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Abstract

We have developed a failure prognosis algorithm of thyratrons, utilized as high-power switches for pulsed high-power
RF sources in the XFEL facility, SACLA, by using a machine-learning-based waveform analysis. Since the lifespan of a
thyratron is relatively short and individually different, the thyratron replacement often arises when the thyratron
deteriorates or fails due to the limited product lifespan. For the stable operation of SACLA, therefore, it is important to
detect signs of thyratron failure and to prevent a sudden failure of the thyratron. We investigated the possibility of
estimating the degree of thyratron degradation by applying a machine-learning method to voltage waveforms of the
control grid of a thyratron. Since some features of the waveform were found to be sensitive to the age of a thyratron, we
developed software to estimate the degree of deterioration of thyratrons. The developed software can distinguish the new

thyratron and the failed one almost perfectly and estimate the age of a thyratron with sufficient accuracy.
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Figure 1: Example of waveforms of thyratron. The left axis
corresponds to G1 and G2, and the right axis to Vk.
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Table 1: Number of Thyratrons per Classification and
Operating Hours

Classifications

Operating hours Normal Faulty Total
0~5,000 13 0 13
5,000~10,000 4 0 4
10,000~15,000 2 1 3
15,000~20,000 0 5 5
20,000~25,000 0 7 7
25,000~30,000 0 1 1
30,000~35,000 0 3 3
Total 19 17 36
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(a) Waveforms of new thyratron (0 hours of use)
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(b) Waveforms of deteriorated thyratron (13,700 hours of
use)
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Figure 2: Typical waveform data of G1 grid voltage for
thyratron and part of the results of principal component
analysis. In (a) and (b), each waveform is superimposed
for almost 100 shots.
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Table 2: Correlation Coefficient between Operating Hours
and Natural Logarithms

Correlation coefficient

Gl G2 Vk
Natural logarithm of 0.83 0.85 0.66
the L2 norm
Natural logarithm of 0.95 0.94 0.59
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Figure 3: Correlation between operating hours and the
natural logarithms of the determinants.
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Figure 4: Example of a summary window.
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Figure 5: Example of a classification results chart.
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