











Spot Heater Plan for HGQ Short Model Magnets











Spot heaters to study quench propagation are to be installed in the HGQ model magnets, beginning with the second prototype (HGQ02).





Their purpose is to induce quenches by locally raising the conductor temperature so that the conductor is above the so-called critical surface (j,(,B) generating a localized normal zone that propagates throughout the conductor.





Some of the requirements of a successful spot heater design are :





provide adequate energy deposition over a limited area to initiate normal zone growth





produce little or no effect on the magnet mechanical structure





be easily incorporated into the coil package





be robust





be easy to fabricate





be compatible with existing test facility electronics











The first requirement essentially dictates the heater resistance and effective area, while the other requirements lead to a design that is thin, flexible, and compact, and made from non-exotic materials and with simple procedures.





First, we look at the energy deposition requirements and parameters, using the Fermilab LbQ as a guide...











LbQ Heater Power Density :





heater length = 2 x 52 “ = 104” = 264.2 cm


heater width = 0.5” = 1.27 cm


heater area = 335.5 cm2





heater resistance (typical) = 5( 





heater voltage (typical) = 250V





(  heater peak power ~ 12,500 W  ( peak power density ~ 37.3 W/cm2





(note : CERN spec is about 25 W/cm2)








HGQ Spot Heater Design :





Design goal is to provide essentially the same peak power density over an are of a few cm2 , and to utilize existing VMTF electronics.





(  Rh ~ few (, small package (width = width of cable, length < few cm)





“Zig-Zag” design  :
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Parameters :





Overall length = 2.5 cm		Effective area = 2.4 cm2


Overall width = 1.5 cm			Resistance = 2.41 ( (300K) / 1.8 ( (77K)


Electrode material = SS (0.001” thick)  	


Insulation = Kapton (0.002” each side)


Leads = 18 or 22 ga twisted pair soldered to “tabs”


The spot heater is fabricated by cutting the electrode material by hand, and gluing it between two layers of Kapton using M-Bond 610 adhesive followed by oven curing at some nominal pressure - identical to Cap Gauge fabrication procedures.





To provide the required 35 W/ cm2 , the heater must produce a peak power of about 84 W. This can be achieved at a current of about 7A, and voltage (at LHe temperatures) of 12V.





This is well within the capabilities of the SH-HFU at VMTF.








Tests and Optimization :





The HGQ heater design must be evaluated on two fronts :





mechanical incorporation into HGW cold mass





electrical performance using actual VMTF electronics





In the first case, we have fabricated several heaters that can be used during test-winding of coils for HGQ02. We will be able to optimize their placement in the coil structure, and the routing of the power leads.





In the second, we plan on testing several heater prototypes at VMTF using the Spot Heater Firing Unit. Tests will be conducted with the heaters clamped between a piece of G-10 and a ten-stack, in order to simulate the thermal environment in the cold mass. Tests will be conducted at 77K.





Preliminary tests using a DC (rather than pulsed) power source gave indications that some damage to the heater and surrounding G-10 block occurred when running at current levels in excess of about 5A @ 77K. Since this represents a fact of about 6 x 103 greater MIIT’s (integrated energy deposition) than the pulsed case, it is clearly not a suitable means for testing heater integrity - hence future tests to be performed as described above.





Testing of spot heater mechanical integration with the coil package can being as soon as test-winding of coils for HGQ02 begins.





Electrical testing of HGQ spot heaters will begin at VMTF pending completion of Hi-Tc power lead tests (approx. 1/5/98).





Location of Spot Heater  in HGQ coil packages :





The location of spot heaters for the HGQ magnets has been detailed in TD-97-027. 





For the inner coil, the spot heaters will be placed between the cable and the ramp splice pre-form, as shown on drawing MD-344511. Spot heaters will be placed on two of four inner coils. 





For the outer coils, spot heaters will be placed at the mid-plane near the lead end, and again between the cable and ramp splice pre-from, as shown in drawing MD-344512. Spot heaters will only be placed on one outer coil, yielding a total of 4 spot heaters in magnet HGQ02.





While the exact wire routing plan will be determined during practice coil winding activities, it is likely that the sport heater power leads will be routed to from the coil package much as the outer coil voltage tap leads are.








Strain Gauges as Spot Heaters ?





The feasibility of using strain gauges as spot heaters was studied this summer. Results of this work have been documented in TD-97-031. 





While it was found that adequate power densities could be easily achieved, this would be difficult to do in practice as a result of the much higher resistance of the heater elements. This increased resistance (about a factor of 150) would require substantial modification to the capacitor banks of the heater firing units in order to achieve a sufficiently low RC time constant. 





As a consequence, it was felt that a low-resistance approach was warranted, so that modifications to the HFU could be avoided.








J. Ozelis	              TD-97-057             	   � DATE  \l �12/15/97�











