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refer to Figure 2. The profile is important to 
avoid disturbances in the cooling airflow. Also,
the blade weight with the integrated antenna is
matched to the blade weight of the original one
to stay balanced. 

Fig. 2. The developed fan blade is built up by two
parts with an integrated antenna.

As the connection to the sensing element must 
be as short as possible, the chip is integrated
into a package with the matching network, and 
a long wire connects the antenna to the chip, 
refer to Figure 3. As this cable is a coaxial ver-
sion it is shielded from disturbances. This wire
is accordingly bandaged around the rotor and 
additionally fixed by adhesive. To read out the
sensor two antennas are mounted on the stator 
side within the generator’s housing that are
connected to an RRU 4500 reader unit of 
Kathrein, refer to Figure 4. 

Fig. 3. Packaged RFID sensor with the connected
strain sensor element SGT-2/1000-FB11 of OMEGA.

Fig. 4. Configuration of the transmitter antennas.

Measurement Results
The system is tested within a predefined proce-
dure, where the turbine is first started up to start 
up the generator at a nominal speed of 
500 rpm. After 5 minutes, the excitation voltage
is switched on. After a further 5 minutes, the 
load of 20 MVA is activated, and another 5
minutes later, the generator is switched off
again, refer to Figure 5. This step-by-step acti-
vation is necessary to examine the external
influences on the measurement result.

Fig. 5. Correlation of the measured ADC values
(orange dots) with the generator characteristics,
where the ochre curve represents the rpm value, the
grey one the excitation voltage, and the green one
the load cycle.

Conclusion and Outlook
Several test runs proved that strain on the de-
fined position of the rotor in a hydropower plant 
generator can be measured. However, some
issues regarding disturbances in the measure-
ment result were identified, which need to be
addressed in further optimization steps by
providing a more stable power supply during 
the AD conversion.
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Summary: 
Pyrolysis is a well-known decomposition technique under inert gas for the analysis of liquids and solids 
by analyzing the volatile decomposition products. This work presents the design of a low-cost pyrolyzer 
based on the Curie-Point method. Using a 1 mm diameter Fe50Ni50 wire, the pyrolyzer heats up the 
wire carrying the sample to 520 °C within 3.71 s, verified by an optical infrared thermometer. For demon-
stration, this pyrolyzer was coupled to a gas chromatograph-ion mobility spectrometer (GC-IMS) and 
tested with Actimel yoghurt samples. 
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Background, Motivation and Objectives 
For onsite quantification of volatile compounds in 
more complex backgrounds, a mobile gas chro-
matograph-ion mobility spectrometer (GC-IMS) 
is a good choice, as it provides decent separa-
tion power and low limits of detection in the pptV-
range while the instrumental effort is compara-
tively low. However, low- or non-volatiles need to 
be transferred into the gas phase before analysis 
by GC-IMS, e.g., by thermal desorption. Another 
well-known method is pyrolysis. 

Pyrolysis is defined as the thermal conversion 
process or decomposition of a sample in the ab-
sence of oxygen at temperatures exceeding 
250 °C. The exclusion of oxygen prevents sam-
ple combustion. Over time, three methods of 
heating the sample until chemical bonds break 
and more volatile decomposition products are re-
leased have been established: Inductively (in-
cluding the Curie-Point method) and resistively 
heated filaments as well as furnace pyrolyzers. 

The Curie-Point method is explained in detail by 
Sobeih et al. [1]. It uses ferromagnetic wires in-
ductively heated by a time-varying magnetic 
field. These wires are self-regulating at their spe-
cific Curie temperature, and thus allow for fast 
temperature ramping to their Curie temperature 
without any external temperature control. 

As commercially available pyrolyzers are large in 
size and therefore not suited for mobile applica-
tions, we present a simple, miniaturized and low-
cost setup. 

Design 
The Curie-Point method has been chosen due to 
the low instrumental complexity and the excel-
lent reproducibility as a consequence of the used 
physical effect for end temperature control. 

The Sectional view of the pyrolysis unit is visible 
in Figure 1. A 1 mm diameter ferromagnetic wire 
is used to minimize thermal mass. A glass liner 
from Agilent (5190-2292) flushed with nitrogen 
surrounds this wire. Around the glass liner is a 
single-wound copper coil with an inner diameter 
of 10 mm with a total of 15.5 windings. The coil 
has a total inductance of 600 nH. 

Figure 1 Sectional view of the pyrolysis unit structure 

The generated pyrolysis products are trans-
ferred through a heated transfer line into the sub-
sequent GC-IMS within pure nitrogen. The IMS 
is an ultra-fast polarity switching PCB-IMS with 
dual drift tubes for simultaneous recording of 
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positive and negative ions, as described by 
Hitzemann et al. [2]. 

The magnetic field in the coil is generated by a 
full bridge inverter with external frequency gen-
eration. A voltage-controlled oscillator allows for 
an adjustable frequency from 340 Hz to 1 MHz 
to control the full bridge inverter, which is fed by 
a supply voltage of up to 42 V. 

Results 
The rise time of the wire temperature and the 
temperature stability at Curie temperature were 
measured through the glass wall of the glass 
liner and a small gap between the windings of 
the coil using an optical infrared thermometer 
from Optris (CTlaser 3MH1 with CF2 lens giving 
a measurement spot of ≤ 0.5 mm and fast tem-
perature recording rate of 1 kHz). The rise time 
is defined as the time required for heating from 
10% to 90% of the Curie temperature beginning 
at ambient temperature. Unfortunately, the tem-
perature measurement range of the used infra-
red sensor starts at 150 °C, which is above the 
10% of the Curie temperature of the used wire, 
so that the rise time was estimated by using a 
linear regression fit function derived from the 
measured temperature ramp in the range from 
150 °C to 467 °C. The heating process is consid-
ered to be completed when the slope of the tem-
perature ramp falls below 10-3 K/s. The end tem-
perature is calculated as the mean value of the 
following thousand measuring points. Figure 1 
shows a measured heating curve of a 1 mm di-
ameter and 60 mm long Fe50Ni50 wire. The final 
temperature of 520 °C matches the specified 
Curie temperature of 520 °C. The full bridge in-
verter is operated at 500 kHz and supplied with 
20 V giving 60 of heating power. The tempera-
ture rise can be estimated to 3.7 s with a linear 
temperature ramp of 118.6 K/s from ambient 
temperature to 90% of the final temperature. 

Figure 2 Heating curve of the Fe50Ni50 wire. The end 
temperature of 520 °C matches the specified Curie 

temperature of 520 °C. The full bride inverter is oper-
ated at 500 kHz and supplied with 20 V. 

For demonstration of general feasibility, the de-
veloped pyrolyzer is coupled to a GC-IMS. Fig-
ure 2 shows the topographic plot of the measur-
ing results when analyzing an Actimel yoghurt 
sample. Therefore, the previously described wire 
was simply dipped into yogurt and was directly 
transferred into the pyrolysis unit. 

Figure 3 Topographic plot of an Actimel yogurt sample 
analyzed with Pyrolysis-GC-IMS. 
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