Baking Test in an Existing 2-Meter Oven

In the current design of LCGT-SAS, 2.1 m wires are to be used for the suspension of GAS filters. We use maraging steel wires and harden them at 435 oC temperature for 100 hours in Argon atmosphere, in order to avoid the problem of creep. However, the existing oven has only 2 m diameter and 1.2 m height, so we have to tilt wires inside the oven to fit. As the oven has a hot bottom and there may be cold spots near the edge of the top cover (see Fig. 1), there is a risk of baking at a wrong temperature their heads, which are the most sensitive parts of wires.
     So we make the following test. We prepare a thick wall OHFC channel to encapsulate the wires (Fig. 2). The function of the copper channel is to have the best possible temperature uniformity. The wires rest on the channel bottom with notches in correspondence of the wire heads, so that there is no bending stress on the wires while they bake (Fig. 3). Five thermocouples are enclosed at equal intervals to monitor the temperature along the pipe. A flow meter is also prepared to monitor the argon flow in the pipe. We test this tilted channel to see if in future we can use it for baking 2.1 m wires. A metal box containing a number of blades is added to the oven as well, with its own monitor thermocouple. Two more thermocouples are positioned near the oven bottom (near the heating elements) and near the oven cover (possible cold spot) (see Fig. 4 and Fig. 5).
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Figure 1: Positioning of wires in the oven
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Figure 2: Copper channel
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Figure 3: Details of the copper channel
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Figure 4: Overview image inside the oven
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Figure 5: Distribution of thermocouples
Results
     Fig. 6 shows the temperature measured by each thermocouple. Temperature in the oven increases at a time constant of ~4.8 h and reaches equilibrium at t ~20 h. After reaching the thermal equilibrium, the variation of the measured temperature for each thermocouple is about 4 oC. A small temperature drop at t ~50 h is caused by opening the building door to outside freeze.
The temperature variation of 4 oC does not matter so much. The optimal baking time of maraging steel is around 100 ~ 1000 hours at 435 oC (maraging steel is softened if it is baked too much). And the hardening process is accelerated by a factor of 2 if the temperature increases by 8 oC. Though the temperature increase of 4 oC accelerates the hardening process by a factor of 1.4, it is within an acceptable level because of the large margin of the optimal baking time.
As a conclusion, there is no problem about thermal uniformity and stability of the oven, while we find one problem about the copper channel for thermal conductivity: it is oxidized heavily in the baking process (see Fig. 9). It is better to use aluminum trays to keep high thermal conductivity.
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Figure 6: Temperature changes with respect to time
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Figure 7: Temperature changes in first 35 hours and a fitting curve
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Figure 8: Variation of temperature
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Figure 9: Heavy oxidation of the copper channel
