QH“y) Designation: D 5734 — 95 (Reapproved 2001)

Standard Test Method for
Tearing Strength of Nonwoven Fabrics by Falling-Pendulum
(Elmendorf) Apparatus *

This standard is issued under the fixed designation D 5734; 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 D 4848 Terminology of Force and Deformation Properties

1.1 This test method covers the measurement of the average ©f Textiles!
force required to propagate a single-rip tear starting from a cug Terminology
in a nonwoven fabric using a falling-pendulum (Elmendorf) ™ .
apparatus. 3.1 Definitions: _ _ _

1.2 This standard Elmendorf tear tester with interchange- 3-1-1 length of tear n—in tensile testing, the length of
able pendulums has become the preferred test apparatus f&Pric torn, as measured on the fabric before tearing.
determining tearing strength up to 6400 grams-force. It is 3.1.'2 lengthwise Q|rect|onn—|n text!les 'Fhe direction in a
recognized that some older test instruments with augmentingég?h'”e'made fabric parallel to the direction of movement the
weights continue to be used. As a consequence, these older t&&pric followed in the manufacturing machine.
instruments may be used when agreed upon between the3-1.2.1 Dlscussu_)n—qu nonwovens, an easily dlstmgu_lsh—_
purchaser and the supplier. The conditions for the older units Z&P!€ pattern for orientation may not be apparent, especially if
used with this test method are included in the appendix. Fofémoved from the roll. Care should be taken to maintain the
tearing strength above 6400 grams-force, a high-capacity tegjréctionality by clearly marking the direction.
instrument is available equipped with augmenting weights to 3-1_-3 nonwoven fa_bnpn—_a textile structure produ_ced by
increase the capacity. bondlng. or mterlopkmg of fibers, or both, accomplished _by

1.3 This test method is applicable to most nonwoven fabricépechamcal, chemical, thermal, or solvent means, or combina-
that are treated or untreated, including heavily sized, coated, ¢ion thereof. _ , , ,
resin-treated, provided the fabric does not tear in the direction 3-1-4 tearing energy n—in tensile testing of fabrics, the
crosswise to the direction of the force applied during the testWork done in tearing the specimen. _

If the tear does not occur in the direction of the test, the fabric_ 3-1-5 tearing force n—the average force required to con-
is considered untearable in that direction by this test methoglinue a tear previously started in a fabric. _ _

1.4 The values stated in SI units are to be regarded as the 3-1.5.1 Discussior—For nonwovens, the tearing force is
standard. The inch-pound units given in parentheses may Hgcorded as the maximum force required to continue a tear
approximate. previously s_tarted in a fabric. _ _

1.5 This standard does not purport to address all of the 3-1.6 tearing strengthn—the force required either to start
safety concerns, if any, associated with its use. It is the®r to.qontlnue or propagate a tear in a fabric under specified
responsibility of the user of this standard to establish appro-conditions. _ , o
priate safety and health practices and determine the applica- 3.1.7 widthwise directionn—in textiles the direction in a

bility of regulatory limitations prior to use. machine-mad_e fabric per_pendicular to the_direction_of move-
ment the fabric followed in the manufacturing machine.
2. Referenced Documents 3.1.8 For definitions of other textile terms used in this test
2.1 ASTM Standards: method, refer to Terminologies D 123 and D 4848.

D 123 Terminology Relating to Textilés 4. Summary of Test Method

D 689 Test Method for Internal Tearing Resistance of Pa- ) ) ) ) )
per 4.1 The force required to continue a slit previously cut in a

D 1776 Practice for Conditioning Textiles for Testing nonwoven fabric is determined by measuring the work done in
tearing it through a fixed distance. The tester consists of a
sector-shaped pendulum carrying a clamp which is in align-

- ment with a fixed clamp when the pendulum is in the raised,

* This test method is under the jurisdiction of ASTM Committee D13 on Textiles Starting position with maximum potential energy. The speci-

and is the direct responsibility of Subcommittee D13.64 on Nonwoven Fabric. men is fastened in the clamps and the tear is started by cutting
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a slit in the specimen between the clamps. The pendulum isaised position, means for instantly releasing the pendulum,
then released and the specimen is torn as the moving jaand means for registering the maximum arc through which the
moves away from the fixed one. The scale attached to thpendulum swings when released, and a graduated scale
pendulum is graduated to read the tearing force of themounted on the pendulum.

specimen. 6.1.1 The tester may have a pointer mounted on the same
o axis as the pendulum that is used to register the tearing force,
5. Significance and Use or it may be substituted by means of calculating and displaying

5.1 This test method for the determination of tearingthe required results without the use of a pointer, such as digital
strength by the pendulum method is used in the trade for thdisplay and computer-driven systems. The clamps may prefer-
acceptance testing of commercial shipments of nonwoveably be air actuated, but manual clamping is permitted. The
fabrics, but caution is advised since technicians may fail to ggpendulum must have a cutout above the clamp that prevents the
good agreement between results on certain fabrics. Comparapecimen from coming in contact with the sector during the
tive tests as directed in 5.1.1 may be needed. test.

5.1.1 In case of a dispute arising from differences in 6.1.2 The standard test instrument should be equipped with
reported test results when using this test method for acceptane® interchangeable pendulum of the required capacity. Inter-
testing of commercial shipments, the purchaser and the sughangeable pendulum models are available in capacities of
plier should conduct comparative test to determine if there is 4960, 3920, 7840, 15680, 31360, and 62720 mN (200, 400,
statistical bias between their laboratories. Statistical assistan@0, 1600, 3200, and 6400 gf). The pendulum is equipped with
is recommended for the investigation of bias. As a minimuma scale reading directly in percentage of its capacity.
the two parties should take a group of test specimens that are6.1.3 The high-capacity instruments have a 62720-mN
as homogeneous as possible and that are from a lot of materig@400-gf) capacity pendulum with available augmenting
of the type in question. The test specimens should then beeights to increase the capacity to 125540, and 250880 mN
randomly assigned in equal numbers to each laboratory fof12 800 and 25600 gf). The tester is equipped with scales
testing. The average results from the two laboratories should b@ading directly in hectograms (100-gf units) for each capacity.
compared using Studentgest and an acceptable probability See Annex Al.
level chosen by the two parties before the testing began. If a 6.2 Calibration Weightfor graduation of 50 % of scale, one
bias is found, either its cause must be found and corrected d¢equired for each capacity pendulum, or,
the purchaser and the supplier must agree to interpret future 6.2.1 Optional, Three-Check-Weight Sdbr 20, 50, and
test results in the view of the known bias. 80 % of scale. Each capacity requires its own set of weights.

5.2 Compared to other methods for testing tearing strengtMvhen required, calibration weights are available from the
this test method has the advantage of simplicity and speeahanufacturer for high-capacity instruments.
since specimens are cut with a die and reSF"tS are read dlr_eCtIyNOTE 1—While calibration weights are made with scale values of 20,
from the scale on the pendulum. The specimens are relatively and 80 % of scale, it is not absolutely necessary to utilize a complete
small in area and thus, require less fabric. The reading obtainegt. It is acceptable to use one calibration weight which is in the range of
is directly proportional to the length of the material torn, the expected test results, generally 50 % of the scale in use.

therefore, it is essential that the specimen be prepared to theg 3 Cutting Die having essentially the shape and dimen-
exact size specified. For best results, the recommended capagyns shown in Fig. H) or 1(b). Either die provides the basic
ity of the tester selected is the one where the specimens tefctangular test specimen 1602 mm (4 + 0.05 in.) long by
between 20 and 80 % of the full-scale value. 63 = 0.15 mm (2.5= 0.005 in.) wide. The critical dimension

5.3 Instrument models are available with pneumaticallysf the test specimen is the distance 43:M.15 mm (1.69+
operated clamps and removable pendulums and are recom:nos in.) that is to be torn during the test.

mended for this test. In addition, microprocessor systems for o o _
automatic collection of data can provide economical and Note 2—The modified die model shown in Fig.&(is typically used
reliable results when properly calibrated. In any event théor nonwoven fabric testing. The original die model shown in Fidp) 1(
older units without the deep cut-out in the pendulum that allow

. . ]
specimen contact with the sector are not recommended. 10Z mm
. [*—45mm Fe——4 5 mm —
s ' miir
6. Apparatus | | o
6.1 Falling-Pendulum- (Elmendorf) Type Testeras de- I '[
scribed in Annex Al and shown in Fig. Al.1. The tester A 43mm
includes: a stationary clamp, a movable clamp carried on esmm | 4T 63mm | Torn 75mm
pendulum formed by a sector of a circle that is free to swing o st st 1
a bearing, means for leveling, knife mounted on a stationar \‘zmm.. N\ 20mm
post for starting a tear, means for holding the pendulum in a 'l ¥ 7
() Modified Model (b) Original Model
5 ElImendorf Tear Testers suitable for use and meet the requirements of this test
method are available from Thwing-Albert Instrument Co., Philadelphia, PA and Note 1—All tolerances= 0.5 %.
Testing Machines, Inc., Amityville, NY. FIG. 1 Example of Die For Cutting Notched Specimens



@y D 5734

was that used in woven fabric testing. Either die may be used. These dignent of the widthwise direction from different positions along
can be made to order by most die manufacturers. the length of the fabric with the shorter dimension parallel to

6.4 Air Pressure Regulatorcapable of controlling air pres- the widthwise direction. When specimens are to be tested wet,
sure between 410 and 620 kPag (60 and 90 psig), whe@ut from areas adjacent to the dry test specimens. Label to
applicable, for air clamps. maintain specimen identity.

6.5 Setting Gaggfor cutting blade that will provide a cutslit ~ 7.3.2.1 Cut specimens representing a broad distribution
that leaves a 43+ 0.15-mm (1.69+ 0.005-in.) specimen across the width of the laboratory sample and no nearer the
tearing distance for a 63 0.15-mm (2.5+ 0.005-in.) wide edge than one tenth its width. Ensure specimens are free of
specimen, or equivalent. folds, creases, or wrinkles. Avoid getting oil, water, grease, and

6.6 Jaw Spacing Gage2.8 + 0.3-mm (0.125+ 0.012-in.)  So forth, on the specimens when handling.
width, or equivalent.

6.7 Oil, lightweight, non-gumming clock type. 8. Preparation of Apparatus and Calibration

6.8 Silicone Greasewhen applicable, for air clamp lubri- 8.1 For the standard test instrument, select the pendulum
cation. such that the tear occurs between 20 and 80 % of the full-scale

6.9 Vacuum Cleangmwhen applicable, for cleaning dust and range. Secure the pendulum to the instrument, spacing the
fiber from pendulum scale sensor, or equivalent. clamps as directed in A2.4.

8.1.1 For the high-capacity test instrument, when required,
select the augmenting weight such that the tear occurs between
7.1 Lot Sample-As a lot sample for acceptance testing, 20 and 80 % of the full-scale range. Secure the augmenting
take at random the number of rolls, or pieces, of nonwovemweight to the pendulum.
fabric directed in an applicable material specification or other 8.2 When equipped with a registering sensor, examine the
agreement between the purchaser and the supplier. Considerale and the complementary black sensor strip along the
the rolls, or pieces, of nonwoven fabric to be the primarybottom edge of the pendulum. Using care and without touching
sampling units. In the absence of such an agreement, take thiee sensor, vacuum away any loose fibers and dust.
number of nonwoven fabric rolls specified in Table 1. 8.3 Examine the knife edge for sharpness, wear, and central

Note 3—An adequate specification or other agreement between thgl“gnment a; directed in A2'5_,A2'7'
purchaser and the supplier requires taking into account the variability 8-4 Forair clamps, set the air pressure to the clamps to about
between rolls or pieces of fabric and between specimens from a swatcdh50 kPag (80 psig).
from a roll or pieces of fabric to provide a sampling plan with a 8.4.1 Maximum pressure should be no more than 620 kPag
meaningful producer’s risk, consumer’s risk, acceptable quality level, ang9Q psig) and minimum pressure no less than 410 kPag (60
limiting quality level. psig).

7.2 Laboratory Sample-For the laboratory sample, take a 8.5 When using microprocessor automatic data gathering
swatch extending the width of the fabric and approximately 1systems, set the appropriate parameters as defined in the
m (1 yd) along the lengthwise direction from each roll, or manufacturer’s instructions.
piece, in the lot sample. For rolls of fabric, take a sample that 8.6 Verify the calibration of the selected capacity pendulum
will exclude fabric from the outer wrap of the roll or the inner scale using the one check weight method described in A3.2,
wrap around the core. unless otherwise specified.

7.3 Test SpecimensFrom each laboratory sampling unit, 8.6.1 The scale may be verified either by the relatively
take five specimens from the lengthwise direction and fivesimple procedure which uses one Elmendorf check weight, or
specimens from the widthwise direction, for each test conditioralternatively by the three-check-weight procedure, or the
described in 8.1-8.3 as applicable to a material specification grotential energy procedure. The same accuracy and effective-
contract order. Use the cutting die described in 6.3 and showness are claimed for each procedure. The one- and three-check-

7. Sampling and Test Specimens

in Fig. 1@) and 1p). weight sets are available from the manufacturer. The single-
7.3.1 Direction of Test-Consider the short direction as the weight procedure described in this section has been
direction of the test. recommended for use to 80 % of scale. See Annex A3.

7.3.2 Cutting Test SpecimensCut the specimens for the
measurement of the lengthwise direction from different posi9. Conditioning
tions across the fabric width with the shorter dimension parallel g 1 condition 1, Unspecified Testing Conditioniaglo
to the lengthwise direction. Cut the specimens for the measurgonditioning is required unless otherwise specified in a mate-
rial specification or contract order.

TABLE 1 Number of Rolls or Pieces, of Nonwoven Fabric in the 9.2 Condition 2, St_andard TeSti_n_g Conditioning )
Lot Sample 9.2.1 When specified, precondition the specimens by bring-
Number of Rolls, Pieces in Lot, Number of Rolls or Pieces in Lot, Ing them to apprommatg .mO.IStUI'e e.qU|I|br|ur.’n n the: Standa.rd
Inclusive Sample atmosphere for preconditioning textiles as directed in Practice
1to3 all D 1776.
‘2‘5‘°t 220 ;‘ 9.2.2 After preconditioning, bring the test specimens to
0 . - . . .
over 50 10 % to a maximum of ten rolls or pieces moisture equilibrium for testing in the standard atmosphere for

testing textiles as directed in Practice D 1776 or, if applicable,
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in the specified atmosphere in which the testing is to becriteria, such as in a material specification, if an unusual cause
performed. is detected, the value may be discarded and another specimen

9.3 Condition 3, Wet Specimen Testing Conditioning tested.

9.3.1 Place the specimens in a container and submerge in10.6.2 Reject readings obtained where the specimen slips in
distiled or deionized water at ambient temperature untilthe jaw or where the tear deviates more than 6 mm (0.25 in.)
thoroughly soaked. (See 9.3.1.1.) away from the projection of the original slit. Note when

9.3.1.1 The time of immersion must be sufficient to wet outpuckering occurs during test.
the specimens, as indicated by no significant change in tearing 10.6.3 For microprocessor systems, follow the manufactur-
force followed by longer periods of immersion. For moster’s directions for removing values from memory when the
fabrics this time period will be about one hour. For fabrics notdecision to discard a tear value has been made, otherwise for
readily wet out with water, such as those treated with watersome test instruments, manual calculation of the average is
repellent or water resistant materials, add a 0.01 % solution afquired.

a nonionic wetting agent to the water bath. 10.6.4 If, during application of the tearing force to the
specimen, the force does not reach 20 % or reaches over 80 %

10. Procedure _ _ _ _offull-scale range, change to the next lower or higher full-scale
10.1 Test the specimens in the atmosphere as directed in @inge, as applicable. See 8.6.

applicable material specification or contract order. 10.6.5 Record if the tear was crosswise to the normal
10.2 Raise the pendulum to the starting position and set thgyarallel) direction of tear and describe that specimen, or that
pointer against its stop. sample, as applicable, as untearable.
10.3 For Tester-Slit Specimens 10.7 Remove the torn specimen and continue until five tears

10.3.1 Place the long sides of the specimen centrally in thgaye been recorded for each principal direction, as required,
clamps with the bottom edge carefully set against the stops anghm each laboratory sampling unit.
the upper edge parallel to the top of the clamps. Close the 10.8 when all samples have been tested and calculations

clamps, securing the specimen with approximately the saMgompleted, place the pendulum in the rest position (free
tension on both clamps. The specimen should lie free with it§anging).

upper area directed toward the pendulum to ensure a shearing

action. o 11. Calculation
10.3.2 Push down on the handle of the built-in knife blade 11.1 Tearing Force, Individual Specimens

C““"?g a 20. * 0.15-mm (0'787.i 0'006f|n') slit in the 11.1.1 Standard Test InstrumentDetermine the EImendorf
specimen using the pendulum knife extending from the bottom

edge and leaving a balance of fabric 43:.15 mm (1.69* :iﬁrmg;r?qr_?s 1;oer mdyxlduEal slpe0|mens to the nearest millinew-
0.005 in.) remaining to be torn. (gr rce) using Eq 1.
10.4 For Die-Cut or Manually Slit Specimens F = RX C/100 @)
10.4.1 If a die without a slit is used, manually cut a 20 where:
0.15-mm (0.787 0.006-in.) long slitin the center of one edge ¢ |
of the long direction of the specimen. Ensure that the balanceg scale reading, and
of the fabric remaining to be torn is 483 0.15 mm (1.69+ C full-scale capacity, mN (gf).

0.005 in.). The length of the cut is important when tearing 11 1.2 High-Capacity Test InstrumentDetermine the

energy is determined. o ~_ Elmendorf tearing force for individual specimens to the nearest
10.4.2 Place the parallel, unslit sides of the specimen in theyN (gf) using Eq 2:

clamps with the bottom edge carefully set against the stops, the
upper edge parallel to the top of the clamp and the slit centrally
located between the clamps. Close the clamps, securing th@here:
specimen with approximately the same tension on both clampsk = tearing force, mN (gf), and
The specimen should lie free with its upper area directedR = scale reading, mN (gf).
toward the pendulum to ensure a shearing action.

10.5 For wet specimens, remove the specimens from the
water and immediately mount it on the testing machine in the 11.2 Tearing Strength-Calculate Elmendorf tearing
normal set up. Perform the test within two minutes afterstrength as the average tearing force for each principal direc-
removal of the specimen from the water. tion of the laboratory sampling unit and for the lot.

10.6 Depress the pendulum stop downward to its limit and 11.3 Standard Deviation and Coefficient of Variatien
hold it until the tear is completed and the pendulum ha<Calculate when required.
completed its forward swing. Catch the pendulum by hand just 11.4 Computer Processed DataWhen data is automati-
after the threshold of its backward swing and return to itscally computer processed, calculations are generally contained
locked starting position for additional test. When equipped, bén the associated software. Record values as read from the
careful not to disturb the position of the pointer. direct reading scale to the nearest millinewton (gram-force). In

10.6.1 The decision to discard the results of a tear shall bany event, it is recommended that computer processed data be
based on observation of the specimen during a test and upaerified against known values and its software described in the
the inherent variability of the material. In the absence of othereport.

tearing force, mN (gf),

F = R x 1000 )

Note 4—mN = gf/9.81.
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12. Report four materials were tested in each of three laboratories. Two

12.1 Report that the Elmendorf tearing strength was detei@Perators in each laboratory tested five specimens of each
mined as directed in this test method. Describe the material gpaterial. The four materials used in this evaluation were all
product sampled and the method of sampling used. manufactured py different processes as shown in 13.1. Analysis

12.2 Report the following information for both the labora- ©f the data using the adjunct to Practice D 2904 suggested
tory sampling unit and the lot as applicable to a materiaf€Porting the components of variance and least critical differ-

specification or contract order: ences based upon the method of manufacturing. The compo-
12.2.1 Elmendorf tearing strength for each principal direc-"€nts of variance, expressed as standard deviations, for each

tion, as requested, method of manufacturing are listed in Table 2 (see Note 5).
12.2.2 Condition of test, ambient air, or wet, Further testing is in progress to elucidate the dependence on
12.2.3 Puckering, if it occurs during the test, manufacturing process and possible test method revision.

12.2.4 Number of tests rejected because of crosswise tear-13-3 Precision—For the components of variance listed in
ing Table 2, the averages of two observed values should be

12.2.5 Any specimens or samples that were untearablgonsidered significantly different at the 95 % probability level
(crosswise tears) if the difference equals or exceeds the critical differences listed

12.2.6 When calculated, the standard deviation or the coefl! Table 3 (see Note 6). Due to the dependence of the
ficient of variation, components of variance on the manufacturing process no

12.2.7 For computer-processed data, identify the prograrPpeaningful statement can be made at this time relative to
(software) used, between_materlal comparisons. _
12.2.8 Make, model, and capacity of testing machine, _ 13.4 Blas—_The procedure in this test meth(_)d for determln-
12.2.9 Type of clamps used, ing the tearing strength of nonwoven fabrics by this test
12.2.10 Test room conditioning, and method has not been checked against accepted reference

12.2.11 Any modification of the test method. materials but contains no known bias other than the effect of
the manufacturing process, as noted. This test method is
13. Precision and Bias accepted as a referee method.

13.1 Summary—Preliminary interlaboratory test data have Note 5—The square roots of the components of variance are listed in
shown that the variance in tear strength testing by this testable 2 so that the variability is expressed in_the appropriate units of
method is dependent upon the manufacturing method of th@easure rather than as the square of those units of measure.

terial und luation: theref | stat ¢ Note 6—The values of the tabulated differences should be considered
material under evaluation, therefore, no general statement cgfiy,q general statement, particularly with respect to between-laboratory

be made concerning least critical differences. The followingyrecision. Before a meaningful statement can be made about two specific
data were generated during the interlaboratory test and af&boratories, the amount of statistical bias, if any, between them must be
presented for reference. In comparing two averages of fivestablished with each comparison being based on recent data obtained on
observations, the difference between averages should népecimens taken from a lot of material of the type being evaluated so as
exceed the following values in 95 out of 100 cases when all thé Pe as homogeneous as possible, and then randomly assigned in equal
observations are taken by the same well-trained operator usify™Pers t© each of the laboratories.

the same piece of equipment and specimens are randomiy. Keywords

drawn from the same sample: 14.1 Elmendorf; falling pendulum; nonwoven fabric; tear-

Tearing Force (gf) ; .
Manufacturing Method Difference Ing strength, tear tester

) o TABLE 2 Components of Variance as Standard Deviations
Machine Direction

Dry Laid 45 Note 1—Tearing force expressed in grams-force.
Resin Bonded 35 - —
Thermal 54 Single- Within- Between-
Wet Laid 37 Manufacturing Process Operator Laboratory Laboratory
Transverse Direction Component Component Component
Dry Laid 54 Machine Direction
Resin Bonded 46 Dry Laid 36 36 44
Thermal 33 Resin Bonded 28 38 17
Wet Laid 35 Thermal 44 56 0
. . . Wet Laid 30 0 41
Larger differences are likely to occur under all other circum- 7.0 0 c pirecrion
stances. This procedure for determining tearing force has no bry Laid 44 0 a7
other known bias and is considered a referee method. _'?;35'“ Blondec' g; 55 iz
.. . ermal
13.2 Interlaboratory Test Data—A preliminary interlabora- Wet Laid 28 14 27

tory test was run in 1992 in which randomly drawn samples of
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TABLE 3 Critical Differences for Conditions Noted
95 % Probability Level

Note 1—Tearing strength expressed in grams-force.

Observations Single- Within-  Between-

Manufacturing Process in Each Operator Laboratory Laboratory
Average Precision Precision Precision
Machine Direction
Dry Laid 5 45 45 130
10 32 32 126
Resin Bonded 5 35 111 121
10 25 108 118
Thermal 5 54 165 165
10 38 161 161
Wet Laid 5 37 37 119
10 26 26 116
Transverse Direction
Dry Laid 5 54 54 141
10 38 38 135
Resin Bonded 5 46 153 212
10 33 149 209
Thermal 5 33 33 54
10 23 23 49
Wet Laid 5 35 53 92
10 25 46 88
ANNEXES

(Mandatory Information)

Al. DESCRIPTION OF APPARATUS

Al.1 The Elmendorf tear tester providing means for hold-constant friction just sufficient to stop the pointer at the highest
ing the specimen with two clamps, one stationary and ongoint reached by the swing of the section. The adjustable
movable, and for tearing it by the fall of the pendulum due topointer stop provides means for setting the zero of the
the force of gravity. The textile model, is basically the standardnstrument.

Elmendorf tester and is used with interchangeable pendulums A1.1.5.1 When equipped with electronic data gathering
to pro_vide the required capacity. The instrument includes th@ystems, the pointer and pointer-stop are not required.
following parts (Fig. 1§)). A1.1.6 Knife, mounted on a stationary post for initial slitting

Al.1.1 The high-capacity Elmendorf tester is a basicof the specimen. Itis centered between the clamps and adjusted
62720-mN (6400-gf) capacity instrument. This capacity can bén height to give a tearing distance of 43:00.15 mm (1.69*+
increased to 125 540 and 250 880-mN (12 800 and 25 600- gf).-005 in.); that is, the distance between the end of the slit made
capacities with the use of augmenting weights available fronpy the knife and the upper edge of the specimen is 43015

the manufacturer. It is not equipped with interchangeablénm (1.69* 0.005 in.) when the lower edge of the 63.0-mm
pendulums. (2.5 0.005-in.) wide specimen rests against the bottom of the

A1.1.2 Optionally, test instruments are equipped with acl@mp-
means of calculating and displaying the required results Al.1.7 Leveling Screw
without the use of an autographic recorder, such as computer- A1.1.8 Stationary Clamp
driven systems. Also, they may be equipped with air-actuated A1.1.9 Movable Clampcarried on a pendulum formed by a
clamps. sector of a circle free to swing on a ball-bearing.

A1.1.3 Sector-Shaped Pendulycarrying a circumferential ~ A1.1.10 With the pendulum in its initial position ready for a
scale graduated to read the tearing force directly in percent qgst, the two clamps are separated by a distance of-2083
full-scale capacity for standard test instruments, and in 1000-ehm (0.10+ 0.01 in.), and are aligned such that the clamped
units for the high-capacity instruments. The pendulum sectiogpecimen lies in a plane parallel to the axis of the pendulum,
has a cutout in the region adjacent to the clamp so that thghe plane making an angle of 0.4800.009 rad (27.5= 0.5°)
specimen does not rub against the sector during the test.  with the perpendicular line joining the axis and the horizontal

Al.1.4 Means for holding the pendulum in a raised positionJine formed by the top edges of the clamping jaws. The
and means for releasing it instantaneously. distance between the axis and the top edges of the clamping

Al.1.5 Pointer and Pointer-Stapfor registering the maxi- jaws is 103= 0.1 mm (4.055+ 0.004 in.).
mum arc through which the pendulum swings when released. A1.1.11 The clamping surface in each jaw is at least 25 mm
The pointer is mounted on the same axis as the pendulum witfl.0 in.) wide and 15.9= 0.1 mm (0.625= 0.004 in.) deep.
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A2. ADJUSTMENT OF APPARATUS

A2.1 Instrument Mounting-Place the tester on a sturdy, sion upwards and the projection extending over the edge of the
level bench (or table). Ensure that there is no perceptiblstationary clamp far enough such that the knife can be adjusted
movement of the tester base or bench during the swing of thi® the bottom edge of the gage. Adjust the knife position such
pendulum. Movement of the instrument during the swinging ofthat the highest point of the blade just touches the bottom edge
the pendulum is a significant source of error. of the gage and then secure it in place. Replace the knife when

A2.1.1 Threaded bolt holes are usually provided in the basé o longer can be adjusted to the gage. Or optionally:
of the instrument and may be used to secure the instrument to A2.7.1 Check the tearing distance by using the die to cut a
the table. An alternative procedure is to place the instrument ogpecimen from coordinate paper graduated in millimetres.
a guide that ensures that the instrument always has the sam@ply a small amount of graphite (from an ordinary lead
position on the table. A floor-strip is available from somepencil) to the cutting knife or the edge of the die used for
manufacturers for this purpose. cutting the slit so that when the cut is made some of the

_ graphite transfers to the paper; this serves to contrast the cut

A2.2  Instrument Balance-Level the instrument such, from the uncut portion of the paper and facilitates the mea-
that with the sector free, the line on the sector indicating thag,,rement. Make sure this measurement either with a precision
vertical from the point of suspension is bisected by the edge aftee| rule graduated in 0.2 mm (0.01 in.) or better and under
the pendulum stop mechgnism.Verify this by hol_ding down thernagniﬁcation’ or alternatively, by use of a go-no-go gage
pendulum stop and allowing the pendulum to swing free. Whenyyajlaple from the manufacturer of the instrument. If necessary,
the pendulum comes to rest, the positioning line at the center %{djust the height of the knife.
the pendulum should be directly above the edge of the A2 7.2 Do not change the specimen dimensions to adjust
pendulum stop. Align, if necessary, by turning the levelingihe tear distance.
thumb screw at the left end of the tester base.

_ . » A2.8 Main Bearing Friction—Clean, oil, and adjust the

A2.3 Clamp Alignment-Raise the pendulum and position pearing. Raise the pendulum to its cocked position. When
the lower edge against its stop. Visually check the alignment ogquipped, set the pointer against its stop. Press and hold down
the clamps. If the clamps are not in alignment, replace thehe pendulum stop and let the pendulum swing freely. Ensure

pendulum stop or the pendulum bearing and shaft assembly, gfe pendulum is free swinging and the calibration can be
both, following the manufacturer’s instructions. verified as directed in Annex A3.

A2.4 Clamp Space Setting, Interchangeable Pendultms  A2.9 Scale Inspectior-When soiled, or calibration cannot
Set the jaw spacing to 2.8 0.3 mm (0.125* 0.012 in.).  pe attained, clean the white area at the bottom of the pendulum
Loosen the shoulder head screw on top of the pendulumyith mild soap and water. Ensure the mirrored divisions of the
support. With both clamps in the open position, gently pull thescale are clean and free of any foreign matter. Ensure the black
pendulum out until the jaw spacer gage will fit into the grips.sensing strip on the pendulum is clean of fibers and not
Gently push the pendulum in until the jaw spacer gage has jusicratched. Blow off fibers and dust from the black strip using

enough clearance to slide out the top of the clamps. With thg |ow-pressure air nozzle. When scratches are evident, touch up
jaw spacer in place, tighten the shoulder head screw on thgith flat black paint enamel.

pendulum support. Remove the jaw spacer gage.
A2.10 Pendulum Stop ReleasaVhen a jerky release is

A2.5 Knife Sharpness-Check the sharpness of the knife observed, check the pendulum or the pendulum stop release for
by inserting a spare specimen in the clamps and cutting a slgny wear. Adjust the height of the pendulum stop until a
with the knife blade in the normal manner. If the knife is dull smooth release is obtained. If a smooth release cannot be
it will produce a V-notch near the top of the cut and push theobtained by this adjustment, the pendulum or the pendulum
material outward. When the knife is determined to be du||,stop may require repair or replacement. If the pendulum stop
sharpen it with a rough stone, alternately, continuing specimeReight is changed, verify clamp alignment and zero position.

knife cuts, until no V-notch is observed. Replace the knife _ _
blade as necessary. A2.11 Zero Pointer Stop-Operate the leveled instrument

several times with nothing in the clamps, the movable clamp

A2.6 Knife Alignment—Check that the knife position is being closed. If zero is not registered, adjust the pointer stop

centrally located between the clamps. If the knife cannot beintil the zero reading is obtained. Do not change the level to
positioned centrally, replace one or any combination thereofadjust the zero.

the pendulum bearing and shaft assembly, the cutter handle ) o ] .
bearing pin, knife blade. A2.12 Pointer Friction—Set the pointer at the zero reading

on the scale before releasing the sector, and after the release,

A2.7 Specimen Tearing DistaneeCheck the specimen ensure that the pointer is not pushed more than 3 scale
tearing distance with the knife setting gage. Place the gage idivisions (4 mm or 0.08 in.) or less than two scale divisions
the stationary specimen clamp in the usual manner for testin(.5 mm or 1 in.) beyond the zero. If the pointer friction does
material. Ensure the gage is positioned with the wide dimennot lie between two and three divisions, remove the pointer,
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wipe the bearing clean, and apply a trace of clock oil to theNOT oil the flat surfaces of the bearing and sleeve assembly.
groove of the bearing. Reassemble and check pointer frictiorApply a small amount of silicone grease to the air clamp
Recheck zero and readjust the pointer stop if necessary.  plunger rods.

A2.13 Oil and Grease—Apply a very small amount of
clock oil in the groove of the bearing and sleeve assembly. DO

A3. VERIFICATION OF SCALE

Note A3.1—Historically, four different check weight systems have pushed less than 2.5 mm nor more than 4.0 mm beyond zero.
been offered by manufacturers and used to verify calibration depending zero is not registered, the pointer stop should be adjusted
upon the date of manufacture. Early machines consisted of five chechnt“ the zero reading is obtained, otherwise service in accor-

weights for scale values of 20, 35, 55, 75, and 90 %. (No longer available,

from the manufacturer.) Following this, machines were manufactured thaqance with Annex A2.

utilized three check weights for scale values of 20, 50, and 80 %. Current A3.2.3 With the pendulum in the raised position, open the
machines utilize one check weight for a scale value of 50 %. In additioruamp of the pendulum, slide the 50 % check weight, with the

the potential energy method has been used. Use of the 50 % check WEiQBhIk of the mass downward, into position, and fasten it
. 0 . X 1 )
and a working range from 20 to 80 % of full scale is recommended. securely in the clamp.

A3.1 \Verify the scale reading of the test instrument in A3.2.4 Depress the pendulum stop downward to its limit
accordance with A3.2. and hold it until the pendulum has completed its forward

A3.1.1 For other methods of verification of the scale readinggWing. Catch the pendulum by hand just after the threshold of

refer to one of the procedures described in the appendix. its backward swing and return to its locked starting position.
The pointer or, when equipped, the digital readout should read

A3.2  One-Check-Weight ProcedurdJse a one check 50+ 0.5%. (See A3.2.7 or A3.2.8 as applicable, if adjustment
weight calibrated for a value of 50 % of the EImendorf testeris required.)
scale. Each capacity scale requires its own check weight. For A3.2.5 Remove the 50 % calibration weight and close the
example, at 800 g of the 1600-g scale. The check weight Shaglamb .and when equipped, set the pointer%o 2er0
be constructed such that each weight can be inserted in the ' i ' , )
A3.2.6 For the pointer system, if zero (0.00) and 50 %

clamps by the procedure used for a fabric specimen and having ™ ) - g
the bulk of the check weight mass facing downward. The'€adings are not obtained, clean and oil the bearing and sleeve
useable portion of the scale is 20 to 80 %. assembly in accordance with A2.12 and A2.13.

A3.2.1 Position the pendulum in its cocked position against A3-2-7 For digital readout systems, if zero (0.00) and 50 %
the stop and set the digital readout, or pointer, to zero. readings are not obtained, loosen the thumb screw securing the

A3.2.2 Depress the pendulum stop downward to its limitPhOto sensor to the base and move the whole assembly “Right”
and hold it until the pendulum has completed its forwardto increase reading, or “Lef_t" to decrease reading, as required.
swing. Catch the pendulum by hand just after the threshold 0f;ontlnue |n.accordance with A3.2.1-A3.2.5, -alternately mak-
its backward swing and return it to its locked starting position.ing Small adjustments of the photo sensor until the target values
The pointer, or when equipped, the digital readout should rea@f 00.0 and 50 % are obtained.
0.00. In any event, do not change the level of the instrument to A3.2.8 If zero (0.00) and 50 % readings cannot be obtained,
adjust the zero. (See A3.2.6-A3.2.8 as applicable, if adjustmermonduct complete maintenance in accordance with Annex A2
is required.) until designated readings are obtained and calibration is

A3.2.2.1 For the pointer system, the pointer should not beverified.

A4. INSTRUMENT FACTORS FOR CALCULATION AND TESTING RANGE

A4.1 For instruments with scales calibrated in percent, use A4.1.1 The acceptable testing range of between 20 and
the factors given in Table A4.1 for calculating the tearing force80 % of the scale value is shown for the direct-reading scale in
in grams-force. These factors take into account the capacity dfable A4.1.
the tester.
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APPENDIXES

(Nonmandatory Information)

X1. USE OF OLDER STANDARD ELMENDORF TESTERS

X1.1 The oldest standard model that did not have a deepe increased to 3200-gf capacity with a NIST augmenting
cutout in the pendulum allowed the specimen to come irweight, and further to 6400-gf capacity with a textile augment-
contact with the sector during the test. Consequently, signifing weight. These test units and augmenting weights are no
cantly higher values may be obtained than those obtained witfonger available from the manufacturer. These instruments may

the newer models having a deep pendulum cutout. Also, thesge used when agreed upon between the purchaser and the
older models had different clamp designs which contributed tgypplier.

variations in results. These models are not recommended. X1.1.2 Differences between older and newer models

X1.1.1 A second generation standard test instrument procoupled with differences in testing practices frequently resulted

unit consisted of a basic 1600-gf capacity. The capacity could

X2. OTHER VERIFICATION OF SCALE PROCEDURES

X2.1 Historically, three different calibration practices otherthe sector beneath the jaws with the punched dot showing.
than the one-check-weight procedure described in A3.2 havE€lose the jaws of the clamp to the sector.
been used. They are as follows: X2.1.3.1 Raise and set the sector as for tearing a specimen

X2.1.1 Three-Check-Weight ProcedurdJse a set of three and, by means of a surface gage or cathetometer, measure to
check weights calibrated for three values, 20, 50, and 80 % dhe nearest 0.1 mm, the height, of the center of gravity of the
the Elmendorf Tester scale. Each capacity scale requires i#¥€ight above a fixed horizontal surface. Then release the
own set of check weights. For example, at 320, 800, and 1288€ctor, allow it to swing, and note the pointer reading. Without
of the 1600-gf scale. Each check weight shall be constructefPuching the pointer, raise the sector until the edge of the
such that each weight can be inserted in the clamps by theointer meets with its stop, in Wh|ph position again determine
procedure used for a fabric specimen having the major portiof’® heightH, of the center of gravity of the weight above the

of the mass of the check weight facing downward. Generallyfixed surface. _ _ .

the usable portion of the scale is 20 to 80 %. X2.1_.3.2 For equmem W|th_ microprocessor systems for
X2.1.1.1 Repeat the procedure described in A3.2 using eadig¢cording results, the pointer will need to be in place on the

of the check weights for the designated percentage of scalebearing assembly to perform the potential energy procedure of
X2.1.2 Five-Check-Weight MethedUse a set of five check Scale verification. _

weights calibrated for five values, 20, 35, 55, 75, and 90 % of X2.1.3.3 The work done sV (h-H) gf/mm. For the

the Elmendorf tester scale. Each capacity scale requires its owai@ndard 1600-gf tester, the pointer reading shouldkie

set of check weights. For example, at 320, 560, 880, 1200, aridd — H), whereK is 1/86 mm (that is one divided by twice the

1440 of the 1600-gf scale. Each check weight shall pdlistance torn). For othe_r testers grqduate_d for grams-force of

constructed such that each weight can be inserted in the clampgégater or lesser CapaCIty,_the reading will be factors of two

by the procedure used for a fabric specimen having the majdireater or smaller, respectively.

portion of the mass of the check weight facing upward. Nore X2.1—The value oK for Test Method D 689, (1376 mm) differs

Generally the usable portion of the scale is 90 %. These chedkom the value ofK for this test method (86 mm) since it is based on

weights are no longer available from the manufacturer. tearing 16 sheets of paper, and therefore, the distance torn is 16 times
X2.1.2.1 Repeat the procedure described in A3.2 using eacgfeater.

of the check weights for the designated percentage of the scale.X2.1.3.4 One or more weights may be clamped on the edge
X2.1.3 Potential Energy ProcedureUse a weight of of the sector for each calibration point, the work done in raising

known mass (including its attachmem) and with its previ- each weight is calculated and added together.

ously determined center of gravity (including the means of X2.1.3.5 If the deviations of the indicated readings are

attachment) marked by a punched dot on the side that is to faggeater than one-half division, the instrument should be re-

the front of the tester. Clamp the weight to the radial edge ofurned to the manufacturer for repair and adjustment.
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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, at the address shown below.

This standard is copyrighted by ASTM, 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).
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