
LHD has six dc power supplies and a control sys-
tem to excite its superconducting magnet. The control
devices for power system that are programmable logic
controller (PLC) installed in thyristor rectifier (Fig. 1),
control circuit installed in the thyristor rectifiers (Fig.
2) and computer system ( Fig. 3) have been continu-
ously used after construction. Although this power sys-
tem operates 20 years without sever problem, some com-
ponents became overage and it became difficult to main-
tain. Therefore update program of the power system is
running from 2013.
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Fig. 1: PLC configuration installed in power supply
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Fig. 2: Block diagram of local control module installed
in power supply
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Fig. 3: Computer system for the power supplies.

The PLC were replaced with next-generation model
of same manufacturer. Then the program used in the
old PLC can be transferred with minor modifications
such as remapping of IO address or timers. The main
specifications of old and new PLC are listed in Table I.

Table I: Main specifications of old and new Pro-
grammable Logic Controller

Old system New system
Mitsubishi elec. Mitsubishi elec.

CPU Model A2A G02U
Program ROM 16 k byte 80 k byte

RAM 32 k byte 128 k byte
Processing speed 0.2 - 0.4 μs/step 40 - 80 ns/step

The local control unit shown in Figure 2 will be
rebuilt with new devices. The detail design will start at
beginning of 2015.

The configuration of new computer system is same
with the old computer system to minimize the modifica-
tion. The main specifications are shown in Table II. The
real time computers are changed from VME bus system
to Compact PCI system and the supervisor computer is
changed from Sun workstation to a Linux based worksta-
tion to reduce the cost. At the same time, the data link
with optical interface and LAN are upgraded to higher
speed models as shown in Table II.

Table II: Main component of computer system

Old system New system
Real-time computer

Computer
Flame VME Compact PCI

CPU
MIPS R4600
(150 MHz)

Power PC
(1.4 G Hz)

Main memory 128 M byte 1 G byte
OS VxWorks VxWorks
LAN 10 base 1000 base

Supervisor computer
CPU Ultra SPARC Intel i7
OS Sun OS Linux

Main Memory 512 M byte 16 G byte
Main Storage 40 G HDD 500 G SSD

LAN 100 base 1000 base
Remote terminal

CPU Ultra SPARC Intel i7
OS Sun OS Linux

Main Memory 512 M byte 16 G byte
Main Storage 40 G HDD 500 G SSD

LAN 100 base 1000 base

Data connection
Reflective mem.

600 M bps
Reflective mem.

4.2 G bps

  
  

Heat leak of cryogenic lines is important for 
cryogenic plants.  However, the measurement is very 
difficult after the installation.  Therefore, it is common 
issue for large scale cryogenic plants.  In the LHD, the heat 
leaks of superconducting magnets such as helical coils and 
poloidal coils were measured after the installation, but those 
of the cryogenic lines have not been measured.  Those 
were just analyzed at liquid helium temperature with FEM 
and measured at liquid nitrogen temperature before the 
instration1).  In this study, a new method is proposed to 
measure heat leaks and a heat leak of a cryogenic line in the 
LHD is measured for the first time after the installation. 

In the present measurement, the existing pressure 
gauges and thermometers were utilized only and the target 
cryogenic line was a transfer tube from the refrigerator to 
both the helical coils and the poloidal coils (Fig. 1).  The 
length is 68 m and the inner volume is 0.163 m3.  The 
measurement method is as follows; [1] stabilize and uniform 
the temperature of the target cryogenic line with cryogenic 
helium gas, [2] close both the inlet valve and the outlet 
valves and seal the cryogenic helium gas, [3] measure the 
pressure increase of the cryogenic line.  After that, the 
enthalpy increase was calculated from the pressure increase 
with HEPAK2) and then the heat leak was estimated by, 

Qt = m⊿h,  (1) 
where Q is the heat leak of the cryogenic line, t is time, m is 
the mass of helium gas and ⊿h is the enthalpy difference. 

Fig. 2 shows the temperature and the pressure profiles 
after the valves were closed, while the temperature of 80K 
shield was maintained approximately constant (80K supply: 
82.07 K – 82.66 K, 80K return: 101.42 K – 104.79 K).  It 
was confirmed that the pressure was uniform throughout the 
transfer tube.  From the initial temperature and pressure in 
the transfer tube, the initial enthalpy and the density of the 
helium gas were calculated to be 56,953 J/kg and 7.449 
kg/m3, respectively.  The enthalpy change of the transfer 
tube was calculated from the pressure increase and the 
density and also the heat leak was estimated from the 
gradient of the enthalpy.  These results are shown in Fig. 3.  
Consequently, the initial heat leak was 58.1 W at 8.53 K and 
it was reasonable as compared with the previous analytical 
result, which was about 67 W at 4.4 K. 

In this study, the heat leak of the transfer tube from 
the refrigerator to both the helical coils and the poloidal 
coils was measured for the first time after the installation by 
the proposed measurement method.  As a result, the 
reasonable heat leak was obtained and the proof of concept 
of the method was demonstrated.  In addition, it was 

implied that the thermal insulation of the transfer tube was 
not deteriorated. 
 
  
  
  
  
  
  
  
  
  
  
  
  
  

 
Fig. 1.  Photograph of the cross section of the target 
cryogenic line 
 
 
 

 
  
  
  
  
  
  
  
  
  
  

 
Fig. 2.  Temperature and pressure profiles in the 
transfer tube after the inlet and outlet valves were closed. 

  
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Fig. 3.  Enthalpy change calculated with HEPAK and 
estimated heat leak. 

 
 
1) Ushijima, I. et al.: NIPPON SANSO GIHOU 14 (1995) 1. 
2) HEPAK version 3.4, Arp, V., copyright by CRYODATA. 
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