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1. Introduction

The LHC beam luminosity monitor is a gas ionization chamber that observes minimum 
ionization particles near the shower maximum in the zero degree neutral particle absorbers 
(TAN) of IP’s 1 and 5. The ionization chamber resides in a stainless steel case with a mixture of 
94% argon and 6% nitrogen gas continuously flowing through at a pressure of up to 1 MPa 
absolute. This engineering note documents stress analysis of the case. CERN refers to the 
luminosity monitors as Beam Rate of Neutrals (BRAN), and LBNL uses the term “LUMI” for 
these LHC luminosity monitors during its development stage.

2. Previous pressure vessel design engineering note

An Engineering Note was previously authored by Bill Ghiorso (titled “LUMI Pressure Vessel 
Design Safety Note” and dated 1/23/2006), and a copy is appended to this Engineering Note. 
This note builds on the previous engineering note and documents stress effects due to a thickness 
reduction on two walls of the case. The thickness reduction provides greater clearance between 
the BRAN units and slot walls in the TAN units.

3. Finite element analysis

A new ANSYS finite element model was used for the analysis. The model used nominal 
dimensions as shown in LBNL drawings 27D909E, 27D910C, 27D911C, and 27D912E. The 
width of the case is nominally 93.98 mm, with a wall thickness of 3.175 mm for each of the two 
walls. For a maximum operating pressure load of 132 psig (0.91 MPa), the ANSYS model 
indicates a peak von Mises stress of 16520 psi (113.9 MPa), 5% higher than the value of 15740 
psi (108.5 MPa) reported in the engineering note by B. Ghiorso. This difference is due to a 
higher mesh density in the ANSYS model (the mesh density in the ANSYS model was increased 
until stress values converged with a convergence criteria of 2%). Figures 1 and 2 show stress 
contour plots for the nominal case of no thickness reduction. Note that the peak stress at the side 
of the walls is 16520 psi (113.9 MPa) and is higher than at the bottom (16050 psi [110.7 MPa]).

The overall width of the model is reduced by up to 1.2 mm (wall thickness reduction of 0.6 mm 
for each wall), and the ultimate safety factors were evaluated. Two different values of ultimate 
strength were used in the evaluation: an ultimate strength of 73200 psi (504.7 MPa) representing 
annealed stainless steel 304, and a value of 81372 psi (561.0 MPa) representing the measured 
value of the material used to fabricate the cases (as supplied by the material vendor). The 
annealed strength value is used for stresses near the weld joint Figure 3 shows safety factor 
reductions as a function of thickness reduction in the part. Since the peak stress values are highly 
dependent on mesh density, the mesh was refined until stress values converged. Figure 4 shows 
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an example of how the peak von Mises stress values converge as the mesh density is increased 
(for the analysis case of 0.5 mm width reduction). The values shown in figure 4 are peak values 
along the side of the case and at the corner of the base (peak values are at the same locations as 
for the zero-width reduction case shown in figures 1 and 2)

4. Conclusion

To maintain an ultimate safety factor of 4.0, width reduction in the case must be no greater than
0.7 mm (0.35 mm for each wall). A width reduction of 0.7 mm results in an ultimate safety factor 
of 4.0 at the case ends, where the welding operation may reduce its ultimate strength from 81372 
psi (561.0 MPa) to 73200 psi (504.7 MPa). At the sides of the case, even though the stress levels 
are higher, they are considerably distant from the weld location and the ultimate safety factor is 
4.25 (using 81372 psi [561.0 MPa] as the material ultimate strength).
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Figure 1. Contour plot of von Mises stress in the body of the case.
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Figure 2. Contour plot of von Mises stress in the base of the case.
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Figure3. Reduction in safety factor (ultimate) as a function of width reduction in the case.
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Figure 4. Convergence of peak stress values with increases in mesh density. 
For analysis case of 0.5mm width reduction.
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APPENDIX A: PREVIOUS ENGINEERING NOTE ON PRESSURE SAFETY 
CALCULATIONS ON LUMI CASE, by BILL GHIORSO
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