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Flexible Cellular Materials—Slab, Bonded, and Molded
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This standard is issued under the fixed designation D 3574; 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 epsilonef indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

€' Notre—Editorially corrected throughout in November 2002.

1. Scope * Determine the Precision of a Test Metffod

1.1 These test methods apply to slab, bonded, and moldednore 2—The specific dated edition of Practice E 691 that prevails in
flexible cellular products known as urethane foams. Urethanenis document is referenced in the Precision and Bias section.
foam may be generally defined as an expanded cellular product )
produced by the interaction of active hydrogen compounds3: Terminology
water, and isocyanates. 3.1 Definitions of Terms Specific to This Standard:

1.2 This standard does not purport to address all of the 3.1.1 bonded foam-a product produced by the adhesion of
safety concerns, if any, associated with its use. It is themall pieces of urethane foam to each other with a suitable
responsibility of the user of this standard to establish appro-bonding agent.
priate safety and health practices and determine the applica- 3.1.2 core—the internal portion of a molded part, free of

bility of regulatory limitations prior to use. skin.
1.3 The values stated in Sl units are to be regarded as 3.1.3 cored foam—a flexible cellular material containing a
standard. multiplicity of holes (usually, but not necessarily, cylindrical in

fc,hape), molded or cut into the material in some pattern,

methods in this standard have similar or equivalent ISO standards and aﬂ?rma”y perpendicular to the foam rise direction, and extend-

Note 1—There is no equivalent ISO standard, however certain tes

listed in the Scope of the individual test method sections. ing part or all the way through the piece .
3.1.4 convoluted foam-a flexible cellular material spe-
2. Referenced Documents cially cut into sheets with “egg carton™like dimples. The
2.1 ASTM Standards: dimple peaks and bases can have varied shapes and dimen-

D 412 Test Methods for Vulcanized Rubber and Thermo-Sions. . _ .
plastic Rubbers and Thermoplastic Elastomers— Tedsion 3.1.5 flexible cellular product-a cellular organic polymeric
D 624 Test Method for Tear Strength of Conventional material that will not rupture when a specimen 200 by 25 by 25

Vulcanized Rubber and Thermoplastic Elastorfers mm is bent around a 25-mm diameter mandrel at a uniform rate
D 726 Test Method for Resistance of Nonporous Paper t®f 1 lap in 5 s at @aemperature between 18 and 29°C.
Passage of Al 3.1.6 molded foam-a cellular product having the shape of

D 737 Test Method for Air Permeability of Textile Fabrics the enclosed chamber in which it is produced by foaming.
D 3675 Test Method for Surface Flammability of Flexible 3.1.7 skin—the smooth surface layer of a molded foam
Cellular Materials Using a Radiant Heat Energy Sotirce product, formed by contact with the mold or surfaces.
E 691 Practice for Conducting an Interlaboratory Study to 3.1.8 slab—a section of foam that is cut from the internal
portion of a large bun.
3.1.9 urethane foam-a flexible cellular product produced
by the interaction of active hydrogen compounds, water, and

1 These test methods are under the jurisdiction of ASTM Committee D20 onlsocyanates'

Plastics and are the direct responsibility of Subcommittee D20.22 on Cellular
Materials-Plastics and Elastomers. 4. Summary of Test Methods

Current edition approved November 10, 2001. Published January 2002. Origi- 4.1 Unless Specifica”y stated otherwise between the sup-

nally published as D 3574 — 77. Last previous edition D 3574 — 95. . .
2 Annual Book of ASTM Standarddol 09.01. plier and the purchaser, all tests shall be made in accordance

3 Annual Book of ASTM Standardéol 15.09.
4 Annual Book of ASTM Standardgol 07.01. —_—
5 Annual Book of ASTM Standardéol 08.02. ¢ Annual Book of ASTM Standagdgol 14.02.

*A Summary of Changes section appears at the end of this standard.
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with the methods specified in Sections 9-124 which include tedtlifferent parts of the finished product, especially if the article is

procedures for the following: of complicated shape or of varying thickness, and these factors
Tests: Sections affect the physical properties of the specimens. Also, the
TestA  Density Test ' 3 9-15 density is affected by the number of cut surfaces on the
TestBy - ndentation Force Deflection Test—Specilied 1622 specimen. If a test specimen is die cut, sufficient time should be
TestB,  Indentation Force Deflection Test—Specified allowed for complete recovery of the thickness across the full
Test G gorce o Force Deflection T 23%23% width of the specimen.
est ompression Force Deflection Test - H .
TestD  Constant Deflection Compression Set Test 37.44 7.3 When the finished molded product does not lend itself to
TestE  Tensile Test 45-52 testing or to the taking of specimens because of complicated
TestF  Tear Resistance Test 53-60 shape, small size, metal or fabric inserts, adhesion to metal, or
Test G Air Flow Test 61-67 th Ided test slab d betw th
Test H Resilience (Ball Rebound) Test 68-75 0 er.reasons, molded test slabs as agreed upon between the
Testl,  Static Force Loss Test at Constant Deflection supplier and the purchaser shall be prepared.
o 77-85 7.4 When differences in test results arise due to the difficulty
Test I, Dynamic Fatigue Test by the Roller Shear at . btaini itabl . f he finished h
Constant Force, 8694 in obtaining suitable specimens from the finished parts, the
Testl,  Dynamic Fatigue Test by Constant Force supplier and the purchaser may agree upon an acceptable
Pounding , 95-103 location to take the specimen.
Test I, Dynamic Fatigue Test for Carpet Cushion 104-112
Test J Steam Autoclave Agin 113-118 .
TestK  Dry Heat Aging ane 119-124 8. Measurement of Test Specimens
TestL — Wet Heat Aging 125-130 8.1 Measure the length and width with a scale or tape. Take
Appendixes: care not to distort the foam.
X1. Suggested Method for Specifying Flexible Urethane Foams 8.2 Measure thickness up to and including 25 mm using a
X2. Suggested Method of Construction for a Roller Shear Dynamic Flex Fa- dial-type gage with a minimum foot area of 650 miold the
tigue Apparatus : :
X3. Definitions of Terms Used to Describe the Force-Deflection Curve of pressure of the dial foot to 178 35 P_a (NOte, 3)' ThICkneSS_e,S
Flexible Urethane Foam over 25 mm may be measured with a dial gage, a sliding
X4. Suggested Tests for Determining Combustibility of Flexible Urethane Ca|iper gage, or as Specified in 8.1. When a 3|iding caliper gage
Foam. (The combustion tests are given for informational purposes only : . .
and are not part of the standard.) |s.employed, make the gage sgttmg with the gage out pf contact
X5. Suggested Method for Verification of an Inclined Oil Manometer with the foam. Pass the specimen through the previously set

gage: the proper setting shall be the one when the measuring

faces of the gage contact the surfaces of the specimen without
5.1 The test procedures provide a standard method afompressing it.

obtaining data for research and development, quality control,
acceptance and rejection under specifications, and speci%
purposes.

5.2 The data obtained by these test methods are applicable8-3 The scale, tape, or gage shall be graduated so as to
to the material under conditions of the particular test and ar@ermit measurements withirr1 % of the dimensions to be

not necessarily the same as obtained in other environments fRéasured. _ -~
use. 8.4 Unless otherwise specified, results shall be the mean of

the measurements.

5. Significance and Use

lNOTE 3—For soft foams having compression force deflection values
ss than 1.65 kPa, the pressure on the dial foot shall not exceed 100 Pa.

6. General Test Conditions

6.1 Tests shall be conducted under known conditions of
temperature and humidity or as specified in the individual tesg Scope
procedure. The product shall be conditioned undeflected, and , L )
undistorted at the temperature and humidity of test for at least 9.1 This test method covers determination of the density of
12 h before being tested. In cases of dispute, the tests shall gcored foam by calculation from the mass and volume of the
made at a temperature of 232°C and in an atmosphere of 50 SPe¢imen. The density value thus obtained applies only to the
+ 5 9% relative humidity. immediate area from which the specimen has been taken. It

6.2 It is recommended for referee purposes that all teS,[goes not necessarily relate to the bulk density of the entire

TEST A—DENSITY TEST

shall be performed 7 days or more after the foam has beefolded pad.
manufactured. Note 4—ISO 845 is a similar test, but there are technical differences.
7. Sampling 10. Test Specimen

7.1 When possible, the completed manufactured product 10.1 Core Density—A representative specimen of regular
shall be used for the test specified. Representative samples slfiape, circular or square without skins or densification lines,
the lot being examined shall be selected at random as requiredot less than 1000 miin volume, shall be cut from a portion

7.2 When it is necessary or advisable to obtain specimenee of voids and defects and as near as possible to the section
from the articles, as in those cases where the entire sample fism which the tension and tear specimens were taken.
not required or adaptable for testing, the method of cutting and 10.2 Section Density-A representative specimen with skins
the exact position from which specimens are to be taken shatin the top and bottom surface measuring at least 6.ihrarea
be specified. The density and the state of cure may vary iby full-part thickness shall be cut from an area free of voids
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and defects and as near as possible to the location from whictB. Test Specimen
the tension and tear specimens were taken. When theselal The test specimen shall consist of the entire product
dimensions are not possible, the largest representative portion

. mple or a suitable portion of it, except that in no case shall
32::;;reed upon between the supplier and the purchaser Sha“t%é specimen have dimensions less than 380 by 380 by 100

mm. Specimens less or different than 100 mm in thickness
11. Number of Specimens shall have the thickness noted on the test report.
11.1 One specimen shall be tested, unless otherwise agreed8-2 The IFD values for molded products are dependent on
upon by the supplier and the purchaser. the specimen d|menS|or_1$. Higher values are generally obtained
for specimens that retain all molded surfaces.

12. Procedure

12.1 Determine the mass of the specimen within 1 %.
12.2 Determine the dimensions of the specimen in accor- 19.1 One specimen shall be tested, unless otherwise agreed
dance with Section 8, and calculate the volume. upon by the supplier and the purchaser.

19. Number of Specimens

13. Calculation 20. Procedure

13.1 Calculate the density in kilograms per cubic metre as 55 1 pjace the test specimen in position on the supporting

follows: plate of the apparatus. If the product has one side cored or
Density= M/V x 10° (1) honey-combed, this face shall rest on the perforated plate. The
specimen position shall be such that whenever practicable the
indentation will be made at the center of all articles, except
where another location is agreed upon by the supplier and the

where:
M = mass of specimen, g, and
V = volume of specimen, min

purchaser.

14. Report 20.2 Preflex the area to be tested by twice lowering the
14.1 Report the following information: indentor foot to a total deflection of 7_5 to 80 % of the full-part
14.1.1 Density to the nearest 0.1 kg/rand thickness at a rgte of 258 25 mm/mln. M_ark the I_ocatlon of
14.1.2 Type of specimen, core or section. the test area with a pen by circumscribing the indentor foot

while under a 4.5-N force. Allow the specimen to rest-61

15. Precision and Bias min after the preflex.

15.1 See Section 131 for Precision and Bias statements. 20.3 Bring the indentor foot into contact with the specimen
and determine the thickness after applying a contact force of

TEST B, —INDENTATION FORCE DEFLECTION 4.5 N (Note 6) to the indentor foot. Indent the specimen at 50
TEST—SPECIFIED DEFLECTION + 5 mm/min 25 % of this thickness and observe the force in

newtons after 60+ 3 s. Without removing the specimen
16. Scope increase the deflection to 65 % deflection, allowing the force to

16.1 This will be known as the indentation force deflectiondrift while maintaining the 65 % deflection, and again observe

test and the results as the IFD values. This test consists §f€ force in newtons after 6@ 3 s.

r_neaswing the force necessary to produce designated indentaNOTE 6—For super-soft foam, foam with a 25 % IFD less than 40 N, a

tions in the foam product, for example, 25 and 65 % deflectegyction of pressure on the indentor foot shall be allowed. Sufficient

tions. (Appendix X3). contact force to make an accurate initial thickness measurement is
Note 5—ISO 2439 is a similar test, but there are technical differences.requ”eo"

17. Apparatus 21. Report

17.1 An apparatus having a flat circular indentor foot 203 21.1 Report the force in newtons required for 25 and 65 %
mm in diameter connected by means of a swivel joint capabléndentation or other indentations (Note 7). These figures are
of accommodating the angle of the sample to a forceknown as the 25 % and 65 % IFD values, respectively. Report
measuring device and mounted in such a manner that thgso length, width, and thickness of the specimen, if non-

product or specimen can be deflected at a speed of 50 to 5@andard and the ratio (support factor Appendix X3) of 65 % to
mm/min. The apparatus shall be arranged to support thes o |ED values.

specimen on a level horizontal plate which is perforated with

approximately 6.5-mm holes on approximately 20-mm centers Note 7—Indentation deflection tests, other than 25 and 65 %, as well as
to allow for rapid escape of air during the test. Special suppor 25% return value (25 % RT), may be specified as agreed upon between
for contoured molded pads shall be perforated in the sam&®e supplier and the purchaser.

manner as the flat plate unless agreed upon between t
supplier and the purchaser. Pads longer than the base plate s
be supported from distortion at the 4.5-N contact force. 22.1 See Section 131 for Precision and Bias statements.

¢ Precision and Bias
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TEST B, —INDENTATION RESIDUAL GAGE LOAD by the specimen. Determine the thickness at 110 N after
TEST—SPECIFIED FORCE maintaining the force for 6& 3 s.
27.4 Without removing the specimen apply the 220-N force
23. Scope at 50 5 mm/min with the indentor foot and further indent the

23.1 Cellular foam products have been traditionally checkeghad until this load is carried. After 66 3 s under load,
for indentation force deflection by determining the forcedetermine the thickness of the pad.
required to effect a 25 % deflection. In seating, on the other
hand, the interest is in determining how thick the padding i28. Report
under the average person. Two measurements are called for topg 1 Report the specimen thickness after#68 s at 4.5 N,

meet the requirements of this test method. The force deflectiof g N and 220 N. These figures are known as the IRGL values

is determined by measuring the thickness of the pad under @gpectively. Report also the length, width, and thickness of the
fixed force of 4.5 N, 110 N, and 220 N, on a 323Zaircular specimen.

indentor foot.
23.2 This determination shall be known as the Indentationg precision and Bias

Residual Gage Load and the measurements as the IRGLvalueSZQ.l Round robin testing to determine the precision of this

Note 8—ISO 2439 is a similar test, but there are technical differencesmethod is being planned and the data will be available by 2002.

24. Apparatus TEST C—COMPRESSION FORCE DEFLECTION
24.1 An apparatus having a flat circular indentor foot 203 TEST

mm in diameter connected with a swivel joint for applying

forces of 4.5 N, 110 N, 220 N and 330 N shall be mounted oveB0. Scope

a level horizontal platform that is perforated with approxi- 30 1 This test consists of measuring the force necessary to

mately 6.5-mm holes on approximately 20-mm centers 1q,oquce a 50 % compression over the entire top area of the
allow for rapid escape of air during the test. The distancgyam specimen.

between the indentor foot and the platform shall be variable to
indent the Specimen at a speed of 50 to 200 mm/min for Note 9—ISO 3386 is a similar test, but there are technical differences.
thickness measurements. The apparatus shall be equipped witA\oTe 10—Compression deflection tests other than at 50 % may be
. . . specified as agreed upon between the supplier and the purchaser.

a device for measuring the distance between plates.

24.2 Special support for contoured molded pads shall bg1. Apparatus
perf(?]rated sng e?greed tl;]ponthbeéween ltr;e sr:Jp”pltl)er and theg) ) A apparatus having a flat compression foot, larger
Furc ;s?r. i a St ?hngirs l\?n ? tafse plate shall be supportgd, e specimen to be tested connected to a force-measuring
rom distortion at the 4.>-I contact force. device and mounted in a manner such that the product or
25. Test Conditions specimen can be deflected at a speed of 50 to 500 mm/min. The

25.1 When possible the completed manufactured produ"Epparatus shall be arranged to support the specimen on a level

shall be used. In the case of tapered cushions, the location
the area for measurement is to be agreed upon between t
supplier and the purchaser. In the case a finished part is n
feasible for test, 380 by 380-mm specimens of an averag
thickness are to be cut from the cushion. .

25.2 The IRGL values for molded products are dependent 32.1 The slab test specimen shall have parallel top and
on the specimen dimensions. Difference values are generalRottom surfaces and essentially vertical sides. The thickness

Prizontal plate that is perforated with approximately 6.5-mm
8Ies on approximately 20-mm centers to allow for rapid
spcape of air during the test.

2. Test Specimens

obtained for specimens that retain all molded surfaces. ~ Shall be no greater than 75 % of the minimum top dimension.
The standard specimen shall be 50 mm by 50 mm by 25 mm
26. Number of Specimens in thickness.
26.1 One specimen shall be tested, unless otherwise agreed32.2 Specimens from uncored slab stock shall be a mini-
upon by the supplier and the purchaser. mum of 2000 mrAin area and have a minimum thickness of 20
mm.
27. Procedure 32.3 The test specimen from molded parts shall have

27.1 Testthe whole test specimen or a minimum area of 38parallel top and bottom surfaces and perpendicular sides.
by 380 mm. Preflex the specimen twice with a 330 N force aPreferably the specimen should include both top and bottom
200 = 20 mm/min. Allow to rest 6= 1 min. Position the molded skins. If a test specimen with parallel top and bottom
specimen in the test apparatus with any cored or convoluteslurfaces including both molded skins cannot be obtained
surfaces resting against the perforated bottom plate. because of the shape of the molded part, at least one of the

27.2 Bring the indentor foot into contact and determine themolded skin surfaces should be retained. Both surface skins
thickness of the specimen with the 4.5-N load on the indentoshould be removed only in cases where the shape of the
foot. original sample makes this absolutely necessary.

27.3 Apply the 110-N force at 56 5 mm/min with the 32.4 Maximum molded specimen thickness shall be no
indentor foot and indent the specimen until the force is carriedyreater than the minimum top dimensions. Specimens from
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molded parts shall be a minimum of 2000 fin area and 39.5 Specimens greater than 50 mm in thickness shall be cut
have a minimum thickness of 20 mm. to 25 mm thickness from the core. (Note 12)

33. Number of Specimens Note 12—Specimens from molded products may be tested with one or

. both skins by agreement between the customer and the supplier.
33.1 Three specimens per sample shall be tested. The value

reported shall be the mean value of those observed. 40. Number of Specimens

40.1 Three specimens per sample shall be tested. The value

34. Procedure ) ] ) _ . reported shall be the mean of those observed.
34.1 Preflex the specimen twice, 75 to 80 % of its original

thickness at 250= 25 mm/min. Then allow the specimen t0 41 procedure
rest for a period of &= 1 min. . .

34.2 Place the specimen centered in the line of the axial load 4}13' Pe.rfgrm dtheten”tlre test proceiure ung.(:‘.r the foIIO\(/jvmg
on the supporting plate of the apparatus. If the product has orfeonattions. Londuct all measurements, conditioning, and re-

side cored or convoluted, rest this face on the perforated plate ovEry (?f the specimen at 28 2°C and in an atmosphere of
34.3 Bring the compression foot into contact with the 0 = 5 % relative humidity. The oven conditions shall beZ0

o 0, 1 1 e I
specimen and determine the thickness after applying a conta tC and 6 % maximum relative humidity.

load of 140 Pa to the specimen area (Note 3). Compress theNote 13—This condition of relative humidity may be achieved by
specimen 50 % of this thickness at 50 5mm/min and placing anoven at 76 2°C in an atmosphere maintained at22°C and

determine the final force after 68 3 s. 50 = 5 % relative humidity.
41.2 Measure the original thickness of the test specimen in
35. Report accordance with the procedure described in Section 8.

35.1 Report the thickness after contact force, and the 50 % 41.3 Place the test specimen in the apparatus and deflect it
compression deflection value in kilopascals and the dimensiong either 50+ 1, 75+ 1, or 90+ 1 % of its thickness, or any
of non-standard specimens. Indicate if the sample was cored other deflection agreed upon between the supplier and the
convoluted. purchaser.
. , 41.4 Within 15 min, place the deflected specimen and the
36. Precision and Bias apparatus in the mechanically convected air oven for a period
36.1 See Section 131 for Precision and Bias statements. of 22 h; then remove the apparatus.
41.5 Remove the specimen immediately from the apparatus
TEST D—CONSTANT DEFLECTION COMPRESSION and measure the final thickness in accordance with the proce-
SET TEST dure described in Section 8 after allowing it to recover 30 to 40
37. Scope min at the temperature and humidity conditions specified in

37.1 This test method consists of deflecting the foam41'1'

specimen to a specified deflection, exposing it to specified Nore 14—Recovery periods greater than 30 to 40 min may be agreed
conditions of time and temperature and measuring the chang#®on by the supplier and the purchaser.
in the thickness of the specimen after a specified recovery, alculation

period. )
42.1 Calculate the compression set value by one of the

Note 11—ISO 1856 is a similar test, but there are technical differencesfollowing formulas:

38. Apparatus Note 15—TheC, calculation is preferred and shall be the calculation

38.1 Compression Deviceconsisting of two or more flat USed when neitheC, andC, are specified.
plates arranged so the plates are held parallel to each other by42.1.1 Calculate the constant deflection compression set,
bolts or clamps and the space between the plates is adjustalsigpressed as a percentage of the original thickness, as follows:

to the required deflection thickness by means of spacers. C, =[(t, — tolt,] X 100 2
39. Test Specimens where:
39.1 The test specimens shall have parallel top and botton®®, = compression set expressed as a percentage of the
surfaces and essentially perpendicular sides. original thickness, _
39.2 Specimens shall be 50 by 50 by 25 mm unlesste = original thickness of test specimen, and
otherwise specified. Specimens less than 25 mm in thickness = final thickness of test specimen. _
shall be plied up, without the use of cement, to a 25-mm 42.1.2 Calculate the constant deflection compression set,
thickness. expressed as a percentage of the original deflection, as follows:
39.3 Specimens from cored foams shall have a minimum Cq =[(t, — t)/(t, — t)] X 100 (3)

top surface area of 100 éniThe thickness shall be no greater

than 75 % of the minimum top dimension. where _ .
39.4 Specimens from uncored molded products 25 mm ofCd = Compression set expressed as a percent of the origi-
less in thickness shall be 50 by 50 mm by full-part thickness nal deflection, .
t, = original thickness of test specimen,

and shall contain the top and bottom skin.
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thickness of spacer bar used, and generally are unsuitable for flexible foam. For testing dumbbell
final thickness of test specimen. specimens, the machine shall have either screw-type flat plate

rips or a type of grip that tightens automatically and exerts a
Note 16—Approximate conversion of, to C4 can be calculated by gnp - gnp 9 y

multiplying the 50 % G by 2. the 75 %C, by 1.33, and the 90 9, by unlfqrm pressure across the gripping surfaces, increasing as the
111, tension increases to prevent slipping.

s
t

43. Report 47. Test Specimens

43.1 Report compression set & or Cy, and deflection 47.1 The test specimens shall be cut from flat sheet material
used. Also report any non-standard recovery periods or sampl2.5 = 1.5 mm thick. The foam rise shall be in the thickness
sizes and whether the sample was cored, uncored and/direction, unless otherwise agreed upon by customer and

molded. supplier. The top and bottom surfaces shall be parallel and free
o _ of skin. The cut edges shall be perpendicular to the top surface
44. Precision and Bias and be free of ragged edges. The length of the tabs may be

44.1 See Section 131 for Precision and Bias statements. adjusted to fit machine conditions provided that all other
requirements remain constant.
TEST E—TENSILE TEST
48. Number of Specimens

45. Scope 48.1 Three specimens per sample shall be tested. The value

45.1 This test method determines the effect of the applicareported shall be the mean value of those observed.
tion of a tensile force to foam. Measurements are made for

tensile stress, tensile strength, and ultimate elongation. 49. Procedure

Note 17—ISO 1798 is a similar test, but there are technical differences. 49.1 Set the grip separation at a minimum of 62.5 mm for
the D 3574 Die and at a minimum of 75 mm for the D 412 Die

46. Apparatus A. Place the dumbbell tabs in the grips of the testing machine,

46.1 Specimens-The specimen for tensile tests shall beusing care to adjust them symmetrically, in order that the
stamped out with a die of the shape and dimensions shown itension will be distributed uniformly over the cross section.
Fig. 1, or Die A of Test Methods D 412. The die shall be sharpThe test shall be run at a speed of 56060 mm/min, unless
and free of nicks in order to prevent leaving ragged edges ontherwise specified by agreement between customer and sup-
the specimen. The D 412 Die is the preferred die and iglier. Start the machine and note continuously the distance
identical in dimensions to the ISO 1798 Die. between the two bench marks. Record the stress at the

46.2 Bench Marke—The marker shall have two parallel corresponding elongation or if an automatic recording device is
marking edges 1 to 3 mm in thickness and spaced 20 or 25 mused, it will record the data continuously. At rupture, measure
apart on centers. or record elongation to the nearest 10 %.

46.3 Measurements-The dimensions of the test specimen
shall be determined with a suitable gage in accordance with0. Calculation

Section 8. 50.1 Calculate the tensile strength by dividing the maximum

46.4 Machine—Tensile tests shall be made on a powemreaking force by the original cross-sectional area of the
driven machine complying with the following requirements: specimen.

46.4.1 The machine shall be equipped with a load cell or 50.2 Calculate the stress by dividing the force at a prede-
force measuring device that can measure the maximum appligdrmined elongation by the original cross-sectional area of the
force. The test speed shall be 58050 mm/min, and shall be specimen.
uniform at all times. _ . _ 50.3 Calculate the ultimate elongatigk,by subtracting the

46.4.2 The machine may be equipped with a device gradugriginal distance between the bench marks from the total
ated to 2.5 mm for measuring the elongation. The use Ofjistance between the bench marks at the time of rupture and
non-contact extensometers may similarly be used for determi@xpressing the difference as a percentage of the original
ing elongation. Extensometers that clip on to the specimegijstance, as follows, or use the grip separations in a similar

calculation.
5238mm . 3493mm A, % = [(d; — dy)/d,] x 100 (4)
(2062") (L375"
1428 mm | 1428 mm where: o .
(0.562") 127 mm tose2" d, = original distance between bench marks, and
(0SIR 64mm(0257) d, = distance between bench marks at the break point.
s ¥ z_g4 50.4 The value reported shall be the mean value of all
6.4mm(0.25")R mm specimens tested.
" — r un
1
i2.7mm(0.5") sl Report ) ) ]
1397 mm(5,5") —————————— ] 51.1 Report the following information:
FIG. 1 Die for Stamping Tension Specimens 51.1.1 Tensile strength in kilopascals,
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51.1.2 Stress in kilopascals at a predetermined elongatiorl9). After the rupture of the specimen, or after at least a 50-mm
and length is torn, record the maximum force in Newtons and note
51.1.3 Ultimate elongation, in percent, and whether benclalso the thickness of the specimen (directioB).

marks, grip separation or extensometers were used to measur?\lom 19—For foams that will not tear by this method side by side tear

elongation. . _ strength comparisons can be made by testing in accordance with Test
51.1.4 Crosshead speed, if other than 500 mm/min. Method D 624. It should be noted that the D 624 test is a tear initiating
measurement as opposed to a tear propagating measurement in this block
52. Precision and Bias tear test.

52.1 See Section 131 for Precision and Bias statements. .
58. Calculation

TEST F—TEAR RESISTANCE TEST 58.1 Calculate the tear strength from the maximum force
registered on the testing machine and the average thickness of
53. Scope the specimen (directioA-B), as follows:

53.1 This test method covers determination of the tear
propagation resistance of foam. The block method, as de-
scribed, measures the tear resistance under the conditions @fhere:
this particular test. F = force, N, and

N ) ) T = thickness, mm.
Note 18—ISO 8067 is a similar test, but there are technical differences.

54. Apparatus 59. Report

54.1 Tear resistance shall be measured on a power-driven29-1 Report the following information:
apparatus which will indicate the force at which rupture of the °9-1.1 Tear strength in newtons per metre,
specimen takes place. An automatic machine may be used©9-1.2 Orientation of specimen, and _
which draws the actual curve, or, a style or scale shall be used 99-1.3 Crosshead speed, if other than 500 mm/min.

having an indicator that remains at the point of maximum force60 Precisi d Bi
after rupture. . Precision and Bias

60.1 See Section 131 for Precision and Bias statements.

Tear strength, N/n¥ F/T X 10° (5)

55. Test Specimens

55.1 The test specimens shall be a block shape free of skin, TEST G—AIR FLOW TEST
voids, and densification lines, as shown in Fig. 2. They may b
cut on a saw or die cut from sheet material so that the sides afet: SCOPe
parallel and perpendicular to each other. A nominal 40-mm cut 61.1 The air flow test measures the ease with which air
shall be placed in one side as shown in Fig. 2. Dimensgidh  passes through a cellular structure. Air flow values may be used
can be reduced to the pad thickness. The thickness shall 1§ an indirect measurement of certain cell structure character-

determined in accordance with Section 8. istics. The test consists of placing a flexible foam core
specimen in a cavity over a chamber and creating a specified

56. Number of Specimens constant air-pressure differential. The rate of flow of air

56.1 Three specimens per sample shall be tested. The valugfjuired to maintain this pressure differential is the air flow

reported shall be the mean of those tested. value This test is normally for slab foam products or for the
core materials of molded products. Measurements of air flow

57. Procedure through molded skins or extremely high air flow products may

57.1 Clamp the test specimen in the jaws of the testing@duire alternative methods (Note 21).
machine, taking care that the jaws grip the s_pecimgn properly. Note 20—I1SO 7231 is an identical test.
Spread the block so that each tab is held in the jaw to pull Nore 21—For measuring air flow of products beyond the range of this
across the specimen. The test shall be run at a speed af 500method some success has been achieved using the equipment specified in
50 mm/min, unless otherwise specified by agreement betweeigst Method D 737. Some modification of the equipment may be
customer and supplier. Aid the cut in the specimen with a razo?ecessaril.For surface porosity of molded foams see Test Method D 726.
blade or knife, so as to keep it in the center of the block (Notggo Terminology

62.1 Definitions of Terms Specific to This Standard:

40 wn 62.1.1 air flow value—the volume of air per second at
o (157) standard temperature and atmospheric pressure required to
A "l_ maintain a constant pressure differential of 125 Pa across a
25 ;ﬁm " /—J flexible foam specimen approximately 50 by 50 by 25 mm.
““) _ /":’/’J \6‘“‘
& W
Blasamm 62 EE—
(1" r/ 7 Gummaraju, R.V., Pask, R.F., Koller, H.J., Wujcik, S.E., and Reimann, K.A.,
“Evaluation, Modification and Adaptation of an Airflow Test Method for Polyure-
FIG. 2 Tear Resistance Test Specimens thane Foams,Journal of Cellular PlasticsMay/June 2001.
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62.1.2 air flow parallel to foam rise-the air flow value 63.3 Manometer calibrated from 0 to 250 Pa and having an
obtained when the air enters and leaves the mounted specimaocuracy of+2 %, is required. An inclined oil manometer with
parallel to foam rise. graduations of 2 Pa is recommended. A level mounted on the

62.1.3 air flow perpendicular to foam risethe air flow  manometer shall be used to ensure that the proper degree of
value obtained when the air enters and leaves the specimgclination from the horizontal is maintained. Traps shall be
perpendicular to foam rise. provided to prevent indicating fluid from being accidentally
63. Apparatus drawn into the cha_mbe_r. AppendQ( X5. desprlbes a suggested

method for the verification of the inclined oil manometer, the

63'.1 A SChemaﬂC drawing of the apparatus_including th%anometer can alternatively be replaced with a 0-250 Pa
specimen mounting chamber, manometer, air ﬂowmetersmagnehelic gage with graduations in 5 Pa

blowmeters, blower, and voltage control is shown in Fi§. 3. ,
63.2 Chamber consisting of a pot approximately 130 mm in 63.4 Flowmeters and Blowe+Low-pressure-drop air flow-

diameter and 150 mm high with provision for mounting the Meters accurate ta-2 % shall be used for air-flow measure-
foam specimen and fittings for the manometer and air exhausf1ents. A given flowmeter should not be used for values less
The specimen mount cavity shall be 56:00.5 by 50.0+ 0.5  than 10 % of full scale. Air flowmeters with at least 250-mm
by 25.0+ 0.5 mm in size. Four foam support vanes approxi-Scales are recommended. Since the flowmeter calibration is

mately 1 mm thick and 12.5 mm high shall be placed under théemperature-and pressure-dependent, the use of the apparatus
opening to prevent the foam from being pulled into the vacuunyinder ambient conditions can result in erroneous readings. In
chamber. The vanes shall be spaced 12.5 mm on center frogases of dispute, the apparatus should be used under standard
each other and also centered relative to the bottom of the cavigonditions of 23°C and 100 kPa (1 atm pressure) or else a
opening. The manometer fitting shall enter a 1-mm holesuitable calibration correction applied. Flowmeters that range
midway along the side of the chamber. A 25-mm pipe fittingfrom 0 to 0.01 ni /s will cover a wide range of foam cell
shall be used as the exhaust outlet from the center of the bottostructures but a lesser range may be used. Actual flow is
of the chamber. adjusted by a combination of valve restriction and blower
speed. The two-way valves shall be mounted on the output side
of the flowmeter to maintain the pressure drop across the

8 An electronic instrument that has proven to be effective for measuring air flow .
is available from ONIX Process Analysis, Inc., 1201 N. Velasco, Angleton, TX flowmeter constant at any given flow level. A vacuum cleaner

77515. type unit shall be used for an exhaust blower.
)
INCLINED OIL MANOMETER
ik h I Ea }
| ]
hy ] 11!
| g
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FIG. 3 Air Flow Apparatus Schematic Diagram
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63.5 Leak Test-To check the apparatus for leaks, the TEST H—RESILIENCE (BALL REBOUND) TEST
specimen mount cavity shall be sealed with masking tape. With
all valves closed, turn on the exhaust blower to approximatel$8. Scope
¥s power and observe any movement of the manometer. The 68.1 This test consists of dropping a steel ball on a foam
manometer reading, if any, should not exceed 1 Pa after a 30specimen and noting the height of rebound.
waiting period. Next, open the valve very slightly for the
lowest range flowmeter reading. The flow should be essentially
zero as evidenced by less than 3-mm movement of the ag9. Apparatus

flowmeter float from its static position. For the equipment to 69.1 The ball rebound tester shall consist of a4@-mm
perform satisfactorily over its entire range the requirements fofsjqe diameter vertical clear plastic tube, such as acrylic, into

both parts of the leak test must be met. which a 16.03= 0.2-mm diameter steel ball is released by a
magnet or other device. The steel ball must be released so that
it falls without rotation. Centering of the ball is assured by a
64.1 The test specimens shall be parallel-piped cut to fit theecess at the base of the magnet. The height of drop shall be
mount cavity of the apparatus. A cavity 50 by 50 mm requires200 mm. Since it is most convenient to note the position of the
aspecimen 51.6 0.3 by 51.0+ 0.3 by 25.0+ 0.5 mm in size. top of the ball on rebound, the top of the ball shall be 516 mm
A band saw with a movable table and a double-bevel knifeabove the surface of the foam. Thus, “zero” rebound shall be
edge blade is recommended for cutting the specimens. 16.3+ 0.2 mm (diameter of ball) above the specimen surface.
64.2 Three specimens per sample for each location anfih€ scale on the tube shall be scribed directly in percent as
orientation to be tested shall be cut. The values reported shdffllows. Every 5% a complete circle shall be scribed and every

be the mean of those observed for each location and orientd-% & 120° arc shall be scribed. The complete circles are an
tion. essential part of the apparatus, since they are used to eliminate

parallax error.

Note 22—ISO 8307 is an identical test.

64. Test Specimens

65. Procedure 70. Test Specimens

65.1 Measure each specimen in accordance with the proce-zg 1 The test specimens shall have parallel top and bottom
dure described in Section 8 to verify the specimen size. surfaces.

65.2 Insert the specimen into the test cavity. Make sure that 70.2 The test specimens shall consist of the entire product
a good air seal is obtained along all edges. The top of theample or a suitable portion of it, except that in no case shall
specimen should be flush with the top of the test chamber. the thickness be less than 30 mm. The standard specimen size

65.3 With all valves closed, adjust the voltage control of theshall be 100 mm by 100 mm by 50 mm. For molded products
apparatus to 30 %. the top skin shall be removed.

65.4 Open one flow-control valve slowly until a pressure )
differential to 100 to 150 Pa is obtained. Adjust the voltage’1- Number of Specimens

control carefully to obtain a pressure differential of 129 Pa. 71._1 Three specimen_s per sam_ple shall be t_ested. Th_e three
65.5 After this pressure differential has been maintained fogP€cimens may be obtained by using separate items or different
at least 10 s, read the scale of the flowmeter. locations on a given item.

65.6 If this reading is off-scale or less than 10 % of full 7

72. Procedure
scale, close that flow-control valve and open a more appropri- . .
ate one. Repeat this process until the proper manometer 72-1 Center the specimen at the base of the tube and adjust

reading and air flow is achieved. the height of the tube so that zero rebound is 16 mm above the

. . surface of the foam specimen.
65.7 The air flow value may be obtained from the flowmeter 72.2 Mount the steel ball on the release mechanism: then

iv?;:ead;;ifélyai?'e?gﬁg :)rr?rtr;]: ((:;leilk?::ttilgr? g;]gtgln;)r calculatequqp it and note the maximum rebound height. If thg baII.

’ strikes the tube on the drop or rebound, the value obtained is
invalid. This condition is usually due to the tube not being
66. Report vertical or irregularities on the specimen surface. In order to

66.1 Report the following information: minimize parallax error, the circles on the tube in the region

66.1.1 Location and orientation of each specimen withwhere the percent rebound is read must appear as lines.
respect to foam rise in the section of foam that was sampled, 72.3 Make an additional two drops on the same specimen in

66.1.2 Mean air flow value in cubic metres per min for eachthe same location unless agreed upon by customer and supplier.
location and orientation,

66.1.3 Dimensions of the specimen, and

66.1.4 Dimension of the mount cavity of the apparatus.

73. Calculation
73.1 Calculate the mean of the three rebound values.

74. Report

74.1 Report the mean of the three specimen mean values as
67.1 See Section 131 for Precision and Bias statements. the ball rebound resilience value of the sample in percent.

67. Precision and Bias
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74.2 Report if measurements were made at different speci- 82.3 For a measurement of more permanent fatigue, repeat
men locations or on different specimens. 82.1, except allow 24+~ 1 h of recovery time rather than 60
min.
75. Precision and Bias

75.1 See Section 131 for Precision and Bias statements. 83. Calculation and Inspection

83.1 Check the specimen for physical breakdown of the
TEST I—FATIGUE TESTS cellular structure by visual examination and comparison with
unflexed specimens.

76. Scope 83.2 Calculate the percentage loss of thickness as follows:
76.1 The fatigue tests consist of four methods: (t — 1)
76.1.1 Static Force Loss Test at Constant Deflection, F, = O(t )f X 100 (6)

76.1.2 Dynamic Fatigue by Roller Shear at Constant Force,
76.1.3 Dynamic Fatigue Test by Constant Force Pounding,

and where: _ _
76.1.4 Dynamic Fatigue Test for Carpet Cushion. F. = loss in thickness, %,
t, = original specimen thickness, and
TEST |, —STATIC FORCE LOSS TEST AT tr = final specimen thickness.
CONSTANT 83.3 Calculate the percentage loss of IFD, as follows:
DEFLECTION L o—L
E _( 0 f)
e R 100 @)

77. Scope

77.1 The purpose of this static force loss test is to deter-

mine: @) a loss of IFD, B) a loss of thickness, and3 where: . . .
o 0 X F loss of indentation force deflection, %,

structural breakdown by visual examination. L T 19SS | indentation f deflecti | d
77.2 This procedure tests the specimen at a 75 % constarhO _ original Inaentation force detiection vajue, an
. ;= final indentation force deflection value.
deflection.
Note 23—No similar ISO standard exists. 84. Report
84.1 Report the following information:
78. Apparatus 84.1.1 Percentage loss of thickness and the percentage loss

78.1 The apparatus shall consist of two parallel plate®f 25 and 65 % IFD if the thickness loss is less than 10 %, and
(wood or metal) which can produce a uniform, constant 84.1.2 Results of visual examination.
deflection of the specimen. The plates shall be 500 by 500 mm 84.1.3 Recovery time whether 60 min or 24 h.
square, and spacer bars or other appropriate means shall ?g Precision and Bias

employed to maintain a constant 75 % deflection throughou ] ] ) o .
the test. 85.1 Round robin testing to determine the precision of this

method is being planned and the data will be available by 2002.
79. Test Specimen

79.1 The test specimen shall be 380 by 380 mm by the TgsT |, —DYNAMIC FATIGUE TEST BY THE
desired thickness. One specimen shall be tested. ROLLER

80. Initial Measurements SHEAR AT CONSTANT FORCE

80.1 Measure the 25 and 65 % IFD of the test specimen i86. Scope
accordance with Sections 16 to 22. Measure the original 86.1 This procedure fatigues the specimen dynamically at a
thickness with 4.5-N contact force after preflexing. constant force, deflecting the material both vertically and
laterally.
81. Procedure 86.2 The fatigue test may be conducted by either Procedure
81.1 Place the specimen between the plates with the spacaror Procedure B. Both test procedures are the same and differ
bars to provide a 75 % deflection. Clamp the plates and hold ainly in the number of cycles used. Procedure A shall use 8000
75 % deflection for 22 h at 23 2°C and 50+ 5 % relative  cycles (approximately 5 h) and Procedure B shall use 20 000
humidity. cycles (approximately 12 h).

82. Final Measurements Note 24—No similar ISO standard exists.

. . Note 25—The mass of the roller and the number of cycles may be
82.1 Measure the final IFD values 69 5 min after the  changed as agreed upon between the supplier and the purchaser.

fatigue test is completed in accordance with 80.1 using the )

original thickness to determine the deflection for the final IFD87- Apparatus (Appendix X2)

values. 87.1 Perforated-Base Platerapproximately 500 by 500 by
82.2 If the loss in thickness is above 10 %, the IFD losse40 mm with a finished ground-top surface and with perforation

shall not be measured and only the thickness loss shall bef approximately 6.5-mm centers covering the center 360 by

reported. 360-mm portion.
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