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The TF (Toroidal Field) magnet system of the KSTAR (Korea Superconducting Tokamak Advanced Research) is under fabrication and assembly work. After the vacuum vessel (VV) is accurately installed on the tokamak pit, each of the 16 TF magnets is individually inserted into the
torus of the VV through a 22.5◦ gap, toroidally rotated by the main assembly tool system, and set
in its regular position. At the end of August 2005, 6 TF magnets of the 16 have been successfully
assembled within an assembly tolerance ±1.00 mm. The conical bolts and shear keys in the intercoil structure of the TF magnet are assembled with conical spacers and half cylindrical spacers to
assemble easily and to provide convenient adjustment for good alignment. As there are accumulated
shifts of the TF magnet to the toroidal direction in the progress of assembly, the thickness of the
insulation attached on the cover side of the TF magnet is regulated to adjust its shifts. After every
TF magnet is assembled and pre-loaded, the magnetic axis of the KSTAR tokamak, the so called
‘Tokamak Datum’, will be accurately defined.
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II. TF MAGNET

I. INTRODUCTION

The main components of the KSTAR tokamak are
the magnet system, vacuum vessel (VV), cryostat vessel, thermal shield, plasma facing components, plasma
diagnostics and so on. The magnet system consists of
16 Toroidal Field (TF) coils, 3 pairs of Poloidal Field
(PF) coils, 4 pairs of Central Solenoid (CS) coils and
structures [1,2].
The main components are assembled precisely on the
base line of the KSTAR tokamak. Especially, the alignment of the magnet system is important to define finally
the datum line of the KSTAR tokamak, and becomes the
basis of alignment and assembly.
At the end of August 2005, assembly fixtures have been
assembled in the KSTAR main experimental room. In
addition, cryostat support beam, cryostat base, gravity
support, 337.5◦ sector of vacuum vessel and 6 TF magnets of the 16 have been aligned on the datum line of the
KSTAR tokamak within assembly tolerance.
In this paper, the assembly procedure of the TF magnet, assembly fixtures, and current assembly status are
explained and summarized
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TF magnet means a TF coil structure encasing a TF
coil. TF coil structures enclose the TF coils to protect
the cable-in-conduit conductor (CICC) from mechanical,
electrical, and thermal loads. TF coil structures support
PF coils and CS coils [3]. See Fig. 1.
The vertical section of the TF magnet is a ‘D’ shape.

Fig. 1. Configuration and names of major parts of TF
magnet.
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Fig. 3. Assembly fixture for KSTAR tokamak.
Fig. 2. Configuration of half cylindrical spacer and shear
key at the keyway and conical spacer and conical bolt at the
conical bolt hole.

Its dimensions are about 4.2 m in height and 3.0 m in
width. One TF coil has a weight of about 3 Tons and
one TF coil structure weighs about 6.5 Tons. The whole
TF magnet system has a weight of about 150 Tons [4].
Every TF magnet is electrically isolated from the others along the toroidal direction. All insulation materials
are attached on the cover side of the TF magnet by using
bonding material.
At room temperature the TF magnet system will be
installed with a vertical offset of about 7 mm to compensate for the thermal contraction during cool down [5,
6].
The assembly tolerance of the TF magnet is ±1.00
mm. Although the TF magnet is aligned within assembly tolerance, shear keys and bolts may sometimes be
inserted only with difficulty into the slot or not at all. A
half cylindrical spacer at the keyway and a conical spacer
at the conical bolt hole have been designed to complement this case [7]. See Fig. 2.

III. ASSEMBLY OF TF MAGNET
1. Assembly procedure

The assembly of the TF magnet is begun when a 337.5◦
sector of the VV and thermal shield is aligned in the
regular position.
After the VV except for a 22.5◦ sector is installed on
the tokamak pit accurately, the 16 TF magnets are individually inserted into the 22.5◦ gap by a TF loading
vehicle and an upper TF hanging vehicle. See Fig. 3.
The inserted TF magnet is rotated through the VV
in the toroidal direction by TF rotary vehicle, rotational
support, upper TF rotary guide, and center guide.
The TF magnet, which is aligned precisely by a laser
tracker system, is fixed in the regular position by the

Fig. 4. Attaching electrical insulation on the cover side of
TF02 magnet.

lower and side support, and then the next TF magnet is
inserted and rotated according to the same procedure.
As the neighboring TF magnet is fixed, there is an
eccentric measurement at the keyways and conical bolt
holes. The spacer is manufactured according to the measured eccentric value, and the shear keys and conical
bolts are fastened with the eccentric spacers.
After the last (16th) TF magnet is assembled, all the
TF magnets are to be pre-tensioned, and a pre-load is
applied to each of the TF magnets. Then the TF magnets are finally settled down in the regular position.
The magnetic axis of the KSTAR tokamak, the so
called ‘Tokamak Datum’, will then be accurately defined
[6,8,10].

2. Insulation bonding

The bonding material for the insulation of the TF
magnet is CTD-528 of CTD Inc. (USA) which can be
used at cryogenic temperature, in vacuum up to 5 × 10−5
torr and to attach G10 on stainless steel [9]. See Fig. 4.
The bonding procedure of the TF magnet is as follows:
1. Setting flatness of the TF magnet within 0.50 mm;
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Table 1. Results of alignment and 3D measurement.

Fig. 5. Eccentric measurement at the conical bolt hole.

Fig. 6. Eccentric measurement at the shear key hole.

2. Cleaning the TF magnet and insulation with solvent such as alcohol;
3. Scratching on the cover side of the TF magnet, 10
times each, with sandpaper (#150);
4. Attaching the Kapton tape on the corner surface
of the TF magnet;
5. Wrapping a protective cover on the Kapton tape
and side of the TF magnet to prevent bonding material from attaching on the surface where insulation is not necessary;
6. Bonding insulation on the inboard side of the TF
magnet;
7. Setting supplementary tools and jigs to clamp insulation, a so called bonding clamp, at the inboard
side of the TF magnet.
8. Bonding insulation on the outer inter-coil structure
(OIS) of the TF magnet and setting up bonding
clamp;
9. Setting a heating cable and cover for the thermal
insulation;

Fig. 7. Result of 3D alignment of TF05 magnet and right
handed Cartesian coordinate system.

10. Curing the bonding material for 10 hours at 40◦
curing temperature;
11. Removing heating cable, cover, and bonding
clamp.

3. Eccentric measurement

The special jigs were fabricated to measure eccentricity at the keyways and the conical bolt holes. The accuracy of the eccentric measurement jig is about 0.1 mm.
The half cylindrical spacer and conical spacer are manufactured according to the measured eccentric value, and
then the shear keys and conical bolts are fastened with
the eccentric spacers. See Fig. 5 and 6.
The eccentric value of the conical spacer is calculated,
such as according to the following formulas (1) ∼ (4) :
dX = ∆X − 43.0 (mm) (1)
dY = ∆Y − 43.0 (mm) (2)
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p2 (eccentric value, mm) = dX2 + dY2 (3)
Ø (eccentric angle, deg.) = tan−1 (dX/ dY). (4)
(∆X, ∆Y : measuring value)
The eccentric value of the half cylindrical spacer is
calculated such as a following formula:
p (eccentric value, mm) = [measuring value] − 40.0
mm.

4. Alignment and 3D measurement

The alignment of the TF magnet means that the TF
coil in the case of the TF magnet is aligned. The 15 fiducial posts which recognize the a position of TF coil were
installed on the surface of the TF magnet. The alignment of the TF magnet uses the laser tracker system,
which has an accuracy of 10 ppm.
The alignment result of the TF05 magnet, which is
assembled first and is the basis of alignment, is shown in
Fig. 7. The right-handed Cartesian coordinate system
is used, and the results are expressed as the deviation
between the center of the TF magnet and the center
of the regular position. The alignment results for 6 TF
magnets are as shown in the following table 1. The value
of dx in the alignment result of magnet TF07 exceeded
the assembly tolerance by 0.09 mm. This is the result of
the accumulated value in the toroidal direction, as the
TF magnets are assembled into the shape of a torus.

IV. CONCLUSION
At the end of August 2005, 6 TF magnets of the 16
have been successfully assembled within the assembly
tolerance of ±1.00 mm.
The half-cylindrical spacer and conical spacer are manufactured according to the measured eccentric value by
using the eccentric measurement jig, and then the shear
keys and conical bolts are fastened with the eccentric
spacers.
The final bonding procedure has been established and
this is now being adopted in the working procedure.
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