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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3.0 Ground Facilities Testing Directorate 
3.1 Combined Loads Test Facility (COLTS)
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The COmbined Loads Test System (COLTS) facility at NASA Langley Research Center provides a test capability to help develop validated structures technologies.  The test machine was designed to accommodate a range of fuselage structures and wing sections and subject them to both quasistatic and cyclic loading conditions.  Structural tests have been conducted in the COLTS Facility that address structural integrity issues of metallic and fiber reinforced composite aerospace structures under the Aircraft Structural Integrity (ASIP) Program, High-Speed-Research (HSR) program, the Supersonic Project, NASA Engineering and Safety Center (NESC) Composite Crew Module (CCM) Project, and the Environmentally Responsible Aviation (ERA) Project.  The combined loads test machine is capable of testing fuselage barrels up to 15 ft. diameter and 45 ft. long with combined mechanical, internal pressure, and thermal loads. The combined loads test machine configuration with a cylindrical shell mounted between the test machine platens is illustrated in Figure 1.  A D-box test fixture used to test curved panel is also shown in Figure 1.  
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Figure 1. Schematic of the combined loads test machine.

The loading platen is suspended from a gantry that can traverse forward or backward to accommodate test articles of different lengths.  Compression and bending loads are applied to the test articles by six 450-kip hydraulic actuators located perpendicular to and between the loading and reacting platens (along the x axis).  Torsion loads are applied to the test articles by two 300-kip hydraulic actuators located vertically and spaced 274 inches apart.  Shear loads are applied to the test articles by two 300-kips hydraulic actuators located horizontally and spaced 217.5 inches apart.  The test machine is located in a steel reinforced concrete pit that is approximately 32 ft deep, 47 feet wide, and 72 ft long.  This arrangement is to ensure that pressurized structural testing can be performed safely.  A drive motor and lead screw mechanism is used to reconfigure the test machine to test structures of 10-, 15-, 25-, 30-, and 45-ft lengths.  The length of the axial actuators is extended by means of tubular extensions to connect the loading platen with the load reacting platen so that test specimens that are longer than 10 ft can be accommodated.  

The D-box test fixture is used to apply mechanical and internal pressure loads to curved panels.  The small axial stiffness of the D-box test fixture allows a test panel to experience most of the applied axial load and minimizes the shift in the center-of-pressure of the assembly if the test panel buckles. The low axial stiffness of the D-box test fixture is the result of an assembly of curved I-beams with the cross section shown in the inset.  The I-beam sections are 8.0-inches deep and 15 of these sections are used to make the D-box test fixture. This D-box test fixture is designed to test curved panels with 60- to 130-inch radii and 20- to 22-inch frame spacing. The panels are attached to the D-box test fixture with hinge.  Thirteen of these hinge fittings are attached to the curved I-beam webs at each panel straight edge for this purpose.  To prevent an unrealistic response when the D-box assembly is internally pressurized, cross bars are mounted between the hinge points such that the distance between the hinge points can be held constant or adjusted as needed to induce the appropriate stress state in the test panel.  The D-box test fixture is capable of applying combined axial, shear, and internal pressure loads: 10,000 lb/in. axial load, 3,000 lb/in. shear load, and 20 psig internal pressure.  

3.2 Landing and Impact Research Facility (LandIR)
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Overview: 

The Landing and Impact Research Facility (LandIR) vehicle structural testing complex was previously known as the Lunar Landing Research Facility (LLRF).  The facility became operational in 1965, allowing astronauts Neil Armstrong and Edwin “Buzz” Aldrin to train for the final 150-foot Apollo 11 descent to the moon’s surface in 1969.  Since the Apollo days, this national historical landmark has been renamed LandIR and repurposed to provide crucial research test data on the impact dynamics of subscale and full-scale test articles.  The test articles include, but are not limited to:  fixed wing and rotary wing aircraft, spacecraft, military assemblies, race cars, and fuel systems. 

The LandIR is comprised of three features: the A-frame gantry, the Hydro Impact Basin (HIB), and the Vertical Test Apparatus (VTA).  

Gantry testing involves lifting a test article with steel cables as high as 200 feet.  Then the test article is released to swing pendulum-style onto an impact surface of water in the Hydro Impact Basin, concrete or soil.  Just before impact, the test article is pyrotechnically released from the cables to allow free flight conditions.  LandIR has a parallel winch system that increases the ability to accurately control impact attitude conditions such as pitch and pitching rate.  The LandIR has a 64,000-pound capacity and test articles can reach resultant velocities of more than 70 miles per hour.  

Additionally, the VTA located on the Northwest leg of the gantry can be used to lift a test article up to 60 feet high and drop it vertically onto concrete, soil, or water. 

Facility Benefits

· Attitude and velocity control of test articles to be impact or crash tested

· Full-scale and sub-scale capabilities

· Vertical or horizontal velocity impacts and combined velocity impacts

· Realistic data from structures and occupants under dynamics loads

· Dynamic data to correlate and calibrate transient dynamic Finite Element Models (FEM)

· Dynamic data collected with onboard, hardened data acquisition system at rates as high as 50,000 samples per second for 300+ channels

· Accelerations, strains, displacements, loads, angular rates, temperature, IRIG time code, and pressures can be collected with data system

· 3-D photogrammetry at 1000 fps correlated with data acquisitions system using IRIG time code

· Instruments and Hybrid I and Hybrid II Anthropomorphic Test Devices (crash dummies)

Facility Applications

· Drop tests of fixed- and rotary-wing aircraft for crashworthiness and occupant survivability

· Landing system dynamics and performance 

· Full-scale water landing tests

· Retrorocket landing system tests

· Structural integrity of aircraft, spacecraft and components

· Dynamic analysis and test correlation

· Sensor evaluations for autonomous landing and hazard avoidance
Data Acquisition System

· 320-channel capacity, 100g hardened DAS may be located onboard or external to test vehicle

· Post-processing services available upon customer request

· Analytical services available upon customer request

 Projects
· Orion Crew Module landing attenuation system evaluation tests 

· General Aviation crash tests of composite and metallic aircraft 

· Full-scale helicopter crash tests 

· Wire Strike Protection System qualification tests 

· Transport and commuter aircraft sections vertical drop tests 

· Composite fuselage vertical drop tests

· F-111 crew escape modules with external airbag systems 

· Structural evaluations of energy-absorbing pallets for a remotely-controlled vehicle

· Component testing for the Mars Sample Return Earth Entry Vehicle program using bungee velocity augmentation system
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