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SYMMETRICAL QUENCH DETECTION


The non symmetrical quench detection scheme proposed for the AECT is shown in figure 1. It can be seen that each end cap has three taps, the voltage at these taps is suitably balanced with a proportion of the  voltage across the whole end cap as shown in figure 2. This scheme is such that if a quench propagated symmetrically around any one of the three taps, the remaining two taps would detect the resulting voltage imbalance.

 It is clear that in order to balance the quench detector the ratios of the resistances R1:R2 (see fig 2 ) will be different for each tapping point. The R1:R2 ratio of each tapping point, will in practice be attained by using fixed resistors and a potentiometer. The values of the fixed resistors will be chosen so as to approximately set the required ratio, accurate bridge balancing being achieved by tuning the associated potentiometer. This tuning will be accomplished during the  commissioning stage, previous experience has shown that once this set up procedure is complete,  no further attention will be required.

A proposed symmetrical quench detector circuit is shown in figure 3. It can be seen that this circuit has again three tapping points, the voltage at the tap 1 is balanced by a proportion of the voltage across V1TOTAL etc. 

It is clear that if a quench propagated symmetrically around tap 1 that a voltage imbalance would be detected by tap 2’s circuit . Symmetrical quenches around tap 2 would be detected by both tap 1 and 3 circuits, whilst symmetrical quenches around tap 3 would  be detected by an  imbalance in tap 2’s circuit. It can be seen that this scheme can always detect a symmetrical quench around a given tap, however in two cases, the quench can only be detected by one of the possible two remaining detection circuits. 

In given scenarios non symmetrical quenches can only be detected by one of the three circuits. If a quench occurred in position A or B in figure 3, it is evident that imbalances would be detected only by  the circuits respectively associated with taps 1 and 3. 

The apparent major benefit of such an approach is that the circuits associated with each tap can be identical, as in steady state conditions  the ratios V1:V1TOTAL = V2:V2TOTAL etc. However due to tolerance problems it is believed that tuning within each circuit will still be required, again necessitating potentiometers to be set during the commissioning process.

The structure of the symmetrical circuit is such that a given tap (tap x) is balanced relative to a given fraction of the complete coil (vx total). If the initial increase in resistance due to the onset of a quench does not physically exist, either partially or totally within this fraction of the coil vx total, then the associated  tap x can not detect the quench. 

As the non symmetrical system balances each tap relative to the whole coil, it is clear that each tap can theoretically detect the onset of a non symmetrical quench, irrelevant of its physical position within the coil. It should be noted, however, that the output sensitivity of each bridge is somewhat dependent upon the coil position, of the onsetting quench.

 Associated with each tapping point is a detector which will request a fast dump when the voltage at a tapping point equals or exceeds a given magnitude vtrip. As the bridge sensitivity is dependent upon the position of the onsetting quench, it follows that the magnitude of the “quench resistance” necessary to cause a given tapping point’s voltage to equal vtrip is also position sensitive. Thus as a given quench resistance grows, each tapping point and associated detector will request a fast dump at slightly different time intervals, their order depending upon the position of the quench within the coil. Adjustment of the magnitude of vtrip will subdue or exaggerate this effect.     

CONCLUSION

It is believed by RAL that the non symmetrical scheme proposed has advantages over its symmetrical counterpart. Any non symmetrical quench can be detected by three channels without necessitating the quench propagating beyond given physical areas within the coil. Any symmetrical quench can be detected by the remaining two channels again without necessitating the quench propagating beyond given physical areas within the coil. 

Slight differences in bridge circuitry due to the non symmetrical design can simply be accommodated by using a single design and a soldered link to select the relevant component. It is believed that tuning of the bridges during the commissioning stage, will be required for both  the symmetrical and none symmetrical schemes.
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