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1. Scope Fabrics (Inflated Diaphragm Methdd)
1.1 This test methdd covers the determination of the D 4157 Test Method for Abrasion Resistance of Textile

abrasion resistance of woven or nonwoven textile fabrics using _ Fabrics (Oscillatory Cylinder Methoti) _
the flexing and abrasion tester. D 4158 Test Method for Abrasion Resistance of Textile

1.2 This test method applies to most woven and nonwoven _ Fabrics (Uniform Abrasion Methotl) _
fabrics providing they do not stretch excessively. It is not D 4966 Test Method for Abrasion Resistance of Textile
applicable to floor coverings. Fabrics (Martindale AbraS|on_Tester Methtd) _

1.3 The values stated in either SI units or inch-pound units D 5035 Test Method for Breaking Strength and Elongation
are to be regarded separately as the standard. Within the text, ©Of Textile Fabrics (Strip Method)
the inch-pound units are shown in parentheses. The values2-2 AATCC Test Method: _
stated in each system may not be exact equivalents; therefore, AATCC 93 Abrasion Resistance of Fabrics: Accelerotor
each system shall be used independently of the other. Combin- Method?
ing values from the two systems may result in nonconformanc
with this test method. o

1.4 This standard does not purport to address all of the 3-1 Definitions: .
safety concerns, if any, associated with its use. It is the 3-1.1abrasion n—the wearing away of any part of a
responsibility of the user of this standard to establish appro-Material by rubbing against another surface.
priate safety and health practices and determine the applica- 3:1-2 abrasion cyclen—one complete movement across the

bility of regulatory limitations prior to use. surface of a textile.
3.1.2.1 Discussior—The complete movement for an abra-

Note 1—For other test methods for abrasion resistance of textiles refegjgn cycle is dependent on the action of the abrasion machine
to Test Methods D 3884, D 3886, D 4157, D 4158, D 4966, andynq the test method used. It may consist of one back-and-forth

8. Terminology

AATCC93. 0L 0 .
unidirectional movement or one circular movement, or a
2. Referenced Documents combination of both. For the flexing and abrasion method it is
21 ASTM Standards: commonly called a double stroke as defined in 3.1.4.
D 76 Specification for Tensile Testing Machines for Tex- 3'1',3 brealgng force n—the maX|mum'force'appI|ed t.o a
tiles3 material carried to rupture. (Compaeeaking point, breaking
strength)

D 123 Terminology Relating to Textilés . . . .
D 1776 Practice for Conditioning Textiles for Testing 3.1.4 double-stroken—in flexing and abrasion testingin

D 2904 Practice for Interlaboratory Testing of a Textile Testabrasion cycle that consists of one forward and one backward

Method that Produces Normally Distributed Data motion.

D 2906 Practice for Statements on Precision and Bias for 3-1- flexibility, n—that property of a material by virtue of
Textile which it may be flexed or bowed repeatedly without undergo-

D 3884 Test Method for Abrasion Resistance of Textile!Nd ruPture. L .
Fabrics (Rotary Platform, Double-Head Methdd) 3.1.6 standard atmosphere for preconditioning textjles

D 3886 Test Method for Abrasion Resistance of Textile™ 2 Set of contrt_)lled condit'ions having a temperature not over
50°C (122°F), with respective tolerance 0fl°C(2°F), and a
relative humidity of 5 to 25+ 2 % for the selected humidity,

* This test method is under the jurisdiction of ASTM Committee D-13 on Textiles SO that drying can be achieved prior to conditioning in the

and is the direct responsibility of Subcommittee D13.60 on Fabrics, Specific.  standard atmosphere for testing textiles.
Current edition approved April 10, 1999. Published June 1999. Originally

published as D 3885 — 80. Last previous edition D 3885 — 92.
2This test method is based upon the development described by Stoll, R.G.*

Improved Multipurpose Abrasion Tester and its Application for the Evaluation of the 4 Annual Book of ASTM Standartdéol 07.02.

Wear Resistance of TextilesTextile Research Journaluly, 1949, p. 394. S Available from the American Association of Textile Chemists and Colorists,
3 Annual Book of ASTM Standardéol 07.01. P.O. Box 12215, Research Triangle Park, NC 27709.
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3.1.7 standard atmosphere for testing textiles breaking strength and cycles to rupture are the recommended
n—laboratory conditions for testing fibers, yarns, and fabrics itmeans of evaluation because they are considered the least
which air temperature and relative humidity are maintained avariable and interlaboratory agreement is likely to be obtained
specific levels with established tolerances. more easily.

3.1.7.1 Discussior—Textile materials are used in a number 54 Aprasion tests are subject to variations due to changes in
of specific end-use applications that frequently require differenfhe apradant bar during specific tests. The abrasion bar is
testing temperatures and relative humidities. Specific condiconsidered a permanent abradant that uses a hardened metal
tioning and testing of textiles for end-product requirements cayrface. It is assumed that the abradant will not change

be carried out using Table 1 in Practice D 1776. appreciably in a specific series of tests, but obviously similar
3.1.8 For definitions of other textile terms used in this testypradants used in different laboratories will not likely change at
method, refer to Terminology D 123. the same rate due to differences in usage. Permanent abradants

4. Summary of Test Method may also chapge due to pickup of_treatments or other material
i i i L from test fabrics and must accordingly be cleaned at frequent

4.1 Abrqsu_on resistance is measure_:d by subjectlng the speghiervals. Consequently, depending upon its usage, the
men to unidirectional reciprocal folding and rubbing over agpragant bar must be checked periodically against a standard.
specific bar under specified conditions of pressure, tension, and5 5 The resistance of textile materials to abrasion as mea-

abrasive action. Resistance to abrasion is evaluated by either . . .
determining the percent loss in breaking force of an abradeaumd by this test method does not include all the factors which

specimen compared to an unabraded specimen or the cyclesaLSCount fc.)rwear. performance or durability in actual use. While
rupture, or both. the abrasion resistance stated in terms of the number of cycles

and durability (defined as the ability to withstand deterioration
5. Significance and Use or wearing out in use, including the effects of abrasion) are

5.1 This test method is not recommended for acceptanc@eque”ﬂy related, the relationship varies with different end
testing of commercial shipments because information or/Ses- Different factors may be necessary in any calculation of
between-laboratory precision is known to be poor. predicted durability from specific abrasion data.

5.1.1 If there are differences of practical significance be- 5.5.1 Laboratory tests may be reliable as an indication of
tween reported test results for two laboratories (or more)felative end use in cases where the difference in abrasion
comparative tests should be performed to determine if there ikgsistance of various materials is large, but they should not be
a statistical bias between them, using competent statisticaelied upon where differences in laboratory test findings are
assistance. As a minimum, the test samples to be used are $®all. In general, the results should not be relied upon for
homogenous as possible, are drawn from the material fromrediction of performance during actual wear life for specific
which the disparate test results were obtained, and are ragnd uses unless there are data showing the specific relationship
domly assigned in equal numbers to each laboratory for testingetween laboratory abrasion tests and actual wear in the
Other fabrics with established test values may be used for thigitended end use.
purpose. The test results from the two laboratories should be 5.6 This test method is useful for pretreating material for
compared using a statistical test for unpaired data, at 8ubsequent testing for strength or barrier performance.
probablll_ty Iev_el chosen prior to the testing series. If a biasis 57 The pressure and tension used is varied, depending on
found, either its cause must be found and corrected, or futurge mass and nature of the material and the end-use application.

test results must be adjusted in consideration of the know{yhenever possible, all materials that are to be compared with

bias. ) i .each other should be tested under the same pressure and
5.2 The measurement of the resistance to abrasion of tex“'t%nsion.

fabrics is very complex. The resistance to abrasion is affected 5.8 When abrasion tests are continued to total destruction
by many factors that include the inherent mechanical properties, ="~ . : : . .
brasion resistance comparisons are not practical for fabrics

of the fibers; the dimensions of the fibers; the structure of th - . X .
aving a different mass because the change in abrasion

yarns; the construction of the fabrics; the type, kind, an : . . i )
amount of treatment added to the fibers, yarns, or fabric; th eggtance is not directly proportional to the change in the
abric mass.

nature of the abradant; the variable action of the abradant ov )
the specimen area abraded; the tension on the specimen; the®-9 All the test methods and instruments that have been
pressure between the specimen and the abradant; and tf@veloped for abrasion resistance may show a high degree of
dimensional changes in the specimen. variability in results obtained by different operators and in
5.3 The measurement of the relative amount of abrasion ca#fferent laboratories, however, they represent the methods
be affected by the method of evaluation and is often influence@0st widely used in the industry. Because there is a definite
by the judgment of the operator. It is recognized that with thigheed for measuring the relative resistance to abrasion, this test
test method other means of evaluation besides cycles to ruptuf@ethod is one of several standardized test methods that is
and breaking strength have been used by the industry, such _ageful to help minimize the inherent variation that may occur
color change, appearance change, and so forth. Experience Hagesults.
shown these to be highly variable parameters and they are not5.10 These general observations apply to most fabrics,
recommended without exact criteria identified in an applicabléncluding woven and nonwoven fabrics that are used in
material specification or contract. Consequently, the criteria odutomotive, household, and wearing apparel applications.
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6. Apparatus capable of stopping the machine at a predetermined number of
6.1 Flex Abrasion Testing Machifie (see Figs. 1 and 2), cycles. . . S

consisting of the following: 6.1.7 Calibrated Tension Weightwith individual masses of
6.1.1 Balanced Head and Flex Block Assemithat has two 250, 500, and 1000 g/, 1, and 2 Ibf) that can provide up to

parallel, smooth plates. a total of 2500 g (5 Ibf) that fits on a weight rack that is

6.1.1.1 The balanced head is rigidly supported by a doubledftached by cables to the yoke to adjust tension to the
lever assembly to provide free movement in a directionSP€cimen. Individual weight tolerances ard %.
perpendicular to the plate of the flex block. This head must 6-1.8 Calibrated Head Weightswith individual masses of
remain stationary during the test and must be balanced t§°0. 500, and 1000 g/, 1, and 2 Ibf) that can provide up to
maintain a uniform vertical pressure from the dead weights. & total of 2500 g (5 Ibf) that fits on the balanced head, to apply

6.1.1.2 The flex block is capable of reciprocating at #15 Pressure to the specimen. Individual weight tolerances are
10 double stokes per minute of 252-mm (1+ 0.1-in.) stroke 1 %. ) )
length. 6.2 Working Flex Bay used for testing, 1.6 0.4 by 11.2+

6.1.1.3 Clamps are secured to the front of each plate of thé-6 MM {16 £ Yea by 716 = 716in.) in cross section, made with
head and flex-block assemblies to permit mounting of thdo©! steel tipped with an edge of cemented carbide. The top,
specimen. The clamps have surfaces that prevent slippage Bpttom, and edge of the bar that is in contact with the specimen
the specimen and permit the specimen after it has been folddd finished by grinding and polishing, leveling off the micro-
over the abradant bar to be centrally position and aligned wit/$COPIC projection without breaking the edges of the bar. The bar
its long direction parallel to the reciprocating flex bar. is capable of firmly attaching to the yoke.

6.1.2 Flexing Bar Yokesufficiently rigid to prevent distor- 6.3 Standardized Master Flex Bato standardize the work-
tion during the specimen loading and capable of applyindnd flex bar, including storage container to prevent bar damage,
tension to the rigidly secured flexing bar with the force acting2vailable from the manufacturer. _
parallel to the surface of the head and block assembly plates 64 Standardization Fabrf; for working flex bar, plied yarn
and perpendicular to the fold of the specimen such that ageige, cotton duck, plain weave fabric weighing from 407 to
evenly distributed tension is provided across the fold of the208 g/nf (12 to 15 oz/yd). _ .
specimen. 6.5 Calibration Ribbon fused acetate ribbon, 25 mm (1 in.)

6.1.2.1 A positioning device is provided to position the Wide, available from the manufacturer.
flexing bar and yoke assembly while loading the specimen such 6-6 Tensile Testing Machinef the CRE, CRL, or CRT type
that the edge of the flexing bar is parallel to the fold of theconforming to Specification D 76, with respect to force indi-
specimen during the test. The position device is capable dfation, working range, capacity, and elongation indicator and
moving into contact with the yoke prior to loading the designed for operation at a speed of 300 mm/min (12+
specimen and moving away from contact with the yoke jusQ-5 in./min); or, a variable speed drive, change gears, or

prior to starting the test machine. interchangeable full-scale force range as required to obtain 20
6.1.3 Thumb Screwthat allows moving the clamp to pro- * 3-S time-to-break. . _
vide slack take-up of the specimen. 6.7 Nylon Brush medium bristle, or equivalent.

6.1.4 Machine Stopping Mechanisna microswitch, or 6.8 Stoddard Solventor equivalent degreasing agent, for

equivalent, to stop the machine, actuated by the release of tif¢eaning flexing bar.
tension release on the specimen when it ruptures. 6.9 Hazards—Working with Stoddard solvent may be haz-

6.1.5 Cycle Counter with stop mechanism to record the ardqus. When using Stoddard splvent, wear_safety glasses;
number of cycles (double strokes) and stop the machine &void prolonged skin contact; if splashed in eyes, flush
fabric failure.

6.1.6 Automatic Shutaffas part of the cycle counter or
in-line timer, or equivalent, with set and stop mechanism ©This apparatus is commercially available.

BEd P e

FIG. 1 Schematic Diagram of Flexing and Abrasion Tester
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FIG. 2 Commercial Flexing and Abrasion Tester

thoroughly with water and consult physician; perform operafperformed on unabraded tests, cut a second set of 4 specimens

tions under a fume hood with the exhaust on; store in arirom each fabric direction.

approved, labeled safety can; and dispose of used Stoddard7.3.1 For fabric widths 125 mm (5 in.) or more, take no

solvent as directed by city, state, or federal ordinances, aspecimen closer than 25 mm (1 in.) from the selvage edge, or

required. Refer to the manufacturer's Material Safety Datawithin 0.5 m (0.5 yd) from the end of the roll or piece.

Sheets (MSDS) for information on handling, use, storage, and 7.3.2 For fabric widths less than 125 mm (5 in.), use the

disposal of material and reagents used with this test methodentire width for specimens but take no specimen closer than
one tenth of the width of the fabric, or within 0.5 m (0.5 yd)

7. Sampling and Test Specimens from the end of the roll or piece.

7.1 Primary Sampling Unit—Consider rolls of fabric or 7.3.3 Cut specimens representing a broad distribution di-
fabric components of fabricated systems to be the primarpgonally across the width of the laboratory sampling unit.
sampling unit, as applicable. Ensure specimens are free of folds, creases, or wrinkles. Avoid

7.2 Laboratory Sampling Unit-As a laboratory sampling getting oil, water, grease, and so forth on the specimens when
unit take from rolls at least one full-width piece of fabric that handling.
is 1 m (1 yd) inlength along the selvage (machine direction), 7.3.4 If the fabric has a pattern, ensure that the specimens
after removing a first 1-mm (1-yd) length. For fabric compo-are a representative sampling of the pattern.
nents of fabricated systems use the entire system o

7.3 Test SpecimensFrom each laboratory sampling unit, 8- ¢onditioning
cut 4 warp-wise (lengthwise) and 4 filling-wise (widthwise) 8.1 Precondition the specimens by bringing them to ap-
test specimens at least 200 mm (8 in.) long. For woven fabricproximate moisture equilibrium in the standard atmosphere for
cut specimens either 32 mm¥din.) wide if there are 50 yarns preconditioning textiles in accordance with Practice D 1776.
per 25 mm (1 in.) or more, or 38 mm¥4in.) wide if there are 8.2 Condition the test specimens to moisture equilibrium for
less than 50 yarns per 25 mm. Ravel each specimen to a 25-miesting in the standard atmosphere for testing textiles in
width by removing from each side approximately the sameaccordance with Practice D 1776 or, if applicable, in the
number of yarns. For woven fabrics, the long dimensions arspecified atmosphere in which the testing is to be performed.
cut parallel to the warp yarns for lengthwise abrasion and ) o
parallel to the filling yarns for widthwise abrasion. For non- 9. Preparation and Calibration of Test Apparatus
woven fabrics or fabrics not easily raveled, cut each specimen 9.1 Ensure the test machine is on a level, study table or base
25 mm wide. Take lengthwise specimens from different posi-and free from vibration. This will minimize wobbling of the
tions across the width of the fabric. Take widthwise specimenélex bar.
from different positions along the length of the fabric. Consider 9.2 Prepare, operate, and verify calibration of the abrasion
the long direction as the direction of test. Specimens prepardester using directions supplied by the manufacturer. Refer to
tion need not be carried out in the standard atmosphere fagknnex Al for additional information on maintenance of the test
testing. Label to maintain specimen identity. If tests are to bepparatus.
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