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Standard Test Method for
Abrasion Resistance of Textile Fabrics (Inflated Diaphragm
Apparatus) *
This standard is issued under the fixed designation D 3886; 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 epsilone] indicates an editorial change since the last revision or reapproval.
1. Scope Test Method 93 Abrasion Resistance of Fabrics: Accelerator
1.1 This test methdd covers the determination of the Method?

resistance to abrasion of woven and knitted textile fabrics, bot% Terminology
conditioned and wet, using the inflated diaphragm tester. This’

procedure is not applicable to floor coverings. 3.1 Definitions: _
3.1.1 abrasion n—the wearing away of any part of a

Note 1—Other procedures for measuring the abrasion resistance g aterial by rubbing against another surface.
textile fabrics are given in Test Methods D 3884, D 3885, D 1175, and 3.1.2 For definitions of other textile terms used in this test

AATCC Test Method 93. . ) method, refer to Terminology D 123.
1.2 The values stated in Sl units are to be regarded as

standard; the values in English units are provided as informa4. Summary of Test Method

tion only and are not exact equivalents. 4.1 A specimen is abraded by rubbing either unidirection-
1.3 This standard does not purport to address all of theally or multidirectionally against an abradant having specified
safety concerns, if any, associated with its use. It is theurface characteristics. A specimen is held in a fixed position
responsibility of the user of this standard to establish appro-and supported by an inflated rubber diaphragm which is held
priate safety and health practices and determine the applicaunder constant pressure. A specimen is abraded by rubbing
bility of regulatory limitations prior to use. either unidirectionally or multidirectionally against an abradant
having specified surface characteristics. The resistance to
abrasion is determined using Option 1, the number of cycles to
2.1 ASTM Standards: wear a hole in the specimen, or Option 2, visual assessment of

D 123 Terminology Relating to Textilés _ the specimen surface after a specified number of cycles.
D 1776 Practice for Conditioning Textiles for Testing

D 2904 Practice for Interlaboratory Testing of a Textile Test5. Significance and Use

2. Referenced Documents

Method that Produces Normally Distributed Data 5.1 The measurement of the resistance to abrasion of textile
D 2906 Practice for Statements on Precision and Bias foand other materials is very complex. The resistance to abrasion
Textiles® is affected by many factors, such as the inherent mechanical
D 3884 Test Method for Abrasion Resistance of Textileproperties of the fibers; the dimensions of the fibers; the
Fabrics (Rotary Platform, Double Head Methbd) structure of the yarns; the construction of the fabrics; and the
D 3885 Test Method for Abrasion Resistance of Textiletype, kind, and amount of finishing material added to the fibers,
Fabrics (Flexing and Abrasion Methdd) yarns, or fabric.
D 4157 Test Method for Abrasion Resistance of Textile 5.2 The resistance to abrasion is also greatly affected by the
Fabrics (Oscillatory Cylinder Methot]) conditions of the tests, such as the nature of abradant, variable
2.2 AATCC Standard: action of the abradant over the area of specimen abraded, the

tension of the specimen, the pressure between the specimen
and abradant, and the dimensional changes in the specimens.
] ) o ) ) 5.3 Abrasion tests are all subject to variation due to changes
! This test method is under the jurisdiction of ASTM Committee D-13 on Textiles :

and is the direct responsibility of Subcommittee D13.60 on Fabric Test Methodsl,n the abradant durmg speC|f|c tests. The abradant must

Specific. accordingly be discarded at frequent intervals or checked
Current edition approved June 10, 1999. Published September 1999. Originallperiodically against a standard. With disposable abradants, the
published as D 3886 — 80. Last previous edition D 3886 — 92. -abradant is used only once or discarded after limited use. With

2This test method is based upon the development described by R. G. Stoll, in
“Improved Multipurpose Abrasion Test and Its Application for the Wear Resistance
of Textiles,” Textile Research Journaluly 1949, p. 394. _—
® Annual Book of ASTM Standardgol 07.01. 5 Available from American Association of Textile Chemists and Colorists, P.O.
#Annual Book of ASTM Standardgol 07.02. Box 12215, Research Triangle Park, NC 27709.
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permanent abradants that use hardened metal or equivaldmild fabrics, industrial fabrics, and floor coverings. It is not
surfaces, it is assumed that the abradant will not changsurprising, therefore, to find that there are many different types
appreciably in a specific series of tests. Similar abradants usexf abrasion testing machines, abradants, testing conditions,
in different laboratories will not change at the same rate, due ttesting procedures, methods of evaluation of abrasion resis-
differences in usage. Permanent abradants may also change daece and interpretation of results.

to pick up of finishing or other material from test fabrics and 5.6 All the test methods and instruments so far developed
must accordingly be cleaned at frequent intervals. The meder measuring abrasion resistance may show a high degree of
surement of the relative amount of abrasion may also beariability in results obtained by different operators and in
affected by the method of evaluation and may be influenced bylifferent laboratories; however, they represent the test methods
the judgment of the operator. now most widely in use.

[ e *‘
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FIG. 1 Schematic Diagram of Inflated Diaphragm Abrasion Tester

5.4 The resistance of textile materials to abrasion as mea- 5.7 Because there is a definite need for measuring the
sured on a testing machine in the laboratory is generally onlyelative resistance to abrasion, standardized test methods are
one of several factors contributing to wear performance oneeded and useful and may clarify the problem and lessen the
durability as experienced in the actual use of the materialconfusion.

While “abrasion resistance” (often stated in terms of the 5.8 Because of the conditions mentioned above, technicians
number of cycles on a specified machine, using a specifieftequently fail to get good agreement between results obtained
technique to produce a specified degree or amount of abrasiooh the same type of testing instrument both within and between
and “durability” (defined as the ability to withstand deteriora- laboratories, and the precision of these test methods is uncer-
tion or wearing out in use, including the effects of abrasion) areain.

frequently related, the relationship varies with different end 5.9 Test Method D 3886 is not recommended for acceptance

uses, and different factors may be necessary in any calculatiqgsting of commercial shipment because of the poor between-
of predicted durability from specific abrasion data. Laboratoryiaboratory precision.

tests may be reliable as an indication of relative end-use 591 |n cases of a dispute arising from differences in

performance in cases where the difference in abrasion resissnorted test results when using this test method for acceptance
tance of various materials is large, but they should not be rellegesting of commercial shipments, the purchaser and the sup-
upon where differences in laboratory test findings are small. Iiyjier should conduct comparative tests to determine if there is
general, they should not be relied upon for prediction of actual statistical bias between their laboratories. Competent statis-
wear-life in specific end uses unless there are data showing thga| assistance is recommended for the investigation of bias.
specific relationship between laboratory abrasion tests anfls a minimum, the two parties should take a group of test
actual wear in the intended end-use. specimens which are as homogeneous as possible and which
5.5 These general observations apply to all types of fabricsgre from a lot of material of the type in question. The test
including woven, nonwoven, and knit apparel fabrics, housespecimens should then be randomly assigned in equal numbers
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to each laboratory for testing. The average results from the two 6.1.2 Diaphragm—The rubber diaphragm should be 1.240
laboratories should be compared using appropriate statisticAl25 mm (0.055+ 0.010 in.) in thickness. A metallic contact
analysis for unpaired data and an acceptable probability levedin 3.2 mm #sin.) in diameter is sealed into the center of the
chosen by the two parties before the testing begins. If a bias idiaphragm flush with the diaphragm surface. Provision should
found, either its cause must be found and corrected or thbe made for a flexible electrical connection from this contact
purchaser and the supplier must agree to interpret future tegin to the ground of the machine. The strain distribution on the
results in the light of the known bias. diaphragm must be uniform so that when inflated without the
specimen, it assumes the shape of a section of a sphere.

6. Apparatus Pressure can be controlled from 0 to 41 kPa (0 to 6 psi).

6.1 Inflated Diaphragm Abrasion Testeshown in Fig. £ 6.1.3 Driving Mechanism-The design of the driving

and Fig. 2 with the following essential parts: _mechanism is such that the circular clamp makes a reciprocal

6.'1.1 Surface Abrasion HeadrThe'speumen is mounted i otion of 115+ 15 double strokes per minute of 25-mm
a circular clamp over a rubber diaphragm by means of &1 _in y stroke length. Provision shall be made for rotation of the
clamping ring and a tightening collar. The circular opening of¢jamp in addition to the reciprocating motion so that one
the clamping ring is 94.0+ 1.3 mm (3.70% 0.05 in.) N reyojytion can be completed in 189 10 double strokes.

diameter and that of the collar 95.3 mm (3.75 in.) or more. The .
height from the surface of the clamped-in specimen to the 6.1.4 Balance Head and Abradant Plate The abradant is

upper edge of the tightening collar shall not exceed 9.5 &tm ( moubr:teld upon a pklj?tei Wh'Ch.d'S fr'g'(fﬂy supported tby a
in.). The clamping area of the body of the clamp and the ringgOu e-lever assembly 10 provide for iree movement in a

should have gripping surfaces to prevent slipping of the |rec_t|on plerpendTu;]ularbtodth(ta ?l?ne of t?)? r(;mplrg%atmg I
specimen and leakage of air pressure during the test. Meaffg@€cimen clamp. The abradant plate assembly shouid be we
alanced to maintain a vertical pressure equivalent to a mass of

should be provided for supplying air pressure to the body of th t0 2.2 kg (0 to 5 Ib) by means of dead weights. Provision

clamp so that the pressure under the diaphragm can b . .
controlled between 0 and 41 kPa (0 and 6 psi) with an accurac ould be r_nade to mount different abradants such as "’.‘bras"’e
of +5 % of range aper, fabrics, etc., on this plate, and to stretch them into an
N ' even position. An electrically insulated contact pin, adjustable
to the thickness of the abradant is mounted into this plate on the

8 The Stoll-Quartermaster has been found suitable and is available from Custorlnength axis at one of the turning points of the center of the

Scientific Instrument, Inc., 13 Wing Drive, Whippany, NJ 07981.

FIG. 2 One Type of Commercial Inflated Diaphragm Abrasion Tester
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6.1.5 Some testers can also be equipped with a continuousNote 4—If the continuous changing abradant head is used, it should be
changing abradant head which is optional. noted that, although the weight of the head is counter-balanced, the
balance changes during use as the paper passes from the back roll to the
Note 2—The machine manufacturer does not provide adequate instrudront roll unless the continuous changing abradant head is used.
tions for the use of the continuous changing abradant head. Work is being Note 5—Unless the continuous changing abradant head is used, it is
done with the manufacturer to write a set of instructions. recommended that the abradant paper be changed at some regular

6.1.6 Machine Stopping MechanismContact between the frequency, such as every 100 to 300 cycles. As this frequency is dependent
adjustable pin on the lower side of the abradant plate and th?on the type of fabric being tested, the task group is working on devising

.. . . more extensive system.
contact pin inserted into the center of the diaphragm closes a i .
low-voltage circuit and stops the machine. 9.4 Set the air pressure under the diaphragm and force on

6.1.7 Indicators—Means should be provided for indicating the abradant plate. The air pressure should be 28 kPa (4 psi)

the diaphragm pressure, and the number of abrasion cycles #'d the load on the abradant should be 454 g (1 Ib). Be sure
cycle = 1 double stroke). that the air pressure control and contact between inflated

6.1.8 Fig. 2 shows a commercially available machine thafPecimen and loaded abradant is in a state of equilibrium

conforms to the requirements of this method. before abrasion is started. To ensure consistent inflation of the
) diaphragm, inflate to a higher air pressure (25 %) and then
7. Sampling reduce to testing pressure.

7.1 Lot Sample-As a lot sample for acceptance testing, 9.5 Direction of Abrasion
take at random the number of rolls of fabric directed in an 9.5.1 Standard Multidirectior~Engage the rotation mecha-
applicable material specification or other agreement betweenism of the specimen clamp.
the purchaser and the supplier. Consider rolls of fabric to be the 9.5.2 Unidirection—When this is used, disengage the rota-
primary sampling unit. tion mechanism of the specimen clamp and bring the specimen
into the desired direction by turning and setting the clamp after

Note 3—An adequate specification or other agreement between th . . . Lo
purchaser and the supplier requires taking into account the variabilir)zqe diaphragm has been inflated. Include this information in the

between rolls of fabric and between test specimens from a swatch from &hal report. _ . . _ _
roll of fabric to produce a sampling plan with a meaningful producer's 9.6 Remove pills of matted fibers interfering with proper
risk, consumer's risk, acceptable quality level, and limiting quality level. contact between the specimen and abradant during the test if

7.2 Laboratory Sample-Take a laboratory sample from they cause a marked vibration of the abradant plate.
each roll or piece of fabric in the lot sample. The laboratory 9.7 If the specimen slips in the clamp or the air pressure
sample should be full width and at least 50 cm (approximateld0€s not remain constant during the test or an anomalous wear
20 in.) long and should not be taken any closer to the end of thBattern is obtained, discard such individual measurements and
roll or piece of fabric tha 1 m (Lyd). test an additional specimen. _ _

7.3 Test SpecimensTest five specimens from each labora- 9.8 This table is intended as a guide for visual assessment:
tory sampling unit. Cut the specimens 112 mnds(4n.) in ozlyd? assess @ cycle #
diameter and space them on a diagonal to represent different ;”Sdf)rzg’ oz ;ggg
machine and cross-machine direction areas of the laboratory over 5 oz. 5000

sampling units. Take no specimen within one tenth of the fabric 9.9 If abrasion of wet specimens is desired, cover the dry

width from the edges. clamped-in specimen with 10 ml of distilled water at a
8. Conditioning temperature of 26 2°C (70 = 2°F).

8.1 Precondition and condition samples or specimens a .
directed in Practice D 1776. Consider equilibruim to have bee 0. Interpretation of Results
reached when the increase in mass of the specimen in succes10.1 Determine the end point by one of the following
sive weighings made at intervals of not lessrif?ah does not methods as specified by the requesting individual.
exceed 0.1 % of the mass of the specimen. 10.1.1 Option 1, Failure—Abrade the specimen until all
fibers in the center of the abrasion area are worn off so that the
9. Procedure contact pin in the abradant plate comes in contact with the pin
9.1 Test the specimen in the standard atmosphere for testing the diaphragm, actuating an electrical relay and stopping the
textiles, which is 70+ 2°F (21+ 1°C) and 65+ 2 % relative  machine.
humidity. 10.1.2 Option 2, Visual Rating-Abrade the specimen a
9.2 Place the specimen over the rubber diaphragm in gpecified number of cycles and then evaluate visually for the
smooth condition, clamp the specimen in place without diseffect of the abrasion on luster, color, or fabric structure as

torting it. follows:
9.3 Place the abrasive paper or other abradant on the Abrasion Assessment
abradant plate under sufficient tension to be held smooth and in Grade Description
such a position that the contact pin, reaching through a hole in No, or essentially no luster, color, or fabric structure change
. . 4 Slight change in color with no broken threads
the abradant, is even with the surface of the abradant. No. 0 4 Moderate change in color with visual fraying

N

Substantial change in color with 2 or less broken threads
Severe change in color with more than 2 broken threads

emery polishing paper is the standard abradant. The method
may be modified to use other abradants but this information
should be included in the final report. Note 6—Unless the continuous changing abradant head is used, it is

[y
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recommended that the abradant paper be changed at some regulafABLE 2 Critical Differences for Inflated Diaphragm Abrasion
frequency, such as every 100 to 300 cycles. As this frequency is dependent Cycles to Failure for the Conditions Noted ~ *#

upon the type of fabric being tested, the task group is working on devising Number of Single- Within- Between-
a more extensive system. Materials ~ Observations in Operator Laboratory Laboratory
Each Average Precision Precision Precision
11. Report 1 1 1316 1316 2061
11.1 State that the specimens were tested as directed in Test g zgg ggg 123411
Method D 3886. Describe the material or product sampled and 10 116 116 1642
the method of sampling used.
11.2 Report the following information: 2 L 626 1018 1018
2 443 917 917
11.2.1 Type of abradant, 5 280 850 850
11.2.2 Frequency with which abradant paper was changed, 10 198 827 827
11.2.3 Air pressure under the diaphragm and load on the
1 212 284 284
abradant plate, > 150 241 21
11.2.4 Type of abrasion (unidirectional or multidirectional), 5 95 212 212
11.2.5 Number of cycles to reach the end point as detel- 10 67 201 201

mined by electrical contact, “The critical differences were calculated using t = 1.960, which is based on
infinite degrees of freedom.

11.2.6 Effect of abrasion on luster, color, and fabric struc-
ture at a specified number of cycles recorded by qualitative or
comparative ranking, and

11.2.7 Any deviations from the standard test procedure. tested ten specimens (five on each of wo days) from each

fabric material using the cycles to failure procedure in Test
Method D 3886. Analysis of the data was conducted using
Lo : Practices D 2904 and D 2906 and the Adjunct “Tex-Pac.” The
12.1 Summary-Based upon limited information from two . . . ;
laboratories, the single-operator, within-laboratory andz:omponents of variance for inflated diaphragm abrasion ex-
between—labératory components of variation and critical dif_pressed as standard deviations were calculated to be the values

ferences shown in Tables 1 and 2 are approximate. These tablltlaSted in Table 1.

S - .
are constructed to illustrate what two laboratories found when 12.3 Precision—Because tests were conducted |_n_only two
: . - laboratories, estimates of between laboratory precision may be
all the observations are taken by well-trained operators usin

specimens randomly drawn from the sample of material. Fo ither underestimated or overestimated to a considerable extent

these laboratories, in comparing two averages, it was foun nd should be used with special caution. Bgfore a me?“'”gf“'
sﬁatement can be made about two specific laboratories, the

that differences should not exceed the single-operator precisio lnount of statistical bias, if any, between them must be
values shown in Tablg 2 for the respective number c.)f testsin 9 stablished, with each Com,parison, being based on recent data
Ic;'“;t é)rf olrogm?@ ?S' Differences for other laboratories may bobtained on specimens taken from a lot of material of the type
fz 2 Sin Ie—IaBorator Test Dafa—A two-laboratorv test being evaluated so as to be as nearly homogeneous as possible
was .run ing1997 in whi%:h randomly drawn samplesyof threqand then randomly assigned in equal numbers to each of the
: . boratories. However, when agreed upon between the contrac-
materials were tested. Two operators in each laboratory ea(iﬁal parties, for the approxir%ate cc?mponents of variance
reported in Table 1, two averages of observed values may be
7 A copy is available from ASTM Headquarters, 100 Barr Harbor Drive, west CONsidered significantly different at the 95 % probability level

12. Precision and Bias

Conshohocken, PA 19428-2959.

TABLE 1 Grand Average and Components of Variance A

Expressed as Standard Deviations for Inflated Diaphragm
Abrasion Cycles to Failure

Grand Average

Material 1 Material 2 Material 3
and Component
Grand average 4510 1585 309
Single-operator component 475 226 76
Within-laboratory component 0 290 68
Between-laboratory component 573 0 0

“The square roots of the components of variance are being reported to express
the variability in the appropriate units of measure rather than as the squares of
those units of measure.

if the difference equals or exceeds the critical differences listed
in Table 2, for inflated diaphragm abrasion cycles to failure.
Tex-Pac grouped materials into two seperate groups, therefore,
the components of variance and the critical differences are
reported separately. Consequently no multi-material compari-
sons were made.

12.4 Bias—The value of inflated diaphragm abrasion cycles
to failure of textile fabrics can only be defined in terms of a test
method. Within this limitation, Test Method D 3886 has no
known bias.

13. Keywords
13.1 abrasion; woven fabric; and knitted fabric
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ASTM International 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 International 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, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).



