JAERI -M
91-125

CONCEPTUAL DESIGN OF SC MAGNET SYSTEM FOR ITER (V)

—— R&D_PROPOSALS -

August 1991

Kivoshi YOSHIDA, Makoto SUGIMOTO and Hiroshi TSUJI

B X E F H B R A
Japan Atomic Energy Research Institute



JAERI-M 91-125

Conceptual Design of SC Magnet System for ITER (V)
- R&D Proposals -

Kiyoshi YOSHIDA, Makoto SUGIMOTO and Hiroshi TSUJI

Department of Fusion Engineering Research
Naka Fusion Research Establishment
Japan Atomic Energy Research Institute

Naka-machi, Naka—gun, Ibaraki-ken

{Received July 8, 1991)

The Internaticnal Thermonuclear Experimental Reactor (ITER) dis an
experimental thermonuclear tokamak reactor in order to test the basic
physics performance and technologies. The conceptual design activity
(CDA) of ITER required the joint work at a technical site at the Max
Plank Institute for Plasma Physics in the Garching, Germany from 1968
to 1990. The technical prpposals from Japan were summarized by the
Fusion Experimental Reactor (FER) Team and the Superconducting Magnet
Laboratory of the Japan Atomic Energy Research Institute {JAERI).

This paper describes the Japanese contributions of the R&D pro-
posals to the magnet system for the ITER. These proposals were
discussed in ITER CDA design team and summarized in ITER Technical
report No. 20. The development program of Toroidal Field Coil is
basically proposed from Japan with the design and analysis reports.

The Japanese proposals are almost adopted in the ITER Long-Term R&D

program.
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PREFACE

All of technical design reports from Japanese contributors to ITER

magnet design are listed below:
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1. INTRODUCTION

The International Thermonuclear Experimental Reactor
(ITER) is an experimental thermonuclear tokamak rector in order
to test the basic physics performance and technologies. The
conceptual design activity (CDA) of ITER required the joint
work at a technical site at the Max Plank Institute for Plasma
Physics in the Garéhing. Germany from 1988 to 1990. The tech-
nical proposals from Japan were summarized by the Fusion Exper-
imental Reactor (FER) Team and the Superconducting Magnet L.abo-

ratory of the Japan AtomicAEnergy Research Institute (JAERI).

This paper describes the Japanese contributions of the
R&D proposals to the magnet system for the ITER. These propos-
als were discussed in ITER CDA design team and summarized in
ITER Technical réport No. 20. The development program of
Toroidal Field Coil is basically proposed from Japan with the

design and analysis reports. The Japanese proposals are almost

adopted in the ITER Long-Term R&D program.
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2. PROPOSALS OF THE LONG-TERM R&D OF SC MAGNET SYSTEM

2.1 Introduction

2.1.1%1 General
The superconducting magnet system consists of the Toroidal

Field (TF) Coils, the Central Solenoid(CS) Coils, the Diverter
Field (DF) Coils and the Outer Ring (OR} Coils. The total heat
load of the magnet system is estimated to be around 100 kW at
4-K region. Major features of each coil are listed in Table
2.1. Baird's-eye view of SC magnet system is shown in Fig.
2.1. The magnet system looks like the back bone of the tokamak
machine because the tokamak concept is classified to the mag-

netic fusion.

Table 2.1 Major features of each SC coils

Coil Bmax Shape ° Outer height Aspects

or diameter

TF 11 T D-shape 17 m Large Stored Energy
Neutron Damage

CS 13 T Circle 4 m High Field

DF 9T Circle 9 m

OR 5 T Circle 24 m Large Diameter

2.1.2 Components of magnet system
The magnet system consists of the following components:
(1) TF coils : 16 coils
(2) PF coils : 8 CS coils, 2 DF coils, and 4 OR coils
(3) Coil service : piping and diagnostics
{4) Structural support: TF coils, PF coils and gravity supports
{(5) Power supply system:
- 1 TF power supply and protection system
- 16 PF power supplies
(6) Cryogenic system: about 100 kW
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2.1.3. Development items for SC magnet system
The following items were required for the SC magnet system

during the Engineering Design Activity {EDA) .

(1) TF coil

The coil size of ITER and LCT coil is compared as shown in
Fig. 2.2. The ITER TF coil will become the biggest supercon-
ducting magnet if it is realized.

Replacement of the TF coils is seriously difficult after
D/T burning, because the TF coil is a back born of the Tokamak
machine and many structural materials are activated. In addi-
tion, there is a heavy plaéma vacuum chamber and neutron shield
inside the TF coil.

The'superconducting coil system is requested to have high
reliability and performance (maximum field and current
density), which directly influence the gsize of the tokamak
machine. '

The most serious concern about using only small circular
coils in the Scalable Model Test is the difficulties of manu-
facturing and the uncertainties of load transmission between
windings and case. The test coil which has non-circular wind-
ing with thick case shall be manufactured and charged under the
same mechanical environment as ITER.

Therefore, the development of TF coil is the most impor-

tant work in the ITER superconducting magnet system.

(2) C8 coil

The CS coil is the most difficult for conductor develop-
ment because high field (13 T) and pulse operation are re-
quired. It is not necessary to develop the DF coils because

the DF coils has similar characteristics to the CS coils.

(3) OR coil verification test

The developments of a Nb-Ti pulse conductor are in
progress in the DPC program in Japan. However, the OR coil is
the most difficult to replace among the magnets. The minor
modifications to meet the ITER specifications and verification
test utilizing the CS Scalable Model -Coil will remarkably

AS_
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reduce the size of machine.

(4) Cryogenic component development

The developments of the key cryogenic components are
indispensable to establish the ITER cryogenic system whose
capacity is around 100 kW. The ITER cryogenic system should be
reliable, controllable, effective, and economic. The develop-
ment of the medium size system such as 8-kW unit is a good

milestone to realize the 100 kW cryogenic system.

2.1.4 Basic research for the magnet technology
(1) Characterization of superéonducting strand and conductor
The evaluation of trial manufacturing strands and conduc-

tors is indispensable to improve the capability of strénds and

conductors.

(2) Characterization of cryogenic materials

The evaluation of cryogenic materials is indispensable to
improve the capability of cryogenic materials. Especially, the
irradiation effects on each material are important to improve

the neutron tolerance of the SC coils.

2.2 Specification of developments
2.2.1 The TF Model Coil
(1) Shape and size
a. Non-circular, race-track coil as shown in Fig.2.3
b. Size: Bore: 3.00 m x 5.00 m, winding: 0.5 m x 1.10 m
- Bore size is 1/3 of ITER
- Aspect ratio ( vertical /horizontal ) is 1.7 as same as
ITER.
¢. Thick case : over 200 mm
(2) Three test coil version
a. Bmax : 11 T
Iop : 30 KA
Jop : 30 A/mm?
Minimum winding radius : 1.50 m

e T = TR o T v

Volume of winding : 9.33 m>

— 4 —
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g. Length of conductor : 8250 m /total
h. High field configuration is shown in Fig. 2.4.
i. Mechanical test configuration is shown in Fig. 2.5.
(3) One test coil version
a. The LCT coils can be used for backup coil as shown in Fig.
2.8.
b. Technical detailed is described in reference[l].
(4) Conductor
a. NbaSn monolitﬁic conductor[1]

b. Hollow cooling and low AC loss.

(5) key Development issue

a. Strand : High performance

b. Joint : Compact and low resistivity

c¢. Insulation Break : Compact and reliability
(6) Testing items in the common facility:

a. Strand :" A1l bronze strand

b. Steel : Thick plate ( 200 mm) for case

c¢. Insulation : Withstand to irradiation

Results of R&D of TF Model Coils are as follows:

(1) Conductor : simulate mass production as 8 km length

a. Manufacturing technique
b. Accuracy of conductor
- Conductor: Jc, AC loss, Stability, Stress effect
- Jacket : mechanical properties
(2) Winding : development of non-circular winding technique
accuracy of winding
(3) Joint : production of joint in an actual coil
(4) Case : production over 200 mm case
a. Manufacturing technique
b. Accuracy of case
¢. Mechanical property-
(5) Finishing
a. Closing method
b. Void filling between winding and case

¢. Accuracy of final machining
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2 CS Model Coil
Specifications of the CS Scalable Model Colls are as fol-

lows:

(1)
(2)
(3)
(4)
(5)
(6)

a.

(7)
a.
b.

Shape : Circular

Bmax : 13 T

Top : 40 kA

Jop : 30 A/mm2

Minimum winding radius : 1.00 m

Size : ID : 2.00 m, OD : 3.20m, H : 1.16 m

Bore size is 70 % of ITER, 1 mm radius is minimum size for
40 kA conductors.

The CS Scalable Model Coil in the DPC vacuum tank is shown
in Fig.2.7.

Comparison of coil size between the ITER CS coil system
and the CS5 Scalable Model Coil is shown in Fig.2.8
Space limit considerations

Quter diameter ‘is restricted by the TF coil.

The cross sectional view of the winding of the CS Scalable
Model Coil is shown in Fig. 2.9.

The pancake joint area of the CS Scalable Model Coil is

limited as shown in Fig. 10.

(8) Volume of winding : 5.68 mS
{9) Length of conductor : 4260 m / total

(10)

(12)

=T e TN

Conductor

NbgSn bundle conductor developed in the DPC-EX[2]
Preformed Armor type conductor and winding technologyl3]
Key Development issue

Strand : High performance

Joint : Compact and low resistivity

Insulation Break : compact and reliability
Testing items in the common facility:

Mechanical measurement

Stability test : nuclear and AC loss

Quench test

Cyvcle test { Over 1,000)

2.2.3 OR coil verification test

The Outer Ring pancake is required to turn the technology

— 6 -
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of the Demonstration Poloidal Coils (DPC). The specifications
of the OR pancake are described as follows:
(1) Demonstration of long cooling path (400 m) and guench
protection
(2) Fabrication of long conductor (800 m)
(3) OR pancake : ID 2.0 m same as CS coil size
one or two pancake

(3) Conductor

a. Nb-Ti coaxial bundle conductor

b. Modified DPC conductor[4]
(4) Testing in the common facility:

a. Mechanical measurement
Stability test : nuclear and AC loss
Quench test
Cycle test ( Over 1,000)

a o o

2.2.4 Cryogenic component development
The conceptual design of the cryogenic system is developed
based on the preliminary thermal analysis. The following items

are required to develop the key component of cryogenic

system[5].

(1) A large scale turbine
a. Mass flow rate : more than 1000 g/s
b. Adiabatic efficiency : more than 70-75 %
¢. Wide operation range : 40 - 100 %

(2) A large gas helium compressor
a. Mass flow rate : 2 kg/s - 14 kg/s
b. 0il free centrifugal type

of

¢. Isothermal efficiency : more than 65

{3) Cryogenic circulation pump

a. Mass flow rate : 4000 g/s
b. Pump head 1 0.25 MPa
¢. Adiabatic efficiency : more than 60 %

(4) Cold compressor

a. Mass flow rate : 1500 g/s
b. In/out pressure : D.05 MPa / 0.13 MPa
¢. Adiabatic efficiency : more than 60 %
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() Wet (or She) turbine
a. Mass flow rate 2000

b. Adiabatic efficiency more

2.3.
2.3.1. Common Test Facility

Test Facility Requirements

The common test facility are

coils.
(1) Cryogenic system
a. Refrigerator 8 kW at
b. She pump 1 kg/s
(2) Power supply system
a. Pulse power supply 50 kA,

b. DC power supply
¢. PC breakers, dump resistors
d. Bus bar and mode switch
(3) Vacuum tank
(3.1) CS coil
Tank

Current lead

Support structure

[T ¢ N & S

Piping and SC bus
(3.2) TF coil

Tank

Current lead
Support structure
Piping ans SC bus

Instrumentation

a
b
C
d.
(3)
a. Amplifier of high voltage,
h. Patching
¢. Cabling

(4) Data acquisition system

9 m diam.
50 kA pair x 3 set

g/s
than 80 %

required to examine the model

5 kV, 20 s ( JT-80 PS)
DC 50 kA PS

X 2 set

5 m diam. x 8 m height (DPC)
50 kA pair x 2 set

X 13 m height

strain and temp.

a. Data base computer and software

b. Fast channel

c. Slow channel

200 ch x 3 set
1,000



JAERI-M $1—125

2.3.2 Test Facility for Conductor Developments
During developments of conductors, the existing test facil-
ity will be used for evaluations.
(1) Full scale conductor test
a. Critical current test : 14 T - 0.4 m diam., 40 kA
b. Stability test : 8T - 1.5 m diam., 40 kA

(2) Verification test during conductor development
a. Strand ' : 13 T - 7 cm diam., 15 kA
¢. Limited conductor test : 13 T - 10 cm diam., 100 kA
d. Limited pancake test : 8T - 1.5 m diam., 30 kA

(3) Characterization of strand sub-size conductor

a. Strand : 15 T - 5 cm diam., 1 kA
b. Sub-size stability : 13 T - 24 cm diam., 15 kA
¢. Mechanical test + 10 ton, 100 ton

Physical property

2.4 Interpolation of Summary

After agreements of internaticnal collaboration through
ITER-EDA, there are many benefits for development tasks to use
other country test facilities and to exchange hardware informa-
tion by samples and scientists exchange. We don't need to
consider to prepare new facility for investigation of large
conductor or coil samples. The international common facility
for the scalable model coils has good benefits to develop the
components of utility (cryogenic system and power supply sys-
tem). Also, the common test will be carried out with good

collaboration as same as the Large Coil Task.
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Fig. 2.1 Bird's-eye view of the superconducting magnet system
for the ITER
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Fig. 2.4 High field configuration for the TF Scalable Model

Coil (three test coil version)
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Lo

Fig. 2.5 Mechanical test configuration for the TF Scalable
Model Coil (three test coil version)



JAERT-M 91-125

Post Support

Box Support

Fig. 2.6 The TF Scalable Model Coil and backup field colls

(one test coil version)
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Vacuum Tank

Fig. 2.7 The CS Scalable Model Coil in the DPC vacuum tank
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Fig. 2.8 Comparison of coil size between the ITER CS coil
system and the CS Scalable Model Coil
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Fig. 2.9 The cross sectional view of the winding of the CS
Scalable Model Ceil
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3. DESIGN AND ANALYSIS OF TF SCALABLE MODEIL COIL

3.1 Intreduction
The TF model coil should be constructed for an emulation

of ITER TF coils,

(1) Verification tests of mechanical and electrical properties
under high stress similar to the ITER TF coils.

(2) Ic measurement and stability test at 11T, 30KA.

{3) Destructive tests behaviors of coil.

3.2 Concepts of Design
The TF model coil has a race-track shape as shown in Fig.

3.1. The cross sectional area of winding 1is 550 x 400 mmz. The
model coil has a 20 mm-thick coil case, a 200 mm-thick outer
ring and a service area. Major parameters of the coil are

listed in Table 3.1.

Three types of tests are planned for the evaluation of the
TF model coil. Tests are performed with three test coils, which
are manufactured according to the same specification and are
connected to each other by the supporting structure. The test
coils are examined one by one in the central test position by

the following tests.

(1) Mechanical Test
Figure 3.2 shows the coil configuration of the mechanical

test. The test coil is set in the mid position shifted 550 mm
from the other two coils. Figure 3.3 shows the supporting
structure. The supporting structure consists of the Front post,
Back post and Bars. The dimensions of this test structure are

8500 mm~-high, 6050 mm-wide and 2180 mm-thick.

(2) High Field Test

Figure 3.4 shows the coil configuration of the high field
test. The test coil is set on the upper portion of the back-
ground coils, 550 mm from the base. Figure 3.5 shows the sup-
porting structure. The supporting structure consists of the
Upper beam, Lower beam and Bars. In this case, the dimensions
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of the test stand are 8530 mm-high, 4500 mm-wide and 2180 mm-
thick.

A 3-Dimensional drawing of the model coil, the mechanical
test stand and the high field test stand are shown in Figs.
3.6, 3.7 and 3.8.

{3) Fracture Test

To obtain the fault behavior of large superconducting
coils, a fracture test is planned. In this test, the outer ring
of the test coil is cut in several places by a milling machine

and then the coil is charged ﬁp.

3.3 Basic Analysis
3.3.1 Cable Length

The TF model coil consists of 5 double pancakes, each of
which is wound with‘a 420 m long cable. The total length of the
conductor in the coil is 4.2 km and the total number of turns

is 220.

3.3.2 Weight
The weight of a test coil is estimated to be 3.3 tons and
the total weight of the system including the supporting struc-

ture is around 120 tons.

3.3.3 Inductance
The calculated self-inductance of a coil is 406 mH, the

mutual inductance between neighboring coils is 199 mH and the
mutual inductance between the background coils is 152 mH. The

total stored energy is 1.04 GJ.

3.4 Mechanical Test Position

3.4,1 Magnetic Field
Figure 3.9 shows the distribution of magnetic field along

the coil perimeter. Figure 3.10 shows the field contour map in
the cross-section of the Front-post-side straight section of
the coil. It is very similar to that of the TF coil. The field
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contour map in the cross-section of the Back-post-side straight
section and that at the top of the circular section are shown

in Fig. 3.11 and Fig. 3.12' respectively.

3.4.2 Electromagnetic load

As shown in Table 3.2, the radial force of the test coil
is 201 MN. It acts on the straight section in the model coil.
The axial force on the background coil is 271 MN. From this

force, the test coil bears a transverse compressive load.

3.4.3 Stress analysis
(1) Calculation model

The calculation model is shown in Fig. 3.13. This model
consists of three test coils ( a test coil and two background
coils ), Front post, Back post and seven Bars. Physical con-

stants used in this calculation are listed in Table 3.3.

(2) Stress analysis

Figure 3.14 shows the displacement diagram of this model.
The maximum displacements of the Mechanical Test Stand are
summarized in Table 3.4.

The distribution of the longitudinal, the axial, the
radial and the Tresca stress on the test coil is shown in Fig.
3.15. From this figure (c¢) and (d), the maximum value of the
Tresca stress and the longitudinal stress becomes 171 MPa and
153 MPa respectively. These stresses are induced by the bending

deformation of the coil.

(a) Radial direction stress: The distribution of the
radial stress in the cross-section of the Front-post-side
straight section is shown in Fig. 3.16. From this figure, radi-
al(z-direction in Fig. 3.12) compressive stress is -91.7 MPa.
This value is very large and the same as that on the ITER TF
coil. This straight section of the test coil can simulate the
radial compressive stress of the TF coil. The coil stiffness
in the radial direction can be evaluated from the Front-post-

side straight section.

i23__
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(b) Axial direction stress: Figure 3.17 shows the cross
sectional view of the axial stress distribution in the Front-
post-side straight section. The maximum value of the axial(y-
direction in Fig. 3.12) stress becomes -40.4 MPa, and is a
compressive stress. This is a small value in comparison with
that of the ITER TF coil. In this calculation model, no axial
compressive loads act on the straight section of the test coil.
Magnetic forces are applied to the test coil by the back-up
colls in the form of axial compressive stresses. Axial compres-
sive stress in the straight section can be increased by opti-
mizing the shape of the spacer which is located between the

test coil and the background coils.

(c) Background coil: The distribution of the longitudinal,
the axial, the radial and the Tresca stress on the test coil is
shown in Fig. 3.18. From this figure, the maximum value of the
Tresca stress is 120 MPa, which is not serious. The maximum
value of the longitudinal and the axial direction stress be-
comes -85.1 MPa and 64.7 MPa, respectively. These stresses are
induced by the bending deformation of the coil. The maximum
value of the radial direction stress becomes -78.9 MPa at the

Back-post-side straight section.

Typical stress values of the test coils and the ITER TF
coil are summarized in Table 3.5. The distribution of the
longitudinal, the axial and the radial stress at the straight

part of the ITER TF coil is shown in Fig. 3.19.

3.5 High Field Test Position
3.5.1 Magnetic Field

Figure 3.20 shows the magnetic field distribution along
the coil perimeter. The maximum field of 11 T along a 3-m-
length is experienced. Figure 3.21 shows the field contour map

in the cross section at the top of the circular section.

3.5.2 Electromagnetic Load
In this case, the electromagnetic load acts on the circu-

— 24i
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lar part of the coil. Stress which are induced by electromag-
netic forces in the circular section is similar to that in the
circular coil. Stress in the circular coil, as opposed to non-
circular coils, are well defined by the TMC and DPC. These
electromagnetic forces in the circular section ace nigh but not
sections, and stresses in the straight section are not high.
This is the safe side of the coil stiffness. The estimated

loads are shown in Table 3.2.

3.6 Fracture Test
The fracture test is planned to obtain the fault behavior

of large superconducting coils. In this test, the outer ring of
the test coil case is cut in several places by a milling ma-
chine and then the coil is charged up to investigate where the

failure of winding is happened.

3.7 Requirements for the Test Facility
The requirements for the test facility listed in

Table 3.6.

3.8 1Interpolation of Summary

The TF model coil and its test stand were designed to emu-
late the environment of the ITER TF ccoils. Using the designed
mechanical test stand, it is proved by the analysis that the
required mechanical condition can be achieved in the test
coil. With the high field test stand, the required field of

11T can be experienced by the conductor along a 3 m length.

- 25 —



JAERI-M 91—125

References

[1] K. Yoshida, K. Koizumi, M. Sugimoto, et al., "DESIGN STUDY
OF FER SUPERCONDUCTING MAGNET SYSTEM", Proc. of the MT-

11,(1990) 908
[2] Yoshida, M. F. Nishi, Y Takahashi, et al.,” DESIGN OF THE

PROTOTYPE CONDUCTORS FOR THE FUSTION EXPERIMENTAL REACTOR", IEEE

Transactions on Magnetics 25-2 (19838) 1488
[3] T. Ando, et al., "DEVELOPMENT OF HIGH FIELD SUPERCONDUCT ING

COIL FOR THE TOKAMAK FUSTON MACHINE IN JAPAN", Proceeding of
11th Symposium of Fusion Engineering (1986) 991

[4] T. Hamajima, A. Tanaka, H. Shiraki, et al., "DEVELOPMENT OF
A FORCED-COOLED SUPERCONDUCTING COIL. WITH HIGH AVERAGE CURRENT
DENSITY (DPC-TJ)", IEEE Transactions on Magnetics 25-2 ({1989)
1721

[5] H. Mukai, 0. Osaki, T. Hamajima, et al., "FABRICATION OF

DPC-TJ, A FORCED-COOLED LARGE SUPERCONDUCTING COIL", Proc. of
the MT-11, to be published from Elsevier in 1990.

[6] K. Yoshida, M. F. Nishi, Y. Takahashi et al., "DEVELOPMENTS
OF THE PROTOTYPE CONDUCTORS AND DESIGN OF THE PROTO TOROIDAL
COTL FOR THE FUSION EXPERIMENTAL REACTOR", Proc. of the MT-11,
(1990) 890

_26_



JAERI-M 91-125

Table 3.1 Specification of TF model colil

' Operating current
field
Size
height
width
thickness
Cable Length
Total cable length
Double pancake cable length

30
11

6.5
4.5
0.46

3.4
680

Xx 5 double pancake = 1 coil

Weight
Coil welight
X3
Supporting structure
Total weight
Inductance
Self-inductance
Mutual inductance
Test coil & background coil
Between background coils
Stored Energy
1 coil
Total

33.3
100
20
120

406

199
152

183
1.043

kA

km / coil
m / 1DP

ton/coil
ton
ton
ton

mH

mH
mH

MJ -
GJ
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Table 3.2 Magnetic forces in each test stand.

Unit: MN
Mechanical test High field test
TEST POSITION COIL
longitudinal 111 =710
axial -170 =147
radial -201 161
BACK GROUND POSITION COIL
longitudinal 107 81
axial -271 -307
radial 100 155

note:; radial:z-direction; axial:y-direction; longitudinal:x-

direction in Fig. 4.5

e 28i
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Table 3.3 Physical constants for stress analysis.

Conductor : Er 73.2 GPa

E6 75.6 GPa

Ez 84.9 GPa

v 0.1

Gré 31.8 GPa

Gé z 32.5 GPa

Gzr 36.6 GPa
Insulator E 19.6 GPa

v 0.1

G 9.80GPa
Coil case E 196 GPa

v 0.3

G 75.4 GPa
Quter ring E 196 GPa

7 0.3

G 75.4 GPa
Post E 196 GPa

v 0.3

G 75.4 GPa
Bar E 196 GPa

v 0.3

G 75.4 GPa

¥29_
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Table 3.4 Maximum displacement of the Mechanical Test Stand.

unit: mm
radial axial longitudinal
Max. disp. -10.3 0.89 4.99

note; radial:z-direction; axial:y-direction; longitudinal:x-

direction in Fig. 4.5

Table 3.5 Typical stress value at straight part in winding of

TF model coil and TF coil.
unit: MPa

TF model coil TF coil

Test Position Background Position EOB

radial -91.7 -78.8 -75.9
axial -40.4 64.7 -129-
longitudinail 152 -85.1 63.7
Max. Tresca 171 126 T45

note; radial:z-direction; axial:y-direction; longitudinal:x-

direction in Fig. 4.5
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Table 3.6 Test facility requirement for TF model coil.

Vacuum Tank

Inner diameter 9 m

Height 13 m
Power Supply DC 50kA-15V x2
Diagnostics Sysfem 200 channels x3

Computer system

Cryogenic System

Refrigerator/Liquefier 8 kW/ 1200 1/hr
She supply capacity flow rate 700 g/s
pressure drop <2 atm
temperature 4.0 K to 8.0 K
pressure 1.2 atm to 10 atm
Current Lead 50 kA x 3pairs
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Fig. 3.2 TF model coll configuration at mechanical test.
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Fig. 3.2 TF model coil configuration at mechanical test.

__834,



*1$91 frROIURUOSW Y]
18 jusmWelduUrJIJIR 2an30ona3s Julraoddns TI00 [opow 4L €°¢ "3TJ

MITA LNOYS

jsod %oog 1504 juoly

MdlA 3015

JAERI-M 91-125

asl2

amle

%

%,

M3IA d0O 1L

oee

,

i

|

el ]

o2 |

005

055

005

0503

34—



JAERI-M 91—-125

Case

1380
460,460 460

|
:
Winding _T ————————————— 1

7050

550

SECTION A-A

Fig. 3.4 TF model coil configuration at the high fTield test.
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Fig. 3.6 TF model coil.
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T

Fig. 3.8 High field test stand.
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FOR F.E.M

: POST-PROCESSOR
PROTOD CCIL TEST FRCILITY CASE 2.3 [TRUSS:E=200)

FEMOS

A

1

{CASE ND.

b

Fig. 3.13 Calculation model of the Mechanical Test Stand.
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Fig. 3.14 Displacement diagram of the Mechanical Test Stand.
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FEMOS : PQOST-PROCESSOR  FOR F.E.M
PROTQ COIL TEST FACILITY CRSE 2.3 (TRUSS:E=200) i)f

CONTOUR LEVEL

1. 2.

2. 4.

3. 6.
> 1. 0.
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gg 5. 1.E1
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é MES

Fig.3.15(a) Tresca stress distribution of the Test

Position coil.
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:  POST-PROCESSOR FOR F.E.H
PROTO COIL TEST FACILITY CRSE 2.3 {TRUSS:E=z200)

FEMOS
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111111111111

-91.728MPa

.

Fig.3.15(b) Radial stress distribution of the Test

Position coil.
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F.E.H
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Fig.3.15(c) Axial stress distribution of the Test
Position coil.
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FEMCS : POST-PROCESSOR FOR F.E.NH
PROTO COIL TEST FRCILITY CASE 2.3 [TRUSS5:E=200) i;f

152.88MPa

CONTOUR LEVEL

l. -
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b=

Fig.3.15(d) Longitudinal stress distribution of the Test
Position coil.
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FEMOS . POST-PROCESSCR  FOR F.E.
PROTO COIL TEST FACILITY CASE 2.3 {TRUss =200 E
Y
— CONTOUR LEVEL
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S 4 6.
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Fig. 3.16 The distribution of the radial stress in the
cross-section of the Front-post-side straight part

on Test Position coil.
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FEMOS : POST-PROCESSOR FOR F.E.
PROTO COIL TEST FACILITY CASE 2.3 lTRUSS E=200)

e
-/ l////

7
\E
/"’;_:E 10/3 8
/ —/
: ’_"_/M//J?
-40.386MPa

”\/
\
LI

éMpFa

CONTOUR LEVYEL

— O 0O s W N —

L.

-3.500
-3.
-2.500
_2.
-1.500
1.
-5.-1
6.437-6
S--1

{.

STRESS Y -3.6
CASE ND,

Fig. 3.17 The distribution of the axial stress in the
cross-section of the Front-post-side straight part

on Test Position coil.
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FEMCS :  POST-PROCESSOR FOR F.E.H
PROTO COIL TEST FACILITY CASE 2.3 (TRUSS:E=200) i}j

o ol ) 119.56MPa

CONTOUR LEVEL

1. 3.500
2. 4.258
3. 5.
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5. 5.500
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9. g.800
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Fig. 3.18(a) Tresca stress distribution of the Background
Position coil.
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FEMODS 1 POST-PROCESSOR FOR F.E.M
PROTO COIL TEST FRACILITY CRSE 2.3 [TRUSS:E=200) g
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CONTDUR LEVEL
l. -B.
2- -T.
3. -6 .-
4. -5.
5. -4,
6. ~3.
7. -7.
B. -1.
9. 1.768-6
10 - 1

51
éMHS CASE WD, ]

Fig. 3.18(b) Radial stress distribution of the Background

Position coil.
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FEMOS : POST-PROCESSOR FOR F.E.-M
PROTO COIL TEST FRCILITY CRSE 2.3 (TRUSS:E-200) g
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Fig. 3.18(c) Axial stress distribution of the Background
Position coil.
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b

FEMOS : PBST-PROCESSOR FOR F.E.H
PROTO COIL TEST FACILITY CASE 2.3 (TRUSS:E=200)

-85.064MPa

b

CONTOUR LEVEL

Mo U W N

Fig. 3.18(d) Longitudinal stress distribution of the

Background Position coil.
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FENOS : POST~-PROCESSOR FOR F.E.M v
«xx ITER £0OB1 { MODEL KAIZ0U3 06-16-1990) wxxx J

g6 1D 11 12

CONTQUR LEVEL

A

1. ~7.500
-75.852MPa 2 -

2. ~6.500

4. -6.

5. -5.508

6. -3,

7. -4.500

B. -4,

$. -3.%4q0

10, -3.

11. -2.580

12, -2,

é [ETRESS X -7, 74
MRS JCASE_NO, 10

Fig. 3.19(a) Radial stress distribution at the straight part
of the ITER TF coil.
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Fig. 3.19(b) Axial stress distribution at the straight part of
the ITER TF coil.
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FEMOS 1 POST-PROCESSOR FOR F.E.H v
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Fig. 3.19(c) Longitudinal stress distribution at the straight
part of the ITER TF coil.
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4_. SUMMARY

The R&D proposals from Japan were discussed in ITER ChA
design team and modified. Finally four proposals are summa-
rized in ITER Technical report No. 20. Therefore, there are
many differences between the Japanese proposals and ITER Long-
team R&D program. However, we understand that the Japanese
proposals are essentially adopted in the ITER Long-Term R&D
program. )

After agreements of international collaboration through
ITER-EDA, there are many benefits for development tasks to use
other country test facilities and to exchange hardware informa-
tion by samples and scientists exchange. We don't need to
consider to prepare new facility for investigation of large
conductor or coil samples. The international common facility
for the scalable model coils has good benefits to develop the
components of utility (cryogenic system and power supply SYS-
tem). Also, the common test will be carried out with good
collaboration as same as the Large Coil Task.

The development program of Toroidal Field Coil is basical-
ly proposed from Japan with the design and analysis reports.
The TF model coil and its test stand were designed to emulate
the environment of the ITER TF coils. Using the designed
mechanical test stand, it is proved by the analysis that the
required mechanical condition can be achieved in the test coil.
With the high field test stand, the required field of 11T can
be experienced by the conductor along a 3 m length. We believe
that the TF coil is the most important component in the tokamak
concepts. The TF coil needs technologies in not only conductor
but also supporting of winding and non-circular winding. These
problems could not solved during the Large Coil Task. There-

fore, development program of the TF coil is essential task in

the ITER Long-term R&D.
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