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Abstract

In the case of electromagnets using superconducting wires, the disappearance of electrical resistance at extremely low
temperatures below the transition temperature allows for the expectation of a large amount of current flow, and as a result,
it has become possible to generate a high-strength magnetic field. However, at the same time, in order to pass current
through an electromagnet placed in an extremely low temperature environment, it is necessary to connect the room
temperature part to the extremely low temperature part with a conductor, which becomes a large heat path and causes the
problem of heat intrusion. In the field of large accelerators such as the LHC and the QCS magnets of SuperKEKB, it is
common to use the sensible heat of evaporated steam from the low-temperature side heat bath to cool the conductor part,
but in the case of quadrupole electromagnets housed in the cryomodule of ILC, the magnet body is cooled only by
conduction cooling, separate from the cavity that is directly immersion cooled, so the conductor part also needs to be
cooled only by conduction while releasing heat with anchors. For this reason, it is important to correctly evaluate the
conductive component from the room temperature side, which is a major factor in heat intrusion, and the Joule heat
component generated from the conductor body when current is passed through, and to perform an appropriate thermal
design of the current lead. There are various design methods, such as approximations that treat thermal conductivity and
electrical conductivity as constants independent of temperature, and methods that use the integral value of heat conduction.
However, by obtaining results when the heat conduction equation is analytically solved without using approximations,
we will compare the results with other results and report on the extent of the impact that differences in design methods
have.
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Figure 1: Current lead set-up and heat flow.
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Figure 2: Temperature distributions with various

combinations of I, A, « and k.
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Figure 3: Temperature distribution in z space.
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Figure 4: Thermal conductivity as a function of

temperature.
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Figure 5: Thermal conductivity as a function of z.
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Figure 6: Evaluation of an intrusive heat to the cold end.
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Figure 7: Simple scheme example to evaluate the total
intrusive heat.
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