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1. Scope sion to rubber or other elastomer has been improved by the

1.1 This test method covers preparation and procedures f@Pplication of a dip followed by rapid drying and (normally)
use of the Testrite Shrinkage-Force Tester to measure ttdditional heat treatment. . _
thermal shrinkage force of yarns and cords in air. ~ 3.2.2 atmosphere for testing textiles—for tire cords and
1.2 This test method is applicable to measurement of thédustrial yarns air maintained at a relative humidity of 55
thermal shrinkage force of yarns and cords whose shrinkagé % and at a temperature of 24 1°C (75* 2°F).
force at 172 2°C in air does not exceed 20 N. This test 3-2.3 cord, n—a twisted or formed structure composed of
method is applicable to nylon, polyester, and aramid yarns an@n€ or more single or plied filaments, strands, or yarns of
cords within the applicable range of thermal shrinkage force, a§'ganic polymer or inorganic materials. o
well as to comparable yarns and cords from other polymers. 3-2.3.1 Discussior—for the manufacture of pneumatic tires
1.2.1 Yarns or cords for testing may be taken from yarn o other industrial fabrics the direction of twist used to
cord packages or retrieved from fabrics. combine single or plied yarn elements into a cord construction
1.3 The values stated in Sl units are to be regarded as tH@ in & direction opposite to that used in the yarns. Tire and

standard. The values given in parentheses are for informatiopther reinforcing cords frequently consist of a single yarn
only. strand having little or no twist. These cords, as well as single

1.4 This standard does not purport to address all of themonofilam_ents, are used synonymously with twisted and plied
safety concerns, if any, associated with its use. It is the¢Ords in this test method.

responsibility of the user of this standard to establish appro- 3:2.4 greige cord,, n—in tire cords, a cord that has not
priate safety and health practices and determine the applical€ceived adhesive treatment, heat treatment, or other finishing

bility of regulatory limitations prior to useSpecific hazards treatment.

treated or heat treated before use (Beecord).
2. Referenced Documents 3.2.6 pneumatic tire n—a hollow tire that becomes load-
2.1 ASTM Standards: bearing upon inflation with air, or other gas, to a pressure
D 123 Terminology Relating to Textilés above atmosphere.

D 885 Methods for Testing Tire Cords, Tire Cord Fabrics, 3.2.7 retraction n—in yarns and cordsthe reduction in
and Industrial Filament Yarns Made from Manufactured!ength when previous restraint is removed and relaxation is

Organic-Base Fibefs allowed, thus causing a directionally proportional increase in
D 2258 Practice for Sampling Yarn for Testfng linear density. _ .
D 2906 Practice for Statements on Precision and Bias for 3-2.8 thermal shrinkage forcer—that force induced when a
Textile2 restrained material is restricted from shrinking upon exposure
to heat.
3. Terminology 3.2.9 thermal shrinkage force testen—an apparatus that
3.1 Definitions:—For definitions of textile terms used in this measures the force achieved when a yarn or similar specimen,
test method, refer to Terminology D 123. held at constant (fixed) length, is subjected to a temperature
3.2 Definitions of Terms Specific to This Standard: above that at which the specimen was mounted in the appara-

3.2.1 adhesive-treated tire corsh—a tire cord whose adhe- tus.
3.2.10tire, n—a load-bearing, ground-contacting circum-

- ferential attachment to a vehicle wheel.
1 This test method is under the jurisdiction of ASTM Committee D-13 on Textiles ~ 3.2.11 yarn, n—a generic term for a continuous strand of
and is the direct responsibility of Subcommittee D13.19 on Tire Cord and Fabricstextile fibers, filaments, or material in a form suitable for

Current edition approved Dec. 10, 1998. Published March 1999. Originallyy, i+ : ; i . :
published as D 5591  95. Last previous edition D 5591 — 98. knitting, weaving, or otherwise intertwining to form a textile

2 Annual Book of ASTM Standardgol 07.01. fabric.
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4. Summary of Test Method and size of fiber-reinforced articles. For example, thermal
4.1 A specified length of yarn or cord is relaxed, condi-Shrinkage force affects the final size of V-belts and their ability

tioned, and pretensioned with a specific mass to induce ¥ Maintain tension during their operation.

specified pretension force in the yarn or cord. 5.5 This test method is in agreement vyith.the nominal
4.2 A conditioned specimen is exposed for 126 s to dry procedures of Methods D 885 for the determination of thermal

heat at a temperature of 177 2°C. shrinkage fqrce in yarns gnd cordls. _ _ _
4.3 The shrinkage force induced in the specimen is read 2-2-1 Shrinkage force is measured while the specimen is

from the tester. within an oven at a specified temperature and after a specified

length of time.
5. Significance and Use 6. Interferences

5.1 This test method may be used for the acceptance testing 6.1 Because the chamber in which the specimen is heated is

of commercial shipments of yarns and cords, but caution i%pen on three sides, air drafts can effectively shorten the length

advised since information on between-laboratory precision IS specimen experiencing the prescribed temperature environ-

incomplete. , . , _ment. The results obtained without a shield are generally lower
5.1.1 In case of a dispute arising from differences iny4n those obtained with a shield.

reported test results when using this test method for acceptanceg » The accurate control of temperature at any prescribed
testing of commercial shipments, the purchaser and the SURgying s one of the manufacturer's strongest claims. Never-
plier should conduct comparative tests to determine whetheggass for a number of reasons, it is possible for a difference
there is a statistical bias between their laboratories. Competefff o.ist from tester to tester in the actual temperature developed

statistical assistance is recommended for the investigation 6}, e specimen. An intralaboratory comparison is the preferred
bias. As a minimum, the two parties should take a group of teshatho to determine whether a bias exists between the results
specimens that are as homogeneous as possible and that gfgy, ne tester to another. If a bias is found, its cause may be
from a lot of material of the type in question. The test ga1eq to any number of factors. To ensure that either the
specimens should then be assigned randomly in equal n”mbec@mperature induced in the specimen is the same between
to each Ie}boratory for testing. The average results from the thhstruments, or the temperature on the specimen matches the
laboratories should be compared using the Studetest for gy nqint temperature of a given instrument, or both, use the
unpaired data and an acceptable probability level chosen by the o ceqyres given in the Annex to calibrate Mark 11l Testrite
two parties before the testing is begun. If a bias is found, eithe ens.

its cause must be found and corrected or the purchaser and theg 3 The differences in the amount of pre-relaxation of yarns

supplier must agree to interpret future test results in view of the 5, -3se differences in thermal shrinkage force, as noted in
known bias. 51.2.

_5.1.2 Yarn and cord may contract in length over a period of ¢ 4 gprinkage force as measured by the Testrite Shrinkage
time due to room temperature retraction. Thermal shrinkagg o ce Tester is a combination of pretension force and the force
force values are reduced proportionately by the amount ofat is developed in the specimen as a result of the specimen
room temperature retraction. being heated.

5.1.3 Experience shows that retractive forces are presenting g Shrinkage force can be affected by the length of speci-
most wound packages. This may be observed directly as gen exposure, improper location of the specimen within the
shortening of length (or indirectly as an increase in linearyyen and oven-surface contact of any part of the specimen.
density) in unrestrained yarn or cord that is not relaxed f“"y-Specimens that are spun, textured, or crimped (such as those
After retraction, such relaxed yarns exhibit lower thermal;emoved from a fabric) may allow filaments to come into
shrinkage force values. contact with interior surfaces of the thermal shrinkage force

5.1.4 Retractive forces vary widely by polymer type, beingoyen. Such physical contact will cause inaccurate readings of
almost nil within aramids and significant within most nylons. the thermal shrinkage force.

For example, the exposure of untensioned skeins of nylon yarn

or cord to 95 to 100 % relative humidity at room temperature7. Apparatus

for two days and reconditioning under standard laboratory 7 1 Testrite Thermal Shrinkage Force Tester Mark Il and
conditions will cause most of the length change that is possiblgjark v# software version 5.12 and later (Fig.3L).

at room temperature to occur within a sample. This reduction 72 stopwatch or Timecapable of reading te: 1.0 s®

in length is accompanied by some lowering of thermal shrink-

age force. -

5.2 The thermal shrinkage force of nylon, polyester, and 2 Besides the apparatus specified in Section 7, there is a Mark IV and Mark V
aramid fiber is related to the polymer of origin and its with software version 5.01 that do not fit the requirements of this test method. These
manipulation in processing. Thermal shrinkage force measuréqodels eliminate the pretension force via electronic circuitry. Thermal shrinkage

. . orce readings that include pretension differ from readings that do not include
ment can be used to control product uniformity. pretension.

5.3 The level of thermal shrinkage force is critical in the “‘Testrite” Thermal Shrinkage Force Tester and clip-on tensioning masses are
user's Subsequent operations such as the drum-set (Origin%ypilable from Testrite, Ltd. Woodfield Works, Old Lane, Halifax, England, HX3
Iength of Cord) requwe_d to build a tllre qf. a partlculqr size. 5.Stopwatch manufactured by Galco, Jules Racine & Co., Dept 2, 85 Executive

5.4 The thermal shrinkage force is critical to the final shapesoulevard, Eimsford, NY 10523, has been found to be satisfactory for this purpose.
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FIG. 1 Testrite Thermal Shrinkage Force Tester
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7.3 Clip-On Tensioning Massés. ' 2
7.4 Draft Shield for Testrite Shrinkage Oveas shown in B I 7,
Figs. 2 and 3 (dimensions in Sl and inch-pound units, respec- izt 2 <\/‘\M| .
. . . . 1 ond 10
tively) or equivalent. Testrite Ltd. stated in 1992 that subse- / wuesnena ; PN l
quent Testrite ovens would have draft shields as an integra \
o Face each of these surtaces
p art. ol et wih 3 heatresistantlow | ]
" I 10-11/16 heat co y
‘ 3
8. Hazards ) DmlOm,mdla,holo\.M/(
LV
8.1 Do not touch the oven while it is in operation because it Z:s - 2 —Jaule p 4
can reach temperatures up to 200°C. 5 Malerat 20 paugo akuminum o
. . . \
8.2 Do not leave the oven unattended if a specimen is pran Shickafor < men 0925 et ot 15000
installed. TTESTRITE Tester ek OB STOS et Stankoss stoat -  nchos long
s Cont, USAtas Stop pracket

. been lound satistactory.
9. Sampllng FIG. 3 Draft Shield for Testrite Shrinkage Oven (Dimensions in
9.1 Lot Sample—As a lot sample for acceptance testing, Inches Unless Specified)
take at random the number of primary sampling units directed ) ) o )
in an applicable material specification or other agreemenfractice D 2258. Consider shipping containers of cord and rolis
between the purchaser and the supplier. In the absence of sughfabric to be the primary sampling units.
an agreement or material specification, proceed as directed inNore 1—A realistic specification or other agreement between the

purchaser and the supplier requires taking into account the variability
between and within primary shipping units so as to provide a sampling

t il plan with meaningful producer’s risk, consumer’s risk, acceptable quality
e I )/5 level, and limiting quality level.
6 2!
Fisran e 9.2 Laboratory Sample-As a laboratory sample for accep-
it Bond to Sut .
Wold Each End a% :___:\ 1 tance testing, proceed as follows:
% 2on o2 ot o taces 9.2.1 For yarn or cord, take at random the number of

"*l - - i heotcoistard bw ; packaggs per shipping contai'n'er in the lot sample as directed in
! / s e L f an applicable material specification or other agreement be-
T) T / tween the purchaser and the supplier. In the absence of such an
Zf“ oo e ¥, agreement or material specification, proceed as directed in
127 Material: 3 mm thick aluminum 13; Practice D 2258.
25 1 1
_Dmommaser Aoy o 9.2.2 For fabrlc,.take a full-width swatc_h e_lt least 1-m (1-yd)
gaskeling matertl mado by stairioss sloel - 127 mm ong long from the outside of each roll of fabric in the lot sample,
Lydall, Inc., 615 Park Street, . . . . .
forn: Coul, Ukt forDran St after first discarding all fabric from the outside of the rolls that
FIG. 2 Draft Shield for Testrite Shrinkage Oven (Dimensions in Qontams creases, fo'q marks, disturbed weave, or contamina-
Millimetres Unless Specified) tion by foreign material.
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9.3 Test Specimens 12. Procedure

9.3.1 For yarns and cords, strip at least 15 m (16 yd) from 121 Raise the draft shield.
the outside of each package in the laboratory sample. Inspect12 2 pyll the specimen transport carriage assembly forward
the outside of the package after stripping off the yarn. If thergygainst the front stops.
is visible damage, continue to strip off units of 15 m and 12.3 Lower the draft shield.

reinspect until there is no visible damage. Take one specimen, 12 4 Insert one end of the specimen through the open right
600-mm (24-in.) long, from each package in the laboratoryhand clamp and guide the end through to the opposite clamp
sample. Discard and replace specimen lengths that are visibjtop the load cell post.

damaged. 12.5 Close the right hand clamp, firmly securing the right
9.3.2 For fabrics, remove a minimum of three lengths ofhand end of the specimen.

warp yarn or cord 600-mm (24-in.) long from each swatch in 12,6 Apply the prescribed pretensioning mass to the free

the laboratory sample, with the specimens being taken at leaghd of the specimen (see Table 1) outside the left hand post.

75 mm (3 in.) from the selvage of the swatch. For fabrics other 12.7 Close the left hand clamp, securing the specimen atop
than tire cord fabric, such as square-woven fabrics, also takge load cell post.

from each swatch in the laboratory sample a minimum of three 12 8 Remove the pretensioning mass.
lengths of filling yarn or cord 600-mm (24-in.) long after 12.9 Raise the draft shield.

discarding those portions within 75 mm (3 in.) of the selvage 12,10 Push the carriage assembly to the rear of the tester
of the swatch. Take warp specimens that are free of fillingagainst the back stops. Ensure that the specimen is centered in
material and filling specimens that are free of warp material inhe oven and that no part of it is in contact with oven surfaces
all cases. or will be in contact with the draft shield after it is lowered.
9.3.2.1 The instructions on number of test specimens given 12.11 Lower the draft shield.
in 9.3.2 assume that a single valid thermal shrinkage force 12.12 Start the timer at the moment that the draft shield is
result will characterize adequately the thermal shrinkage forcgywered if the apparatus does not have an automatic start
of the laboratory sample from which the specimens were takefeature.

The extra two specimens from fabric are taken to ensure that a 12,13 At the end of 126 5 s, read the maximum shrinkage
specimen free of handling damage is available after conditionfgrce on the instrument scale to the nearest 0.1 N.
ing (see Section 11). If the applicable material specification or 12,14 Raise the draft shield, pull the carriage to the front,

other agreement between the purchaser and the suppligfwer the draft shield, and discard the specimen.
specifies testing more than one specimen per laboratory

sample, an additional two specimens above the number to HES. Report
tested should be taken from the laboratory sample and condi- 13 1 State that the specimens were tested as directed in this

tioned. . . _ ‘test method. Describe the material(s) or product(s) tested and
9.4 Exercise caution that the specimens do not change twigke method of sampling used. Report the following informa-
in handling. tion:
_ 13.1.1 Individual thermal shrinkage force results as read
10. Preparation of Apparatus from the indicator dial to the nearest tenth of a unit. Exercise

10.1 Preheat the oven 45 min prior to testing with the draficaution that the final shrinkage force is reported. Some
shield covering the three open sides of the heating chamber.
10.2 Test in the standard atmosphere for testing industrial

TABLE 1 Tensioning Masses “%
yarns (see 3.2.2).

Single Strand Yarns

10.3 Adjust the oven temperature controller set point to dtex Denier Tensioning Mass, g
o
177°C. . . ) 235 210 12
10.4 Consider use of the procedure described in the Annex 940 840 48
if the calibration of the oven temperature is suspected to be in 1100 1000 56
error 1170 1050 60
' 1400 1260 71
1440 1300 73
11. Conditioning 1880 1680 9
dit ined ) ; 2100 1890 107
11.'1 Con |t|_on' unrestrained specimens _or S.e9men.ts of un= Multiple Strands or Cords of Multiple Strands
tensioned fabric in the atmosphere for testing industrial yarns Construction Tensioning Mass, g
(see 3._2.2). Ensure that no change in twist occurs while 940 X 2 840 X 2 %
conducting this procedure. 1100 X 2 1000 X 2 112
11.1.1 Condition and relax the yarn and greige cord speci- 1400 x 2 1260 x 2 143
12 to 28 h 1440 X 2 1300 X 2 147
mens n. . 1880 X 2 1680 X 2 192
11.1.2 Condition and relax the adhesive-treated cord 2100 X 2 1890 x 2 214

samples 16 to 28 h, unless immediate testing (5 to 20 min after 4ror yarns or cords not shown in Table 1, calculate clip-on tensioning mass (g)
processing) is agreed upon between the buyer and the sellggquired by multiplying the total dtex of the specimen by 0.05 or total denier by

. . - . 055 g.
Immediate testing must be reported as an exceptlon to this te%%Specified tensioning masses are for the nominal dtex specified. The Denier

method (see Section 13). column is for information only.
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computerized data printout options available may show theTABLE 2 Ciritical Differences for Two Averages, 95 % Probability

average force for a defined time interval. Level, Newtons
13.1.2 Pretension force used. gumtlaeerfETes; OSingle ) \lf)vithin I_Bgtween
13.1.3 Measurements as “immediate testing” if not condi- "% T = pheraler shoraton shoraton
tioned for the standard period (see 11.1.1 and 11.1.2). ,
R . s . 1260/Denier Nylon Cord
13.1.4 Measurements as “package testing” if the specimens 1 032 032 324
are not removed from the package and relaxed prior to testing. 2 0.23 0.23 3.23
3 0.18 0.18 3.23
14. Precision and Bias 4 0.16 0.16 3.23
5 0.14 0.14 3.23

14.1 Summary-The following precision and bias state- 1000/1 Denier Polyester Yarn

ments have been prepared in accordance with Practice D 2906. ; 8-(1)5 8-13 8-23
In comparing two single observations (single operator preci- 3 007 0.09 057
sion) for the materials tested, the difference should not exceed 4 0.06 0.08 0.57
the values shown in Table 2 in 95 out of 100 cases when both 5 L5 Denior Palvesier v 0.57
observations are taken by the same well trained operator using 1 53_019 enet °y"‘5t%’_2§ " 053
the same piece of test equipment and specimens randomly 2 0.13 0.25 0.51
drawn from the same sample of material. Larger differences are j 8-(1)51; 8-;‘3‘ 8-21
likely to occur under all other circumstances. The true value of 5 008 022 050

thermal shrinkage force can be defined only in terms of &
specific test method. Within this limitation, this test method has
no known bias. Paragraphs 14.2-14.4 explain the basis for this
summary and for evaluations made under other conditions. Material single Within - Between
. Operator Laboratory  Laboratory
14.2 Interlaboratory Test Data-An interlaboratory test was .
run in 1995 in which randomly drawn samples of threel2so? e T ot g0 L i
materials, 1260/2 denier nylon cord, 1000/1 denier polyestetsoo/2 Denier Polyester Cord 0.0047 0.0057 0.0264
yarn, and 1500/2 denier polyester cord, were tested in each of
five laboratories. Two operators in each laboratory tested threlevel if the difference equals or exceeds the critical differences
specimens of each material on each of two days. For eadisted in Table 2.
material, the components of variance for testrite thermal 14.4 Bias—The procedure in this test method for measuring
shrinkage force expressed as variances were calculated and #hermal shrinkage force has no bias because the value of this
listed in Table 3. property can be defined only in terms of a test method.
14.3 Critical Differences—For each material and for the
components of variance listed in Table 3, two averages shoul>- Keywords
be considered significantly different at the 95 % probability 15.1 thermal shrinkage force; tire cords; yarn

TABLE 3 Components of Variance (Variances)

ANNEX
(Mandatory Information)

Al. CALIBRATION OF OVEN TEMPERATURE ON TESTRITE TESTER

Al.1 Objective Al1.3.2 Attach one end of the yarn strand and the thermo-

Al1.1.1 The objective is to operate at a true temperatur@ouPle wire in thga Testrite_ specimen clamp so that the yarn and
level, as measured by a thin wire thermocouple tied to $robe are held firmly. Adjust the yarn and probe assembly so

threadline of 177°C at the center of the oven. that the tip of the probe will be in the center of the oven.
A1.3.3 Bring the other end of the yarn or cord specimen
Al.2 Apparatus through the other (open) clamp and attach approximately 10 N
A1.2.1 Type “J” Certified Wire Thermocouple and Certified Mmass to the end of the strand to hold the specimen/probe
Indicator Device 12-in. long,%1e-in. diameter. assembly taut in the oven.
Al.2.2 Hook Mass approximately 10 N. Al1.3.4 Raise the oven cover and push the carriage assembly
Al1.2.3 Strand of Yarn or Cord65 to 75-cm long. toward the oven so that the specimen/probe assembly comes to
rest at the normal testing position.
Al1.3 Procedure A1.3.5 Check to ensure that the threadline and wire ther-

Al1.3.1 Tie the wire thermocouple (probe) to a yarn or cordmocouple probe are positioned correctly in the normal thread-
specimen to be inserted into the oven. Tie the probe near the time testing path. The thermocouple probe should be collinear
and at one or two other locations to prevent the thermocouplwith the thread path used during testing. The probe should also
from touching the oven. be centered between the oven platens. The probe must not
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touch either platen. Close the cover during this process. Al1.4.3 On the bottom side of the controller are three holes.
Al1.3.6 Allow the above system to reach thermal equilib-Located through the two holes closest to the front of the
rium (approximately 5 min). controller are potentiometers; the SPAN (closest to the front of

Al1.3.7 Record and compare the temperature indicated othe tester) and the ZERO (middle opening). The SPAN should
the Testrite digital readout and temperature measured by thse used to adjust temperatures above 150°C. By turning the
certified wire thermocouple device. These temperatures musSPAN pot clockwise or counterclockwise, the temperature in

agree within 2.0°C. the oven will fall or rise accordingly for a given setpoint. Only
A1.3.8 If necessary, the controller may be calibrated so thaghe slightest movement is necessary.

the Testrite controller indication agrees with the certified wire 51 4 4 Replace the controller. Switch the instrument on.
calibration check probe. This procedure is described in A1.44 aave for 10 to 15 min until the set temperature is indicated by

Al.4 Procedure for Re-Calibration of Controller for the controller. Recheck the calibration by the threadline
Mark Il and Earlier Testrite Models (Use a method and readjust as necessary until the controller indication
Qualified Electrician) agrees with the certified device.

Al.4.1 Ifthe Testrite controller is found to be miscalibrated , 1 & b cedure for Re-Calibration of Controller for

as determined by the procedure described above, proceed ‘as .

follows. Switch tr):e maghine off (tag, lock, and so fo?th), and Mark IV and Later Testrite Models

then pull the flap open on the bottom front of the controller.  A1.5.1 The procedure for re-calibration of the Mark IV and
Al1.4.2 Release the controller from the Testrite unit byV Testrite can be supplied upon request from Testrite Ltd,

turning the screw fastener on the right side of the controllerHalifax, England, HX36TF, according to a letter to D13.19

The controller slides out of the Testrite as a complete unit frorSubcommittee in 1992. The user should contact Testrite Ltd.

front of the tester. directly for this information as needed.

The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible
technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should make your
views known to the ASTM Committee on Standards, 100 Barr Harbor Drive, West Conshohocken, PA 19428.



