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The liquid-helium supply and recovery system1), which 
can produce liquid helium at a liquefaction rate of 200 L/h 
from pure helium gas, has been under stable operation since 
the beginning of April 2001. The volumes of liquid helium 
supplied each year from 2001 to 2013 are shown in Fig. 1. 
The volume gradually increased from 2001 to 2008 but 
sharply increased in 2010, before decreasing sharply in 
2011, and again sharply increasing in 2012. 

We improved our recovery system in 2014. A new 
recovery line was connected to the existing line of the 
Nanoscience Joint Laboratory at the Emergent Matter 
Research Facilities. 

The purity of helium gas recovered from laboratories 
gradually improved once the construction of the system was 
completed. Currently, the impurity concentration in the 
recovered gas rarely exceeds 200 ppm. The volume of 
helium gas recovered from each building in the Wako  
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campus and the volume transported to the liquid helium 
supply and recovery system were measured. The recovery 
efficiency, which is defined as the ratio of the amount of 
recovered helium gas to the amount of supplied liquid 
helium, was calculated. The recovery efficiency for the 
buildings on the south side of the Wako campus, such as the 
Cooperation Center building of the Advanced Device 
Laboratory, the Chemistry and Material Physics building, 
and the Nanoscience Joint Laboratory building, increased to 
more than 90%.  

However, the system experienced malfunctioning at the 
end of September 2014. The motor of helium compressor 
failed and we could not supply liquid helium for a period of 
two and a half months. One cause of motor failure was 
deterioration due to age. We updated the inverter of the 
helium compressor in March 2014. 
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Fig.1. Volumes of liquid helium supplied to laboratories for each fiscal year from 2001 to 2013 

Operation of the superconducting ring cyclotron cryogenic system

H. Okuno,∗1 T. Dantsuka,∗1 M. Ohshima,∗2 H. Shiraki,∗2 H. Hazama,∗2 A. Mikami,∗2 H. Miura,∗2 H. Shiba,∗2

M. Kubota,∗2 H. Hirai,∗2 and M Haneda∗2

The SRC (Superconducting Ring Cyclotron) cryo-
genic system, which consists of three compressors, a He
refrigerator, and four He buffer tanks for cooling the
240-MJ superconducting magnets used for the SRC,
has a cooling capacity of approximately 1 kW at 4.5 K
and an inventory of 5000 L of liquid He. The cooling
system was operated for approximately nine months
in 2014, with a three-month maintenance shutdown
in summer (July–August) and a shutdown to conserve
electrical power in January.
We experienced some problems with in the opera-

tions, some of which required us to stop the operation
of the He refrigerator and the compressor. The prob-
lems are listed in Table 1. We stopped the operation of
the helium compressor during the He purification pro-
cess on February 19, 2014 because heavy snow on that
day stopped the fan in the cooling tower for cooling wa-
ter. Some improvements were carried out to prevent
the fans from stopping due to heavy snow. A temper-
ature sensor in the He refrigerator also demonstrated
unusual , and we presume that this was because the
attachment between the pipe and sensor became loose.
Unfortunately this sensor plays a role in the interlock
logic, but we let it go because we had to open the cold
box to improve the attachment. On October 29 the
second and third turbines tripped suddenly due to the
high speed of the third turbine. However, we could
find no sign of their high speed from the trend graph.
We suspect that this was caused by the noise of the
control system. We will check the rotation speed mon-
itor system using a signal generator during the next
summer maintenance.
During the operation from April to June, the helium

flow rate of the cooling channel for a small power lead
gradually degraded. This suggests trapping of some
impurity that decreased the flow rate. On November
22 the interlock system for the superconducting mag-
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net required that the power supply of all the super-
conducting trim coils be shut down. We could find no
signs of an increase in temperature. Thus we suspect
that this comes from the noise of the control system.
On December 25, the flow rate of the cooling chan-
nel for one small power lead suddenly increased: we
suspect that the impurity dropped or a control valve
in the line. We believe that we need to monitor the
impurity and aging of the control system regulary.

Subsystem Date Problems

He compressor February 19 Fans in the cooling stopped working due to heavy snow

He refrigerator April – June A temperature sensor behaved unusually
October 12 Mishandling of the pre-cooling valve (warm gas injection)
October 29 Trip of the second and third turbines.

Sc. magnet April – June Gradual decrease of the flow rate for small current power leads
November. 22 Discharge of the superconducting trim coils
October 29 Sudden increase of the flow rate for a small current power lead

Table 1. Lists of problems that occured in the He cooling system in 2014.
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