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Abstract: The purpose of this paper is to present an innovative approach to teach
both theory and practical industrial applications of the Nondestructive Evaluation (NDE)
of materials. There is a well- defined need for such training as the industry is becoming
increasingly reliant on the NDE technology, which creates a growing demand for gradu-
ates familiar with this field. At the recent meetings of the American Society for Nonde-
structive Testing (ASNT), the employers constantly emphasized their urgent need for
employees with knowledge and experience in the state-of the art computer-based data
acquisition and analysis NDE systems. The NDE of materials course was developed for
Applied Engineering Technology (AET) students at Drexel University’s School of Tech-
nology and Professional Studies. This four credits, hands-on course consists of two parts:
the first part stresses the foundations of ultrasound based NDE and the second part fo-
cuses on calibration and testing practice. Selected specific NDE applications are presented
and discussed in-depth, so the students are gaining insight into the advantages and funda-
mental limitation of the NDE applications. Particular attention is given to detection and
localization of discontinuities such as flaws, cavities, layers, and holes in different materi-
als using state-of-the-art instrumentation. The students learn engineering practice and
physical principles of measurements of sound velocity in different materials, attenuation
coefficients, material thickness, and location and dimensions of discontinuities in a vari-
ety of materials. Laboratory sessions are carefully designed to complement the theoretical
background presented to the students during classroom sessions. The course is designed to
markedly improve the graduates’ skills in the field of NDE utilizing portable ultrasound
technology. Upon completion of the course the students undergo a final, comprehensive
testing, which aids in their retention of acquired knowledge and testing skills. The course
is primarily targeting the undergraduate AET students at the sophomore, pre-junior, or
junior levels, however, both undergraduate and graduate Drexel students from other Col-
leges can enroll providing they comply with the mandatory set of prerequisites. The same
acceptance procedure is applied to the students from other universities and community
colleges.

Ultrasound NDE course.

In the following, a few selected ultrasound laboratory sessions are enumerated along
with a brief description of the equipment used. Also, the requirements for students’ deliv-
erables, which provide the basis for grading of their work are presented. A brief conclu-
sion, evaluating the outcome of the course is also given.

Laboratory sessions: During the weekly laboratory sessions the following experi-
ments are implemented: 1. Calibration of automatic flaw detectors, 2. Evaluation of ho-
mogeneity of various materials used in industrial applications, 3. Detection and localiza-
tion of discontinuities such as flaws, cavities, layers, and holes, and 4. Evaluation of
shapes and dimensions of various discontinuities.

The students are performing the experiments using automatic flaw detectors USN
S58L and USM 35X, which have different control features, operating with straight- and
angle-beam probes. Examples of calibration results using a straight-beam probe are pre-
sented in Fig. 1.
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Fig. 1. Calibration of the flaw detectors using a straight-beam probe

Calibration procedure with the angle-beam probe using the International Institute of
Welding type 1 calibration block is presented in Fig. 2A, and the results of the corre-
sponding calibration using an angle-beam probe are presented in Fig. 2B, respectively.
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Fig. 2. A. Calibration setup using angle-beam probe and the International Institute
of Welding calibration block for. B. Results of the calibration procedure using
an angle-beam probe

Deliverables: The students are required to prepare and hand-in a comprehensive re-
port mimicking the one they would be required to present in industrial practice. In addi-
tion to providing a succinct theoretical fundamentals, on which the specific ultrasound test
is based, and presenting the experimental data, the students are required to include their
own evaluation of the calibration and testing procedures. This evaluation includes assess-
ment of the sources of errors and calculation of the overall calibration or measurement(s)
uncertainty.

Conclusions: Upon completion of all laboratory sessions, the students are familiar
with the basic ultrasonic instrumentation as used in industrial practice, and are capable of
performing and documenting ultrasound NDE calibration and testing procedures.




<<
  /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
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


