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L. Seope

L.} These test methods cover the tensile testing of aramid
yarns, cords twisted from such yams, and fabrics woven from
such cords. The yarn or cord may be wound on cones. tubes,
pobbins. spools. or heams! may be wiven into fabric: or may
be in some other form. The methods include testing procedure
only and include no specitications or lolerances.

1.2 The volues stated in either 81 units or inch-pound units
ure 10 be regarded separately as standard, The values stated in
cach system may nol be exoct equivalents; therefore, each
system shall be used independently of the other. Combining
vitlues from the two systems mary resull i non-conformance
with the standord,

1.3 Thas stundard includes the following lest methods;

Sagtion
Etreabing Foms 1
Brazkng Termeily 17
Hresking Toughness 7
Blonpatinn s Braak 13
Forcs at Specfied Eiongation [FASE 13
Limear Deneity 10
Muodulis 15
Streds & Bresk 12
Work-lo-Booak 16

.4 This standard does not parport 1o address all of the
safery comcerms, if any, assoctated with ity owse. It ois the
respraasitility. of the wser of this standard to establish appro-
priate safety, health, and envirommental praclices and deter-
meine the applicability of regnlatory lpmiiations prier o wie.

L5 Thix internitional standard was developed in aecor
deer with internationally recognized principles o standond-
zation extallished an the Decision on Prineiples for the
Development of International Standards, Guides and Recom-
mendations lsued by the Warld Trade Orgonization Technical
Barrters 1o Trode (THT) Committee.

hese test mithads are mnder the omsdicnon of ASTH Committes 1313 on
Teatibes aied g the dimet pevponsibnlity iof Subseoommitiee [ F9 o [igbusdraal
Fihegis and Metsllie Reinforcesnents

Comremt abltheon appimmeed Lty 15 2007 Pubdished Octolse 2007, Oiglnally
impprow e bn 3. sl przvions edition apyroved i 200 s D7 260T0 75600 -11.
ROL 1SV [T IROM: 1T,

2, Referenced Documents

2.1 ASTM Standards:”

76 Specification for Teasile Testing Machines far Textiles

D123 Termunology Relating o Textiles

DI776 Practice for Conditioning and Testing Textiles

DI90T Test Method for Lincar Density of Yarn (Yirn Num-
ber) by the Skein Method

12258 Pracuce for Sampling Yarn for Testing

DIBIN Test Method for Density of High-Modulus Fibers

DaB4E Terminology Related o Force, Delormuation and
Related Properties of Textiles

DOSET Test Method for Yarn Number Using Awmtomatic
Tester

E23 Test Methods for Notched Bar Impact Testing of Me-
tnllic Materials

X Terminology

30 Pefinitions:

LA slippage, n—with tenstle testing, insufficient quality of
clamping. resulting in movement of the test maierinl through
the twtal clamping surface. This can be visualized by the
moviement of markers ot the clamp exit, or by sudden changes
in the strim-modulus curves {14 denvobive of the strain-stress
cirve),

32 The [ollowing terms are relevant 1o this standard:
aramid. hreaking force, breaking tenacity, breaking toughness,
chord modulus, elongation. force at specified  elongation
(FASE), industrial vam, mitial modulus, moisture equilibrium
lor testing., standard atmosphene for testing teatiles, work-1o-
hreak.

3.3 For definitions of terms reloted 1o force and deformation
i textiles, refer 1o Terminology DER45,

34 For definitions of other terms related to textiles, refer to
Terminology 13323,

" o velerenced ASTM standunds, viin the ASTM webnine. wowissnip ong. o
cinpibact ASTM Custivimisr Service o service@antiisup Fin Asman! Noad of ASTM
Stamcdards volurme informutian reéfar 1o the stnndord’s Dovlsment Semmary’ phge on
e ASTM websiio
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4. Summary of Test Method

4.1 These test methods are wsed 1o determine the tensile
proporiies of aramid yams or corids.

4.2 A conditioned or pven-dried specimen of aramid yarn or
cord s clamped in a tensile testing machine and then stretched
or loaded until broken. Breaking foroe, elongation, and foree at
specificd clonganon (FASE) are determined directly. Modulus
and work-to-hreak are caleulated from the force-clongation
curve. The output of o constant-rate-of-cxicnsion (CRE) tensile
testing machine can be connected with electronie recording and
computing equipment, which may be programmed to calculoe
and print the test results of tensile properties of interest,

5. Slgnificance and Use

3.1 The levels of tensile propertics obtained when, testing
aramid yarms jud conds are dependent on the age and history of
the specimen and on the specific comditions used during the
test, Among these conditions are mte of stretching. type of
climps, gauge |eagih of specimen, temperature snd bumidity
of the stmosphere, rate of arflow weross the specimen, and
wemperature and moisiure content of the specimen. Testing
conditions pecordingly are specified precisely (o obtain repro-
thucible test results on o specific sample.

3.2 Becuwse the force-hearing ability of a reinforced product
s redated to the stresgth of the yam or cond wied §s o
reinforcing materinl. breaking force is used in engineering
calculatons when dessgnimg vanous Lypes of lextile reinforeed
products. When needed o compare inirinsic strength charac-
teristics of yarns or cords of different sires or different types ol
fiber, breaking tenocily 15 very useful becouse, (br o given type
of fiber, breaking force is approximately proportional to lincar
density,

5.3 Elongation of yarn or cord is taken into consideration in
the design and enginecring of reinforced products because of
its effect on uniformity of the finished product and its dimen-
sional stabality duning service.

5.4 The FASE 1s used o monitor changes in charucteristes
of the textile material dunng the vanous stages mvalved in the
processing and incorporation of vam of cord into 8 product.

3.5 Muodulus 1s o measure of the resistance of yarn or cord 1o
extension as a force s applied. 1t is useful for estimating the
response of a textile reinforced structure w the application’ of
varving forces and rates of stretching. Althoogh modalos mav
be determined at any specified Torce, initinl modulus is the
value most commonly used,

3.6 Work-o-break 1s dependent on the relationship of force
to elongation. 1t is o measure of the ability of o textile structure
to.ahsorb mechanical energy. Breaking toughnesy 18 work-1o-
break per upil mpss.

5.7 It should be emphosized (hat, although the preveding
parameters are reloted to the pecformance of a textile-
reinforced product, the detual configuration of the product is
siznificunt. Shape, sive, and intemol construction dlso can have
appreciable effect on product performance. It is not possible,
therelore, (o evaluate the performance of a lextile reinforced
prisduct in terms of the reinforcing material alone,

LB ]

3.8 i there are differenves of practical significance between
reported test resilts for two laboratories (or more], compiari-
uve tests should be performed (o determine if there is o
stotistical bias between them, using competént sutisticn] nssis-
unce, As a minimun, test spmples should be used that are as
homageneous as possible. that are drawn from the matenal
from which the disparate test results were obiained, and tha
are randomly sssigned i equal mumbers to each lnboratory for
testing. Other materials with established test walues mity be
usedd for this purpose. The test results from the two lnboratories
should be compared using o statistical lest for unpaired data, ot
o probability level chosen prior to the testing series. I o bias is
lound, either 1ts cause must be found ond corrected. or future
test results must be adjusted in consideration of the known
bias.

0. Apparatos

6.1 Tensile Testing Machine—A single-strumd tensile testing
machine of the constant rate of extension (CRE) type. The
tensile testing equipment can be ither manually operated or
can he an astomated device: The specifications and methods of
calibration and vertheation of these machines shall conform o
Specification D76, The tester shall be equipped with' an
clectromie diuta acquasition and dota evaluation system.

6.1 Clamps:

6011 Manually Operated Svatem—Bollard tvpe clatnps, ain
which the specimen ls gripped between plane-faced jows and
then makes a partial wen (wrap sngle) around 8 curved
extension (or other type of snubbing device) of one jow hefore
passing 1o the other similar clamp (see Fig, | and Fg 2)
Clamps with a wrap angle of |80 are required for yarms with
a linear density up to 3500 decitex: [ 3000 denier]. For linear
densitics above 3500 decitex [3000 denier], clamps with a
wrap angle of 270" are reconmended to prevent slippayge. See
Note .

0.1.1.2 Awiomated Devicr—Use the clumping sysiem sup-
plied. See Nowe 1.

6.1 13 Clamps sholl grip the test specimen without spurious
dippage or damage to the test specimen which can result in jow
breaks. The clumps shall maintain constant gripping conditions
during the test by means of pneumatio or hydrautic clomps. The
surface of the jaws in contact with the specimen shall be of a
muterial and configuration thal minimizes slippage and/or
specimen failure in the clamping zone.

yarm-guiding groove

w i

FIG. 1 Example Bollard Type Clamps
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A - B = damping point

B
FIG. 2 Gauge Length in Bollard Type Jaws

6.1.2 Gouge Lingth—The gouge fength shall be the woml
length of varmn measured betweed the clamping pont A ot the
first clamp and the point B of the second ¢lamp in the starting
position (see Fig. 2),

Nore 1—The selecled Lesting équipment (tester, clamp, gasge lengih] is
KnowT o hove oo mfioence on the propemies meaaired (see Soctmon: |9,
Table &), A method for elimnatiog the infhiences miroduced by the
seloted] lekting equipment s miven in Appeidls X1,

6.1.3 Use o crosshead trovel rate in mmimin [indmin] of
30 % of the nominal gouge length in millimeters [inches] of the
specimen for para-aramids; 120 % of the nominal gauge length
in millimeters [inches] of the specimen for meto-oramids.

7. Sampling

7.1 Remove and disgurd & minimum of 25 m [27 yd] from
the mutside of the packnge hefore wking the sample or any
speLimens,

1.2 Yarn:

721 Packages—-For acceplande lesting, sample each lot as
direoted in Practice D2255. Place each lnbormtory simpling
unit in o moisture-prool” polyethylene bag or other moisture-
proof container to profect the samples from  atmosphenc
changes until ready to condition the samples in the atmosphere
lor testing aramids. Take the number of specumens for leshing
specificd for the specific property measuremont to be made,

722 Beams—For aceeptunce testing, sample by winding
viarns on a tube or spool by means of a winder using u lension
of 5= 1 mNAex |0.05 = 0.01 gt/den]. Take the yarn from the
outside beam loyers unless there is a question or disagreement
regarding the shipment; in this case. take the sample only after
removing yam from the beam 1o a radial depth of 6 mm [12in.]
it mive Lo minimize the effects of handling and atmospheric
changes thal may have occurred during shipment o stornge.

Plice euch luboratory sampling unit m o moisture-prool
pilvethylene bag or other moisture-prool contuner W protect
the sumples from atmosphenc changes until ready to condition
the sumples in the atmosphere for festing aramids, Toke the
numbér of specimens {or testing specified for the specific
propery measurement o be made.

1.3 Cond:

131 Number of Swnples and Specimions—The size of an
poceptance sampling Jot of tire ¢ord shall be not more than one
truck or ril cur lowd or as delesmined by agreement between
the purchaser and the supplier. Take sumples ol random from
eitch of a number af cones, tbes, bohbins, or spools within a
lot 1o be as representative ay possible within practical limita-
tions, Make only one ohservation on an individual package for
each physical property determination. Take the number of
samples, therefore. that will be sulficient to cover the tolal
number of specimens required for the determination of ull
phvsical properues of the tre cord, The recommended number
of specimens is incloded in the appropriate sections of specific
test methods covered 1o this standord, Where such s not
specified. the number of specimens is as agreed upon hetween
huyer and supplicr.

T3.2 Preparation of Samples—I specimens are not taken
directly from the original package, preferably wind the sample
on a lbe or spool by means of n winder usang 2 ension of 5
* | mNAex [(0,05 £ 000 gliden]. If the sample 15 collected as
a loosely wound packoge, or in the form ol a skein, some
shrinkage invarably will occur, in which case, report than the
observed results were determined on a relaxed sample. Use
cure in handling the somple. Discard any sample subjected 1o
any change af twist, kinking, or miking any bend with a
diameter less than 16 times the yamdcord thickness (or diam-
cler). Place the sample o moisture-prool pelvethylene buy or
other musture-prood cortainer to protect it from atmosphernc
changes untl ready W condition the sample in the iest
simogphere for uramids,

8. Conditioning

8.1 Bring all specimens of yvam and cord © moisture
equilibrium for testing in the atmosphere for testing aramids as
directed in Practice 1776, Report the option used

B.L1 The mosture equilibniom of condiioned aramids can
be affecied by heat ond hunidity conditions o which the
siumples have been previously exposed.

Y, Sample Preparation

2.1 Beeause of the difficulty of securing the same fension in
all the filaments and because of slippage in the climps, vanable
results mny be obtamed when testing Hat multifilament yarns.
Therefore, o defined amount of twist must be inserted prior to
esung. Machine iwisting hy means of o nng (wisier s
recommended. The rng twislers. can be equipped with a
euiding evelet with either a variable or o lixed distance w the
traveller ithe latter resulting in o more untform twist lensjon),
The twist tension should be approximately 10 mNfex [0.10
gifden], 1T used, anti-balloon rings must be of a material thit
will niot damage the vam, A manual or mechanieal twister can
also be used in the absence of o ring twister, provided the REM
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15 calibruted and verificd with a tolerance of 20 = (L]
revolutions at 4 frequency based vn use. For meta-aramid, the
inserted twist 8 120 tpm [3.0 ypi]. For paro-aramid varns the
umount of twist 10 be inserted depends upon the lingar density
und is approximately:

Lirvear denmty Tt
Atz tprm
180 = L0 < 3140 AN
20 < LD « 380 150
380 « LD 500 =]
500 < LI <GB0 140
650 < L0 < 775 185
775 < LD < 1080 {10
1050 « LD < 1200 a5
1400 « L0 < 2100 Ao
200 = LD 4500 il
A500 < LI < 7004 A5
TO00 « LD < BE00 a5
@00 = LT BG
Noan Z—The twist level per ringe I8 based o the equalion
1053 £ 55
twist Tpin] = —
‘I.-"LI .i'JLllrn.J

9.2 lnserting twist lor tensile testing has the following
effects on the st resulis:

9.2.1 Modestly increases breaking foree: oo much or 100
low twist reduces breaking force,

§.2.2 Inercascs clongntion ot hreak. and

§.2.1 Reduces modalos:

10. Linear Density

10,1 Scope—This 1est method s used o determine the Tinear
density of yvarn or cord for use in the caleulation of tensile
properticd such as modulus and tenacity ol break.

10,2 Procedure;

10,21 Determine linear densuty as directed in Option | of
Test Method D907 or use an Automated Tester os directed (n
Test Method DOS8T. For both test methods, condition the yarn
as specified in Section &

10,22 [If scoured oven-dried lincar density is needed, use
Test Method D1NVT, Option S.

10.3 Report the method vsed and the average Tinear density
of the 'Filﬂ'l[ﬂt-

1. Breaking Force of Conditioned Yorns and Cords

1.1 Scope—This test method 18 used 10 determine the
breaking force of yarns and cords after conditioning i the
atmosphere for testing aramids o8 defined in Proctice DITT6.
Muke all tests on the conditioned yoams and cords in the
atmosphere for testing aramids as directed in Practice D776,

11.2 Number of Specimens—Perform five lests per speci-
men.

113 Procedurr—Select n loading eell and the settings of the
1ensile tesier such that the estimated hreaking force of the
specimen will fall inthe range from 10 to 90 %% of the full-scale
force of the load cell used. This selection of the full scale foree
may be done manually by the operstor before the starl of the
test or by electronic means or computer control durisg the test
by automatically adjusting the smplification of the load cell
nmplifier. Adjust the digtance between the clamps measured
from nip to nip of the jows of the clamps (Fig. 2) on the testing

machine. For mete-arumids, use 250 & [ mm |]ﬂ'[}ﬂ 0.05
in.]. For para-aramids. the gauge leagth is 5300 = 2 mm [20.0
= 1] in.]. For bollord wp-: ¢lamps with o wrap angle of 270"
A gauge length of 635 = 2mm [0.0 =001 in.] is recommended,
Remove the test material Trom the specimen or sample and
handle it to prevent any change in twist prior o closing the
jaws of the clamps. Do not touch that poetion of the materinl
that will be between the clamps with bare hands. Depending on
the equipment being used wmd the avalability of on-line
computer control and dity provessing. either cian be used:

Siack Btar progeduns (prefemed prooeduns; aee 11,07 o
Pretensinn-san procedus (se= 11 40

11.3.1 Slack Start Procedire—Thread one end of the speci-
men betwden the juws of one of the ¢lamps and close . Ploce
the other end of the specimen theough the jaws of the second
clamp und keep the specimen just shiek (zero tension) and
¢lose the clamp, taking care that the thread is positioned In the
centerlme of the jows af the clamp, Operate the testing
machine wt the rate as specificd m 603 and streteh the
specimen until it ruptures, When the specimen breaks, read the
breaking force (BF) (maximum force) m Newton |['Hll.11|d5.'
force]. Discard tests that do not break within the free length
between the clumps. If the clamps are of the air-actunted type,
adjuyr the air pressure t preven! specimens shipping in the
Jaws, hut keep the air pressune below the level that will cause
specimens o break at the edge of the jows. This slack stan
procedure has the effect that the nominal gauge length of the
specimen will be slightiy greater as speetfied in 113,

11.32 Pretension-Start Procedwe—1Use a lensioning device
that applies a pretension corresponding 10 20 + | mNfes [0.20
=001 gfliden)] for aramid fibers. This device may be o weight,
a spring, or an ae-actuated mechanism. Thread one end of the
specimen betwesn the juws of the clamp connected v the
loaching cell and close it Place the other end through the aw of
the second clomp and fix a pretension weight (0 the unclamped
ead or pull the end of the specimen until the specified
pretension is applied. Close 1the second clamp and operate the
testing machine of the rate specificd m 615 When the
specimen breaks (ruptures), read the breoking force BF (moxi-
mum force), in Newton [pounds-foree]. Discard lests that do
not break within the free length between the clamps, 10 the
clamps are of the airpctuated (ype, adjust the nir pressure <o
that specimens will pol slip in the jows, but keep air pressure
below the level that will cause specimens (o hreak at the edge
of the juws. The following notes provide useful information in

‘oblaining more consistent resulis in tensile testmg:

Nomg 3—When arbitrotion of sl odofy s inviived, nse care no e
application of the pretenyion foree that may be speaified becanse the achaal
pretunision s the specimen comminly Is diffesent frim e aimenm| applid
externally beconse of losses due to Iriction (0 the clamp. Checkl the
prefenmon befope stammg the eshing maching, The actul prefension can
b inwnsiied by slmin gavges, COther lemmioo-midasiein g lostrments sith
sufficient securscy may be used, provided that the specumen s threbded
Ihresigth the snstrament paoe 1o being placed in the second clamp. This
procediife b Decedsary Becamse tany dstruamenls require appreciibile
ehisplacement ol the specimen.

Nome 4—When prhitration is ool sovalved, one of the fellowing
approaimations of the spegilied preteasion may be sl Eber exer| o
force of 1200 % of the nominal pretension fo the anclamped end of the
specinnen prion bo closing the second grip, o apply one of the friices Bsid
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s follows for the spocified grongs of yam snd cord sizes o secure the
Aecexsary [irelension.

Linsar Doty ot Speciman Ampur of Fore
[
Betow 400 faw [B3600 deniar] 1 '-.!T-E]
4040 1o GO0 tew [3800 s 5400 aeniar] . 2]
SO0 to 8O0 tay (5400 w0 7200 aeniar] 3 13200
Above-00 ey [T200 dewwer] 4 =]

Moy 3—When asing 4 CRE-type {enstle machine, 5 thind techmgue bs
tovediwe the: upper clump, then apply pretension by pulling oo the ypecimen
wntl) the recorder pen moves approximately S-char divishon from the
Fere line on ihe chirt when using o Torce scale thisl s the same as thal sed
for determining the breaking force,

11.3.3 The velocity of conditioned air Aowing aeross a
specimen. while determining tensile propertics can have a
measurahle effect on the hreaking foree and elongation at break
because of the Gough-Toule effect, The magnitude ofthis effect
depends on the type of hiber, mr velocily, and sample history.
Interlshoratory testing of nylon, polyester, and rayon conds
indicates that air velpoities of less than 250 mmds |50 fifmin|
aeross the specimen will not significantly bias the comparison
of cord properties between |nboratories.”

114 Calculate the average and standard deviation of break-
ing force from the mdividual breaking forces.

Nerre f—The preferred termbotise is BE iBresking Force ), however the
wee of BS | Breaking Strenpth) for the averige valug is permined

11.5 Report results as sioted in Section 15,

1.6 Precision and Biax:
6.} Precision—See Sectiom 19,
11.6.2 Brry-—See |9.3.

12. Breaking Tenscity and Stress ul Break of
Conditioned Yorns and Cords

12.1 Scope—This lest method is used W delermine the
hreaking tenneity of yams and cords after conditioning in the
utmesphere for testing aramids,

12.2 Calénlatie—Caleulate the breaking tenacity of the
siumple in termes of milli-Newton per lex (mN/iex ) | grams-force
per depier (eliden)] from the breaking force and the linedr
density using Fey | dnd 2:

BE 1006

HT, = T (13
_ BF4% i

BT, =~ (2]

where:

AT, = breaking tensvity, mNAtex,

87, = breaking tenacity, glfden,

EF': = breaking force, N,

BF, = breoking force, 1bf,

LD, = wpveroge lincar density of somple, tex, and

LDy = wvernge linear deasity of somple, denier.

220 Cakeulate the average and standard deviation of the
breaking lenacity of the sample.

123 Report results os stated in Section 15,

s, WOE pnd Blessom, M. 1L '.'F;h”hﬂl_". r'l-l'l."l.'L'- m Temsile Tl'ﬂllll = il
af Bt LR e 1967

124 Procixion cand Bios:
124.1 Procivion-Sée Seition 19,
1242 Bias—Seée Section 193,

12.5 Stress or Break:

1251 Scope—This test method is used 1o determine the
hreaking foree per cross=section area of yarns and cords after
camditioning m the atmosphere for testing wramids.

12.5.2 Calculste the specific stress at break wsing Eq 3;

A8 = BT . == 1)

where adiitonally:

5B stress ot break m MPa, and
Rho = density m kg/m’.

12551 The density 15 either:

i 1) derermined acconding o Test Method DAst, Proce-
dure A—Buoyoncy (Archimedes) Method: 1est temperatuore as
in Section &

(2) the value determined by the supplier (Test Method
DABO0, see (1)),

(3) the nominal vilue for para-aramids o 1440 kg/m',

12.5.3 Calculate the average mnd standord deviation of the
stress at break of the sample.

1254 Report results as stated in Section 18,

12.5.5 Precision and Bias:

1255.1 Precision—Scc Section 19,

12,552 Hisgr—S8ec 19.3.

i

13, Elongution at Break of Conditioned Yarns and Cords

131 Seope—This test method 8 used w0 determine the
elongation ut hreak of yurns and cords after conditioning in the
atmogphere for testing aramids.

102 Procedure—Determine the elongation st break ol each
conditionad specimen when delermining its breaking lome (sce
Section |1 Read the extension ol the breaking force by
electronic means. The general equution for elongation ar break
1= given m Fg 4

£
E'E’:(f,l"m“ (4]

elongation at break, %,

extension of specimen at the breaking force, mm [in),
anil

length of the specimen, under specificd pretension
measured from nip-to-nip of the holding clamps. mm
).

1321 Pretension Starr—Use Eqg 4
13.2.2 Slack  Stari—Coloolote the gavge length (L) 1o
include the slock using Ey 5
L, = L+DF (3

a
"

where:

L, = length of the specimen, under specificd pretension,
measured from nip-to-nip ol the holding ¢lamps, num
[in. ],
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L, = gauge length ofter clamping specimen (absolute dis-
tance mip-to-nip before movement of crosshead), mm
fin.], aul

D = displicement of erosshead o reach the spevified pre-
tension of the specimen (see Fig 3), mm [in.].

13.2.2.1 The pretension for aramid corresponds with 20 + |
mNfex [0.20 = 0.01 gffden].

13.22.2 The gencral equation for elimgation at hreak {or the
sluck stant procedure is given m By 6

P T f
Y il
where!
EB = elongation ol break, %,
E,, = extension of specimen at the breakjng force, mm [in.],
L, = pauge length after clamping specimen (absolute dis-

wnce nip-te-mp before movement of crosshead), mme

fin. ], and
¥ = displocement of crosshead to reach the specified pre-
tension of the specimen (see Fig: 1), mm [in].

13,23 Calculate the average and standard deviation of the
elongation at break of the sample.

13,24 Por calculating the FASE (Section 14), Chord Modu-
lus | Section 15), and Work-1o-Break (Section 16, it is required
to calenlate the clongation at any force from the corresponding
EXTERSTON,

13.3 Repon results us stated in Section 18.

134 Precivion ard Bias:

Force

FAEE il = =

Fa t
~|Dpl= e Ege Extension
Extension corresponding
with elongation in Table 2
Starting point on extension
axis for elongation calculations
(see 11.3.2)
F, = Prefarsion fome
0P = Si=ck
BF = Brouking fore

Ey = Extonslon ot bieaking lorce
FABE = Force af spadiied alonpmEien

FIG. 1 Force-Extension Curve

1341 Precivion—See Section 19,
1342 Brias—See 19.3,

I4. Force af Specified Elongation (FASE) of Conditioned
Yarns and Cords

141 Scope—This test method is used to determine the (orce
at specified ¢longation (FASE) of yams and cords after
conditioning 1n the atmosphere for testing aramids.

4.2 Frru'rdt'ur—l_'_]c!.rm:'mc the firce at spevified elonga-
tin (FASE) of each conditioned specimen when determinmy
its breaking force (see Section 11 and Fig. 3). Read the lorce by
clectronic means with an ou-line computer at the specibied
value of elongation listed in Table |.

Mo T—The preferred term o wg b FASE (Fopce ot Specified
Elomgation), however the se of LASE | Loadimt Specified Elongation)
pretinktic.

14.2.1 Ensure that the displacement { DP) of the crosshead to
remove sluck 15 tken w0 accomnt when using slack start
procedure. Follow same general provedure as for clongntion at
break (see 13.2 and Fig. 3).

14.2.2 Use Eg 7 m the case of slack st procedure (o locote
extension corresponding (o specificd clongaton. Extension is
measured [rom- the pretension pomnt {see Fie. ), where the
slack is removed from the specimen.

\L,+ 0P

1K) (7
where:
E, = extension, mm [in.],
£, = specified elongation, %,
L. = guuge leapth after clamplog specimen (absolule dis-
tunee nip-to-nip before movement of crosshead), mm
[in.], and
OF = displacement of crosshead o reach the specified pre-

tension of the specimen (see Fig. 3), mm [in.].
14,221 Read force. N [Ibf]. cormresponding w above exten-
sion from the ondinste of the force-extension curve.
143 Coleviate the aversge and standard deviation of the
FASE of the somple.
144 Report results us stuted in Section’ 15,

145 Precision and Bias;
1451 Precinon—Sce Scction 19,
1452 Brax—See 193,

15, Modulus of Conditioned Yarns and Cords

151 Teeiteee! Mochilus:

1500 Seope—This test method is wsed o determine the
chord modulus of yams and cords ufter conditioning in the
almosphere for westing aramids.

TABLE 1 Elongation Values for Determination of FASE

Adheang
Tygie ol Fbet Grsge i Do
Armrmad 03 ib
05
1.0
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15.1.2 Procechre: Chord-Modulus  Yarny amd Cords—
Detetmine the chord modulus of each conditioned specimen
from the lorce-elopgation curve (see Fig. 4). Delermine the
chord modulus between the points A and B a5 specified in
Table 2. Locate the peants A and B on the ordinme at the forees
equivalent to A mNAex [gfiden] and B mNfex |afiden]
respeclively. Diraw from cach of these two points respectively
i line perpendicular to the ordinate 1o the intersection with the
force-elengation curve. From these intersection points deter-
mine the related elongation values by drawing perpendiculbir
lines 1o the abscissa.

15.1.21 Caleulate the chord modulus of o specimen using
Eq 8

s
CM = !tlﬂ-m (.31

where

CM = chord madulis, Nitex [ghiden],

T, = upper lomt m Niex [giiden].

T, = lower lomit in Nftex [gfiden],

E., = clongation corresponding to T, %. and

£, = clonganon commesponding o T, %.

15.1,3 Caloulate the average and standard deviation of the
chord ‘modulus of the sample.

15.1.4 Report results s stated 1 Section 15

15.1.5 Precision and Bios:

15.1.3.1 Precision—See Section 19.

15.1.52 Hios—See 19,3,

152 Specific Chard Modulis:

152} Seope—This test method s wsed 1o determine the
chord modulus per cross-section area of yarns and cords after
conditoning i the atmosphere for testing aramids.

15.2.1 Culculme the specific chord modulus using Eg

B Rbies
CHA=CM o Ly

| I |
E &
F. = Foree comssponding to ppecfiad Lowar Lima in Table 2
F. = Fom= comespording to speodied Lipper Limi in Tapje2
E. = Blongation paint norresponding o Lowet Lim Foncs
E;, = Elongation poinl pumesponding 1o Uppes Limé Force

FiG. 4 Force-Elongation Curve for the Determination of Chord
Modulus

TABLE 2 Lower and Upper Limit of the Chord Modulus Interval

Eawar Limit, T, Uppet Lima, T
Type of Fibar =4 :
Miex {gt/dan) MAn | tsen]
Aromia 340 5| 0.40 451

whete additionally:
CMA = speaific chord moduius in GPp.
fho = avemge density in kgfm-
The density is cither:
if)determined according to Test Method [DASO0] test
temperature as in Section ¥,
(2} the value determined by the supplier (Test Method
DAKO0; test temperniure as in Section §),
(3} the nominal value for para-aramids of 1440 kg/m-.
15.2.3 Calculare the average and stmdard deviation of the
chord moduhis ol the sample.
15.24 Report results as stated i Section 15,
1525 Precivien amd Bias:
152.5.1 Precision—Sec Sectiom 19,
15.2.5.2 Bigv—Ses 19,1,

16. Waork-to-Break of Yarns and Cords

161 Scope—This tesl method s used 10 determine the
wirk-to-break of yarns and cords.

162 Procediure—Using the foree-clongition curves ob-
tained as directed in Sectiom 11, the work-to-break and specific
work-to-break con be calculated vsing Fg 10 amd Eq 1] or Eg
12 and Eq 13:

N Geitl, By - &

Wl = 2 o (1)
LK WA
WH, = i
£
LiES
Wa = E{le'i (%, = E) (12)
Wy — 0 -WE, (13)
5 i
whiere:
WE, = work-to-break. J,
H.*Hf = work-1o-hreak. [bf,
F. = foree ot prefension level, N |hi],
F_ = forte ot first data poir. N |1ht],
Fi = foree at Ath dota pair, N [Ibf].
E, = extension ol first dato pair, mm [in. ],
By = extension al &th dot pair, mm [in.].
WH, = spealic work-to-break. Iim,
Wi, = specific work-to-hreak. Ibffin., and
L, = gouge length of specimen, mm [in ],

16.2.1 Calculate the averdge and standard deviition of the
wirk-to-break of the sample.

16,3 Report results as stited n Section 1,
|64 Precivion and Bigs:

164, Precison—See Section 19,
164.2 Biox—See 193
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17. Breuking Toughnoess of Yorns and Cords
I17.1 Scope—This test method {s used to determine the
breaking toughness of yarns and cords,

17.2 Procediire—The information of Section 16 ks used o

calculare the breaking toughness of the yarn or chord sample
(Eq 14 and Eq [5),

Wi, '
| - -|'||-.'—LD| 1 hH
“'HFI
BT = ]'_.TF: (15}
where! _
BT, = hreakimng toughness. Je.
ETJ: = hreaking toughness, Ibffin.- den.
Wl = specilic work-ti-break of specimen, Min,
WH, = specific work-{o-break of specimen, IbBin.-den,
Ly = gauge length of specimen, mm [in.],
LIy, = average linear density of sample, tex, and,
LD, = average linear density of sample, denier,

173 Culculate the overuge and standord deviotion of the
breaking ioughness of the sample,

174 Hcpnrl results as stated In Section 15,

175 Precision amd Bias:

175.1 Precision—The precision of breaking toughness is
derived from work=to-break and lincar dedsity (see Sedtion
).

1752 Biox—See 19.3.

18. Re;::uﬂa.. General

18.1 State that all #pecimiens were tensile lested as directed
in Test Methods D726Y9, Sections |1 — 17. Deséribe the
muterial or product sampled and the methods of samphing used,

15.2 Report the following nformation:

18.2.1 Test procedure used (pretension or slock start),

18,22 Type of clomp used.

18,23 The amount of twist, if any, inserted into the yarn
especially lor the purpose of 1ensile testing the v,

I8.24 Number of specimens tested per sample, and

18.2.5 The averaze value and the staundard deviation of cach
property measured or caleuloted for ench sumple, These
numbers can be roumnded as given in Test Methods E23, section
fr.4.2 anil 7.4.

19. Precision and Bias of Certain Cord Tesls

19.1 Inierlaborarory Tesi Design—An  interlaboratory
(“roupd mbin”) study was performed by ASTM DI3 sk
group members (o quantify performanee of new automated
tensile testing devices. Three brands of automated fensile fes)
devices were included: Shgmadt, Stutmat. nnd Uster. Two
laboratones represenied each brand of wsier (Lister one lab
only). Yurn was supplied in pre-twisted state for testing. Flat
varn wak also provided o Statimatl [obs, so testing could be
performed both on pre-twisted yarn, ond on yarn aptomatically
wwisted hy the test machine. Two loboratorics also wested the
materials uging trnditional (Instron) methods for reference.
Enich of those lnharstories vsed two operatoes.

19,11 —The study included the (nllowing nine materials;

Revlariu: 600 denier

Revlarii: 14200 dener

Kevlord: 2830 denier

Nomex®@: 200 denier

Nomex®: 1600 denjer

Technora®: SO0 denier

Twaron®: 500 denier

Twaurond: 1550 denier

Twirom®: 3100 denier

The number of test determinations required for o fest result

is speeificd in each individunl test method, For the purpose of
this stucy, cach lnharntory made one hundred (10) determi-
nations (breaks) for cach material, The following properties

and associuled measurement units) were recordetd:

Lriits
Breik Foace (BF) N
Elongation at break |E5) "
Modilus batween 300 miNAzx and 400 et
mitan (MOD)]
FASE 0 03% N
FASE O 05% M
FASE 0 1.0% f
Nomindl linear density wos used for modulus coleulation.

19.2 Jaterlaboratory Test Dato—Means, standard devintions
and BTV for the materiols and devices are shown in Tobles 35
and Fig: 5.

19.3 Imierlaboratary Tesi-Precasion and Bias—Binses ob-
served between the varions test instroment 1vpes presently
reguine separite precision statements. A method o eliminare
the bins is prexsented in Appendix 1.

1931 A simple one-way ANOVA wus performed on cach
(material, instrument ) sel of daty, In most cases two laborito-
ries participated for each instrument type. Each dota s
therefore contains 200 ohservanions, one hundred replicates
taken ol each lahomtory. Two variance components were
calculated from each dita set: laboratory to laboratory, and
within-laboratory. Those variance components represent long-
term and short-erm varability, respectively, The vanance
components are whled below, along with calculated repeatnbil-
iy and reproducibility for the precision and bias stement. In
est method terminology, has 15 the difference between an
average lest valoe and the reference (ar true) test property
value. Bias for cach instrument type was calculated using the
Instron for that reference, although the dato sots are too small
o draw convincing conclusions.

19.3.2 Repeatability and reproducibiline deal with the vani-
ability of test results obtained under specified lahorory
conditions. Repeatability concerns the vanability between
mdependent test results obtained within a single laboratory in
the shortest practical peniod. Those resulls are phtamed by o
smple operator with a specific set of test apparatus wsing test
specimens (o west units) taken at random from o single quantity
of homogeneous muterial obunned or prepared [or the inter-
laboratory study (ILS), Two single test results, obtuined in the
sume Joboratory under normal test method procedures, tha
chiffer by mare than this ealculated value must be considered os
derived from different or non-dentical sample populations.
Reproducimlity deals with the varability between single tes
results obtained in different laboratories, each of which has
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TABLE 3 Mean Values by Material, Device
Nore | —PFor unkmown reasons, one of the pameipating laboratoses (Spruance found 4 too low breaking foree of 250 N using. the: Iastrons:

Materinl Device | N Rows “mmﬁuiﬂw?ﬁ] MERN{MOD(CHZTex]) | Mern(FASE 0375 ) | Menn|FASE (1.5%) | Mean{FASE 1.0%5]
' 377 2 A510.18 3. SEBH 132 53
Eedar® 1400 | Sgmasoo | 400 Ei"g 251 801575 g‘fg 47,77 [TIEE]
200 112,31 244 = 293 53.3% 11164
Kowiar® 1420d | Statimat PT | 200 3505 2.5 TRIR17 315 =567 116067
404 | 100 o404 253 777089 31.23 55 £ 117.18
| Keslar® 28404 W6 | s 243 886,57 659 10830 2707
Eeilar® 28404 | SgmaB0d | 200 5%5 FIT] 7337 8 42 B Pt Y]
ar® 3300 | S| 300 X 580K 53] ¥ o
Ferilar® J8A04 | Statimat PT %ﬂ 167 BE46.6 .91 9004 198 |
Tt 1 i 745 723203 SA77 10202 21871 |
00 156 308 PR i L3 AT
[ & 6008 | Sgmaton | 200 16311 4 (T3] [ET 1786 1556
Narvhar & G 200 [ .5 Rode.rn 1151 19.18 54,50
_%%_ Statimat ©1 | 300 8L 394 i 1184 15,72 15,28
(8 16105 145 531743 1L 187 6.0
0 [ 74,31 7, 143 882 1212 FIT|
Mﬂ:m‘; 1% 200 7454 2848 76 b fil,) 8,055 1257
| Koyt 1600 | Fisi] : 21.73 [ 2,01 21,12
Merr=x 1500 PT| 200 74.73 21 M B7.24 767 1.4 .45
Notmer s 15004 100 L2 EE] 30.15 65,01 K52 192 15,71
Nomes® 200d | alg 93] BH 10174 118 L6] 168
Nome® 2004 | S 200 875 26.39 X i 7] 231
Nomi® Staumat_| 200 10.35 19,74 142,14 131 LA7 3.1
Huﬂ% Statimat PT | 195 104 TIE L] i3 105 311
~ Nomex® 2008 | 100 .05 540 EGEE LI5 1.5 Rl
Technome® 15004 | 00| ead N EER ik L] W33
Technora® 1500¢ (200 380,16 4.36 SEATIR E?ﬂ Er | “u.zs _
X ' f AL 1724 ;
o T - STy e B o
Technpra® {5004 |0 100 388,58 43 5277.02 2603 44,42 _BE.76
Twaron® 1550d | Insen | 400 [ 369.63 28 TI7L78 4 59.63 12203
Twaron® 15500 | Sigmato0 | 200 V67 62 2.58 21217 L 4817 1108
15500 [% 300 345 87 ERE (55039 7.5% i 10473
% 15500 200 369 2H 186 B75717 ELNiE] 5763 11827
100 5.5 108 | i 3. 55 3% 1155
200 75278 355 453035 3.0 AT 1604
200 T30.08 1 477527 59,78 32,08
B Big 38 %Eg 45%5;! ﬁ% 6,00 4%
196 750,17 41 4644.5) 4209 70.35 15 69
| 100 THAT 13 AT AL 45 0t 6.8 1
335 134.54 141 B37A45 1057 1813 35 18
200 109 345 4445.15 B&7 1587 kEN L]
300 1139 165 1568831 10.75 1792 35,61
200 134.05 138 641534 10.95 183 16.22
133,48 i3 G042.51 HINE 1£99 1148

upplied the test method o test specimens (or test units) wken 20, Keywords
af Tundom from o single quontity of homogencous material
obtained or preparcd for the ILS. Two single test resulis,
ehtained in two different lnhoratories under normal test method
prowedures, that differ by more than this tabulated K muost be
considered to have come From different or non-identical sample
populations,

20.1 aromid: cord: fabric:  linear densiy: tensile
propertics/tests
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TABLE 4 Standard Deviations by Material, Device

Nore |—For anknown reasons, one of the paticipatieg-nboratones { Sproance ) foand a w0 Jow breaking toree of 330 N usmg the lastroas. The correc
heeakiing foree is 410N This lead to bigh standard deviatsn fise e Instrin hreaking fone

Material ‘Device | N Rows | Std Dew(BEN EB["))| Sta o Dev{FASE 0.3%:) FASE 0.5%0) | St Dev| FAS
Keviar® 14200 | Imton | 377 7 5 1143 0.4 0.3 171
W'm__ﬁ Eh ot o ) I 75
7 19,56 11 150,75 296 394 5,
% Statmial T | 200 U3} il RTh i1 399 T
] 1 5.8 0.04 3468 0.37 ui'; 0.63
Kt £ 1147 [ii3 406 17 63 375
%0 1373 iy 136.52 L52 L7 145
200 15,98 0.09 4852 5,11 874 12.28
i 1258 0.07 250 52 434 7Ad 903
100 1384 0.06 .71 0.4 L ﬂa-%
407 180 0,05 104.15 0.5 0.35
200 o 07 155.17 034 0,53 119
200 4,48 008 57,14 0.3 0.34 033
300 292 0.08 1168 [} ) Wi
100 21 0.05 30.92 p.og 0.13 0.2
400 1.22 L2A 1377 0.2 0.26 0.48
200 L84 1] Bl b1 0.14 0.3
200 0.54 1.0 47 [E] 0.5 0.6
200 0l L1 5Dl L7 B8 1A
100 6 057 14 005 0.08 13
400 (53 23 557 (] (L3 0
200 (3] L4 L ) 0.5 .11 035
200 0.29 ;] 20,67 p.27 [(F5] 0.25
198 044 L.59 2705 0.26 0.28 0.29
100 LIS 125 3EN 0.4 0.1 ¥
il o i N S1.87 0.59 0.71 181
200 Ikl_l.‘i"i- L) ﬁ}it_ 7l 0,59 118
300 57 0,44 176.29 3 58} 12.07
Fli] (kK] [FH 136,81 1ﬁ 17 149
160 BET 008 3044 [¥7] 0.5 049
400 451 004 1450 106 ] 109
200 508 [H 13637 06 0.4 1.2
: 30 108 087 1834111 107 6.8 154
T 13504 200 ] (.08 535.78 4.4 553 7.16
NG e ) | 160 B.21 0.0% 1 ] 0.57 0.77
| Twarge® 3i00d | 400 14,68 0.09 6. : 158 4.53
| Twaron® 2100d | Sigmasio | 00 2003 I 233 23 373 -
Twarge® 3i00d | ol 300 2.4 015 78 4.06 8.01 10.76
Twaron® 3100 _| Statimat PT | 199 16,06 0.15 1354 308 5.5 8.1l
Twarores 31004 100 163 [ 3813 i# 201 18
[ Twaron® 5000 | | 207 15 105,82 047 05 0,75
[ Twaron® G0 30 A8 a7 31456 [ 068 GEH
300 133 [ER 2742087 o4 045 0,38
: Ststimat PT | 200 254 Y] pIIER) [ Bl [N
oo® 100 146 0.03 55.17 013 AT 0.24

1
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TABLE 5 %CV by Material, Device

Material Device | N Rows | CV(BF(N)) | CV(EB(¥u)) | CVIMOD(CN/Tex])) | CV(FASE 0.3%) | CVIFASE 0.5%) | CV(FASE 1.0%)
Kevlar® 14200 _| 1 37 | 21 21 5 5 17 1.4
[ KeviarD 1420d | 200 3 31 2 ] 28 23
Keviarld 1420d | 200 b1 4.7 2 8.4 74 5.2
1420d | Statimat 200 a7 3.2 3.5 83 7.2 a3
Kvlar® 14 100 8 1.8 0.4 13 0.9 0.5
: EL I 2.2 1 2.1 1.5 2.1
Kewlar® 2840d %’ﬂ} 200 2.1 2.7 1.9 16 2.2 1.4
Koviare 28400 | | 200 27 3.6 2.2 10.1 ] 5.2
Keviar® 2840d | Satimat PT| 200 2.1 15 3 83 8.3 45
Keviare 28400 |1 Uster 0 100 2.3 il 0.5 1.3 I 0.7
Keviar® G000 Enstron 400 16 1.b 1.8 2.9 1.6 L6
3.3 4.3 4.3 3.5 3 3.2
28 23 i 2.7 1.8 0.4
18 2.3 [l 6.4 4.5 3.2
1.3 1.3 0.6 0.8 n7 0.6
16 15 35.1 23 2.2 2.4
25 3 El 12 L& L3
13 43 5.5 4.5 4.1 EN|
1.4 5 5.7 22,3 16.1 10
0.8 3.2 1.7 0.6 0.6 0.7
33 B0 9.4 3 24 5.8
B 5.3 26.1 7.4 9.4 10.8
2.8 B.B 14.5 0.3 14.3 79
47 8.6 18.5 199 15 9.7
116 4.4 f4.2 3.8 50 8.7
7.9 7.4 0.9 2.2 1.5 ]
¥ 44 15 i8 2.4 L4
" Slatimat 47 13 i3 14 125 12
[Seatimat PT K] 5 34 .1 6.2 [
| Uster | 1.7 LS 0.6 1 0.8 0.6
- K 13 L5 ] 3.1 1.8 1.7
14 [l 1.9 3.2 L7 1.1
. 300 95 | 275 935 10.5 12.4 14.7
Twaron® 15500 | Statimat PT| 200 22 2.9, 7.9 12.6 5.6 6.1
1.7 1.5 8.5 1.4 i 0.7
19 23 13 45 3.9 18
2.7 2.3 1.3 B.5 5.2 15
33 £l 3.5 10.2 121 75
2.1 16 3 7.3 2.9 41
2.2 L7 1L 4.1 34 2.3
L5 1.6 1, 43 2.8 2.2
31 51 483 B.7 ] L4
11.7 106 106.7 3.7 25 1
1.5 2.3 34 (¥ 4.4 ER]
1.1 0.8 0.3 1.3 i 0.7

I
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FIG. 5 " CV by Material and Device
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TABLE & Precision of the Test Method

N 1-
S, = nepeaiability standkird deviation {pored withis-laboratory stumland deviation)
r= repeultability = .80 §,
Nu = reprocucibiliny standard deviation (otal standard deviahon)
K = reproliscibiliy = 280 &),

Mo 2—For unknewn reasons, one of the pamicipating laborstories {Sproance ) found o too o breaking foree of 330N using the Instrony, The cormect
bredking force is-<H10N. Thin led to bigh standard deviation for the Testoon Brebking fone

ice War | Varya Lab|Vardes Res Repeatability | Reproducibliity |
348 .07
25.11 1580
162k 16,26
3126 3164
34,53 3853
4058 4847
3L [FE]
.75 3.6
719 T
EXD 15.H
o 1556
785 856
3. 5.560
519 is)
141 .14
1.7 3.4
L&) 157
1.7l L7
085 104

¢
0.68 033
0% .47
12 122
L83 #3573
¥ I5.07
3532 007
72.51 Ar65
k) 1223
12.48 1417
%0 1275 1558
ITen LicE L
5 350
L] 1259
40 A2 41,18
5543 R
— g CLEH
07 507
45,45 45 45
LA g LT,
.05 12602
B ES K]
1] [ #7]
LS 415

|3
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TABLEE Continued

Elongation at Break (%)
Material Duvice | Var(Lab) | Var{Ris] | TotVar | Vir® Lab [ Virts fes [ 4{repant) | s{Rapro) | Repostability | Reproducibility
el L 005 IR IBEE
L Q082 1 0126 1 0230 | 0350
gz | oadye eI .32
e R 2463 il
RO45- 1 0045 | Q126 | 0I26
BIA7 | O.057 0132 0,159
Goek | 4.07% 9.171 0214
QD8 | 0118 0.162 0.331
DOSE_ | (060 0223
0057 o457 0.159 0.159
0063 | 0063 0473 0173
137 L gail } 0335 0533
Loz [ D1 L.201 ) —
D064 1 0105 D17 0295
B051§ 005 flLigd Q43
L L136 | 138 1153 .10
D715 | 0.856 2002 2308
i3t | 1073 2,635 3.00%
0.904 1.366 2530 484
0373 L 0973 PR a.743
1403 | 1403 34928 1525
o8 | 12 2078 B339
Lits | 20139 3458 3710,
1246 | 1 1430 3480
ooz L a4 0215 0057
0,215 0242 RFL 7
pig | 6530 D308 1483
0O78 | 0368 0723 LRER
065 L 0065 0,181 D.181
D03g 10043 Dad 1 0120
0042 | 0.093 0417 0,260
D120 | 1055 0337 2854
BOss 1 IG5 0,155 0,094
DOSE {0051 0.4 I HLT
DOGE | 0.038 fL16d RI7%3
0088 ¢ 0100 0.250 .81
D096 | 0176 0274 .43
0.0 0,185 .203 0347
BoEs {L1AG (1150
W1 1 O R, 1. A - —
0140 | 03 | 0393 140
o5 | 0.031 (151 0.254
poIE | 0038 a.n%e 0.079

14
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TABLEG& Confinued

Modulus [CN/tex)
Material Var{Lab) Tot Var__[Var¥y Lab|Varss Res|s{rapeat)|s{Repro)| Repeatability | Reproducibility
% ' 2055081 212648 4 BE 1 1.6 G141l | 46144 17754 (ELe
| Slgmai00 | JENIes | S2i) | 4969 5.0 120 1200 | J0R&A 202.15 SEAE |
: i . Li5.56 | 161,50 3557 45863
: L7700 1 J344.94 1P - -
468 | 468 2211 JLAL
se09 | .08 165.06 215 52
7afis | 1784¢ § 0.9 49337
018 | 18933 252.50 33041 |
7721 | 35784 217.59 1001.95
4673 | 3£7) | 130,84
sers | u3n 19532 31208
T N R L T MKZ.2A
HiSE 1 05} WD 214
§ 2873 | 30991 23044 86775
o] A3 L Nn 8535 ik
205 287 1 3n r2l 105 £3
230 Lis | 84] 129 1337
4213 4.0 38 T, 1480
15 - 356 | 640 | 100) 1797
I3 L 78 0,75
2 207 1025 | 1980 2l
[1¥] 207 | 3as 20.08 57,50
23 L350 347 311
613 23 | 3269 691 a1 54
2.0 23 | sn 13330 43330
LT - %3 - - S A —
74.9 : SL2S ¢ 102.09 183.59 286,
B7.8 12.2 73134 | 20930 201506 386,015
RLZ 95 | 7277 | 10173 I0.74 LLLEY
g0 00 | 3044 | 304 83.0 §5.41
155 25 AL15 | 8110 Li5.2) FRFE.
4 G5 | 200 § iEdgR ) 19960 |
100.0 0.0 | 27880 |2230258) 76092 h2447.22
289 L1 7745 1 73L17 1685 210337 |
0.0 1000 1 1510 { 3510 28,27 27
W 7 5 7 - 0 R - W - —
M Be.7 2673 | 6284 1 13501 175.96
Bl & a4 a162 | 21300 17253 586 41
.3 27 kil | 18833 145.90 52704
0.0 oo | a3 | @ 13475 134.75
FTEA s L TRAS L LABL L ZI600 1 Q1808
100.0 o0 2411 | 02643 123.50 8474.00
538 fi | 20101 [33sizea]  TI65 M 384091
£33 167 1 IIFED } JEREY } 2 JpOO04 ) 0048
0.0 w00 | ssay | ssid 154.48 L54.48
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TABLEE Continued

FASE @ 0.3% (N) _ _
Var% Lab | Varts Res | s{repeat) | s(Repro) | Repealability | Reproducibility
473 1 _0H 2.0 462
083 1 113 N £} Ta—
0.67 340 .14 253
g | 359 2.22 10.05
037 | o LA 104
N O T 164
1.3 168 17 471
0.54 (AL .63 20101
081 | 563 1 020136 16,60
0.1 0. 2.06 2.06
L Y 0.63 1.28
030 | 0.9 0.3 1.08
025 | 036 .69 L02
0.28 1.02 0.78 187
005 | ogm 0.26 026 |
013 | 0.25 0.35 0.20
011 Q.12 0.30 0.33
g3 | 04 1.01 12
. 043 .38 1.21 566
|_100.0 005 0.0% 0.14 fLi4
: .l 0o | 00 0.08 0.12
SayraS00 | 601 0.00 [lli}] Bt 119 iz} .08 0.08 032
it 0.01 0.06 164 816 0.25 028 0.7 (.76
Statimat PT | 0.00 : 0.07 1.8 98.2 0.26 0.26 073 0.74
448 G080 L on ) 1000 1 OH 0.0 0.1 212
0.4 423 a3 g2l o 067 142 LEE
0.57 149 751 0.65 0.75 LA3 211
2149 gr3 27 .75 464 2,14 12:38
B.42 gal 1 100 4.90 .79 813
007 0.4 1000 027 0,47 0.76 0.76
B8 L6753 | 335 L 074 L 130 1 30T [ 361
o | 669 | 331 033 1 09 148 1.8
1359 918 6.2 0.92 3.70 139 1038
| 89 | 11 | 063 | 6o L7 1683
g | o0 T 1000 | 043 | 043 12 12
445 24 a6 1 1B8 11 527 531
659 1.0 g7.0 241 .59 676 7.24
13.90 B2.4 10.6 1.58 4.84 4.42 13.55
1676 | ®7 163 163 4 [ 4.56 1130
338 0.0 100.0 .64 164 5.15 515
033 B5.2 38 03] D.57 0.93 L.60
1,02 836 10.4 133 L0l .91 283
i T 760" | 240 1 05 17046 T 083 L%
091 | 770 2.0 046 | 095 118 267
0.6 8.0 1000 | 013 | 013 0.3 0.38

I
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TABLEE Continued

FASE @ 0.5% (N)

Yot Mar | Varts Lab | Varts Res | s(repeat) | s(repro) | Repeatability | Reproducibility

1035 | 119 88,1 0.55 1 L@ | 267 285

2360 | Sf) 4.3 % L&) .90 348

30147 | 976 24 0 5% | 237 R

30043 | 97 2.4 0.95 2.35 L66 1535

p2az {040 0o | 930 | 03 133 139

£.723 | 00 100 LE3 L.ES 152 162

1617 | 63 917 1.84 150 515 533
| 6.8 12 i rd 1230 S N I .. S

1082871 986 14 LB 10.41 142 29,14

0.0 100.0 L0& LOB 2 .96 208

A b4 023 | 0H 0.03 Ll

63,9 36,4 036 | 666 101 1,65

54.3 457 0.7 | 040 0.76 1.12

4.4 5.6 0.29 122 0.81 143

0.0 e | 033 | 013 .37 0.3

5.2 048 0.18 (.32 0.50 (.99

4.2 95.8 0.14 014 0.38 .39

| 456 54,4 043 | 059 L3 165

373 2.7 0.43 257 1.19 7.19

0g 100.0 008 | (08 021 021
137 36.J a3 _L 0@ 1 009 | 013

035 £5 009 | Q.16 .1 {.44

LS 88,5 025 | 037 0.72 .77

0o 1000 | 028 028 0.79 0.78

0.0 100.0 Qi0_{ 030 137 L3

2.6 134 065 | 0% L2 FAF

00 100.0 089 | (89 243 143

98.0 2.0 .99 7,08 2.78 1981

aL6 5.4 ] 176 105 10.52

10 1000 1| 035 | 035 102 1.02

43,0 510 (.90 L26 253 154

37 67.3 ar: | 088 201 245

284 16 | 098 | 76 275 2141

| %00 10 _1 07 1 706 214 21.73

0.0 100.0 0.57 057 .60 15

247 753 | 276 118 L /0]

9 4311 1.66 17 10.25 1062

M3 =i | 218 | 967 .11 FEA

0.8 2.2 224 LAl ¢ 2000

g0 100.0 161 28 136 2l

LO8 9.2 038 [LEQ 15 LB8

BLE 184 03 058 106 146

75.9 241 036 | 0s? 0.77 147

| 788 | 210 | 048 L3 1.33 190

0.0 1000 048 | 018 0.50 0.50
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TABLEG Continued

e e
1232 | 23 0.7 EE %ﬁ !%' E%
1tz | B5% 145 i3 | 383 156 [ %3]

69.930 | 98 16 | ios | 836 258 [Bal
48935 | %69 31 a4 | 700 347 9,58
DA02 | 06 1006 | 06 463 L7 177
26206 | G0E 302 33 | 513 299 136
afz | 348 552 | 28 | 313 700 B.78
dean3| 87 1.3 1.93 i7.2 5,40 48,21
158390 975 5 199 12.59 557 3534
2,583 0.0 100.0 1.60 160 448 448
D427 | 7iA 7.6 0,4 0.65 0,56 153
2616 | 929 7.1 043 1.6 13l 45
D1i2 | SA 94,2 033 | 0. 08l 0.54
2013 | 964 36 1;5: 1.71 0.91 478
1 0d0 i1} 100.0 0,20 .20 0.56 0.56
| 0277 | &S ET N 0.33 0.53 (i LA7
| 0.068 | 488 50.2 018 | 026 0.52 0.73
| D620 | 594 0.6 050 | 079 1.40 110
8012 | 967 33 0.52 283 1.45 7.94
0,020 0.0 1000 | 014 | 014 0,40 0.40
D060 | B4 716 021 | 034 0,58 0.68
0120 | 965 15 0.06 035 0.18 D97
006l | 0@ 1000 1 03 [ 038 165 0.69
0.079 | 008G | 7.7 923 0.1 | 0.9 0.79 0.82
0.055 @ D055 0.0 100.0 0,24 0.34 0,66 0.66
1037 | 4017 | 742 25.8 12 | 200 285 5.61
| 1130 | 163 | 309 9.1 1.06 1.28 2.98 3154
1.774 (216Bi8| 9932 0.8 123 14.72 37 41.23
1563 | 2260 | o1 6.9 125 | 476 350 1332
0236 | 0.3 | 00 1000 | 049 | 049 135 1.36
4100 | 5097 | 588 413 145 226 406 632
 LI3R | 098 | 2056 | 553 447 143 258 402
1535 1351984 o0 04 124 | 1881 g 5268
1438 [100B11) 968 1.2 L1l | 10.04 .12 28.11
0599 | 0,59 (] 0o | 0.7 0.77 217 217
4188 (22637 | 33 | 627 | 37 | 478 10.55 1132
25040 [25.040 | 00 100.0 | 500 5.00 14.01 14,01
10545 [167.825| 935 b5 331 | 1295 926 3617
9309 | 65182 | BS.7 14.3 105 807 8.54 21 60
13,157 |13.157 | 00 1000 | 363 | 3163 10,16 10.16
0245 | D681 | B4 353 049 | p&3 1.38 13
0215 (0229 | 60 840 | D46 | 048 L4
‘0103 | Dass | 76 0.9 032 [ 038 190 1.07
034 | 229 [ 861 139 0.5 1.50 157 420
0080 | 0060 | Of 100.0 Bad | 0.4 0,69 ()

1%
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TABLE 7 Teal Method Bias Helative To Instron

BF m 14204 10.04 2275 1.30 10.32
BF Keviar® 2840d 16.91 25.52 117 17.93
BF Keviar™ 600d 2.90 5.05 -0.34 4.96
BF Nomex® 1600d |  0.27 0.23 0.18 1.49
g Nomex™ 200d 0.16 0.43 ~0.49 -0.04
ar Technora® 15000 0.27 4837 23,03 -8.25
BF Twaron™ 15500 2.02 23,83 0.37 12.11
BF Twaron™ 31000 21.90 6440 2.01 24.31
BF Twaron™ 500d 3.60 20,79 0.64 2.21
&) Kevlar® 1420d —0.09 0.08 —D.08 -0.01
EB Keviar® 2840d —0.12 —0.10 .18 0.01
EB Keviar® 600d 0,06 0.12 0.04 0.03
EE Nomex™ 1600d 0.76 3.01 430 252
EB Namex® 200d -1.12 5.53 5 64 -3.21
EB Technara™ 1500d -0.26 0,73 —0.29 -0,20
EB Twaron™ 1550d -0.18 -0.35 ~00.06 -0.02
EB Twaron™ 3100d ~0.21 0.10 0.1 0.15
£B Twaron™ 500d -0.03 0.46 0.04 -0.02
MOD Keviar™ 1420d 494,42 323.95 632.00 739.29
MOoD Keviar” 2540d 349,08 1082.01 114037 414.01
MOD Keviar® 600d ~120.65 50,60 ~83.57 304.72
MOD Nomex® 16004 16.74 B.10 5,20 2842
MOD Nomex® 2004 526 —40.40 —45.49 2.81
MOD Technora® 15000 | 96,28 321.22 30243 366,34
M% Twaron™ 15500 159.60 | -1213162 | 614.60 503.78
M Twaron™ 3100d 55.08 204.81 185.84 132.93
MOD Twaron® 500d 1933.29 | -19309.86 | -36.89 335.94
%g @ 0.3% Kaviar™ 1420d 9,05 3.54 1.74 2.01
@ 0.3% Keviar® 2840d 18.25 10.02 5.68 2.87
FASE % 0.3% _ |Keviar" 600d 2.25 0.72 0.39 0.93
E@ 0.3% Nomex™ 1600d 3.60 —0.30 0,95 0,10
— FASE @ 0.3% Nomex™ Z00d 0.43 —0.13 —0.13 0.03
FASE @ 0.3% Technora® 1500d 8.61 0.14 0.59 1.36
FASE @ 0.3% Twaron™ 1550d 10,41 5.15 0.38 271
— FASE @ D.3% Twaron® 31009 1430 4.18 1.81 111
FASE @ 0.3% Twaron™ 500d 2.30 0.21 0.02 0.84
%@o Keviar™ 14204 1111 5.52 3.20 3.20
0.5% Keviar™ 28404 21.65 19.00 18.21 5.33
FASE @ 0.5% Keviar™ 600d 2.04 0.72 0.18 1.20
FASE @ 0.5% Notex™ 1600d 3.48 —1.49 0.63 0.20
'W@_ﬂ 0.5% Nomex™ 200d 045 0,19 -0.21 0.0
FASE % 0.5%  |[Technora® 1500d | 9.64 0.1 1.6 2.3
— FASE B.0.5% Twaron® 15500 11.46 5,99 1.59 4.28
FASE @ 0.5% |Twaron® 3100d 16.75 10.44 6.18 0,28
FASE & 0.5% Twaron'® 500d 2.27 0.21 -0.17 1.15
FASE @ 1. Keviar® 1420d 11.29 B.58 5,86 5.35
FASE & 1.0% Keviar® 2840d 23.75 28.12 27.23 835
1.0%  [Wevlar® 600d 0.85 -0.12 —0.87 1.40
FASE @ 1.0% Nomex® 1600d 2.54 ~1.01 —0.34 0.39
FAGE & 1.0%  |Nomex™ 200d 0.38 0,42 -0.43 -0.03
FASE @ 1.0% Technora® 1500d 7.48 -3.84 2.29 3.49
1.0% Twaron™ 15500 11.23 17.30 3.76 6.53
FASE @ 1.0% Twaron™ 31000 18.78 16.67 11.95 2.11
FASE @ 1.0% Twaron™ 500d 1.41 043 -1.04 1.30

19
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APPENDIX

(Nommandatory Information)

X1 ELIMINATION OF BIAS-DIFFERENCES INTRODUCED BY THE TEST-DEVICE

X1l Since sumples have been supplied 1 o pre-twisted
state, differences in material ond handling can be excluded. The
enuse for the differences can only fimd its ongin by the tensile
IEslCrs.

X111 The bias of elongation at break and modulus valoes
are oo large for a direct companson when using different
test-devices. Snee nol only between testors, bul plso within

teaters differences con be mdicated. 1t 15 desirable 1 have o

method [or ilctrrminin'g the contribotion of the lest-devace o
the resull.

X1.2 Cunses for Differences

X121 A wensile tester is hot infinite still. Not only the
frume will delorm due tw an applied force. but also the
principle of a loadeell s based on deformation. Diflerent test
devives with different loadeells will differ for their stiflpess,

X122 The gripping gradicot (gripping point) on clamps
largely dépend on yarn surface, clamp surface, clamp shape
(e.g. bollard type). The gripping gradient will also change
during the test. This will Jead w a chonging (effective) leagth
of the yarn,

X L3 Determination of Machine Stiffness and (lamp
Contribution

AlL3] For one varn sample ot o given stmin rate the
following assumphons can be made:

X113, L1 The real stroin () of the yam sample only depends
om the applied foree.

AL3 L2 Ava given force the “deftwmotion” of the tensile
lesler is constunt.

X13.L3 The gripping error is constant al a given force
(role: 1L is the sume yard sample).

X132 Given these assumptions; deformations of the over-
all system can be given,

X132 Yarn: definition of strain (£}

'q“!HI"I

n:_n—

™ X101

XE322 Clamp: With clamping, the effective pontribution
o the gouge length inside the clamp s not known The
avirlable yarn length will be the ser length (L ) plus the
additional length in the clamp (o

hir=:4uy i 'ﬁ'r'dm,l ] (X1

A3 S Tensile Tester: Thoe 1o limited stiffness of the
testing equipment the measured  displocement (Al .0 will
:qual:

"!"I.'.l-_ 3 ":"'.Im|r|+ ﬁl‘.‘.ﬂa’fﬂrﬂ ¥ 1f';.'.lw,u et (X1.3]
Combiming and rearmnging yields:
A!ﬂll'l-- =8 'I"H.-|+{| I _"I‘ ! lt‘.I|'.|Ilq|-|_"lpl + 'H" 'L.,||||||.|||.||-] 1x | .41‘

Civen the assumptions;

For ome yorn sample yam, steaan, tester deformation and
additional zavge length are constamt at-a grven force F and that
£ <<|. the former equation can be simplined 1o

Al e = Edijj s+ €

iy |

IX1.3)

This implies that at a given force the real strain 6 of the
sample equals the slope of the gauge length as o function of the
measured clamp displncement.

By measuring ot different goupe tengths the egquation con
solved at a given lorce level.

Uinfortunmtely, it not possible with o Constant Rate of
Elongation (CRE) type of esting machine o sample on exocl
force levels. This problem cun be easily solved using linear
interpolation technigues (linear spline). An example 1 pre-
sented in Fig. X1.1.

This way. clamp displacements at o given force level can be
obtained.

X1.4 Experimental Verification

X141 Sampling—Teasile curves have w0 be recorded a
different gange lengths. A few points must be considered:

X141 the force at brepk remains defimed ol o gauge
length off 5000 mm; other gauge lengths must be selected armund
this valuc.

AL4 L2 Inorder o average the possible vanations over the
sumple, the different kengths should be selected successively.
This sequence can be repeated.

X14.13 From both comsiderntions the following test se-
quence s selected:

300 mm 00 me. SO0 e {0 mm 700 i

b1

X144 The mechunical properties of a Twaron 1610 and a
Reviar 3100 diex have been determined at these lengths using
an Instron and o Statimat tensile tester (climp speed 500 of the
gauge length). The Stotimut 1ests have been camied out by
Textechno i Manchengladhach.

X14.15 Por every subset of gouge lengths at o certan
torce, the slope can be computed. This results 1 a corrected
vurve. As an example o result for a 1610 diex yam is given in
Fig. X1.2.

X1.4.1.6 The relaton between pauge length and displace-
ment is significant (=325 1051, meaning it is allowed to use
the equation.

X1ALT At this level of 150 N, the slope gives the
clongation £ = 118 . The error in this value is = (.08 % (95
% conl. mberval). The mtercept (09161 mm} s the contribu-
tom of the tensile tester,

X1.5 Contribution of the Test Device

X151 The imercept of the relation between gouge length
angd clamyp displacement is the contribution ol the testing
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4.6 1
E -+ Measured data
£ 45 4 « Interpolated
g values (1N step
ﬁ 4.4
o 45
a 4
i

4.2

200 205 210 215
| Forcein N
FIG, X1.1 Linear Spline Technique

=y = 0.0118x + 0,9161
R2 = 0.9982

0 200 400 600 800
Gage length (set) in mm
FIG. X1.2 Measured Clamp Displacement as & Function of the Gauge Length (Twaron 1610 dtex, 150 N force level)
device (£ <<|). For both used testers this contribution s XIS Ava gavge length of 300 mm and an elongation at

culeulated for the Kevlar 3160 diex sample. The resultisshown  break of approximately 2.5 %. a clamp displacement of about
in Fig. X13. 12 mm is expocted. From nbove figure it ¢an be found that an

2
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1,50 +

— Statimat
1.25 41— Instron
1.00

0.75

0.50

0.25

Tensile tester contribution in mm

0.00 -
0 100 200

Forcein N
FIG. X1.3 Tensile Tester Deformation

udditiong] displacement from the testers of (08 or 1.3 mm s
presenl. This will lead 1o a relative deviation in elongation al
hreak of 7 or 11 %,

X116 Corrected Sress-Strain Corves

XL6] Examples of “row”™ und corrected curves [rom un
lostron and p Statimol tester are shown in Fig, X1.4,

X161 The imtol differences (dushed lines) disappeur
after the correction (drawn Haes), Based upon these con-
strucled curves, mechanical parsmeters can be determined.

X1.7 Breuking Force

X1.7.1 The hreaking force will remain the volue as mey-
sured at SO0 mm gouge length.

600

Barnple Breaking Force. N
1610
i=a Inmiromn 73
— Siafumal Ty
160
=y InRirEs &0
Sitiakiman 355

400
--- Statimat Raw i
— Statimat Corrected 5
300 +4-{ --- Instron Raw
. — Instron Corrected
E
E 200
100
D L ¥ ¥ 1
0.0 0.5 1.0 1.5 2.0 2.5
Elongation in %

FIG. X1.4 Raw and Corrected Elongation-Foree Curves

pr.de ]

3.0
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XLTLT Since the Breaking Foree i defined at SO0 i, the
vitlue for the corrected curve 1s the same.

X1.7.1.2 Note that the breaking force for the 3160 diex
sample is wo low (stotus 20051, This can be attributed o the
clumping of the sample. By adjusting clamping conditions
|pressure), the discrepancy in breaking lorce is eliminated (see
Tahle 31

X 1.8 Farce at Specified Flongation Values

XLETD Ths procedure can be done at every lorce point
leading to an elongation-force curve withoul any disturbance of
the tensile tester.

X182 The mechanical parameters as FASE values can be

derived os described in Section [4. A comparison of resulls |s
shoown i Table X1.1.

ALY A mmor improvement can be scen ol the different
FASE values. Original differences are up 1o an unaceeptable
level of [0¢%,, aller correction the maximim deviation is less
than 2% (1 N difference!). The results aldo show clearly that
Instron values ure also significantly influenced. This indicates
that the overall procedure leads W improved mechanical
charactes zation of the materiul,

X1.Y Elongation at Break

X191 The elongation at break cannot alwbys be obtuined
directly from the elongativn-force curves. The problem is that
lor getting the elongation at break dota the differemt gauge

leneths must be available, This s not alwoiys the case as shown
in Tahle X1.2 for the 1610 diex sample,

X192 When the 500 mm sqample has the lowest strength,
all othet samples will have u clamp position ot this [oece. In
this case, there is no problem in computing the elongation al
hecik using the method described, When the 500 mum sample
his the highest force, within the other data no information
ubout the clampeposition is present. In this cuse, it is nol
possible 1o compuie on clongation at hreak.

X193 lotermedistes can also be found, but in this cise, due
te the Emited amount of data points, the result will be less
relinble. '

X193, Possible Solutions:

(1) Use other tester influence doty of the same sample-
=Complex pmeess,

(2} Leave out o result=sLess data points, less accur-
te.=>0nly 500 mm data, no results will be given,

TABLE X1.2 Force at Break at Differsnt Gauge Lengths

i Possibie Fonde Mat Puosibie
mﬂ Gl Hangh, Foroo at Breag,
M '}

300 an P

400 &1 36A

500 350 i

BO0 o4 a7

Fon . 17 1]

(.3} Extrapalation of tensile test curves=21 is nol know on
belorehand how many curves peed o be extrapoluted. This
way of working is therefore undefined,

i4) Lise the "tensile tester contribution curve” lor estimat-
g the error in the messurement

X1.9.3.2 The meaning of this last point will be explained.
From the carlier mentioned Eq X1.6:

M =8Ligioe + C, (X1.6)

combimed with the estimated C) (contnbution of the tester)
it the Brenking Force level and the measured clamp displace-
ment af break, the strain can be computed;

Al —C

[EET]

(X1,7

et P l"1I.::'

al

X1.933 Addionally, Ly is the gauge length al preten-
tinn. Given the slight extrapolation and the linearity at the end
of this curve (see Fig. X1.5), this solution is judeed as the most
applicable for wekling this problem.

1954 Although lincarity can be recogmezed ot the end of
this curve, it is important (o define the stan and end pomnt of the
range thut can be used for this. A correlaton motrix covering
all possible start and end-points is graphically presented in Fre
A5 Thas graph shows that the selection of the end-point 13
not crtical of all. The mast logical choice 15 o ke the Inst
value of the curve os ond-poinl.

X1.9.35 But sinee 1t 15 most important that the edtimaled
elengation 15 stable. for start and end points the elongation is
compuled. A linear regression of the “error curve™ between
these stut and end-poinis, the "grror”™ ul the Force at Break m
500 mm gauge length can be estimated. As described before,
this villoe can be used for caleulating the corrected elongation
at break. In Fig, X 1.6, an exampie 15 presented.

X1.9.3.6 Between difterent start and end-points, (he regres-
siom and the caleulation of the elongatson at break has been
dine. In Table X 1.3 these results are histed.

TABLE X1.1 Comparison of FASE Values

Sarmple . Unaomracied - Carmecied .
FASEGA, FASEDS. FASE10, FASEQD FABEDS. FASE1Q.
M N M M N M

1610 dtey .
nstran a B3 15 s B 134
Stafimat 2] 50 124 3y b 183
Fniative diference. m % 74 61 49 04 0.0 05

3160 et
Inatren 62 1 ) & [H] e
Stanmat 57 100 213 [ 120 0
Relalive derenaa, m -7 -3 ] ~TR 0 07
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Regression Start Polnt

=1 | II 0
|
|
- |
b [ A
.J
0} } -
Force '
|
2o} r -
|
10XV |I -
Il
1 1
Error "

Ermor | e —

Regression End Point

Tensile tester contribution in mm

FiG. X1.5 Correlntion Malrix for Linear Regression of the Test Device Contribution

400

0.7
' My
0.4 4 -
0.3

= l‘r-.l""
0.2 i) — Raw data
0.1 A == Regression

f m Extrapolated
[:] | ]
0 100 200 300
Forcein N

FiG. X1.6 Extrapolation of the “Error Curve”™ Used lor Calculating the Elorgotion at Break

i
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TABLE X1.3 Elongation of Break Based on Different Start and TABLE X1.4 Elongation ot Break
Eﬂd 'O'ﬂll.il‘-'l H Ih: Em m Eampln E“:_r.h"g Lincoemctedsomaoisd
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X197 The st and end values are the relutive load levels Ral difl. % 14 _
in % of the mimmum force at break found at the different
anuge lengths, -
NLI0 Discussion

X1.9.3.8 Berween the rnges selected, no differences can be
fomnd.

X1.939 Given results from Tahle X1.3. the following is -
partly arbitrary- defined: Stare ar %0 %% of the maximom foree.
End o 100 % of the maximum force. The clongations ot breok
vitlues with and withiout the correction are listed in Table X140

X19310 Duc to the low Bresking Force, also the eldnga-
tion ol break will show a 'loo low value.

X100 The construction of the mechanioal testing equip-
ment hos o significant influence upon the derived mechpnical
charctenistics of mgh-performance finers. This can be foond
for hoth the stondord testng equpment as for auromated
testers. An expenmentilly simple method can be applied in
ofder to lind and correct for this influence. Dilferences intro-
duced by the lester can be significantly eliminuted.
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