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"The aim of this doctoral thesis entitled “Study of MgB: based Transmission line magnet
for Accelerator systems” is to present a combined function magnet design with warm
iron yoke and MgB: as a possible conductor for transmission line to energize magnet,
for the upgrade of J-PARC Main Ring (MR).

Since, J-PARC is one of the leading accelerator facility for several ground-breaking
experiments such as T2K, KOTO and upcoming facility (COMET) and Proton on Target
(POT) as principle requirement. Shortage of POT puts limitation on operation time of
experimental facilities. In order to fulfill this increasing future demand of POT, apart
from the ongoing increase in the beam power, one of the possible option is to upgrade
the current facility with a new ring (stretcher ring) in the present tunnel. Limited tunnel
space, a compact and simple SR design is required to install in the present MR. For this
reason, study of superconducting combined function magnet with warm iron yoke and
superconducting transmission line as primary candidate for field below 2T is undertaken.

This thesis first presents, the optimization of irom yoke by singular value

decomposition (SVD) and mechanically stable transmission line cable structure to
handle forces acting on the conductor without degrading the field quality in the volume
of interest (VOI).
Secondly, electromechanical investigation of several MgB: samples produced by
Hitachi, Columbus and Hypertech are undertaken. Characterization of critical current
dependence on external magnetic field and applied strain was performed at 4.2K using
customized test probe in order to determine the operating limitation of the MgB; as
transmission line conductor. Stress and strain tests are performed at 4.2 K ,77 K and RT
in order to determine the maximum stress and strain limit for fabrication and operation
of the transmission line conductor.

The result shown that the optimization of iron yoke using SVD gave the pole
shape for the target field with significantly reduction of all the higher order field
components, but the shape generated by the singular value decomposition is a quite
complex is not feasible form the manufacturing point of view. In order to get the
optimized pole shape feasible for the manufacturing process, we had modified the
optimization process and instead of considering amplitude of each shimming point, total
number of shimming points are divided into pairs 5 shimming and an average is of each
pair shimming point amplitude is taken in consideration for successive iterations.



Considering the modified approach, a much smoother optimized pole shape is generated
~which is feasible for large scale manufacturing process as well as good field quality in
the volume of interest (VOI) or beam area.

The set of 4 transmission line conductor which carry a maximum of 80 kA, with
each cable carrying a maximum of 20 kA current, due to large current the conductor is
subjected to large amount of forces, support structure plays a vital role in order to handle
this force. In order to minimize the cost of the overall system and for free flow of GHe,
the total number of support structures in the transmission line need to be placed at a
optimized distance which fulfill the target of cost reduction and structural stability. The
structural analysis using ANSYS FEA static structural module offered an optimized
distance for transmission line cable support: The analysis was performed taking into
consideration a sufficient safety factor and properties of OFHC copper are taken for the
analysis.

The electro-mechanical characterization comprises of mechanical
characterization to test the stress and strain limit for the conductor wire for cable
manufacturing at RT and operation at GHe environment (around 10 K - 20 K), and
electrical characterization to check the critical current degradation due to the forces
acting on the conductor during operations which can cause strain on the cable.
Experimental results show that, MgB2 conductor produced by Hitachi have the highest
stress and strain limit both at RT and 4.2 K as compare to Columbus and HyperTech
sa'mples, with a high critical current density, that are investigated in this study. The
results show satisfactory performance and can be considered as a strong candidate for
the transmission line magnet with the desired operating condition of current and
magnetic field with the mechanically stable cable structure. '

The future recommendation is even though the single wire shows -good results
in order to make a final decision on the conductor selection, further testing of MgB;
cable to be undertaken in order to determine the actual performance of the transmission
as several factors during cabling process can affect the overall performance of the
-superconductor.
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