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QHW Designation: D 885 — 98

Standard Test Methods for
Tire Cords, Tire Cord Fabrics, and Industrial Filament Yarns
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 epsilonef indicates an editorial change since the last revision or reapproval.

1. Scope Conditioning 7
. . . -Contraction of Wet Yarns and Cords X3
1.1 These test methods cover the testing of m_dustna@Ount of Tire Cord Fabric 37
filament yarns made wholly of manufactured organic-baseip (adhesive) Solids Pickup on Yarns and Cords 33
fibers, cords twisted from such yarns, fabrics woven from suclflongation at Break of Conditioned Yarns and Cords 19

Lo : longation at Break of Oven-Dried Rayon Yarns and Cords 25
COFdS, and prOdUCtS that are made speC|f|caIIy for use in théongation of Rayon Yarns and Cords at a Specified Moisture Regain 20

manufacture of pneumatic tires. They may be applied to similar Level, Adjustment of

yarns and cords used for reinforcing other rubber goods and fdtractable Matter in Yarns and Cords » 32
other industrial applications. The test methods apply to nylon} e & Specified Elongation (FASE) of Conditioned Yars and 2
polyester, rayon, and aramid yarns and tire cords twisted fromorce at Specified Elongation (FASE) of Oven-Dried Rayon Yarns and 26

such yarns and to fabrics made from such cords. The yarn orcords

d b d tub bobbi | b Growth of Conditioned Yarns and Cords X1
cord may be wound on cones, tubes, bobbins, spools, or beamg,yiiscation of Fibers 3
may be woven into fabric; or may be in some other form. Thexeywords 40
methods include testing procedure only and include no spechnear Density _ _ u
ficati tolerance Mass of per Unit Area of Tire Cord Fabric 36
Ications or S'_ . . . Modulus of Conditioned Yarns and Cords 22
1.2 No procedure is included for the determination ofmoisture Regain, Actual 10
fatigue resistance of cord, but several commonly used procéurecision and Bias of Certain Cord Tests gg ©
dures for the measurement of fatigue resistance of cords iBoperties of Tire Cord Fabric 37
rubber were published in the appendix of these test methods sampling 6
the 1967 Annual Book of ASTM Standa,rd%art 24. and in Shrinkage Force of Conditioned Yarns and Cords at Elevated Temper-
o ! ature X2.5
earlier issues Of Test Methods D 885. L Shrinkage of Conditioned Yarns and Cords at Elevated Temperature  X2.4
1.3 The sections on “Growth of Conditioned Yarns andsignificance and Use, General ’ 5
Cords,” “Properties of Yarns and Cords at Elevated Tempera2i9nificance and Use, Tensile Properties - 14
" « . " Sl Calculations (examples for work-to-break, specific work-to-break,
ture,” and” Properties of Wet Yarns and Cords” have been an preaking toughness) X5
moved to Appendix X1-Appendix X3 as hon-mandatory infor- stiffness of Fabric 38
mational items because of their very limited use by the industr){ . ) 1210
.. . L ensile Properties of Yarns and Cords 28
and because precision and bias statements are not includedyeminology 3
1.4 This standard includes the following sections: Thickness of Cords 31
. Twist in Yarns and Cords 30
dhesi . d | Section Width of Tire Cord Fabric 35
A. esion o Cor 1 to Elastomers 34 Work-to-Break of Yarns and Cords 27
Bibliography of Tire Cord Test Methods X4
Breaking Strength (Force) of Yarns and Cords at Elevated Tempera- ~ X2.3 1.5 These test methods show the values in both S| and
ture . . . . .
Breaking Strength (Force) of Conditioned Yarns and Cords 16 inch-pound units. _SI umts is the technically co_rrect name for
Breaking Strength (Force) of Oven-Dried Rayon Yarns and Cords 23 the system of metric units known as the International System of
Breaking Strength (Force) of Rayon Yarns and Cords at Specified 17 Units. Inch-pound units is the technically correct name for the
Moisture Regain Level, Adjustment of . . . .
Breaking Tenacity of Conditioned Yarns and Cords 18 customary units used in the.Unlted States._ The values stated in
Breaking Tenacity of Oven-Dried Rayon Yarns and Cords 24 either acceptable metric units or other units shall be regarded
Breaking Toughness of Yarms and Cords 28 separately as standard. The values expressed in each system
Commercial Mass 9

may not be exact equivalents; therefore, each system must be
used independently of each other, without combining values in
EE— any way.

* These test methods are under the jurisdiction of ASTM Committee D-13 on 1.6 This standard does not purport to address all of the

Textiles and are the direct responsibility of Subcommittee D13.19 on Tire Cor : . . : :
Eabrics. dsafe'[y concerns, if any, associated with its use. It is the
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responsibility of the user of this standard to establish appro-ndustries to use the terbreaking strengtltio 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 strengths 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 Textdes 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 Method different materials. The ternensile strengthin MPA (psi), is

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

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

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

Fiberg 3.1.2.1 Discussior—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 TextAes force.

D 2258 Practice for Sampling Yarn for Testfhg 3.1.3.1 Discussior—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 Discussior—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 |ength_

D 2970 Test Methods for Tire Cords, Tire Cord Fabrics, and 3,15 chord modulusn—in a stress-strain curvehe ratio of

Industrial Yarns Made from Glass Filamehts the change in stress to the change in strain between two
D 3774 Test Method fOI’ W|dth Of TeXtiIe Fabﬁc Specified points on the curve.

D 3775 Test Method for Fabric Count of Woven Fabric "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 ) i . organic polymer or inorganic materials.
D 4393 Test Method for Strap Peel Adhesion of Reinforcing 3 1 ¢ 1 Discussior-Cord, as used in these test methods, is

Cords or Fabrics to Rubber C_ompouf‘\ds used for the manufacture of pneumatic tires or other industrial
D 4776 Test Method for Adhesion of Tire Cords and Otherfabrics.

Reinforcing Cords to Rubber Compounds by H-Test Pro- 3 1 7 ¢ord twist n—the amount of twist in a cord made from

ceduré I . . _ 4 Relateg™O OF more single or plied yarns.
DF?848 Term|fn$ og};ég Force, Deformation and Related 3 1 7 1 piscussion—Cord twist is based on the initial length
roperties ot Texll 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

_?_ggtecﬂord Using The Testrite Thermal Shrinkage I:Orcetextile 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
of dip or dip components present after processing, including
; . . drying, as determined by prescribed methods, and expressed as
3.1.1 breaking force n—the maximum force applied to a a percentage of the mass of the oven-dried, dip-free material.

mgtinf Ilclgirsnc?l?sgi)ozj—pl\t/lue:teérials that are brittle usually rup- 3.1.10 elongation n—the ratio of the extension of a mate-
T Y TP~ ial to the length of the material prior to stretching.

ture at the maximum force. Materials that are ductile usually 3.1.10.1 Discussion—Elonaation mav be measured at an
experience a maximum force before rupturing. For many years, ~ .=~ 9 y y

it has been the usual practice in the tire industry and relateapeC'f'ed for(?e or a}t ruptgre. -
3.1.11 fabric, n—in textiles a planar structure consisting of

yarns or fibers.
, 3.1.11.1 Discussior—For fabrics made of tire cord—
Annual Book of ASTM Standardgol 07.01. . . . . -
3 Annual Book of ASTM Standardéol 09.01. consists of tire cord warp yarns with widely spaced filling yarn.
4 Annual Book of ASTM Standardgol 07.02. 3.1.12 force at specified elongation (FASE)}—the force

3.1 Definitions:
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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 Discussior—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, an@f other terms related to textiles, refer to Terminology D 123.

so forth. 3.2 Definitions of Terms Specific to This Standard:
3.1.15initial 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 Discussior—Modulus is the ratio of the change in (400 gf/den).
tenacity, expressed in millinewtons per tex (mN/tex) or grams-
force per denier (gf/den) to the change in strain, expressed 4 Summary of Test Methods, General
a fraction of the original length. In the case of a tenacity 4.1 Asummary of the directions prescribed for the determi-

elongation curve, the following equation is used to calculatehation of specific properties is stated in the appropriate sections

the initial modulus: of specific test methods.
Initial modulus= (tenacity/percent elongatipr< 100 2) 5. Significance and Use, General
3.1.16 moisture equilibrium for testingn—for industrial 5.1 The procedures in these test methods should be used

yarns and tire cordsthe condition reached when, after free \ith caution for acceptance of commercial shipments owing to
exposure to a test atmosphere that is in motion, two successiyge absence of factual information on the between-laboratory
weighings not less tlre4 h apart show not more than 0.1 % precision of many of the test procedures included in these test
progressive change in mass of the specimen or sample.  methods. It is recommended that any program of acceptance
3.1.17 pneumatic tire n—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 pressurgory of the purchaser and the laboratory of the supplier on
above atmospheric. replicate specimens of the materials to be tested for each
3.1.18 Single thSI n—the amount of twist in each indi- property (Or properties) to be evaluated.
vidual single yarn element in a tire cord structure based on the 5 1.1 |f there are differences of practical significance be-
length of the element after twist has been removed from th@yeen reported test results for two laboratories (or more),
cord. comparative tests should be performed to determine if there is
3.1.19 standard atmosphere for testing textiles g statistical bias between them, using competent statistical
n—laboratory conditions for testing fibers, yarns, and fabrics ingssistance. As a minimum, test samples should be used that are
which air and relative humidity are maintaineed at specificas 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 Discussior—Air is maintained at a relative humid- are random|y assigned in equa| numbers to each |abora‘[ory for
ity of 55 = 2 % and at a temperature of 241°C (75% 2°F)  testing. Other materials with established test values may be
for this test method. used for this purpose. The test results from the two laboratories
3.1.20 tabby sample n—the section of tire cord fabric should be compared using a statistical test for unpaired data, at
between two tabbies that have been woven separately with @probability level chosen prior to the testing series. If a bias is
distance of 0.5 to 1.0 m (18 to 36 in.) between them. found, either its cause must be found and corrected, or future
3.1.20.1 Discussior—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 pias.
from 750 to 2000 tex (675 to 1800 denier) and 30 to 50 5.2 The significance and use of particular properties are

picks/dm (8 to 12 picks/in.). discussed in the appropriate sections of specific test methods.
3.1.21 tensile strengthn—the strength of a material under )
tension as distinct from compression, torsion, or shear. 6. Sampling

3.1.21.1 Discussion—Technically, strength is a characteris- 6.1 Yarn
tic that is expressed in terms of force. Historically, however, 6.1.1 Packages-For acceptance testing, sample each lot as
tensile strength has been commonly expressed in terms of forcirected in Practice D 2258. Place each laboratory sampling
per unit base, for example, the cross-sectional area of thenit in a moisture-proof polyethylene bag or other moisture-
unstrained material. Some common units are Pascal (Pa)roof container to protect the samples from atmospheric
which is newtons per square metre (Njnand pounds-force changes until ready to condition the samples in the atmosphere

per square inch (psi) (see 3.1.1.1). for testing industrial yarns and tire cords. Take the number of
3.1.22 tire, n—a load-bearing ground-contacting circumfer- specimens for testing specified for the specific property mea-
ential attachment to a vehicle wheel. surement to be made.
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6.1.2 Beams—For acceptance testing, sample by windingtape 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 nain.)  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 protecsample. 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 anldngth 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 Specimef&he size of an teste_d. Handle the sa_lmpl_e carefully, and hold it underSL_Jfﬁc_:ient
acceptance sampling lot of tire cord shall be not more than on&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 ¥arn/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 oPOlyethylene 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 alfmoisture content until ready to condition the sample in the
physical properties of the tire cord. The recommended numb@trn_osphere for testing md_ustrlal 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 Specime##r each test,

6.2.2 Preparation of SamplesRemove and discard a mini- (€St l€n 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 Preparatio? IOf Sampl_e::;]Ob;tam a tirr]elsetqtion Scom”-
taking the sample or any specimens. If specimens are not takd}y'SINg approximately one sixth of the whole ure. 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 5adi.al tres. If it is suspec_ted that cords ”.‘ay.be damaged in
+ 1 mN/tex (0.05* 0.01 gf/den). If the sample is collected as pulling them from the tire, immerse the section in a solvéot

a loosely wound package, or in the form of a skein, somel to 3 days to swell and soften the rubber. For convenience,

shrinkage invariably will occur, in which case, report that theFurn thg section |n5|de_out, i possmle;_cla_mp one of the beads
a vise. Mark a line along the inside of the section

observed results were determined on a relaxed sample. U S .
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 . e .
diaymeter I%ss than 10 times 9t]he yarn/cor%l thigkness (or dian‘f’!nd perpendicular to this first cut at sufiicient 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 atmospherict e tire fr_om bead to begd_followmg the cord path. Discard
hese initial cords. After initial cords are removed, remove

;?rigggﬁ e:Jen:cl(I)r riiz(a)étr?gl ;:%clltg)nnd g;g Csoa;(rjns?le in the tes ands of cc_)rds for testing by cutting near t_hg bead through Ply
6.3 Tire Cord Fabric 1 cords adjacent to the trough formed in initial cord removal.
' . ) Carefully pull several cord bands approximately 2 éni(.)
6.3.1 Number of Samples and Specimedihe sizes of an iy width from the tire. Identify bands, fully including tire
acceptance sampling lot of tire cord fabric shall be one loom, mber and ply number. Remove the remainder of Ply 1 to
creel of cord. Take a sample from at least one roll of fabric peg,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 {gying 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 O_f fabric is manu.faCture.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@jnly to determine moisture regain of the original sample but is
point from its adjacent cord. The same principles just describegllso used to develop data, which may be used to correct
also apply to areas of the tire (such as the tread) composed ghserved 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 mri¥{in.) long between  atmosphere and because tensile properties are affected by
each cord at one end of the ply band. Strip every other corénoisture regain, it is advisable to correct observed tensile
from the band to a length sufficient for testing; leave a smallalues when there is substantial variation from a standard
unstripped cord portion attached to the band to facilitateamoisture 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 thagmount 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

PP 10.4.1 Oven—An oven with circulating air maintained at a

. Condl_nonlng _ _ _ temperature of 105- 3°C (221 + 6°F) and with fresh air

7.1 Bring all specimens of yarn, cord, and fabric to moisturé g3 cement rate of 20 to 50 times the oven-volume per hour,
equilibrium for testing in the atmosphere for testing industriali,q fresh air being taken from the standard atmosphere cf 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 yamsg,,p.ected to direct radiation from the heating unit. The oven

and tire cords made from such yams can be affected by heghq'tq pe jarge enough to handle the required number of spools
and humidity conditions to which the samples have beeny racks 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 SpecimerTake a single specimen of
9.1 Yarn—Determine the commercial mass of a yarn ship-yarn or .cord weighing at Iegst 10 g from _the origingl sample at
ment as directed in Option Il of Test Method D 2494. Takethe testing machine at the time that t_enS|Ie properties are being
%etermlned (see Note 1). Place this specimen in a covered

samples of yarn from the outside of beams unless there Isré/Eighing bottle. Do not touch the specimen with the bare

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

question or disagreement regarding a shipment; in this cas 5nds

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

a beam to a radial depth of 6 mr¥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 gnough to meet the length and mass tolerances and if the skein ig ex'posed

obtain two specimens of approximately equal mass. Place tHe the 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 specimento 0.01 g and dry itin
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 betweeldry the specimen to constant mass, that is, until it loses no

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 ofbottle 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

11.4.2 Procedure for Oven-Dried Specimen$/sing an

MR =[(W— D)/D] x 100 @ oven with circulating air maintained at a temperature ofZ£05
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 th&pecimens that are weighed outside the oven, use a weighing
value for determining the amount of adjustment to make irbottle 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 methoq of sampll_ng used. LDy, = (9000 M, X KL, @
10.8.2 Report the average moisture regain for each sample.
10.9 Precision and Bias LDia = (1000X Mo)/L, ©)
10.9.1 Precision—See Test Methods D 2654, Procedure 1. LDy, = (9000 X Mo)/L, (6)
10.9.2 Bias—See 39.3. Where
11. Linear Density LD, = linear density at commercial moisture regain, tex,
' LDy, = linear density at commercial moisture regain, 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. LDy, 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 théVc mass of conditioned specimen, g,
applicable coefficient of variation is 1.0 % and the allowable Lo length of specimen, m (yet 1.09 or ydx 0.918),
variation is 0.9 % of average with a probability level of 95 %. and _ _ _
11.3 Procedure for Yara-Determine the linear density of = 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 ©)
rayon. If oven-dried and finish-free linear density is needed,
use Option 5 or Option 6 with an allowance for moisture
regain.
11.4 Procedure for Cord-Determine the linear density of Table D 1909
cord on packages or removed from a tabby sample of fabric b j i
the procedures prescribed as follows for either conditione xample for rayon:
cords or oven-dried cords (see 11.4.2). K =(100+ 11)/100= 1.11 (8)
11.4.1 Preparation of SpecimensTake 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 fabritgr dip solids pickup using Eq 9, Eq 10, or Eq 11. The
use a sufficient number of ends to give a minimum length of 1@ven-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 correspondingpercentage 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.

where:
CMR = commercial moisture regain, %.
For the commercial moisture regain, see Table 1. See also

the conditioned specimen to the nearest 1 mg. If a balance of LDy, = [100(100+ DPU)) + (MR,/100]
the required sensitivity (1 mg) for weighing the 10 m (10 yd) X [100(100 + MRy)] X LDy 9)
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 #

specified tension may be obtained by applying one of the forces listed a5 %
follows for the specified groups of yarn and cord sizes: Rayon 11.0

Linear Density of Specimen Amount of Force Nylon 4.5

N of 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 D1909.
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LDy, = [(LDg; X 100/(100+ DPU)] (10) forced rubber products. When needed to compare intrinsic
LDprmr = [(100+ MR,)/100] X [100100 + MRyo)] X [(100 sFrength characterist_ics of yarns or cord:'s qf different sizes or
X LDy)/(DPU/(100 + DPU)] (11)  different types of fiber,breaking tenacityis very useful
because, for a given type of fiber, breaking force is approxi-
where: _ , o 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), o in the design and engineering of reinforced rubber products
LDgpmr = linear density corrected for dip pickup and pecqase of its effect on uniformity of the finished product and

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

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

DPU _ E)e(?g:fr:zége dip pickup, % (see Section 35) of the textile matgrial during the various stages ir_1vo|ved in the

MR, = percentage commeréial 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 Modulus is a measure pf 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@rying 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—preaks_ dependent on the rgalla'uonshlp c_>f
11.4.4.3 Report the basis on which linear density is beindorce to elongation. It is a measure of the_ ability of a t_extlle

reported (for greige, dipped, and so forth.). structure to absorb mechanlcal enerByeaking toughness
11.4.5 Precision and Bias work-to-break per unit mass.
11.4.5.1 Precision—See Section 39. 14.7 It 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 tensiieoduct in terms of the reinforcing material alone.

properties of yarns or cords.

15. A
13. Summary of Test Method S. Apparatus

. . . 15.1 Tensile Testing Machi i - i -
13.1 A conditioned or oven-dried specimen of yarn or cord. ! Ing MachireA single-strand tensile test

. : . - . ing machine of one of the following types:
is clamped in a tensile testing machine and then stretched org g typ

. . . T Principle of O i
loaded until broken. Breaking force, elongation, and force at ype 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)
RT 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 exteatirfaces 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 contentwkferred type of test equipment to be used. Correlation of
the specimen. The relative importance of these factors varigesults 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 MachireBor 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 (gf/den)/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 MachireEor all fiber ~ SPecimens to break at the edge of the jaws.

types, except aramids, use a rate of traverse in MM/MIN g 3_\when arbitration of test data is involved, use care in the

(in./min) of 120 % (100 % 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 thethrough 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 SpecimensTest 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 showapproximations of the spe(_:ified preten_sion may be used. Either exert a
precision to be expected at the probability level of 95 % base(tjorce of 120 % of the nominal pretension to the unclamped end of the

breaks f inal | of d of h bol Specimen prior to closing the second grip, or apply one of the forces listed
on ten pbreaks from a single test spool of cord of each polymexs tojiows for the specified groups of yarn and cord sizes to secure the

type on various cords. necessary pretension.

16.3 Rrocedure—SeIect a Ioadlng cell and thg settings of Linear Density of Specimen Amount of Force
the tensile tester such that the estimated breaking force of the ‘ N of
specimen will fall in the range from 10 to 90 % of the full-scale B8'0W 400 tex (3600 denien) - ! 100

. . K . . 400 to 600 tex (3600 to 5400 denier) 2 200
force effective at the time of the specimen break. This selectioBao to 800 tex (5400 to 7200 denier) 3 300
of the full scale force may be done manually by the operatorbove 800 tex (7200 denier) 4 400

before the ,Start of the test or by el_ectronic'means or Comp.u_terWhen using a CRE-type tensile machine, a third technique is to close
Contrc" during th? test by aUt_O_ma“C"J_‘”y adJUSFmg 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 approximatébghart division from the zero line

the clamps on the testing machine so that the nominal gagan 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 jawsgletermining the breaking force.

of the clamps, is 25& 1 mm (10 0.05 in.) (alternate 506 16.3.2 Slack Start Procedure-Thread one end of the speci-

2 mm (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). Remove|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 thfbreaking 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 datajisplay, or by electronic means. Discard specimens that break

processing, either can be used: in the jaws or within 10 mm¥s 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 ProcedureUse a tensioning de- pressure below the level that will cause specimens to break at
vice that applies a pretension corresponding ta-2D mN/tex  the edge of the jaws. This slack start procedure has the effect
(0.20= 0.01 gf/den) for aramid fibers; use?51 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 thdosing the clamps.
clamp connected to the loading cell and close it. Place the other ) _ o

Note 5—Because of the difficulty of securing the same tension in all

e”f_j through the jaw of the second clamp and fix a prEtenSIO{P]e filaments and because of slippage in the clamps, variable results may
weight to the unclamped end or pull the thread such that thge gptained when testing zero-twist multifilament 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 raltserted 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.:Ibf/in. 10 6.69 10.41
Thickness of cords, mils 10 0.56° 1.46°
Twist, tpi: Cord 10 0.27° 0.43°P
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 0.52P 0.52P
Twist, tpi: ~ Cord 10 0.21° 0.47°
Singles 10 0.11°P 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° 2.07P
Twist, tpi: ~ Cord 10 0.24° 0.51°
Singles 10 0.14°P 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.-Ibffin. 10 3.89 48.99
Thickness of cords, mils 10 0.77° 10.73P
Twist, tpi: Cord 10 0.09° 0.34P
Singles 10 0.09° 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 0.097 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

AThe 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)
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:

Tom = (1055 50)// (LD,)

(12)

where:
T

tpm

twist, tpm,

Ty = (80.3= 4)\/ (LDy)

(13)
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T = twist, tpi, 17.2 Calculation—If the moisture regain of a rayon sample
D, = linear density, tex, and at the time of testing is within=0.3 % of the regain level
LDy = linear density, denier. specification, report the average observed breaking force as the

Insgrting some twist in zero-twist yarns for tensile testing has thebreaking strength. If the moisture regain is outsidette3 %
following effects on the test resuits: _ . 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 observed breaking forces to a
across the specimen will not significantly bias the comparison specified moisture regain level.
of cord properties between laboratorfes. ) i .
16.3.4 As diameters and strengths of cords increase, clamg8- Bréaking 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. Tha&tmosphere 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 BT. = (BF. x 1000LD,) (15)
(10 or 20-in.) gage length. In those cases, use the appropriate " " !
gage length for the clamp in use. If slippage of cords cannot be BT, = (BF, X 454LDy) (16)
prevented with the highest capacity clamps available to th here:
user, it has been found useful to apply powdered rosin to th
two portions of the cord that will be held between the snubbing BTn
surfaces. Use of rosin has been found particularly useful i”BFi
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 #pction 18 of Test Method 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 051:
specimens tested; the amount of twist, if any, inserted into the
yarn for the tensile testing; and the breaking force for the

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 192 Procedure—Determine the elongation at break of each
breaking strength (force) of rayon yarns and cords to &onditioned 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.l. June 1967. EB = (E,/L,) X 100 a7)

10
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where: where:

EB = elongation at break, %, EB = elongation at break, %,

E,s = 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 Ly = 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

pretension of the specinen (see Fig. 1), mm (in.).
19.2.3 Elongation also may be determined from the force-
elongation curve at any force.

19.2.2 Slack Star—Calculate the gage lengthLd) to in-
clude the slack using Eq 18:

L,=Ls+DP (18) 19.3 Calculation—Calculate the average elongation of the
where: sample to the nearest 0.1 %.
_ . oo ; 19.4 Report
L, = length of the specimen, under specified pretension, . . .
L : 19.4.1 State that the specimens were tested as directed in

: ection of Test Metho . Describe the material or

E:]ne;;lsured from nip-to-nip of the holding clamps, mm Section 19 of Test Method D 885. D e th il
L. = gage length after clamping specimen (absolute dis_product sampled and thg method of sampling used.

tance nip-to-nip before movement of crosshead), mm 19.4.2 Report the option or procedure 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.). ~ 19.5.1Precision—See Section 39.

The pretension for aramid corresponds with2A mN/tex 19.5.2 Bias—See 39.3.
(0.20 = 0.01 gf/den) and for other yarns and cord ta*51 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 0.1 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 withint0.3 % of the regain level
specification, report the average observed elongation at break.
If the moisture regain is outside th0.3 % limit, adjust the
observed elongation to the specification regain basis using a
suitable adjustment factor. Establish this factor for a specific

Eygextension at breaking force material by making elongation tests at a sufficient number of
Egi_gz,'.f’é‘fgn;i; Horce ot different moisture regain levels to determine the slope of the
dp = siack Lo “elongation at break versus regain” curve. Apply the factor
using Eq 20:
E,=EXF (20)
* 5 where:
FORCE ; E, = elongation, adjusted to specification moisture regain
! level, %,
X E = observed elongation, %, and
: F = factor for adjusting observed elongation to an elonga-
N "": : tion at specification moisture regain level.
] 1
! . 21. Force at Specified Elongation (FASE) of Conditioned
. i E Yarns and Cords
i { Ei 21.1 Scope—This test method is used to determine the force
. t at specified elongation (FASE) of yarns and cords after
slach) ExTERsion - 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
Beginning point (zera) on each conditioned specimen when determining its breaking
Calctatons (oee tBa " 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 F = force corresponding with 1%
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 section 19.1.2 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 Frompmommmommmmmm e A
the slack is removed from the specimen. FORCE :
E, = E, X (L + DP)/100 (21) o ,
where: K. :
E, = extension, mm (in.), i
E; = specified elongation, %, 7 !
L, = gage length after clamping specimen (absolute dis- |_ Tox 4
tance nip-to-nip before movement of crosshead), mm Elongation
(in.), and
DP = displacement of crosshead to reach the specified
pretension of the specimen (see Fig. 1), mm (in.). ELONGATION

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

21.2.1.2.1 Read force, N (Ibf), corresponding to above
extension from the ordinate of the force-extension curve.
21.3 Calculation—Calculate the average FASE of the until it 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 F1)/LD, 22)

21.5 Precision and Bias

22.1.1 Scope-This test method is used to determine the Fjq
initial modulus of yarns and cords after conditioning in the LD,

force at 10 % elongation, Ibf,
nominal linear density, tex (using Option 1 of Test

21.5.1 Precision—See Section 39. Mg = (4560 F1q)/LDy (23)
21.5.2 Bias—See 39.3. where:
. M. = initial modulus, mN/tex,
22. Modl_JI_us of Conditioned Yarns and Cords :2 = initial modulus. gf/den_,
22.1 Initial Modulus F.on = force at 10 % elongation, N,

atmosphere for testing industrial yarns and tire cords. Method D 1907), and
22.1.2 Procedure LDy = nominal linear density, denier (using Option 1 of
22.1.2.1Nylon, Polyester, or Rayon Yarns and Cords 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 théend 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 CorésDetermine 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 % elongiongation 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 % markgoints A and B on the ordinate at the forces equivalent to A
draw a line perpendicular to the abscissa and extend it upwardgN/tex (gf/den) and B mN/tex (gf/den) respectively. Draw
from each of these two points respectively a line perpendicular

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 . X . .

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/IE, — Eo) (24)

12
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FORCE~ELONGATION CURVE FOR THE DETERMINATION

ON CURVE FOR THE 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 HolderUse 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
FORCE Y handling and drying and to facilitate rapid removal of the
‘ specimen from the oven for testing.

4 23.2.2 Overn—An oven with circulating air maintained at a

Fouy = forces corresponding to specified
tenacity in table &

Eqyt, = elongation points corresponding to
forces Fa & Fu

Fy

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

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 SpecimensFor 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 Section 23.2.1), which allows the specimen to contract

Type of Fiber mN/tL::Ver L'mn’g:;"den mN/t::per L'mn’ng/Zen during the _drying. Dry the _sample(s) at 1653°C (221=+ 6°F)
for a sufficient length of time (for at least 2 h, but no longer
ﬁ%‘:‘ o o3 o o0 than 6 h) so that the loss in mass on heating for an additional
Polyester 30 0.3 60 0.6 15-min period is less than 0.1 % of the original mass of the
Aramid 300 3.0 400 4.0

<=
=
@
@

(g}

chord modulus, mN/tex (gf/den),

sample. After drying, test the specimens in the tensile testing
machine directly from the oven and start the tester+1Q s
after the specimen leaves the oven. While moving the speci-
men from the oven to the tensile testing machine, avoid any
stretch, buckling, crinkling, or change of twist of the specimen.

Tb = upper limit in mN/tex (gf/den), Do not touch with bare hands that portion of specimen that will
Ea = g‘(’)"ﬁé;ﬁg'ﬁl Igorr?gs/:)%xné?:lgig))’ %. and be between the clamps of the tensile testing machine.

b = , /0, . .
E. = elongation corresponding ., %. 23.4 Procedure—Place the oven with the samples in a

a

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 th
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.

22.1.5.2 Bias—See 39.3.

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

Yarns and Cords

convenient position at the tensile testing machine so that in a
rapid way the specimen can be taken out of the oven and can
Be mounted in the prescribed way in the clamps of the testing
machine (see 16.3). Take all the precautions mentioned in 23.3.
Mﬁke sure that the specimen being tested has been in the
ta oratory ambient atmosphere for justt(l s at the moment

he tensile tester is started. Determine the breaking force as
Sirected in 16.3.

23.5 Calculation—Calculate the average breaking force of

tﬁe 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
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specimens tested, and the breaking force for the oven-drie2l7. 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|S|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
area may be estimated by counting squares, measured with a
planimeter, or determined by electronic means.
27.3 Calculation
27.3.1 Calculate the work-to-break for each specimen using
g 25 and Eq 26:

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

24.2 Calculation and Repo#t-Calculate and report the
breaking tenacity of the oven-dried rayon sample as directed in
Section 18 using the average breaking force in newton
(pounds-force) of the oven-dried sample and the linear densit

based on the commercial regain (see Section 11). WB = A X Fg X Egg X 10° X L, (25)
— —2
25. Elongation at Break of Oven-Dried Rayon Yarns and WEB = AX Fg X By X 10 " X L (26)
Cords where:

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

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

work-to-break, J,

work-to-break, in.-Ibf,

area under force-elongation curve, m(m.?),

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 percerto = 9ag€ 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 Fy X Eqgop X 1072 7)
25.4 Report ,
WBy; = A X Fg; X Egop X 10 (28)

25.4.1 State that the specimens were tested as directed in
Section 25 of Test Methods D 885. Describe the material oryhere:
product sampled and the method of sampling used. WB,

25.4.2 Report the option or procedure used, the number ofWBSI
specimens tested, and the elongation at break for the sampleA

specific work-to-break, J/m,
specific work-to-break, in.-lbf/in.,
area under force-elongation curve, /fm.?),

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

N . . 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, + Fy)/2] X [(E/1000 + sum((F; + F; . 1)/2

26.1 Scope—This test method is used to determine the force X ((E; , , — E;)/1000)] (29)
ic)rsdpsemfled elongation (FASE) of oven-dried rayon yarns and WB = [(F, + F./2] X [(E, + Sum((F, + F, , /2

: E.,—E 30

26.2 Determine the FASE of each oven-dried rayon speci- X (B ) (30)

men when determining its breaking force (see 23.4). Read the W = (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
product listed in Table 2. WH
26.3 Calculation—Calculate the average FASE of the WB
sample to the nearest 0.5 N (0.05 gf/den). =
26.4 Report Fa
26.4.1 State that the specimens were tested as directed |p
Section 26 of Test Methods D 885. Describe the material orE

Wwhere:

work-to-break, J,

work-to-break, in.-Ibf,

force at pretension level, N (Ibf),
force at first data pair, N (Ibf),

force at ith data pair, N (Ibf),
extension at first data pair, mm (in.),

o

product sampled and the method of sampling used. EI extension at ith data pair, mm (in.),
26.4.2 Report the option or procedure used, the number ofVg; specific work-to-break, J/m,
specimens tested, and the FASE for the sample. WBSI specific work-to-break, in.-Ibf/in., and
26.5 Precision and Bias gage length of specimen, mm (|n)
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 oR9. 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 qh Test Methods D 885, Sections 12-28. Describe the material
specimens tested, and the work-to-break for the sample.  or product sampled and the methods of sampling used.

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 theespecially 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 Egpo) X 10(LD) (33)  amount of twist in yarns and cords.
BT = (A X Fy X Eypog) X 10°2(LDy) (34) 3(_).2 Number of Specimen_sTest ten specir_nens. This num-
0 ber is based on the assumption that the applicable coefficient of
BT, = (WB; X 10°)/LD, (35)  variation is 3.0 % and the allowable variation is 1.9 % at a
BT, = WB/LDyq (36)  probability level of 95 %.

) 30.3 Procedure—Determine the twist in single yarn, plied
\/Bv_lrlere._ 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, > . :
A = area under the force-elongation curve, #in.2), (0.05._ 0.01 gf/den) based on the nominal yarn or cord linear
F. = force scale factor, N/mm (Ibffin.), dens]ty (see Note 6). When all put one of th(nT glements Qf the
E.,, = 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, = (1000X WBy)/(L, X LDy) (37) specified tension may be obtained by applying one of the forces listed as
BT = WR/(L, X LD,) (38) follows for the specified groups of yarn and cord sizes.
Linear Density of Specimen Amount of Force

Where:_ b ki h / Below 400 tex (3600 denier) T 1%f0
BT, = breaking toughness, J/ig, 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
WRB,;; = 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
L, = 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 Wpoduct sampled and the method of sampling used.

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.
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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 177733' 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 Methedindividual procedures are
area). given for determining the amount of adhesive dip solids for
31.4 Number of SpecimeasTest five specimens. This num- specimens nylon, polyester, and rayon yarns or cords that have
ber is based on the assumption that the applicable coefficient &een 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 cordsit is dried and weighed. The amount of adhesive solids on a
from the sample and handle the cords in such a manner that ri@pecimen 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 lengtiinaterials. The amount of dip solids pickup on the yarns or
of the anvil. Use care to avoid any change in twist if the hand$ords 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 specimeigcommended for acceptance testing of commercial shipments
to be sure that no knots, splices, or foreign protuberances aff dipped yarns or cords because of large between-laboratory
present on the lengths of cord to be gaged. Place the four cory@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 (abotr5 N (1 Ibf)) (see Note 7). Lower the presser foot 6°F).
gradually and gently (take abbh s toapply 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 Flask1-L capacity.

Note 7—Laboratory tests have shown that the average tension applied 33.4.7 Water-Cooled Condenserborosilicate glass, with
by an operator to four parallel cords held between the fingertips was about .~~~ 9 !

5 N (1 Ibf). Tensions considerably greaternha N (1 Ibf) usually result interchangeable ground-glass joints.
in cord slippage. Tests using a tension in the range from 2N (0.5 to 33.4.8 Wat?r Bath _ N
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 So-2 Reagents

specimens to the nearest 0.01 mm (0.0005 in.). 33.5.1 For Nylon Yarns and Cords
31.7 Report 33.5.1.1 Formic Acid (HCOOH), 90 %.
31.7.1 State that the specimens were tested as directed in3o-2-2 For Polyester Yarns and Cords

Section 31 of Test Methods D 885. Describe the material or 33-2-2-1Methylene Chlorid¢CH,Cl,), reagent grade.
product sampled and the method of sampling used. 33.5.2.2 Trichloroacetic Acid (CI;CCOOH), reagent grade.

31.7.2 Report the option or procedure used, the gage use 33.5.2.3Trichloroacetic Acid, Methylene Chloride Solution

the number of specimens tested, and the thickness for tHe0O % (W/v))—Dissolve 300 g of trichloroacetic acid crystals
sample. In 1000 mL of methylene chloride.

31.8 Precision and Bias 33.5.3 For Rayon Ygrns and Cords _
31.8.1 Precision—See Section 39. 33.5.3.1 Sulfuric Acid (H,S0Q,), concentrated, density 1.84

31.8.2 Bias—See 39.3. glen, reagent grade.
. 33.5.3.2 Sulfuric Acid (H,SO,), approximately 71 %—
32. Extractable Matter in Yarns and Cords Pour slowly, with constant stirring, 420 mL of concentrated
32.1 Procedure sulfuric acid into 260 mL of distilled water.
32.1.1 Determine the amount of extractable matter present 33.6 Hazards
in yarns and cords as directed in Test Method D 2257. 33.6.1 Use extreme care, wear rubber gloves and goggles,
32.2 Report and work in a hood with forced ventilation when handling

32.2.1 State that the specimens were tested as directed &tids and methylene chloride.
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33.6.2 Refer to manufacturers’ Material Safety Data Sheestir continuously until the fibers appear to be completely
(MSDS) for information on handling, use, storage, and dis-dissolved, then stir for an additional 20 min.

posal of all chemicals used in this test method. 33.7.3.4 Filter the solution through a tared crucible which
33.7 Procedure contains a glass-fiber filter disk. Wash the beaker and residue
33.7.1 For Nylon Yarns and Cords with successive 25-mL portions of water until the wash water

33.7.1.1 CutapproximateB g ofdipped nylon yarn or cord is acid-free when tested with methyl red.
into pieces no longer than 10 mrin.) and place the pieces  33.7.3.5 Dry the residue and crucible at a temperature of
in a weighing bottle. Dry this specimen in the oven at al05=* 3°C (221* 6°F) to constant mass, cool in a desiccator,
temperature of 105 3°C (221+ 6°F) to a constant mass. ~and weigh the residue.

33.7.1.2 Remove the specimen from the oven, close the 33.8 Calculation

weighing bottle, and cool in a desiccator. 33.8.1 Calculate the amount of dip pickup for each speci-
33.7.1.3 Weigh the bottle plus the specimen to the nearest€n using Eq 39.
mg and determine the mass of the specimen by difference. DPU = [My/(My — M,,)] X 100 (39)

Transfer the specimen to a 500-mL beaker and add about 250

mL of 90 % formic acid. Dissolve the nylon at room tempera- Where:

ture with occasional stirring of the solution. DPU X .
33.7.1.4 Filter the solution through a tared crucible that Mo mass of oven-dried residue, g, and

contains a glass-fiber filter disk. Wash the beaker and residue §3 8.2 g;?:j;;;%gggg;d S%eiC'r?EQl’J g;‘or the specimen to
with two 25-mL portions of formic acid and allow the acid to " gedpp P P

0,
filter slowly through the residue each time. Wash the residuéh(;;gaéisso%l %.
\;vgg\/;our 25-mL portions of water in the same manner as 33.9.1 State that the specimens were tested as directed in
23 7‘ 15 Drv the residue and crucible at a temperature o ection 33 of Test Methods D 885. Describe the material or
105 L é"C 32/21 + 6°F) t tant Cp i roduct sampled and the method of sampling used.
- ( - ) to a constant mass. Cool in a 33.9.2 Report the option or procedure used, the number of

desiccator and weigh to the nearest 1 mg. ; L
specimens tested, and the d ckup for the sample.
33.7.2 For Polyester Yarns and Cords p33|10 Precision P pickup P

33.7.2.1 Cut approximatel? g of dipped polyester yarn or 33.10.1 For Nylon Yarns and Cords

cord into pieces no longer than 10 m#k (n.) and place the 33 10 1 1interlaboratory Test Data-An interlaboratory
pieces in a weighing bottle. Dry this specimen in the oven at et was run in 1968 in which three laboratories each tested
temperature of 105 3°C (221* 6°F) to a constant mass.  ginned cord specimens from a single sample. A single nylon
33.7.2.2 Remove the specimen from the oven, close thgyrq at a dip pickup level of approximately 5 % was wound on
weighing bottle, and cool in a desiccator. a drum, cut off the drum, and the resulting 250 to 300-mm (10
33.7.2.3 Weigh the bottle plus specimen to the nearest 1 mg 12.in)) lengths of cord were thoroughly mixed. Each
and determlne the mass of the specimen by difference. Transf Articipating laboratory was supplied a bundle of these short
the specimen to the 250-mL extraction flask and add about 7§5rds taken at random from the sample described. Each

mL of the trichloroacetic acid-methylene chloride solution. |ahoratory made five determinations on two different occa-
Attach the flask to the condenser and reflux for 15 min or untikjons, The components of variance for dip pickup results

the polyester is dissolved. expressed as coefficients of variation were calculated to be as
33.7.2.4 Filter the solution through a tared crucible thatfg|ows:

contains a glass-fiber filter disk. Wash the flask and residue on iy iaboratory component 2.13 % of the average

the filter disk with three successive 25-mL portions of meth- Between-laboratory component 6.14 % of the average

ylene chloride.
33.7.2.5 Dry the crucible and filter disk with the dip solids

percentage dip pickup, %,

33.10.1.2Precision—For the components of variance re-
; . " ro ported in 33.10.1, two averages of observed values should be
residue at a temperature of 1853°C (221+ 6°F) to constant  ¢qnsidered significantly different at the 95 % probability level

mass. Cool in a desiccator and weigh to the nearest 1 mg. i he gifference equals or exceeds the critical differences listed
33.7.3 For Rayon Yarns and Cords in Table 5.

33.7.3.1 Cut approximateB g ofdipped rayon yarn or cord
into pieces no longer than 6 mi{n.) and place in a weighing o y _
bottle. Dry this specimen in the oven at a temperature oft05 TABLE 5 Dip Pickup Critical Difference, % of Grand Average, for
3°C (221* 6°F) to a constant mass. the Conditions Noted ™

f Number of Observations in Single-Operator Between-Laboratory
33.?.3.2 Remove the specimen from the oven, close the Each Average Procision Drocicion
weighing bottle, and cool in a desiccator. . e o0 ooL
33.7.3.3 Weigh the bottle plus specimen to the nearest 1 mg 5 264 17.92
and determine the mass of the specimen by difference. Transfer 10 1.87 17.12

the specimen to a 250-mL beaker and add about 150 mL of the4the critical differences were calculated using ¢ = 1.960, which is based on the
H,SO,, which has been heated to a temperature oft36°C '“f}gte numbfihof delgfeesf?rf]ffeégor?a_ﬁ o units of .

o . - - . 0 convers e values O e critical difrerences 1o units or measure, multiply the
(86 i 9 F)’ t_o th_e specmen in the beaker with Stlmng of theaverage of the two specific sets of data being compared by the critical differences
solution. Maintain the mixture at the above temperature andxpressed as a decimal fraction.
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33.10.1.2.1 The within-laboratory component of variance is 38.2 Summary of Test MethedSpecimens of tire fabric are
the sum of all the individual components of variance, exceptinalyzed for stiffness using a CRE-type tensile testing ma-
the single-operator component of variance, that contribute tehine, having normal jaws replaced with a holder or rack that
the variability of observations within a single laboratory. allows the sample to rest across a 25-mm (1-in.) span opening.
Included are such components of variance as those for days ®he specimen is deflected by a depressor applied in the center
testing, units of apparatus, and different operators within af the span and the force in millinewtons (grams-force)
single laboratory. If the within-laboratory component of vari- required to depress the specimen is recorded and averaged.
ance is not calculated separately, all sources of variability 38.3 Significance and UseStiffness of treated fabric is a
except the single-operator component are included in théactor influencing the handling, fabrication, and performance
between-laboratory component. Under these conditions, calcwf the finished product. Specified stiffness values are inappro-
late the standard error (between-laboratory) using zero for thgriate because of the variety of applications of tire cord fabrics,

within-laboratory component. the equipment for fabricating articles from such fabric, and
33.10.2 For Polyester Yarns and Cords post-treatment that may occur prior to the use of the fabric; all
33.10.2.1Interlaboratory Test Data-Data on components of the foregoing may bear on the degree of stiffness neded or
of variance are not available. that can be tolerated.

33.10.2.2Within-Laboratory Precisior-The uncertainty 38.4 Apparatus
(0.95 level) of single measurements made in one laboratory has 38.4.1 CRE-Type Tensile Testing Machine
been found to be:10 % of the average dip solids pickup. 38.4.2 Loading Cell 20 N (2000 gf).

33.10.2.3Between-Laboratory PrecisienThe uncertainty 38.4.3 Specimen Holder-An 85-mm (Fe-in.) square frame

(0.95 level) in the difference between two laboratories, eachade of 5-mm¥s-in.) diameter steel rod. In the middle of one
making five measurements, has been found tah6 % of the  gjge is a hook made of 3-mmviin.) rod diameter for
average dip solids pickup. connecting the holder to the loading cell. In the middle of the
33.10.3For Rayon Yarns and Cords _ opposite side, there is a 22-mr¥#s(in.) long, 5-mm ¥a-in.)
_33.10.3.1Interlaboratory Test Data-The values of preci- giameter rod fastened at midpoint and at right angles to the side
sion are based on interlaboratory testing by eight laboratoriegs the frame. These twor*s,” 25-mm (1-in.) apart, form a rack
of a standard sample that contained about 5 % adhesive digy, which the test specimens lay across the 25-mm (1-in.)
solids pickup. Components of variance are not available. opening (see Fig. 4).
33.10.3.2Within-Laboratory Precision-The uncertainty 38 431 For CRE-type tensile testing machines, which are
(0.95 level) of single measurements made in one laboratory haga to measure under compression, a 3-point bending fixture

been found to ber10 % of the average dip solids pickup. it 4 distance between the lower rollers of 25-mm (1-in.) can

33.10.3.3Between-Laboratory PrecisienThe uncertainty  he geq in place of the above described specimen holder. The
(0.95 level) in the difference between two laboratories, eachy, ver rollers have a radius of 5-mn¥4in.) and the upper
making five measurements, has been found tah® % ofthe o1 has a radius of 6-mn¥4-in.) (see Fig. 5).

average dip solids pickup. 38.4.4 Specimen Depresso85-mm (3s-in.) square frame,
34. Adhesion of Cord to Elastomers made of 5-mm¥z-in.) diameter steel rod, rigidly fastened with
34.1 Determine the adhesion of tire cords to elastomer threaded connector to the lower crosshead. The side opposite
using either Test Method D 4393 or D 4776 (see Note 8). t'e crossh_ead connectlon IS coyered with a G'M'r(')
diameter piece of steel tubing. This forms a bar, which presses

Note 8—Other tire cord adhesion tests currently are being studied b)against specimens to bend them during the test (see Fig. 4).
ASTM Committee D-11 on Rubber and Rubber-Like Products and 39 5 Number of Specimens

committee D-13. 38.5.1 Test the number of specimens such that the user may
PROPERTIES OF TIRE CORD FABRIC expect at the 95 % probability level that the test result is no
) more than 3.50 % of the average above or below the true
35. Width average (that is, a theoretical average obtained from an infinite
35.1 Determine the width of tire cord fabric as directed innumber of observations). Determine the number of specimens
Test Method D 3774. in accordance with Practice D 2258.
36. Mass per Unit Area 38.6 Specimen Preparations

36.1 Determine the mass per unit area of tire cord fabric a 38.6.1 Cuteach 50-mm (2-in.) specimen of fabric to contain

. . . : 16 ends. Select specimens that are as straight as possible. Do
directed in Test Method D 3776 (Option Aor B as approprlate).not preflex specimens before testing. Remove three ends from

37. Count each edge of each specimen, leaving ten warp ends and all the

37.1 Determine the count of tire cord fabric as directed infiling in the sample.

Test Method D 3775 except count the filling yarns in a 387 Procedure

specimen of fabric having a length of at least 250 mm (10 in.). 38.7.1 Mount the specimen holder and depressor in the
testing machine, calibrate, and set the tester at zero.

38. Stiffness of Fabric 38.7.2 Adjust the crosshead with the presser bar of the
38.1 Scope-This test method is used to determine thedepressor approximately 6-mr#s{in.) above the opening in
stiffness of tire fabric specimens. the specimen rack.
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FIG. 5 Alternative Apparatus for Stiffness of Fabric Testing

38.10 Precision and Bias

38.10.1 Interlaboratory Test Data—An interlaboratory test
was run in 1974 in which randomly drawn samples of one
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
38.7.3 Set the crosshead speed at 25-mm/min (1-in./min) Between-laboratory component 3.36 % of the average

and the chart speed at 125-mm/min (5-in./min). Set the load 35 10.2 Precision—For the components of variance re-

selector for the minimum scale force to accommodate theyyteq in 38.10.1, two averages of observed values should be
specimen and for the bending force to occur between 10 angynsidered significantly different at the 95 % probability level

90 % of full-scale force, preferably at mid-scale. if the difference equals or exceeds the critical differences listed
38.7.4 Place the specimen on the rack with the middle of thg, T4pje 6.

specimen at the midpoint of the rack and the longitudinal axis
of the specimen parallel to the 25-mm (1-in.) opening.
38.7.5 Start the tester to lower the crosshead and pull the———

presser bar onto the specimen and through the opening in the7ASTM Research Report No. RR:D13-1040. A copy is available from ASTM
Specimen rack Headquarters, 100 Barr Harbor Drive, W. Conshohocken, PA 19428.

FIG. 4 Apparatus for Stiffness of Fabric Testing

38.7.6 Record the maximum force required to pull the - ) .
specimen through the opening to the nearest 1 mN (0.1 gf). ~ 'ABLE 6 Critical Difference, % of Grand Average, for the
. Conditions Noted “*
38.8 Calculation P —_— P — ——
- umber o servations in Ingle-Operator etween-Laboratory
38.8.1 Calculate the average stiffness results for the sample Each Average Precision brecision
to the nearest 1 mN (0.1 gf).

1 7.34 11.90
38.9 Report 5 3.28 9.87
38.9.1 State that the specimens were tested as directed in 10 2.32 9.60
Section 38 of Test Methods D 885. Describe the material or AThe critical differences were calculated using t = 1.960, which is based on the
product sampled and the method of sampling used. infinite number of degrees of freedom.

. BTo convert the values of the critical differences to units of measure, multiply the
38.9.2 Report the Optlon or procedure used, the number qa\(/erage of the two specific sets of data being compared by the critical differences

specimens tested, and the fabric stiffness for the sample.  expressed as a decimal fraction.
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38.10.2.1 The tabulated values of the critical differencesTable 7 because of excessive variation, and a separate aramid
should be considered to be a general statement, particularBASE interlaboratory test program was completed in 1983 on
with respect to between-laboratory precision. Before a meargreige and treated 167/2 tex (1500/1/2 denier) cord with and
ingful statement can be made about two specific laboratoriesyithout the use of rosin to reduce clamp slippage. Rosin use
the amount of statistical bias, if any, between them must bealtered results without reducing variation, providing higher
established, with each comparison being based on recent d&ASE values when the entire sample was treated, and interme-
obtained on randomized specimens from one sample of thdiately high values when only clamp areas were treated. The
material to be tested. FASE values shown are for non-rosin treated specimens. In
38.10.3 Bias—No justifiable statement on the bias of Test 1974, a separate interlaboratory test was run on linear density
Methods D 885 for measuring the stiffness of fabric can ban which other replicate samples in two forms, bobbin and
made since the value of the property cannot be established lgbby, from three tire cord materials were sent to nine labora-
an accepted referee method. tories. Five linear density determinations were made on three
occasions in each laboratory. The components of variance
SPECIFIC PRECISION AND BIAS AND KEYWORDS expressed as coefficients of variation were calculated and are
39. Precision and Bias of Certain Cord Tests Iist(_ad in Table 2. Faciliti_es for measurement qfa_given property
varied among laboratories; therefore, the listing in Table 2 does

39.1 Interlaboratory Test Data-An interlaboratory testwas always show the same number of participating laboratories
run in 1969 in which replicate samples from three tire cordy, agch property measurement.

materials were sent to eight laboratories. The samples were

. . . 39.2 Precision—For the components of variance reported in
tested on two different occasions in each laboratory. Thessla X P

. . able 6, two averages of observed values should be considered
materials were greige 93 tex Z 470 tom/2 S 470 tpm, 186 te)éignificantly different at the 95 % probability level if the

(840/2 denier) nylon; 111 tex Z 390 tpm/3 S 390 tpm, 333 tex; o : :
(1000/3 denier) polyester: and 183 tex Z 430 tpm/3 S 390 tpm(]j_gft()alreegce equals or exceeds the critical differences shown in
549 tex (1650/3 denier) rayon. Each laboratory received a . S :
small spool from a single lot of each material. Cord spools of 39.3 Blas—.No justifiable statement on the b|gs of t.he
all three materials were prepared in a single laboratory and SeR{ocedl_Jres n Test Methods D 885 for measuring various
to each laboratory participating in the interlaboratory test Properties of tire cords can_be made because the value of the
Similar specimen preparation and interlaboratory tests werBroperties cannot be established by referee methods.
completed on 167 tex/1 (1500/1 denier) aramid yarn in 1973

and on two constructions of 167 tex Z 300/2 S 300 tpm, 334 text0- Keywords

(1500/2 denier) aramid cords in 1974. In each interlaboratory 40.1 commercial mass; dip pickup; industrial yarn; linear
test, a variety of properties were determined on each specimedensity; manufactured fibers; moisture regain; shrinkage; ten-
The FASE results were initially withheld from Table 2 and sile properties/tests; tire cord; tire fabric; twist
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TABLE 7 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 Labora- 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 0.648 0.498
Twist, tpi: ~ Cord 5 10 114 5 0.318 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 0.158
Singles 5 10 95 4 0.13% 0.10%
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): ©
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 0.75% 0.718
Twist, tpi: ~ Cord 4 10 76 3 0.288 0.168
Singles 3 10 57 2 0.16% 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 1.21 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 0.10% 0.08%
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 0.88% 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.
©The 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

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

X1.2 Summary of Test Methednitial 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 specifie@ia| force is 100+ 1 mN/tex (1.0+ 0.01 gf/den). When the

pretension_force.Aforce is then applied to the specimen an_d it$\crease in amount of growth is no more than 5 % (based on
length again measured after the length of the loaded speciM@Mange 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 UseThe 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 mountetvhere:
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 thethe 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 UseBecause textile materials are are not suitable for use in ovens at high temperature without modification.
often subjected to elevated temperatures during their procesStch modification consists of increasing the diameter of the cylinder to
ing and use, it is necessary to know the tensile properties argpmpensate for thermal effects and the use of rings of heat-resistant
behavior at such temperatures. Such information is used ifaterial 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 %pecified temperature (see Note X2.3). When the specimen
yarn or cord is determined while the specimen is at an elevate

. . . . Teaches the temperature of the oven, immediately determine its
temperature. Elongation usually is not determined. This test Igreakin force as directed in Section 16 (see Note X2.2)
not a heat-aging test. 9 2).

X2.3.2 Apparatus—A tensile testing machine as specified in - Nore x2.2—1t is inappropriate on most materials to reliably measure

Section 15, except that the machine shall be equipped with &girain-related properties, such as modulus, elongation asst break, and
oven or elevated temperature chamber that completely encloseASE, 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 inx2 5 Shrinkage Force of Conditioned Yarns and Cords at
X2.3 of Test Methods D 885. Describe the material or producgjevated 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

of specimens tested, and the breaking strength for the sampl%c.’rd _i,S permitted' to rglax in a conditioned 'atmosphere. The
conditioned 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 MethedThe 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 $€ (S€€ X2.5.4.1). _ S
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 tHeXposed 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 Wlt_h a

X2.4.2 Apparatus—A length-measuring device designed so recorder that covers the range to be tested or a mechanical
that it can be exposed to an elevated temperature and upélgvice that measures changes in force without a significant
which test specimens at least 250-mm (10-in.) long can béhange 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 caretension 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 remov&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 care
specimen to the nearest 0.5 mm (0.02 in.). Place the apparattes 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 shrinkag&pecimen 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:  X25.4.1 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
shrinkage, %, X2.5.5.1 Calculate the tenacity for each specimen using Eq

Lo 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 here:

average shrinkage of the specimens at the specified temper = . .
ture. %’T = shrinkage tenacity, mN/tex (gf/den),

where:
S

23



v D 885

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 shrinkageX2.5.6.2 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 thea tabby sample of the cord fabric from the board to which it
amount of contraction a yarn or cord undergoes after exposumay 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

o prior to testing.
X3.2 Summary of Test MethedThe 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 SpECifiegbcure one end of the Specimen in one of the C|ampS, and app|y
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 measurgg the specimen in such a manner that there is no change in
after the length of the wet specimen becomes constant. Th@ist. 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.). Ilmerse the apparatus with the specimen
the difference in the observed lengths of the specimens befoignd weight in the water at a temperature of 242°C (75+

and after wetting. 2°F). Expose the specimen until the rate of contraction of the
specimen is less than 5 % of the shrinkage/min. Record the

X3.3 Significance and UseBecause textile materials are .
often subjected to aqueous media during their processing, El[nfllv:/iri]lgt?[ ?sf tvr\:gtloaded specimen to the nearest 0.5 mm (0.02

; ; . . n.
sometimes is necessary to know their behavior under suc'h

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

resistant material upon which test specimens at least 250 mm C = [(L, — Ly/L,] X 100 (X3.1)

(10 in.) long can be secured with one end of each specimen in

a fixed position and can be immersed in water. The device shalf'here:

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 specimeﬁx3

in such a manner that there shall be no change in twist.
X3.4.2 Tank made of corrosion-resistant material and of

suitable dimensions for immersing in water the device de- X3.8 Report:

scribed in X3.4.1 with the specimens of yarn or cord. . . .
X3.4.3 Tensioning Devigeclamps 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
nearest 0.1 % as the average contraction of the specimen.

X4. SI 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
b k. the foll . | be heloful: Breaking load, N 80 320
reax, tne rolilowing example may be neiprul: 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 25 s

. . . . 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: Y2 X 80N X 0.025m=1.00 N X m=1.001J for yarn: 4.00 J/m/100 tex = 4.00 J/m X 1000 m/100 g = 40 J/g
for cord: %2 X 320N X 0.075m=120N X m=12.0J 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/m

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

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