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APPENDIX A

List of Factories and Plastic Waste dealers Interviewed
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APPENDIX B

Questionaire for Plastic Fabricators
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Questionaire for Plastic Recycling Factories
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APPENDIX C

ASTM D 638M

Designation: D 638M - 91a
qllll]b g A Amercan Habonsl Starces

Standard Test Method for
Tensile Properties of Plg

1. Scope ‘_ﬂﬁmhnmﬂeﬁmmisorﬁmiﬁ’

1.1 This test method covers ‘ Method for Tensile Strength of Molded Elec.
tensile properties of unreinio " d pdas n . lating Matenals=
the form of standard dumbbellSShapedafe: < en . LYERL ethods for Tensile Properties of Thin Plastic
tested under defined conditions g g 1em >heed!

ture, humidity, and testing maahil ology Relatng to Plastics®

si Method for Tensile Properties of Fiber-Resin

1.2 This test method can be
any thickness up 1o 10 mm. Ho i ATl & . .
in the form of thin sheeting, ingllidingfilinflesg ths ‘ ssification  Svstem for Specifying Plastic
Test Methods D $82 is the preferred tesymathad, Muegals © | Materials® _
with a thickness greater than 10 nm must | pecification for Mylon Injection and Extrusion
. for Load Verification of Testing Machines*
—Thi s the comgliniod 10” Practices for Load Verification of Testing i
Hmtt;ﬂguumﬂmdulh 1w for Yerif n and Classification of Exten-

MoTe 2—This iest. method may be used fgf |
modded or laminated matenals, However, whey 3
as clecincal insulation. such matenals sho
with Methods D 229 and -m\kmnlnﬁ.’rl

Mote 3—This 1est method is not intended 1o coder
procedures. It &5 rocognized  that “"W

movement type of st leaves n
sandpoint, thay wide difference
movement. and rate of srain b
that the testing speeds speaified &
of materials in the plastic staee. Fi

2.1 Dﬂni:fans—neﬁujtinns‘ol‘ terms applyving to this st
hod appear in Terminology D 333 and Annex Al

‘r hod is designed 10 produce tensile
the control and specification of plastic
the thicknesses of 1851 specimens. Iitﬂm:lsuwﬁ-llforquulmnv: charac-
dures, produce variations in the me ratios of such speci- lu'lu.unnp and for research and development. For
mens, and that these variations may influence the test results, Henee,  many matenals, thers may be a specification that requires
-hu:dmurma#mluml mplu:hnldhwun use of r.hu; test method, but with some procedural
qﬂmw ddirignal e ..i" dbat jske precedence when adhering 1o the

ore using this test method. Table |

mnmrnmulmmm materials standards

priate saierymnd health pmct f'mm l:lﬂ:ﬁl trolled
bility of "!’a’"-'? limitations prior i0 use. 4211 "it":::ﬂm ﬁ?ﬂmﬂ cannot be tested without
2. Referenced Documents : H'h" m"l;_m""-‘ method of Wd“m‘ material.
ence, comparative tests per e« are
2.1 ASTM Standards: desired, the greatest care must be exercised 10 ensure that all
D229 Methods of Testing Rigid Sheet and Plate Materials  samples are prepared in exactly the same way, unless the s
Used for Electrical Insulation® hminﬁud:ﬁeef&cuﬁmphmmﬁmﬁudhﬂy.ﬂ
D613 Practice for Conditioning Plastics and Electrical referee or comparisons within any given series of specimens.
Insulating Materials for Testing’ care must be taken to secure the maximum degree of

nmﬁ:rmur in details of preparation, treatment, and hao-

" This tost meibod s under the junsdicion of ASTM Commines D-20 ensile ' id ful o .
Plastics and imtdin: respongibality of Subcommines I}E.Inuuu'ﬂni: 43 T propeTues mz_:‘ use ta for plasucs

Propertics
Cumrent cdition approved Mov. 15, 1991, Published Jamusary 1992 Oviginally

publizhed x3 D 63EM - 11, Law previous edition D 638M = 91, * Annwal Book of ASTM Standards, Vol 1303
# Amnual Bouk of ASTM Standards. Wol 10,01, ¥ inmmal Book of ASTLS Stondards, Vol 0207

VAl Bk o ASTN Srensiards, Yol 0800, = tnnmal Book of ASTM Standards. Vol 03,01
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@b o 638m

engineering design purposes. However, because of the high
degres of sensitivity exhibited by many plastics to rate of
straining and environmental conditions, data obtained by
this test method cannot be considered valid for applications
invelving load-time scales or environments widely different
from those of this test method. In cases of such dissimilarity,
no reliable estimation of the limit of usefulness can be made
for most plastics. This sensitivity to rate of straining and
environment necessitates lesting over a broad load-time scale
(including impact and creep) and range of enviro
conditions if tensile properties are to mﬂ'me Iog\
design purposes. :
Note 5—Since the exisience of a true elastic
many other organic materials and in many |
propricty of applying the term “elastic n

ﬂmﬂhﬂ.ﬂmhﬂm-m .
sraight line drawn tngent to this paftion g
calculation of an elastic modulus of (Be e
constant s usefid if ity arbitrary nature afe
temperature, aod similar actors are realized

5. Apparatus
3.1 Testing Machine—A testing Machi
rate-of-crosshead movement type and cg
the following: -
3.1.1 Fixed Member—A fixed or ess
member carmyving one gnp. / .'
5.1.2 Movable Member—A movabie mm&rmm
second grip.
5.1.3 Grips—Grips for holdin
the fixed member and the i

will move freely into alignmer

applied, 30 that the long axis-
wincide with the direction of the h
center line of the grip assembly. ‘memmutddb:
i i nl'pullm

WM%WM ‘i&“

found sadsfactofy for most thermoplastics. Finer serrations
kave been found to be more satisfactory for harder plastics
fuch as the thermosening materials. The serrations should be

kept clean and sharp. Breaking in the grips may occur at

even when deep serrations or abraded specimen

are used; other techniques must be used in these
fases. Other techniques that have been found useful, partic-
tlarly with smooth-faced grips, are abrading that portion of
mrfmnﬁh:mmnlhmwmhemmegnmm
mmponng thin pieces of abrasive cloth, abrasive paper, or
or rubber-coated fabric, commonly called hmpual

g-#

sheeting, between the specimen and the grip surfice.
Mumber 80 double-sided abrasive paper has been found
&vatmmuymﬁnopcn—mhﬁbm,mwhmhun
threads are coated with abrasive, has aleo been effective.
Reducing the cross-sectional area of the specimen may also
be effective. The use of special types of grips is somietimes
necessary (o climinate slippage and breakage in the grips.
5.1.4 Drive Mechanism—A drive mechanism for im-s
parting 10 the movable member a uniform,” controlled
velocity with respect to the stationary member, with this
ity to be regulated as specified in Section 9.

Load [ndicator—A suitable load-indicating mecha-
Henfﬂmmngﬂwmml:nnhlmdmmnibﬂhc
g when held by the grips. This mechanism shall
free from inertia-lag at the specified rate of
indicate the load with an accuracy of =1 %

y shall
‘%mum The accuracy of the testing

vmﬁudmmd:nm*ﬁh?m&l

ence has shown that many testing machines now in
mmrl'nrubnulhm
- nended in Practices E 4. Hence, it is recom-
mMummmmuurmmﬁuum

gary, It will frequently be necessary 1o perform

: n nstituted by‘mm parts does not exceed | 5 of

Extension [ndicator \extensometer}—A suitable in-
lshallbcumd for determining the distance between
wdpmnuvmhm the gage length of the test
he spEtimen is stretched. For referee purposes,
eC st be set at the full gage length of the
0 in Fig. 1. Iris desirable, but not essenrial,
sl automatically record this distance. or

N , a5 a function of the load on the 1est
spmmw elapsed time from the stan of the 125t or
both. If only the latter is obtained. load-time data must also

.wut:n_Thmmuumuhllb:mnmuyfmohma

testing. Extensometers shall be

1! - L
ii6e ration periodically verified in accor-

L ) ]
522 ImEnaufon Mi ents—For elongation-at-
vield and low-extension measurements (nominally 20 % or
less), the same above extensometer, attenuated to 20 %
exiension, may be used. In any case, the extensometer
system must meet at least Class C (Practice E 83) require-
ments, which include a fixed strain error of 0.001 strain or
=1.0 % of the indicated strain, whichever is greater,

5.2.3 High-Extension Measurements—For making mea-
surements at elongations ¥reater than 20 %, measuring
mmmmmmrnugﬂmmﬂtluﬁu{ﬂmmm
value are acceptable.
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least 0.02 mm for measuring the width and
test specimens. The thickness of nonrigid plas
m:mmdvnthndu]mmm:wrhuuqn‘t
+ 5 kPa on the specimen an ;
within 0.02 mm. The aavil ol'th
30 mm in diameter and parall
foor

6. Test Spechuu i

L i
! [ memshlﬂbeprepudﬁ"
fans, or die cutting, from materials in-
i} of similar form. Materials thicker than 10
machined to 10 mm for use as Type M-
:n.smﬂmbcprcpamdhrmoldm@ﬂn

ﬂ.ﬁudﬂﬁ.ﬂdﬂ.uﬂlmhmnomam Mh-
mu#mn{um-
specimens from certain composiig lami-

nwmu;memmmumm naies such 2 woven roving, or glass cloth, care must be exercised 8

nnhhmﬁdmmuhmglﬂﬁ&nﬂof4mmflmh

1L A .
ﬂmuhbeunﬂwhtndlmmmmmba-
tween materials in different rigidity cases (that is, nonrigid
lﬂdm-nudl-

6.1.2 HmﬂHaHu—Th:mmmuMmfotm
1o the dimensions shown in Fig. 1. The Type M-Il specimen
shall be used for testing nonrigid plastics with a thickness of
4 mm or less. The Type M-1 specimen must be used for all
materials with a thickness greater than 4 mm but not more
than 10 mm.

Tgmmﬁw

ui:lb:m‘h:mh::-ﬂ

qum“mnmmum This effect may be more
proncunced in specimens with namow sections.

6.2 All surfaces of the specimen shall be free of visible
flaws, scratches. or imperfections. Marks left by coars::
machining operations shall be carefully removed with a it
file or abrasive and the M surfaces shall then be smoothed
with abrasive paper (No. 00 or finer). The finishing sanding
strokes shall be made in a direction parallel to the long axi
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[Dermneaons Oraergs) Tokerances
[s00 'hp.l-“ T,p-H-I Type M-

T W—Wigmh of nasTow section . 8 10 5 15 =057
L—Langth of Ramow 3action B0 i< ] 10 =05
WO—Width of grearall, et 20 -] 11] +0.5
LO—Length overall, L0 150 15 5] O max
G—0age lengmn® 50 - 75 =0.2%
G—Gage lengh ™ - 5 - =05
D—Destance betwesn grips 115 a0 235 =5
A—Racs of Sat &0 14 15 1
RO—Onster rachus (Type ) - 25 - =1

F.

& Tha wacheh Al She canmer W, snal Be e 0.00 mm, s 0,10
s i, equaly on S3ch Son 50 AL N abnupt changes in o . '

& Fof mbioed SpecaTera. luilnfmwmlmmf *"r‘
of e spacemen. Thus & typecsd secnon of & molded Type k-l s ""l

© Tes! marks of refial oisnsometer 308
- D Thickness, T, shal ba & = 0.2 mm lor & typos
Feconéss of the shoet or platn proveded this does
mﬁuwmn+um c
ﬂm“hmmmm
o thet Original thackness of e Sheet, Snall be nodes
£ A Tyoe M- spacman, Fvng 50 cveral v
¥ Drvorall wagths Greatier Tan T ML inche
T Crvarnll wnging grewter Tusn N manemum ngkca?
"r-TmM-Imwthrw

i -‘* PY ’i , W other parts of M reOucEd SECTION. Any NBcUCHon i W al The center shall

;! nmmummmmmm
i Oraift, could D &S oSt

1 | from shests or plates, Mickness, T, may b e

or sheats of rominal fhickness greaber than 10 mm, e
- uckness Defwean 10 and 50 mm
machened S he OCAS0N of D ST wilh relerence
stanclard lor e grace of matenial tested,

T Aare) shal be uSo0 wissndver Dodaible.

mac| Coeaiing i She gnps.
DS OF 10 S303fy S00CK B3I PEQUINEMEnts.

as 5000 a5 molded and not removing them until readv

—Conduct tesis in the Standard Lab-
gF 23 £ IC and 50 = 5% relative

‘tvoid other common machining £rudy
6.3 If it is necessary to place gage &
ﬁumudnnemmnwum ‘ m:lum :
iffect the material being tested. Gage marks shall not be
mn:hqd,punched.onmprmdnu specimen.

6.4 When testing mmuh that 1

o disagreement. the tolerances shall be +1°C and +2 %

Rative humidity.

1.1 Mote that for some hygroscopic materials, such as

mmmmﬁm{fmmp&,mﬁﬂ-
D 4066) call for testing “dry as-molded specimens.

Mmumumnm&mmma:Mrnum

itioning to 30% relative humidity and require °

‘l&g the specimens in water vapor-impermeable con-

specified in the test methods. [n
eal. the tolerances shall be +1°C and
dity.

NOTE 10—The tengl properties of some plastics change rapidly with
Mﬂwnm&mmmrhmemndu:nﬂkar
mhmumﬂuM'mﬂmhndmnﬂq

o of 1o anmmmum

sample in the case

; o, and five parallel
mlh.l!tpnnupltmnfamou'opy for each sample in case
of anisotropic matenials.

8.3 Discard specimens that break at some obvious fortu-
itous flaw, or that do not break between the predetermined
gage marks, and make retests, unless such flaws constitute a
variable to be studied.

NOTE | l—Before testing, "I transparent specimens shoald be in-
spected in a polariscope. Those which show atypical or concentrated
arin patierns should be rejected, unless the effects of these residual
strans constitute 3 variable 1o be studied,
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TABLE 1 Designation lor Speed of Testing® Mote 11—Modulus of matenals i determined from the slope of the
promr— linear portion of the stres-strain curve. For most plastics. this linesr
Classics Spacsmen Speed of Testng, Aats st Stant portion is very small occurs very rapedly, and must be recordey
tion® Tyee mmrin of Test, mmjmen-mn  3utomatically. The change in jaw separation is never to be used for
ey p— PP PPy Y calculating modulus or dlongation.
bl e e 10.4 Set the speed of testing at the proper rate as requireg
. s=25% 0.15 in Section 9, and start the machine.
50=10% 15 10.5 Record load-extension curve of the specimen. .
S0 £10% 15 10.6 Record the load and extension at the yield point (if
i ,;:g: [:" one exists) and the load and extension at the moment of
=353 19 1 rupture.
e i i : | _Nore 13— it is desired to measure both moduis and failure

wmmwﬂmmnw
geomatny Dew used (see 320
¥ Sae Defnibons O B8 ior definitions,
 Thes irwtind rate of strisneng canno: be
specimens baciuse of axienson, mﬁn"m

tign extensometer. normally wed (o determine properties up
pﬁumehnﬁuﬂehminvﬂmm
If allowed to remain amached 10 the specimen, the
- could be permanently damaged. A broad-;ange ince

or hand rule techaique may be needed when sk

9. Speed of Testing

! Rl Strength—Calculate the tensile strength by
driven grip or fixture when the tes : | SLnaing aximum kﬁ,";;“&:m"’ by ;h?nom
idle may be used, if it can be shows thagiths s | AL TTRRpsE-sectiona) 2 specimen |
of testing is within the limits o i e ey pre: the result in pascals and report it to three
9.2 Choose the speed of testing fig figires as tensile strength at yield or tensile
this chosen speed of testing by eak, whichever term is applicable. When 2
material being tested, or by agreen id or break load less than the maximum ©
cerned. When the speed is not specifis d applicable, it may be desirable also to calculate,

o "
FLLION

10. Procedure

10.1 Measure the width a
mens (Fig. 1) with a suitable

. - . i . the corresponding tensile stress at vield

shown in Table 1 for the specimen®s IS MO DET > i

which gives rupiuire within V& 1o 5 Wil nsile ‘!a.:lb'n?k and report it to three significant

9.3 Modulus determinations may be*mnagds 3t he !

seected for the othe tensle propertis or aS4EGGIFed br ESEL 1o T ager than the 1o3d 31 break. calculace perceae

speFL!'mmn. tion at wcld.. Otherwise, calculate percent elu-ng.ll:unn

) by reading the extension (change in gage

‘-:—l oment the applicable load is reached. Divide

o . bR CA -original gage length and multiply by

'i' = . . ldon;anun:tmldurp:menldnnpw

i 0 significant figures. When a vield or breaking

mm at several points along the A & load less thap the maximum is present and of interest, it s

the thickness of nonrigid speciiéns (produced by 3 T¥PE  gesirable 10 twfculate and report both percent elongation at
M-Il die) in the same manner with the required dial  gield and percent elongation at break (see Note Al.2).

micrometer. Tlhﬂ“'dlhﬂﬁhﬂ‘v;ﬂmﬂﬂtmu |1.3 Modulus of Elasticity—Calculate the modulus of

berween the cutting " 4 the initial linear portion of the

Record the minim io dividing the difference in stres

determined. ol . ndi ¥ t of section on this straight line

10.2 Place ‘h# in the grips of IESUNE by the corresponding difference in strain. Compute all elasoe

mm:r-umsmmmuwhnumuhhc men mmuumum%mmnmum

specimens. Ibe-'amdlﬂwdml-"ls-lﬁmtnﬂtsnw ormmuuobmmdmimwnuuthuwﬂuefﬂ
evenly and firmly 1o the degree necessary to prevent slippage the particular property in question.

“hwmd;ﬁuﬂmlmmtnmwmmwmm 11.5 Calculate the standard deviation (estimated) as fok
specimen would be crushed. lows and report it to two significant figures:

10.3 Anach the extension indicator. When modulus is .
being determined, the extension indicator must continuously 5= W[ ZX5 — =W = 1)

record the distance the specimen is streiched (clongated)  where: -
ch:umcwlawhuafuumnufmmmm § = estimated standard deviation,
initial (linear) portion of the load-elongation curve, X = value of single observation,
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p = number of observations, and
¥ = arithmetic mean of the set of observations.

[1.6 See Appendix X| for information on toc compensa-
Hon.

12. Report

12.1 Report the following information:

12.1.1 Complete identification of the material
including type, source, manufacturer’s code numbs
principal dimensions, previous history, eic..

12.1.2 Method of prepaning test speci

12.1.3 Type of test specimen and di

12.1.4 Conditioning procedure .

12.1.5 Atmosphenic conditions i in test-room; 'J

12.1.6 Mumber of specimens

12.1.7 Speed of testing,

12.1.3 Tensile strength at yield
and standard deviation,

12.1.9 Tensile stress at yield

Al.l elasiic limit—ihe greatest sife
capable of sustaining without any peffancat
maining upon completed release of the Stress! o
in force per unit area, usually megapascals,

-"‘..-"'_

NoTE Al.|—Measured v:lmul’puupumﬂw%

vary greatly with the sensitivity and scouras
m:mrnrhdnf.mmle i whac!

average value, and standard deviation,

12.1.10 Percent elongation at yield or break (or both as
applicable), average value, and standard deviation,

12.1.11 Modulus of elasticity, average value, and standard
deviaton, and

12.1.12 Date of test.

13. Precision and Bias”

13.1 The precision and bias of this test method are under
investigation by a task group of Section D20.10.22. Anyone
ing to participate in this work may contact the
firman. Section D20.10.22. ASTM. 1916 Race Street.

; modulus of elasticity; percent elongation;
properties; tensile strength

nnied comparison between Methods D638 and D 638M
Hesdquarers, Requen RR:DN0- 1088,

. odulus of elastcity. Sioce the existence of a wue
hmmphmu&hlﬁhlhwd'lpﬂnum
iedulus of elasticity”™ to describe the wiffoess or rigidity of a

ic has been seriously quemioned. The exact stress-strain charmcter-

nfpddpuul. Th:&u:w
ﬂmﬂﬁmwm

Hrntquhmn’hw
ummn
the gage marks p

Al4 modulus of elasticity—the ratio of stress (nominal)
o corresponding strain below the proportional limit of a
materjal, [t is expressed in force per umit area, usually
megapascals (also known as efamwic modulus or Young's
modulus).

MNoTE AlJ—The stress-strain relations of many plastics do not
Zalorm 10 Hooke's law throughout the elastic range but deviawe

even at stresses well below the elastic limit. For such materials
e siope of the tangent 10 the Sress-5train curve at a bow stress is usaakly

e localized reduction in-cross section
i a material under tensile stress.

strength—ithe stress at which the strain
amount (the offset) an extension of the
mnaipropu Mmandumﬂmltu

u;prsseﬂmfmpuummmlﬂympmﬂh.

is useful for materials whose sress-
is of gradital curvature, The offset vicld
a stress-strain curve a4 follows (Fg AL I

mummmwmmmmwm
OAd ongest 1o the mww&:puﬂnaf'lh wress-

i . ‘ =ctiol 7 is the “offset yield srength.~
mmﬁdmdhm“hm‘lmﬂm
original gage lenph in conjunction with the srength value, Example:
0.1 %5 offset vield strength =, . MPa, or vield strength at 0.1 % offir =

MPa

ALT percent elongation—the elongation of a test spec-
imen expressed as a percent of the gage length.

ALB percent elongation at break and yield:

AlLSB.l percent ar break—the percent elonga-
tion at the moment of rupture of the test specimen. )

ALB.2 percent efongation ar yield—the percent elonga-
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Strass

between the original cross-sectig
and the minimum Cross
boundaries prevailing at the momey
a percent of the ongmnal area.

ALl proportional limit—the greates
terial is capable of sustaining withy
proportionality of stress to strain

EstIona

QO Ke s 12

pressed in force per unit area, usually m
A1.12 rate of loading—the chas m
hrrth:spmmenperum -‘- expressed

unit time, usually o .
lmm::r;mbculmluud

versus time diagram. )
Al.13 rate q“m.‘niﬂ.g— Ang

unit time. [t is expressed umapﬂ- nme,
unullymumpctmcu:pumnuu,orpum:ﬁmm

initial rate of Jni
slope of the i

MNOTE AlS—The

ArIDIng B SYDO0ymous
of crosshead diﬂludbrlhamiﬁ

'ptrl.u:l.lt nmu. Itunpcmd in ﬁmc pn.'
upit arca per unit tme, usually megapascals per minute. The
initial rate of stressing can be calculated from the initial dope
of the tensile stress (nominal) versus time diagram.

Mote Al.S—The initial rate of stressing 33 determined in this
manner has only limiied physical significance. It does, however, roughly
describe the average rate at which the initial stress (pominal) carried by
the test specimen is applied. It is affected by the clasticity and flow
characieristics of the materials being tested. At the yicld point, the rate
of streszing (nominal) may become zero, but the rate of stressing (true)

may cootinue to have a positive value if the cross-sectional arexj
decreasing.

ALI5 secant modulus—the ratio of stress (nominal) 1o
corresponding strain at any specified point on the stresg
mmhumpccmdmfompﬂumtmmu!h
megapascals and reported together with the specified stress or
Slﬂ.l.ll

NotE Al7—This measurement is usually employed in place of
modulus of elasticity in the case of marenials whoss stress-strain diagram
does not demonstrate proportionality of stress 1o strain,

ALILG strain—the ratio of the clongation 10 the gage
Anaruummmn.mmm:mmnmm

original length. It is expressed as a dimensionjes

) sustained by the specimen during a tension
tbemmummmnumeﬂﬂdpu
be designated tensile strength at yield. When

-'-.‘F- sile stress (nominal)—the tensile load per unit
\ umunpnﬂcmmmmmdnm

3, carried by the test specimen atl any given
is expressed in force per unit area, usually

Tbemmufuukmmmﬂm
wmw::ﬂmuwﬂrmﬁuplmh
‘_. of materialy exhibiting high extensibility, or necking, or both
} ninal siress calculations may not be meaningful bevond the
-j u[Al*l:dumthmﬂmummﬂﬂ
h t2. Linder some circumstances it may be desirable w0 expren

mmwunhﬂmhimmmcvﬁﬁnlmuﬁm

These properties are called true tensle propertes (that is, wrue tensile

« SmEsS, ).

t] stress-strain curve—a diagram in which
stress are plotted as ordinates against

alues of tensile strain as abscissas,

train (see Fig. AL.2) is defined by the [ol-

ion for ex

i
.,.-J' dL/L =ln L/L,

?wmaﬁwm - e
gage marks is L,

-rhtormnlldumbﬂwmmmlrh.nnd
hebwe: pﬁ:mnhumrhmﬂ.

it point on the stress-strain

in strain occurs without an

NotE ALS—Omly materials whose stres-strain curves exhibit 8
point of zemo tope may be consudered as having a yield point

Lag

. L
FIG. A12 Nlustration of True Strain Equation
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MoTe Al.10—Some materials exhibit a
mmhmmmmm : hiz b ; -1 .
yield point by Aefinition. However, this poinl may fiows uselud (e " Touul smin at break
material characienization in SOME caset . -

Al22 pield strength—the stress at which
hibits a specified limitung devistion 0

| i

of suress 1o strain. Unless ¢ eredes spesilis
be the stress at the vield point
uuu:HMhsmqﬂnmm‘*‘
strength at vield or tensile 4
AL.17 (Fig. Al.3). (See offset yi &.} - - -Wf@-mwuhﬂhn:ml
Al23 Symbols—The may be used for nrw = W/dy (where W is breaking load)
the above terms: = AL, = (L - LYWL,
m,.ﬂ‘lJEJ’mEJme

% Ef= [(L- L_y.!.,]xlm-axlm
Mw—“-ﬂ-mﬂm Percétreduction of ore .._... = A MA,] = 100

anea e O [

spocimen M gl . th:d'm{mmml} AofAr = (AWYA) At
Cross-secional 2rea st point of napoure, measured ot the moment of mim-wﬂl-twum

AIPCES } MEASRPFTER
g | 5

raptiare
e For the case where the volume of the test specimen does
' mh“m“ . not change during the test, the following three relations hold:
Increment of sress. d
T or = ol +¢)=olfL,
Tmmuﬁm sur = ay (] + &) =g LJL,

Tensale wrengih 31 break {true) A = ANl +4)



X1.1 In a typical stress-strain curve (Fi
toe region, AC, which does not
matzsial. It is an amifact caused by
alignment or seating of the i
correct values of such parameters
give the corrected zero point on the

X1.2 In the case of a legy
linear {CD) region of the curve §
zero-stress axis. This in ;
strain point from which all ex

measured, including the yield (B, i

elastic modulus can be
any point along the line CD (or its

f

-Ill‘l"
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APPENDIX
(Nonmandatory Information)

X1

By he

ﬂdg :f

5 5&5’ iz

AL

H 2420

T

B T
ELToN

ENSATION
point (measured from point 2, defined as zers.

the case of a material which does not exhibit any
jon (Fig. X1.2), the same kind- of 1oe correction of
in point can be made by constructing a tangen;
mum slope at the inflection point (H"). This is
tersect the strain axis at point 8°, the cormected
t. Using point 8 as zero strain, the stress g

‘) on the curve can be divided by the strain a
tain a secant modulus (slope of line 5 G,
with no linear region, any attempt 10 use

the inflection point as a basis for

f an offset yield point may result in unac-

A ﬁﬁwaw%wq.

e o
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ASTM D 256

qﬂ-"‘) Designation: D 256 - 90b

Standard Test Methods for

An Amencan Haponsl Sianoem

Impact Resistance of Plastics and Electrical lnsuiatmg

Materials®

1. Scope

I.1 These test methods cover the dets
resistance 10 breakage by flexural shock o
trical insulating materials, as indicated &
from “standardized” (Note 1) pesfiul
mounted in “standardized™ machines, i
specimens with one pendulum swing.
these test methods require specimen:
notch (MNote 2). In the Charpy (Test
(Test Methods A, C, and D) tests, the g
concentration which promotes a britde, race:
fracture. In Test Method E, the unnotched impdet ¢
obtained by reversing the position in the vise
specimen (Note 20). The results of all tesis
terms of energy absorbed per uait of specin W 1

Note |—The machines with their pendulum-type @ﬁ
been “standardized” in that ﬁcrmmmplrm

Hnm.l.md!{mimhn]}nm S
of dillerent initial energies (produced by

d l.mhlﬂ.iluupmu‘nh
differences in peadulum npdnnl,‘suSml phum'herdiﬂ'nunq
io machine design. The specimens are

MNoTE 2—The notch in the
siress, minimize plastic and direct the fracture 1o
dmmmummuw thus

reduced.
T
A measure of

L]

Method D by Mwwhﬂmmm
mﬂnwﬂwnm-MMurhm

Note }—Caution must be exercised in interpreting the results of
these standard e methods. The following westing parameters may affect
test results significandy:

Mﬂmm-ﬁuwﬂhmumm

oology, molding conditions, mold design, and thermal treatments:
method of notching

mqmndhhweuthﬂ'mnf [

il

the specimens i permined o |
pan

! These iest methods e under the junsdicuon of ASTM Commines D20 o
Phhudnhww«ﬂmmmum
Current edition approved Dec, 28, 1990, Published February 1991, Origi
publizhed & D 256 - 36 T. Last previous edition D 156 - %0 -

specimen serves 1o concentrate the 404

sfiately followang ibe designation indicates the year of
A '\ pareaibicd indicates the year of lan reapproval A

Test Method Standard 406, These test

n:mlmﬁlumuu:mhcmdeduthn
es stated in parentheses are for informa-

da ddmmpwmmnda‘rmth:mﬁy
d with its use. It is the responsibility of the
lard to establish appropriate safery and
5 ang :ﬁ‘m'mm the applicability of regulatory
oF [0 tise.

ced Documents

for Nylon Injection and Extrusion

it Conducting an [nterlaboratory Study to
ision of a Test Method*

umHTam
: nt test methods, A and B, are

i of machine and specimen
iding and striking the latter. A third test
mnhod.TmMmhodC.uT A

dmmmThmumMumﬁxmnﬂaungth:
results of tests made by the different test methods.

32 In Test Method A (Izod type) the specimen is held as
:munﬂ:mhumtndubmkeubnnushmn;uf
the pendulum with the line of initial contact at a fixed
distance from the specimen clamp and from the centerline of
the notch and on the same face as the notwch.

3.3 In Test Method B (Charpy type) the specimen is

=mmgmmwm1
¥ Ammual Book of AST Standards, Vol 08.03,
* Amaual Book of ASTA Stondards, Vol 14.02
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supporied as a horizontal simple beam and is broken by a
single swing of the pendulum with the impact line midway
between the supports and directly opposite the notch,

.34 Test Method C is the same as Test Method A but
includes a determination of the energy expended in tossing a
portion of the specimen. The value reported is called the
“estimated net lzod impact strength.” Test Method C is
preferred over Test Method A for materials that have an [zed
impact strength of less than 27 J/m of notch (0.5 ft-Ibffin. of
notch). The differences between Test Methods A and C
become unimponant for matenals that have an [zod impac

strength higher than this value. /

35 Test MﬂhodemﬂdHlmol‘ !
sitivity of a material. The stress-concentration at
mmmdn:mmn;m Fnrlsl n s
stress concentration results in --- o
Since the effect of sirain-rate on energy-io-

_ materials, 3 measure of this effect may.§
specimens with different notch radii. In
has been demonstrated? that the fug
versus notch radius. is reasonably linear
0 2.5 mm (0.001 to 0.100 in.), provid
have the same tvpe of break (4.7 2.
of this test, the slope, A. (26.1) of the |
0.25 and 1.0 mm (0.010 and 0.040
with the 1.0-mm radius give “non-beeal ity
0.23 and 0.30 mm (0.010 and 0.020 in. jfadij
The ¢ifect of noich radius on the imp
specimen under the conditions of thi
vaiue b, Materials with low values of 5. :
energy to break with the standard ndich.
insensitive to differences in notch radius: whi
break materials with high values of b is hight¥ d i
notch radius. The parameter b cannot be uﬁ%
calculations but may serve as a guide to the
selection of materials.

3.6 Test Method E is the

bearing and in the excess energy indicating mechanism, and
10 overcome windage (pendulum air drag), (8) to indent or
deform plastically the specimen at the line of impact. and (9)
mmrmmth:fnnmmumdbrthemhbuuurdusmhn;
nose (or other part of the pendulum) over the face of the bent
specimen.

4.3 For relatively brttle materials for which fracture
propagation energy is small in comparison with the fracture
initiation energy, the indicated impact energy absorbed is,
for all practical purposes, the sum of items (/) and (1) of 4.2,
toss corr=ction () may represent a very large fraction of
e 1onal energy absorbed when testing relatively dense and

‘ aterials. Test Method C shall be used for materials
nlzadsmplnt:trrngthuﬂu:lhn“?.lm of
n. of notch). The toss correction obtained
d C is only an approximation of the toss envor, .
! lulmd mcnﬂmﬂrvﬁouuumy not be the

3 of the spmmcn as for the original
e stored stresses in the specimen may have
5 kinetic energy during the specimen fracture,

, ductile, fiber filled, or cloth laminated
iClure propagation energy () may be large
\ ure initiation energy (/). When testing

i, factors (2), (5), and () can become quite

then the specimen is accurately machined

and machine i5 in good condition with

[Huu: 3). Bending (#) and indentation
! iable when testing soft marerials.

mssive because the greater pant of i mass must Se
jied nes tuunnerurpcmmmwﬂnhummm:
ng nose precisely at the center of percussion reduces vibration
ndulum arm when used with brittle specimens. However. some
i pmﬁl.ﬂumam 'nbnnun.memm varving with the

give an indication of the unnaithed
plastics.® It is similar 1o Test |

usual striking position, such that the st
impacts the specimen on the face opg

4. Significance and Use

4.1 The excess energy
energy to break

4.2 The
of the speci
initiate fracture
across the i
broken specimen

)
mrmmn"}.[ﬂmbmdt}uspm-
imen. {5) to produce vibration in the pendulum arm, (6) 10
produce vibration or horizontal movement of the machine
frame or base, (7) to overcome friction in the pendulum

* Supporting data giving results of the imerisborsiony it are available from
ASTM Headquaners. Requess RR=D20-1021,

* Suppormeg data giving results of the inreriaborsory tests are avaalable from
ASTM Headquaners. Reques RR:D20-1008,

machine of sufficient rigidity and
16 (6) and (7) should be very smatl.
16) can be quite large when wide speci-
i ﬁthmlnmdm mmachines of insurfi-
cient m:ss. not securely fastened to a heavy base.
4.6 \'ﬁdlmm:mamnh.:cmmlwthdmmumav
f B imens will appear ductile, as
d rawing or necking down in the
d by a relatively high energy
tbﬂ!rpm:lﬂdihﬂ\fewm&mrmﬂamnbmﬂcu
denced b I:ul:arnudmm"w::nrmmdwn
elv 1o b inc :lm:lﬂmelhods

tafes an a brinle, low

munblﬂkﬂrdmﬂt.lunhenﬂm',bmkmﬂm it is

necessary that the width be stated in the ASTM specification
mvmu;uhn:mmuﬂnndﬂutﬂumdmbcnmumg
with the impact value.

4.7 The standard Test Methods A, C, D, and E require
that the type of filure for each specimen be recorded as one
of the four coded categories defined as lollows:

C memak—nﬁukmwhwhmespmmm
rales into (wo or more pieces.
H linge break—an incomplete break such that one part of
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STRIKING EDGE RADIUS
QTS £ OIZ MM,
(0,03 £ 0008 IM.)

220z 0,03 MM
[0866  0.002 IN.)

0.23 £ 0U2 WM, RADIUS
1000 0.00% 1K)

FiG. 1A Relationship of

)
A Ly

vertically (less than 90°

P m:dhmk—-ummplu:hmtthudmmtmm
the definition for a hinge break but has fractured at least
msdmmmmwﬂmmm
the opposite side.

NB non-break—an incomplete break where the fracture
éxtends less than 90 % of the distance between the vertex
of the notch and the opposite side.

#“ ﬂ"llul'l.'l

Wl l- E,

’,t D \\\
““'

l\“\\\

T AMING EDGE AADIUS
AP T 0T MM

Q‘&‘g\\ 03 = 0,008 )

W 10z 0.03MM,

0865 0002 i)

k N3

mmamma%ﬁiﬁﬁﬂ ey

fibers on the side of the specimen opposite the nowh are
!mdmmudunn;ﬂz&:ﬂmmdulﬁrhnﬁmdu
tnsion at the termination of the break when the momentum of one
mwwuumwmummemmm

Test Method B requires that the specimen break com-
pimly For tough materials the pendulum may not have the
energy necessary o complgle the breaking of the extreme

fibers and toss the broken or pieces. Results obrained
[rom unbroken specimens or other types of partially broken
specimens shall be considered a departure from siandard and
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shall not be reported as a standard result. Results obtained
from “non-break”™ specimens in Test Methods A, C, and E
and for other than “complete breaks™ in Test Method B shall
be considered a departure from- standard and shall not be
reported as a standard result. Impact values cannot be directly
compared for any two materials that experience different
wvpes of Rilure as defined in the method by this code. Aver-
ages reported must likewise be derived from specimens con-
rained within a single faillure category. This letter code will
suffix the reported impact identifying the types of Fau
associated with the reponed value, If more than o
failure is observed for 2 sample material, then ‘
indicate the average impact value for each : of fail
followed by the percent of the spmmm%
manner and suifixed by the letter code. :

4.8 Theulucnfdmump-nmmmrﬂ
the areas of quality control and materials sg Hop Il t
groups of speaimens of supposedly (HE Same_ndfeafl sh
significantly different energy :bsucpn
critical widths, or critical tem
that they were made of different materi
different processing or conditioning

"or Positioning Specimen for Clamping
under these conditions of test does dicage | 2 plkr £
same relanionship will exist under apil g L S P A m
tions. The order of toughness may everyb J £l :

different testing conditions.

ra weights may be attached) having an
for use with the particular specimen to
ulum holding and releasing mechanism
dial mechanism for indicating the excess
ing in the pendulum after br:alung the speci-
sitioning the specimen in the vise and graphs
0 the calculation of the correction for friction
0 should be included. One tvpe of machine is
2. One design of specimen- pasmonm; jig is
in F; 3. Detailed requirements are given in sub-
phs. General methods for checking and cali-

in¢ given in Appendix X1, Additional
, digsting a paricular machine should be
Znerr o e E —— - -....-...,.__‘ﬂ urer.
: —_—__‘j consist of a single or multimem-

s beanng on one end and a head, mnmnmg
2 nose, on the other. Although a large pmpurunrn
of the mmo{ ndulum should be concentrated in the
head, the arm must be sufficiently ripd to -maintain the
plioper chrm:u and geometric reiationships between the
¢n and to minimize vibrational
vs included in the measured

53 mn:ﬁl.ngmbflhawhdulumﬁlﬂb:hudmed
mnWm;wunmuMm having a radius of
\ e O 1 005 in.) with its axis
horizor perpendicular, ane of swing of the
hm.” T coni striking nose shall be
Iomad at the cem.-.-rul‘ percussion ufﬂu: pendulum within
2254 mm (0.100 in.) (Note 5). Those portions of the
pendulum adjacent to the cvlindrical striking edge shall be
recessed or inclined at a suitable angle so that there will be no

3. Apparatus
3.1 The machine shall consist of a massiy#base.s;

is mounted 2 vise for holding the specimen and 4o s
connected, through a rigid frame and anti-friction Bearings.
one of a number of pendulum-type hammers {dr-ané b zr,:;.“' ¥
N :

g t" chance for other than this cylindrical surface coming in

,\\\ o + wontact with the specimen during the break.
‘:1\.‘ NOTE $—The distance from the axis of support 10 the center of
o ) percussion may be determingyl experimentally from the period of smail
amplitude oscillatons of ulum by means of the following

FIG. 2 Cantilever Beam (Iz0d-Type) Impact Machine quation:
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L={gae) p?
wherne:

L = distance from the axis of support to the center of percussion, m {or
),

£ = local gravitational acceleration (known 1o an accuracy of one part
in one thousand), m/s* (or fi/s")

r = 11416 (4=* = 39.48), and

p = penod, in seconds, of a sngle complete swing (to and fro)
determined from at least 50 consecutive and uninterrupted swings
{known 1o one pan in two thousand). The angle of swing shall be
bess than 5 each ude of cener.

5.4 The position of the pendulum holding
mechanism shall be such that the vertical
nnhmmmuﬁmﬂmmmwa
produce a velocity of the striking nose m
impact of approximately 3.46 m (11.35 [t}
shall be so constructed and operated
pendulum without imparting i

NOTE 66—

Lk of |

Fm H'-:_‘

where:
¥ = velocity of the stnking nose at
g = local gravitational acceleration. a
h = vertical height of fall of the siriking n
This assumes po windage or fnction,

5.5 The effective length of the -
0.325 and 0.406 m (12.8 and 16.0
required elevation of the striking
raising the peodulum to an angle
the horizontal. '

5.6 The machine shall be provided Wth
capable of delivering an energy of 2.710
0.10 ft-1bf). This pendulum shall be used wa
that extract less than 85 % of this energy. Heavier fend
mubcpmvﬂudfurmmmmmtmm %ﬁy
break. These may be separate inigreha
one basic pendulum to which &

izing.the clamping lorce, such exwith a tomue wrench on the screws g
the specimen vise, Il the faces of the vise or specimen are not fac.a
paraflel, a greater sensitivity 1o clamping pressure may be evident See
lheﬁ.hhnmpmmdmmﬁppuﬁ:)ilfw:ﬁm;ndm
instructions for fulty instruments.

5.8 When the pendulum is free hanging. the striking
surface shall come within v.53 % of scale of wouching the front
face of a standard specimen. Duning an actual swing this
¢lement shall make initial contact with the specimen on a
line 22.00 = 0.05 mm (0.866 = 0.002 in.) above the top
surface of the vise,

‘38 Means shall be provided for determining energy re-
ifg in the pendulum after breaking the specimen. Usy-
istwill consist of a pointer and dial mechanism which
height of rise of the pendulum beyond the point
terms of energy removed from that specific
Since the indicated remaining energy must be
pendulum bearing friction, pointer friction,

and peadulum windage. instructions for mak-
COITe s are included in 9.3 and Appendix X2,

isz. pendulum, and frame shall be sufficiently
alignment of the hammer and spec-
moment of impact and during the
fracture, and to minimize energy losses
‘ base shall be sufficiently massive that
ol cause it 1o move. The machine shall be so
s ed, and maintained that energy losses due
d.mg {wi.nda_gt}. 1I'ri:|inn in the pendulum

hanism. are held to a2 minimum.

*tk of the calibration of an impact machine is-
make under dvnamic conditions. The basic
are normally checked under satic conditions: if
mn::hmcpmm:mncluu,th:n it is assumed to be
#ie. The calibration procedure in A;rpendm X1 shall be

alish the accuracy of the equipment. However,

Cesigns it might be necessary 10 change the

weights may be atached W
_ pendulum at its center of pe *
"~ extra weights shall not clungt
percussion or the free-hanging rest
range of pendulums having
(2 10 16 R-Ibf) has been found to be

mnl'th: I
‘*?lﬂm"lﬁﬂl
ficient for use with

|¢1Thucmmpunnonm:nf

nerally done with a jig furnished with the
nmhn;ﬂwmp:dﬁulh:ﬁmdjwnfﬂumshﬂhw:
a radius of 0.25 = 0.12 mm (0.010 = 0.005 in.) :For
specimens whose thickness approaches the lower limiting
ﬂlul:ﬂ!']l?mmm.llim].muuﬂullb:mwﬂedm
prevent the lower hall of the spmm from moving during
the clamping or testing operations (Fig. 3).

More 7T—Some plastics are sensitive 10 clamping pressure: thensiore,
cooperating laboratonies should agree upon some means of sandand-

Wi

d of obwaining the required calibration

methods .of performing the required-
; ted provided that they can be shown
; i in a8 equivalent accuracy. Appendix XI also
describes a dvnamic test for checking certain features of the
mhnm and specimen.

Eﬁ?ﬂﬁtﬁﬂim —

and geometry of Fig. 4, except as modified in accordance
w-:thﬁﬂs 6.4, andﬁs.'l‘@uutb:mrrmmumurud
) otgh.Jall specimens shall be

hall have a width between 3.17
:ndl‘*?mmtﬂ.l.ﬁmdﬂjl}l}m}u:pmﬁudmmem
material specification or as agreed as representative of the
cross section in which the particular material may be used
(Notes 8 and 9). All specimens having one dimension less
than 12.7 mm (0.300 in.) shall have the noich cut on the
shorter side (Note 10). Otherwise, all compression molded
specimens shall be notched on the side parallel to the direction
of application of moldin {(Mote 11). The notched
surface and the opposite surface may not be parallel in
molded specimens due 1o the draft of the mold. and. therefore.
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DIRECTION OF
COMPRESSION
MOLDING

WIDTH OF
SPECIMEN SHALL
BE IN ACCORDANCE
WITH SECTION

© FIG. 4 Dimens
hkmﬁdm:h:mmhedmrﬁlm:ﬁmdm

its opposite surface within 0.025 mm (0,001 in.), removing a
minimum of material in the process, ¥ 2§10 remain within
NoTe $—Extreme carc miss har 3 U (?
toned and supported 1o nbiwist or lateral buckling during the test.-
Some matcrials, funthermore, muﬁﬁuuﬂmg.m:
fsee Note 71 ‘
MNOTE 9—The }
behavior in the | i
wmm&rdﬂ:mhwﬁuﬁmm
from 3 specimen from the other end. Cooperating, i

laboratories
thould. therefore agree on standard molds conforming to Practice
D647, and upon a standard molding procedure for the material under
MNoTE |0—A eritical investigation of the mechanics of impact testing

mmummwmwmmmm )

%Mmmhuuﬂhbﬂﬁ;mﬂhﬁqhh
wider specimens. Therefore, specimens 6.36 mm (0.250 in.) or over in
width are rcommended. The for determining the min-
imum specimen widthshall be the investigator's with due reference 1o
the ASTM specification for that material.

ﬂ? ‘l.l 1 ‘ A

NOTE 11—The impact strength of a plastic material may be different
if the notch be perpendicular 1o rather than parallel o the direction of

a3 with or across the grain of an anisowropic bar cut from a
5%' ials, the specimens shall be cut from

unless otherwise specified. The width of the specimen shall
be the utikness of the sheet ifitiie sheet thickness is between
d in.). Sheet material
] be machined down to
0.} Speciniens 2 12.7-mm {0.500 in.)
SQUATE CTOSS section may be tested either edgewise or flarwise
as cut from the sheet. When spécimens are tested flatwise,
the notch shall be made on the machined surface if the
specimen be machined on one face only. When the specimen
is cut from a thick sheet, notation shall be made of the
portion of the thickness of the sheet from which the specimen
was cut, for example, » 1op, or bottom surface.
6.4 The practice of tementing, bolting, clamping, or
otherwise combining specimens of substandard width to
form a composite lest specimen is not recommended and
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should be avoided sinee test results may be seriously affected
by interface effects or effects of solvents and cements on
encrgy absorption of composite test specimens, or both.
However, il lzod test data on such thin materials are required
when no other means of preparing specimens are available,
and if possible sources of error are recognized and accept-
able, the following technique of preparing composites may
be utilized. The test specimen shall be a composite of
individual thin specimens totaling 6.35 to 12.7 mm (0.250 to
0.500 in.) in width. Individual members of the compasite
shall be accurately aligned with each other and clamped,
bolted or cemented (Note 12) together. The composite sk
be machined 10 proper dimensions and then notched. I
such cases the use of composite specimens shall be not
the report of test resulis.

NOTE |2—Care mun be taken o sedect a solvent or ¥
not arfect the impact resistance of the material unds
solvent-conuining adhesives are employed, a
shall be established 10 ensure complete removal
=1

menis by visual observation against Straip
and flat plates. and by measuring with m
Any specimen showing observable or giéas
from ane or more of these reg nefits shs
machined to the proper size and shape be "

NOTE 13— specimen that has a slight peisf
0.05 mm (0.002 in.) a1 the point of contacy with
edge will be Lkely to have a chamcteristic fi
considerable greater fracture area than for a no b
uuemnrmbrukandmnlh:bmhnnrﬁnnm
larger 120 to 30 %) than for 2 normal breake A tapers

7. Motching Test Specimens

7.1 Nowching shall be done on a milli
lathe, or other suitable machine tog
(0.001 in.). Bath the feed speed and
constant throughout the notching
Provision for cooling the specimen with
coolant is recommended. A si

tter shall d

hisecﬁng:hemlchang]:shlubemwndimlumﬂmramnﬁ
the test specimen within 2°,

Mot It—Thﬁchcvﬁ:nuIMLmbuthummmﬁnﬁﬁ,
differing phvsical properties by the same culter may differ in contour, [f
ummmwmmmwﬂmmm&mummm
contour of the tip of the cutter may be checked instead of the notch n
the specimen for single-iooth cutters. Under the same condition,
muﬁmhmmnmhmmww“m:mmuflm
nimﬂmw!hhuimmudhﬂwmmmrnrm:hiu.

7.4 Thedepmufﬂwpluﬁcmwiﬂm:ininginmw
under the nctch shall be 10.16 + 0.05 mm (0.400 + 0.002
in.). This dimension shall be measured. on 2 random
ction of at least 20 % of cach group of specimens notched
Ame time, with a special micrometer’ having a
\'iInI-tItl'withaﬂdiunfcmmultur

%= 0.07 mm (0.005 £ 0.003 ir.). In the caze of
igeeach specimen shall be measured.

peed and feed speed should be chosen appro-
¢ material being tested since the quality of the
affected by thermal deformations
duced during the cutting operation if proper
ire. notselected.® The notching parameters used
ierihe physical state of the material such as by

iemperature of a thermoplastic above its glass

. In general, high cutter speeds. slow
of coolant induce more thermal damage

d, fast feed speed, and the use of a
eh a feed speed/cutter speed ratio. however,
1 “‘ g and cracking of the specimen. The

feed ratios possible 10 produce accept-
e extended by the use of 2 suitable coolant

Y of new -types of plastics and electrical
als, it is necessarv to studv the effect of
notching conditions (Note 17).

: Wuiet#rmmprmdpu:mimmdlminrmr

E
i

notching parameters are suitable, the
checked with a metallograph or suitable
b magnification. ‘The notch thould be
nidince and tool exit side of the sperimen

i1, lbe used 10 determine the temperature rise
3pexol the notch during machining. Thermal
notching operation can be observed in
s 'um?ﬁmuhwmm

=T establish

that the

for notching the specimen, unless of an equivalent NOTE |7—For some thermoplastics. cutter speeds from 33.3 to 150
quality can be produced with a multtooph cutter: Single-  m/mim J160 to 450 fymin) a1 a feed speed of 83.9 1o 160 mmy/min (3.5
tooth cutters are preferred al thecase of grinding 10 6.3 4n4min) ”-‘ weaten coslant of the same cutier speeds at feed
cutter to the specimen conic ralise of the Sthdothe: iroge 35810160 me/rin (1.4 10 6.3 in./min) with water coolant
mmmﬂwﬂ‘ 1en. The clfl e _shall’ H- J e g g | G t d
ground and honed 1o ensure $h freedom from ?.Gﬁfhumindiﬁduﬂcumlnsbunuudwpmdm
nicks and burrs. Tools with no and a work relief angle gf 300 notcheseqr more often as ciffumstances may indicate.
15 10 20" have beeg i satisfacton in-a, specimen (Mo be inspected for 2

SLATE g B T e
However. in either ca annotchiid b po i p.'af angle or radius.

hrﬂuuuﬂtcudhqindthchnmﬁmiumemph
bouummmntd&tmﬁunnndchipﬁn;bymemuh
exits from the last test specimen,

7.3 The profile of the cutting tooth or teeth shall be such
‘as to produce a notch of the contour and depth in the test
mu&meuumedﬁadinﬁg.dﬂimu].mindmm
of the notch shall be 45 + 1° with a radius of curvature at the
apex of 0.25 = 0.05 mm (0.010 + 0.002 in.). The plane

should not fall within the specified limits for materials of
satisfactory machining characieristics, then the cuter shall
be replaced with a newly sharpened and honed one,

? Available from Cumom Scieniif¥ Insruments. Inc.. F.O. Box A, Whipgany.
N 07981, 3nd Testing Machines, Inc,, 400 Bayview Ave. Amityville, NY | 1700

* Supporting dus are available from ASTM Hesdquaners, Requeu RR:DH-
166,
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MNove [8—PMMA (.17 mm (V% in.)) has been found wseful for
checking the sharpoess of a cutter. Dull curtters tend to lform cracks at
the apex of the noich. A microscope with a camera lucida attachment
(60 magnification) is suitable for checking the radius and angle of
notch.

NOTE |9—A carbide-tpped noiching cutter is recommended for
longer service life,

8. Conditioning
8.1 Conditioning—Condition the test specimens at 23 =

2°C (734 £ 36°F) and 50 + 3 % relative humidity fg

mmmummgmmrm

can be documented (between supplier 2
shorter conditioning time is sufficient for
reach equilibrium of impact stn:ngtb.

8.1.1 Notwe that for some hyg

Drﬂcundlnemngwiﬂ"iﬂﬂmqu irg
mens in water vapor-impermeable g
molded and not removing them uafil res
8.2 Test Conditions—Conduct tests §
oratory Atmosphere of 23 + 2°C (73.4
relative humidity, unless o S
methods. In cases of disagreement. the
=1"C(£1.58°F) and £2 % relative hum

9. Procedure

sample 10 be tested under the conditiofis pfghe
Section 3. Each mupshallcmscormm_
nominal width only. In the case of specimens -ru_rl‘_
that are suspected of being ani
specimens from each principal ¢

mmﬁfw’
(lengthwise a

additional amount. Repeat (2} until a swing causes no
additional movement of the pointer and note the final
reading as one reading of factor 5.

9.3.3 Repeat the above two operations several tlimes and
calculate and record the average A and B readings.

MNOTE 2l—Factor B is an indication of the energy bomt bv the
pmdulummfmmnmﬂ:p:nﬂlumbumumdwmmlr The
dd&mm#!uuuﬂmmdwmnmwrmmmlm
mmemmmﬂmnunm“ml-!m the actual
cormections will be smaller than these faciors, since in an acteal test the

in the calculation of the machine comection before
These A and & values also provide an indication of the
machine. Il they indicate excessive fraction, the
adjusted before starting a test.
the specimens for conformity with the require-
6 and 7. Measure the width of sach
i the region of the notch with a micrometer
g nearest 0.025 mm (0.001 in.) and record its
i along with its identifying markings.

hi& specimen precisely (5.7) and rigidlv but

ote 7) clamped in the vise. Pay special
e that the “impacted end” of the specimen
sioned in Fig. 4 be the end projecting
2. Release the pendulum and note and record

7y remaining in the pendulum afier breaking
agether with a description of the appearance
specimen (see failure categories in 4.71,
the machine correction from the indicating
ngth of the specimen and factors 4 and B using
graph described in Appendix X2. Subtract the
50 calculated from the indicated breaking strength
specimen. Compare the net value so found with the
ulmm:m of the hammer specified in 9.2 If a
of imp nergy was used, discard the result and
sfls on new specimens with the proper

i abserbed by the specimen prevents the pendulum from making 3
y umu-mmmummﬁmmm

crosswise 10 the direction of anisgg
9.2 Estimate the breaking :
select 2 pendulum of suitable enes
standard pendulum that is expected
in the group with a loss of not
Mote mmmmMmm
place for conformity with
before starting the tests (;

Nore 20—Ideally an i
test velocity. In a pend
fraciure progresses. For ﬂuuv:uimpu't
mummﬂmmummnsmr
complete the DG,
m/s (4.4 ftfsk On use
mummm.ﬂmm

9.3 Before testing the specimens. perform the following
operations on the machine:

9.3.1 With the excess energy indicating pointer in its
normal starting position but without a specimen in the vise,

Ei%u{iuc

release the pendulum from its normal starting position and -

note the position the pointer attains after the swing as one
reading of factor 4.

9.3.2 Without resenting the pointer, raise the pendulum
and release again. The pointer should move up the scale an

rould be condutted at . |
mm-ﬂquuu-nsauulhe

hammer was used. divide the net
+ measured width nf the parmicular

: % per inch) of width.
9.7 C:k:uhrlt e average impact strength of the group of
mmem. However, only values of specimens having the
mrnmal 1lll'm:ll:h :md Irp: of break may be averaged.

MTARIOe

mciudm; lype source, manufacturer’s code number. and

ID.LI Asumncuml‘huwth: SpECImEns were prepared,
the testing conditions used, the number of hours the speci-
mens were conditioned after notching. and. for sheet mate-
rials, the direction of testing with respect to anisotropy. if
any.

" 10.1.3 The capaciryof the pendulum in joules. or foot-
pounds-force, or inch-pdunds-force,

10.1.4 The nominal width of the specimen.
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Hote 22—All abbreviated or tabulated reports shall include after the WT & QT M
lzod impact strength value the nominal specimen. width in millimetres
or inches in brackets (see 4.6

I&I.{Thclutﬂnumbu-uf:mdmmmdp:rﬂmph s
of material (that is, five, ten, or more). L STRIKING EDGE HADIUS

10.1.6 The number of those specimens that resulted in NT A QZuM
failures conforming to each of the categories mmm:nl‘.'mf (0125 & 0.008 N, )
4.7,

10.1.7 The average impact strength in joulss per'metre, or 953 & w3wm [ PR

foot-pounds-force per inch, of width of the specimens uf
10.1.6 for each failure category except non-break. -
10.1.8 If required, the standard deviation of the
lhczmpt:tmngﬂuanh:mmmorm.
10.1.9 The percent of specimens Failing
suffixed by the corresponding letter

TEST METHOD B—SIMPLE BEAM (CIARPY Ty pE

11. Apparatus
11.1 The machine shall consist af#l ms
are mounted a pair of supports for boldi
to which is connected, through a rigid'fra Angd" ncuon .
bearings, one of a number of peadilum-ype oz ha T SPECIMEN
um.iti:]eurgymubhfurmmth e pauficulaggpecimen: ) suproRT
1o be tested, plus a pendulum holg
nism and a pointer and dial mechanis
£XCESS energy remaining in the penduy
specimen. A jig for posinoning the sgecin
and graphs or tables 1o aid in the ca
rarrmnnn:nduma#umshmu ded. i ! of Anwil, Specimen and Striking Edge to
ofmmhm:ulllunmudmﬁs.i pecific fe A Other for Charpy Test Method
pmmmhmqumtpumplu. i
ing and uhbuungm:m-chncutp 1 in

-
#0* 4 TAN .0023

3 The striking edge of the pendulum shall be made of
ned steel, tapered to have an included angle of 45 = 2°
he rounded to a radius of 3.17 £ 0.12 mm (0.125 =
hallBe so aligned that when the pendulum is
& Sylindrical impacting surface shall have a
£ tangent to the front face of a rectangular
0 within 0.025 mm (0.001 in.). In the
N : nging position the center of percussion of the pen-
. \ dulum shall lie within 2.54 mm (0.100 in.) of the middie of
mclluﬁmmmwmcmhummnmhmof
specimen of square cross section (Note 5).

qﬂw‘mm&mmw

dulum capable of delivering an energy of 2.710 = 0.135 ]
(2.00 #0:10 f-Ibf). This péhdulum shall be used with all

NPT o

Additional instructions for adjusting a particuls oS
should be supplied by the manufacturer. L0
11.2 Same as 5.2,

MOTe encIgy 1o Each m shall have an energy
within 0.3 % of its nominal capacity.

11.7 The test specimen shall be supported against two
rigid anvils in such a position that its center of gravity and
the center of the notch shall lie on tangent to the arc of travel
of the center of percussion of the pendulum drawn at the
position of impact. The the anvils shall be rounded
to a radius of 3.17 £ 0.12 mm (0.125 + 0.005 in.) and the

; anvils' lines of contact with the specimen shall be- 101.6 £ 0.5
FIG. 5 Simple Beam [Charpy-Type) impact Machipe mm (4.000 = 0.020 in.) apart (Fig. 6).
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_DIRECTION OF
~ COMPRESSION

T MOLDING

% B
; HIDTH oF

SPECIMEN SHALL
BE IN ACCORDANCE
WITH SECTION

A

8

c

heck the spbmmeu for conformity with the require-
NOTE 23Some machinés carrantly ln use empioy ¥ Secuion 12. Measure the width of each specimen in

14.2%.in.) span. Data obtained under these conditions are jon of the notch with a micrometre caliper to the
T g 325 mm {DWI UL}lndmmlﬂus average width

11.8 Same as 3.9.

| ; m: \
- S ﬂ‘\ i

11.9 Same as 5.10.
g markings.
11.10 Same as 5.11. ‘spmmn precisely on the suppors
o, A , 50 that it will be impacted edgewise
g o v ice opposite the noteli for notched
test specimen con 4 pendulum and note and record the

and geometry of Fig. 7. except as r.. i
with 122, 12.3, 124, and 125, Eiing in the pendulum afier breaking the

ensure the correct
contour and conditions of the specified mw“mammﬂﬁihwufn

e AW ANENTIERINS

12.4 Same as 6.4.
12.5 Same as-6.5. 15. Report

=AW AN IO NVENERETA Y

132 Ti
15.1.4 The nominal width of the specimens.

I4. Procedure I; lj %ulﬂ,l:{
14.] Same as 9.1, J 15.1 number of those specimens that resulted in a
14.2 Same as 9.2, complete break.

14.3 Same as 9.3. 15.1.7 The average impact strength in joules per metre, or

foot-pounds-force per inch, of width for the specimens of

E : 15.1.6 above that resulted in a complete break (Note 24).

* Supponting round-robin data sre wailsble from ASTM Headquaners Re.  |MPpact strengths are Mot to be reported for other than
quens RA:DI0- 1033, complete breaks.




197 -

b p2ss

NoTe 24—All abbrevialed or tabulated reponts shall affia behind the
Charpy impact strength value the pominal specimen thickness in
miﬁmu[whﬂﬂ}inhﬂm{mt_ﬂ.

15.1.8 Same as 10.1.8.

15.1.9 Tlmpcmentnfspcnmcns failing with a complete

15.1.10 Span (se= Note 23)

TEST METHOD C—CANTILEVER BEAM (IZOD-TYPE) TEST
FOR MATERIALS OF LESS TI-I.AN 27 Jfm (0.5 ft-Ibdfin) OF

16. Apparatus

ITIMwmmshallb:thn e in
Section 6. ,

18. Conditioning
18.1 Conditioning—See 8.1.
18.2 Test Conditions—See 8.2

19. Procedure

19.1 The procedure shall be t
the addition of 2 procedure for estim:
the broksn specimen part. Make stig
tude of the energy o toss each di
each ditferent specimen size (width).
tioning the free end of the broken spei)
porion and siriking it a second tim
released in such a wav as to impart o P
mately the same velocity it had artained duri
is done by releasing the pendulum from
sponding 1o that to which it rose following
Ihttmsprnmen.'l'n:mern' % i
the difference between the read
- free swing reading obtained
method of saring the penduluf
must be devised. m

20. Report

nddmrmurrhe
mmmmuhw
w:lthmnmruurmqyu.md

TEST JIE‘I’HSD D—NOTCH RADIUS SENSITIVITY TEST

21. Apparatus
-ItTh:appumuMbcm:s:mezsspmﬁadm
Section 3.

22, Test Specimen
321 The specimens shall be the same as specified in
Section 6. All specimens must be of the same nominal width,

<161 mnmtuwlhh@w’
tion 3.
17. Test Specimen

preferably 6.35 mm (0.25 in.).

23. Motching

23.1 Noching shall be done as specified in Section 7 and
Fig. 4, except that 10 specimens shall be noiched with a
radius of 0.25 mm (0.010 in.) and 10 specimens with a radius
of 1.0 mm (0.040 in.).

24. Conditioning
24.1 Condition specimens in accordance with Section 3.

in accordance with Section 9. testing a mini-
smr:ﬁerlbly 10) specimens of each notch radius.
average impact strength of each group shall be
that within each group the type of break
CHC&H.orP.
with the 0. 25-mm (0.010-in.) radius
the test is not
an [ﬂmmmtmndwithmel.ommm.m
dil as in category NB, nonbreak, the notch sensi-
cannol be used without obtaining additional
t of specimens should be prepared from the
using a 0.50-mm (0.020-in.) nowch radius and
25.1 and 25.2 repeated.

ope of the line connecting the values for impact
k for 0.234 and 1.012-mm (0.010 and 0.040-
dius (or 0.308-mm ({0.020-in.) notch radius if
) should be caleulated as follows:

-&-E‘ = E"R_: = R.

= average energy 10 break for the larger and smaller
olch sadii respectively, J/m (fi-Ibffin.) of nouwch,
afjthe larger nowch. m (in.), and

61 the smaller notch, m (in.).

it- Ibtfin. Eyg = 2.6 fi- Ibifin. i
" =0.010 = 3.6/0.03 = 120 fi-Ibi/in. of nowchy/in.
{radius)

0.1 The mmushluhlhcnmcflﬁwuoﬂ 10 with the u“;:l ITIu

of & with its units, and the average
W mm um:u in.) notch, shall be

TETMEWEBE&“WMWTCH

ﬂ%ﬂlﬂﬂmwm

29, Test Specimen
‘lemmummshubememuspmﬁdm
Section 6.

30. Motching Test Specimens

30.1 Notch the test specfimens in accordance with Section
1.



198

&b p2ss

M. Conditioning

301 See8.1.
31.2 Test Conditions—See 8.2,

11. Procedure

32.1 Proceed in accordance with Section 9, except clamp
the specimen so that the striker impacts it on the face opposite
the notch. hence subjecting the notch 1o compressive, rather
than tensile stresses during impact (see Fig. 15 and Notes 23,
2€, and 27.

NOTE 15—The reversed notch test emplovs 2 su
0.010-in.} notch specimen to provide an indication of
impact strength. Use of the reversed notch 1651 obi: |
machining unnotched bars to the required 10,16 = (L08-n
0.002-in.} depth before testing and provides the o
specimen mounting a3 the standard notch tess
mulding or other fabricating influences. notch
on the face opposite 10 that used for th
present the same face to the impact blow,

NoTE 27—Results obtained by the revers
agree with those obtained oo unnot bars thy v
to the 10. 1&-mm (0.400-in.) depth requirementFor +
elfects arising from the difference in thediimpeg
enCe in 0SS enengies ascribed 0 the broks

33. Repont
33.! The repon shall include the
33.1.1 Same as 10.1.1.

33.1.2 Same as 10.1.2,
33.1.3 Same as 10.1.3,
33.1.4 Same as 10.1.4,
33.1.5 Same as 10.1.5,
33.1.6 Same as 10.1.6,

33.1.7 The average reversed notch immamm

Joules per metre, or I'u-ntpwnds-ﬁme
L. r

the specimens of 10.1.6 for eachr category except non-break,
33.1.8 Same as 10.1.8, and
33.1.9 Same as 10.1.9.

34. Precision and Bias

34.1 Tables 1. 2, and 3 arc based oo a round robin'® in
accordance with Practice E 691. For each material. all the
mhmmmﬂmdatmmummfornmhing.
Each panicipating laboratory notched the bare that they
lmtd.T:Hal.lnnéimmuwdunmhuisnhlm
It beirig the average for five specimens. In the round
i each laboratory tested, on average, nine specimens of

tertal. : ‘

r ble 4 15 based on a round robin® involving five
ThateT o] ied by seven laboratories. For each material, all
= Smgiss were prepared at one source. and the individual
ert all notched at the same laboratory. Table 4 is
. basis of a test result being the average for
In the round robin. each laboratory tested
-.\ autio Thgfnlmiu;uphuﬁmuﬂl.::ndl.thi

Eh 3. . Irunudagmm;muunmdmpf

ing mmurumunmmmm
| Hmhmmﬁdmmw
“ﬁ L as those data are specific 1o the round robin and
Ry poryp epresEnaty dmmmmw
ot thumnwﬂndmuammemmplu

-“- HES.E 691 10 generae dara specific 1o their laboratory
d mai |“* Befween specific laboratonies. The principles of 34.3
um:nb:midﬁrmm

pce of I, and 1,—If S, and S, have been
d from a large enough body of dara. and tor test
re averages from testing 3 specimens.

ing data sre avmilable from ASTM Headquaners Beguest RRE:

. -

Avg

055 0.0 0.050 .08 0.14 T
Plemniorred e 1.58 0088 0.143 018 0.40 7
Polycartonate 285 0.083 Q422 oz 1.19 L]
Potymeoayng 4.06 R 111 0422 0.2 119 9
ABS 103 [-RRH] 0629 032 .78 9
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TABLE 3 Procision, Test Method C (lzod with Toss Comection) P
Values in f-Difin. of wioth o '
Avp 5 Sw % W -
Proracis 0,45 0.8 0.2e 010 038 15
4§, = within-laboratory stendard deviation of the Frerge.
# 5, = betwesn-laboratonss standand deviation of the averaga,
E1, =285, and
Sy = 28 Sp
TABLE 4 Precision, Test Method E (Reversed Nolch lxod)
Vahues n ft-Difin. ol wigth
Avg |r¢' hﬂ
Acryis aneet, urenodifed 02 0.58 amn
Prema moldng COMpOoUnas menate B 247 222
Fubber mociled BOrykc, mEecton mokied mm‘ 249 1
Shaet mokeng compound [SMC) minate 203 222
Proformed mal lmanats 272 458

‘&-Mwmdn#

b mmmw’
3|, = 263 5. and /
O, = 25 Se /i

34.3.1 Repeatability, 1., (Companng
the same material, obtained by the same'o s
same equipment on the same day 1!(,
should be judged not equivalent if they g
the [, value for that material.

34,32 Reproducibility. 15 {Comparing L#0 12
the same material, obtained by differs
different equipment on different days),

X 1.1 This calibration pmmdm{:
fzod impact machine. However, 0
be applied to the Charpy impact

)(! 2 Locate the impact machi

ns will give high
rﬂdm[tummmcndud:huthu tester be bolted

1o a base weighing at least l_'Sﬂ ttrsmdu
capacities higher than 2.7
X 1.3 Check the level ,

uunsmth:phmnhhc

swing.

X4 W:hu:rlghwdpdmmwghmnh:mm
clamping block relative 1o the vise. It must match the height
of the vise within 0.08 mm (0.003 in.).

X1.5 Check the transverse location of the center of the
pendulum striking edge which shall be within 0.40 mm
{(0.016 in.) of the center of the vise. Readjust the shaft
bearings or relocate the vise, or straighten the pendulum

udged not equivalent if they differ by more thaa

ST atcrial. :
ov judgment in accordance with 34.3.1 and
i w\- approximate 95 % (0.93) probability of

no recognized standards by which
is test method.

the pendulum.
W.T lmmmmﬂy:ndmwmm:hﬂﬂunmﬂ
ise 2 st ed bas 111mmmm1mmm

‘ ir | -. ‘firections with a small machin-
mskﬁﬂumuprhnmdmymmﬂﬁurm
mmcplupfpenaulmmnﬂ;hummmm

. pe

uuumd.mudﬂu:h:mofmhs:uﬁh:mmbm;m
top surface level.

X138 Phutﬁ&mmﬂj—nm]hnﬁhofummmm
bar ground flat and parallel within 0.025 mm (0.001 in.) in
the center of the vise in the vertical position. Place a thin film

of oil on the striking edge gf the pendulum with an oiled
tissue and let the striking rest gently against the
specimen. The striking edge should make uniform contact
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across the surface of the bar. IT partial contact is made,
examine the vise or pendulum for the cause of the misalign-
ment If no cause is apparent, remove the striking edges and
shim up the low side or grind the striker back face for good
contact of the striking edge with the specimen.

X 1.9 Check oil line on face of bar for horizontal setting of
striking edge within tan™ 0.002 with a machinist’s square.

X 1.10 Without waking the barof X 1.8 from the vise of the
machine, scratch a thin line on the face opposite the striking
face of the bar at the top edge_of the vise. Remove the bar
from the vise and transfer this line to the striking face,
a machinist's square. The distance from the striki ‘
to the top edge of the vise should be 21.95 10
(0.864 1o 0.368 in.). Comrect with shims af"
necessary at the bortom of the vise.

X1.11 Insert the bar of X1.8 again in the'w
tightly in the vertical position. Whe
hanging free in its lowest position, i
come within 0.5 % of scale on either »
contact with the speeimen.

X1.12 Swing the pendulum 10 a :
support it by the striking edge in this posific
{Va-in.) diameter vertical bar. A - the

the eifective weight of the penduldh
dulum weight should be within 0.4 % of gh

edge). It is not advisable 10 add weight todh
the bearing axis from the striking edge |
effective length of the pendulum since the distri
will lead 1o large energy losses from vibran

X113 Calculate the effective length of the
or the distance to the center of pertussion
' rotation, by the procedure of Noje-s ]
must be within the tolerance

X1.14 Measure the vertical d I
dulum striking edge from the trip height to its 1o ;
This distance should be 610 + 2.0 mea (24 = 0.1 in). This
measurement may be made by blocking up a level on the 1op
of the vise and measuning the vertical diss from the

loading nose to the borom G thi§ léveahd YT
mr (0.866 in.). The vertica falling disfine
by varying the position of the pendulum 1z

X1.15 Motch a standard sp

: in place, center of the

notch should be within 1.2 mm (0.005 in.) of being in line

with the top of the fixed surface of the vise and the specimen

thould be centered midway within 040 mm (0.015 in)

between the ends of the clamping faces. The notched face

should be the striking face of the specimen for the [zod test. .
Under no circumstances during the breaking of the specimen

should the top of the specimen touch the pendulum except at

the striking edge.

F "NTE.
b A

from the axis of - ]
P 7 B '*_mff__*‘"»dﬂ..' pll:l" um m urus mm {a;mz

XL.16 If a clamping-type locating jig is.used. examine the
clamping screw in the locating jig. I the thread has a loose: fit
th:spedmmynmbemwﬂypmiﬁnmdudmym
to creep as the screw is tightened. A burred or bent point on
the screw may also have the same effect.

X117 When the pendulum is in position 1o just touch the
test specimen the pointer should be at the full scale index
within 0.2 % of scale. =

X1.18 The pointer friction should be adjusted so that the
pointer will just maintain its position anywhere on the scale.
Thnsm‘j:ingpinunhepnimumubdbem:ﬂrrﬂmedm

pointer. Friction washers with glazed surfaces should be
with new_ washers. Friction washers should be on
de of the pointer collar. The last friction washer

4
A ld be backed by a heavy metal washer, Pressure

1 thiS mctal washer is produced by a thin bent spring
wasiier and locknuts, I the spring washer is placed next 1o
e [iber on washer the pointer will tend 10 vibrate

wing reading of the pendulum (without
the tripping height should be less than 2.5 %
ity on the first swing. If the reading is

en the pointer friction is excessive or the
. To clean the bearings dip them in grease
in an air jet. Clean the bearings until

n freely, or replace them. Oil very lightly with
t oil before replacing. A reproducible method of

dulum from the proper height must be

“ psition of the pointer after three swings of the
- each from the suning position, without manual
ustment of the pointer should be | % or less of the
im capacity. [f the readings differ from this, then the
is out of plumb. the calibration dial is ouwt of
or the pendulum finger is out of calibration

tbout which the pendulum rotates shall

00025 mm (0.010 in.} is permissible when

ol) axdal force is applied in alternare directions.

ShEll shall be horizontal within tan™" 0.003 as checked
with a level.

X1.22 The vise faces should be parallel in the horizontal

‘ : fiical position and clamping untl
the jaws beg ind. Any freedom berween the metal bar
ihdthcdlmpip;mﬁm

% of the vise shall have
a0 005 in.). This is the
specimen breaks and
should be examined carefully.

X1.24 If a brittle unfilled or granular filled plastic bar
such as a general-purpose wood-flour-filled phenolic material
is available, nowch and beeak a set of bars in accordance with
these test methods. Examine the surface of the break of each
bar in the vise. If the break is flat and smooth across the top
surface of the vise thé Wondition of the machine is excellent.
Considerable information regarding the condition of an
impact machine can be obiained by examining the broken
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sections of specimenss No-weights should: be added 10 the Win Eth
pendulum- for the above tests. where:
X1.25 The mactiine should not be used to indicate more W = the effective pendulum weight (see X1.12),
than 85 % of the energy capacity of the pendulum. Extra £ = potential or available energy of the machine.and
weighis added in pairs on opposite sides of the.pendulum at & = the vertical distance of fall of the pendulum striking:

the center of percussion will increase available energy of the edge (see X1.14),
machine. Correct weights for any range can be calculated as ~ Each Ib of added weight increases the capacity of the
follows: . machine by 2.710 J (2 ft-Ibf).

X2 INSTRUCTIONS FOR THE CONSTRUCTION OF A WINDAGE AND FRICTION CORRECTION CHART

X2.1 The constructon and use of the

art ierein de 2.2 Start the construction of the comrection cham (Fig.
mbdhunduwnmemmmu iction & ;

by laying off 1o some convenient linear scale on the
of a graph the angle of pendulum position for the
he swing bevond the free hanging position. For
e adgl = aceplace the free hanging reference point on the
pmdulumpudumdunngth:pmdulum" - d of the abscissa with the angular displacement
tion chan to be described is princip lineariy to the left. The abscissa is referred to as
X1 Thamndng:mdﬁmnm '1" ough angular displacement is the quantity 1o be

available from commercial testin - | repee A on the abscissa, this displacement is
Thc:nnnrlomdniplwdud nc 9 ] {'4%&' uen y expressed in terms of indicated energy
of the main body of the method. & | ead {rom hine dial. This yields a nonlinear Scale C

{

o

R
E
o

-8,
s
=

e
INE A-

TER

[ 4

£ = o

’i] W 684 R EE T8 ¢

E - 1 _h_ =
—_ -
Fuw a
= =
2k z
av E
a— LINEAR @ o
NONLINEAR ENERGY —O ]

FIG. X2.2 Sample Windage and Friction Comectson Chart
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with indicated pendulum energy increasing to the right.

X2.3 On the right hand ordinate lay off a linear Scale 8
starting with zero at the bottom and stopping at the maximum
expected pendulum friction and windage value at the top.

X24 On the left ordinate construct a lincar Scale D rang-
ing from zero at the bottom 1o 1.2 times the maximum ordi-
nate value appearing on Scale B, but make the scale twice the
scale used in the construction of Scale 8.

X235 Adjoining Scale D draw 2 curve 04 whic
focus of points whose coordinates have equal values 5f e
camection on Scale D and indicated energy on St
curve is referred to as Scale 4 and utilizes 14
and numbering system as the adjoining Scale

X2.6 Instructions for Using Chart: s

X3. PROCEDURE mn O,

X3.1 The procedure for the calculationof ;
and [riction correction in. this appe
equations developed by derivation i 4’
procedure can be used as a substmge fordth
procedure deseribed in Appendix Xafnd 8 -
small electronic caleulator and compute
X3.2 Calculate L, the distance from
the center of percussion as indicated
here that the center of percussion is dpprox
as the center of gravity.)
X3.3 Measure the maximum height. #f,,, g ‘
percussion (center of gravity) of the pendulug at S 1A
the test as indicated in X1.14, L
X3.4 Measure and record the energy correction
windage of the pendulum plus fricion in ¢
determined with the first swing of the g
specimen in the testing device, The

X2.6.1 Locate and mark on Scale A the reading 4 ob-
tained from the free swing of the pendulum with the pointer
prepositioned in the free hanging or maximum indicated
energy position on the dial, i

X26.2 Locate and mark on Scale B the reading &
obtained afier several free swings with the pointer pushed up
close to the zero indicated energy position of the dial by the
pendulum in accordance with instructions in 9.3.

X2.6.3 Connect the two points thus obtained by a straight

#5.4 From the indicated impact energy on Scale C

p 1o the constructed line and across to the left 10
' ion for windage and friction from Scale D,
this correction from the indicated impact
in the energy delivered to the specimen.

AND FRICTION CORRECTION

distaee, from fulcrum to center of gravity of pendu-
o fi),

m height of center of gravity of pendulum at

st m (or fi), and

gle pendulum will travel with one swing
dulum.

% specimen breaking energy, E,, J (or ft-Ibi).
i for specimen measurement E, as:

1 i m" {l —_ [{’:I'FLHI- "'.E,fE"l"'

& an liependulum travels for a given specimen and

® lial réading breaking energy for a specimen. J (or fi-
o0,
39 Calculate total correction energy, Epe, as:

1= e~ LEGIMBIB, ) + [Ex?)

on the energy scale. E,,, appropriste
X3.5 Without resetting the §

-obtained in X3.4, measure the enessy con

pendulum windage after two additignal re :

pendulum with no specimen in the tssfing device.
X3.6 Calculate g, as follows

where:

tion in dial. J (or fR4{BN,
Ey = full-scale reading for pendulum used, J (or ft- 16,

energy for the breaking energy, £, of
mfor fi-1bf), and
corfection for windage of the pendulum., J {or

impact strength using the following

X3.10 Calculate

s = Eycit

il Cion T 10 e e

width, and

f =

OF GEXRLLIEN 0T (1))

X4.1 From right triangle distances in Fig. X4.1:

L=h=Lemg (n
X4.2 But the potential energy gain of pendulum E,is:
E,=hWg (&3]
4.3 Combiniog Eqs | and 2 gives the following:
L=E/Wg=Lcosg .

X4.4 The maximum energy of the pendulum is the poten-

uﬂenugyalthemurth:mEmw
. Eye =Wy 4
X4.5 The potential energy gained by the pendulum, E.is
related 1o the absorption of energy of a specimen, E, by the
following equation:
; % = E - E, 13
X4.6 Combining Eqs 3, 4, and 5 gives the following:

IE . EWE

- F el aa -
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o
e
=
i
4 Awax
’/pm mmmmmmm
Dial Friction as a Function of Pendulum Position
FIG. X4.1 * Swing of Pendulum from lts &mw
nrwulmnmnmmsuwshtm
X4.7 Solving Eq 6 for § gives the fi }ncludm:bor.hpmdulmwudm

8 = cos™" {1 = [(hu/LK1
X4.8 From Fig. X4.2, the total en
given as:

ion for pendulum windage only, 1,
im energy of the pendulum (at the start of

\Hl gain of pendulum from the pen:
- tu:m.l'
b g energy of specimen, J,

X4.9 But at the zero point of the p -
mnhrammbmhn;ewu

Cnergy

Ey2 = m{0) » dww‘w{-‘.
or _ nter of gzravity of pendulum rises vern<
b-gﬂ (L] iI Mpﬁﬁwﬂmmmm 4
4 : 4 o g maximm height of the center of gravity of the
X4.10 The energy correction, £,, on thefirstswing e A 1, m,
pendulum occurs at the maximum pendulu S of total correction energy straight line,
Substituting in Eq § gives the following: ITe : ﬁumﬁ.lhummmurn{mwn(pm-
= - Sy ulum, m,
F‘ W""“H'Ef'm — W ght of pendulum, as de'ermined in X1.12, k;,
X4.11 Combining Eqs 8 and 11 gives the [t gwing: . A

Erc = (E, = (E/2NA(B g W E pendiflum position from the pendulum rest

The Amencan Society for Tesiig and 4 " T assevTEd i ConnCTion
with &y devn Mantioned i the Usars o - MH of the vaiidity of any such
pateni rgnes, and the risk of Hm#n.n-ﬂwnimm

This standand is Subec umit‘#ﬂbrum“ﬂmun-ummhmﬂ
- . or for sadiional sanarss

ARIAATUAMINAE
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Table D Continued
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APPENDIX E

Table E Dimension of Samples for Impact Strength Testing
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Table E Continued
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APPENDIX F

Table F Tensile Stress and Impact Strength of Samples

Sample Specimen Tensile Stress | Impact Strength Modulus
Number (MPa) J/m (MPa)
PS11-001 1 = 30.00 3025.00
2 3165.00
3 .
4 !
B D

PE13002 1 24.18 100.00 846.00
2 24,58 173.10 1015.00

3 24.55 114.20 1189.00

4 2393 167.70 1106.00

5 23.46 161.50 1057.00

Average 24.14 143.30 1043.00
SD. 0.47 33.68 127.30
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Table F Continued

120.00
116.10 o
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Sample

O ON =

291

4211

3.14
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Sample Specimen Tensile Stress | Impact Strength Modulus
Number (MPa) 10 J/m (MPa)

PP16—-001 1 2433 8.00 1452.00

2 21.30 13.47 1335.00

3 . 13.08 1687.00

4 2963.00

5 1447.00

Average 11.64 1777.00
S.0 67500

PP16-101 134500 |

18.04 1439.00

1465.00

1368.00

1388.00

Average 1401.00
S0.00

PF’IH—M 1403.29

1258.27

1352.38

1375.93

1359.19

Average 1340.81
C 54.81

PP16-102 137522

1426.46

1440.81

1338.68

Q\_h‘ 1223.14

Average D | 1360.86
S.D. 0.62 87.12

PE17-001 ‘b 2861 2057.00

Al Y83 N YN ’1@5 215100

2151.00

q 4 52.31 3457.00

5 o 2969.00

¥, 0.0 (1 2396.00
AT AN TR e

7-101 1 2214 79.681 1038.00

2 2245 73.46 973.50

3 22.80 78.43 1206.00

4 23 86.27 1126.00

5 2201 8294 991.80

Average 2234 B2.14 1067.00
8D. 0.3 7.57 97.40

PE17-002 1 18.86 30.77 1210.72

2 16.55 48,00 1249.55

3 18.33 32.00 1044.80

4 16.81 32.00 1128.65

5 16.90 40.00 1073.52

Average 17.49 36.55 1141.45
SD. 1.03 7.38 ar.47
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Sample Specimen Tensile Stress | Impact Strength Modulus
Number (MPa) 10 _Jfm (MPa)
PE17-102 1 23.17 169.23 123294
2 . 1157.37
3 122053
4 113537
6 - 1221.53
119355
44.03
164191
1466.99
1547.87
1406.48
1540.23
1602.70
29.08
1420.64
1348.26
1347.32
128405
1414.69
1362.99
56.33
134047
1185.34
1329.75
1183.77
1408.99
1203.46
— Lot e m@
PP17-102 b 15:00 37.04 1380.89
i 1446.71
ARYINPNSNETT | s
Y 4 16.67 - 1367.61
5 o 44.44 o 1371.11
; 1403.14
i AR P
1 21.43 -
2 2202 28.07 -
3 41.34 28.57 =
4 29.28 2143 -
5 27.80 2857 -
Average 2797 2561 -
S.D. 355 382 -
PS18—101 1 2511 28.57 -
2 26.22 - -
3 29.81 2857 —
4 - 21.42 -
-] 28.28 28.57 -
Average 27.36 26.78 -
S.D. 210 as8 -
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Table F Continued

Tensile Stress | Impact Strength

PS18-002

18.91 35.71

S.D.

PS18—102

Specimen Modulus
m:rher (MPa) 10 _Jjm (MPa)
2 _

3 28.5 _

4 -

5 W _

-
& :

SD.

1515.00
1410.00
1421.00
1511.00
1319.00
1435.00
81.00

PE19—001

Average
S.D.

PE19-101 1373.00
1335.00
1340.00
1608.00

1480.00
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