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Progress of Thermal Shield for KSTAR; Design and Manufacturing
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Thermal shields for KSTAR (Korea Superconducting Tokamak Advanced Research) have been
designed and are now under fabrication/installation. Thermal and mechanical analysis shows that
the global temperature distribution of the thermal shields is within the designed value of 80 K and
they withstand the mechanical loads under operation conditions and abnormal conditions. The
assembly process has been designed to avoid any interference with adjacent components during
tokamak assembly. Fabricating a prototype has proven the manufacturing feasibility, including
forming of the shield panel and welding the tube on the panel. We report the details of engineering
design, assembly procedure, and fabrication and installation progress.
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I. INTRODUCTION

Thermal shields are located inside of the cryostat and
cover the entire room temperature surface that faces the
4.5-K cold masses. They are cooled down to 80 K, so that
they intercept the radiant heat from room temperature
components to the 4.5-K cold masses. This can attain
the cost-effective operation of the cryogenic refrigeration
system [1]. Major considerations taken in the design are
as follows.
1) Space problem: The shields are located in the narrow space between magnet and vacuum vessel/magnet
and port. On considering the relative movement between
vacuum vessel and magnet under various operation conditions, a certain clearance should be kept between the
shields and other components;
2) Structural integrity: Although shield panels are thin
relative to vacuum vessel or cryostat, due to the space
constraints, they should be stiff enough to resist various
mechanical loads during tokamak operation;
3) Risk of failure: Leakage can develop in the cooling tube of the thermal shield. This leakage should be
properly dealt with or avoided;
4) Interference with neighboring components: contact
or interference with other components such as vacuum
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vessel, magnet, or current bus system should be avoided
during assembly and tokamak operation.
As of May 2005, the vacuum vessel thermal shield has
been manufactured and installed on the vacuum vessel.

II. CONFIGURATIONS
The shields are categorized into three groups, as
shown in Fig.1: vacuum vessel thermal shield (VVTS),
port thermal shield (PTS), and cryostat thermal shield
(CTS). Tube-on-panel is the basic shape of the thermal
shields. A seven-mm-inner-diameter tube with 1.5-mmthick wall has been designed to be stitch-welded on 3mm-thick SA240-316L stainless steel plate. For support
of the panels, a sliding-support concept has been taken
to allow the thermal contraction and other displacement
of panels during operation.

1. Vacuum-Vessel Thermal Shield

The vacuum-vessel thermal shield (VVTS) is located
in the narrow interspace between the TF coils and the
vacuum vessel and surrounds the vacuum vessel. The
NEMA G11 epoxy glass support structure of the VVTS
is on the vacuum-vessel side so as not to disturb the TF
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Fig. 1. Cut view of KSTAR cryostat showing thermal
shield and magnets.

Fig. 3. 3-D view of cryostat thermal shield, showing lid,
body, and base thermal shield of cryostat.

assembling the PTS is closely interrelated to the tokamak
assembly sequence, a major concern for the PTS is its interference with the tokamak assembly. It has been carefully checked that there is no interference between the
PTS and coil structures during the assembly sequence.
Because bellows have been adopted inside of the cryostat
for most of the ports, the bellows should be accessible for
inspection and maintenance. This requirement has been
met by designing the PTS to be detachable and accessible.
Fig. 2. Top view of vacuum vessel thermal shield; showing
16 sectors in toroidal direction.
3. Cryostat Thermal Shield

coils. Due to the narrow clearance with adjacent components, silver plating is applied instead of Multi-Layer
Insulation (MLI) for the VVTS, although it increases the
thermal loads to the refrigeration system.
Since VVTS is entirely covered by TF magnets, it is
impossible to access VVTS without disassembling the
magnets. For this, a redundancy-cooling tube has been
adopted.
As shown in Fig. 2, the VVTS are divided into 16 sectors in the toroidal direction, following the 16 TF coils,
and each sector is sub-divided into 4 sub-sectors in the
poloidal direction. Electrical insulation is used between
sectors and sub-sectors to reduce electromagnetic forces
which are induced during plasma disruption events.

2. Port Thermal Shield

There are 72 ports which connect the vacuum vessel
and the cryostat. The port thermal shield (PTS) covers all the 72 ports. Due to the narrow clearance with
adjacent components – ports and magnet - silver plating
is applied instead of Multi-Layer Insulation (MLI). Since

The cryostat thermal shield (CTS) covers the inner
surface of the cryostat. As shown in Fig. 3, the CTS
comprises a lid shield, a cylinder body shield, and a base
shield. Each part of the CTS is composed of flat panels
with MLI for reducing thermal load due to its simple
geometry. For CTS, 30 layers of MLI - double aluminized
Mylar with polyester space - have been considered. All
CTS panels are 16-sectored in toroidal direction.

III. THERMAL AND MECHANICAL
ANALYSIS
During the engineering design, the mechanical stiffness
against foreseen load conditions has been assessed. It
has been shown that the maximum stress induced during a plasma disruption in the VVTS is within allowable ranges. Fatigue evaluation shows that the VVTS
keeps its mechanical integrity for the anticipated number of plasma disruptions. The support structures for
the VVTS have also been engineered to withstand all
the mechanical loads during operation. By displacement
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Table 1. Major thermohydraulic parameters.
Surface area, m2
Total mass, ton
Number of supports, ea
Coolant
Inlet/Outlet
Normal
temperature, K
Baking
Mass flow rate,
Normal
g/sec
Baking
Heat load
Normal
to shield, kW:
Baking

Fig. 4. Temperature distribution of VVTS during normal
operation.

Fig. 5. Stress distribution for VVTS during plasma radial
disruption.

analysis, it has been checked that the thermal shield does
not make contact with the adjacent components.

1. Thermal Analysis

To estimate the temperature distribution profile and
heat load to shield panels, thermal analysis has been performed. With given shield panel geometry with support
structure, cooling tube arrangement, and coolant flow,
the temperature distribution of the shield panel has been
estimated. For VVTS and PTS, the emissivity of the
silver-plated surface has been estimated to be 0.05, on
considering long-term degradation of the silver-plating.
In the analysis, the surface temperature of warm components in the cryostat is taken to be 300 K for normal
operation. For bake-out of the vacuum vessel, a surface
temperature of 400 K has been taken for vacuum vessel
and ports, and 300 K for the cryostat.

VVTS
100
2.6
700
Gaseous
55/70
55/85
43
102
3.0
7.2

PTS
CTS
246
243
6.5
8.6
400
400
helium @ 18 bar
55/70
55/70
55/85
55/85
86
86
123
123
5.8
1.0
15.5
1.0

Analysis results show that in normal operation, the
temperature distribution for VVTS is globally around
70 K, except for very localized hotspots at 120 K near
support structures. During the vacuum-vessel baking,
the hot-spot temperature is around 160 K with a global
temperature of 80 K. Fig. 4 shows the temperature distribution of VVTS panel during normal operation.
Estimated heat load for VVTS, including conduction
through support is 3 kW for normal operation and 7.2
kW for bake-out of vacuum vessel. Shown in Table 1 are
the major thermohydraulic parameters.
For CTS, due to the MLI and long, thin support structures, the heat load is relatively low and the hot-spot
temperature is low, on considering the large area.

2. Mechanical Analysis

To estimate the mechanical integrity of the shield panels with support structures and the movement of the panels, the stress and displacement of the shield panels are
analyzed under various load conditions and under combinations of load conditions.
The load conditions considered are: dead weight (D),
thermal contraction during cool down (T), electromagnetic load during plasma start-up (EM), electromagnetic load during plasma radial disruption (EM RD),
electromagnetic load during plasma vertical disruption
(EM VD), and seismic load (SL).
Maximum stress and displacement take place for
VVTS during plasma radial disruption with seismic load.
The peak stress calculated on the panel was 175.29 MPa,
and displacement was about 6 mm.
The peak stress was well below the maximum allowable stress of 380 MPa. The displacement of 6 mm has
been taken into account in the design of the sliding support of the panel. Fig. 5 shows the stress distribution
for VVTS during plasma radial disruption.
The mechanical integrity of the support structure has
also been estimated. Since the supports are made of glass
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Fig. 7. Welding of cooling tube on the panel, showing the
redundancy cooling tubes.

Fig. 6. The prototype of VVTS.

fiber composite, the strength of the composite is different
according to the direction of the fibers. The stress to the
supports by the panel has been analyzed according to
the directions of the fibers. It has been shown that there
are enough margins with the given flexural strength of
the G-11 structures [2].

IV. FABRICATION AND INSTALLATION OF
VVTS

Fig. 8. VVTS panels after silver plating.

1. Fabrication of Prototype

A prototype of the VVTS has been fabricated and installed on a vacuum vessel mock-up to verify the manufacturing and installation feasibility. By this prototype
fabrication, the method of forming the panel with given
tolerances and the welding of tube on the panel without
distortion have been ensured and assembly tooling for
the VVTS has been improved. Fig. 6 shows the prototype of VVTS installed on a frame.
Fig. 9. Jig system for welding the support nut.
2. Fabrication and Installation of VVTS

With the proven technologies developed during the
prototype fabrication, the VVTS main panels have been
manufactured, tested and installed on the vacuum vessel.
The main difference from the prototype was the redundancy cooling tubes. Since the shield panel is thin and

the welding length for the tubing has been increased twofold, a special welding jig for the panel to minimize the
welding distortion has been utilized throughout the tube
welding. Fig. 7 shows welding of cooling tubes on the
panel.
For silver plating, large electroplating baths dedicated
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after installation.
Since there is a 22.5◦ opening in the vacuum-vessel
toroid for installation of the TF magnet, the thermal
shield for this opening will be installed after completion
of the TF magnet assembly [3].

V. SUMMARIES AND PLAN

Fig. 10. VVTS after installation.

to VVTS have specially been manufactured. Since the
shape of the panel is three dimensional and the area is
large, auxiliary electrodes are inserted in the bath to
uniformly distribute the electroplating current so as to
attain a uniform silver plated surface. The thickness of
silver was around 10 µm. Shown in Fig. 8 are VVTS
panels after silver plating. All inspections and testing
were performed at the factory under the pre-planned inspection and test procedures.
The shield panels have been installed on the vacuum
vessel at the site. It is, moreover, important to install
each panel on the exact location on the vacuum vessel.
To place the panels on the exact locations, the support
structures should be installed at the exact locations. For
this, a special jig system for welding the support nut
on the vacuum vessel has been developed. Almost all
the support nuts have been welded on the right location
on the vacuum vessel with the help of the jig and laser
tracker survey system. Fig. 9 shows the installation
jig system during welding of support nuts. After the
nuts, support structures were installed, and, finally, the
panels were installed. After installation, cooling tubes
were connected and leak-tested. Fig. 10 shows the VVTS

Fabrication of thermal shields for KSTAR is in
progress according to the time schedule.
Major design characteristics are: 1) Tube-on panel design; 2) Silver-coated panel (VVTS, PTS); 3) Supported
on warm side; 4) Sectored in toroidal and polidal direction; 5) Sliding supports.
As of August 2005, the vacuum-vessel thermal shield
has been fabricated and installed on the vacuum vessel,
except for 22.5◦ opening of the vacuum vessel for installation of the TF magnet. Fabrication of the thermal shield
for port and cryostat will begin in October 2005.

ACKNOWLEDGMENTS
This work is supported by the Korean Ministry of Science and Technology under the KSTAR project contract.

REFERENCES
[1] K. Kim, H. K. Park, B. S. Lim, S. I. Lee, M. K. Kim, Y.
Chu and W. H. Chung, J. Korean Phys. Soc, 44, 1195
(2004).
[2] Engineering design report for KSTAR thermal shield,
KBSI, 2005.
[3] Engineering design report for th KSTAR tokamak assembly, KBSI, SFA-AE-AP-01, 2003.

