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1. Introduction 3. Nb,Sn coll heat treatment process research

The central solenoid (CS) model colil Is being developed to verify the large-scalar superconducting coil manufacture technology Design heat treatment systems according to
for China Fusion Engineering Test Reactor (CFETR) in ASIPP (Institute of Plasma Physics). The CSMC are major components | - |
of CFETR to generate the magnetic field for Simulating the Central Solenoid coil manufacturing process.Several trials were
performed to qualify and optimize the heat treatment procedure of the Central Solenoid coll. In the trials, gas replacement,
temperature controlling, protective gas flow controlling, coil fixture, and assembling procedure were performed to resolve some
technical I1ssues and to demonstrate the fabrication procedure. Major requirements are: the radius increase of the conductor must
be less than 4.1mm In the reaction heat-treatment when the residual stress relax; the temperature ramp rate limited to 5°C/hr; the
temperature uniformity need to be satisfied + 5°C at the same time in whole of the furnace; The gas ,which iIs exhaust from the
furnace and conductor ,its’ Impurity content must be less than 10ppm;

technical requirements Is showing In the

figure 5 .

EXperiment process

(1) Used the coil fixture to fix the coil for
preventing deformation.Measuring coll
Inner and outer profile.

(2) Assembled the thermocouple(for
Monitoring temperature on coil) and
sample(for estimating coil function after
heat treatment)(figure 6)

2. Parameters for CSMC Heat treatment
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The assembling single side gap is only 32.4mm between Nb,Sn inner and outer coil in the coil 4 Resu|ts and COﬂClUSiOnS
assembly process(Fig 2&Table 1). Each process(Nb,;Sn coil manufacturing process) will reduce the i =

gap which is single side between Nb,Sn inner coil and outer coil(Figure 3). The residual stress in the
bending process and the thermal stress in the heat treatment process will cause the deformation of the
colil. Therefore, it need to control the coil deformation in heat treatment process.The coil deformation
IS less than 9.1mm as showing In the table 4.

In the coll heat treatment time, inner and outer coil will reacted the impurity gas, then designed the

Compeleted the Nb,Sn inner coil heat treatment by now.

-Compared the figure 8 with table 1,the temperature on the coil (in the heat treatment time),it is meeting the requirement.

-From the figure 8 the impurity out of the coil is meeting the requirement ,but the impurity (H,O) inner coil over the requirement 22 hours(figure 9).

-The outer profile of coil is 1897.6 (-2.13, 1.04) before heat treatment, The outer profile of coil is 1897.6 (-1.89, 1.24) after heat treatment. The max variation is
0.24mm.The inner profile of coil is 1490 (-0.71, 1.77) before heat treatment, The inner profile of coil is 1490 (-0.65, 2.05) after heat treatment.The max variation is
0.28mm.The max deformation of Nb;Sn inner coil is 0.28mm less than 9.1mm.

. . T : i 04. -9 50 .
prctection gas subsystem (Figure 4) and the parameters(table 3&5). | he variety range of the sample is (+3.6%, 2. Table 6 The sample properties
Final texts &Ground Insulation o f 1700 850 :2: :gz
Jw s Tg:f\ i NO  Before heat After heat tolerance
Figure 3 Nb,Sn coil manufacturing process 5 "335 ] 25 - treatment  treatment
Table 4 The gap is on the single side betweent St IC (A) IC (A)
Nb3Sn inner coil and outer coil after each process ok e atatom #eber Table 5 Technical parameter of faaf xa] b
P /D //C argon protection subsystem ] / SU1L 263.1 256.4 -2.5%
Process gap's value coil size tolerance (mm) | | o]/ SM1  263.1 263 -0.04%
(mm) increment (mm - Hurtle %m %m Gas pressure  >0.5MPa ; “";@*‘;’@ \\\\\\\\\\\\\\\\\\\\\\\\\\ ..@.@ () . o) o SJ1 263.1 262 1 -0.4%
- OM\ 0- I G A S S S R N S N LA S S SO ) - R O M Y -"9 P 'P- P - PP - a Outer pro | e Inner pro | e
BT o )/ ; Lol . | %Eﬁ %‘Ez f@m fiq 0w | Gas flow <10L/min Figure 8 Temperature measurement results  Figure 9 Gas flow andtthftlr:npu_rllty in protection  Figure 11 Nb,Sn inner coil profile measurement before heat treatment  SU2 263.1 261.1 -0.76%
. C L1 . . asouto e COl N Y
. 2]\ ok 112 DLDPE ? ot I ?PI‘ID-—% 701 inner COll ot : —Tem.] | %220| e w u — ' | ‘ SM?2 203.1 204.0 +057%
Bending 30.4 / +2 N i = » 7y SN | T s o e sD1 2631 ’63 0.04%
Heat treatment 30.4-X X / - %ml Jf@ppq éﬁ " jprx—l - I Exhaust line (FPIBDE B Sua"tserfl(?g\lll §6OL/mln QEEE H-g} N\ | SDZ 2631 267 8 1 80/0
Tune insulation 27.8-X 1.3 / T e L L 1= 263.1 | o, v O
Groud insulation 21.6-X 3.1 / r o e . <= 2‘;208 263'1 262. 1 '0'4/;
. . . 272.6 +3.60
VPI 19.1-x 0.5 +2 Figure 4 Argon protection subsystem ‘) >
assmeble 19.1-x>10 / / =
(a)Outer profile (b)inner profile

Figure 10 Gas flow and the impurity in protection

gas inner coil Figure 12 Nb,Sn inner coil profile measurement after heat

treatment



