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HL-2A is a new divertor tokamak under construction at Southwestern Institute 
of Physics (SWIP), Chengdu, China, based on the experience from HL-1[1] and HL- 
1M[2, 3]. HL is the short term of a Chinese word that means “Toroidal Current 
Device”. The main objectives of HL-2A are to produce more adaptable divertor 
configurations to study energy exhaust and impurity control (the first divertor 
tokamak plasma in China), and to study enhanced plasma confinement by profile 
control and moderate plasma shaping. HL-2A has well optimized operational 
flexibility and excellent accessibility for the diagnostic systems to facilitate various 
experiments. HL-2A will continue to provide training for young fusion scientists and 
engineers in China. The main parameters of HL-2A are given in Table 1. 
    Transfer of the main components of the former ASDEX[4] (which are vacuum 
vessel, magnetic coil systems and supporting structure) from IPP Garching, 
Germany, greatly helps the construction of HL-2A machine. Other subsystems and 
components are developed in SWIP. 

Table 1  The main parameters of the HL-2A tokamak 

Major radius R/m 1.64 

Minor radius a/m 0.4 

Aspect ratio A 4.1 

Toroidal magnetic field BT/T 2.8 

Plasma current Ip/MA 0.48 

Current flat-top time tf/s 2. 0 ~ 5. 0 

Auxiliary heating power/MW 10 

 
HL-2A project is an important part in the fusion research program of China. 

The construction of HL-2A was approved by the Chinese government in 1998 and 
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started in early 1999. Civil construction was finished in 2001. Installation of the 
machine started in October 2000 and will be finished in the middle of 2002. Then 
comes the commissioning and operation. The first plasma is expected before the end 
of 2002. Table 2 shows the time schedule of the HL-2A project. 

Table 2   Schedule of the HL-2A project 

 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 

ASDEX dismantling 

and shipping 

          

Physics and 

engineering design 

       

Development  

of facilities 

       

Civil construction         

Installation          

Commissioning & 

experiment 

        

Diagnostic equipment 

upgrade 

      

Auxiliary heating 

system upgrade 

      

1  Development of the HL-2A tokamak 

    (1) Former ASDEX components 
The vacuum vessel, 16 toroidal field coils, poloidal field coil systems and 

supporting structure of the former ASDEX are adapted for HL-2A. 
    Although most of the components are still in good condition, some parts have 
certain defects after 10 years of operation[5] and several years of storage. Those 
defects have been repaired during the installation. 
    (2) Vacuum pumping system 

The main pumping system of HL-2A is composed of 8 turbo molecular pumps 
(pumping speed is 3500 L·s-1 for each). There are also 2 prestage pumping sets 
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(roots pump of 600 L·s-1 plus mechanical pump of 70 L·s-1 for each).  
The vacuum vessel can be baked up to 150 ℃, and glow discharge device is 

installed in the vessel in order to remove H2O and other gases attached on inner 
surface of the vessel. 

The divertor pumping system is composed of 18 titanium getter pumps 
installed in divertor chamber. 
    (3) Power supply system 
    Several DC pulse power supplies for coil systems and auxiliary heating systems 
are required for the operation of HL-2A. The peak power of 300 MW and the total 
energy release of 1 200 MJ per pulse of the power supply system are needed to 
induce up to 500 kA plasma current at the toroidal field of 2.8 T with a flat top of 
2~5 s and to provide auxiliary heating (see Table 3). 

Table 3   Power supply requirements 

Power supply Max. power/MV·A Energy release/MJ 

Toroidal field 170 1000 

Poloidal field 110 160 

Auxiliary heating 20 40 

Total 300 1200 

 
To fulfill the above requirements, three motor generators are used in the power 

supply system: two 80 MV·A motor generators which were used for HL-1M are 
modified to power TF coils, a 125 MV·A motor generator (200 MJ) which is 
transferred from Nagoya, Japan, is used to power PF coils and auxiliary heating 
systems. 

Table 4  Modification of 80 MV····A motor generators 

 Before modification After modification 

Capacity/MV·A 80 90 

Rotate inertia/t·m2 106 280 

Speed range/r·min-1 1488~1320 1650~1200 

Max energy release / MJ 100 500 

 The modification of the two 80 MV·A motor generator sets is made by 
increasing flywheel size and rotating speed range  (see Table 4) and is based on 
careful calculation and design. 
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Table 5   Main parameters of the power supply for coil systems 

Coils Power supply Voltage/V Current/kA Duration/s 

Toroidal Field TFPS 3510 45 2~5 

Ohmic OHPS (F) 1200 30 1 

Heating OHPS (B) -800 -30 4.5 

Vertical field VFPS 800 45 5 

Radial field RFPS ±100 ±4 5 

Multipole field E1 500 45 5 

and multipole E2 200 13 5 

compensation E3 100 3 5 

field 

MFPS

E4 100 3 5 

                        
    (4) Control system 
    The HL-2A control system is an integrated automatic control system. There is 
an experiment control manager to manage discharge control information (including 
plasma parameters, operation modes, logical conditions, etc.). There is also a timing 
system to dictate the discharge time zero and synchronize various technical 
subsystems such as motor generator and power supply system. A PLC system is 
employed for logical control and interlock protection. And a real-time system is 
developed for feedback control of plasma current and plasma position. The control 
system will coordinate with data acquisition and postmortem analysis system. The 
first noncircular divertor plasma in China can be investigated with this control 
system. 
    It is important that the control system is organized in a way that the subsystems, 
like power supply system or water cooling system, can be operated independently 
from the central control. This will enable the commissioning of the subsystems. 
    (5) Water cooling and baking system 
    Some components of HL-2A are heated during the discharge operation. Cooling 
is needed during and/or after the shot for some components, such as coil systems, 
vessel and divertor plates. Vacuum vessel, divertor plates and MP coils need to be 
baked up to 150 ℃ by overheated water to degas the inner surface of the vacuum 
system before the experiment. 
    (6) Other systems 
    Diagnostic system will be developed or upgraded to monitor the plasma 
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parameters and plasma behaviour that is very important for experimental research. 
Some diagnostics from HL-1M can be upgraded and some new diagnostics will be 
developed, such as Thomson scattering, ECE, multi-channel HCN laser 
interferometer, SXR array, bolometer array, visible and VUV spectrum, neutral 
particle charge exchange, probes array, infrared camera etc. 

Powerful neutral beam injection, lower hybrid current drive, electron cyclotron 
resonance heating and ion cyclotron resonance heating are planned for HL-2A 
auxiliary heating system with total heating power of about 10 MW. Neutral beam 
injection system of 4 MW power (with two beamlines) will be developed with 
priority. 
    A 30 shots pellet injection system will be developed. The pellets can be injected 
into the plasma from both the low field side and the high field side. 
    Supersonic molecular beam injection is a new method of gas fueling which has 
been developed on the HL-1M tokamak[6, 7] to enhance the penetration depth and the 
fueling efficiency, as well as to reduce both the injected particle-wall surface 
interaction and the impurity content in the plasma. This technique will be further 
developed for HL-2A. 

2  Installation of HL-2A 

    The installation of HL-2A started from October 2000. Significant progress has 
been achieved up to now. A cross section of HL-2A coil systems and vacuum vessel 
is shown in Fig. 1. 

Supporting structure is assembled and adjusted with good accuracy that could 
provide an important benchmark for installation of other components. The horizontal 
unevenness of base plate of the structure is less than 0. 3 mm and the position error 
between base plate center and device center is less than 0. 5 mm. The verticality of 
central column is less than 0. 015 mm· m-1. The structure can be divided into two 
halves of which movable halve can be driven away for about 3 m to enable the 
installation of the vacuum vessel. Same accuracy is maintained after reuniting of the 
two halves of structure.  
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Fig. 1    The cross section of HL-2A tokamak 

1——MP1 coil, 2——MP2 coil, 3——MP2 coil, 4——vacuum vessel,  

5——toroidal field coil, 6——OH transformer coils, 7——plasma. 

 
16 toroidal field coils are installed and carefully adjusted on the supporting 

structure. The TF coils are placed closely in contact with the central column surface 
by over 60% contact rate. 16 TF coils are arranged averagely along the circle with 
the angle distribution error less than ±1'. Due to the damp atmosphere during 
transportation and storage, some TF coils were found to suffer the problem of 
degradation of insulation level. After baked by electricity (temperature was kept to 
about 50 ℃) for a few days, insulation was improved dramatically. 

In parallel with the installation of the structure and TF coil system, 
pre-assembly of vacuum vessel is carried out on a specially designed platform on 
which two halves of vacuum vessel can be separated and combined. The main 
purpose of this operation is to check the vacuum tightness of the vessel in an easier 
environment and to confirm the procedures for combination of two vessel halves. 
The welding procedure for jackets of multipole field coil at joints is very difficult 
due to the limited space in the vacuum vessel. Sometimes welding would have to be 
carried out with the help of a mirror. During the vacuum leakage detection some 
defects were found on bellow sections of MP jackets. Those defects were 
successfully repaired by stainless steel grid assisted soldering. Cracks at two ports of 
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the vacuum vessel were also found during the vacuum leakage detection and 
repaired by welding. Glow discharge was employed to clean the inner surface of 
vessel. The vacuum of 1.1×10-4 Pa was achieved  without baking. The leakage 
rate was less than 1.2×10-5 Pa·m3·s-1. 
    Inner poloidal field coils are installed around inner TF coil sections. The inner 
PF coils are supported and fixed in a way that strongly prevents coils from vertical 
movements but allows slight horizontal movements. The position of coil joints near 
the separation plane of supporting structure must be adjusted precisely for the 
installation of the connecting segments with sawteeth that will be finally connected 
after installation of vacuum vessel. A crack was discovered on an upper OH coil lead 
that caused water leakage. The defected coil lead was sent to a factory and repaired 
by electron beam welding after a 1ot of tests. A much stronger support is considered 
near the defected section to avoid new cracks caused by repeated electromagnetic 
force. 
    To install the vacuum vessel into the TF coils, the two halves of supporting 
structure should be separated and a strong temporary platform be set up. A half 
vessel was lifted on the platform and moved into the TF coils along the carefully 
adjusted circular track. The other half vessel was installed by the same procedure. 
Before closing of the vacuum vessel, the connecting segments of inner PF coils must 
be installed. The contact resistance must be controlled to be smaller than 0. 6 for OH 
coils. The resistant is monitored by checking voltage across contact when applying a 
very stable current of 1 kA. After the pressure tests of the inner PF coils, the two 
halves of vacuum vessel was finally united. After connecting and testing of MP coil 
joints, insulation between turns near joints was strengthened by Kapton foil. The 
welding of jackets of multipole field coil at joints was repeated again. 
    The vacuum pumping system was assembled. Preliminary vacuum pumping 
and leakage detection has been performed without baking of the vessel. 
    Water distribution pipelines and equipment for water cooling of the coil 
systems and divertor plates as well as for baking of vacuum vessel and divertor 
components are installed. 
    Insulation of almost every component on the tokamak was paid special 
attention in order not to form close circuit in any direction, because that may induce 
eddy current at certain places which could cause the volt-second consumption of OH 
system and is harmful to the magnetic configuration of tokamak. The use of ferric 
materials is strictly limited. Non-ferric steel bars were used in the foundation of 
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tokamak and nearby concrete structure. 
    Installation of the power supply system also goes smoothly. One motor 
generator set has been assembled and adjusted. Transformers and rectifiers and other 
electric equipment are being installed. 

3  Experimental program of HL-2A 

    The HL-2A experimental research program[8] is an extension of the 
experimental research accomplished on the HL-1, HL-1M tokamaks and is based on 
the technical characteristics of HL-2 A machine. 
    To be in concert with the world fusion program and enhance the basic 
understanding of plasma science, selected HL-2A physics research areas are as 
follows: 
   (1) Divertor and scrape-off layer studies; 
   (2) Wall conditioning techniques; 
   (3) Stability and confinement research[9]; 
   (4) Auxiliary heating, current drive and profile control development. 
   In the first phase of HL-2A operation, divertor (edge plasma) and confinement 
researches will be emphasized. 
   These experimental research areas will be coordinated with the development of 
the advanced tokamak concept and in support of the ITER R& D basis. We hope the 
results from HL-2A in the next 5 to 10 years will make contributions to the 
development of worldwide fusion research. 

4  Future plan 

    After a few years of experimental operation, HL-2A will be modification to 
HL-2M. 
    The divertor system of HL-2A will be modified to be an open divertor system. 
Plasma volume will be greatly increased and more elongated plasma (elongation 1.6 
~2.0) can be produced. Poloidal field coils will be redesigned and developed but will 
be still inside toroidal field coil system. The vacuum vessel will redesigned as well. 
While the toroidal field coils will not be changed. HL-2M will have more flexible 
shaping and configuration capabilities with minimal poloidal field coil current. 
    The physics concept and engineering feasibility of HL-2M is being studied. 

Meanwhile the concept of HL-3 tokamak is being considered in SWIP[10]. The 
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initially proposed HL-3 design concept has a magnetic confinement configuration 
intermediate between those of a spherical torus (ST) and a conventional tokamak 
with advanced aspect. 

 
The authors would like to express their gratitude to Prof. LI Zhengwu for his 

continued support and encouragement, and also to Dr. H. Rapp for his valuable help 
during the ASDEX dismantling and the HL-2A construction. 
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