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QH“y) Designation: E 23 — 01

Standard Test Methods for

Notched Bar Impact Testing of Metallic Materials ~ *

This standard is issued under the fixed designation E 23; 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
epsilon €) indicates an editorial change since the last revision or reapproval.

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

1. Scope E 1271 Practice for Qualifying Charpy Verification Speci-

1.1 These test methods describe notched-bar impact testing_Mens of Heat-treated Stéel
of metallic materials by the Charpy (simple-beam) test and the E 1313 Guide for Recommended Formats for Data Records
Izod (cantilever-beam) test. They give the requirements for: Used in Computerization of Mechanical Test Data for
test specimens, test procedures, test reports, test machines (seeMetalgl
Annex Al) verifying Charpy impact.machines (see Annex A2),3_ Summary of Test Method
optional test specimen configurations (see Annex A3), pre- i . ,
cracking Charpy V-notch specimens (see Annex A4), designa- 3-1 The essential features of an impact test are: a suitable
tion of test specimen orientation (see Annex A5), and deterSPecimen (specimens of several different types are recognized),

mining the percent of shear fracture on the surface of brokeA @nvil or support on which the test specimen is placed to
impact specimens (see Annex A6). In addition, information is€ceive the blow of the moving mass, a moving mass that has
provided on the significance of notched-bar impact testing (segUfficient energy to break the specimen placed in its path, and
Appendix X1), methods of measuring the center of strike (se& device for measuring the energy absorbed by the broken
Appendix X2), and the availability of Charpy V-notch verifi- SP€cimen.
cation specimens (see Appendix X3). P
1.2 These test methods do not address the problems asso%i- Significance and Use ) ) .
ated with impact testing at temperatures below —196 °C (-320 41 These test methods of impact testing relate specifically
°F, 77 °K). to the behavior o_f me_tal whgn spbjected toa smglt_a appllcgtlon
1.3 The values stated in SI units are to be regarded as i a force resultlng in multi-axial stresses ass_omated with a
standard. Inch-pound units are provided for information only.70tch, coupled with high rates of loading and in some cases

1.4 This standard does not purport to address all of theWith high or low temperatures. For some materials and
safety concerns, if any, associated with its use. It is thdemperatures the results of impact tests on notched specimens,

responsibility of the user of this standard to establish appro-Vhen correlated with service experience, have been found to

priate safety and health practices and determine the applicaPrediCt t.he Iikeli'hopq of brittle fract_ure accurately. Further
bility of regulatory limitations prior to useSpecific precau- nformation on significance appears in Appendix X1.

tionary statements are given in Section 5. 5. Precautions in Operation of Machine
2. Referenced Documents 5.1 Safety precautions should be taken to protect personnel
21 ASTM Standards: from the swinging pendulum, flying broken specimens, and
E 177 Practice for Use of the Terms Precision and Bias if1dzards associated with specimen warming and cooling media.
ASTM Test Method$ _ ? Apparatus
E 399 Test Method for Plane-Strain Fracture Toughness o

6.1 General Requirements

Metallic Material$ . . -
6.1.1 The testing machine shall be a pendulum type of rigid

E 604 Test Method for Dynamic Tear Energy of Metallic i
Material$ construction.

E 691 Practice for Conducting an Interlaboratory Study to 6.1.2 The testing ”T'aChi”e shgll bg designed and built to
Determine the Precision of a Test MetRod conform with the requirements given in Annex Al.

6.2 Inspection and Verification
[ 6.2.1 Inspection procedures to verify impact machines di-
1 These test methods are under the jurisdiction of ASTM Committee E28 onf€cCtly are provided in A2.2 and A2.3. The items listed in A2.2
Mechanical Testing and are the direct responsibility of Subcommittee E2807 ofmyst be inspected annua"y_

Impact Testing. ; 2 ;
Current edition approved April 10, 2001. Published June 2001. Originally 6.2.2 The procedures to Venfy Charpy V-notch machines
published as E 23— 33 T. Last previous edition E 23 — 00.
2 Annual Book of ASTM Standardgol 14.02. —
2 Annual Book of ASTM Standardgol 03.01. 4 Annual Book of ASTM Standardgol 14.01.
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indirectly, using verification specimens, are given in A2.4.surface may be in the as-produced condition or smoothly
Charpy impact machines must be verified annually. machined, but polishing has proven generally unnecessary.
. Unnotched specimens are used with P/M materials. In P/M
7. Test Specimens materials, the impact test results are affected by specimen
7.1 Configuration and Orientatian orientation. Therefore, unless otherwise specified, the position
~ 7.1.1 Specimens shall be taken from the material as specf the specimen in the machine shall be such that the pendulum
fied by the applicable specification. Specimen orientationyj strike a surface that is parallel to the compacting direction.
should be designated according to the terminology given in 7.1.6 Sub-size and supplementary specimen recommenda-

Annex AS. tions are given in Annex A3
7.1.2 The type of specimen chosen depends largely upon the 9 '

characteristics of the material to be tested. A given specimen /-2 Specimen Machining

may not be equally satisfactory for soft nonferrous metals and 7.2.1 When heat-treated materials are being evaluated, the
hardened steels; therefore, many types of specimens agpecimen shall be finish machined, including notching, after
recognized. In general, sharper and deeper notches are requiitéé final heat treatment, unless it can be demonstrated that the
to distinguish differences in very ductile materials or whenimpact properties of specimens machined before heat treatment
using low testing velocities. are identical to those machined after heat treatment.

7.1.3 The specimens shown in Figs. 1 and 2 are those most7.2.2 Notches shall be smoothly machined but polishing has
widely used and most generally satisfactory. They are particuproven generally unnecessary. However, since variations in
larly suitable for ferrous metals, excepting cast ifon. notch dimensions will seriously affect the results of the tests,

7.1.4 The specimen commonly found suitable for die-cashdhering to the tolerances given in Fig. 1 is necessary (Appen-
alloys is shown in Fig. 3. _ dix X1.2 illustrates the effects from varying notch dimensions

7.1.5 The specimens commonly found suitable for pow-gn Type A specimens). In keyhole specimens, the round hole
dered metals (P/M) are shown in Figs. 4 and 5. The specimegha|| be carefully drilled with a slow feed rate. The slot may be

cut by any feasible method, but care must be exercised in

5 Report of Subcommittee XV on Impact Testing of Committee A-3 on Cast Iron, CUtting the slot to ensure that the surface of the drilled hole
Proceedings, ASTM, Vol 33 Part 1, 1933. opposite the slot is not damaged.
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}‘— L/24—i 5mm (0.197%) | (02.5r17r;”)
I S J;EEJ,?;;% -

55 o

(2.12"5'3)—-‘ TYPE B‘- - 0531 AH.Z‘% (167
e 1/2- = 5mm (0.197%) OR LESS
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A o,
G W

(0-394)
TYPE C
Note 1—Permissible variations shall be as follows:

7 9//)

Notch length to edge 90 *£2°

Adjacent sides shall be at
Cross-section dimensions
Length of specimen (L)
Centering of notch (L/2)
Angle of notch
Radius of notch
Notch depth:

Type A specimen

Types B and C specimen
Finish requirements

90° =10 min

+0.075 mm (*0.003 in.)

+0, 2.5 mm ( +0, -0.100 in.)
+1 mm (=0.039 in.)

*1°

+0.025 mm (+0.001 in.)

+0.025 mm (+0.001 in.)

+0.075 mm (+0.003 in.)

2 um (63 pin.) on notched surface and opposite face; 4 pm (125 pin.)
on other two surfaces

FIG. 1 Charpy (Simple-Beam) Impact Test Specimens, Types A, B, and C
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2mm
28mm (0.0797)

(1.1027) f\u *
v 3

537

10mm 0.025mm

¢—  T5mm R (0.394”) (0.010") rad
(2.952")

h 4

Note 1—Permissible variations shall be as follows:

Notch length to edge 90 +2°

Cross-section dimensions +0.025 mm (+0.001 in.)

Length of specimen +0, -2.5 mm (*0, -0.100 in.)

Angle of notch *1°

Radius of notch +0.025 mm (+0.001 in.)

Notch depth +0.025 mm (+0.001 in.)

Adjacent sides shall be at 90° + 10 min

Finish requirements 2 um (63 pin.) on notched surface and opposite face; 4 um (125 pin.) on other two surfaces

FIG. 2 Izod (Cantilever-Beam) Impact Test Specimen, Type D

6.25*0.13mm.
(0.246 +0.005") \
6.35+0./13mm.
(0.25020.005”)\@ r
[ 15
| I
-~ /52mm . (6")

6.45%0.13mm.)
(0.254 +0.005")

Note 1—Two Izod specimens may be cut from this bar.
Note 2—Blow shall be struck on narrowest face.
FIG. 3 Izod Impact Test Bar for Die Castings Alloys

16 Compacting
@ 55mm (2.165”) —W —P <’ Direction

(0.3947)

10 mm

(0.394™) «4—— Striking

Direction

Note 1—Permissible variations shall be as follows:

Adjacent sides shall be at 90° * 10 min
Cross section dimensions +0.125 mm (0.005 in.)
Length of specimen +0, 2.5 mm (+0, -0.100 in.)

FIG. 4 Charpy (Simple Beam) Impact Test Specimens for Metal Powder Structural Parts

7.2.3 ldentification marks shall only be placed in the fol-in the anvils. If the test operator is not careful, the specimen may be placed
lowing locations on specimens: either of the 10-mm squard the machine with the identification marking resting on the specimen
ends; the side of the specimen that faces up when the Specimélhoports' Unc_ier these circumstances, the absorbed energy value obtained
. - . . . . may be unreliable.
is positioned in the anvils (see Note 1); or the side of the
specimen opposite the notch. No markings, on any side of th8. Procedure
specimen, sha}ll be wi_thin 15 mm of the (_:ente_r_ling of the notch. g 1 Preparation of the Apparatus
An elect_rostatlc pencil may be usgd for |den_t|f|cat|on puUrposes, g 1.1 Perform a routine procedure for checking impact
but caution must be taken to avoid excessive heat. machines at the beginning of each day, each shift, or just prior

Note 1—Careful consideration should be given before placing identi-t0 testing on a machine used intermittently. It is recommended
fication marks on the side of the specimen to be placed up when positiondtiat the results of these routine checks be kept in a log book for
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10 Compacting
min . .
¢ 75 mm (2.9527) —P> —P 4 ! » Direction
- (0.3947)
10 mm o
(0.394) «4—— Striking
Direction
Note 1—Permissible variations shall be as follows:
Adjacent sides shall be at 90° * 10 min.
Cross section dimensions +0.125 mm (0.005 in.)
Length of specimens +0, 2.5 mm (+0, -0.100 in.)

FIG. 5 Izod (Cantilever-Beam) Impact Test Specimen for Metal Powder Structural Parts

the machine. After the testing machine has been ascertainedtiore range that depends on the chemical composition and
comply with Annex Al and Annex A2, carry out the routine microstructure of the material. Test temperatures may be

check as follows: chosen to characterize material behavior at fixed values, or
8.1.1.1 Visually examine the striker and anvils for obviousover a range of temperatures to characterize the transition
damage and wear. region, lower shelf, or upper shelf behavior, or all of these. The

8.1.1.2 Check the zero position of the machine by using thehoice of test temperature is the responsibility of the user of
following procedure: raise the pendulum to the latched posithis test method and will depend on the specific application.
tion, move the pointer to near the maximum capacity of the g 5 5 The temperature of a specimen can change signifi-

rarllge t}rer:ng “?ed* reLeasig t_h((aj_pendulum, 9nq reahq A md'g.at@%tly during the interval it is removed from the temperature
value. The pointer should indicate zero on machines rea Irlgonditioning environment, transferred to the impact machine,

directly in energy. On machines reading in degrees, the readi%d the fracture event is completed (see Note 5). When using
should correspond to zero on the conversion chart furnished bé( heating or cooling medium near its boiling point, use data

the machine manufacturer. from the references in Note 5 or calibration data with thermo-
Note 2—On machines that do not compensate for windage and frictiorcouples to confirm that the specimen is within the stated
losses, the pointer will not indicate zero. In this case, the indicated valuesemperature tolerances when the striker contacts the specimen.
when converted to energy, shall be corrected for frictional losses that alf axcessive adiabatic heating is expected, monitor the speci-
assumed to be proportional to the arc of swing. . '
men temperature near the notch during fracture.

II8.1.1b.|3 Tto lensure tha;gnct:colr: eutd wmdagec;osseg dredtitin’/g ¢f)g Verify temperature-measuring equipment at least ev-
allowab'e tolerances, Ihe following procedure Is recom-ery six months. If liquid-in-glass thermometers are used, an

mended: raise the pendulum to the latched position, move ﬂ} itial verification shall be sufficient, however, the device shall

pointer to the negative side of zero, release the pe”d“'“”? anse inspected for problems, such as the separation of liquid, at
allow it to cycle five times (a forward and a backward swing ;
least twice annually.

together count as one swing), prior to the sixth forward swing, ) . o
set the pointer to between 5 and 10 % of the scale capacity of 8-2-4 Hold the specimen at the desired temperature within
the dial, after the sixth forward swing (eleven half swings),1 °C (= 2 °F) in the temperature conditioning environment
record the value indicated by the pointer, convert the reading t65€€ 8.2.4.1 and 8.2.4.2). Any method of heating or cooling or
energy (if necessary), divide it by 11 (half swings), then dividetransferring the specimen to.the a|_1V|I(s) may be gsed provided
by the maximum scale value being used and multiply it by 1odhe temperature of the specimen |_mmed|ately prior to fracture
to get the percent friction. The result, friction and windage loss!S essentially the same as the holding temperature (see Note 5).
shall not exceed 0.4 % of scale range capacity being tested arddieé maximum change in the temperature of the specimen
should not change by more than 5 % of friction measurementallowed for the interval between the temperature conditioning
previously made on the machine. If the friction and windagetreatment and impact is not specified here, because it is
loss value does exceed 0.4 % or is significantly different fronflependent on the material being tested and the application. The
previous measurements, check the indicating mechanism, ttser of nontraditional or lesser used temperature conditioning
latch height, and the bearings for wear and damage. Howevend transfer methods (or sample sizes) shall show that the
if the machine has not been used recently, let the pendului@mperature change for the specimen prior to impact is
swing for 50 to 100 cycles, and repeat the friction test beforeeomparable to or less than the temperature change for a
undertaking repairs to the machine. standard size specimen of the same material that has been
8.2 Test Temperature Considerations thermally conditioned in a commonly used medium (oil, air,
8.2.1 The temperature of testing affects the impact propemitrogen, acetone, methanal), and transferred for impact within
ties of most materials. For materials with a body centered cubi® seconds (see Note 5). Three temperature conditioning and
structure, a transition in fracture mode occurs over a temperaransfer methods used in the past are: liquid bath thermal
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conditioning and transfer to the specimen supports with ceneertain oils, but “flash-point” temperatures must be carefully observed.
tering tongs; furnace thermal conditioning and robotic transfer Note 4—For testing at temperatures down to —196°C (=320 °F, 77 °K),
to the specimen supports; placement of the specimen on tﬁéandard testing procedures have been found to be adequate for most

L . . metals.
supports followed by in situ heating and cooling. Note 5—A study has shown that a specimen heated to 100 C in water

8.2.4.1 For liquid bath cooling or heating use a suitable;an cool 10 C in th 5 s allowed for transfer to the machine suppaLe.
container, which has a grid or another type of specimerbther studies, using cooling media that are above their boiling points at
positioning fixture. Cover the specimens, when immersed, withoom temperature have also shown large changes in specimen temperature
at least 25 mm (1 in.) of the liquid, and position so that theduring the transfer of specimens to the machine anvils. In addition, some
notch area is not closer than 25 mm (1 in.) to the sides Omaterial_s change temperature d'rama_ltically during impact testing at
bottom of the container, and no part of the specimen is irf'Y09enic temperatures due to adiabatic heai)g
contact with the container. Place the device used to measure the8.3 Charpy Test Procedure
temperature of the bath in the center of a group of the 8.3.1 The Charpy test procedure may be summarized as
specimens. Agitate the bath and hold at the desired temperatui@lows: the test specimen is thermally conditioned and posi-
within + 1°C (+ 2°F). Thermally condition the specimens for tioned on the specimen supports against the anvils; the pendu-
at least 5 min before testing, unless a shorter thermal condlum is released without vibration, and the specimen is impacted
tioning time can be shown to be valid by measurements witpy the striker. Information is obtained from the machine and
thermocouples. Leave the mechanism (tongs, for exampldjom the broken specimen.
used to handle the specimens in the bath for at least 5 min 8.3.2 To position a test specimen in the machine, it is
before testing, and return the mechanism to the bath betweeggacommended that self-centering tongs similar to those shown
tests. in Fig. 6 be used (see A1.10.1). The tongs illustrated in Fig. 6

8.2.4.2 When using a gas medium, position the specimergre for centering V-notch specimens. If keyhole specimens are
so that the gas circulates around them and hold the gas at thed, modification of the tong design may be necessary. If an
desired temperature withitr 1°C (+ 2°F) for at least 30 min. end-centering device is used, caution must be taken to ensure
Leave the mechanism used to remove the specimen from the

medium in the medium except when handling the specimens:
® The boldface numbers given in parentheses refer to a list of references at the
Note 3—Temperatures up to +260°C (+500°F) may be obtained withend of the text.

17.4659m
(/16"
4.76 mm

G/16%)

9.53 mm
f7s7)
7.94 mm
663
—————1,588mm
Eﬂlﬂm 0/16")
9.53mm
SECTION
A-A &)

/ 9.51,3 mm
19.96 mm e (3 8/)
(0.786") Z /

| s

B

A (0.785%)

teel pieces silver soldered

TA
\—/ to tongs parallel to

each other

Note 1—Unless otherwise shown, permmissible variation shali-iemm (0.04 in.).

Specimen Depth, mm (in.) Base Width (A), mm (in.) Height (B), mm (in.)
10 (0.394) 1.60 to 1.70 (0.063 to 0.067) 1.52 to 1.65 (0.060 to 0.065)
5(0.197) 0.74 to 0.80 (0.029 to 0.033) 0.69 to 0.81 (0.027 to 0.032)
3(0.118) 0.45 to 0.51 (0.016 to 0.020) 0.36 to 0.48 (0.014 to 0.019)

FIG. 6 Centering Tongs for V-Notch Charpy Specimens
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that low-energy high-strength specimens will not rebound off9. Information Obtainable from Impact Tests

this device into the pendulum and cause erroneously high g 1 The absorbed energghall be taken as the difference

recorded values. Many such devices are permanent fixtures gkwween the energy in the striking member at the instant of
machines, and if the clearance between the end of a specim@fipact with the specimen and the energy remaining after
in test positi(_)n and the centering_device is not approxjmatelybreaking the specimen. This value is determined by the
13 mm (0.5 in.), the broken specimens may rebound into thgyachine'’s scale reading which has been corrected for windage

pendulum. and friction losses.
8.3.3 To conduct the test, prepare the machine by raising the

P g Note 6—Alternative means for energy measurement are acceptable
pendulum to the Iatche_d p03|t|_0r_1,_ 5?‘ the energy Indl_cator at th|c()arovided the accuracy of such methods can be demonstrated. Methods
maximum scale reading, or initialize the digital display, or

used in the past include optical encoders and strain gaged strikers.

both, position the specimen on the anvils, and release the | _ h ke
pendulum. If a liquid bath or gas medium is being used for -2 Latéral expansion measurementethods must take into

thermal conditioning, perform the following sequence in Iessaccoun,t the fact that_ the fracture path seldom b_isects the point
than 5 s (for standard 18 10 X 55 mm specimens, see 8.2.4). of maximum expansion on both sides of a specimen. One half

Remove the test specimen from its cooling (or heating)Of a brpken Specimen may '”C'U‘?'e the maximum expansion for

medium with centering tongs that have been temperaturQOth S|de§, one side only, or neither. Therefore, the expansion
conditioned with the test specimen, place the specimen in th@" €ach side of each specimen half must be measured relative
test position, and, release the pendulum smoothly. If a tedP the plane defined by the undeformed portion on the side of

specimen has been removed from the temperature conditioniffJ& SPe¢imen, as shown in Fig. 7. For exampléyifs greater

bath and it is questionable that the test can be conducted with anA,, andA,is less tharh,, then the lateral expansion is the

the 5 s time frame, return the specimen to the bath for the tim&UM OfAL + A 4. _ _ .
required in 8.2 before testing. 9.2.1 Before making any expansion measurements, it is

f)ssential that the two specimen halves are visually examined

8.3.3.1 If a fractured impact specimen does not separate in O burrs that may have formed during impact testing; if the

two pieces, report it as unbroken. Unbroken specimens wit o .
absorbed energies of less than 80 % of the machine capacigz"rs will influence the Iater_al expansion measurements, they
may be averaged with values from broken specimens. If th ulijtsz;b?ee rrr?ent]k?c\;de)d (rgékril;bbg?reorlhzt[n?r% Cl?gTrl,?srioanng toothsg
individual values are not listed, report the percent of unbroker? ' g st P

specimens with the average. If the absorbed energy eXce(_:‘&easured are not rubbed during the removal of the burr. Then,

80 % of the machine capacity and the specimen passes co g(i%)_’E(l::lmine each fracture surface to ascertain that the protrusions
pletely between the anvils, report the value as approximate (s 5 P& Reen qamaged by contacting an anvil, a machine
10.1) and not averaged with the others. If an unbrokernounting ;urface: ect. .Lateral expansion shall not be measured
specimen does not pass between the machine anvils, the resoif & Specimen with this type of damage.

will be reported as exceeding the machine capacity. A specit—hat'zo'lij I;]%'E{e;aél ea);g?en?rlﬁg f\xg"hr;?\t/:f éigr)izrtetcri]:}oirn:s'p:gtlnt];;s
men shall never be struck more than once. P 9 P '

8332 If ! f i th hi di d thWith one exception. The lateral expansion of an unbroken
o a Specimen jams in the macnine, disregar %pecimen can be reported if the following two conditions are
results and check the machine thoroughly for damage

i . . > Ohet: the specimen can be separated by pushing the hinged
maladjustment, which would affect its calibration. halves together once and then pulling them apart without

_ 8.3.3.3 To prevent recording an erroneous value, caused By iher fatiguing the specimen, and the lateral expansion
jarring the indicator when locking the pendulum in its upright neasyred for the unbroken specimen (prior to bending) is equal

(‘ready”) position, read the value for each test from they, or greater than that measured for the separated halves.
indicator prior to locking the pendulum for the next test.

8.4 1zod Test Procedure

8.4.1 The lzod test procedure may be summarized as
follows: the test specimen is positioned in the specimen-
holding fixture and the pendulum is released without vibration.
Information is obtained from the machine and from the broken
specimen. The details are described as follows:

8.4.2 Testing at temperatures other than room temperature is
difficult because the specimen-holding fixture for 1zod speci-
mens is often part of the base of the machine and cannot be
readily cooled (or heated). Consequently, Izod testing is not
recommended at other than room temperature.

8.4.3 Clamp the specimen firmly in the support vise so that
the centerline of the notch is in the plane of the top of the vise @ .-
within 0.125 mm (0.005 in.). Set the energy indicator at the ®
maximum scale reading, and release the pendulum smoothly. ¢~ - .-\ es of Broken Charpy V-Notch Impact Specimen
Sections 8.3.3.1-8.3.3.3 inclusively, also apply when testing justrating the Measurement of Lateral Expansion, Dimensions
Izod specimens. A4, A,, As, A, and Original Width, Dimension W
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9.2.3 Lateral expansion may be measured easily by using 0. Report
gage like the one shown in Fig. 8 (assembly and details shown 10 1 Apsorbed energy values above 80dfthe scale range
in Fig. 9). Using this type of gage the measurement is madgye inaccurate and shall be reported as approximate. Ideally an
with the following procedure: orient the specimen halves sqmpact test would be conducted at a constant impact velocity.
that the compression sides are facing each another, take ojgg pendulum-type test, the velocity decreases as the fracture
half of the fractured specimen and press it against the anvil angrogresses. For specimens that have impact energies approach-
dial gage plunger and record the reading, make a similajg 80 9 of the capacity of the pendulum, the velocity of the
measurement on the other half (same side) of the fracturefanguium decreases (to about 45 % of the initial velocity)
specimen and disregard the lower of the two values, do thgying fracture to the point that accurate impact energies are no
same for the other side of the fractured specimen, report thﬁ;‘:nger obtained.
sum of the maximum expansions for the 2 sides as the lateral 10 2 For commercial acceptance testingport the follow-

expansion for the specimen. ing information (for each specimen tested):
9.3 The percentage of shear fractumn the fracture sur- 155 1 Specimen type (and size if not the full-size speci-
faces of impact specimens may be determined using a Va”eren)

of methods. The acceptable methods are defined in Annex A6. 14 5 o Test temperature

For each method, the user must distinguish between regions 10.2.3 Absorbed energy, and
formed by ductile stable crack growth mechanisms, and '
regions formed by brittle fast crack propagation (unstable crack
growth mechanisms). The typical zones of fracture appearanqgnowing information is often reported in addition to the
are shown in Fig. 10, where the “flat fracture” region is theinformation in 10.2:

region in which unstable crack growth occurs on a microsec- 10.3.1 Lateral .e>.(pansion

ond time scale. .
The percent shear area on the fracture surface of a Charpylo'g'2 Unbroken specimens,
10.3.3 Fracture appearance (% shear, See Note A6.1),

impact specimen is typically calculated as the difference . . .

between the total fractured area and the area of flat fracture. 1034 Spec!men orlen_tat|on, and

The measurement methods described here provide estimateslo'S'5 Specimen location.

for the area of the macroscopically flat fracture region (directly Note 7—A recommended format for computerization of notched bar
or indirectly), but do not consider details of the fracture modempact test data is available in Practice E 1313.

for this “flat” region of unstable fracture. The flat fracture . i

region could be 100 percent cleavage, a mixture of cleavagkl- Precision and Bias

and ductile-dimple fracture morphologies, or other combina- 11.1 An Interlaboratory studyused CVN specimens of low
tions of ductile-brittle fracture morphologies. Estimates ofenergy and of high energy to find sources of variation in the
ductility within the unstable crack growth region are beyondCVN absorbed energy. Data from 29 laboratories were in-
the scope of these methods. cluded with each laboratory testing one set of five specimens of

10.2.4 Any other contractual requirements.
10.3 For other than commercial acceptance testitite

FIG. 8 Lateral Expansion Gage for Charpy Impact Specimens
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are given in ASTM Research Report NO. RR:E28-1014.

11.2 Precision—The Precisiorinformation given below (in
units of J and ft:1bf) is for the average CVN absorbed energy of
five test determinations at each laboratory for each material.

Material Low Energy High Energy
J ft-Ibf J ft-Ibf
Absorbed Energy 15.9 11.7 96.2 71.0
95 % Repeatability Limit 2.4 1.7 8.3 6.1
95 % Reproducibility Limits 2.7 2.0 9.2 6.8

The terms repeatability and reproducibility limit are used as
defined in Practice E 177. The respective standard deviations
among test results may be obtained by dividing the above
limits by 2.8.

11.3 Bias— Bias cannot be definefor CVN absorbed
energy. The physical simplicity of the pendulum design is
complicated by complex energy loss mechanisms within the
machine and the specimen. Therefore, there is no absolute

Note 1—The shear of ductile fracture regions on the fracture surfaceStandard to which the measured values can be compared.
include the fracture initiation region, the two shear lips, and the region of
final fracture. The flat or radial fracture region is a region of less ductilel2. Keywords
unstable crack growth. 12.1 charpy test; fracture appearance; Izod test; impact test;

FIG. 10 Determination of Percent Shear Fracture notched specimens; pendulum machine

each energy level. Except being limited to only two energy

levels (by availability of .reference spe(;lmens), Practice E 691 7 Supporting data have been filed at ASTM Headquarters and may be obtained by
was followed for the design and analysis of the data, the detail@questing Research Report E28-1014.
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ANNEXES
(Mandatory Information)

Al. GENERAL REQUIREMENTS FOR IMPACT MACHINES

Al.1 The machine framshall be equipped with a bubble sured as described in A2.3.5.1 If windage and friction are
level or a machined surface suitable for establishing levelnessompensated for by increasing the height of drop, the height of
of the axis of pendulum bearings or, alternatively, the levelnesdrop may be increased by not more than 1 %.
of the axis of rotation of the pendulum may be measured
directly. The machine shall be level to within 3:1000 and A1.8 The mechanism for releasing the pendulfrom its
securely bolted to a concrete floor not less than 150 mm (6 inipitial position shall operate freely and permit release of the
thick or, when this is not practical, the machine shall be boltedpendulum without initial impulse, retardation, or side vibra-
to a foundation having a mass not less than 40 times that of thign. If the same lever used to release the pendulum is also used
pendulum. The bolts shall be tightened as specified by th& engage the brake, means shall be provided for preventing the
machine manufacturer. brake from being accidentally engaged.

Al.2 A scale or digital displaygraduated in degrees or  A1.9 Specimen clearands needed to ensure satisfactory
energy, on which readings can be estimated in increments @gsults when testing materials of different strengths and com-
0.25 % of the energy range or less shall be furnished for thgositions. The test specimen shall exit the machine with a
machine. minimum of interference. Pendulums used on Charpy ma-

Al.2.1 The scales and digital displays may be compensatethines are of three basic designs, as shown in Fig. Al.1.
for windage and pendulum friction. The error in the scale A1.9.1 When using a C-type pendulum or a compound
reading at any point shall not exceed 0.2 % of the range Opendulum, the broken specimen will not rebound into the
0.4 % of the reading, whichever is larger. (See A2.3.8.) pendulum and slow it down if the clearance at the end of the
specimen is at least 13 mm (0.5 in.) or if the specimen is
during the swing in the striking direction shall not exCeeddeﬂected out of the machine by some arrangement such as that

: own in Fig. Al1.1.
0.75 % of the scale range capacity, and pendulum energy Io%1 .
from friction in the indicating mechanism shall not exceed ~\1-9-2 When using the U-type pendulum, means shall be

0.25 % of scale range capacity. See A2.3.8 for friction and’rovided to prevent the broken specimen from rebounding
windage loss calculations against the pendulum (see Fig. A1.1). In most U-type pendu-

lum machines, steel shrouds should be designed and installed
Al.4 The position of the pendulynwhen hanging freely, to the following requirements: @) have a thickness of
shall be such that the striker is within 2.5 mm (0.10 in.) fromapproximately 1.5 mm (0.06 in.), b) have a minimum
the test specimen. When the indicator has been positioned ttardness of 45 HRCc] have a radius of less than 1.5 mm
read zero energy in a free swing, it shall read within 0.2 % of(0.06 in.) at the underside corners, adjitfe so positioned that
scale range when the striker of the pendulum is held against tHée clearance between them and the pendulum overhang (both
test specimen. The plane of swing of the pendulum shall béop and sides) does not exceed 1.5 mm (0.06 in.).
perpendicular to the transverse axis of the Charpy SpECimenNOTE Al.1—In machines where the opening within the pendulum

anvils or Izod vise within 3:1000. permits clearance between the ends of a specimen (resting on the anvil

. supports) and the shrouds, and this clearance is at least 13 mm (0.5 in.),
Al.5 Transverse play of the penduluan the striker shall thsrr)equi)rements & and @) need not apply. ( )

not exceed 0.75 mm (0.030 in.) under a transverse force of 4 %

of the effective weight of the pendulum applied at the center of A1.10 Charpy Apparatus

strike. Radial play. of the pendulum bearings shall not exceed a1 10.1 Means shall be provided (see Fig. AL.2) to locate

0.075 mm (0.003 in.). and support the test specimen against two anvil blocks in such
A1.6 The impact velocity(tangential velocity) of the & position that the center of the notch can be located within

pendulum at the center of the strike shall not be less than 3 nd}-22 Mm (0.010 in.) of the midpoint between the anvils (see

more than 6 m/s (not less than 10 nor more than 20 ft/s). 8.3.2). )
A1.10.2 The supports and striker shall be of the forms and

Al1.7 The height of the center of strike the latched dimensions shown in Fig. Al.2. Other dimensions of the
position, above its free hanging position, shall be within 0.4 %pendulum and supports should be such as to minimize inter-
of the range capacity divided by the supporting force, meaference between the pendulum and broken specimens.

Al1.3 The total friction and windage loss@$ the machine
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COMPOUND PENDULUM C-TYPE PENDULUM
ANVIL
SPACER SPECIMEN T;\S’E; PESTENDS
UNMODIFIED MODIFIED
(WILL JAM) (JAMMING MINMIZED)
U-TYPE PENDULUM
SHROUD
ANVIL

DIRECTION OF

UNMODIFIED PENDULUM SWING

(WILL JAM)

MODIFHED

(JAMMING MINIMIZED)
FIG. Al.1 Typical Pendulums and Anvils for Charpy Machines, Shown with Modifications to Minimize Jamming

A1.10.3 The center line of the striker shall advance in theradii less than 0.40 mm (0.016 in.). The clamping surfaces shall
plane that is within 0.40 mm (0.016 in.) of the midpoint be smooth with a 2-um (63-pin.) finish or better, and shall
between the supporting edges of the specimen anvils. Thelamp the specimen firmly at the notch with the clamping force
striker shall be perpendicular to the longitudinal axis of theapplied in the direction of impact. For rectangular specimens,
specimen within 5:1000. The striker shall be parallel withinthe clamping surfaces shall be flat and parallel within 0.025
1:1000 to the face of a perfectly square test specimen helghm (0.001 in.). For cylindrical specimens, the clamping
against the anvil. surfaces shall be contoured to match the specimen and each
surface shall contact a minimum af/2 rad (90°) of the

AL11 Izod Apparatus specimen circumference

Al1.11.1 Means shall be provided (see Fig. A1.3) for clamp- pAl 11.2 The di .' f th K qi .
ing the specimen in such a position that the face of the "= e dimensions of the striker and its position
specimen is parallel to the striker within 1:1000. The edges Ofelatlve to the specimen clamps shall be as shown in Fig. AL.3.

the clamping surfaces shall be sharp angles of-90° with

10
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