Charpy Impact Verification

Objective

We evaluate the performance of pendulum impact test
machines used worldwide to qualify structural steels
for construction. We offer standard reference materials
(SRMs) to our customers, support their certification with a
traceable measurement system consisting of three master
impact machines, and provide post-test analysis to certify
machine compliance. This indirect verification of machine
performance increases the accuracy of impact data used to
predict infrastructure reliability.

* Infrastructure reliability remains a key issue for the U.S.: 25 % of our bridges
are considered structurally deficient or obsolete; 27 % of our highways need
upgrading or rebuilding; 21 % of our rail track is rated “less than good”;
30 % of our airport runways need major repair.

* Ahealthy steel industry is essential forimproving the steel-intensive infrastructure
in the U.S. Contractors require an uninterruptable supply of quality steel that
they trust fo meet performance targets. Impact testing remains an important
measure of steel quality.

* >1000 pendulum impact test machines are currently used
worldwide to certify construction steel, as described in ASTM
E23. NIST has provided SRMs to customers globally for 20
years, with annual sales of approximately 10,000 impact
specimens.

Charpy impact is a standardized high strain rate test to measure energy absorption
during fracture. The absorbed energy provides an indirect measure of fracture toughness.
Despite its relative ease of use, complex energy loss mechanisms are involved, making it
impossible to verify test machine performance directly. Periodic testing of impact machines
with certified fest specimens is necessary to indirectly verify machine performance. To
achieve the required accuracy, a well-defined target (master machine) for absorbed energy
is required.  NIST maintains three master impact machines, which are the designated
reference machines for the U.S. (per ASTM E23). The average value for these three
machines is considered the correct value for certification.

NIST provides a complete certification service for our customers. A set of five SRMs are
sold to each customer, and the customer then destructively tests the specimens and returns
them for assessment. By evaluating the test results and the fractured specimens, NIST can
indirectly assess the machine tolerance and issue either a certificate of compliance or provide suggestions for correction.
A customer database is maintained for SRM quality control, tracking of individual machine performance, and for trend
analysis for ISO and ASTM.
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Accomplishments

Customer Service

For nearly 20 years, NIST has offered Charpy-
V-Notch SRMs for verifying the performance of
impact machines to meet ASTM E23 “Standard
Test Methods for Notched Bar Impact Testing
of Metallic Materials.” This standard is widely
used to assess a material’s resistance to sudden
fracture, allowing designers of load-bearing
structures (e.g., buildings, bridges, railroads,
pressure vessels, efc.) to predict how the material
will behave in use. We provide SRMs used to
verify the measurement of absorbed energy at 3
energy levels: 2092 (low-energy, 14-20 J); 2096
(high-energy, 88-136 J); and 2098 (super-high-
energy, 176-244 J). We also provide 2 SRMs
that are used to verify the measurement of
maximum force in a Charpy impact test.

Over the past five years, the Charpy program
has supplied an average of 2000 reference
material sets per year to customers worldwide
(5 SRMs per set), bringing in revenues of
$1.2M per year. In FY09, we evaluated over
1000 verification tests and reported results to
customers. We also provided direct support
to more than 1500 individual customers by
email, fax, or phone. In FY08, we redesigned
our customer website and database to make it
easier for these interactions to occur. The results
have been overwhelmingly positive.

Uncertainty Analysis
Customer service does not stop with NIST

providing a certificate of compliance to an
impact testing company. NIST maintains an
extensive database of customer data and
continually strives for further improvement of
measurement accuracy through 1ISO and ASTM
activities. Our most recent efforts have focused
on improving the use of statistics in Charpy
measurements. In 2008, NIST published a new
Recommended Practice Guide on uncertainty
analysis for Charpy tests (Computing Uncertainty
for Charpy Impact Machine Test Results), that
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offers users a full explanation of the uncertainty
associated with the NIST reference specimens
and the customer’s verification test.

There is increased interest by our customers in
the computation of uncertainty for their impact
test results, driven by new requirements for many
of our customers to do so per ISO 17025. The
new NIST Recommended Practice Guide serves
several purposes: (1) it documents uncertainty
calculations for the NIST SRMs, (2) it instructs
users exactly how to calculate the uncertainty
associated with their impact verification test
using NIST SRMs, (3) it instructs a user how
to use the uncertainty associated with their
verification test, along with additional data, to
calculate the uncertainty associated with impact
tests they perform for their customers, and (4) it
instructs the user how to estimate and report the
bias between the impact machine being verified
and the NIST machines. This guide should help
our customers better understand the uncertainty
associated with their impact tests, and help them
to apply their understanding in appropriate and
useful ways.

Customer Mean — Rafersnce Valus, J

Example scatter in customer data

New SRM Development

In FYO7, NIST added another SRM to its product
portfolio. SRM 2115 Izod verification specimens
are now being provided for machines set up for
the Izod test configuration also listed in ASTM
E23. The principal difference between the

Publications

Charpy and Izod tests is the manner in which
the specimen is supported. By providing an
SRM appropriate for Izod configurations, NIST
will be able to serve an even broader customer
base.

SRM 2115 is made from the same 4340 steel
used for the Charpy SRMs; however, its physical
dimensions are tuned to the cantilever-beam
configuration for Izod testing. Similar to Charpy
SRMs, lzod specimens are sold in sets of five
and cover an energy range of 15 to 18 J, a
target useful in assessing the performance of
the machine near the ductile-to-brittle transition
of many metals.

Charpy 2092 (front); Izod 2115 (back)

Additionally, NIST has produced two new SRMs
related to force verification. Some impact test
machines simply use a dial indicator to determine
the absorbed energy, but a growing trend is the
addition of a calibrated striker to measure the
force during the fracture of the specimen. The
force data can be integrated over the fracture
process to produce an absorbed energy value
that is more directly traceable to fundamental
Sl units. We have measured the force data on
several batches of our specimens, and now
offer these as new dynamic force SRMs, 2112
for the low energy range and 2113 for high
energy. These new SRMs allow customers with
instrumented strikers to verify their machines
according to these Sl units.

Most recently, NIST has been evaluating a new
ultra-high energy Charpy SRM of interest to
the pipeline industry. We anticipate this new
reference material will be available in FY11.

Lucon E, McCowan CN and Santoyo RL Instrumented Impact Tests: Effects of Machine
Variables and Specimen Position Journal of Testing and Evaluation, (2009)

Splett JD, McCowan CN, lyer H and Wang C Computing Uncertainty for Charpy Impact

Machine Test Results NIST-SP 960-18 (2008)

Siewert TA Evaluation Specimens for Izod Impact Machines (SRM 2115): Report of

Analysis NIST SP 260-164 (2007)

McCowan CN and Splett JD Analysis of Charpy Impact Verification Data: 1993-2003

Journal of ASTM International, (2006)

Materials Science and Engineering Laboratory




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


