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Summary

Introduction

The UT coil represents a simplified prototype of the NCSX winding pack as envisioned in March 2002.  The coil has a racetrack shape, with a winding path approximately 33 inches long and 7.5 inches wide.  The winding pack consists of eighteen turns of conductor in a 2x9 array.  The conductor is 0.5 inch x 0.625 inch compacted copper cable with a packing fraction of 78%.  The conductor is insulated with one (1) spiral-wrapped layer of .007 inch glass tape followed by two (2) half-lapped layers of co-wound kapton (.0035 in) and glass (.007 in) tape.  The conductor was wound (by UT technicians) into a stainless steel winding form that also served as the fixture for subsequent impregnation with epoxy.  Between the winding form and the long sides of the conductor winding pack are two strips of copper sheet, .030 inches thick.  A 0.25 inch copper tube is brazed to the top of each of the copper strips.  Four thermocouples were co-wound with the conductor and are located at the lateral center of the winding pack, one quarter, one half and three quarters of the distance along the vertical dimension of the pack.  

The coil was vacuum impregnated with CTD 101 epoxy at PPPL using a prototypical impregnation and curing cycle.   The overall coil configuration, winding pack, and insulation scheme are shown in Figures 1-3.
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Figure 1

UT racetrack coil assembly with winding form, conductor, leads and copper cooling
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Figure 2

 UT coil winding cross section
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Figure 3

Typical conductor and insulation scheme used of UT coil

(note: this in not the current baseline scheme)

Purpose of test and expected measurements

The purpose of testing the coil is to gain information on thermal and mechanical behavior of a prototypical winding pack, which is wound from compacted copper cable and vacuum impregnated with epoxy.  The issues to be considered are actual electrical resistance of the winding pack compared to calculated resistance, temperature rise for a given current waveform, cooldown time, and overall stiffness of the winding pack.  The electrical response will be determined from voltage and current measurements, the thermal behavior will use the thermocouple measurements, and the mechanical behavior will be determined by a dial indicator measurement on each side of the coil case.  Table 1 lists the basic measurements and expected (calculated) values for the measured quantities.  

Table 1  UT test coil measured quantities and expected (calculated) values

	Test
	Measure
	Measurement
	Calculated Value

	
	
	
	

	Resistance
	Voltage at coil leads
	Voltage taps on coil leads
	5.374E-04 ohms,

at 80 K

	
	
	
	1.215E-03 ohms,

at 120 K

	Inductance
	Current rise time and decay time
	Current signal from power supply
	1.54E-04 henries

	Thermal behavior
	Temperature rise vs current
	Thermocouples
	80 to 120 K,

in 9 seconds,

at 9.7 kA per turn

	
	Cooldown time
	Thermocouples
	120 to 85 K,

in 15 minutes

	Mechanical behavior
	Deflection of coil case on long sides
	Dial indicators
	Xx in at start of flattop (magnetic loads only)

Yy in. at end of flattop (thermal + mag. loads)

	
	
	
	


The temperature rise during operation of the NCSX coils will be 40 K.  In order to achieve that temperature rise in the UT coil, a gradually decreasing current starting at 9.7 kA will be applied for 9 seconds.  Figure 4 shows the expected current and temperature profile.  The actual current that should be applied for an equivalent current density is more than 2 times higher, but the current in the test is limited by the relatively low voltage of the power supply (15V) combined with the resistance of the coil and the resistance of the buswork from the power supply to the coil (~ 1e-3 ohms).  With the power supply operated at its voltage limit, the initial current in the coil will reach about 9.7 kA, then fall off as the temperature, and consequently the copper resistivity, rises from 80 to 120 K.  Another potential limitation is based on the expected forces and stresses in the winding.  An analysis was performed to calculate the forces on the winding, and for 10 kA, the effective pressure is about 36 psi on the sides and 58 psi on the ends.  This results in a stress of about 12 ksi in the outer side walls of the winding form, assuming the winding and balance of the winding form do not provide any restraint.  The above pressures correspond to the beginning of the flattop.  At the end of the flattop, the current has decreased to 6.8 kA, but the temperature has risen by 40K.  This gives rise to a substantial combined pressure and thermal stress of zz psi, (assuming 10 kA per turn in the windings, which should be conservative).
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LCP power supply, 15 V @ 25 kA
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Figure 4

Estimated current waveform and temperature response for UT racetrack coil

Discussion of tests and results

Conclusions
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