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Detailed calculations were done to assess the thermal performance of the QPS modular coils, 

including temperature gradients during cool-down and temperature ratcheting during repeated 

cycling.  The complex curves, reverse curvature regions, and small radii of curvature of the 

QPS coils require a flexible conductor.  Internal rather than external cooling of the winding 

pack avoids the cost and installation time needed for a complex arrangement of copper 

cladding and chill plates with soldered cooling lines.  The internally cooled conductor has 

superior performance, allowing a coil pack to cool in 1/3 the time required with external 

cooling using cladding and chill plates.  A flexible cooled conductor that can be wound into 

complex 3-D shapes was developed by winding stranded copper filaments around an internal 

copper cooling tube and compacting to a square shape for winding (Fig. 7). 

The internal cooling tube was filled with a low-

melting-temperature eutectic, as shown in Fig. 7, 

which avoids crushing the cooling tube during cable 

manufacture.  The eutectic is flushed from the cool-

ing tube with hot water prior to winding the conduc-

tor on the coil form.  Tests to see if the internal tube 

would kink indicated that the cable wrapped around 

the cooling tube acts in the same way as a tube 

bending tool and allows winding in a small radius 

without distortion or buckling. 

 
The modular coils will operate at 40–100 C to main-

tain good vacuum properties, so a high-temperature 

cyanate ester resin (CTD 403) is used that has 

several advantages over the usual epoxy.  While the 

mechanical properties are similar for both, CTD-403 

 

 

 

 

 

 

 

 

 

 

 

 

can be used up to 150 C instead of <100 C; it does not          Fig. 7.  QPS cable conductor. 

absorb water, which provides another barrier against water leaks; and it is easier to work with 

-- it has the viscosity of water, an essentially unlimited pot life at room temperature, and it 

does not start to set until the temperature is raised past 100 C.  The coil bakeout temperature 

is limited by thermal stress and creep properties, which are much better for CTD 403.  

Examination of four-turn racetrack potted coils indicates good wicking into the interstices 

between filaments in the cable conductor. 
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Cable with half-lapped fiberglass
insulation

.425 in

(10.8 mm)
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