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This standard is issued under the fixed designation D 6110; 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 priate safety and health practices and determine the applica-

1.1 These test methods are used to determine the resistarféity of regulatory limitations prior to use.
of plastics to breakage by erXUfaI shock as indicated by th%_ Referenced Documents
energy extracted from standardized (see Note 2) pendulum-
type hammers, mounted in standardized machines, in breaking2-1 ASTM Standards: _
standard specimens with one pendulum swing. These test D 618 Practice for Conditioning Plastics for Tesfing
methods require specimens to be made with a milled notch (see P 647 Practice for Design of Molds for Test Specimens of
Note 3). The notch produces a stress concentration which _Plastic Molding Materiaf$
promotes a brittle, rather than a ductile, fracture. The results of D 883 Terminology Relating to Plastits _
these test methods are reported in terms of energy absorbed pe® 4000 Classification System for Specifying Plastic Mate-

unit of specimen width (see Note 4). rials® o o
D 4066 Classification System for Nylon Injection and Ex-
Note 1—This standard resembles ISO 179 in title only. The content is trusion Material&
significantly different. TR
Note 2—The machines with pendulum-type hammers have been stan- R5ui4 TﬁeSt Method for Determination of Charpy Impact
dardized in that they must comply with certain requirements including a Strengt . .
fixed height of hammer fall, which results in a substantially fixed velocity E 691 Practice for Conducting an Interlaboratory Test Pro-
of the hammer at the moment of impact. Hammers of different initial ~ gram to Determine the Precision of Test MetHods
energies (produced by varying their effective weights), however, are .
recommended for use with specimens of different impact resistance3- Terminology
Moreover, manufacturers of the equipment are permitted to use different 3 1 Definitions—For definitions related to plastics, see Ter-
designs of pendulums, which may result in different pendulum rigiditiesminolOgy D 883
(see Section 5), plus other differences in machine design. '
Note 3—The specimens are standardized in that they have a fixe%' Summary of Test Method
length and fixed depth, however, the width of the specimens is permitte ) 1 ) )
to vary between limits. One design of milled notch is allowed. The notch 4.1 A notched specimen is supported as a horizontal simple
in the specimen serves to concentrate the stress, minimize plastlteam and is broken by a single swing of the pendulum with the
deformation, and direct the fracture to the part of the specimen behind thignpact line midway between the supports and directly opposite
notch. Scatter in energy-to-break is thus reduced. Because of differenc@ge notch.
in the elastic and viscoelastic properties of plastics, however, response to

a given notch varies among materials. 5. Significance and Use

Note 4—Caution must be exercised in interpreting the results of these . .

test methods. The following testing parameters may affect test results .1 .Before P_rOC?ed'ng with these_ test r_nethOds’ refer to the

significantly: method of specimen fabrication, including but not limited to Mmaterial specification for the material being tested. Any test

processing technology, molding conditions, mold design, and thermaspecimen preparation, conditioning, dimensions and testing

treatment; method of notching; speed of notching tool; design of notchinggarameters required by the materials specification shall take

apparatus; quality of the notch; time between notching and test; tesirecedence over those required by these test methods. Table 1

specimen thickness; and environmental conditioning. of Classification D 4000 lists the ASTM materials standards
1.2 This standard does not purport to address all of thethat currently exist. If there is no material specification, then

safety concerns, if any, associated with its use. It is thehe requirements of these test methods apply.

responsibility of the user of this standard to establish appro-

1 These test methods are under the jurisdiction of ASTM Committee D20 on 2 Annual Book of ASTM Standardgyl 08.01.
Plastics and are the direct responsibility of Subcommittee D20.10 on Mechanical *Discontinued 1994; Replaced by D 1896, D 3419, D 3641, D 4703, D 5227.

Properties. 4 Annual Book of ASTM Standardggl 08.02.
Current edition approved August 10, 2002. Published October 2002. Originally ° Discontinued; se@997 Annual Book of ASTM Standaids, 08.03.
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5.2 The excess energy pendulum impact test indicates thergy break or ductile, high—-energy break will occur, it is
energy to break standard test specimens of specified size undegcessary that the width be stated in the specification covering
stipulated conditions of specimen mounting, notching (stresthat material and that the width be stated along with the impact
concentration), and pendulum velocity at impact. value.

5.3 The energy lost by the pendulum during the breakage of 5.8 These test methods require that the specimen breaks
the specimen is the sum of the energies required to initiateompletely. For tough materials the pendulum may not have
fracture of the specimen; to propagate the fracture across thie energy necessary to complete the breaking of the extreme
specimen; to throw the free ends of the broken specimen (tostbers and toss the broken piece or pieces. Results obtained
energy); to bend the specimen; to produce vibration in thérom unbroken specimens or other types of partially broken
pendulum arm; to produce vibration or horizontal movement okpecimens shall be considered a departure from standard and
the machine frame or base; to overcome friction in theshould not be reported as a standard result. Impact values
pendulum bearing and in the excess energy indicating mechgannot be directly compared for any two materials that
nism, and to overcome windage (pendulum air drag); to indenéxperience different types of failure.

or deform, plastically, the specimen at the line of impact; and 5.9 The value of these impact test methods lies mainly in the
to overcome the friction caused by the rubbing of the strikingareas of quality control and materials specification. If two
nose over the face of the bent specimen. groups of specimens of supposedly the same material show
5.4 For relatively brittle materials for which fracture propa- Signiﬁcanﬂy different energy absorptions’ types of breaks1
gation energy is small in comparison with the fracture initiationcritical widths, or critical temperatures, it may be assumed that
energy, the indicated impacted energy absorbed is, for athey were made of different materials or were exposed to
practical purposes, the sum of the energy required to initiatgifferent processing or conditioning environments. The fact
fracture of the specimen, and the toss energy. The toss energyat a material shows twice the energy absorption of another
may represent a very large fraction of the total energy absorbeghder these conditions of test does not indicate that this same

when testing relatively dense and brittle materials. relationship will exist under another set of test conditions. The
Note 5—No procedure has been established for estimating the tosgrder_ _Of toughness may be reversed under different testing
energy for the Charpy method. conditions.

5.5 For tough, ductile, fiber-filled, or cloth-laminated mate- ¢
rials, the fracture propagation energy may be large compared to
the fracture initiation energy. When testing these materials, 6.1 Pendulum Impact MachireThe machine shall consist
energy losses due to fracture propagation, vibration, frictiorPf @ massive base on which are mounted a pair of supports for
between the striking nose and the specimen can become quft@lding the specimen and to which is connected, through a
significant, even when the specimen is accurately machinetddid frame and bearings, one of a number of pendulum-type
and positioned, and the machine is in good condition withhammers having an initial energy suitable for use with the
adequate capacity (see Note 6). Bending and indentation lossBarticular specimen to be tested (or one basic pendulum to

may be appreciable when testing soft materials. which extra weights may be attached), plus a pendulum
holding and releasing mechanism and a mechanism for indi-

Note 6—Although the frame and the base of the machine should becating the excess energy remaining in the pendulum after

sufficiently rigid and massive to handle the energies of tough specimen ! . - .
without motion or excessive vibration, the pendulum arm cannot be mad@reakIng specimen. The specimen anvil, pendulum, and frame

very massive because the greater part of its mass must be concentrad@ll be sufficiently rigid to maintain correct alignment of the
near its center of percussion at its striking nose. Locating the striking nos8triking edge and specimen, both at the moment of impact and
precisely at the center of percussion reduces the vibration of the pendulughuring the propagation of the fracture, and to minimize energy
arm when used with brittle specimens. Some losses due to pendulum afosses due to vibration. The base shall be sufficiently massive
vi_bration (the amount varying with the de_si_gn of the pendulum) will Occursg that the impact will not cause it to move. The machine shall
with tough specimens even when the striking nose is properly posmonecbe designed, constructed, and maintained so that energy losses
5.6 In a well-designed machine of sufficient rigidity and due to pendulum air drag (windage), friction in the pendulum
mass the losses due to vibration and friction in the pendulunbearings, and friction and inertia in the excess energy indicat-
bearing and in the excess energy indicating mechanism shouldg mechanism are held to a minimum.
be very small. Vibrational losses can be quite large when wide 6.1.1 Pendulum—The simple pendulum shall consist of a
specimens of tough materials are tested in machines dfingle or multi-membered arm with a bearing on one end and
insufficient mass, not securely fastened to a heavy base.  a head, containing the striking nose, on the other. Although a
5.7 With some materials, a critical width of specimen maylarge proportion of the mass of the pendulum should be
be found below which specimens will appear ductile, asconcentrated in the head, the arm must be sufficiently rigid to
evidenced by considerable drawing or necking down in themaintain the proper clearances and geometric relationships
region behind the notch and by a relatively high energybetween the machine parts and the specimen and to minimize
absorption, and above which they will appear brittle asvibrational energy losses, which are always included in the
evidenced by little or no drawing down or necking and by ameasured impact value. A machine with a simple pendulum
relatively low energy absorption. Since these test methoddesign is illustrated in Fig. 1. Instruments with a compound-
permit a variation in the width of the specimens and since th@pendulum design also have been found to be acceptable for
width dictates, for many materials, whether a brittle, low—en-use. A compound-pendulum design is illustrated in Fig. 2.

Apparatus
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FIG. 1 Simple Beam (Charpy-Type) Impact Machine
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FIG. 2 Example of Compound—-Pendulum-Type Machine

6.1.1.1 The machine shall be provided with a basic pendu-
lum capable of delivering an energy of 27 0.14 J. This  where:
pendulum shall be used for specimens that extract less thah = distance from the axis of support to the center of
85 % of this energy when breaking a specimen. Heavier percussion, m,
pendulums or additional weights that can be attached to they local gravitational acceleration (known to an accuracy
basic pendulum shall be provided for specimens that require of one part in one thousand), rA/s
more energy to break. A series of pendulums such that each has = 3.1416 (4= 39.48), and
twice the energy of the next lighter one has been foundP = Pperiod, in's, of a single complete swing (to and fro)
convenient. determined from at least 20 consecutive and uninter-
6.1.1.2 The effective length of the pendulum shall be rupted swings. The angle of swing shall be less than 5°

between 0.325 and 0.406 m so that the required elevation of the  ©ach side of center.

striking nose may be obtained by raising the pendulum to an 6-1.3 Pendulum Holding and Releasing Mechanisithe

angle between 60 and 30° above the horizontal. mechanism shall be designed, constructed, and operated so that
" " _ it will release the pendulum without imparting acceleration or
6.1.2 Striking Edge-The striking edge (nose) of the pen ﬁbration to the pendulum. The position of the pendulum

dulum shall be made of hardened steel, tapered to have %olding and releasing mechanism shall be such that the vertical
included angle of 45- 2° and shall be rounded to a radius of eight of fall of the striking nose shall be 616 2 mm. This

3.17+ 0.12 mm. The pendulum shall be aligned in such a Wa)}1

that when it is in its free hanging position, the center c)fyvill produce a velocity of the striking nose at the moment of

percussion of the pendulum shall lie within 2.54 mm of the/Mpact of app_rox!mately 346 m/s as determined by the
middle of the line of contact made by the striking nose upon théOIIOWIng equation:

face of a standard specimen of square cross section. The v=1/2gh )
distance from the axis of support to the center of percussion
may be determined experimentally from the period of motion VN€re

. b Y \}elocity of the striking nose at the moment of impact,
;)r:‘ s;nlallll a_mplltudet_os<.:|llat|ons of the pendulum by means ofg local gravitational acceleration, and
e following equation: h

vertical height of fall of the striking nose.
L = (g/4n?) p? (1) This assumes no windage or friction.
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systems automatically correct for windage and friction. The
equipment manufacturer may be consulted for information on
how this is performed.

6.1.6 The calibration procedure in Appendix X2 should be
used to establish the accuracy of the equipment. A check of the
calibration of an impact machine is difficult to make under

dynamic conditions. The basic parameters normally are
checked under static conditions. If the machine passes the
static tests, then it is assumed to be accurate. Appendix X2,
however, also describes a dynamic test for checking certain
o SPECIMEN e ciMEN features of the machine and specimen. For some machine
/SUPPORT designs, it might be necessary to change the recommended
Y == method of obtaining the required calibration measurements.

ANVIL i Additional instructions for adjusting a particular machine
/////// . should be supplied by the manufacturer. Other methods of
performing the required checks may be substituted provided
that they can be shown to result in an equivalent accuracy.

6.2 Specimen Notching MachireNotching shall be done
on a milling machine, engine lathe, or other suitable machine
tool. A carbide-tipped or industrial diamond-tipped notching
cutter is recommended. Both cutter speed and feed rate shall be
controllable. Provision for cooling the specimen is recom-
mended. Water and compressed air are suitable coolants for
many plastics.

6.2.1 The profile of the cutting tooth or teeth shall be such
as to produce a notch in the test specimen of the contour and
depth specified in Fig. 4. The included angle of the notch shall
be 45+ 1° with a radius of curvature at the apex of 0.25
0.05 mm. The plane bisecting the notch angle shall be

6.1.4 Specimen SupporisThe test specimen shall be sup- perpendicular to the face of the test specimen within 2°.

orted against two rigid anvils in such a position that its center 6.2.2 A single-tooth cutter shall be used for notching the
P 9 9 P specimen, unless notches of an equivalent quality can be

of gravity and the center of the notch shall lie on tangent to thEroduced with a multi-tooth cutter. Single-tooth cutters are

S

g |
95,3 £ .03 M 5

43°-47° Span
(375 = .01 IN.) 1016 £ 0.5 mm

Ivg

SPECIMEN
N

I

SPECIMEN
& SUPPORT

ANVIL

FIG. 3 Relationship of Anvil, Specimen, and Striking Edge to
Each Other for Charpy Test Method

arc of travel of the center of percussion of the pendulum draw referred because of the ease of grinding the cutter to the

?;J:gedp(zg'gorg d?lzs'rgfgcﬁ Bhfz%quegngftﬁzeas\?ﬁ/s”ﬁisgsgfb Sspecimen contour and because of the smoother cut on the
' : specimen. The cutting edge shall be ground and honed care-

gogtr?i;ésepgm v3v)|thAthe ng(rem?setr']oihna" tgg ioizé%gnmomn th fully to ensure sharpness and freedom from nicks and burrs.
P 9. 3). A U9 posttioning pec ools with no rake and a work relief angle of 15 to 20° have

supports should be supplied by the machine manufacturer. been found satisfactory

Note 7—Some machines currently in use employ a 108.0-mm span. 6.3 Micrometer—Special micrometer having a contour an-
Data obtained under these conditions are valid. vil of 42 + 2° with a radius of curvature at the apex of 043

6.1.5 Excess Energy IndicaterMeans shall be provided 0.07 mm (see Fig. 5) for measuring the depth of material
for determining energy remaining in the pendulum afterremaining under the notch.
breaking a specimen. This may consist of a pointer and dia}
mechanism which indicate the height of rise of the pendulum i ) )
beyond the point of impact in terms of energy removed from 7.1 The test specimen shall confo_rr_n to_the dimensions a_md
that specific pendulum. Optionally, an electronic digital displaydeometry of Fig. 4, except as modified in accordance with
or computer can be used to measure the energy loss a d275 To ensure the cprrect contour and con(_jmons of the
indicate the breaking energy of the specimen. The indicategpecified notch, all specimens shall be notched in accordance

remaining energy must be corrected for pendulum bearing/ith Section 8. _
friction, pointer friction, pointer inertia, and pendulum wind- /-2 Molded specimens shall have a width between 3.00 and

age. Graphs or tables to aid in the calculation of the correctiof2-7 MM as specified in the material specification or as agreed
friction and windage should be provided by the equipmentiPon as representative of the cross section in which the

manufacturer. Instructions for making these corrections ar@articular material may be used. All specimens having one
found in Annex A1 and Annex A2. Many digital indicating dimension less than 12.7 mm shall have the notch cut on the

shorter side. Compression molded specimens shall be notched
on the side parallel to the direction of application of molding

7 Supporting data is available from ASTM Headquarters. Request ResearcRI€SSUI€. The notched Surf_ace and the opposite surface may not
Report RR: D20-1033. be parallel in molded specimens due to the draft of the mold,

. Test Specimen
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~— 7 71 DIRECTION OF
e 1 D ul K
COMPRESSION
T T MOLDING
<t B £

& Cc 2 ;
' ' "WIDTH OF SPECIEMEN

SHALL BE IN ACCORDANCE
WITH SECTION 7.2

A 10.16 + 0.05 0.400 =+ 0.002
B 63.5 max 2.50 max

61.0 min 2.40 min
C 127.0 max 5.00 min

124.5 min 4.90 min
D 0.25R = 0.05 0.010R = 0.002
E 12.70 + 0.15 0.500 =+ 0.006

FIG. 4 Dimensions of Simple Beam, Charpy Type, Impact Test Specimen

and therefore it is essential that the notched surface bas cut from the sheet. When specimens are tested flatwise, the
machined parallel to its opposite surface within 0.025 mmpnotch shall be made on the machined surface if the specimen is
removing a minimum of material in the process, so as tanachined on one face only. When the specimen is cut from a
remain within the allowable tolerance for the specimen deptlthick sheet, notation shall be made of the portion of the
(see Fig. 4). thickness of the sheet from which the specimen was cut, for

7.2.1 The type of mold and molding machine used and thexample, center, top, or bottom surface.
flow behavior in the mold cavity will influence the strength 7.3.1 The impact resistance of a plastic material may be
obtained. A specimen taken from one end of a molded bar maglifferent if the notch is perpendicular to, rather than parallel to,
give different results than a specimen taken from the other endhe grain of an anisotropic bar cut from a sheet. Specimens cut
Cooperating laboratories should therefore agree on standaftbm sheets that are suspected of being anisotropic shall be
molds conforming to Practice D 647, and upon a standarghrepared and tested both lengthwise and crosswise to the
molding procedure for the material under investigation. direction of the anisotropy.

7.2.2 A critical investigation of the mechanics of impact 7.4 The practice of cementing, bolting, clamping, or other-
testing has shown that tests made upon specimens under 6.8%e combining specimens of substandard width to form a
mm in width absorb more energy due to crushing, bending, andomposite test specimen is not recommended and should be
twisting than do wider specimens. Specimens 6.35 mm or oveavoided since test results may be seriously affected by interface
in width are therefore recommended. The responsibility foreffects or effects of solvents and cements on energy absorption
determining the minimum specimen width shall be the inves-of composite test specimens, or both. If Charpy test data on
tigator's, with due reference to the specification for thatsuch thin materials are required, however, and if possible
material. sources of error are recognized and acceptable, the following

7.2.3 The impact resistance of a plastic material may béechnique of preparing composites may be utilized. The test
different if the notch is perpendicular to, rather than parallel tospecimens shall be a composite of individual thin specimens
the direction of molding. totaling 6.35 to 12.7 mm in width. Individual members of the

7.3 For sheet materials, the specimens shall be cut from theomposite shall be aligned accurately with each other and
sheet in both the lengthwise and crosswise directions unlessamped, bolted, or cemented together. Care must be taken to
otherwise specified. The width of the specimen shall be theelect a solvent or adhesive that will not affect the impact
thickness of the sheet if the sheet thickness is between 3.00 anesistance of the material under test. If solvents or solvent—con-
12.7 mm. Sheet material thicker than 12.7 mm shall beaining adhesives are employed, a conditioning procedure shall
machined down to 12.7 mm. Specimens with a 12.7-mnbe established to ensure complete removal of the solvent prior
square cross section may be tested either edgewise or flatwisetest. The composite specimens shall be machined to proper
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notching conditions shall not be used to make determinations of impact

' e resistance.
. ! ’," 8.1 Notch Dimensions-The included angle of the notch
.3 3 | shall be 45+ 1° with a radius of curvature at the apex of 0.25
2\—=2e 4’/ 4 + 0.05 mm. The plane bisecting the notch angle shall be
\( ’7/ e S % 7 perpendicular to the face of the test specimen within 2°.
: f/ 8.1.1 The notch is a critical factor of this test. It is extremely

important, therefore, that dimensions of the notch in the
specimen are verified. There is evidence that the contour of
notches cut in materials of widely differing physical properties
~0.000 in. #. J_ by the same cutter will differ. It may be necessary to alter the

0.005 in. R (0.13 mm)

STANDARD
[=—— SPINDLE —= ’

\ ’f: & cutter dimensions in order to produce the required notch
X ’ contour for certain materials.
4 s :E’il%'a'r']J - 8.1.2 Both the notch and the cutter used to make the notch
1| o e shall_be inspected, at a minimum, after every 500 notches. The
I joiran specimen used to verify the notch shall be the same material
o3 o that is bemg prepa_red for_ testing. Fo_llqw the proced_ure in
(-4 i) Appendix X1 when inspecting and verifying the notch in the
DiA- specimen. If the angle or radius of the notch does not meet the
ANVIL requirements of 8.1, the cutter should be replaced.
senLe: * NoTte 9—The contour of the notch made using multi-tooth cutters may
Note 1—These views are not to scale. be checked by measuring the contour of the notch on a strip of soft metal
Note 2—Micrometer is to be satin-chrome finished with friction that is inserted between two specimens during the notching process.
thimble. Note 10—When the same material is being tested on a repetitive basis,
Note 3—Special anvil for micrometer caliper 0 to 25.4 mm range (50.8and it can be shown that the notch in the specimen takes the contour of the
mm frame) (0 to 1 in. range (2 in. frame)). tip of the cutter and that the notch meets the contour requirements when
Note 4—Anvil is to be oriented with respect to frame as shown. checked in accordance with Appendix X1, then the contour of the tip of
Note 5—Anvil and spindle are to have hardened surfaces. the cutter may be checked instead of the notch in the specimen.

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, 8.2 Notch Depth-The depth of the plastic material remain-

contact. ing in the bar under the notch shall be 16:20.05 mm. This
FIG. 5 Early (ca. 1970) Version of a Notch-Depth Micrometer dimension shall be measured with a special micrometer having
a contour anvil of 42+ 2° with a radius of curvature at the
apex of 0.13+ 0.07 mm (see Fig. 5).
dimensions and then notched. In all such cases, the use of8-3 Cutter Speed and Feed Raidhe cutter speed and feed

composite specimens shall be noted in the report of test resul§P€€d should be selected based on the material being tested.

7.5 Each specimen shall be free of twist and shall el N€ quality of the notch may be adversely affected by thermal

bounded by mutually perpendicular pairs of plane, para”e|e&ieformations apd stresses induced during th_e cutting operation
surfaces and free from scratches, pits, and sink marks. THEProper conditions are not selectédhe notching parameters

specimens shall be checked for conformity with these requireused shall not alter the physical state of the material, such as by

ments by visual observation against straight edges, squares '@Sing the temperature of a thermoplastic above its glass
flat plates, and by measuring with micrometer calipers. Anylransition temperature.

specimen showing observable or measurable departure from8-3-1 In general, high cutter speeds, slow feed rates, and
one or more of these requirements shall be rejected d@ck of coolant induce more thermal damage than a slow cutter

machined to the proper size and shape before testing. apeed, fast feed speed, and the use of a coolant. Too high a feed

specimen that has a slight twist to its notched face of 0.05 mniPeed/cutter speed ratio, however, may cause impacting and
at the point of contact with the pendulum striking edge will becraclfmg of the specimen. The range of cutter speed/feed ratios
likely to have a characteristic fracture surface with considerP0SSible to produce acceptable notches can be extended by the

able greater fracture area than for a normal break. In this caskS€ Of & suitable coolant. _ _
the energy to break and toss the broken section will be 8.3.1.1 For some thermoplastics, suitable notches have been

considerably larger (20 to 30 %) than for a normal break. ~ Produced using cutter speeds from 54 to 150 m/min and a feed
rate of 89 to 160 mm/min without a water coolant. Satisfactory
notches also have been produced using the same cutter speeds
at feed speeds of from 36 to 160 mm/min with water coolant.
Note 8—When testing a material for the first time, it is necessary to  8.3.1.2 Embedded thermocouples can be used to determine

study the effect of all variations in the notching conditions, including ¢, temperature rise in the material near the apex of the notch
cutter dimensions, notch depth, cutter speed, and feed rate. To establish

that the notching parameters are suitable, it is advisable to notch several

specimens of the material and inspect both the tool entrance and tool exit——-———

side of each notched specimen, in accordance with Appendix X1. Adjust 8 Supporting data is available from ASTM Headquarters. Request Research
the notching machine as required. The specimens used to determimeport RR: D20-1066.

8. Notching Test Specimens
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