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ABSTRACT Others. Customers in each of these business sectors represent
TheNDE, Photometrics, and Optical Data Reduction possible technology transferopportunities. The

Departmentat Sandia National Laboratoriesin New Mexico Nondestructive Evaluation (NDE), Photometrics,and Optical
(SNL/NM) provides nondestructiveevaluation (NDE) support Data ReductionDepartmentat _ provides NDE
for all phases of researchand development at Sandia. Present supports for all phases of researchand development in these
facilities and personnel provide radiography, acoustic business sectors. Present facilities and personnel provide
monitoring, ultrasonic scanning, computed tomography, radiography(static, flash, real-time), acoustic monitoring,
shearography/ESPI, infraredimaging, high _peed and ultra- ultrasonic scanning, computedtomography,
high speed photometrics, and image processing. Although the shearography/ESPI,infrared imaging, high speed and ultra-
departmentincludes photometrics and optical data reductionas high speedphotometrics, and image processing.
well as N-DE,I will refer to theNDE department fromnow on Governmentdefinition of technology transfer is continually
for simplicity, changing and broadening. This means new technology transfer

The N'DEdepartmenthas worked on technology transfer to processes are constantly being implemented. Whateverthe
organizations inside and outside theweapons complex. This transfer process, technology transfer deliverables can be
workhas beenperformed in all the Sandia business sectors: grouped in threegeneral categories:
Defense Programs,Energy and Environment,and Workfor 1. Development ofproducts such as systems, software, or
Others. The technology transferhas been in the form of instruments
testing for productimprovement such as validation ofaircrafl 2. Consulting
inspection equipment, consultation such as detecting lathe 3. Testing and modeling for product improvement
bearing slip for a majormachine tool manufacturer,and The SNL/NM NDE departmenthas participatedin programs
products such as an acoustic sand detector forthe oil and gas which have produceddeliverables in all these groups. The rest
industry, of this paper describes HDE activities and technology transfer

that the departmenthas done over the last few years.

INTRODUCTION
Sandia National Laboratories(SNL) is managed by Martin DEFENSE PROGRAMS (DP) SECTOR

Marietta for the Departmentof Energy (DOE). Oneof the Defense programs is the traditional nuclear weapons
growing missions ofthe laboratory is the transferof business sectorat SN'L It is also the areawhere most of the
technology to partnersoutside the laboratory. These partners DOE sponsored technology transfer funding resides. DP has
include industry, other government agencies, universities, and major programsin maintenance of weapons engineering
otherparts of the nuclear weapons complex. The technology capability, restructuringof the nuclearweapons complex,
has been developed over40 plus years supportingnuclear nuclearweapons non-proliferation, advancedmanufacturing,
weapons and energy engineering, and technology transfer. Themechanisms for technology

Sandia workis focused in threegeneral areas of business: transferoutside the nuclearweapons complex are cooperative
Defense Programs, Energyand Environment, and Work for researchand development agreements (CRADAs) and
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technologyconsultingagreements.Themechanismfor
technologytransferinsidethecomplexareDOE funded ENERGY AND ENVIRONMENT SECTOR
projects. As the name implies, the Energyand Environmentsectorat

SNL supportsprojects in the energy and environment arenas.
Cooperative Research and Development Aareements Energyprogramareasinclude wind, solar, and geothermal

DOE CRADAs are agreements between national laboratories energy, the oil and gas industry,andthe nuclearpower
or weapons complex productionagencies and industry to industry. Environmentprogramareas includeenvironmental
conductjoint research and development. The DOE will fund protection and remediation. All projectsate coordinatedvery
upto half the cost ofa CRADA. The industrialpartnerscan closely with industry.
fimd theirparteither in cash or "in-kind" contributions.

0nO.Fgntt
The NDE departmentis presently workingon a CRADA Forthe last three years, the SNL/NM NDE departmenthas

with General Motors (GM) to improve themodeling of been working with the Wind Energy Departmentat Sandia
structuralresponses in car frames. A laser doppler and the National Renewable Energy Laboratoryto improve
velocimeter (VDT) and a shearography/ESPIsystem are being verticalaxis wind turbineblades. Projectshave included
used to verify the modal responsepredictedby the finite writing a review documentof NDE techniques for composite
element models being developed by Sandia. Figure 1. shows blade inspection and developing techniques for blade
an example of modal testing using the VDT. inspection. Recently departmentpersonnelmonitored static

load tests of a 40 foot long composite bladeusing acoustic
National Machine Tool Partnershiv emission and shearography. The major objective of the NDE

TheNational Machine Tool Partnershipmaintains Machine portion of the test was to see if these techniquescouldpredict
Technology Access Centerswhere U.S. machine tool where the bladewas going to fail underload. Otherobjectives
producerscan c',dla toll-free numberandget help fromthe were to see if these test methods could be used for blade
DOE national iaboratories for problems relatedto machine inspection duringmanufactureand in the field.
tools. After the initial call,upto80 hoursplusexpensescan The acousticemissiontechniquecorrectlypredictedthearea
be fimdedby DOE for a consultantto workon the problem. If of failureon the blade. The shearographytechnique was able
necessary, this support can be extended another80 hours, to show flaws in the composite materialthatcontributedto the

Recently theSNL/NM NDE departmentwas able to help a failure Figure 3. shows the test setup and some of the flaws
major machine tool manufacturer with a bearingskidding detected with the shearographysystem.
problem on a line of their computerized lathes. By recording
and themanalyzing high frequencysounds fromthe lathes, Oil and Gas Industry_
departmentpersonnel were able to tell underwhat conditions Personnel from the SNL/NMNDE departmentand the
the bearings were sliding and makea recommendationon Atlantic Richfield Company (ARCO) in Piano, Texas worked
preventive measures. They were also able to discriminate togetherto develop an acoustic sand detectorfor detecting
between a clean and a dirty bearing. Technology developed sandand other particulatematter in the flow of high rategas
previously at Sandiar for a prototypebearingmonitorwas used wells. Particulatematter in these flows quickly erodes pipe
to quickly solve the customer's problem. A picture of the bends and valves in the stream. Thepresent solution is to cut
bearingmonitor is shown in Figure 2. the flow way below where any particles ate detectedallowing

a large margin for error.
Complex21 Workingtogether, the projectteam came up with a novel

Complex 21 is the name for the downsized and restructured way of using the acoustic informationgenerated fromparticles
nuclear weapons complex of the future. A majortask of the impacting on a stainless steel rod in the flow to discriminate
new complex will be to continue to disassemble nuclear hardparticles from the gas and liquid and to calibrate for mass
weapons as agreed to by internationaltreaty. The majority of flow readings. Figure 4. shows a block diagram of the system.
weapon disassembly is being done at thePantex Plant at The final productwas a multi-channel prototypeinstrument
Amarillo, Texas. controlledby a personal computerthat providedparticle

Over the past two yeats personnelfromthe NDE department detection alarmsand mass flow rateinformation. The
have consulted for Pantex on the purchase of a 9 MeV prototypeis shown in Figure 5. The instrumentis being beta
computed tomographysystem to support the disassembly site tested in Alaska and at a DOE storage field in Bakersfield,
process. Consultation has included providingproof-of- California. The instrumentis covered by a joint ARCO/Sandia
principle tomograms using our 2.5 MeV tomographysystem, patentand is in the process of being licensed for manufacture.
helping write the system specifications, andworkingwith
Pantexpersonnel on thepurchasing process. Consulting has
also been provided by Lawrence LivermoreNational WORK FOR OTHERS SECTOR
Laboratory,LosAlamosNationalLaboratory,andAllied TheWork forOtherssectorcoordinatesprogramswhere
SignalKansasCity Divisionpersonnel, governmentandnon-governmententitiescontractwith Sandia



to do specific work. All workmustbe approvedby the DOE maintenance facilities. Thereforeprojectscan have a very
andbenefit Sandia's main defense mission, broadimpact on the industry.

The survey was based on demonstrationson aircrafttest
Aqlnq Aircraft NDI Center specimensandthe AANC Boeing 737 aircraft. It was of

The Aging AircraftNDI Center(AANC) at Sandiais funded major interest to the aircraft industrywhich is looking at
by the FederalAviation Administration(FAA) Technical purchasing instrumentsfor improvedinspection. Figure 6.
Center (FAATC) in Atlantic City, New Jerseyas partof the shows examples of C-scans of the B737.
National Aging Aircraft ResearchProgram(NAARP). The The demonstrationsprovided feedback to universityand
purposeof the Center is to validate emerging NDE technology industrial participantson how well their equipmentworkedin
for the field inspection ofcommercial aircraft. The field conditions. This allowed them to make changes to
technology may come fromuniversities, other FAA sponsored improve their techniques.
centers such as the Center for Aviation Systems Reliability The visual inspectiontool projectproducedsuggestions for
(CASR), other government agencies such as theNational improvements in common tools such as flashlights and
Aeronautics and Space Administration(NASA), and industry, information on uses of other tools such as borescopes. This
The deliverables from a validation include an assessment of could have a particularlylarge impact since most aircraft
how good the technology is for inspecting aircraftin the field inspection is done visually.
and how cost effective it is.

The SNIJNM NDE departmenthas supporteda numberof DISCUSSION
projects for the AANC which included a technology transfer
component. Examples are As mentioned previously, the opportunitiesfor technology

1. A survey of fieldable C-scan eddy currentand transfer fromthe DOE laboratoriesare continual!y growing.
ultrasonics systems, For example, the DOE is now providing funding fortechnical

2. A large number of demonstrationsof equipmentin the assistance from the laboratoriesto small businesses throughits
AANC hangar, and . Small-Business Technology Transfer Initiative. Other funding

3. Testing and suggested improvementsof visual sources include the Small-Business InnovativeResearch
inspection tools, programand the Small-Business Technology Transfer

The customerbase for the AANC is multi-level andincludes Program. The Sandia NDE departmentis looking forwardto
the FAATC, FAA field offices, otherNAARP centers, aircraft doing a lot more technology transferin the future.
manufacturers such as Boeing and McDonnell Douglas,
airlines such as United and American, and thirdparty

FIGURE 1. LASER DOPPLER VELOCIMETER TEST
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FIGURE 2.BEARING MONITOR PROTOTYPE

FIGURE 3. WIND TURBINE BLADE TEST



• B ft. 1
.,. r

_ _ .... _ ' _ L _

,_,N L___Itli_ II ,,., I._ _..,.I'

FIGURE4. SAND DETECTOR BLOCKDIAGRAM

FIGURE 5. SAND DETECTOR SENSORS
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FIGURE 6. PORTABLE SCANNER IMAGE FROM B737
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