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Part 1: Higher harmonic 
diagnosis system of electrical 
equipment failure
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Higher harmonic diagnosis method

• What is higher harmonics 
diagnostic method?• What is higher harmonics?

• The electric current flows through the electric equipment 
basically as the form of distorted wave which is the 
composite of basic wave and many higher harmonic 
waves. 

• If the equipment is working normally, higher harmonic 
components are not so large in the electric current.

• But when some problem occurs somewhere in parts and 
modules, specific orders of higher harmonics will appear 
and exhibit higher percentage in the distorted wave.

• Higher harmonics diagnosis method will diagnose the 
state of electric equipment by examining what kinds of 
higher harmonics with their percentage are contained in 
the distorted wave. 
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Portable Harmonic Diagnostic Instrument
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Merit of Higher harmonic diagnosis system

1. A diagnostic tool under contactless 
and live state using Harmonics

2. System diagnosis of Abnormality 
and/or Degradation with daily 
trend management

3. Enables energy saving operation 
and extended system life with 
Operation Mode Diagnosis
• Power efficiency degraded with 

system abnormality and/or 
degradation

• Appropriate preventive action 
recommended based on abnormality 
and/or degradation prediction

4. The status monitoring system, 
HAMOS, is a powerful tool for 
preventing unpredicted accidents

5. Improving system availability, by 
preventing unpredicted accidents, 
will directly result in an improved 
profitability

6. From TBM to CBM to PdM
TBM :System Maintenance by 
System Operation Hours
CBM : System Maintenance by 
System State Management
PdM : Predictive Maintenance
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Target of Harmonics Diagnosis

■Diagnosis Target
The primary target of Harmonics Diagnosis is Motor System and Inverter, the driving power 

source for every industrial moving equipment. In addition, transformer, capacitor, generator, 

UPS, and power transmission/distribution cable can be diagnosed as well. 
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■Measurement Location and Diagnosable Part

Harmonics measurement at Control Panel enables diagnosis of the overall system. It is indeed 

equivalent to the principle of blood tests. The following figure indicates the diagnosable parts with 

the Harmonics Diagnosis tool.
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Correlation diagram between harmonic order and motor and load
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Part 2: Example result of adapting 
the Higher Harmonic Diagnostic 
System to Water cooling pumps of 
Heliotron J
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summary

• In this experiment of applying the higher harmonic diagnostic system to 
Heliotron J, the pumps of water cooling system were measured among 
the auxiliary equipment of Heliotron J  which are maintained by the 
staff of the Heliotron Center.

• Between November 6 and 10, 2023, five channels of pure water pumps, 
rotary pumps, pure water circulation pumps for cooling magnetic coils 
in the vacuum tube were simultaneously measured and recorded, and 
portable diagnostic equipment was installed in the pure water pump of 
the NBI power supply room, and data was collected and analyzed by 
HAMOS.

• In the following presentation, we will focus on the diagnostic results of 
both the pure water supply pump and pure water circulation pump.
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Attaching harmonic sensors
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Installation of condition monitoring system
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Illustration of cooling water circuit for the magnetic coils 
in the Vacuum Tube  in of Heliotron J 
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Display of the water cooling circuit in the main control room



FFT Waveform

Harmonic content

Power Spectrum
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Raw data of electric current
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ストレス度に基づく診断結果の要約
• ストレス度の段階分け

A：40％以下 B1：40-60％ B2:60－80％ B3:80-90% C:90%以上

・トレンドグラフに於いて、60％以下は特に問題ないが、60%を定常的に超えてい
ると、経年劣化が進んでいると判断する。

001の平均値 002の平均値
M1 40％以下 40％以下
M2 70％以下 70％以下 002は定常的に60％以上（振動の為）
M3 60％以下 60％以下
M4 60％以下 45％以下
L1  20％以下 20％以下
L2 70％ 70％前後 負荷部軸受けは双方とも悪い
L3 70％ 70％前後 負荷部の軸は双方とも悪い
L4 65％ 65％以下 この部位は実際は無いので無視

・双方とも経年劣化が相当進んでいて点検整備が必要である。

21



This is the end of my 
presentation. 

Thank you very much.
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