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April 20, 1999
Michael Martens

Fermilab

Batavia, Illinois 60510

Dear Michael:

Subject: BDMS Review of D-Zero Forward Proton Detector Window

I have reviewed the photos, drawings, analysis, and test results of the Forward Proton Detector Thin Window designs. I have also verified the finite element analysis of the “Type 1” design featuring the elliptical wings (See Attached FEA Summary). 

NIKHEF has shown convincing evidence of their design readiness by proving the “Type 1” design to 15 times its operating pressure.   However, since calculated stresses are close to the ultimate material strength, I agree that the final design thickness should be greater than 0.100 mm.  The calculations do not take into account any stress relaxation after the window is plastically deformed, so using a thickness between 0.150 and 0.200 mm will provide a conservative solution.  

My only concern with this design is that there may be sharp edges on the window frame.  Any edge that meets the foil must be broken to a minimum of 1/64” (0.4 mm) radius.  A rounded edge will help prevent stress concentrations as the window bends out under atmospheric pressure.  

With this addition, it is my opinion that this “Type 1” design is ready for construction.
Sincerely,

Thomas Moreland
Mechanical Engineer
Beams Division – Mechanical Support Department

Fermi National Accelerator Laboratory
CC:
Patrick Hurh, Michael McGee

Enclosures: 1  

D-Zero Forward Proton Detector Window

Finite Element Analysis
Introduction

As part of the Fermilab Beams Division Mechanical Support Department review of the Forward Proton Detector window, a finite element analysis was performed to investigate stresses and deformations in the window.  

Model Construction

· The finite model was constructed using SDRC/Ideas.  

· Only one quarter of the actual window geometry was modeled to reduce computation time.  

· The model was meshed with Thin Shell elements.  

· Varying the thickness parameter of the elements simulated the additional support of the elliptical wings.  

· The corner bends in the window were modeled by adding a 0.4mm radius fillet between the perpendicular surfaces.

Boundary Conditions

· Boundary Conditions were adding in SDRC/IDEAS (See Figure 1).

· Three Edges were constrained to simulate the quarter symmetry.

· Edges at weld locations were fixed.

· A 1 atm pressure load was applied to all surfaces.

Solution

· Model was exported and solved in ANSYS because there was no Non-Linear Solver available in Ideas. 

· Large Deformation Effects and Stress Stiffening were included in the analysis.

Results

· Stress concentrations can be seen at step changes in thickness, i.e. the edges of the elliptical wings. 

· Maximum equivalent (Von Mises) stress is 456 MPa on the radius of the window bend (See Figure 2).   

· Maximum deformation is 0.26 mm at the center of the window side (See Figure 3). 
Conclusions

Maximum Von Mises stresses are 25% lower than calculated with NIKHEF’s “nonlinear shell” model.  The stresses in this model are lower because of the added thickness of the elliptical wings.  However, stresses are 20% higher than the “shaped volume” model because thin shell elements normally produce a more accurate representation of thin walled structures.   

The side of the window deformed almost identically to the “nonlinear shell” model.  The top of the window showed only a 0.006-mm deflection because of the wing reinforcement.  Displacement results were also 20% higher than the “shaped volume” model because of the thin shell elements.

None of these models take into account stress relaxation after the window is initially deformed.  As long as stresses are below the ultimate strength, the window will survive the initial deformation.  (This is assuming the window is pressurized gradually to create a quasi-static loading condition.)  Once initially deformed, the curved shape allows the structure to withstand atmospheric pressure without significant bending stresses.
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Figure � SEQ Figure \* ARABIC �2�. Von Mises Stress of Type 1 Window at 1 atm.





Figure � SEQ Figure \* ARABIC �3� – Displacement of Type 1 Window at 1 atm.





Figure � SEQ Figure \* ARABIC �1� – Quarter model geometry with symmetric, restraining, and pressure boundary conditions.
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