Notes from discussion onVVSA  thermal cycling, 27 Jan 06
1. It is important to minimize thermal gradients within the shell, between the shell and blank off covers, and between the shell and NBI covers.  High temperature gradients could cause permanent distortion.  The gradients should be kept below 50C to be conservative.

2. It is important to keep the stainless steel-to-Inconel transition welds below 150C because of the mismatch in the thermal expansion between these materials.  This transition occurs between the ends of the port extensions and the flanges.

3. The spec (see next page) says the vessel shell must be thermally cycled 3 times up to 375+/- 25C.  The port extension flanges must be thermally cycled to 150 +5/-15C.  

4. It may be difficult to control the temperature of the assembly such that the vessel shell would be at 375C and all the port extension/flange connections at 150C.  It would be acceptable to meet the intent of the spec to separate these requirements via two steps.

a.  The first step would involve fully insulating the entire vessel and port assembly to raise the temperature of the entire assembly to 150C.  This meets the intent of the spec to exercise the weld at the dissimilar metal joint.

b. The second step would be to raise the vessel shell to 375C, while removing insulation from the flanges and some length of port extension to maintain the flanges to something equal to or less than 150C.  This would meet the intent of the spec to exercise the shell, shell to shell welds, and shell to port extension welds, ensuring that no cracks open up at temperature.  Note that the end blank-off flanges (A36) and NBI port flanges (Inconel) should track the vessel shell and not be kept at 150C.
4.2 Quality Conformance

4.2.1 Verification of Vacuum Performance

The Period Assembly and completed Spacer Assembly with port extension installed, shall be thermally cycled from room temperature to 375 +25 C, a minimum of three times. Port extension flanges shall be cycled from room temperature to only 150C +5C/-15C. The interior shall be evacuated below 1 x 10-3 torr during the thermal cycling.  Room temperature helium Leak checking shall be performed to verify that the requirements stated in Section 3.2.1 are met after completion of a thermal vacuum bakeout of a minimum of 48 hours at 375 +25 C (this may be combined with the required thermal cycle), surface preparation, polishing operations, and cleaning as defined in Section 3.3.2.10. Ports may be tested individually or as part of the assembly. A minimum of a 1500 LPS Turbomolecular Pump (TMP) and a minimum of a 50 LPS mechanical vacuum pump shall be supplied by PPPL and used to evacuate the assembly under test connected to the large assembly end flange with a minimum length 10” diameter pipe. A mass spectrometer leak detector shall be connected to the TMP fore-line. A detection sensitivity of 10-10 t-l/s shall be provided. Ultra high Vacuum Valves shall be provided to valve the leak detector and backing pump separately into the TMP fore-line. A Standard Leak of 1 x 10-8 t-l/s shall be installed at the end of the furthest port  extension and be detectable by the leak detector. The total assembly leak rate shall not be greater that 5x10-6 tl/ s. All leaks shall be documented, reported to the Laboratory, and repaired. The documentation shall include the location of the leak. If a leak requires more than one repair cycle, it must be documented on a nonconformance report. Testing shall be in accordance with ASTM E 498.

