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Introduction and Summary

The existing thin aluminum window on the upstream end of the Numi decay pipe was designed for a “fault” condition in which the full deposition of the current beam (no target, or beam misdirected past target) is absorbed by the window for up to 5e8 pulses, or about 20 years of continuous operation without a target. Since such operation would not produce interesting physics, the vast majority of the pulses received by the window will be diffused through a target first; this “normal” condition is extremely mild compared to the “fault” condition used for design, and an operational life well in excess of 5e8 cycles would be expected.

Early in this work it was learned that limiting the SNumi fault loads to a level that permits continuous operation would not allow the experiment to take full advantage of the available beam power. Some initial trial depositions caused yielding the material at the center of the window in a single cycle, raising issues of plastic deformation of the smooth spherical surface assumed for the fatigue calculation, and the introduction of imponderable stress concentrations. The window’s aluminum alloy (6061-T6) weakens with exposure to high temperature, with both elastic modulus and yield strength dropping off rapidly. Keeping the window’s maximum temperature below 150C (the maximum allowed by the ASME Code for this alloy) during continuous fault operation while avoiding plastic deformation and satisfying fatigue requirements leads to low beam energies under normal operation.

For this work it was assumed that the window would have to endure at most 10 cycles of “fault” condition. Because this is only about 13 seconds of high-energy deposition, the temperature of the window can be allowed to exceed 150C. Using temperature dependent properties for temperature of up to 370C, the stress criterion becomes simply the avoidance of plastic deformation. No fatigue calculation is necessary.

According to this analysis, maximum beam energy for which the window can safely absorb 10 cycles under the “fault” condition is 1700 kW.  This is 2.2 times the upgraded average beam power of 778KW

Material Properties
The Young’s modulus and the yield strength of 6061-T6 aluminum decrease with increasing temperature. Yield strength (but not modulus) shows a continuing decrease as the material is held at a given temperature. For instance, ten minutes of exposure to a temperature of 200C reduces the yield stress from its room-temperature value of 275 MPa to 220 MPa. But if exposure is continued for 100 hrs (about 4 days), the yield

strength drops to 170 MPa. (1)‑
For this analysis, the limitation of 10 cycles allows the use of the short-time high-temperature properties. The resulting Young’s modulus and stress-strain curves are shown in Figs 1 and 2 below. It should be noted that the slope of the stress-strain curves after yielding is arbitrary; it only serves to trigger the ANSYS program to begin calculating plastic strains. Since the goal of the analysis is to stop short of yielding, the material will never operate on this portion of the curve, and its actual slope is unimportant.
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Thermal properties (conductivity and specific heat) were held at their room temperature values for this analysis. This should be conservative as both properties tend to increase with increasing temperature, which would result in lower overall calculated temperatures.

Results

The results of the scaling exercise are shown in Fig. 3. Beam energy is varied from 1700 kW to 2700 kW, and the maximum head temperature and plastic strain calculated. 

The figure shows that plasticity occurs for any beam greater than 1700 kW. At 1700 kW, the plasticity induced by the beam is zero, and the maximum head temperature after 10 fault cycles is 263 C. At energies below 1700 kW, a temperature rise still occurs (predicted by extrapolation of left end of the maximum temperature curve of Fig. 3) but there is no plasticity after ten cycles.
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Figure 2. Stress-Strain Curves for 6061-T6





Figure 1. Young’s Modulus as Function of Temperature for 6061-T6





Fig. 3
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