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TO: TSS Users

FROM: Bill Bell

DATE: 19 March 1999

SUBJECT: Thermal Deflection Analysis of a Vacuum Coater

We were tasked to evaluate the deflection of a vacuum coater design to determine how much the substrates would displace prior to start of coating. To do this we needed the following:

1) Time dependent TSS thermal model of the vacuum coater design to obtain temperatures of the coater for deflection analysis.

2) Nastran structural model of the vacuum coater design to do deflection analysis during cycle.

TSS THERMAL Model

The TSS thermal model of the coater is shown on Figure 1. Not shown is the surrounding vacuum vessel. All SS parts were assumed to have an emissivity of 0.3 and the substrate was assumed to be IR opaque, with an emissivity of 0.9. A thermal load of 5 watts/in2 , from an infinite parallel source, coming from the bottom of the vessel, was applied. For the purposes of this analysis, the motion of the coater was not included. Circular substrates, with the same thickness and mass, were used for ease of modeling. Figure 2 shows the temperature distribution in the coater assembly after 5 hours of heating. The coater is still heating up after 5 hours and it takes about 25 hours to get to steady state.

The planet gear bearing heats up to 115 C in 5 hours and to 195 C in 25 hours.

Inclusion of the coater motion and 6 – 6 kW point heater sources can be done and is a next step in the level of thermal detail to get more heat distribution accuracy and uniformity. Also, the substrate could be modeled as a rectangular solid in a next level effort. Emissivity will have a significant effect on the temperature levels and should be considered fully in future work.

Future work could also include the flow of coating material in the vacuum chamber and onto the substrate.

STRUCTURAL Model

The Nastran structural model of the coater is shown on Figure 3. Figure 4 shows the deflected geometry with significant magnification so that the observer can visualize the changes. The maximum deflection value, under this loading condition is 0.206 inches, or about 15 times the deflection due to weight and vacuum alone. We could supply, if needed, a tabulation of the deflection in the X, Y, & Z directions for each Nastran node. Note that the substrate holder with three spokes is not symmetric for a rectangular substrate.

Temperatures were taken from the TSS thermal results at 5 hours and, with proprietary T2S software and methods, applied to the Nastran model as a temperature load case.

It is apparent that the substrate holders rotate off the Z-axis. This is partly due to the expansion of the sun gear, which is somewhat warmer than the orbiter plate. It is also due to the fact that the orbiter plate stiffeners are cooler than the orbiter plate and cause it to curl up at the outer edge.

It can be seen that the substrate holders expand, relative to the substrate, where the white space shows through 

Note that this is a static Nastran analysis and the next level of detail would, perhaps, include an analysis of deflection while the entire assembly is rotating.

All metal parts were stainless steel. The substrates were assumed to be fused silica.
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