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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2.0 Engineering Directorate
2.1 Flight Test Article & Integration Lab
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        Orion Pathfinder Crew Module
                                 Ares 1-X CM/LAS
Objective:  Provides resources for the development of Exploration Flight Test Articles and related developmental mechanical hardware

· 1232A Facility provides 29,700 square feet of work area

· Extended area in 1244 Annex – Additional 10,000 sq. ft

Applications/Capabilities:

· Provides a full range of metals fabrication functions such as cutting, bending, precision forming, rolling, braking, welding, shearing, punching, drilling, and fastening

· Expanding capabilities to provide unique service activities for development of metallic test articles. Recent approval for R stamp for repairs and alterations of high pressure systems.

2.2 Advanced Machining Development Lab
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TPA-1 T-0 Door
                                 8% MLAS Model
Objective:  Provides machining technologies for enabling the development, fabrication, and testing of metallic test articles, flight and ground support hardware, facility components, and laboratory test apparatus.  
· 1225 Facility provides 33,637 square feet of work area

Applications/Capabilities:

· Develops and utilizes a variety of specialized machining processes such as numerically controlled milling, high-speed machining, wire electrical discharge manufacturing, and computer aided machine programming in the development of precision models for wind tunnel tests, high-reliability instruments for space flight experiments, and intricate fixtures and support apparatus for research facilities.

· Expanding capabilities to develop and provide state of the art CNC fabrication for cost-effective, high quality machining specialist skills and manufacturing solutions needed to fabricate metallic hardware for the Center’s Product Units.  Latest upgrade is a large capacity five-axis high speed milling center.

2.3 Composite Test Article Development Lab
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   3.5% Rigid Buffet Model                        Lunar Rover
Objective:  Provides composite model making, patternmaking, material lay-up, vacuum forming, and resin infusion in conjunction with specialized laboratory equipment including numerically controlled milling machines, high-speed routers, and autoclave systems to develop and instrument precision models and related structures and hardware for aerospace research applications.  

· 1238B Facility provides 29,815 square feet of work area

Applications/Capabilities:

The capabilities in the CMDL are composite model making, patternmaking, material lay-up, vacuum forming, a secure vault for sensitive work and resin infusion in conjunction with specialized laboratory equipment including numerically controlled milling machines, high-speed routers, and autoclave systems to develop and instrument precision models and related structures and hardware for aerospace research applications.  
Composite Test Articles:

· Free Flight Models




· Remotely Piloted Vehicles



· Force & Moment Models




· Flight & Ground Support

· Spin Models





· Advanced Composite Test Panel

Labs & Facilities:  Facility Components, Laboratory Test Apparatus, Acoustics Research

Instrumentation:  Provides development, application processes, design and installation for instrumentation of test articles, equipment and facilities such as pressure transducers, static pressure taps, thermocouples, temperature probes/rakes, and pressure probes/rakes.

Future Capabilities:  One Side Stitching Technology

2.4 Rapid Prototyping & Casting Lab
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Ceramic, Wax, and Resin Models             Polyimide Composite Materials Processing
Objective (Casting & Composite Processing):  Development of advanced “investment cast” test ready prototypes (ceramic, metal, plastics). Provides resources for the processing of advanced composite test specimens.  

· 1237A Facility provides 8,971 square feet of work area

Applications/Capabilities:

· Cast models for force of moment testing

· Hypersonic Vehicles - X33, Apollo-like vehicles, Space Flight, Space Shuttle

· Preparation of composite test specimens for a variety of programs supporting aging aircraft, shuttle, space flight

· Heat treating

Objective (Rapid Prototyping):  Rapid prototyping provides the ability to translate 3-D computer generated drawings into solid plastic and metallic objects quickly and economically without machining, molding, or casting. Virtually any geometry can be fabricated with this system, and design changes can readily be accommodated.  Lab provides real time proof-of-concept engineering models for a myriad of experimental applications utilizing rapid prototyping technologies including stereolithography (pictured), fused deposition, and wax patterns.  
· 1232A Facility provides 1,448 square feet of work area.

Applications/Capabilities:

Aeronautics, aerospace, exploration, hardware and models.  Components and subassemblies for integration into models or hardware.  

2.5 Microelectronics Lab
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Sensor Development on            Electroding of Carbon
    Microelectronics Chip

  Aerothermodynamics Model      Nano-tube Multifunctional      Packing for Laser Diode

 Materials      

   Detector

Objective:  Vacuum deposition of thin films for electroding, circuitry, and sensor development.  Laser and reactive ion etching for sensor development and modification of surface morphology.  Electronic materials development and film casting for high dielectric coatings.  
· 1238B Facility provides 4,845 square feet of work area

Applications/Capabilities:

· Development of high dielectric coatings 

· Patterning of sensors for aeronautics (Shuttle, Lunar Dust Mitigation, HyBOLT)

· Surface Morphology through Laser Ablation, Ion Beam Gun, Plasma Etching, Reactive Ion Etching (Aging Aircraft, Lunar Dust Mitigation)

· Casting of Polyimide Films

· Vacuum Deposition (electroding materials, depositing high dielectric coatings)

Rehab lab to provide space flight electronics capability to support future mission requirements.  

2.6 Environmental Test and Development Capabilities
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5 ft x 5 ft 4 ft-6 in x 4 ft-3 in x 4 ft-6 in

Quartz lamps, LN2 shrouds      

<5 x 10E-6 Torr (mm Hg)

6 ft x 6 ft 3 ft-6 in x 5 ft x 4 ft-10 in

GN2 thermal shroud                 

<8 x 10E-7 Torr (mm Hg)

8 ft x 15 ft 6 ft-8 in x 14 ft

Quartz lamps, LN2 shrouds    

<5 x 10E-7 Torr (mm Hg)

36 ft x 40 ft, 26 ft Hook height

Class 10,000 (conditionally 

operated as a Class 100 clean 

room)

34 ft x 15 ft Class 1000

26 ft x 16 ft Class 1000

LING Model 308V 

1-foot mounting cube,             

1.5 in stroke (p-p)

3000 force-lb, sin

UNHOLTZ-DICKIE T-2000

45 in x 48 in slip table,            

1 in stroke (p-p)

24000 force-lb, sin

UNHOLTZ-DICKIE T-4000

48 in x 61.5 in slip talbe,          

1 in stroke (p-p)

34000 force-lb, sin

Space Electronics KSR1320

Mass, MOI, and CG for test 

articles up to 1320 lbs

Perform radiated emission, 

radiated susceptibility, 

conducted emissions, and 

conducted sysceptibility 

testing

9 m x 6 m x 5.5 m

Provide testing per MIL-STD-

461 for spaceflight hardware

Thermal Vacuum Chambers

Clean Rooms 

Vibration Testing

Electromagnetic Compatibility

Mass Properties


2.7 Structural and Thermal Systems
Overview:
· System-level structural and thermal analysis supporting flight, ground, and test hardware design and development

· Responsible for a broad range of structural & thermal analyses that support

· DD&T and fabrication of flight hardware;

· Specialized operations equipment & infrastructure;

· Ground support hardware; and

· Test article & apparatus hardware

· Analyses range from handbook calculations to highly complex finite element modeling/analysis in environments ranging from earth & other planetary atmospheres to the vacuum of space & the transitions between

· Examples of the systems and associated analyses performed include:

· static & dynamic loads and stress as well as steady-state and transient thermal analyses of complex aerospace systems

· conceptual thermal & structural analysis/design of spacecraft configurations for planetary entry

· launch vehicle coupled loads analysis

· fatigue analyses of aerospace systems

· thermal & structural analysis of integrated electronics systems

· environmental control system analysis/design

· technical systems engineering for projects & research programs involved in hardware development

· consultation & analysis verification planning for thermal vacuum & structural testing

· materials characterization testing in arc-heating facilities

· instrument & payload technical management

· structural & thermal assessment of proposals for Agency aerospace flight AO’s

Technical Areas:
Structural Systems Analysis – Conduct component level and integrated system structural analyses and associated testing including static, dynamic, and nonlinear analysis of metallic and composite material structures.  Products include conventional stress, deformation, and reaction load analyses, coupled loads analysis, modal and transient structural analysis, and analyses coupled with other disciplines as in thermal structures, aeroelasticity, and optical systems.  System testing includes static load and vibration tests.

Thermal Systems Analysis – Conduct component level and integrated system thermal analyses and associated testing including steady-state and transient analysis of passive and active thermal systems.  Among the systems analyzed are hot-structure and ablative thermal protection systems, insulation systems, fluid flow and venting, environmental control systems, and electronic systems.  System testing includes vacuum chamber tests.  

Loads and Dynamics – Conduct coupled loads analysis of launch vehicles through all phases of operations (roll-out through landing).  Conduct loads analysis from static through high-frequency.  Validate and define (as required) forcing functions and environments.  

Finite Element Model Development – Develop finite element models from Computer Aided Design (CAD) packages and other geometry sources to support structural and thermal analyses.  

Orbital Mechanics and Radiation Analysis - Perform orbital mechanics simulation and radiation analyses to support spacecraft and space habitat thermal and structural system design and associated analyses.  

Arc-Jet/Arc-Heating Testing - Formulate, plan, conduct, and utilize arc-jet tests in a range of Government and industry facilities nationwide.  Arc-heating data is used to characterize new materials for use in hot-structure and thermal protection system applications as well as to validate thermal protection system designs.  
Technical Capabilites:  

· Structural Analysis Capabilities
· Loads & Reactions

· Stress & Deformation

· Fatigue

· Fracture Mechanics

· Composites

· Design Sensitivity & Optimization

· Natural Vibration 

· Modal Correlation

· Dynamic Response

· Nonlinear Analyses

· Aeroelasticity

· Impact/Shock Physics
· Thermal Analysis Capabilities
· Steady State & Transient Thermal Response

· High-Temperature Thermal Protection Systems

· Planetary Heat Fluxes 

· Ascent/Re-entry Heat Transfer

· Thermal Insulation Optimization

· Thermal Stress

· Venting

· Orbital Analysis

· Ablation

· Arc Jet Testing

· Loads & Dynamics Capabilities
· Environments Definition

· LV Coupled Loads Analysis
· Vibroacoustics analysis
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Ares 1-X CM/LAS
Unique Capabilites:  

· Structural
· Launch vehicle coupled loads & vibroacoustics analysis
· High fidelity model loads development

· Launch loads structural response analysis

· Thermal
· Response surface development for quick turnaround of spacecraft analyses in support of mission ops

· Arc-Jet test expertise

· Environmental control system design

· Electronics thermal analysis

· Integrated thermal analysis

· Integrated Analysis
· Integrated vehicle-level thermal/structural analysis 

· Integrated thermal/structural/optical analysis for science instruments

· Integrated launch vehicle dynamics & GN&C system interaction

Integrated Analysis Process:  
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2.8 Mechanical Systems
Entry Systems Mechanical Engineering:  

Design structures and mechanical systems for the demanding environments and dynamics of atmospheric entry missions.  The group supports multi-disciplinary teams to develop innovative mechanical solutions for challenging mission and research objectives within the field of Entry, Descent, and Landing (EDL).  

· Inflation System Design and Analysis
· Performance and sizing analysis conducted with Generalized Fluid Systems Simulation Program (GFSSP- MSFC Code)
· Inflatable Aeroshell Systems
· Design and develop mechanical systems for multi-discipline experiment team

· Interface with launch vehicle and technically manage inflation system contractors

· Participate is system studies and trade-offs

· Aeroshell Design and Manufacturing 
· Integrated Design

· TPS: Ablative (Avcoat, PICA & Shuttle Tile)

· TPS: Carrier Structure (Composite and metallic)

· TPS: Penetration Designs

Mechanisms Engineering:  

Development and analysis of concepts, simulations, and hardware prototypes of integrated mechanisms composed of mechanical, electro-mechanical and controls sub-systems. In addition develops engineering design, analysis and simulations for landing dynamics and near field separation analyses.  
· Near Field Separation Analysis
· Rigid Body Kinematics Modeling

· Kinematic analysis with incorporation of flexible body dynamics (MSC ADAMS /NASTRAN)

· Landing Stability and Dynamics
· Dynamic analyses for load generation 

· Monte Carlo analyses for parameter effectiveness studies

· Attenuator sizing and analyses

· Mechanism Design, Analysis, Simulation & Test
· Low temperature actuator life testing (40K)

· Simulation of mechanisms drive and control system (Matlab/Simulink)

· Mechanisms design development/concepts

Science Instrument Mechanical Engineering Group:  
Design laser and lidar based sensor systems for a wide variety of NASA missions; including aircraft-based research, laboratory-based technology development activities, and operational space-based Earth sensing instruments. Provides opto-mechanical design expertise and technical oversight of contract developed systems.  
· System Design 

· Develop and integrate structural and thermal subsystems for stability

· Configuration/packaging

· Concept development

· Opto-Mechanical Design
· Integration of electro-mechanical mechanisms

· Layout for kinematic mounts for optics

· Assembly, Integration and Test
· Environmental testing procedure development

· Aircraft integration activities

· Operational test support

· Technical management for contracted systems

Structures Engineering:  
Develop structural engineering designs for a wide variety of flight systems. Specific knowledge and expertise includes material joining methods, mechanics of materials of composites and metallics, manufacturing methods, structural layouts and component level stress analyses for development of detailed designs and analyses of flight systems. Products include detailed design drawings, structural calculations and system technical reports.  
· Composite Structures Design Development
· Structural concept lay-outs (PROE)

· Structural linear analysis (PROE-Mechanica)

· Manufacturing (Fiber-Sim)

· Detail design and analysis

· Mechanical Engineering Design
· General mechanical engineering design

· Fabrication coordination

· Concept development

· Spacecraft Configuration

Flight Systems Engineering and Integration:  
Leading multi-disciplinary teams to define requirements, execute trade studies, and develop integration & assembly  and verification plans for flight systems during project execution for a wide range of NASA flight projects supporting Aeronautics, Science and Exploration Mission Directorates:  
· Technical Planning/Assessments

· System Design/Requirements Development

· Figures of Merit Development

· Interface Control Documents

· Integrated Mass Properties

· Technical Insight/Oversight………

Composite Flight Systems Expertise:  
LaRC’s Mechanical Systems Branch (MSB) has significant historical experience designing, analyzing, and testing composite structures, both wet and dry, for a wide variety of flight systems. Specific knowledge and expertise includes material joining methods, mechanics of materials, manufacturing methods, structural layouts, and component level stress analyses for development of detailed designs of composite flight systems. Products include detailed CAD modeling, engineering drawings, structural calculations, and system technical plans and reports.  

· Capabilities in Design, Development, Test, and Evaluation (DDT&E) of Composite Flight Systems
· Structural concept lay-outs (ProE)

· Component Specification Development

· Design Tool Development

· Structural linear analysis (ProE-Mechanica)

· Detailed design engineering (ProE)

· Manufacturing/Lay-ups (Fiber-Sim)

· Fabrication coordination (in-house or outside vendor)

· Test Engineering (Coupon, component, subsystem, etc.)

· Systems Analysis – Life Cycle Cost Assessment

Mechanism Development Lab (MDL):  
Objective: To develop mechanism technology in support of NASA programs and vital national interests.  Current emphasis is in the development of low temperature mechanism technology which will be required for Lunar Surface Systems.  MSB is developing the capability for actuator life testing at temperatures of 40 degrees Kelvin.  

· Capabilities: 

· Low Temperature Life Testing Platform - Extended testing at temperatures as low as 15 degrees 

· 180 watts total cooling at 40 degrees K

· Dynamometers for motor and actuator torque measurement and loading. 

· Capability of autonomous data acquisition

· Capability of autonomous test control and monitoring

· 36 inch dia x 35 inch high vacuum chamber
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