UCRL- 100533
PREPRINT

DESIGN AND FABRICATION OF THE CPQ COIL

S.S. Shen, R.E. Patrick, J.R. Miller, M.R. Chaplin,
J.R. Heim, J.A. Kerns, D.S. Slack, and L.T. Summers

This paper was prepared for submittal to
11th Internmational Conference con Magnet Technology
Tsukuba, Japar:

August 28, 19289

August 24, 1989

e e

This is a preprint of a paper intended for publication in a journal or proceedings. Since
changes may be made before publication, this preprint is made available with the
understanding that it will not be cited or reproduced without the permission of the
author.



DISCLAIMER

This document was prepared as an account of work sponsored by an agency of the
United States Government. Neither the United States Government nor the University
of California ner any of their employees. makes any warranty, ¢xpress or implied, or
assumes any legal liability or responsibility for the accuracy, completeness, or useful-
ness of any information, apparatus, preduct, or process disclosed. or represents: (hat
its use would not infringe privately owned rights. Reference herein lo any speeific
commercial products, process, or service by trade name, trademark, manufacturer, or
otherwise, does not necessarily constitute or imply its endors t, rec dation,
or favoring by the United States Government or the University of California. The
views and opinions of authors expressed herein do not necessarily state or reflect
those of the United States Governmeni or the University of California, and shall not
be used for advertising or product endorsement purposes




DESIGN AND FABRICATION OF THE CPQ COIL

S.S. Shen, R.E. Patrick, J.R. Miller, M.R. Chaplin, J.R. Heim, ]J.A. Kerns,
D.S. Slack, and L. T. Summers
Lawrence Livermore National Laboratory, University of California
P.O. Box 5511, L-643, Livermore, CA, USA

ABSTRACT

The design and fabrication process of a 15-T, 4000-A, Nb3Sn test coil are described. In
the Conductor Performance Qualification (CPQ) coil, it is intended to demonstrate the reliable
performance of cable-in-conduit conductors (CICC) produced in large quantities from internal-
tin process, multifilamentary, Nb3Sn composites. In addition, techniques appropriate for the
insulate-wind-react-impregnate method of coil construction using CICCs, such as joints and
insulations are developed and demonstrated. The coil is designed to operate at a maximum
field of 15 T as an insert to the High-Field Test Facility Solenoid at LLNL [1]. It consists of four
grades of CICCs, each made of the same number, but a different size, of composite wires.
Operating current density over the first-grade conductor winding is 40 A-mm-2 at 15 T. Also
presented is a novel ripple heating scheme to inject heat at specific levels appropriate for a
close simulation of ac and nuclear heat loads :n a ‘usion reactor. Up to 100 W of heating
power can be simulated within the coil winding, «llowing the effects of such heating on the

coil performance to be investigated.

INTRODUCTION

Technology to produce high
magnetic fields over large regions for the
confinement of fusion plasma has
advanced dramatically in recent years [2].
To meet the increasing demand, Nb3Sn
magnet technology development has also
progressed steadily. In a recent design study
[3], the International Thermonuclear
Experimental Reactor (ITER) calls for both
toroidal and poloidal coils of 12 T or more
and large sizes, which require high-current
niobium-tin conductors to operate under
conditions of high stress, cyclic loading, and

ac or nuclear heating. Fundamentally, such
high performance is attainable, but
development and verification are required.
The CPQ coil represents the first series of
such efforts to provide much needed
engineering data on crucial materials and
processes.

MAGNET DESIGN CONSIDERATIONS

The first major objective of the CPQ
coil is to determine and verify the
superconductor scaling parameters of Ti-
modified, internal-tin process Nb35n
composite wires produced in large



quantities and fabricated in a cable-in-
conduit form. The coil is designed to
produce a maximum field of 15 T in the
winding as an insert to the HFTF. Field
contour plots for the coil windings are
shown in Fig. 1. It is wound with four
grades of CICCs, each made of the same
number, but different sizes, of composite
wires. The coil specifications are given in
Table 1.

The cable is wound with 125
composite strands in a 53 configuration.
Major parameters of four grades of CICCs
are listed in Table 2.

SUPERCONDUCTING COMPOSITE

The composite conductor is an
internal-Sn conductor manufactured by
Intermagnetics General Corporation. The
conductor is made using seven
subelements, each measuring 0.1-0.127 mm
diameter, depending on the final wire size.
The local copper to Nb ratio is about 1:1
with the Nb filaments having 1.2 wt/o Ti
added to improve high-field properties.
The copper stabilizer is 50% by volume and
1s separated from the subelements by a Nb
diffusion barrier with Cu interlayers to
improve bonding. The final conductor has
A-15 filament sizes of 3.5-4.5 um,
depending on wire size, and about 8%
residual Sn in the bronze.
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Figure 1. Field contour plots for one-fourth
coil winding. Field label is in tesla, and
operating current is 4145 A.

TABLE 1

CPQ COIL SPECIFICATIONS
Inside diameter 150 mm
Qutside diameter 300 mm
Coil height 420 mm
Operating current 4145 A
Number of turns 405
Number of layers 8
Grading 4
Conductor length 292 m
Maximum field 15 T*
Forced-cooling temperature 43K
Operating pressure 1-2 MPa
Total mass flow rate 5g/s

*Operated with HFTF magnets.

TABLE 2. CICC CONDUCTOR PARAMETER

Composite
Sheath* Strand Winding Pack
Grade No. Dimensions Diameter Length Current Density
(mm - square) (mm) _____ (m) (A-mm-2)

1 9.42 0.57% 43 40

2 8.61 0.546 66 48.8
3 791 0.491 81 57.1
4 7.59 0.460 97 61.8

*Thickness of the sheath (SS 321) is 0.81 mm for all grades.







