NASA Langley Research Center
Capabilities of Structures, Materials, and Non-Destructive Evaluation Facilities and Laboratories
Details of NASA Langley’s laboratory and facility capabilities in the technical areas of structures, materials, and non-destructive evaluation (NDE) are provided here.  These capabilities span Langley’s Research, Engineering, and Ground Facilities Testing Directorates under our current organizational structure.  Items that are underlined in the Table of Contents below are areas where we are particularly interested in hearing about opportunities for collaboration and potential customers.  
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1.0 Research Directorate
1.1 James H. Starnes Structures and Materials Lab
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For structures research, this is a several thousand square foot laboratory with a wide range of mechanical-load test machines capable of testing specimens at loads ranging from 1 lb to 1,000,000 lbs.  The lab is regularly used to test both small and large metallic and composite test specimens. It is equipped with state-of-the art data acquisition systems.  The Lab also has a large double-sided backstop with reinforce floor for testing of full-scale structures and models.
Specially designed machines in this huge facility can push, pull, bend, tear, stretch, twist, heat, and cool test articles to find out just how much abuse they can take. Mechanical, pressure and temperature stresses can be combined in this laboratory to simulate actual flight conditions on wings and fuselages to investigate material and structural behaviors. These tests are conducted mostly on small portions of a research model to test for safe, cost effective, reliable, durable, high-precision advanced multi-functional structures that can be used in the aerospace communities. A listing of some of the primary experimental test machines in this laboratory is as follows:

· Bending, torsion, and shear loads machine (Combined Loads Test Machine)

· 1-Kip Instron Load Frame with Environmental Chamber

· 6 Kn Instron Test Machine with Environmental Chamber

· 120-Kip Southwark-Emery Test Machine

· 300-Kip Southwark-Emery Test Machine

· 1200 Kip Southwark-Emery Test Machine

· Static Indentation Test Facility

· HyMETS (Hypersonic Materials Environmental Test System) 

· 10 ft x 30 ft T-Slotted Structural Backstop

· 100 Kip MTS Closed Loop Hydraulic Test Machine

· 50 Kip MTS Closed Loop Hydraulic Test Machines with Environmental Chamber

These facilities allow the testing of specimens ranging in size from material coupons to full scale structural components, and can accommodate a wide range of tests applicable to validating the structural concepts to be developed in the proposed effort. Several of the machines allow for the testing of specimens at elevated temperature. The tests that can be performed with these facilities include:

· Axial Tension and Compression

· Short Beam and Interlaminar Shear

· Buckling and Crippling

· Damage Propagation

· Multi-Point Flexure

· Load Cycling

· Thermal Response

· Load to Failure/Postbuckling

· Low Speed Impact Test Machines
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For materials research, James Starnes Lab houses mechanical test capability as well as the Carbon Carbon Laboratory and an electronic materials fabrication and characterization lab.  The Carbon Carbon Laboratory has facilities for the processing and fabrication of carbon-carbon composites as well as testing of these materials.  In addition, there is also a state-of-the-art facility for the fabrication of semiconductor materials and electrical testing of these materials.

Carbon Carbon Laboratory Capabilities

· Instron Test Machine: See above.

· MTS Table Top Test Machine: Hydraulic driven test machine capable of 1000 lbs maximum force in tension or compression, operates in load or stroke control through the Testar II Data Acquisition System.

· IVI High Temperature Furnace: Used for heat treatments and coating applications maximum temperature capacity of 4900( in a vacuum/inert atmosphere chamber measures 12” x 12” x 7”.  
· Cooke Vacuum/Pressure Oven: Infiltration processing with a maximum temperature of 500(F at a pressure range from 25 microns to 300 psi.  

· CM Pyrolysis Furnaces: Carbonization of Carbon-Carbon composites oven operates at a maximum temperature of 2200( F in Inert atmosphere.   

· Entech Curing Oven: Curing of Carbon-Carbon composites with a maximum temperature of 1100(F with air circulation.  

· Linberg Tube Furnace: Used for heat treatments and oxidation studies at a maximum temperature of 2900(F in a controlled atmosphere.  

· Linberg Box Furnace: Oxidation studies and glass processing at a maximum of 3100( F.  

· Wabash Compression Press: Molding of Carbon-Carbon composites with a maximum temperature of 800(F with a load capacity of 25 tons with a platen size of 12” x 12”.   

Semiconductor Fabrication Capabilities

· UV Curing Oven:  Polymer UV curing oven.

· Skion negative ion beam sputtering machine:  Sputtering machine with Cesium negative ion beam support. Dual sputtering guns with two DC plasma sources. It can deposit conductive materials such as metals and semiconductors.

· Ohio sputtering chamber:  Four plasma sputtering guns (three with DC high voltage source and one with RF power source) can grow semiconductors, metals, and insulators, make layer-by-layer structures and alloy structures. In-situ crystal thickness monitor measures the film thickness and growth rate. Available sputtering gases are argon and nitrogen.  

· UV Mask Aligner:  Canon PLA-521FA UV Photo Lithography with mercury lamp. Currently equipped for 3" wafers with 4" square photo-masks. Supports split-view and automatic alignment with wafer conveyor belt and cartridges.  

· Micro Probe Station (MPS):  Device and material measurement probe station with microscope and four probe stylus pins accepts fabricated micro-electronics devices under the microscope and connects pins to contact pad to measure I-V and C-V properties.   

· SEM with E-Beam lithography:  Jeol JSM-6360 Scanning Electron Microscopy with E-Beam lithography equipments. SEM has automatic translation stage to hold 2" wafers. SEM chamber can accept up to 4" wafer size. Resolution is around 10nm. It has secondary electron detector (SED), in-line silicon detector for topo imaging, shadow imaging, and stereo imaging.  Basic e-beam lithography software supports black and white bitmap files only with white pixels as e-beam exposed area. User can define exposure time per pixel. PMMA, spin coater, and hot plate are ready to serve lithography users. Upgrade to professional e-beam lithography software with CAD file support is recommended.  

· Lunar Dust Electrostatic Power Chamber:  Simulates lunar dust environment under e-beam exposure.  

· Quartz tube furnace:  Quartz tube furnace with argon flow can heat up to 1,200° C in inert gas.  

· PECVD:  Plasma Enhanced Chemical Vapor Deposit (PECVD) machine grows insulators like SiO2 and Si3N4 films.   

· Glove box:  Filled with 99.9999% Argon and Hydrogen (2%) gas to provide work environment for many reactive or easily oxidizable chemicals.  

· Plastic 3D prototyper:  3D plastic model prototype builder automatically prints out liquid plastic and builds 3D models. It can only accept Stereo Type Lithography (*.STL) file format.  

· Wire Bonder:  Ultrasonic wire bonder to bond very thin metal wires to contact area under microscope.  

Materials Characterization Capabilities

· Panalytical X-ray Diffractometer:  4-circle high resolution X-ray diffractometer for crystallography and epitaxial film studies. Equipped with software for material atomic structure and phase identification, stress analysis, texture analysis, and epitaxial layer study. 4-circle goniometer has sub 1/1000 degree accuracy.

· Milbrook Mini-SIMS:  Secondary Ion-Mass Spectroscopy system shoots Gallium ion onto specimen and measures secondary ions from the sample with quadruple mass spectroscopy equipments. It has part-per-million sensitivity(depending on ionizability) and can reveal isotope distribution as well. Chemical mapping and depth profiling are also available. Sample size has to be about 1cm x 1cm.

· Atomic Force Microscope:  Quesant AFM. Surface morphology mapping and 3D measurement in micrometer to nanometer scale. 3D metrology

· Variable Angle Spectroscopic Ellipsometer (VASE):  Variable angle and wavelength ellipsometer to measure index of refraction, absorption coefficient, and film thickness.

· Filmetrics ellipsometer:  Right angle ellipsometer to measure transparent film index of refraction, absorption coefficient, and film thickness.

· Dektek Step Profiler:  Uses a sharp stylus to measure thickness of opaque films.

· Opelco Optical Microscope:  Optical Microscope(x10~x1000) with Nomarsky Differential Interference Contrast (DIC) mode and Phase Contrast (PC) mode support. Connected to computer for image acquisition and analysis

· Ultralum molecular imaging:  Low resolution wide view fluorescence and luminance measurement system. Designed for chromatography with fluorescence dye.  DNA and protein mapping in chromatography

· Hall Effect Measurement System:  EGK Hall Effect Measurement System to measure mobile carrier type (electron or hole), carrier density, mobility, and magneto-resistance. It can characterize semiconductors and conductive materials such as Indium Tin Oxide(ITO)s.  Operates at room temperature and 77K.

· Photo-Luminescence System:  Photo luminescence system working at room temperature (300K) to low temperature (10K). Selectable multi-wavelength laser (multi-lines between 400nm ~ 700nm) excites materials and a spectrometer measures light emission from the material. 

· Keithley Semiconductor Parameter Analyzer for MPS:  Semiconductor Parameter Analyzer for I-V and C-V measurements. Programs I-V and C-V variables, measures device under test, plots the data, and analyzes parameters. Supports I-V only, measures femto-ampere current with triax connectors. Many devices such as Schottky diode, bipolar junction transistor, MOSFET, J-FET, and photo-detectors can be automatically measured. Software has device library to support multiple connection measurement.

· Impedance Analyzer for MPS:  HP 4194A Impedance/Phase Gain Analyzer measures complex impedance and C-V, L-R-C parameters, Gain-Phase curves. This unit supports MPS and separate device under test box

· High Voltage Test Unit for MPS:  Keithley KE237 High Voltage Supplier and Test Unit can apply high voltages above 1kV. SRS PS310 high voltage supplier is also available to support MPS.

· Nearfield Scanning Optical Microscope (NSOM):  Nanonics NSOM scanning probe microscope measures surface topography with nanometer resolution and reflected or transmitted photons with avalanche photo diode(APD). It has very sensitive photon counter for APD operation. Optical films can be characterized with NSOM.

· Fuel Cell Test Platform:  Chemical fuel cell test platform can accept various fuel cell types such as methanol and hydrogen with oxygen flow condition. It measures reaction and voltage generations under flow controller.

1.2 Thermal Structure Lab 
[image: image3.png]


     [image: image4.png]



The Thermal Structures Laboratory located in Bldg. 1256C is used to conduct a broad range of research to characterize the behavior of advanced thermal structures subjected to combined thermal and mechanical loading conditions at atmospheric condition.  The research includes the design, fabrication, and testing of thermal structures and the development of innovative thermal protection systems for high-speed civil transports and launch vehicles.  

Structural test articles can be passively and/or actively cooled and range from innovative lightweight, durable thermal protection systems and cryogenic propellant tanks for launch vehicles to actively cooled engine and stagnation region structures for hypersonic air breathing vehicles.  

This facility has two high bay areas; one bay contains five servo hydraulic test machines, the other bay contains an environmental chamber and has additional square footage for upcoming thermal/experimental test apparatuses.  Facility capabilities include two 220 kip, one 500 kip, one 110 kip, and one 22 kip test machines.  One of 220 kip test machine can be configured with hydraulic grips that are rated at 110 kips, and the 22 kip test machine can be configured with 22 kip hydraulic grips.  A 33gpm hydraulic pump provides hydraulic power to the test machines.  A cooling tower for the hydraulic pump and test apparatus provides equipment cooling water. Thermal/mechanical load tests can be performed under the application of high thermal loads with a temperature range of -420ºF to 2500º F on specimens that are up to 4 ft. by 8 ft in size.  Strain, displacement, and temperature measurements can be obtained using data acquisition systems with over 400 channels per system.   Each bay is equipped with a three-fan multi-stage exhaust system to remove volatiles as they cook off during heating.  
1.3 Structural Dynamics Lab
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The Structural Dynamics Research Laboratories are designed for the conducting of research on the dynamic behavior of spacecraft and aircraft structures, equipment and materials. It offers a variety of environmental simulation capabilities, including acceleration, vacuum and thermal radiation. 

The largest indoor laboratory is the Structural Dynamics High Bay Laboratory (Rm123 in Bld 1293A).   It is composed of a large component test room that includes a gantry with two (2) levels.  Theses levels are at 20 feet and 40 feet with a 26,000 single point load capability.  Additionally there is a suspended ceiling in this area. The area is heated and air conditioned and has nominal dimensions of 75 ft. by 84 ft. by 79 ft. high. There are various size hoists and accessible platforms for suspension systems, instrumentation and viewing.  

Focus:   Advanced Modal test and active vibration control experiments
The dominant feature of the Structural Dynamics Laboratory in 1293B (room106) is a 38 ft. high backstop of I- beam construction. Test areas available around this Facility include inside areas of: 31.5 feet x 36 feet high and 12 x 36 feet high and a tower portion of 12 x 12 x 95 feet high.  
The Vacuum Chamber in 1293B has a 55 ft. diameter hemispherical dome, a 64 ft. high dome peak and a flat floor. The flat floor has a single point load rating of 26,000 pounds.  Access is by an airlock door and an 20-ft. high by 20-ft. wide test specimen door. There are ten 10- inch diameter view ports, randomly spaced for visually monitoring tests. A vacuum level of 10 torr can be achieved within 120 minutes with an ultimate vacuum level of 120 mili-torr.  Temperature conditions for this chamber are ambient only.  
1.4 Subscale Impact Dynamics Lab 
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Subscale Impact Dynamics Laboratory (Bldg. 1262)
A Subscale Impact Dynamics Laboratory was recently set up in building 1262.  This laboratory has a 14 -foot bungee assisted drop tower capable of impact velocities of over 100 ft/s.  In addition, material testing machines are available for determining static and low speed material properties from elastic through plastic to ultimate failure.  
1.5 Multiparameter Laboratory
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There are four Multiparameter test stands available to provide the ability to evaluate materials in simulated realistic vehicle mission environments.  The three variables of temperature, pressure, and load can be controlled simultaneously in three of the stands.  Only temperature and pressure parameters can be controlled in the fourth test stand.  Temperatures can range from room temperature to 300oF, pressure can range from atmospheric to 1x10-6 tore and loads can range from no load to 2000 pounds.  The tests can be run in either inert or oxidizing atmospheres.  To date, most of the research has been conducted on high temperature materials for various hypersonic vehicle applications.  An Instron test machine is available for mechanical testing at elevated temperatures up to 3000oF.  
Twelve creep stands are also available in this lab.  There are two 50-channel data acquisition systems which can take up to 3 scans per second.  The stands are capable of testing up to 1500oF.  Creep tests are currently being conducted on metal matrix composites.  
1.6 Light Alloy Laboratory
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The Light Alloy Laboratory is an integrated facility for light alloy research focusing on alloy syntheses, development, and testing including, innovative processing and joining, coating technology, and complex materials analysis with state of the art electron optics techniques.  Emphasis is on titanium, aluminum, magnesium, and beryllium alloys and various combinations of these materials including whisker, particulate, and fiber reinforcement for application to subsonic, supersonic, and hypersonic airframe structures, launch vehicles, and space transportation.

Equipment and instrumentation are available to conduct surface analysis, thermal analysis, metallurgy, microscopy, X-ray, and dimensional stability studies.  Capabilities for processing include electron beam free form fabrication and plasma processing.  The complex is divided into separate, enclosed discipline-oriented laboratories.  Each laboratory has independent environmental control and a distribution system for laboratory gases and liquid nitrogen.  
Metals Processing Lab
· RF Plasma Spray:  Plasma spray processing used to produce thin coatings of various metals on fabrics and fibers for hybrid composites.  
· E-beam Free Form Fabrication:  Portable electron free form fabrication equipment permits near net shape fabrication of various alloys.  
· Vacuum Hot press:  100-ton capacity compressive load frame, 2200F temperature capability, 10-6 torr vacuum chamber.  Used for consolidation of fiber-reinforced metal matrix composites.  
· Beryllium Laboratory:  Capability to develop radiation shielding materials.

· Superplastic Forming:  Press with 1000F maximum temperature and a forge force of up to 300,000 lbs.  Used to superplastically form aluminum alloy sheet for incorporation into skin stiffened and sandwich sub-elements.  
· Surface Processing:  Performs chemical and electro-chemical surface preparations for metallic materials including cleaning, etching, milling, passivating polishing, plating, and anodizing in support of center-wide research activities.

· Resistance Welding:  Fabrication of air-tight bags to allow Hot Isostatic Pressing of fiber-reinforced metal matrix composites.  
· Hot/Cold Isostatic Press:  30,000-psi isostatic pressure system (Ar gas), 2,300F maximum temperature.  Used for fabrication of powder metallurgy (PM) compacts and metal matrix composites.  
· Heat Treatments:  Ovens capable of heat treating materials up to 1800F.  
Mechanical Testing

· Tensile/Compression, Fatigue, and Fracture Toughness:  Test for mechanical properties of materials using ASTM standards.  Capability to test materials requiring up to 100,000 lbs at temperatures ranging from -423°F to +2200°F.

· Creep:  Dead-weight load frames, temperatures up to 2200F and loads up to 12,000 lbs.  Testing on sheet or foil gage specimens.

· Biaxial Tension:  Biaxial yield and fracture tests of metallic and composite materials. Programmable load capacities of 165,000 lb minor axis and 225,000 lbs major axis.

· Corrosion:  Provides continuous and alternate immersion exposure of metallic materials to aqueous corrosion environments using ASTM test methods.

Thermal Analysis
· Thermogravimetric Analyzer:  Used to study the oxidation response of metallic materials in high temperature environments by continuously recording the weight change of a sample suspended into a vertical tubular furnace.  This apparatus uses a Cahn C200 microbalance with an accuracy of 1 ug and a furnace capable of temperatures as high as 1300oC.  Both the microbalance and sample are contained within glassware which allows for the flow of high purity gases over the sample throughout the test.

· Differential Scanning Calorimeter and Differential Thermal Analyzer:  Monitors phase transitions in the temperature range from cryogenic to 1550°C.

Spectroscopy Lab
· X-Ray Diffraction:  Identifies phases and examines the internal structure of materials.  This laboratory has two x-ray diffractometers in different geometries, with numerous attachments for versatility in x-ray diffraction measurements.  The capabilities include the ability to measure phase and structural changes at elevated temperatures up to 1600oC, using a hot stage and chamber which can attain vacuum down to 10-6 torr or can be back-filled with bottled gas.  One diffractometer is equipped with an open cradle with five degrees of freedom and analysis capabilities for measuring texture, determining pole figures, calculating orientation distribution functions, and measuring residual stresses.  This laboratory also has a reflectometry device for measuring thin film thickness, and a series of monochromators for extremely high resolution x-ray diffraction.  The variety of x-ray source tubes, high speed and high resolution detectors, and sample stages provide the ability to perform a wide range of experiments, in addition to standard powder diffraction.

Other Tools
· Hardness:  Micro- and macro-hardness evaluation offer a method for assessing chemical and Microstructural inhomogeneities in aluminum and titanium alloys, and tracking the material response to various thermomechanical treatments.

· Sample Preparation:  Equipment for electro-polishing and electro-etching materials, as well as for cutting, mounting, grinding and polishing of specimens.

Microscopy Lab
· Transmission Electron Microscopy (TEM):  Philips CM200 equipped with EDS detector, STEM detector, electron energy loss spectroscopy (EELS) detector, imaging filter, low dose camera and has an Atomic Force Microscopy (AFM) equipped specimen holder.  The TEM is capable of atomic resolution and can provide high-resolution x-ray spectral maps. Analysis techniques include bright and dark field imaging, electron diffraction and x-ray spectroscopy.

· Scanning Electron Microscopy (SEM):  1) JEOL JXA-840A equipped with Energy Dispersive Spectrometer (EDS) detector and multiple Wavelength Dispersive Spectrometer (WDS) detectors enabling high-resolution x-ray spectral identification and mapping, including light element detection.  2) JSM 6400 equipped with EDS detector and HKL Electron Back-Scattered Diffraction (EBSD) detector for microtexture investigations.  Also equipped with a Gatan Microtest tensile stage with 2 and 200 Newton load cells, capable of correlating tensile data with real time SEM images.  3) Hitachi S-3700N variable pressure SEM with EDS and single WDS detectors.  Also with a very large specimen chamber for oversized specimens.  The variable pressure allows for the imaging of specimens without the need for coating.  4) Zeiss EVO 60 variable pressure SEM with EDS and TSL EBSD detectors.  Also with a very large specimen chamber for oversized specimens.  The variable pressure allows for the imaging of specimens without the need for coating. 
· Specimen Coaters:  EMS 150X carbon deposition system.  Hummer X and Turbo Sputtering systems capable of depositing Au, Au/Pd, Cr, Al, Pt, and Pt/Pd.

· Optical Microscopes:  1) Nikon E600 Polarizing Light Microscope (upright) with Insec Heating Stage to observe the liquid crystal thermal transitions.  2) Leica DMRXP Polarizing Light Microscope.  3) Zeiss Axiovert 200 Mat Inverted microscope (metallograph).  4) Reichert MeF3A Inverted microscope (metallograph).  5) Reichert MEF4M Inverted microscope (metallograph).  6) All metallographs can image in brightfield, darkfield, and differential interference contrast (DIC).  7) Zeiss Discovery V12 stereo microscope with motorized x-y stage.  
1.7 Composites Processing Lab
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Composites processing capabilities are housed in B1267A.  Equipment available in the lab is shown in the table below.  The equipment ranges from a multipurpose prepregger that permits the fabrication of experimental quantities of high quality prepreg from resins developed in the synthesis labs of AMPB to VARTM capabilities used for the advancement of high temperature VARTMable resins, as well as hybrid composites and e-beam curing capability for on-the-fly cure of composites.  These capabilities support the determination of processing parameters necessary to obtain aerospace quality composites with small quantities of advanced resins from the synthesis labs of AMPB via autoclave or out-of-autoclave processes.  Establishment of these parameters eases technology transfer to a commercial partner. 

Composites Processing Lab
· Melt Rheometer:  Rheometric Scientific ARES rheometer capable of measuring visco-elastic properties of thermoplastics and thermosetting resins during curing.

· Viscometer:  Brookfield viscometer capable of measuring viscosities of concentrated polymer solutions and other fluids and density of powders, foams and bulk solids.

· Ultrasonic C-scan equipment:  Sonix state of the art equipment with a 2 foot x 4 foot  tank with  through transmission and pulse echo modes. Use for semi-quantitative assessment of fiber reinforced composite consolidation as part of fabrication process development. 

· TEC autoclave:  30” x 48” inner dimension. Computer controlled/programmable. Capacity range up to 800°F and 400 psi with dielectric process control availability.

· United McGill autoclave:  12” x 48” inner dimension. Computer controlled/programmable. Capacity range up to 800°F and 330 psi.

· Vacuum Presses:  Platen dimensions 12” x 12” and 18” x 18”. Computer controlled/programmable. Capacity range up to 800°F and 4,000 to 80,000 lbs.

· Ovens:  Forced air circulation ovens with programmable temperature control up to 1,200°C.

· Multi-purpose Prepregger:  A modular designed prepreg tape machine capable of making unidirectional prepreg up to 12” wide from any fiber/ resin combination.  Adaptable to various prepregging techniques including solution coating, hot melt coating, reverse roll coating and film casting.

· Dry Tape/ Ribbon Line:  Capable of manufacturing solvent-free unidirectional prepreg ribbon, 0.25” to 3.0” in width, for in-situ processing with an ATP robot, for material evaluation. Processing component with temperatures up to 1,200°C and speed up to 45 ft/min.

· EB-ATP Facility:  A low energy electron beam accelerator (up to 230 keV) mounted on an Automatic Tow/Tape Placement (ATP) gantry which allows composite fabrication via Cure-On-The-Fly (COTF) processing.

· Advanced Tape Placement Facility:  This prepreg tape placement machine is capable of placing 1.25” wide composite tape at lay-down rates up to 3 in/sec. Hot gas torches capable of attaining 900°C. A compaction roller capable of 450°C and loads of up to 300 lbs consolidate the laminate.

· RTM Facility:  350°F Radius RTM Injector and RTM tooling

· VARTM Facility:  RT and Elevated temperature VARTM tooling and instrumented VARTM tooling

· High Temperature VARTM:  High temperature (300°C) VARTM tooling and equipment

· Textile Preform Permeability Characterization:  Capable of determining permeability characteristics of textile preforms

· Textile Preform Compaction Characterization:  Capable of determining compaction characteristics of textile preforms

· Cryogenic Thermal Profiling Facility:  Capable of determining thermal profile of cryogenic tank structure.

· Foam Sprayer:  Automated foam spaying device

· Automatic Polisher:  Bhueler Automated polishing of samples

· Mechanical Testing Facility:  Various mechanical test stands for both RT and elevated temperature mechanical property determinations
1.8 Composites and Polymers Lab
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The Polymers and Composites Lab has facilities that support polymer materials development ranging from computational modeling to synthesis, characterization and processing to advance technology maturation of emerging materials systems for accelerated insertion into relevant applications.  The laboratory houses chemical fume hoods, a solution characterization lab, a spectroscopy lab, thermal analysis lab, mechanical testing lab, microscopy lab and a reconfigurable processing lab designed to handle small quantities of experimental materials.  Specifics on the instrumentation available in this laboratory are given in the table below:
Spectroscopy Lab
· Matrix-Assisted Laser Desorption/Ionization Time of Flight Mass Spectrometer (MALDI ToF MS):  Applied Biosystems Voyager DE Pro capable of determining the molecular weight and structure of proteins, biomolecules, polymers, etc. 

· Nuclear Magnetic Resonance spectrometer (NMR):  Bruker 300 Ultrashield capable of determining chemical structural information.

· Raman Spectrometer:  Thermo Nicolet Almega Dispersive Raman capable of determining the molecular phases, obtaining structural information, identifying the molecular species and characterizing interfaces.

· Infrared/Fourier Transform Infrared Spectrometer (IR/FTIR):  Nicolet Magna IR 750, Nicolet Nexus 670, Thermo Nicolet IR 300, offers a fingerprint of the chemical bonds present within the material.

· Ultraviolet Visible Near Infrared (UV/VIS/NIR) Spectrometer:  Perkin Elmer Lambda 900, offers optical characterization in the range on 180 – 3300 nm, capable of obtaining qualitative and quantitative identifications. Measuring both transmission and reflectance enables the calculation of optical conductivity and dielectric constants allowing an understanding of the inter-band and intra-band transitions of materials.
Chromatography Lab

· Liquid Chromatography Mass Spectrometer (LC MS):  Waters 2695 capable of separation and identification of liquid organic, inorganic, ionic, aqueous samples.

· Gel Permeation Chromatography (GPC):  Viscotek triple detector GPC capable of determining the molecular weight and molecular weight distribution of natural and synthetic polymers, copolymers and proteins.

· Gas Chromatography (GC):  Perkin Elmer Autosystem XL capable of separation and classification of volatile organic and some inorganic samples.  

Thermal and Mechanical Analysis Lab
· Thermal Gravimetric Analysis Mass Spectrometry (TGA MS):  Netzsch STA 409 CD capable of characterizing the thermal degradation products from thermal scans up to 2000 ºC.

· Differential Scanning Calorimeter (DSC):  Shimadzu DSC-50, Netszch 204F1 PhoenixDSC capable of measuring the thermal transitions in polymers and other solid state materials.

· Thermal Mechanical Analysis (TMA):  Netszch 202 TMA capable of measuring expansion coefficient, glass transition, softening, swelling, gel time, creep, stress-strain, stress-relaxation, and Young’s modulus parameters of samples as a function of temperature or time.

· Thermogravimetric Analyzer:  Netszch 209 F1 Iris TGA 10°C to 1000°C in air, nitrogen, argon and other non-corrosive gases.   Has vacuum capability to 10-1 mBar. 

· Dynamic Mechanical Thermal Analysis (DMTA):  TA Instruments Q800 DMA capable of determining material characteristics such as glass transition, dampening intensity, heat resistance, creep and stress relaxation. This instrument can be used to evaluate the compatibility of anisotropy, vibration absorbency, molecular weight, degree of crystallinity and degree of orientation of polymeric and various materials.

· Micro Tester:  Instron 5848 capable of both static and dynamic testing and performs tensile, compression, flex, cyclic, and shear tests on a variety of materials, specimens and components.

· Vibrometry/Interferometry:  Polytec OFV3001/OFV512 optical technique capable of accurately measuring velocity and displacement of vibrating structures completely without contact.

· Tensiometry:  Julabo F25HE, Dataphysics DACT 21 capable of measuring the surface tension of various liquids, powders and solutions. 

· Thermal Conductivity:  Netzsch 457 Laser Flash Apparatus measures thermal diffusivity from which thermal conductivity can be determined.

· Thermal Emissivity Spectral Reflectometry:  AZ Technology LPSR 300 capable of determining the energy transfer of a material as a function of wavelength.  

Electrical Characterization Lab
· Impedance Spectroscopy:  EG&G Instruments Model 283/1025, Hewlett-Packard 4194A/4192A capable of testing complex processes such as electron transfer, mass transport and electrochemical reactions.

· Cyclic Voltametry:  BAS 100B capable of determining the rate of the electron transfer reactions and the chemical reactivity of the electroactive species.

· Dielectric testing/probing:  Hewlett-Packard 16451B/Novocontrol America 2705, Signatone S-1060R capable of measuring permittivity, conductivity and impedance of nearly all materials or components broadband and over a wide temperature range.  

Other Characterization Tools
· Pycnometry:  Rheometric Scientific Ultrapycnometer 1000 capable of measuring the true volume and density of powders, foams and bulk solids.

· Particle Size Analysis:  Shimadzu SALD-1100 capable of measuring particle size distribution for a variety of samples.

· Surface Analysis:  Contact angle goniometry for determining surface energies.
Microscopy Lab
· Field Emission High Resolution Scanning Electron Microscopy (FE HR-SEM)
· :  Hitachi S-5200 capable of 0.5 nm resolution at 30 kV equipped with:

a. Energy Dispersive Spectroscopy (EDS) detector capable of detecting light elements down to and including beryllium with a resolution of 125 eV at 5.9 keV and provide high resolution x-ray spectral maps.

b. Back Scattered Electron (BSE) detector capable of operation between 0.5 kV and 30 kV.

c. Scanning Transmission Electron Microscopy (STEM) detector with a resolution of 0.5 nm at 30 kV and capable of operating in either bright field or dark field detecting modes.

· Scanning Probe Microscopy (SPM):  Digital Instruments Nanoscope IV operating both a Dimension 3100 and a multimode SPM with the following modes of operation:
a. Scanning Tunneling Microscopy (STM) capable of atomic resolution imaging with simultaneous scanning tunneling spectroscopy (STS).

b. Atomic Force Microscopy (AFM) capable of imaging atomic level features in contact, intermittent contact or in non-contact modes of operation while simultaneously collecting topographical and phase contrast images.

c. Force Spectroscopy (FS) and Force Volume (FV) imaging capable of recording piconewton forces acting on single molecules or molecular assemblies.

d. Electrochemical AFM/STM (EC AFM, EC STM) capable of performing simultaneous AFM or STM measurements while conducting electrochemical studies.

e. Magnetic Force Microscopy (MFM) and Electric Force Microscopy (EFM) capable of detecting magnetic or electric field gradients at a fixed height above a surface.

f. Scanning Thermal Microscopy (SThM) capable of measuring and spatially mapping thermal conductivity.

g. Conductive AFM (CAFM) and Tunneling AFM (TUNA) capable of measuring and mapping electrical conductivity while conducting STS.

h. Nano Lithography (NL) capable of patterning nanometer scale features and manipulating sub-nanometer scale molecules.

i. Nano indenting capable of recording nano to micronewton forces while performing a nanometer scale indentation.

j. High Temperature SPM (HT SPM) capable of operating in all modes at temperatures up to 250 ºC.

· SEM with Microtester:  JEOL 5600 equipped with a Gatan Mircotest tensile stage with 2 N and 200 N load cells, capable of correlating tensile data with real time SEM images.

· Ultra Microtome:  Leica Ultracut UCT capable of sample preparation for optical, electron and atomic force microscopy under room temperature or cryogenic conditions.
Nanomaterials Processing Lab
· Melt Processing:  Mixing/extrusion/Injection molding: fiber, ribbons, rods, pellets, rectangles, dog-bones, disc, cylinders with 2gms-10kg capacity

· Wet/Dry spinning:  Scale-up sample prep lab, fiber and ribbon spinning, Post processing equipment and spooling 5ml-100ml

1.9 Nondestructive Evaluation Sciences Labs  

	Advanced Eddy Current
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	Thermography

[image: image13.jpg]



	Terahertz Imaging
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	Microfocus Xray CT
[image: image15.jpg]



	Surface Acoustic Wave Devices
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	Fiber Optic Sensors
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	Nonlinear Ultrasonics
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	Carbon Nanotube Sensors
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	Conventional Ultrasonics
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Focus: The Nondestructive Evaluation Sciences Branch (NESB) conducts research and development of technologies and methodologies for quantitatively assessing the damage state and integrity of aerospace structures and materials.  The focus is on interrogating and understanding the interaction of energy with materials, to extract critical information for characterizing the material’s physical, chemical, or mechanical condition, without damaging the test object. The Branch is comprised of a group of 31 members, consisting of physicists, chemists, electrical, mechanical, and materials engineers, specializing in a range of evaluation sciences, including ultrasonics, optics and fiber optics, thermography, electromagnetics, terahertz imaging, acoustic emission, X-ray CT, micro and nano-scale sensing technologies for NDE and structural health monitoring.  The approach employs teams of experts from across these technologies, utilizing the members’ diverse backgrounds in experimentation, computation and physics-based modeling, to attack complex challenges in diagnostics for application to advanced and emerging structural and material concepts, including metallics, composites, ceramics, hybrid material systems, adhesives, sealants, coatings, glasses, laminates, weldments, thermal protection systems, etc.  These technologies are further specialized for implementation in diverse environments, including the laboratory, in-situ manufacturing and testing environments, in-service, and in structurally integrated on-board vehicle health monitoring systems.  To enable these implementation challenges, NESB develops advanced sensor concepts, such as nanosensors, fiber optic sensors, and wireless micro-electro-mechanical system (MEMS) NDE devices.  NESB utilizes these technologies in many applications of importance to the Agency and the aerospace community.  Examples of these applications include: assessment of structural integrity of aerospace vehicles, characterization of material properties and damage states for validation of materials models, real time and in situ monitoring and reporting of accumulated damage characterization for structural durability and life prediction/determination, detection of early stage damage, electronic system/wiring integrity assessment, micro-meteor impact detection and damage assessment, on-orbit vehicle inspections, shape sensing of adaptive structures.  NESB is the only branch level organization for nondestructive evaluation within NASA, and is recognized as a national resource for state-of-the-art NDE measurement and physics-based analysis.
NDE technologies            

· Thermal Imaging

· Ultrasonic Scanning

· Phased-Array Ultrasound

· Electromagnetics

· Computed X-Ray Tomography

· Photo & Thermal Elasticity

· Scanning Electron Microscopy

· Terahertz Imaging

· Fiber Optic Sensors Fab.

· Nano & Mems Sensor Fab
· Raman Spectroscopy
1.10 Materials Research Lab  
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The Materials Research Laboratory houses experimental facilities for conducting a wide range of research to characterize the behavior of advanced structural materials under the application of mechanical and thermal loads.  This research encompasses the study of deformation characteristics and damage mechanisms leading to the development of nonlinear constitutive models, strength criteria, and durability and damage tolerance criteria.  A high bay area surrounded by 8 enclosed laboratories house 59 servo-hydraulic controlled testing systems (1-kip to 400 kips), 3 x-ray radiography systems, 13 high-temperature creep frames and 4 Multi-parameter test facilities.  The Multi-parameter facility permits the simultaneous testing of up to six coupons under combined temperatures (to 3,000 F), cyclic mechanical loads and partial pressures.  An environmental fatigue laboratory has dedicated test facilities for aqueous environments, inert gases and ultra-high vacuum.  The MARST facility has 20 load frames with temperature chambers for testing composite panels under synchronized cyclic thermal and mechanical loads to simulate supersonic flight conditions.  Covering the largest area in the lab is the Bi-axial Test Stand with two axis programmable load capacities of 165 and 225 kips.  Multi-axis loading is also available on three Tension-Torsion Test Stands and the Axial Tension-Bending (ATB) Test Stand.
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