2.1 Structures [T. Boles]

2.1.1 Primary Material Selection

The materials chosen for the lunar lander were chosen for their 1) lightweight properties, 2) cost effectiveness, and 3) ability to withstand the extreme hot and cold temperatures of the lunar surface.  The materials chosen for the lander structure are aluminum 6061 T6 and carbon fiber.  Aluminum will be used for the main lander structure while carbon fiber will be used around the electronic components.  It is important that the lander structure be lightweight while still having the strength required to maintain structural integrity.  Aluminum 6061 T6 and carbon fiber are lightweight materials with specific gravities of 2.7 of 1.81 respectively.  The aluminum and carbon fiber will both be able to handle the temperature range of 123K to 373K.  Aluminum easily transfers heat and is able to maintain structural integrity in both hot and cold environments.  Carbon fiber is an excellent thermal insulator and will handle the temperature range encountered on the lunar surface.  Even though carbon fiber is a more expensive material than the aluminum, the carbon fiber can be used in areas that require higher thermal insulation.
2.4.2 
Basic Chassis Design


The primary concerns of the chassis design were that it be relatively lightweight while maintaining sufficient rigidity to prevent large deflection.  The main chassis structure consists of three beams running the length of the vehicle which are thin in width but relatively tall (or deep) in the vertical direction.  This allows a great deal of stiffness with respect to the bending loads imposed by the vehicle's weight.  Two additional beams are used at the front and rear of the chassis to form a "box" frame outer perimeter.  


However, these thin beams are susceptible to buckling due to torsional and compressive forces.  In order to prevent buckling, the vertical beams are braced by a network of small diameter trusses which are located between each of the three beams, tying them together into one structure.  These truss bars, which will be loaded mainly in either tension or compression, are used to brace the floor beams and prevent them from twisting or buckling.  The main loading is still carried by the three floor beams.  This is shown in Figure 7.
[image: image1.wmf][image: image2.wmf]
2.4.3
Load Analysis and Assumptions


In order to determine the necessary dimensions, and thus the strength, of the vehicle's chassis structure, an analysis of the vehicle loading was performed.  The assumption was made that the vehicle would be evenly loaded by the mass of its components along its length in a "distributed loading" case.  Note that the length and width of the vehicle, 2 meters and 1 meter respectively, was previously determined by available space in the rocket shroud and the predicted space required for onboard equipment.   The value for the rover's maximum allowable mass was used in the loading calculation so that the design would be for the "worst case" condition.  The analysis was performed from the 2-dimensional view of the chassis from the side; the loading problem resembled the case of a 2 meter long beam, with distributed loading above and simply supported at its ends from below.  These supports at each end represent the suspension components where they attach to the chassis.  (see loading, shear, and moment diagrams in Figure 8).
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2.4.4
Stress, Deflection, and Mass Analysis


The results of the loading analysis were used in an iterative process in MathCad to find a value for the width and height of each of the three main beams, as well as the resulting stresses, overall deflection, and mass.  The analysis was based on the lunar gravity (1/6 earth gravity) weighting condition.  First, the static conditions were calculated, then the case of impact loading was considered.  It is necessary to allow for impact situations because the rover may drop unexpectedly into a small crater or other drop off on the surface, and the vehicle must be capable of withstanding the resulting impact without damage or permanent deflection.  For design purposes, the assumed height of fall to impact was 0.5 meters.  For safety margin, this value was purposely chosen to be higher than any drop the rover could be reasonably expected to endure.  By using MathCad, the final resulting maximum stress in the structure as well as the overall weight could be observed as the dimensions of the chassis beam were varied.  This allowed the best compromise to be chosen between light weight and high factor of safety in loading stresses.  

Appendix A -  Structure [T. Boles]
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Figure 7: Layout of frame
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Figure 8: Diagrams for loading, shear, and bending moment
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