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1.0 Background

A new method to estimate the inertia properties of a rigid body proposes a single test configuration that will provide data to calculate the entire mass properties matrix (Xcg, Ycg, Zcg, Ixx, Iyy, Izz, Ixy, Ixz, Iyz).  This method is called the Dynamic Inertia Measurement Method (DIMM) and has been in development at the University of Cincinnati on a variety of small scale test articles such as automobile brake rotors and steel blocks, as well as test fixtures native to the lab at the University of Cincinnati.  In addition, NASA Dryden applied the DIMM twice on the X-38 reentry vehicle between 1999 and 2001 which is of larger scale than previous rigid bodies. Results from these tests compared favorably with values from traditional testing, but there was still room for improvement. 

The DIMM applies forces to an object and measures the resulting rigid body motion.  This is done by using 6 degree of freedom (DOF) load cells, which measure support translational and rotational forces acting on the test article and a force transducer, which measures the excitation forces applied to the test article.  Using an array of linear accelerometers to measure the 6 DOF acceleration of the test article, the mass, center of gravity (CG), and inertia tensor can be estimated.  The DIMM, when compared with the traditional oscillation-based methods, has several advantages of a more simplified setup and using a single test setup to replace 3 or 4 unique arrangements. This weight and CG procedure is the first step in determining baseline mass properties using classical methods to compare with results derived from a DIMM test.
Assistance from a contractor specializing in ground vibration tests with heritage knowledge in performing DIMM tests will ensure timely and accurate project completion.
2.0 Objectives

The Dynamic Inertia Measurement Method (DIMM) test will be used to determine the mass properties of an iron bird test article. The iron bird test article is made up of two large 8,500 pound I-beams bolted together. Due to the simple geometry of the test article, there will be a high level of confidence in the accuracy of the analytical properties of the test article. Therefore, the experimental DIMM method mass properties results will be compared with analytical and conventional mass properties calculations to determine the accuracy and reliability of using the DIMM on large test articles.
The goal of this contract is for the contractor to provide expertise and labor support for DIMM testing using a set up similar to that of a ground vibration test. Data will be recorded and analyzed with the delivery of a final report documenting the test and results. Discussion time will also be used before and after the test to ensure success. 
The final results of the DIMM test will provide a basis for future efforts to determine mass properties of large aerospace vehicles. Lessons learned will be documented and a plan will be created that can be applicable to various type of aerospace vehicles.  
3.0 Scope


As observed by Mastinu et al. [1] there is an inherent obstacle to all of the ‘classical’ oscillation-based testing methods requiring the vehicle (or body) to rotate around one axis.  The orientation of the rotational axis must be changed with respect to the vehicle to determine the full inertia tensor.  This potentially could lead to unique hardware and fixtures being designed and built for each axis to measure Ixx, Iyy, and Izz.  A new method to estimate the inertia properties of a rigid body proposes a single test configuration that will provide data to calculate the entire inertia tensor (Ixx, Iyy, and Izz).  This method is called the Dynamic Inertia Measurement Method (DIMM) and has been in development at the University of Cincinnati on a variety of small scale test articles such as automobile brake rotors and steel blocks, as well as test fixtures native to the lab at the University of Cincinnati.  [2,3,4] In addition, the National Aeronautics and Space Administration’s (NASA) Dryden Flight Research Center applied the DIMM twice on the X-38 reentry vehicle between 1999 and 2001 which is of larger scale than previous rigid bodies. The DIM applies forces to an object and measures the resulting rigid body motion.  This is done by using 6 degree of freedom (DOF) load cells, which measure support translational and rotational forces acting on the test article and a force transducer, which measures the excitation forces applied to the test article.  Using an array of linear accelerometers to measure the 6 DOF acceleration of the test article, the mass, CG, and inertia tensor can be estimated [10].  The DIMM, when compared with the traditional oscillation-based methods, has several advantages of a more simplified setup and using a single test setup to replace 3 or 4 unique arrangements. 
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4.0 Requirements

Pre-Test: The contractor shall provide support to NASA Dryden to ensure test is properly set-up for performing the DIMM test on an iron bird test article.

Dynamic Inertial Measurement Method Ground Vibration Test (GVT): GVT and pertinent DIMM data shall be recorded. The contractor shall provide guidance to NASA Dryden during the test to ensure quality data is produced for successful analysis using the DIMM.
Post Processing Data: Analysis shall be performed and documented to document the results of the DIMM test. A final report shall be written and delivered to NASA Dryden.
5.0 Deliverables

I. The contractor shall provide support prior to performing the DIMM test. No more than 16 labor hours will be expended for this support.
II. The contractor shall provide labor support during the DIMM test. Labor support will consist of a total of five working days at 8 hours per day for a total of 40 hours for a week long test.

III. The contractor shall analyze the data from the DIMM test. No more than 40 labor hours shall be expended for the data analysis.

IV. The contractor shall deliver a final report documenting the results of the DIMM test. No more than 40 labor hours shall be expended to write and deliver the final DIMM2 test report. The final report shall be delivered no later than one month after the completion of the DIMM test. The report shall be delivered to the NASA Dryden DIMM technical lead, Alex Chin. The contractor must obtain an official e-mail reply confirming receipt and acceptance of the final report. 
6.0 Government-Furnished Property, Material, Equipment, or Information (GFP, GFM, GFE, or GFI)

NASA Dryden will provide the test article, instrumentation, facilities, and mechanic labor to support the DIMM test. However, the contractor shall provide their own computer system to accept and analyze the DIMM data. 
7.0 Security

The contractor must be United States (US) citizens or US permanent residents and be able to provide driver’s license number information, social security number, birth date, and identification for access onto NASA Dryden.
8.0 Travel 

The contractor shall travel to NASA Dryden to support the on-site DIMM testing for a total of 5 work days.
9.0 Special Material Requirements

The contractor shall provide and wear their own personal protective equipment such as steel toe shoes and hard hat for safety during the test. 
10.0 Other Unique Requirements

None.
11.0 Place of Performance

Deliverables I, III, and IV shall occur at the contractor’s facility. Deliverable II shall occur at NASA Dryden Flight Research Center.
12.0 Period of Performance

Discussion prior to testing shall occur during the week of September 9-13, 2013. 

The DIMM test shall occur during the week of September 16-20, 2013.

The data analysis and report writing shall occur within one month after the completion of the DIMM test. 
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