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Overview 

The Penn State Department of Astrophysics was struggling to measure the 

surface profile of the optical lenses used in their X-Ray spectroscopy 

experiments in low-earth orbit. Because of the disc’s high diameter-to-

thickness ratio, the force of gravity can cause deformations in a phenomenon 

known as gravity sag. In orbit, there is little to no gravitational force, 

warranting the measurements to be taken with as little sag as possible. 

However, the department’s current instrumentation, this was not possible. 

 

Objectives 
The team’s sponsor, Ted Schultz, requested the design for a three-point mount to be used with the 

Zygo Profilometer when taking the surface profile measurements that limits the effect of the 

gravity sag. Additionally, it had to be precise and repeatable with multiple tests on different discs. 

He also requested a Finite Element Model to be developed for the discs in order to reduce the 

amount of time and measurements needed in the surface profile measurements. 

 

Approach 

 The team began the project by developing a list of customer needs for the mount. 

 Each team member developed an initial concept for the mount, including gyroscopic 

systems, flat granite plates, and ball-bearing supports. 

 A final concept was made using combinations of the ideas in each of the designs. 

 The final design received feedback from Mr. Schultz which was used to make 

improvements to the design before being drafted in SolidWorks 

 Research was done on potential suppliers/machine shops for the necessary materials for 

the mount. 

 Work on the FEM was started in SolidWorks before receiving feedback from Dr. Kraft, 

resulting in the model development being moved over to Abacus. 

 An alpha-1 prototype was developed and tested on the Zygo Profilometer with one of the 

discs. 

 

Outcomes 

 The final design for the mount utilized three ball-bearing supports 

to minimize the contact area between the mount and the lens and 

used three micrometers to make sure the disc was in the same 

place (precise and repeatable) for each measurement. 

 The FEM was developed and was able to produce approximate 

peaks and valleys on the discs based off of the gravity sag 

experienced while it was on the mount. 

 After the completion of the test with the prototype, the 

program produced a large, strange output file that was too 

big and obscure for the team, Dr. Kraft, or our sponsor to 

open and analyze. Thus, the FEM was not able to be 

properly compared against the actual measurements.  


