4.1 To explain the Sl-units to be used preferably for Yarn Cord
breaking toughness, work-to-break, and specific-work to- Linear density, tex 100 400
break, the following example may be helpful: Breaing load, N o S
reak, wing examp Yy pruk: Breaking tenacity, mN/tex 800 800
Breaking extension, % 10 30

X4.2 Using a linear load-elongation curve (for the simplic- Breaking extension, mm (based on

. . . X 250 mm gage length)
ity of the calculations, suppose a specimen has the following
properties): X4.3 Calculate the three properties in X5.3 as follows:

X4.3.1 Work-to-Break:
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by the linear density):

for yarn: %2> X 80N X 0.025m=1.00 N X m=1.00J for yarn: 4.00 J/m/100 tex = 4.00 J/m X 1000 m/100 g = 40 J/g
for cord: ¥ X 320N X 0.075m=120N X m=12.01J for cord: 48.0 J/m/400 tex = 48.0 J/m X 1000 m/400 g = 120 J/g

X4.3.2 Specific-Work-to-BreaKwork-to-break divided by

the gage length): X4.4 From this example, it is clear that the following units

are preferred:

for yarn: (1.00 J/0.25 m) = 4.00 J/im

for cord: (12.0 J/0.25 m) = 48.0 J/m Work-to-break J
Specific work-to-break J/im
Toughness Jig

X4.3.3 Breaking Toughnedspecific-work-to-break divided

X5. BIBLIOGRAPHY OF TIRE CORD TEST METHODS

Note X5.1—The Bibliography of Tire Cord Test Methods covers the  Warburton, F. L., James, J. F. P., and Hother-Lushington,
following journals: () Journal of Applied Polymer Science, January “Some Visco-Elastic Properties of NylonBritish Journal of

1959-August 1970, (2) Journal of Polymer Science, January 1950-D ; ;
cember 1963, General Papers, January 1963—-December 1965, Polyn?e\Pp“ed Physics, BJAPA, Vol 12, 1961, p. 230.

Physics Part A-2, January 1965-September 1970, Polymer Symposia Pt 4 Compression Testing

C, January 1963-August 19703)(Journal of the Textile Institute . . ) .

Transactions, January 1950-August 197), Textile Research Journal, ~ Bhakuni, R. S., Gingo, J. M., and Causa, A. Gire Fiber

January 1950-September 1970, and (5) Other journals at random. ~ Rheology, The Goodyear Tire & Rubber Company, Akron, OH,

1970.
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TIRIA, Vol 38, No. 4, 1964, T1650179. Contact Angle Measurements on Small-Denier Single Fibers”
Takeyama, J., and Matsui, J., “Recent Developments witdextile Research Journal, TRJOA, Vol 39, 1969, pp. 958-962.
Tire Cords & Cord to Rubber BondingRubber, Chemistry, X5.6 Creep
and Technology, RCTEA, Vol 42, No. 1, 1969, pp. 159-256." " . ]
Tsydzik, M. A., Lukomskaya, A. I., and Slonimskii, G. L., _Howard, W. H., and Williams, M. L., “The Viscoelastic
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No. 4, 1962, p. 676. Brand, R. H., and Kende, P., “Measurement of Three-

Wijngaarden, J. K., Van, “The Performance of Cord-in- Dimensional Fiber Crimp,Textile Research JournalRJOA,
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Rubber Conference, 1960. X5.8 Crystallinity
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their Identification, Textile Research Journal, TRJOA, Vol 22,  Hobbs, S.Y., and Mankin, G. I., “Determination of Polymer
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