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Abstract 

Real-time condition monitoring of critical engineering components used in industries finds significant importance 

nowadays. The hostile operating environment of the components such as high temperatures, contraction/expansion, 

vibrations etc, may lead them to suffer from creep, thermo-mechanical fatigue, environmental attack (oxidation and 

hot corrosion) etc. Non-existence of sensors applicable to high temperature (~ 400°C) make us handicapped for real 

time health monitoring of such components. The  present work aims to bridge the gap by developing application 

specific high-temperature sensors for assessing and monitoring the health during operation. Sensors using micro-

fabricated sensing element are the promising, non-contact technology that have significant  potential in structural 

health monitoring of critical engineering components operating at elevated temperatures. Presently, spiral 

coils/probe has been designed on glass epoxy substrate through chemical etching. Characterizations of these spiral 

coils have been carried out using Agilent 4294A impedance analyzer. Linearity in this configuration has been 

observed upto ~ 250 
o
C. Multiple coils have been cascaded/stacked together, in order to increase the SNR and 

sensitivity of the sensing element to be fed to the central processing electronic unit. Further work are being 

underway for addressing the issues at elevated temperature.  
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1.  Introduction 

 
Almost all critical engineering components used in industries like power, petrochemical and steel 

operate at high temperatures and can suffer from creep, thermo-mechanical fatigue or hot 

corrosion [1–2]. As a result, they are likely to get damaged and their replacement and 

maintenance costs are high. Non Destructive Testing (NDT) techniques are suggested to be 

applied for the real-time condition monitoring or structural health monitoring of the components. 

Several NDT techniques such as acoustic emission (AE), eddy current (EC), holographic 

interferometry, laser ultrasonic, guided wave testing (GWT), infrared thermography (IR) etc. can 

be used for either the inspection or the monitoring of high temperature structures. Although, 

these techniques reported elsewhere can operate at temperatures up to ~ 300 °C, they are 

equipped with end no of shortcomings. Some of the drawbacks are qualitative results, sensitivity 

to noise, laboratorial utilization, and the need for coupling media. AE is a passive NDT 

technique that has been widely deployed in Structural Health Monitoring (SHM); it monitors the 

elastic waves generated after the initiation or propagation of a crack [3]. Nevertheless, AE is 

sensitive to noise and gives qualitative results. EC is a non-contact technique that can be 

employed for the inspection of any electrically conductive material; however, it is subjected to 

the skin effect, leading it to be mainly used for the detection of surface and subsurface defects 

[4]. Holographic interferometry can give detailed results and be used for the detection of small 

defects, but it is mainly used for laboratorial tests as it's setup is complicating and it is sensitive 

to vibrations [5]. Laser ultrasonic has a small and adjustable footprint; therefore, it can be used 
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for the inspection of irregular surfaces and samples of small and complex geometry. It induces 

high frequency ultrasound and thus very small defects can be detected as well. However, its 

setup is complicated and it is mainly used for laboratorial tests. GWT is used for the inspection 

or monitoring of large structures; mainly piezoelectric transducers are employed upon the 

structure being tested exciting/receiving guided waves [6]. Piezoelectric transducers require 

direct access to the specimen and a coupling medium (usually a water-based gel), and their 

response cannot travel through a vacuum. IR can be used in this application mainly for 

overheating identification. However, the length of the components makes this technique 

practically inefficient. The camera needs to scan the whole length of the components which is 

time-consuming and may not be possible while the component is operating [7]. Furthermore, the 

high temperatures, the access, size and structural complexity of the specimen can limit the 

number of NDT techniques that can be efficiently employed. The present study is primarily 

focused in addressing those issues by developing application specific high temperature sensor for 

the real-time condition monitoring or structural health monitoring of the components. 

2.  Experimental procedure 

 
The experimentation was carried out using spiral coils/probes that have been fabricated on glass 

epoxy substrate of dimension 10 mm × 10 mm through chemical etching as shown in fig. 1. 

Table 1 represents coil details comprising of outer diameter ~ 10 mm, no. of turns 07 and coil 

pitch is ~ 0.35 mm. The electrical parameters of these coils were evaluated using Agilent 4294A 

impedance analyzer. Multiple coils have been cascaded/stacked together and subsequently 

moulded using high temperature Durabond 954 powder + binder adhesive, in order to increase 

the SNR and sensitivity of the sensing element to be fed to the central processing electronic unit. 

The high temperature electrical parameter characterization was carried out by inserting the 

moulded sensor into the high temperature environment upto ~ 250 
o
C. The performance of the 

sensor was evaluated on calibration  standard aluminium sample. The sensor was excited using a 

tailor-made microcontroller based RF sinusoidal oscillator comprising of DDS AD 9850 

synthesizer and the signal detection and representation were done using a NI PXI 6251 DAQ 

unit. A GUI was developed on LabVIEW platform for monitoring and logging the signal.    

 

 

(a) Cascaded coils connected in series configuration                                    (b) Moulded coil 

Fig. 1: EC coil/probe fabricated on GE 

 



Table - 1: Dimension of each sensor unit 

 

3. Results and discussions 

 
The electrical parameters comprising of Z, Ls and Rs  of the coils were evaluated at 1 MHz using 

4294A impedance analyzer and tabulated in table 2. It was observed that linearity in electrical 

parameters has been observed with the increase of no of coils connected in series.  

 

Table 2: Electrical parameters measured using 4194A  Impedance Analyzer at 1 MHz 

 
In order to increase the SNR and sensitivity of the EC sensor to be fed to the central processing 

electronic unit for further processing, 5 nos. of coils have been cascaded/stacked together and 

subsequently moulded using high temperature Durabond 954 powder + binder adhesive. The 

moulded sensor was placed into the high temperature environment upto ~ 250 
o
C and 

subsequently, on-line electrical parameters were measured and plotted in fig. 2. The temperature 

at each point was controlled using a PID controller with a stabilized time of 10 min. Plot profile 

suggest that these electrical parameters were found stable as the temperature increases upto  ~ 

250 
o
C.  

 

Length 

(mm) 

Breadth 

(mm) 

Diameter of Spiral coil 

(mm) 

Copper conductor 

track width 

(mm) 

Number of 

turns 

10.00 10.00 10.85 0.35 07 

No. of 

Layers 

Z 

(mΩ) 

Ls 

(nH) 

Rs 

(mΩ) 

1 283.51 359.43 280.78 

2 485.32 680.25 532.18 

3 655.47 990.45 879.77 

4 824.26 1289.35 1310.2 

5 1015.3 1630.8 1601.9 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 2: Temperature vs Z, Rs and Ls plot at frequency 1 MHz. 

 
The schematic diagram of the sensing system is shown in fig. 3. The sensor was excited at an 

optimum frequency of 1 MHz using a tailor-made microcontroller based RF sinusoidal oscillator 

comprising of DDS AD 9850 and preamplifier unit. When a crack or defects occurs in the 

standard test piece, the coil impedance experiences a change and subsequently, it processes the 

responses due to the induced eddy current. The processing unit of the system includes a number 

of sub functions that include impedance matching network, modulation/demodulation unit, 

subsequent filtering, offset-gain control network and final amplifier unit. It comprises of a 

balancing or compensating circuit which is adjusted to provide essentially a nearly zero output 

for non-flaw conditions.  The signal from the balancing or compensating unit is subsequently 

amplified before being fed to the modulator/demodulator unit. The output of the 

modulator/demodulator is fed to the low pass filter (LPF) network. The low frequency system 

noise, dc drifts, and demodulator noise all get combined with high frequency carrier signal and 

subsequently are removed by means of a LPF. This DC voltage is finally passed through an 

amplifier comprising zero, span and gain control network (8) to get the final output voltage Vo. 

The final output is measured and recorded by PC unit through NI PXI 6251data acquisition card 

(DAQ). The development program and interfacing protocols has been designed on LabVIEW 

platform.  Embedded system of the whole unit has been designed by integrating sensor, central 

processing electronics and the controlling software through some interfacing protocols.  
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Fig. 3: Schematic diagram of the sensing system 

 

4. Conclusion 

 
In this present work a high temperature sensor for real-time condition monitoring of critical 

engineering components used in industries is presented. Sensing elements mainly spiral coils 

have been fabricated  on glass epoxy PCB substrate using micro-fabricated techniques known to 

be promising, non-contact technology that have significant potential in structural health 

monitoring of critical engineering components operating at elevated temperatures. Performance 

of the sensor has been optimized through experimentation at the temperature upto upto  ~ 250 

oC.. The sensing system works on the principle of eddy current (EC) wherein the variation of 

impedance of the sensing coil causes a sharp change as defect/crack occurs in the part to be 

inspected. It aims to bridge the gap by developing application specific high-temperature sensors 

for assessing and monitoring the health during operation. Experiments performed using lab based 

scale model of the whole system excellent performance results which highlight the capability of 

this type of sensing system to carry out real-time condition monitoring of critical engineering 

components. Further works are being carried out by the authors of this papers including the 

design, implementation and evaluation of the electronic circuitry necessary for addressing some 

of the challenging issues at elevated temperature. 
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