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 I want to thank the committee for the opportunity to participate in this 

very important workshop. Most of the technologies that will be fielded 

during the next fifteen years have already been identified and are currently 

moving up the development path. I’m certain that further transformative 

scientific breakthroughs lie ahead, but I have no special insight about that 

which is “yet to be discovered”.  I’ve chosen instead to discuss known 

technology issues that will be critical to DOD in the next 15 years, selected 

because they illustrate issues in STEM workforce development. 

 

 Robots, remotely operated by humans, reached ~8000 in number at 

the maximum intensity of warfare in Iraq/Afghanistan two years ago. In 

coming conflicts, we are certain to see fully autonomous systems from 

single isolated robots to self-coordinated swarms. The science fiction of only 

a few years ago is just around the corner. Flying vehicles are being planned, 

scaling in size from today’s “drones” hovering in swarms high over the 

battlefield to minute, insect-like spies, designed to fly into enemy dwellings 

and map the insides before soldier entry. Land-mobile “bots” are envisioned 

as teaming with soldiers, carrying supplies, seeking out and disarming 

IED’s, some large, some insect-like in size, all independently mobile. 

Weaponization of some of these systems is certainly a possibility, raising 

interesting ethical questions. Not only are these developing technologies 

complex from an engineering perspective, their use will challenge the most 



fundamental nature of our humanity and how we wage war. In any event, 

battlefield use of these systems will require an increasingly sophisticated 

warfighter population stretching the current boundaries of the STEM 

knowledgeable DOD workforce.  

 

 While the autonomous systems will be new, their uniqueness will 

derive from integrated technical developments on the part of current experts 

in science, engineering and human effectiveness. Among the multiplex of 

technologies required for these autonomous systems are new materials and 

new energy sources, elements of continuing importance for many other 

DOD needs. 

 

 Materials, the stuff that things are made of, will continue to be a 

critical technology for DOD. From personnel protection to higher operating 

temperatures in engines, new materials are constantly sought. Improvement 

of materials intended for systems we already know about will be augmented 

by new capabilities only possible through completely new materials 

concepts. Nanotechnology offers a range of new and improved capabilities 

that will continue to enter DOD systems and expand the design space. 

Autonomous systems, particularly the very small light weight ones, will 

benefit from multi-functional materials, those providing both structural 

integrity and energy storage, for example.  

 

 Perhaps the most dramatic change on the materials development scene 

over the next decade or so will be the implementation of computational tools 

that are now reaching maturity. Spurred by decades of investments by many 

agencies throughout the world, computational tools have now reached a 



sufficiently mature stage, enabling materials by design for specific system 

needs. DOD laboratories and contractors will need to expand their STEM 

workforce to ensure full utilization of computation in future materials 

development efforts. A critical step remains in academia, namely to fully 

integrate computation into the engineer’s toolbox by building the 

instructional environment in many university departments that will expand 

the required trained workforce.  

 

 Wherever we turn today, the need for more efficient energy sources is 

an issue, and there is no shortage of investment in various strategies. Yet the 

equipment load carried by individual soldiers continues to expand, the cost 

to the DOD for energy continues to expand, and the logistics tail associated 

with energy sources continues to expand. Enormous investments are being 

made by DOE and other agencies, but it remains for the DOD to shape the 

advances being made to address specific warfighter needs. Strong links exist 

here with the design and fielding of autonomous systems. These systems 

will be powered either by batteries or small to tiny sized engines. Batteries, 

as we all know, provide a short usage time and must then be replaced or 

recharged, creating logistics complexity.  Small engines may power some of 

the larger autonomous systems, but DOD standardization on JP8 fuel brings 

technical challenges for small engines, especially with regard to ignition. 

Specific workforce needs in these areas are not unusual, but DOD 

investments in the specific required technologies will demand a continually 

renewed workforce in “traditional” science and engineering areas. 

 

 Autonomous systems development will demand collaborative, 

interdisciplinary and system-organized research. We are familiar with 



systems-organization in the development stage and often depend on industry 

for this structure. However, many of the novel autonomous systems being 

considered are clearly at a research stage now and will remain so for several 

years to come. The breadth and depth of required technical expertise can not 

likely be fully developed and maintained in DOD labs, nor will it be found 

in the traditional industrial contractor base. Technical leadership in many of 

these fields is often located in other government laboratories, but especially 

in universities including those in other nations. To achieve the required 

systems systems-organized collaboration, DOD will require new modes of 

interaction between its labs and these other entities such as the critical 

technology alliances being utilized by the Army. 

 

  I want to turn my attention now to technical issues of a very different 

kind, those critical to the aging transportation and attack vehicles that 

constitute the bulk of our warfighter materiel support. 

 

 Prospects for dramatic replacement of major weapons systems in the 

foreseeable future are severely limited compared to those experienced in 

cold-war years. Consequently, vehicles remain in active use for many years 

beyond their original design lifetimes. Opportunities for technical upgrades, 

can be important in this life extension process. For example, the replacement 

of aircraft engines can not only reduce maintenance costs, but can 

simultaneously extend vehicle life while reducing fuel costs. These upgrade 

opportunities will continue to demand engineers familiar with such 

traditional disciplines as materials, electronics, software, and nondestructive 

evaluation. Herein one finds the first of the noteworthy STEM workforce 

issues. Reduced investment in research in some of these traditional areas by 



DOD has been one of several factors leading to less academic attention to 

these topics and danger to the workforce pipeline. A critical example 

recently addressed dealt with corrosion engineering. Notably one of the 

major costs to the DOD maintenance budget, corrosion had nearly 

disappeared as a subject taught in undergraduate engineering education. 

Intervention by DOD is now beginning to address this critical skill issue. For 

example, a new program at the U. Akron, sponsored by DOD and organized 

with the help of the Natl. Assoc. of Corrosion Engineers, will now offer 

undergraduate degrees in corrosion engineering.  

 

 Another key workforce aspect of this ageing systems technology issue 

is the need for a career trained workforce to populate the repair depots 

around the country. Increasingly sophisticated systems demand increasingly 

skilled maintenance crews. Frequently located in somewhat isolated, low 

income areas, maintenance depots must often depend on locally career-

trained labor. Attention to STEM education in local high schools and 

community colleges by DOD is an important element in supporting this 

critical technical workforce need. 

 

 DOD will continue to have need of STEM capable workforce, both 

civilian and military, with education and training spanning the broad range 

from vocational to advanced degree and including the hard and soft sciences 

and the full scope of engineering research and practice. A broad, coordinated 

DOD investment will be required to ensure the availability of this critical 

asset.  



<<
  /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


