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Standard Test Methods for
Determining the 1zod Pendulum Impact Resistance of
H 1
Plastics
This standard is issued under the fixed designation D 256; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.
1. Scope* Note 4—Caution must be exercised in interpreting the results of these

A tandard test methods. The following testing parameters may affect test
1.1 These test methods cover the determination of th Bsults significantly:

resistance of plastics to “standardized” (see Note 1) pendulum- o - .

L . " . K Method of fabrication, including but not limited to processing
pre hammers, mpunted ”j‘ standardized maqhme& in break- technology, molding conditions, mold design, and thermal
ing standard specimens with one pendulum swing (see Note 2). treatments;

The standard tests for these test methods require specimens Method of notching;
Speed of notching tool;

made with a milled notch (see Note 3). In Test Methods A, C, Design of notching apparatus;
and D, the notch produces a stress concentration that increases Quality of the notch;
the probability of a brittle, rather than a ductile, fracture. In Time between notching and test,

. . . . Test specimen thickness,
Test Method E, the impact resistance is obtained breakage by  est specimen width under notch, and

flexural shock as indicated by the energy extracted from by Environmental conditioning.

reversing the notched specimen 180° in the clamping vise. The 1.2 The values stated in Sl units are to be regarded as the
results of all test methods are reported in terms of energgtandard. The values given in brackets are for information only.
absorbed per unit of specimen width or per unit of cross- 1.3 This standard does not purport to address all of the
sectional area under the notch. (See Note 4.) safety concerns, if any, associated with its use. It is the

Note 1—The machines with their pendulum-type hammers have beetl;e_SponSIblllty of the user of thIS standard to e_Stab“Sh appro'
“standardized” in that they must comply with certain requirements,Priate safety and health practices and determine the applica-
including a fixed height of hammer fall that results in a substantially fixedbility of regulatory limitations prior to use.
velocity of the hammer at the moment of impact. However, hammers of . .
differer):t initial energies (produced by varyingptheir effective weights) are Note 5—These test mleth.o.ds resemble ISO 180:1993 in regard to title
recommended for use with specimens of different impact resistanceqnly‘ The contents are significantly different.
Moreover, manufacture_rs of the equipment are permit_ted to_use differe_ré_ Referenced Documents
lengths and constructions of pendulums with possible differences in
pendulum rigidities resulting. (See Section 5.) Be aware that other 2.1 ASTM Standards?
differences in machine design may exist. The specimens are “standard- D 618 Practice for Conditioning Plastics for Testing
ized” in that they are required to have one fixed length, one fixed depth, D 883 Terminology Relating to Plastics

and one particular design of milled notch. The width of the specimens is 1 3641 Practice for Injection Molding Test Specimens of
permitted to vary between limits. Thermoplastics Molding Extrusion Materials

Note 2—Results generated using pendulums that utilize a load cell to e . . .
record the impact force and thus impact energy, may not be equivalent to D 4000 Classification System for Specifying Plastic Mate-

results that are generated using manually or digitally encoded testers that  fals o o
measure the energy remaining in the pendulum after impact. D 4066 Classification System for Nylon Injection and Ex-
Note 3—The notch in the lzod specimen serves to concentrate the trusion Materials

stress, minimize plastic deformation, and direct the fracture to the part of D 4812 Test Methods for Unnotched Cantilever Beam Im-
the specimen behind the notch. Scatter in energy-to-break is thus reduced. pact Resistance of Plastics

However, because of differences in the elastic and viscoelastic properties . . . .
of plastics, response to a given notch varies among materials. A measure D 5947_ Test MethOds for Physical Dimensions of Solid
of a plastic’s “notch sensitivity” may be obtained with Test Method D by ~_Plastic Specimens _

comparing the energies to break specimens having different radii at the E 691 Practice for Conducting an Interlaboratory Test Pro-
base of the notch. gram to Determine the Precision of Test Methods

2.2 I1SO Standard:

1 These test methods are under the jurisdiction of ASTM Committee D20 om——————————————
Plastics and are the direct responsibility of Subcommittee D20.10 on Mechanical 2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or

Properties. contact ASTM Customer Service at service@astm.org.Aforual Book of ASTM
Current edition approved December 1, 2003. Published January 2004. Originalltandardssolume information, refer to the standard’s Document Summary page on
approved in 1926. Last previous edition approved in 2002 as D 258 - 02 the ASTM website.

*A Summary of Changes section appears at the end of this standard.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
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ISO 180:1993 Plastics—Determination of lzod Impactare relatively insensitive to differences in notch radius; while

Strength of Rigid Materiafs the energy-to-break materials with high valuesbat highly
dependent on notch radius. The parambteannot be used in

3. Terminology design calculations but may serve as a guide to the designer
3.1 Definitions— For definitions related to plastics see and in selection of materials.

Terminology D 883. 4.2 Test Method E is similar to Test Method A, except that
3.2 Definitions of Terms Specific to This Standard: the specimen is reversed in the vise of the machine 180° to the
3.2.1 cantilever—a projecting beam clamped at only one usual striking position, such that the striker of the apparatus

end. impacts the specimen on the face opposite the notch. (See Fig.
3.2.2 notch sensitivity-a measure of the variation of impact 1, Fig. 2.) Test Method E is used to give an indication of the

energy as a function of notch radius. unnotched impact resistance of plastics; however, results ob-
tained by the reversed notch method may not always agree with

4. Types of Tests those obtained on a completely unnotched specimen. (See

4.1 Four similar methods are presented in these test meti?8.-1.1°
ods. (See Note 6.) All test methods use the same testing

) . . . . Significance and Use
machine and specimen dimensions. There is no known means

for correlating the results from the different test methods. 5.1 Before proceeding with these test methods, reference
should be made to the specification of the material being tested.

Note 6—Test Method B for Charpy has been removed and is beingany test specimen preparation, conditioning, dimensions, and
revised under a new standard. testing parameters covered in the materials specification shall
4.1.1 In Test Method A, the specimen is held as a verticatake precedence over those mentioned in these test methods. If
cantilever beam and is broken by a single swing of thethere is no material specification, then the default conditions
pendulum. The line of initial contact is at a fixed distance fromapply.
the specimen clamp and from the centerline of the notch and on 5.2 The excess energy pendulum impact test indicates the
the same face as the notch. energy to break standard test specimens of specified size under
4.1.2 Test Method C is similar to Test Method A, except forstipulated parameters of specimen mounting, notching, and
the addition of a procedure for determining the energy expendulum velocity-at-impact.
pended in tossing a portion of the specimen. The value reported 5.3 The energy lost by the pendulum during the breakage of
is called the “estimated net Izod impact resistance.” Testhe specimen is the sum of the following:
Method C is preferred over Test Method A for materials that 5.3.1 Energy to initiate fracture of the specimen;
have an Izod impact resistance of less than 27 J/m [0.5 53.2 Energy to propagate the fracture across the specimen;
ft-Ibf/in.] under notch. (See Appendix X4 for optional units.)
The differences between Test Methods A and C become
unimportant for materials that have an Izod impact resistance 4 Supporting data giving results of the interlaboratory tests are available from
higher than this value. ASTM Headgquarters. Request RR: D20-1021.
4.1.3 Test Method D provides a measure of the notch S Supporting data giving results of the interlaboratory tests are available from
sensitivity of a material. The stress-concentration at the notch® ™ Headauarters. Request RR: D20-1026.
increases with decreasing notch radius.
4.1.3.1 For a given system, greater stress concentration
results in higher localized rates-of-strain. Since the effect of
strain-rate on energy-to-break varies among materials, a mea- SPECIMEN
sure of this effect may be obtained by testing specimens with
different notch radii. In the Izod-type test it has been demon- 2.0+ 0.05 MM
strated that the function, energy-to-break versus notch radius, 87 £ 0,002 in)
is reasonably linear from a radius of 0.03 to 2.5 mm [0.001 tce.25 * 0.12 MM. RADIUS l

STRIKING EDGE RADIUS

0.80 + 0.20 mm
(0.031 + 0.00H in.)

|/

0.100 in.], provided that all specimens have the same type df-°'°*°-°0% ")
break. (See 5.8 and 22.1.)
4.1.3.2 For the purpose of this test, the slapésee 22.1), FIXED MOVEABLE
of the line between radii of 0.25 and 1.0 mm [0.010 and 0.040 visE Vi \\\
in.] is used, unless tests with the 1.0-mm radius give “non- // \
break” results. In that case, 0.25 and 0.50-mm [0.010 and
0.020-in.] radii may be used. The effect of notch radius on the
impact energy to break a specimen under the conditions of this
test is measured by the valbeMaterials with low values off,
whether high or low energy-to-break with the standard notch,

N
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L
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PLANES C AND D MUST BE PARALLEL
TO WHTHIN 0.025 MM (0.001 IN.)
DUER A DISTANCE DF 25 MM (1 IH)

2 Available from American National Standards Institute (ANSI), 25 W. 43rd St., FIG. 1 Relationship of Vise, Specimen, and Striking Edge to Each
4th Floor, New York, NY 10036. Other for Izod Test Methods A and C
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with adequate capacity. (See Note 7.) Bending (see 5.3.4) and
indentation losses (see 5.3.8) may be appreciable when testing
soft materials.

Note 7—Although the frame and base of the machine should be
sufficiently rigid and massive to handle the energies of tough specimens
without motion or excessive vibration, the design must ensure that the
center of percussion be at the center of strike. Locating the striker
precisely at the center of percussion reduces vibration of the pendulum
arm when used with brittle specimens. However, some losses due to
pendulum arm vibration, the amount varying with the design of the
pendulum, will occur with tough specimens, even when the striker is
properly positioned.

5.6 In a well-designed machine of sufficient rigidity and
mass, the losses due to factors 5.3.6 and 5.3.7 should be very
small. Vibrational losses (see 5.3.6) can be quite large when
wide specimens of tough materials are tested in machines of
insufficient mass, not securely fastened to a heavy base.

5.7 With some materials, a critical width of specimen may

PLANES C ANDO O MUST BE PARALLEL
TO WITHIN 0.025 MM (0,001 IN.)
DUER A DISTANCE OF 25 MM (T IN)

FIG. 2 Relationship of Vise, Specimen, and Striking Edge to Each
Other for Test Method E

be found below which specimens will appear ductile, as
evidenced by considerable drawing or necking down in the
region behind the notch and by a relatively high-energy

absorption, and above which they will appear brittle as
evidenced by little or no drawing down or necking and by a

5.3.3 Energy to throw the free end (or ends) of the broke
specimen (“toss correction”);

5.3.4 Energy to bend the specimen;
5.3.5 Energy to produce vibration in the pendulum arm;

r{elatively low-energy absorption. Since these methods permit a
variation in the width of the specimens, and since the width
dictates, for many materials, whether a brittle, low-energy
break or a ductile, high energy break will occur, it is necessary
that the width be stated in the specification covering that

5.3.6 Energy to produce vibration or horizontal movementmaterial and that the width be reported along with the impact

of the machine frame or base;

resistance. In view of the preceding, one should not make

5.3.7 Energy to overcome friction in the pendulum bearingcomparisons between data from specimens having widths that
and in the excess energy indicating mechanism, and to ovediffer by more than a few mils.

come windage (pendulum air drag);

5.8 The type of failure for each specimen shall be recorded

5.3.8 Energy to indent or deform plastically the specimen aks one of the four categories listed as follows:

the line of impact; and c

5.3.9 Energy to overcome the friction caused by the rubbin
of the striker (or other part of the pendulum) over the face o
the bent specimen.

5.4 For relatively brittle materials, for which fracture propa- b
gation energy is small in comparison with the fracture initiation
energy, the indicated impact energy absorbed is, for all
practical purposes, the sum of factors 5.3.1 and 5.3.3. The to
correction (see 5.3.3) may represent a very large fraction of the
total energy absorbed when testing relatively dense and brittle
materials. Test Method C shall be used for materials that have

Complete Break—A break where the specimen
separates into two or more pieces.

Hinge Break—An incomplete break, such that one
part of the specimen cannot support itself above
the horizontal when the other part is held vertically
(less than 90° included angle).

Partial Break—An incomplete break that does not
meet the definition for a hinge break but has frac-
tured at least 90 % of the distance between the
vertex of the notch and the opposite side.
Non-Break—An incomplete break where the frac-
ture extends less than 90 % of the distance be-
tween the vertex of the notch and the opposite
side.

an lzod impact resistance of less than 27 J/m [0.5 ft:Ibf/in.]. For tough materials, the pendulum may not have the energy
(See Appendix X4 for optional units.) The toss correctionnecessary to complete the breaking of the extreme fibers and
obtained in Test Method C is only an approximation of the tossoss the broken piece or pieces. Results obtained from “non-
error, since the rotational and rectilinear velocities may not béyreak” specimens shall be considered a departure from stan-
the same during the re-toss of the specimen as for the originglard and shall not be reported as a standard result. Impact
toss, and because stored stresses in the specimen may hawsistance cannot be directly compared for any two materials
been released as kinetic energy during the specimen fracturénat experience different types of failure as defined in the test
5.5 For tough, ductile, fiber filled, or cloth-laminated mate-method by this code. Averages reported must likewise be
rials, the fracture propagation energy (see 5.3.2) may be larggerived from specimens contained within a single failure
compared to the fracture initiation energy (see 5.3.1). Whewrategory. This letter code shall suffix the reported impact
testing these materials, factors (see 5.3.2, 5.3.5, and 5.3.9) cafentifying the types of failure associated with the reported
become quite significant, even when the specimen is accuratelyalue. If more than one type of failure is observed for a sample
machined and positioned and the machine is in good conditiomaterial, then the report will indicate the average impact
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resistance for each type of failure, followed by the percent of
the specimens failing in that manner and suffixed by the letter
code.

5.9 The value of the impact methods lies mainly in the areas
of quality control and materials specification. If two groups of
specimens of supposedly the same material show significantly
different energy absorptions, types of breaks, critical widths, or
critical temperatures, it may be assumed that they were made
of different materials or were exposed to different processing or
conditioning environments. The fact that a material shows
twice the energy absorption of another under these conditions
of test does not indicate that this same relationship will exist
under another set of test conditions. The order of toughness
may even be reversed under different testing conditions.

Note 8—A documented discrepancy exists between manual and digital
impact testers, primarily with thermoset materials, including phenolics,
having an impact value of less than 54 J/m [1 ft-Ib/in.]. Comparing data
on the same material, tested on both manual and digital impact testers,
may show the data from the digital tester to be significantly lower than
data from a manual tester. In such cases a correlation study may be
necessary to properly define the true relationship between the instruments.

TEST METHOD A—CANTILEVER BEAM TEST

FIG. 3 Cantilever Beam (Izod-Type) Impact Machine
6. Apparatus

6.1 The machine shall consist of a massive base on which is
mounted a vise for holding the specimen and to which is
connected, through a rigid frame and bearings, a pendulum-
type hammer. (See 6.2.) The machine must also have a
pendulum holding and releasing mechanism and a pointer and
dial mechanism for indicating the excess energy remaining in
the pendulum after breaking the specimen. Optionally, an
electronic digital display or computer can be used in place of
the dial and pointer to measure the energy loss and indicate the
breaking energy of the specimen.

6.2 Ajig for positioning the specimen in the vise and graphs
or tables to aid in the calculation of the correction for friction
and windage also should be included. One type of machine is
shown in Fig. 3. One design of specimen-positioning jig is
illustrated in Fig. 4. Detailed requirements are given in
subsequent paragraphs. General test methods for checking and
calibrating the machine are given in Appendix X1. Additional
instructions for adjusting a particular machine should be
supplied by the manufacturer.

6.3 The pendulum shall consist of a single or multi-
membered arm with a bearing on one end and a head,
containing the striker, on the other. The arm must be suffi- FIG. 4 Jig for Positioning Specimen for Clamping
ciently rigid to maintain the proper clearances and geometric
relationships between the machine parts and the specimen and_ . o
to minimize vibrational energy losses that are always include@Ylindrical striking edge shall be recessed or inclined at a
in the measured impact resistance. Both simple and compouriitable angle so that there will be no chance for other than this
pendulum designs may comply with this test method. cylindrical surface coming in contact with the specimen during

6.4 The striker of the pendulum shall be hardened steel andf€ break.
shall be a cylindrical surface having a radius of curvature of Nore 9—The distance from the axis of support to the center of
0.80 = 0.20 mm [0.031+ 0.008 in.] with its axis horizontal percussion may be determined experimentally from the period of small
and perpendicular to the plane of swing of the pendulum. Th@mplit'ude oscillations of the pendulum by means of the following
line of contact of the striker shall be located at the center ofduation:
percussion of the pendulum within2.54 mm [0.100 in.] L = (g/4m d)p?

(See Note 9.) Those portions of the pendulum adjacent to the
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where: cooperating laboratories should agree upon some means of standardizing

L = distance from the axis of support to the center of percussion, mthe clamping force. One method is using a torque wrench on the screw of
or [ft], the specimen vise. If the faces of the vise or specimen are not flat and

g = local gravitational acceleration (known to an accuracy of one parallel, a greater sensitivity to clamping pressure may be evident. See the
part in one thousand), n¥/sr [ft/s 7], calibration procedure in Appendix X2 for adjustment and correction

m = 3.1416 (4 2=39.48), and instructions for faulty instruments.

p = period, s, of asingle complete swing (to and fro) determined by g g \when the pendulum is free hanging, the striking surface

averaging at least 20 consecutive and uninterrupted swings. Theshall come within 0.2 % of scale of touching the front face of

N ) . astandard specimen. During an actual swing this element shall
6.5 The position of the pendulum holding and releasingmake initial contact with the specimen on a line 22:0@.05

me;chanism shall be such that the ve_rtical h_eigh_t of fall of thg,,m [0.87+ 0.002 in.] above the top surface of the vise.
strlkers_hall be 61G- 2 mm [24.0= 0.1in.]. T_hls will produce ~ 6.10 Means shall be provided for determining energy re-
a velocity of the striker at the moment of impact of approxi- maining in the pendulum after breaking the specimen. This
mately 3.5 m [11.4 ft]/s. (See Note 10.) The mechanism shall,ay consist of a pointer and dial mechanism which indicate the
be so constructed and operated that it will release the pendulumeight of rise of the pendulum beyond the point of impact in

angle of swing shall be less than 5° each side of center.

without imparting acceleration or vibration to it. terms of energy removed from that specific pendulum. Since
NoTte 10— the indicated remaining energy must be corrected for
05 pendulum-bearing friction, pointer friction, pointer inertia, and
V = (2gh) ; . . \ )
pendulum windage, instructions for making these corrections
where: are included in 10.3 and Annex Al and Annex A2. Optionally,
V= velocity of the striker at the moment of impact (m/s), an electronic digital display or computer can be used in place
g = local gravitational acceleration (mjsand of the dial and pointer to measure the energy loss and indicate
h = vertical height of fall of the striker (m).

the breaking energy of the specimen. If the electronic display

does not automatically correct for windage and friction, it shall
6.6 The effective length of the pendulum shall be betweerpe incumbent for the operator to determine the energy loss

0.33 and 0.40 m [12.8 and 16.0 in.] so that the requirednanually. (See Note 12.)

elevation of the striker may be obtained by raising the S )

pendulum to an angle between 60 and 30° above the horizontaI‘NOTE 12—Many digital indicating systems automatically correct for

. . . ; windage and friction. The equipment manufacturer may be consulted for
6.7 The machine shall be provided with a basic pendUIun?jetails concerning how this is performed, or if it is necessary to determine

capable Qf delivering an energy of 247 Q-l4 J [2_00_4: 0.10  the means for manually calculating the energy loss due to windage and
ft:Ibf]. This pendulum shall be used with all specimens thatriction.

extract less than 85 % of this energy. Heavier pendulums shall 6.11 The vise, pendulum, and frame shall be sufficiently
be provided for specimens that require more energy to brealﬂ id to maintain ,correct alig,nment of the hammer and speci-

The;elma% be ﬁg;?]aratte mterchafngeat)lle F}%nd;méms prhc;ne bq??gn, both at the moment of impact and during the propagation
penduium to which extra pairs of equal calibrated Welghts MaYy¢ e fracture, and to minimize energy losses due to vibration.

pe r|g|d_ly aftachied o opposite sides”of th_e p_endulum. It ISrhe base shall be sufficiently massive that the impact will not
imperative that the extra weights shall not significantly Chang%ause it to move. The machine shall be so designed, con-
the position of the center of percussion or the free-hanging resSttructed, and maintained that energy losses due to pendulum air

point of the pendulum (that would consequently take thedrag (windage), friction in the pendulum bearings, and friction

machine outside of the_ aIIowabI_e calibration tolerances). nd inertia in the excess energy-indicating mechanism are held
range of pendulums having energies from 2.7t0 21.7 J[2t0 1 » a minimum

ft-Ibf] has been found to be sufficient for use with most plastic 6.12 A check of the calibration of an impact machine is
specimens and may be used with most machines. A series 3[ j
I

dul h that h has twice th fth i fiicult to make under dynamic conditions. The basic param-
pendulums such that €ach has twice the energy ot the next Widie g 5rg normally checked under static conditions; if the

Phachine passes the static tests, then it is assumed to be
accurate. The calibration procedure in Appendix X2 should be
used to establish the accuracy of the equipment. However, for

. ) ! ~some machine designs it might be necessary to change the
vertical and at right angles to the top plane of the vise. (See Fi ecommended method of obtaining the required calibration

1.) This top plane shall bisect the angle of the notch with dneasurements. Other methods of : -
. o . performing the required
tolerance of 0.12 mm [0.005 in.]. Correct positioning of theChecks may be substituted, provided that they can be shown to

specri]menTirs] gtenerzélly dofnteh Wfi.th c? jigd fumiShE? \.Nith thher sult in an equivalent accuracy. Appendix X1 also describes a
machine. 1he top edges ot the fixeéd and moveable jaws s namic test for checking certain features of the machine and
have a radius of 0.25- 0.12 mm [0.010=+ 0.005 in.]. For specimen

specimens whose thickness approaches the lower limiting 6.13 Micrometers—Apparatus for measurement of the

value of 3.00 mm [0.118 in], means shall be_ provigjed ©yidth of the specimen shall comply with the requirements of
prevent the lower half of the specimen from moving during th

| : testi i Fig. 4 and Note 11 ®Test Methods D 5947. Apparatus for the measurement of the
clamping or testing operations (see Fig. 4 and Note 11.) depth of plastic material remaining in the specimen under the
Note 11—Some plastics are sensitive to clamping pressure; thereforgjotch shall comply with requirements of Test Methods D 5947,

This assumes no windage or friction.

within £0.5 % of its nominal capacity.
6.8 A vise shall be provided for clamping the specimen
rigidly in position so that the long axis of the specimen is
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provided however that the one anvil or presser foot shall be a 7.1.1 Studies have shown that, for some materials, the
tapered blade conforming to the dimensions given in Fig. 5location of the notch on the specimen and the length of the
The opposing anvil or presser foot shall be flat and conformingmpacted end may have a slight effect on the measured impact
to Test Methods D 5947. resistance. Therefore, unless otherwise specified, care must be
) taken to ensure that the specimen conforms to the dimensions
7. Test Specimens shown in Fig. 6 and that it is positioned as shown in Fig. 1 or
7.1 The test specimens shall conform to the dimensions ankig. 2.
geometry of Fig. 6, except as modified in accordance with 7.2, 7.2 Molded specimens shall have a width between 3.0 and
7.3, 7.4, and 7.5. To ensure the correct contour and conditions2.7 mm [0.118 and 0.500 in.]. Use the specimen width as
of the specified notch, all specimens shall be notched aspecified in the material specification or as agreed upon
directed in Section 8. between the supplier and the customer. All specimens having

1ZOD

°
|+
o

[ ] Ead
rof

2\2—— -—2 10

STANDARD
le—— SPINDLE

Y Contour Anvil of 42 +- 2%
Radius of curvature at the
apex of 0.13 +- 0.07 mm

.\ (0.005 +/- 0.003 in.)

3.18 mm =]
178 in) ~

-

l 348 mm

(18 in)
i

6.35 mm
= (1-4 in)"
DIA.

ANVIL
SCALE! 4’1

Note 1—These views not to scale.
Note 2—Micrometer to be satin-chrome finished with friction thimble.
Note 3—Special anvil for micrometer caliper 0 to 25.4 mm range (50.8 mm frame) [0 to 1 in. range (2-in. frame)].
Note 4—Anvil to be oriented with respect to frame as shown.
Note 5—Anvil and spindle to have hardened surfaces.
Note 6—Range: 0 to 25.4 mm [0 to 1 in. in thousandths of an inch].
Note 7—Adjustment must be at zero when spindle and anvil are in contact.
FIG. 5 Early (ca. 1970) Version of a Notch-Depth Micrometer
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\ I
DIRECTION OF
IMPACT END .s\—o w < —
COMPRESSION
MOLDING
T = B > T |
<} C £

"WIDTH OF SPECIMEN
SHALL BE IN ACCORDANCE

WITH SECTION 7.2

A 10.16 = 0.05 0.400 = 0.002
B 31.8 1.0 1.25 = 0.04

C 63.5 = 2.0 2.50 = 0.08

D 0.25R = 0.05 0.010R = 0.002
E 12.70 = 0.20 0.500 = 0.008

FIG. 6 Dimensions of 1zod-Type Test Specimen

one dimension less than 12.7 mm [0.500 in.] shall have thénfluence the impact resistance obtained. A specimen taken
notch cut on the shorter side. Otherwise, all compressionfrom one end of a molded plaque may give different results
molded specimens shall be notched on the side parallel to thtean a specimen taken from the other end. Cooperating
direction of application of molding pressure. (Due to the draftlaboratories should therefore agree on standard molds con-
of the mold, the notched surface and the opposite surface mdgrming to the material specification. Practice D 3641 can be
not be parallel in molded specimens. Therefore, it is essentialsed as a guide for general molding tolerances, but refer to the
that the notched surface be machined parallel to its oppositaaterial specification for specific molding conditions.
surface within 0.025 mm [0.001 in.], removing a minimum of  7.2.4 The impact resistance of a plastic material may be
material in the process, so as to remain within the allowabldlifferent if the notch is perpendicular to, rather than parallel to,
tolerance for the specimen depth). (See Fig. 6.) the direction of molding. The same is true for specimens cut
7.2.1 Extreme care must be used in handling specimens lesgth or across the grain of an anisotropic sheet or plate.
than 6.35 mm [0.250 in.] wide. Such specimens must be 7.3 For sheet materials, the specimens shall be cut from the
accurately positioned and supported to prevent twist or lateraheet in both the lengthwise and crosswise directions unless
buckling during the test. Some materials, furthermore, are vergtherwise specified. The width of the specimen shall be the
sensitive to clamping pressure (see Note 11). thickness of the sheet if the sheet thickness is between 3.0 and
7.2.2 A critical investigation of the mechanics of impact 12.7 mm [0.118 and 0.500 in.]. Sheet material thicker than 12.7
testing has shown that tests made upon specimens under 6.86n shall be machined down to 12.7 mm. Specimens with a
mm [0.250 in.] wide absorb more energy due to crushing12.7-mm square cross section may be tested either edgewise or
bending, and twisting than do wider specimens. Thereforeflatwise as cut from the sheet. When specimens are tested
specimens 6.35 mm [0.250 in.] or over in width are recom-flatwise, the notch shall be made on the machined surface if the
mended. The responsibility for determining the minimumspecimen is machined on one face only. When the specimen is
specimen width shall be the investigator’s, with due referenceut from a thick sheet, notation shall be made of the portion of
to the specification for that material. the thickness of the sheet from which the specimen was cut, for
7.2.3 Material specification should be consulted for pre-example, center, top, or bottom surface.
ferred molding conditions. The type of mold and molding 7.4 The practice of cementing, bolting, clamping, or other-
machine used and the flow behavior in the mold cavity willwise combining specimens of substandard width to form a
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composite test specimen is not recommended and should be prevent distortion and chipping by the cutter as it exits from
avoided since test results may be seriously affected by interfadbe last test specimen.
effects or effects of solvents and cements on energy absorption8.3 The profile of the cutting tooth or teeth shall be such as
of composite test specimens, or both. However, if Izod test dat® produce a notch of the contour and depth in the test
on such thin materials are required when no other means apecimen as specified in Fig. 6 (see Note 15). The included
preparing specimens are available, and if possible sources ahgle of the notch shall be 45 1° with a radius of curvature
error are recognized and acceptable, the following technique @ft the apex of 0.25- 0.05 mm [0.010+ 0.002 in.]. The plane
preparing composites may be utilized. bisecting the notch angle shall be perpendicular to the face of
7.4.1 The test specimen shall be a composite of individualhe test specimen within 2°.

th.lg ﬁple(;m%ns ItOta“ng 6'35ft?] 12.7 mm [0'2?]0 |t|0b0.500 in.] ”|1 Note 15—There is evidence that notches in materials of widely varying
width. Individual members of the composite shall be accurate ¥)hysical dimensions may differ in contour even when using the same

aligned with each other and clamped, bolted, or cementeger. If the notch in the specimen should take the contour of the cutter,
together. The composite shall be machined to proper dimenhen the contour of the tip of the cutter may be checked instead of the
sions and then notched. In all such cases the use of compositetch in the specimen for single-tooth cutters. Under the same condition,
specimens shall be noted in the report of test results. multi-tooth cutters may be checked by meas_uring the contour of a strip of
7.4.2 Care must be taken to select a solvent or adhesive thiftft metal shim inserted between two specimens for notching.
will not affect the impact resistance of the material under test. 8.4 The depth of the plastic material remaining in the
If solvents or solvent-containing adhesives are employed, apecimen under the notch shall be 104®.05 mm [0.400+
conditioning procedure shall be established to ensure complefe002 in.]. This dimension shall be measured with apparatus in
removal of the solvent prior to test. accordance with 6.13. The tapered blade will be fitted to the
7.5 Each specimen shall be free of twist (see Note 13) andotch. The specimen will be approximately vertical between
shall have mutually perpendicular pairs of plane parallethe anvils. For specimens with a draft angle, position edge of
surfaces and free from scratches, pits, and sink marks. Thbe non-cavity (wider edge) surface centered on the microme-
specimens shall be checked for compliance with these requiréer’s flat circular anvil.
ments by visual observation against straightedges, squares, and.5 Cutter speed and feed speed should be chosen appropri-
flat plates, and by measuring with micrometer calipers. Anyate for the material being tested since the quality of the notch
specimen showing observable or measurable departure fromay be adversely affected by thermal deformations and
one or more of these requirements shall be rejected ostresses induced during the cutting operation if proper condi-
machined to the proper size and shape before testing. tions are not selectétiThe notching parameters used shall not

Note 13—A specimen that has a slight twist to its notched face of 0.05alter the physical state of the material such as by raising the

mm [0.002 in ] at the point of contact with the pendulum striking edge will ©€MPerature of a thermoplastic above its glass transition
be likely to have a characteristic fracture surface with considerable greatdeMperature. In general, high cutter speeds, slow feed rates, and
fracture area than for a normal break. In this case the energy to break af@ck of coolant induce more thermal damage than a slow cutter
toss the broken section may be considerably larger (20 to 30 %) than fgpeed, fast feed speed, and the use of a coolant. Too high a feed
a normal break. A tapered specimen may require more energy to bend épeed/cutter speed ratio, however, may cause impacting and
in the vise before fracture. cracking of the specimen. The range of cutter speed/feed ratios
8. Notching Test Specimens possible to produce acceptable notches can be extended by the
use of a suitable coolant. (See Note 16.) In the case of new

8.1 Notching shall be done on a milling machine, enginéy a5 of plastics, it is necessary to study the effect of variations
lathe, or other suitable machine tool. Both the feed speed ang e notching conditions. (See Note 17.)
g

the cutter speed shall be constant throughout the notchin _ _
operation (see Note 14). Provision for cooling the specimen Nore 16—Water or compressed gas is a suitable coolant for many
with either a liquid or gas coolant is recommended. A single-Plastics.

. . Note 17—Embedded thermocouples, or another temperature measur-
tooth cutter shall be used for notching the specimen, unlesl%g device, can be used to determine the temperature rise in the material

nOtCheS of an eqqivalem quality can be produced with Shear the apex of the notch during machining. Thermal stresses induced
multi-tooth cutter. Single-tooth cutters are preferred because Qfuring the notching operation can be observed in transparent materials by
the ease of grinding the cutter to the specimen contour andewing the specimen at low magnification between crossed polars in
because of the smoother cut on the specimen. The cutting edg@nochromatic light.
shall be CarEfU”y grOUnd and honed to ensure SharpneSS and8_6 The Specimen notch produced by each cutter will be
freedom from nicks and burrs. Tools with no rake and a workexamined, at a minimum, after every 500 notches. The notch in
relief angle of 15 to 20° have been found satisfactory. the specimen, made of the material to be tested, shall be
Note 14—For some thermoplastics, cutter speeds from 53 to 15dnSpected and verified. One procedure for the inspection and
m/min [175 to 490 ft/min] at a feed speed of 89 to 160 mm/min [3.5 to 6.3Verification of the notch is presented in Appendix X1. Each
in./min] without a water coolant or the same cutter speeds at a feed spedyipe of material being notched must be inspected and verified
of from 36 to 160 mm/min [1.4 to 6.3 in./min] with water coolant at that time. If the angle or radius does not fall within the
produced suitable notches.
8.2 Specimens may be notched separately or in a group.
However, in either case an UnnOtChe_d baC_kUp or “dummy bar” s sypporting data are available from ASTM Headquarters. Request RR: D20-
shall be placed behind the last specimen in the sample holdeoss.
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specified limits for materials of satisfactory machining charac+elease the pendulum from its normal starting position and note
teristics, then the cutter shall be replaced with a newlythe position the pointer attains after the swing as one reading of
sharpened and honed one. (See Note 18.) FactorA.

10.3.2 Without resetting the pointer, raise the pendulum and
release again. The pointer should move up the scale an
additional amount. Repeat (10.3.2) until a swing causes no
9. Conditioning additional movement of the pointer and note the final reading

as one reading of Fact@ (see Note 20).

09'1 Conditigning—Condition the test specimens at 23 10.3.3 Repeat the preceding two operations several times
2°C [73+ 3.6°F] and 50+ 5 % relative humidity for notless 54 cajculate and record the averagand B readings.
than 40 h after notching and prior to testing in accordance with

Procedure A of Practice D 618, unless it can be documented Note 20—FactorB is an indication of the energy lost by the pendulum
(between supplier and customer) that a shorter conditionin friction in the pendulum bearings and to windage. The differgheeB

- : b . . - an indication of the energy lost to friction and inertia in the excess
Flme IS suﬂ_ﬁCIent for a given material to reach equilibrium of energy indicating mechanism. However, the actual corrections will be
|mpact resistance.

smaller than these factors, since in an actual test the energy absorbed by
9.1.1 Note that for some hygroscopic materials, such aghe specimen prevents the pendulum from making a full swing. Therefore,
nylons, the material specifications (for example, Specificatiotthe indicated breaking energy of the specimen must be included in the
D 4066) call for testing “dry as-molded specimens.” Suchcalculation of the machine correction before determining the breaking
requirements take precedence over the above routine precoff.€r9y of the specimen (see 10.8). ThandB values also provide an
S . - . . indication of the condition of the machine.
ditioning to 50 % relative humidity and require sealing the
specimens in water vapor-impermeable containers as soon asl0.3.4 If excessive friction is indicated, the machine shall be
molded and not removing them until ready for testing. adjusted before starting a test. If the machine is equipped with
9.2 Test Conditions-Conduct tests in the standard labora- & digital energy indicating system, follow the manufacturer's
tory atmosphere of 23 2°C [73 + 3.6°F] and 50+ 5% instructions to correct for windage and friction. If excessive
relative humidity, unless otherwise specified in the materiaffiction is indicated, the machine shall be adjusted before
specification or by customer requirements. In cases of disstarting a test.

Note 18—A carbide-tipped or industrial diamond-tipped notching
cutter is recommended for longer service life.

agreement, the tolerances shall:b&°C [+1.8°F] and=+ 2 % 10.4 Check the specimens for conformity with the require-
relative humidity. ments of Sections 7, 8, and 10.1.

10.5 Measure and record the width of each specimen after
10. Procedure notching to the nearest 0.025 mm [0.001 in.]. Measure the

. e width in one location adjacent to the notch centered about the
10.1 At least five and preferably ten or more individual nticipated fracture plane.
determinations of impact resistance must be r_nadg on €ach 5 6 Measure and record the depth of material remaining in
sample to be tested under the condltlons prescrllbed In Sectiqpg specimen under the notch of each specimen to the nearest
9. Each group shall consist of specimens with the sam@ 55 ym [0.001 in.]. The tapered blade will be fitted to the
nommal WIdHh/£0:13 - 'mm [£0.005- In:). " In"the case of . notch. The specimen will be approximately vertical between
specimens cut from sheets that are suspected of being anisge anvils, For specimens with a draft angle, position edge of
tropic, prepare and test specimens from each principal diréGpq yon.cavity (wider edge) surface centered on the microme-
tion (lengthwise and crosswise to the direction of anisotropy),[er,S flat circular anvil.

10.2 Estimate the breaking energy for the specimen and 10 7 position the specimen precisely (see 6.7) so that it is
select a pendulum of suitable energy. Use the lightest standaﬁbidw, but not too tightly (see Note 11), clamped in the vise.
pendulum that is expected to break each specimen in the grogyy special attention to ensure that the “impacted end” of the
with a loss of not_more_than 85 % of its energy (s_ee Note 19)specimen as shown and dimensioned in Fig. 6 is the end
Check the machine with the proper pendulum in place forgjecting above the vise. Release the pendulum and record the
conformity with the requirements of Section 6 before startingexcess energy remaining in the pendulum after breaking the
the tests. (See Appendix X1.) specimen, together with a description of the appearance of the

Note 19—Ideally, an impact test would be conducted at a constant tesJ?rOken specimen (See_fa'lure Cat999r'¢s in 5.8). .
velocity. In a pendulum-type test, the velocity decreases as the fracture 10.8 Subtract the windage and friction correction from the
progresses. For specimens that have an impact energy approaching finglicated breaking energy of the specimen, unless determined
capacity of the pendulum there is insufficient energy to complete the breautomatically by the indicating system (that is, digital display
and toss. By avoiding the higher 15 % scale energy readings, the velociyr computer). If a mechanical dial and pointer is employed, use
of the pendulum will not be reduced below 1.3 m/s [4.4 ft/s]. On .th_e otherthe A and B factors and the appropriate tables or the graph
hanq, the use of too heavy a pendulum would reduce the sensitivity of thaescribed in Annex Al and Annex A2 to determine the
reading. correction. For those digital systems that do not automatically

10.3 If the machine is equipped with a mechanical pointeicompensate for windage and friction, follow the manufactur-
and dial, perform the following operations before testing theer’s procedure for performing this correction.
specimens: 10.8.1 In other words, either manually or automatically, the

10.3.1 With the excess energy indicating pointer in itswindage and friction correction value is subtracted from the
normal starting position but without a specimen in the viseuncorrected, indicated breaking energy to obtain the new
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breaking energy. Compare the net value so found with thd3. Test Specimens
energy requirement of the hammer specified in 10.2. If & 131 The test specimens shall be the same as specified in
hammer of improper energy was used, discard the result anggction 7.
make additional tests on new specimens with the proper
hammer. _(S_ee Annex Al and Annex_ A2)) 14. Notching Test Specimens
10.9 Divide the net value found in 10.8 by the measured 14.1 Notching test . hall be th ified
width of the particular specimen to obtain the impact resistance """ ".. otching test specimens shall be the same as specitie
under the notch in J/m [ft-Ibf/in.]. If the optional units of kJ/m ™ Section 8.
2[ft-Ibf/in.?] are used, divide the net value found in 10.8 by the L
measured width and depth under the notch of the particuIaJrS' Conditioning
specimen to obtain the impact strength. The term, “depth under 15.1 Specimen conditioning and test environment shall be
the notch,” is graphically represented by Dimension A in Fig.in accordance with Section 9.
6. Consequently, the cross-sectional area (width times depth
under the notch) will need to be reported. (See Appendix X4.16. Procedure
10.10 Calculate the average Izod impact resistance of the 16.1 The procedure shall be the same as in Section 10 with
group of specimens. However, only values of specimenshe addition of a procedure for estimating the energy to toss the
having the same nominal width and type of break may beyroken specimen part.
averaged. Values obtained from specimens that did not break in 16.1.1 Make an estimate of the magnitude of the energy to
the manner specified in 5.8 shall not be included in the averaggpss each different type of material and each different specimen
Also calculate the standard deviation of the group of values.size (width). This is done by repositioning the free end of the
broken specimen on the clamped portion and striking it a
11. Report second time with the pendulum released in such a way as to
11.1 Report the following information: impart to the specimen approximately the same velocity it had
11.1.1 The test method used (Test Method A, C, D, or E),attained during the test. This is done by releasing the pendulum
11.1.2 Complete identification of the material tested, includfrom a height corresponding to that to which it rose following
ing type source, manufacturer's code number, and previouie breakage of the test specimen. The energy to toss is then
history, considered to be the difference between the reading previously
11.1.3 A statement of how the specimens were prepared, tHiﬁSCfibEd and the free SWing reading obtained from this hEIth
testing conditions used, the number of hours the specimen§ reproducible method of starting the pendulum from the
were conditioned after notching, and, for sheet materials, theroper height must be devised.
direction of testing with respect to anisotropy, if any,
11.1.4 The capacity of the pendulum in joules, or footl7. Report

pound-force, or inch pound-force, 17.1 Report the following information:
11.1.5 The width and depth under the notch of each speci- 17.1.1 Same as 11.1.1,
men tested, 17.1.2 Same as 11.1.2,
11.1.6 The total number of specimens tested per sample of 17.1.3 Same as 11.1.3,
material, 17.1.4 Same as 11.1.4,
11.1.7 The type of failure (see 5.8), 17.1.5 Same as 11.1.5,
11.1.8 The impact resistance must be reported in J/m 17.1.6 Same as 11.1.6,
[ft-Ibf/in.]; the optional units of kJ/r[ft-bf/in.?] may also be 17.1.7 The average reversed notch impact resistance, J/m
required (see 10.9), [ft-Ibf/in.] (see 5.8 for failure categories),

11.1.9 The number of those specimens that resulted in 17.1.8 Same as 11.1.8,
failures which conforms to each of the requirement categories 17.1.9 Same as 11.1.9,
in 5.8, 17.1.10 Same as 11.1.10, and
11.1.10 The average impact resistance and standard devia-17.1.11 Same as 11.1.11.
tion (in J/m [ft:Ibf/in.]) for those specimens in each failure 17.1.12 The estimated toss correction, expressed in terms of
category, except non-break as presented in 5.8. Optional unifsule (J) or foot pound-force (ft-1bf).
(kJ/mZ[ft-Ibf/in.?]) may also need to be reported (see Appendix 17.1.13 The difference between the Izod impact energy and

X4), and the toss correction energy is the net 1zod energy. This value is
11.1.11 The percent of specimens failing in each categordivided by the specimen width (at the base of notch) to obtain
suffixed by the corresponding letter code from 5.8. the net I1zod impact resistance for the report.
TEST METHOD C—CANTILEVER BEAM TEST FOR TEST METHOD D—NOTCH RADIUS SENSITIVITY
MATERIALS OF LESS THAN 27 J/m [0.5 ft:Ibf/in.] TEST
12. Apparatus 18. Apparatus
12.1 The apparatus shall be the same as specified in Section18.1 The apparatus shall be the same as specified in Section
6. 6.

10
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