The HTS current driven by a capacitor bank
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The AC operation with the upper HTS coil was performed on 26 January 2012. The separate capacitor bank was discharged to the HTS coil. Shots #6949-6975 were executed. The experimental set-up is shown in Fig. 1.


A capacitor bank (C ~ 18 mF), charged to a voltage UC, was discharged into the HTS coil via a small resistor 10 mhm. The voltage across the HTS coil, UHTS, was recorded. The current of the HTS coil was measured directly by the Rogowski coil (labeled as Fluke in Fig. 1) located around the feeding cable of the HTS coil. The HTS coil represents in this case the primary winding of the GOLEM transformer (6 turns). Consequently, the current is induced in the tokamak vessel (R = 10 mOhm) due to a mutual inductance M between the HTS coil and the vessel. The signals were digitized by the ADC called Papouch_ST and can be found at

http://golem.fjfi.cvut.cz/operation/shots/6975/DAS/1011Papouch_St.ON/ 

(an example for  #6975).

UHTS [V]

Channel 1


#6949-6960 - to be multiplied by 10 to get a real UHTS

#6961-6975 - to be multiplied by 100 to get a real UHTS
IHTS [V]

Channel 2

#6949-6965 -to be multiplied by 200 to get current in Amps

#6966-6975 to be multiplied by 2000 to get current in Amps

The upper cryostat was found to be in a good shape (after tightening some screws). Just 1.5 of Dewar bottle (~ 20 l) is consumed during 2 hours of cooling. The first Dewar bottle was spent in 1 hour. Nevertheless, both the cryostats would need some rebuilding in future – tightening of screws, changing of the rubber sealing and more silicon is highly required.

The first shot of this campaign was with "warm" HTS coil, #6947, The condenser bank was charged to UC = 49 V and we have driven the current about 20 Amps through the  upper coil.

Then, we started cooling the cryostat by liquid N2. The HTS current has increased up to 70 Amps in ~ 5 minutes. Further, the charging voltage was increased gradually shot-by shot (step 40-50 V) up to 810 V at the shot #6975. Resulting evolution of the HTS current is shown in Fig. 3.
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The maximum HTS current is ~ 1 kA reached at 1.7 ms. We have heard a pronounced bang during this shot accompanied with a steam flow from the cryostat. See here:

http://www.youtube.com/watch?v=sPEE0X4nZ4g&context=C33d2ac2ADOEgsToPDskJmTlENunszPQdC6mEsAhb1
or

http://golem.fjfi.cvut.cz/public/videos/HTS/CIMG9600.AVI
Therefore, we decided not to increase further the charging voltage (to safe the coil for future experiments).

Figure 4 shows the ramp-up phase of the HTS current in more detail.
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We observe an "average" ramp-up rate ~ 0.6 MA/s. The initial ramp-up rate is much higher, around 35 MA/s.

Figure 5 shows the temporal evolution of the voltage on the HTS coil.
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Any peculiarities are observed, so we conclude that there were not quenches. 

Conclusions:

1. The maximum HTS current is achieved - 1 kA is our current record.

2. The maximum average ramp-up rate of the HTS current is around 0.6 MA/s

3. No visible signature of quenches at these conditions.

4. Unfortunately, we did not measure the voltage drop between the HTS coil and the Cu feed bar to estimate the resistance of this join. Task for future.
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Fig. 1. Scheme of the experiment





Fig. 3. Temporal evolution of the HTS current, #6975.





Fig. 4. Ramp-up phase of shot #6975












































Fig. 5. Evolution of the voltage on the HTS coil,  #6975








