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Contact ASTM International (www.astm.org) for the latest information.

QH”) Designation: D 1578 — 93

Standard Test Method for
Breaking Strength of Yarn in Skein Form

This standard is issued under the fixed designation D 1578; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonej indicates an editorial change since the last revision or reapproval.

1. Scope 2. Referenced Documents

1.1 This test method covers the determination of the break- 2.1 ASTM Standards:
ing strength of yarn in skein form. The observed breaking D 76 Specification for Tensile Testing Machines for Tex-
strength is expressed in units of force, and equations are tiles?
provided to convert breaking strength to skein breaking tenac- D 123 Terminology Relating to Textilés
ity and to skein break factor. D 1776 Practice for Conditioning Textiles for Testing
D 1907 Test Method for Yarn Number by the Skein
Method’

. . . _ D 2256 Test Method for Tensile Properties of Yarns by the
1.2 This test method is applicable to spun yarns, either Single-Strand Methdd

single or plied, composed of any fiber or blend of fibers, but is D 2258 Practice for Sampling Yarn for Testig

not ?““"’?b'.e for yarns which stretch more than 5 % when the D 2904 Practice for Interlaboratory Testing of a Textile Test
tension is increased from 2.5 to 7.5 mN/tex or 0.03 to 0.08  \1ohod that Produces Normally Distributed Data

gf/denier.

1.3 This test method provides three options based on th8. Terminology
perimeter of the reel, the number of wraps in the skein, and the 3 1 pefinitions:
machine speed or time-to-break. 3.1.1 breaking force n—the maximum force applied to a

1.3.1 Option I—Eighty, forty, or twenty tums on a 1.50-m ateria| in a tensile test carried to rupture.
or 1.5-yd reel, broken at 300 mm/min or 12 in./min. 3.1.1.1 Discussior—Force is commonly expressed as mil-

1.3.2 Optlon 2—F|ﬁyturn§ on a 1.00-mor 1-yd reel, broken |inawtons (mN), newtons (N), grams-force (gf), or pounds-
at 300 mm/min or 12 in./min. force (Ibf).

1.3.3 Option 3—Fifty turns on a 1-m reel, broken in 20's. 3 1  force n—a physical influence exerted by one body on

Note 2—Option 1 is in general use in the United States, Option 2 isanother which produces acceleration of bodies that are free to
used for woolen yarns, and Option 3 has been proposed in the Internanove and deformation of bodies that are not free to move.
tional Standards Organization (ISO) for international use. (Comparestrengt).

Note 3—Metric reels are available with 1 and 1.125-m circumferences. 3.1.3 skein break factgr n—the comparative breaking
Data from the two reels will be about 1 % different (see 5.6). ISO uses %trength of a skein of yarn adjusted for the linear density of the
1-m circumference reel. . .

) ) ] ] yarn expressed in an indirect system; the product of the

1.4 This test method is frequently combined with thepreaking strength of the skein and the yarn number expressed
determination of linear density carried out on the same skeingy an indirect system.Syn count-strength product)

Special precautions for reeling such skeins are noted. 37 3.1 Discussior—A statement of the break factor of the
1.5 Where appropriate, this test method states all requiréskein must indicate the number of wraps in the skein if this is
exact values. wraps, a statement of the break factor is meaningless. Break

1.6 This standard does not purport to address all of thefactor is frequently given other designations such as lea count
safety problems, if any, associated with its use. It is thegnstant, lea product, and breaking ratio.
priate safety and health practices and determine the applicafiexible coil having a large circumference in proportion to its
bility of regulatory limitations prior to use. thickness.

3.1.5 skein breaking tenacityn—the skein breaking
strength divided by the product of the yarn number in a direct

1 This test method is under the jurisdiction of ASTM Committee D-13 on Textiles num.berlng system and the number of strands placed under
and is the direct responsibility of Subcommittee D13.58 on Yarn Test Methods,tensmn'
General.

Current edition approved July 15, 1993. Published September 1993. Originally————
published as D 1578 — 58 T. Last previous edition D 1578- 88. 2 Annual Book of ASTM Standardggl 07.01.

Note 1—For the determination of the breaking strength and elongation
of yarn by the single strand method, refer to Test Method D 2256.
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3.1.5.1 Discussior—Observed breaking strength can be determine yarn number for any purpose, the skeins must be
converted to breaking tenacity by dividing the breakingreeled under controlled tension on a reel meeting the require-
strength by the product of the yarn number measured in a direchents given in Test Method D 1907.
numbering system and the number of strands placed under5.5 For some purposes it may be advisable to convert the
tension (twice the number of wraps in the skein (see Eq 7)).skein breaking strength observed for yarn of one number to the
3.1.6 skein strengthn—the force required to rupture a skein estimated skein breaking strength of a different yarn number.
of yarn, expressed in units of force, as breaking strength.  Factors for making such a conversion for cotton yarns are
3.1.7 strength n—the property of a material that resists given in 11.2. No corresponding factors have been developed

deformation induced by external forces. (Comjfiaues). for yarns spun from other fibers.
3.1.8 For definitions of other textile terms used in this test 5.6 The results obtained from different options are not fully
method, refer to Terminology D 123. comparable because the breaking force per wrap increases

4. Summary of Test Method sllghtl_y as the_perlmeter of the skein is reduced. The skein
. oo . breaking tenacity observed for 1-m skeins may be as much as
4.1 A skein of yarn, prepared by winding the prescrlb¢d4% higher, and from 1-yd skeins 5% higher, than that
number of turns on a reel, is broken on a tensile testingpserved for 1.5-yd skeins. These relationships may vary with
machine. the type of yarn or with yarn unevenness and should not be
Note 4—If the yarn number is also required for the determination of used as conversion factors. With a reasonable number of
skein breaking tenacity or break factor, the broken skein may be weighegpecimens, this method provides a useful index that combines
and the yarn number calculated as directed in Test Method D 1907.  the effects of unevenness and single strand strength.
5.7 This method is rarely, if ever, used for filament yarns

5. Significance and Use : . . X ) ) .
) because their uniformity makes it possible to obtain reliable
5.1 Test Method D 1578 for testing any spun yam for egyts economically by the single-strand method.
breaking strength is considered satisfactory for acceptance

testing of commercial shipments since the method has begg Apparatus
used extensively in the trade.

5.1.1 In case of a dispute arising from differences in : :
reported test results when using Test Method D 1578 fon 1.50'm'or 1.5 yd for Op'tlon 1,1.0mor1yd for'Optlorl1 2
acceptance testing of commercial shipments, the purchaser a‘ﬂfe NOt? 3),01m fqr Option 3.' Th_e Fe?' shall be_ fitted with
the supplier should conduct comparative tests to determine pleve UG mecha_nlsm th_at ‘.N'" minimize bunching the yarn
there is a statistical bias between their laboratories. Competef! € réel and with an indicator of the length wound. A

statistical assistance is recommended for the investigation graming bell or an Rytomatic c_:utoff thqt will operate at a
pecified number of turns is advisable. It is also recommended

bias. As a minimum, the two parties should take a group of tes tth Ih lapsibl f laxing the tensi
specimens which are as homogeneous as possible and whi € reel have a collapsible arm for refaxing the tension on
the skeins to facilitate their removal from the reel. If yarn

are from a lot of material of the type in question. THE[tesl mber is to be determined from the same skeins, refer to Test
specimens should then be randomly assigned in equal numb ethod D 1907 for additional reel specifications.

to each laboratory for testing. The average results from the tw _ ) :
laboratories should be compared using Studettsst for 6.2 Package Holdeps—Ver’qcal spindles for bobbins or
unpaired data and an acceptable probability level chosen by tf%;:.‘es i QOt pr0\|/|ded 35 an |Integral part of tlhe reel, shafts on
two parties before testing is begun. If a bias is found, either itd/Nich tubes or flanged spools can turn freely.

cause must be found and corrected or the purchaser and the®-3 Tensile Testing MachireA constant-rate-of-traverse
supplier must agree to interpret future test results in the light of CRT type) or constant-rate-of-extension (CRE type) tensile
the known bias. testing machine of suitable capacity as prescribed in Specifi-

5.2 This test method is not suitable for yarns that stretc/ftion D 76, capable of operating the moving clamp (spool) at

more than 5 % when the force is increased from 2.5 to 7.5 uniform speed of 30& 10 mm/min or 12+ 0.5 in./min (for
mN/tex or 0.03 to 0.08 gf/denier, becaus® they require Options 1 an_d 2) or ca_lpable of operating at a rate that will
special precautions as to tension in reeling, apdugers of break the skein broken in an average time of23 s from the

such yarns are more interested in their elastic behavior at logta't of application of tension to the skein (for Option 3). The
forces than in their ultimate breaking strength. machlne shall be equipped with spoo_Is not less than 25 mm or
5.3 For Option 1, it is advisable to use a tensile testing:L in. nor more than 30 mm or 1.25 in. in both diameter and
machine of the proper capacity to break skeins with 80 turng€ngth, and supported with at least one spool free to turn on its
If it is necessary to break skeins having only 40 or 20 turns@iS: The distance between the spools shall be sufiicient to
convert the observed results to an 80-turn basis by multiplying©'Mit placing the skeins on the spools in a wide, flat band.

by factors of 2 or 4, respectively. (The available literature does 6-4 Skein Holder or Rackhaving parallel pegs or bars
not show that any significant error is introduced by the use oPlaced a sufficient distance apart to hold the skeins extended to
these factors.) nearly their full length without either stretching, kinking, or

5.4 The circumference of the skeins used to determine thgntangling the yarn.
breaking load is not critical, and as a consequence, close )
control of the tension at which the skeins are wound is not - S&@mpling
necessary. If, however, the same skeins are to be used to7.1 Lot Sample-Take a lot sample as directed in an

6.1 Reel—A hand or motor-driven reel having a perimeter
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applicable specification, or as agreed upon between the puambrella reel or swift and reel at a speed of 20 to 30 rpm.

chaser and the supplier. In the absence of an applicable 9.2 Reeling—Draw each end of yarn through a separate
specification or agreement, take a lot sample as directed iguide and attach the yarn to the reel. Turn the reel at a uniform
Practice D 2258. speed and maintain sufficient tension to lay the yarn smoothly
on the reel. When the required number of turns have been

Note 5—An adequate specification or other agreement between the led. tie th ds of th her | v b |
purchaser and the supplier requires taking into account variability betweelf €M, tie the ends of the yarn together loosely but securely

shipping units, between packages or ends within a shipping unit, an@ith @ nonslipping knot. For easier separation of skeins on the
between specimens from a single package so as to provide a sampling pl&ck, a loose loop may be made about the skein cross section,
with a meaningful producer’s risk, consumer’s risk, acceptable qualityand the yarns once again knotted. If skein breaking tenacity or
level, and limited quality level. skein break factor is to be calculated, the method of reeling
7.2 Laboratory Sample-As a laboratory sample for accep- must comply with the additional requirements in Test Method
tance testing, take a total of ten packages for yarn spun on tHe 1907.
cotton or worsted systems and a total of 20 packages for yarns 9.2.1 For Option 1, reel 80 turns on a 1.50-m (1.5-yd) reel.
spun on the woolen system. Select the packages randomly froththe breaking strength of such a skein is greater than the

all the packages in the lot sampling units. capacity of the available testing machine, try 40 or 20 turns.
7.3 Number of SpecimensTest one skein from each pack- 9.2.2 For Option 2, reel 50 turns on a 1-m or a 1-yd reel.
age in the laboratory sample. 9.2.3 For Option 3, reel 50 turns on a 1-m (1.09-yd) reel.
o Include extra skeins for adjustment of the tester for time to
8. Conditioning break.

8.1 Preconditioning—Yarns for testing should be wound 9.3 Conditioning—Transfer the skeins to the rack carefully
into skeins for preconditioning and conditioning (see Sectiorwith as little disturbance of the yarn as possible. Keep the yarns
9). Reel one or more extra skeins for use in determining wheparallel and the skein flat, with no bunching or twisting. Do not
moisture equilibrium has been reached (see 8.2.1). stretch or jerk the yarn and do not allow it to kink. If more than

8.1.1 Precondition the skeins at a temperature no highesne skein is to be stored on each pair of pegs, the skeins may
than 50°C or 120°F in an atmosphere having a relativebe transferred one at a time to the rack, with rings or washers
humidity between 5 and 25 %. Skeins will usually reachplaced between them for easier separation. Precondition (if not
approximate moisture equilibriunm i4 h especially in moving done before reeling) and condition as prescribed in Section 8.
air. Crowding skeins too close together on the rack, or anythin@@o not remove the skeins from the rack until time of test.
that obstructs the circulation of air, may lengthen the time
appreciably. 10. Procedure

8.2 Conditioning—Condition the skeins in the standard 10.1 Perform all tests in the standard atmosphere for testing
atmosphere for testing textiles, which is 211°C or 70+ 2°F  textiles, which is 21+ 1°C or 70+ 2°F and 65+ 2 % relative
and 65+ 2% relative humidity, until moisture equilibrium has humidity.
been reached. 10.2 Select the appropriate capacity range of the testing

8.2.1 For cotton yarns, a minimum conditioning time of 4 hmachine as follows:
is specified. Yarns made from other fibers or blends may 10.2.1 For Options 1 and 2, a range within which (1) the
require other lengths of time. When testing additional samplesalibration of the tensile testing machine is accurate within
of the same type of yarn, it may be assumed that moisture-1.0 % and (2) the breaking force can be read with a precision
equilibrium has been reached after exposure for a time 25 %f =2.0 %.
longer than that found by test to be sufficient. 10.2.2 For Option 3, select the capacity and speed of the

8.2.1.1 If necessary use the extra skein(s) to determine th&gsting machine to reach the breaking force in an average time
moisture equilibrium has been reached when successive weighf 20 = 3 s or a testing speed agreed upon by purchaser and
ings at intervals of not less than 15 min do not differ by moresupplier. Break one or more preliminary skeins, and adjust the
than 0.1 %. Do not use the skeins that are to be tested f@peed as necessary until the time-to-break conforms to the

strength for determining moisture equilibrium. specified limits. If the time-to-break for the preliminary skeins
_ ) is within the specified limits and no adjustment is required, the
9. Preparation of Specimens observed values for the preliminary skeins may be included in
9.1 Mounting of Packages the test report data.

9.1.1 For yarns on bobbins, cops, cones, or similar pack- 10.3 Handle each skein carefully as directed in 9.3 and
ages, draw the yarn off over the end of the package at a spedi@dnsfer it to the testing machine as directed as follows:
between 100 and 300 rpm of the reel. 10.3.1 Place the skein over the top spool with the yarns

9.1.2 For yarns on flanged spools or other packages notying flat and parallel over the spool.
mally unwound from the side, mount the packages to turn 10.3.2 Then place the lower part of the skein under the
freely and draw the yarn from the side of the package at a speddwer spool.
of 20 to 30 rpm of the reel. 10.3.3 Move the skein around the spools, maintaining a

9.1.3 When several ends are wound parallel on a singlgentle tension, to ensure that the yarns are lying flat and
package, draw each end through a separate guide and reeparallel with no bunching or twisting.
skein from each end, unwinding from the side of the package. 10.4 Start the machine and maintain the tension on the skein

9.1.4 If the yarn is received in skein form, mount it on anby gentle pressure of the hand (not by gripping or pinching the
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yarn) until the machine takes up the slack. Keep hands well S, = [N;S; — K(N, — NN, (5)

away from the spools. There are indications th#t varies with staple length and possibly with
10.5 Stop the machine when the scale indicator reaches tifgher fiber properties. Sinds,S, is usually between 1800 and 2400, the

maximum force use of a_value oK between 18 _and 24 results in an a_ddltlonal adjustment
10.6 Record '.[he breaking force to the nea@sl or 0.5 Ibf of breaking strength of approximately 1 % per unit difference betwéen

. . andN,, beyond that obtained by the simple proportional conversion given
if under 450 N or 100 Ibf, or to the neatésN or 1.0 Ibf if 450 i 11.2.1. Hence, an error of 10 % in selecting a valueiarill make a

N or 100 Ibf or more. difference of about 0.1 % in the resulting adjusted skein breaking strength
10.7 Continue as directed in 10.3-10.6 until the requirecber unit difference betweeM, and N,. For breaking strengths in
number of skeins have been tested. kilograms-force,K is 0.454 times theK for breaking strengths in

10.8 If the skein breaking tenacity or break factor is to bepounds-force. This may be rounded to the nearest whole number. No
calcﬁlated or if skein breaking strength is to be corrected fC.information is available on values d&€ for yarns of other fibers than

! . . . otton.
yarn number, weigh the broken skeins and determine the

average yarn number as directed in Test Method D 1907. 11.3 Skein Breaking Tenacity _ , _ _
11.3.1 Calculate the average skein breaking tenacity using
11. Calculation of Results Eq 6 or Eq 7:
11.1 Skein Breaking Strength Skein breaking tenacity, mN/tex L/(2 X W X T) (6)

11.1.1 Calculate the average breaking force from the values g,
observed for all specimens in a laboratory sample, and record
this as the breaking strength for that sample. = A2 X WXT) = 2228(WX T) )
11.1.2 Calculate the average breaking strength for the lot. yhere:
11.2 Breaking Strength Adjusted to Specified Yarn Number | = preaking strength, mN,
11.2.1 If the average observed yarn number does not diffelS = breaking strength, Ibf,
from the specified yarn number by more than 10 %, anW = number of wraps in skein, and
approximate adjusted breaking strength can be calculated usinff = average yarn number, tex.

EqlorEq2: Note 8—Breaking tenacity in grams-force per denier is equal to

S, = (T/T)S, 1) breaking tenacity in millinewtons per tex divided by 88.3.
or Example 1—Breaking strength= 55 Ibf, average yarn number 40.2
cotton count (14.7 tex), and number of wraps30.
S, = (N/N,)S, ) Skein breaking tenacity= (2224 X 55)/(80x 14.7)= 104 mN/tex
where: 11.3.2 Calculate the average for the lot.
S, = observed average breaking strength, 11.4 Skein Break Factor (Count-Strength Product)
S, = adjusted breaking strength, 11.4.1 Calculate the break factor using Eq 8:
T, = observed yarn number in a direct system, Skein break factor= (80 X S x N)/W )

T, = specified yarn number in a direct system,
N, = observed yarn number in an indirect system, and where:
specified yarn number in an indirect system. S average breaking load, Ibf,

N average yarn number in an indirect system, and
Note 6—For plied yarns, the yarn numbers used throughout these ge ¥ y

. . W = number of wraps in skein.
calculations are the resultant yarn numbers, that is, the yarn number of the P

plied yarn, calculated from the mass of a given length, in the same manner 11.4.1.1 For skeins of 80 wraps the equation becomes:
as for single yarns. Break factor= SX N 9)
11.2.2 For cotton yarns a more accurate adjustment can ffg@mple 2-Skein breaking strengti 55 Ibf, average yam number

made over a wide range of yarn numbers by use of Eq 3 or Eq = 40.2 cotton count, and number of wraps80.
4: Break factor= 55 X 40.2= 2211

2
N
I

S, = (TJTYS, + K[(TJ/Ty) — 1] ) Note 9—The skein break factor equals the breaking tenacity in
grams-force per denier multiplied by 1877 or the breaking tenacity in

or millinewtons per tex multiplied by 21.26.
S = (N/Np)S; + K[(N/N,) — 1] 4) 11.4.2 Calculate the average for the lot.
where: 11.5 Calculate the coefficient of variation if requested.

K = a constant, to be selected from experience with the12 Report
particular type of cotton, usually 18 for strength ' P
expressed in Ibf. 12.1 State that the specimens were tested as directed in Test
Method D 1578. Describe the product or material being
sampled and the method of sampling used.
12.2 Report the following information:
12.2.1 Skein breaking strength and the average for the lot.
3Webb and Richardson, “An Evaluation of the Significance and Use oKthe 12.2.2 Coefficient of variation, if determined.

Factor of Yarn Strength,” U.S. Dept. of Agriculture, June 1953. 12-2-.3 Average yarn number, and the numbering systems, if
4 Circular 413, U.S. Dept. of Agriculture. determined.

Note 7—In publications of the U.S. Dept. of Agricultufeq 3 above
is given in the form shown in Eq 5.
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