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INTERNATIONAL

StandardTestMethodfor

ImpactTestingofMiniaturizedCharpyV-NotchSpecimens

This standardisissued under the fixed designation E2248; the numberimmediately following the designation indicates the year of
originaladoptionor,inthecaseofrevision, theyearoflastrevision. Anumberinparenthesesindicatestheyearoflastreapproval. A
superscriptepsilon( &)indicatesaneditorialchangesincethelastrevisionorreapproval.

1. Scope

1.1 Thistestmethoddescribesnotched-barimpacttestingof
metallic materials using Miniaturized Charpy V-Notch
(MCVN) specimens and test apparatus. It provides: ( a) a
description of the apparatus, (  b) requirements for inspection
andcalibration,( c)safetyprecautions,( d)sampling,( e)dimen-
sionsandpreparationofspecimens,(  f)testingprocedures,and
(g)precisionandbias.

1.2 This standard concerns Miniaturized Charpy V-Notch
specimens, for which all linear dimensions, including length
andnotchdepth,arereducedwithrespecttoatypeAstandard
impacttestspecimen in accordance with Test Methods E 23.
These are not the same as sub-size specimens, described in
AnnexA3ofTestMethodsE 23,forwhichlength,notchangle
andnotchdeptharethesameasforthestandardtypeACharpy
specimen. Seealso 1.5below.

1.3 Comparison of the MCVN data with conventional
CharpyV-Notch(CVN)dataorapplicationoftheMCVNdata,
or both, to the evaluation of ferritic material behavior is the
responsibility of the user of this test method and is not
explicitly coveredby this testmethod.

1.4 The values stated in SI units are to be regarded as
standard. No other units of measurement are included in this
standard.

1.5 This standard does not address testing of sub-size
specimens as discussed in Test Methods E 23. The reader
shouldunderstand the distinctionbetween miniature and sub-
size. Miniature specimens are shorter thatsub-size specimens
so that more tests can be conducted per unit volume of
material. Moreover, miniature specimens are designed so that
the stress fields which control fracture are similar to those of
conventional TestMethodsE 23 specimens.

1.6 TheMCVNtestmaybeperformedusingatypical Test
MethodsE 23 testmachine withsuitably modified anvils and
strikerorusing asmallercapacity machine.

1.7 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safetyandhealthpractices and determine the applica-
bilityof regulatorylimitations priortouse.

! This test method is under the jurisdiction of ASTM Committee E28 on
Mechanical Testing and is the direct responsibility of Subcommittee E28.07 on
ImpactTesting.

CurrenteditionapprovedApril 1,2009. Published April2009.

2. Referenced Documents

2.1 ASTM Standards: >
A370 TestMethodsandDefinitionsforMechanicalTesting
of Steel Products
E 23 Test Methods for Notched Bar Impact Testing of
Metallic Materials
E177 Practicefor Use of the Terms Precision and Biasin
ASTMTestMethods
E691 Practice for Conducting an Interlaboratory Study to
DeterminethePrecisionofaTestMethod
E2298 Test Method for Instrumented Impact Testing of
Metallic Materials
2.2 ISOStandards: >
ISO 148 Metallicmaterials--Charpypendulumimpacttest
--Part 1: Testmethod
1SO14556 Steel--CharpyV-notchpendulumimpacttest--
Instrumentedtestmethod

3. Summary of Test Method

3.1 TheessentialfeaturesoftheMCVNimpacttestare: ( a)
asuitableminiaturethreepointbendspecimen,(  b)anvilsand
supports on which the test specimen is placed to receive the
blowofthemovingmass,(  c¢)amovingmass(striker)thathas
been released from a sufficient height to cause the mass to
break the specimen placed in its path, (  d) a device for
determiningtheenergyabsorbedbythebrokenspecimen,and
optionally( e)instrumentationformeasuringappliedforceasa
function of time during specimen loading (refer to Method
E2298).

3.2 Thetestconsistsofbreakingtheminiaturizedspecimen,
notched in the middle, and supported at each end, with one
blow from a swinging pendulum under conditions defined
hereafter.

4. Significanceand Use

4.1 Therearecaseswhereitisimpracticalorimpossibleto
prepare conventional CVN specimens. MCVN specimens are

2 Forreferenced ASTM standards, visit the ASTM website, www.astm.org, or
contactASTM Customer Serviceatservice@astm.org.For  Annual Bookof ASTM
Standards volumeinformation,refertothestandard’sDocumentSummarypageon
the ASTM website.

3 AvailablefromInternational OrganizationforStandardization (ISO), 1,ch.de
la Voie-Creuse, Case postale 56, CH-1211, Geneva 20, Switzerland, http://
WWW.is0.0rg.
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an alternative approach for characterizing notched specimen
impact behavior. Typical applications include MCVN speci-
mens prepared from the broken halves of previously tested
specimens, from thin productform material, or from material
cutfromin-servicecomponents.

4.2 Thisstandardestablishestherequirementsforperform-
ingimpacttestsonMCVNspecimensfabricatedfrommetallic
materials. Minimumrequirements are given for measurement
and recording equipment such that similar sensitivity and
comparablemeasurements,ascomparedtoconventional CVN
tests,areachieved.Theusershouldbeawarethatthetransition
region temperature dependence data obtained from MCVN
specimensarenotdirectly comparabletothoseobtained from
full-sizestandardCharpy-Vspecimensandsuitablecorrelation
procedures have to be employed to obtain ductile-to-brittle
transition temperature (DBTT) data equivalent to those ob-
tainedusingCVNspecimens.Inallinstances,correlationswill
havetobedevelopedtorelate uppershelfenergy (USE)data
fromMCVNtesttoCVNcomparableenergylevels. Applica-
tion of MCVN test data to the evaluation of ferritic material
behavioris the responsibility of the user of this test method.
MCVNtestdatashouldnotbeuseddirectly todeterminethe
lowest allowable operating temperature for anin-service ma-
terial. Thedatamustbeinterpreted withintheframeworkofa
fracture mechanicsassessment.

4.3 WhilethisTestMethodtreatstheuseofaninstrumented
striker as an option, the use of instrumentation in the impact
test is recommended and is fully described in Test Method
E2298.Inordertoestablishtheforce-displacementdiagram,it
isnecessarytomeasuretheimpactforceasafunctionoftime
duringcontactofthestrikerwiththespecimen.Theareaunder
theforce-displacementcurveisameasureofabsorbedenergy.
Asanalternative, absorbed energy may be evaluated directly
from machine dial reading. Whenever possible, an optical

encodershallbeusedinplaceofthemachinedialbecausean
encoderhasbetterresolutionthanadial.

5. TestMachine

5.1 The test shall be carried out with a pendulum-type
impact testing machine which s (optionally) instrumented to
determine force-time curves. The test machine shall have
sufficient capacity to break the specimen in one blow while
losing not more than 80 % of the initial potential energy.
Providedenergymeasurementscanbeobtainedwitharesolu-
tionbetterthanorequalto0. 1J,thesametestmachineusedfor
CVNtestingmay beusedtotest MCVN specimens.

5.2 The MCVN specimen has to be suitably supported so
thatthecenterlineofthespecimencoincideswiththecenterof
strike of the pendulum. If the same machine used for CVN
testingisusedforMCVNspecimens,refertoAppendix X3 of
E 23 forchangingthespecimensupportheightbymanufactur-
ingnew supportsoradding shims.

5.3 Theimpactvelocity (tangential velocity)ofthe pendu-
lumatthecenterofthestrikeshallnotbelessthan I normore
than6m/s.

Note 1—Impact velocities above 4 m/s are not advisable for instru-
mented MCV N tests, sinceexcessive oscillations are then superimposed
ontheinitialportionofthetestdiagramanderrorsintheevaluationofthe
force-displacement trace may occur. For the same reason (ease of
interpretationoftheinstrumentedcurve),lowervelocitiesareallowedfor
MCVNteststhanrequiredby E 23 (notlessthan3m/s).

5.4 Ttisrecommendedthatthescalabilityofthestressfields
is maintained. This is accomplished by scaling the striker
radius,anvilradii,andthespanoftheanvils withrespecttoa
specimensizethatisproportionaltotheCVNspecimen.Fig. 1
shows the dimensions of 8 and 2 mm strikers (3.86 mmand
0.96 mm) scaled for use with the nominal 15-scale MCVN
(4.83 by 4.83 by 24.13 mm) specimen shown in Fig. 2. For

Miniaturized Charpy V-Notch Strikers

R =0.96 mm

Nominal 1 mm Striker

Nominal 4 mm Striker
FIG.1Scaled8mmand2mmStrikersforUseinMiniaturized CharpylmpactTest
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1 24.13 mm 4.83 mm

| 1
A

4.83 mm
t A o
k 3.86 mm
45
Square Cross Section Notched Bar

Note 1—The notch root radius shall be 0.13 mm.
Note 2—Permissible variations shall be as follows:

notch length to edge
radius of notch

adjacent sides at

notch depth

cross section dimensions
finish requirements

length of specimen
centering of notch
angle of notch

90° + 2°

+0.025 mm

90° = 10 min

+0.025 mm

+0.025 mm

2 [im notched surface/opposite
4\im other surfaces

+0, -0.12 mm

+0.12 mm
+1°

FIG. 2 Miniaturized Charpy Impact Specimen

both of these scaled strikers, the anvil radius is scaled to 0.48
* 0.025 mm, and the span is 19.3 £ 0.025 mm.

5.5 A non-scaled 2 mm striker can be used to test the 4 by
3 by 27 mm MCVN specimen described in Annex D of ISO
14556. The anvil radius and span, in this case are 1 ,**°° mm
and 22,"*'° mm respectively.

Note 2—This particular test is allowed because a substantial amount of
data exists for this specimen and test geometry. This MCVN specimen is
not proportional to the CVN specimen, so scaling is not appropriate.

5.6 The testing machine shall be a pendulum type of rigid
construction. All general requirements for apparatus and cali-
bration specified in Test Methods E 23 shall be satisfied.

5.7 For instrumented force measurements using optional
force measuring instrumentation, the requirements given in
Test Method E 2298 regarding striker instrumentation, data
acquisition, and data analysis shall be satisfied.

6. Hazards

6.1 Safety precautions should be taken to protect personnel
from electric shock, the swinging pendulum, flying broken
specimens, and hazards associated with specimen warming and
cooling media. See also 1.6.

7. Test Specimens

7.1 The recommended proportional specimen configuration
is the square cross section notched bar shown in Fig. 2. The
cross sectional dimension is slightly under 5 mm to enable
machining from a previously tested CVN. Information on
additional specimen geometries that have been successfully
used is provided in Appendix X1.

Note 3—In case MCVN specimens are extracted from broken CVN
specimens of highly ductile materials, the user should ensure that the

severe plastic deformation occurred during fracture of the CVN specimens
does not affect the impact behavior of the miniaturized samples.

7.2 Microstructural considerations dictate that only V-notch
specimens with cross sectional dimensions sufficient to ensure
a representative volume of material is tested may be used. In
order to satisfy this requirement, the size scale and mean
separation distance of inhomogeneities that exist in the mate-
rial must be known. The cross sectional dimension must be at
least five times greater than the largest inhomogeneity. Post-
test metallography may be performed in order to confirm that
the requirement has been met.

7.3 Stress field similitude dictates that if the miniaturized
specimens (such as the one shown in Fig. 2) do not satisfy the
microstructural considerations, specimens with a larger cross
section may be used. For the square cross section specimen in
Fig. 2, all the remaining specimen dimensions (length, notch
depth, etc.) shall be scaled by appropriate ratio with the
conventional CVN dimensions. This has the advantage of
standardization of approach and scalability of previously
calculated finite element solutions.

7.4 Side grooving of the MCVN specimens (see also Ap-
pendix X2) is optional. Investigations (1) have shown that the
use of side grooves on MCVN specimens provides a larger
volume of material which is sampled at plane strain conditions.
This results in less downward shift in temperature due to loss
of constraint caused by miniaturization, and thereby reduces
the need for correction factors to simulate CVN transitional
fracture temperature dependence.

7.5 The choice of specimen depends on the application.

Note 4—Although this test method specifically addresses impact tests
performed on notched specimens, the use of unnotched samples may be
advantageous when testing refractory metals or materials produced by
powder metallurgy methods. For such materials, machining an accurate
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notchwithoutproducingsignificantdamageisextremelydifficult. Theuse
ofunnotchedspecimens,however,isoutsidethescopeofthistestmethod.

8. TestProcedure

8.1 Thetestprocedure may be summarized asfollows: the
test specimen is heated/cooled in situ (that is, at the impact
location)oritisremovedfromitscooling(orheating)medium,
and positioned on the specimen supports; the pendulum is
released with minimum vibration; and the absorbed energyis
recordedfromthemachinedialor,preferably,fromtheoptical
encoder. Forinstrumented tests, the force-time curve is mea-
suredandevaluatedto givethetotalabsorbed energy.

8.2 The temperature of the specimen at impact must be
within +2°Cofthenominaltesttemperature. Duetothesmall
sizeofthespecimen,intestsbeloworaboveroomtemperature
(RT),specialattentionmustbedevotedtotemperaturecontrol
withintheabovementionedtolerance.Itisrecommendedthat
in-situ heating/cooling be used. If a bath transfer system is
used, it will be necessary to transfer the specimen to the
supportsandstrikethespecimenwithinaveryshortperiodof
time (~ 1 s or less).If athermal bath transfer systemis not
used,dummy specimens (withinternal thermocouples)ortest
specimens (with surface thermocouples) shall be used to
demonstratethatthe *=2°Crequirementhasbeenmet.Ifin-situ
heating/cooling is used, dummy specimens (with internal
thermocouples)ortestspecimens(withsurfacethermocouples)
shallbeusedtocalibratethesystemandtodemonstratethatthe
*2°Crequirementhasbeenmet.

8.3 Thespecimenshallbeplacedonthesupportsagainstthe
anvilstoensurethatthenotchiscenteredtowithin(0.25mm.

9. Lateral Expansionand Percent Shear Determination

9.1 The measurement of lateral expansion shall satisfy the
requirements of Test Methods E 23. The uncertainty of the
measurementshallbedeterminedbyusingprecisionmachined
referenceblocks.

9.2 Thefractureappearance,characterizedaspercentshear
area,maybemeasureddirectlyordeterminedusingacorrela-
tionofcharacteristic values(see9.2.2).

9.2.1 Directmeasurement of fracture appearance shall sat-
isfytherequirementsof Test MethodsE 23.

9.2.2 FractureAppearanceCorrelation —Theequationsde-

scribed in Method E2298 may be used to estimate the shear
fracturearea. These equationsrelate characteristic force mea-
surements with the percentage of shear fracture area. The
applicability and accuracy of the correlation for a particular
material shallbedemonstrated.

10. Inspection, Verification,and Preparation of
Apparatus

10.1 Machineinspectionandverificationshallbeperformed
inaccordance withtherequirements of this test method, Test
MethodsE 23,and Method E2298 as appropriate.

10.2 Incases where the MCVN specimens are tested on a
large capacity Test Methods E 23 test machine, the test
machine shall be indirectly verified using CVN verification
specimensinaccordance withtherequirementsof TestMeth-
ods E 23. In particular, the anvils and striker for CVN
specimens shall be used to verify the test machine. MCVN

anvils and striker shall then be put on the machine and the
machineshallbefurthercheckedbytestingMCV Nspecimens
whichareprepared fromamaterial withamicrostructurethat
produces small scatter in the fracture test results and/or for
which a large experimental database is available (such as
round-robinresults, seeforexamplereferences  (1,2,3) ).

10.3 MCVNtestmachinesofsmallcapacity, whicharenot
capable of testing CVN verification specimens, shall be
checkedbytestingMCVNspecimenswhicharepreparedfrom
amaterialwithamicrostructurethatproducessmallscatterin
the fracturetestresults and/or forwhichalarge experimental
database is available (such as round-robin results, see for
examplereferences (1,2,3) ).Inthecaseof materials witha
microstructure that produces small scatter in the fracture test
results,itisnotpossibletocompareM VCNresultswithknown
certified values.Insuchcases, itisrecommendedthatalarge
batchoftestspecimensbe prepared and used toestablish the
mean and standard deviation at various energy levels. The
batch of test specimens can be used in the future to perform
yearlytestmachineverificationandtoverify the performance
of other MCVNtestmachines.

10.4 Prior to testing a group of specimens, and before a
specimenisplacedinpositiontobetested,checkthemachine
by a free swing of the pendulum. With the dial indicator (if
used) at the maximum energy position, a free swing of the
pendulum shall indicate zero energy within atleast 0.1 J on
machines reading directly in energy, and which are compen-
satedforfrictionallosses.Onmachinesusingopticalencoders,
the indicated values, when converted to energy, shall be
compensated for frictional losses and the free swing of the
pendulumshallindicate zeroenergy within ~ *0.1J.

10.5 Forinstrumented testing, the calibration and verifica-
tionprocedures of TestMethod E2298 shall be satisfied.

11. Report

11.1 Foralltests, reportthefollowinginformation:

11.1.1 Specimentypeanddimensions,

11.1.2 Testmachinecharacteristicsincludinganvilspacing,
anvilradius, span, and striker geometry,

11.1.3 Testtemperatureofspecimenandmethodofheating
orcooling,and

11.1.4 Energy absorbed as measured by dial or optical
encoder.

11.2 Optional variables whichmay bereportedinclude:

11.2.1 Lateralexpansion,

11.2.2 Fractureappearance (shear),

11.2.3 Specimenorientation,and

11.2.4 Specimenlocation withinthe plate orweld.

11.3 Forinstrumentedtests,additionalinformationinaccor-
dancewithTestMethod E2298 shallbereported.

12. Precisionand Bias

12.1 Precision—MCVNimpactdatafromtwointerlabora-
tory studies have been analyzed in accordance with Practice
E691 inordertoestablish the precision of this Test Method.
Thetermsrepeatabilitylimitandreproducibilitylimitareused
asspecifiedinPractice E177.

12.1.1 An interlaboratory study (1) was conducted using
miniaturized Charpy V-notch specimens with square cross
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section (Fig. 2) of A533B CI.1 (tested at room temperature and
150°C) and of two reference materials produced by the
National Institute of Standards and Technology, Boulder CO
(low energy and high energy). The ILS was conducted in
accordance with Practice E 691 in six laboratories, each one
obtaining up to six test results for the absorbed energy
measured by the machine dial or encoder (Table 1). See ASTM
Research Report No.E28-1039.4

12.1.2 Another interlaboratory study (2, 3) of characteristic
instrumented impact forces, displacements an d energies was
conducted using KLST miniaturized Charpy V-notch speci-
mens with 3X4mm rectangular cross section (see Appendix
X1) of A533B Cl.1. The ILS was conducted in accordance with

“+ Supporting data have been filed at ASTM International Headquarters and may
be obtained by requesting Research Report RR: E28-1039.

TABLE 1 Absorbed energy (J) from MCVN specimens (2)
Repeatability Reproducibility

Repeatability Reproducibility

Practice E 691 in thirteen laboratories with fourteen test
machines, each one obtaining up to five test results for the
absorbed energy (Table 2). See ASTM Research Report No.
E28-1037.5

12.2 Bias—Bias cannot be defined for MCVN 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
standard to which the measured values can be compared.

13. Keywords

13.1 fracture appearance; impact test; instrumented impact
test; lateral expansion; miniaturized Charpy test; notched
specimens; pendulum machine

3 Supporting data have been filed at ASTM International Headquarters and may
be obtained by requesting Research Report RR: E28-1037.

TABLE 2 Absorbed energy (J) from MCVN specimens of A533B

Material ~ Average Stangrd Star}de_ard Limit Limit cl.1(2,3)
Deviation Deviation
Repeatability ~ Reproducibility . .

A553B R‘I; 11.09 0.40 0.40 1.13 1.13 Average Standard Standard Repe_atgbﬂﬁy ReprOQuplblllty
A533B 150°C 10.94 0.36 0.40 1.00 1.1 Deviation Deviation Limit Limit
4340 (low en) 10.92 0.36 0.38 1.00 1.07
4340 (high en) 10.93 0.23 0.34 0.64 0.95 8.22 0.43 0.71 1.19 1.98

APPENDIXES
(Nonmandatory Information)
X1. ALTERNATIVE MCVN SPECIMEN CONFIGURATIONS
X1.1  MCVN specimen described in Annex D of  extensively in Europe (2, 3). We refer the user to Annex D of

ISO 14556—This 4 X 3 X 27 mm® specimen has been used

ISO 14556 for details of the specimen geometry.

X2. SIDE GROOVED MINIATURE CHARPY V-NOTCH SPECIMENS

X2.1 Side Grooved Miniature Charpy V-notch Specimens:

X2.1.1 This test method recommends the use of a propor-
tional specimen with a square cross section, like that shown in
Fig. 2. A square cross section side grooved specimen can also
be used.

X2.1.2 The use of the side grooves on MCVN specimens
will provide a larger volume of material which is sampled in

plane strain conditions. This results in less downward shift in
temperature due to loss of constraint as a result of miniatur-
ization, and thereby reduces the need for correction factors to
simulate CVN transitional fracture temperature dependence.
The choice of specimen depends on the application and it is
important to note that some side grooved specimens and test
procedures associated with them are patented technologies (4).
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