
 
The pool-cooled superconducting helical coils of the 

Large Helical Device (LHD) (major radius 3.9 m, helical 
pitch number 10) have been stably operated1) during the past 
17 experimental cycles so far. The liquid helium supplied to 
the valve-box is cooled through a heat exchanger, and the 
inlet temperature of the helical coils is maintained at 3.2 K 
to improve the cryogenic stability since the installation of 
cold compressors in the 10th experimental cycle. The outlet 
temperature is ~4 K.  

A minor normal-transition was detected in the 
excitation test in the 17th experimental cycle when the 
toroidal magnetic field was raised from 2.75 T to 2.8958 T 
(at the magnetic axis with the major radius of 3.6 m). The 
conductor current was 11.2 kA at the time of a transition. 
Figure 1 shows the waveforms of the balance voltage 
signals of the H-I blocks observed during the transition. 
Two different frequency ranges of low-pass filters were 
used for measuring the balance voltage: the 10-Hz regime 
detected the transition and the 10-kHz detected the 
mechanical disturbance that initiated the transition. The 
normal-zone appeared with a maximum balance voltage of 
~15 mV (for the 10 Hz measurement), and it naturally 
recovered back into the superconducting state within a 
duration of 0.5 s. Note that the judgment for a quench is set 
at 200 mV and 2 s. At the timing of the mechanical 
disturbance, acoustic emission (AE) signals were also 
observed. There are four AE sensors attached on the helical 
coil cases located at Section #2, #5, #7 and #10. The earliest 
observation of AE#7 suggests that the disturbance occurred 
near Section #7. Signals from the pick-up coils, distributed 
along the helical coil cases, determine that the normal-zone 
started at the bottom of Section #8, which is consistent with 
the AE measurement.  

Despite the observation of this minor transition, 
which was the 25th one since the first one observed in the 
second experimental cycle, we consider that there has been 
no apparent deterioration for the mechanical properties of 
the helical coil windings. This is confirmed using the pulse 
height analysis (PHA) applied to the spike signals observed 
in the 10-Hz regime balance voltage. The total intensity of 
spike signals is an effective measure to investigate the 
changes of mechanical properties of the coil windings, and 
it shows a continuous decrease with the experimental cycle 
as shown in Fig. 2. We here note that the PHA finds that the 
obtained distribution function of the balance voltage signals 
shows two components: high-energy and low-energy during 
a ramp-up phase. It is found that the saturation of the 
intensity already started from the 6th experimental cycle for 
the high-energy component. This suggests that the 
probability of observing a normal-transition has not been 
significantly changed since then.  

 
Fig. 1. Waveforms of AE signals and balance voltage 
signals (at two frequency resolutions) for a normal-
transition observed in the 17th experimental cycle.  

Fig. 2. Variation of the total spike signals of the H-I balance 
voltage during the first ramp-up in each experimental cycle.  
 
 
1) Yanagi, N., Imagawa, S., Sekiguchi, H.: Fusion Science 
and Technology 58 (2010) 571.  

 
One-side propagation of a normal zone has been 

observed several times in helical coils of the Large Helical 
Device (LHD). Their currents and magnetic field are shown 
in Fig. 1. The asymmetric propagation velocity is considered 
to be caused by electromagnetic interaction of the external 
magnetic field with the transfer current between the 
superconducting strands and the pure aluminum stabilizer at 
the ends of a normal zone. In the 17th campaign of LHD 
experiments, the 25th propagation of a normal zone was 
observed under the subcooling operation in which the inlet 
and outlet helium temperatures are below 3.5 K and 4.0 K, 
respectively. Its balance voltage is shorter and lower than 
that of the propagation in saturated helium at 4.4 K. 

When a normal-zone propagates in the I-block, the 
voltage drop due to the resistance of the normal-zone VR is 
expressed by 
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where ej and Ij are the balance voltages and the currents of j 
block, respectively1). Bj is the magnetic field density by j 
-block at the conductor where the normal zone propagates. 
Figure 2 shows the resistive components derived from the 
difference between the balance voltages in H-I block and 
H-M block for the 17th, 23rd, and 25th propagations. The 
parameter α corresponds to the position where the normal 
-zone propagates, and α=0.7 means that the normal zone 
propagated in the first layer of the H-I, where the field is the 
highest. 

The voltage drop during propagation of a normal zone 
was measured in the model coil using voltage taps. It can 
be fitted by exponential functions using the duration of 
propagation, tr, as shown in Fig. 3, where the recovery 
starts before the current deeply diffuses into the aluminum. 
The resistive voltages calculated by the fitting equation with 
tr=0.08 s at the propagation velocity of 6 m/s for the 17th 
propagation and tr=0.02, 0.03, and 0.04 s at 7 m/s for the 
25th propagation are shown in Fig. 4. The lengths of 
propagating normal zones at the minimum propagation 
currents are obviously shorter in subcooled helium than in 
saturated helium in spite of the higher operating current. The 
shorter length of the normal zone is caused by the quicker 
starting of recovery. In subcooled helium, the recovery starts 
within 0.02-0.03 s after the normal transition. It is shorter 
than the time constant of current diffusion into the pure 
aluminum stabilizer. It is considered that a normal zone in 
subcooled helium at the current close to the minimum 
propagation current propagates without the transition from 
the nucleate boiling to film boiling. 
 
1) Imagawa, S. et al.: IEEE Trans. Appl. Supercond., 23 
(2013) 4700904. 
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Fig. 1. Minimum propagating current, Im.p., of LHD helical 
coil. The magnetic fields of LHD are at the bottom. 
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Fig. 2. The resistive voltage at 17th, 23rd, and 25th 
propagation of normal zones in the LHD helical coil. 
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Fig. 3. Output of voltage taps of the helical coil conductor 
during one-side propagation of a normal zone in the HC 
model coil. 
 

0

5

10

15

0 0.5 1

17th_eI-eM/0.7
25th_eI-eM/0.7
tr=0.08 s (vp=6 m/s)
tr=0.02 s (vp=7 m/s)
tr=0.03 s (vp=7 m/s)
tr=0.04 s (vp=7 m/s)

Time (s)

Vo
lta

ge
 (m

V)

 
Fig. 4. Calculated resistive voltage at the 17th and 25th 
propagations. The stopping time of the propagation is set at 
0.68 and 0.34 s, respectively. 
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