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Thermal Testing of Two HOM Feedthrough Designs for SNS and Renascence Cryomodules

T. M. Rothgeb, P. E., L. Phillips

Objective 

To test the thermal response of the HOM feedthroughs in conditions similar to the conditions of use.  Two feedthroughs will be tested, the high conductivity Jlab/Ceramaseal design and the Kyocera design used in the SNS high beta cryomodule.

Test Setup

The Kyocera feedthrough was tested in conjunction with the high beta thermal strapping in an effort to determine the effectiveness of the strapping along with the feedthrough. The complete set up is shown in figures 1 and 2 with figure 3 showing the complete thermal network for the test.  Figure 4 shows the Kyocera feedthrough in cross section.  The probe is attached to the pin by soldering.  Figures 5, 6 & 7 show the sensor locations and identifiers for the Kyocera feedthrough test.  See appendix A for a description of the temperature sensors and the calibration.
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Figure 1. Kyocera feedthrough test setup.
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Figure 2.  Kyocera feedthrough test setup schematic.
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Figure 3. Kyocera feedthrough thermal resistive network.
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Figure 4.  Kyocera feedthrough cross-section.
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Figure 5. Kyocera feedthrough probe and clamp sensor locations.
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Figure 6. Kyocera pin & body sensor locations.
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Figure 7. Heat sink sensor locations for the Kyocera test setup.

The Jlab/Ceramaseal feedthrough was tested in a test setup (See Figure 8) that had a mating flange that was brazed into a conflat.  The conflat acted as the heat sink and was in contact with 2K helium.  The thermal resistive network for the test is shown in figure 9.  Figure 10 shows the probe side of the feedthrough and the sensor locations.

Figure 11 shows the Jlab/Ceramaseal pin side of the feedthrough and the sensor locations.  In either Figure 10 or 11 the conflat flange is clearly evident.  Figure 12 shows the Jlab/Ceramaseal feedthrough in cross section.

Ceramic tumbling shot was used in a trap at the bottom of the test stand to block the infrared radiation from interfering with the measurements.

During the tests a vacuum better than 1 x 10-7 was maintained on both sides of the feedthroughs.  The sensor cables leading to the vacuum test cell were in 2K helium just before entering the test cell in an effort to limit the heat coming down the cable.  The temperature at the various locations was monitored as a function of applied heater power.

[image: image8.emf]
Figure 8. Jlab/Ceramaseal feedthrough test setup schematic.
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Figure 9. Jlab/Ceramaseal feedthrough thermal resistive network.
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Figure 10. Jlab/Ceramaseal probe side heater and sensor locations.
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Figure 11. Jlab/Ceramaseal pin side heater and sensor locations.
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Figure 12.  Jlab/Ceramaseal feedthrough cross-section.

Test Results

The data was corrected for the change in resistance of the wire due to the change in temperature before being presented here.  The results of the tests on Kyocera feedthrough are shown in Figure 13.  In this test the heat was applied to the probe tip and the temperature was allowed to come to equilibrium.  Figure 15 shows the results presented as temperature differences between the probe tip and the body of the feedthrough, the copper clamp and the titanium block or heat sink.  This shows the temperature drops along the entire heat path from the probe tip through the ceramic and down the copper heat strapping to the titanium block or heat sink.

The results show a large temperature drop across the ceramic (probe to body Figure 15).  The copper clamping seems to be effective as is shown by the small temperature drops along the thermal strapping path to the heat sink.

The results from Jlab/Ceramaseal design with the copper heat sink tests are shown in Figure 14.  The heat was applied to the probe tip and the temperature was allowed to come to equilibrium.

The results of the Jlab/Ceramaseal test shows an improved thermal path as is evident in Figure 16 by the smaller temperature difference between the probe tip and the copper sleeve and or flange.  The larger spread between the curves shown in Figure 16 is indicative of the poor thermal path through the aluminum seal to the heat sink.  Using thermal strapping similar to that used with the Kyocera feedthrough would significantly improve cooling of the feedthrough. With such an arrangement, 50 mW load on the probe would produce approximately 4K on the copper sleeve and approximately 9K on the probe, which compares with approximately 4 mW for the Kyocera feedthrough tested. 
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Figure 13. Kyocera feedthrough test results.
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Figure 14. Jlab/Ceramaseal feedthrough test results.
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Figure 15. Kyocera feedthrough temperature differences.
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Figure 16. Jlab/Ceramaseal feedthrough temperature differences.

Appendix A:  Temperature Sensor Information

A flat pack resistor was used to make the temperature measurements along with a calibrated Cernox temperature sensor.  The flat resistor is made by Vishay and is their part number M55342K06B56E2R type RCWPM-575-68 DALE with a value of 56.2K and a tolerance of 1%.

The sensors were calibrated in the Dewar using the Cernox as a reference.  The test fixture was allowed to come to equilibrium in either the liquid helium or helium gas depending on the temperature.  Once equilibrium was reached the temperature was measured using the Cernox, as was the resistance of each of the flat pack resistors.  This process resulted in a calibration curve similar to the one shown in figure 17.
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Figure 17. Typical resistor calibration curve.
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