
SMSI 2025 Conference – Sensor and Measurement Science International 207

settings described above. The bearing washer
with the thin-film sensors is shown in Figure 1. 

Fig. 1. Thrust roller bearing washer with sensors.

Measurement Results
To characterize the temperature sensors, the
temperature coefficient of resistance (TCR) was
determined using a hot plate and calculated
according to (1) with the temperatures
LT = 20 °C and HT = 80 °C.

TCR = [(RHT – RLT)]/RLT]/[HT − LT] (1)

The temperature sensors had an average TCR 
of 744.6 ± 90.3 ppm/°C. For the investigations
of the integrated sensors, the bearing washer
was mounted in an FE8 test rig (DIN 51819-
1:2016-12), which enables cylindrical roller 
thrust bearings to be loaded and operating un-
der constant operating conditions. The selected
rotational speed was 500 rpm and an axial load
of 7.5 kN was applied, corresponding to an
Hertzian pressure in the roller-raceway contacts
of 750 MPa. Grease (ISOFLEX NBU 15) was
selected as lubricant. After a test period of 60
minutes, the highest temperature of 
33.6 ± 0.1 °C was measured with the thin-film
sensor (T2) directly in the mechanical rolling
contact. This was followed by the thin-film sen-
sor (T1) close to the mechanical rolling contact
with a temperature of 31.6 ± 0.1 °C. A tempera-
ture of 30 ± 0.1 °C was measured with the
PT100 temperature sensor at the edge of the
bearing washer (Figure 2).

Fig. 2. Temperature signals from differently posi-
tioned sensors.

Due to the frictional heat caused by the friction-
al forces and the high sliding components
caused by the contact kinematics, the meas-

ured temperatures in and near the rolling bear-
ing contact are higher than the temperature of
the PT100 at the edge of the bearing washer. 
The test was repeated four times with reproduc-
ible signals.

Conclusion
Thin-film temperature sensors were applied to a
thrust roller bearing washer to measure the
temperature in and near the mechanical rolling
contact. The sensors were produced using
cathode sputtering, photolithography and ion 
beam etching. Due to the frictional forces, vari-
ous temperatures were measured in and near 
the tribo-mechanical contact as well as at the
edge of the bearing washer when it was tested
in a component test rig. The results show that
after 60 minutes, a temperature 12 % (3.6 °C) 
higher in the mechanical rolling contact and
5.3 % (1.6 °C) higher near the mechanical roll-
ing contact could be determined with the direct-
ly deposited sensors than with a conventional
PT100 at the edge of the bearing washer. Thus, 
a more accurate and faster temperature deter-
mination is possible with the help of thin-film 
sensors directly in the tribo-mechanical contact, 
as well as more precise validation of simulation
models.
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Summary: This study presents a simple and accurate method for quantifying the thermal conductivity of silica
aerogels which are well-known for their low thermal conductivity (< 0.02Wm−1 K−1) and their highly porous struc-
ture [1]. In this setup, two aerogel blocks (diameter 2 cm, thickness 8 mm) are stacked with a small platin-based
heating structure in-between and thermistors (diameter 7.5 mm) on the outside. This approach minimizes heating
losses by ensuring the heat is transferred through the aerogel and measured by the sensors. The thermal con-
ductivities found are in the range of 0.015 - 0.024 m−1K−1, corresponding well to the values found in the current
literature.
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Introduction
The use of aerogels in microfluidic devices is
very attractive due to their extremely high ther-
mal insulation, which can be used in thermal
micro-devices. Silica aerogels obtain their high
insulation properties due to the high porosity (up
to 99% [2]), and surface area. These properties
and the fact that aerogels can be manufactured
in all custom shapes make them ideal candidates
for thermal insulation of microfluidic devices.

Measurement principle and setup
The measurement principle to determine the
thermal conductivity is based on the ’Absolute
Method’. One side of the sample is placed on a
heating structure with a set power, the other side
is positioned on a temperature sensor (with heat
sink). The thermal conductivity (λ) can be de-
termined from the temperature difference. The
relation is shown in eq. (1) [3]. Here, Q̇ is the
heat flow, s the height of the sample, A the cross-
sectional area and ∆T the temperature differ-
ence.

λ =
Q̇ · s

A ·∆T
(1)

The experimental setup is shown in Fig. 1.
Sensors are glued with silver glue (Elecolit
414) to the aerogel samples and connected via
150 µm wires to a digital multimeter (Keithley
DMM6500). The heater is connected to a power
supply, which is selected to give a total input
power of 60, 220 and 450 mW .

Sensor fabrication and characterization
The silica aerogels are manufactured based on
the sol-gel process. First, Tetraethylorthosilicate
(TEOS) is added to ethanol, DI water, and HCL
to start the Hydrolyses reaction at 45◦C. After 90

Fig. 1: Schematic side view of the setup. The green
arrows indicate the flow-profile. Sensor 3 measures
the temperature directly at the heater (THeater).

minutes, the temperature is decreased to 35◦C,
and Ammonia is added to start the condensa-
tion reaction. After roughly 50 minutes, the gel is
formed and the samples are placed in the mold
(diameter 2 cm, height 8 mm). The samples are
aged in a mixture of TEOS / ethanol and dried
using CO2 critical drying (Leica CPD300). The
complete process and molar ratios are shown in
previous work [4].

The sensors are manufactured on silicon
wafers and are based on a 5 µm thick spin-
coated polyimide layer (precursor U-varnish-S
with 20% wt - polyamic acid content, UBE Eu-
rope GmbH) and 200 nm thick sputtered platin
structures (100 µm linewidth) that serve as both
a thermistor and a heater. The average resis-
tances are 320 Ω and 1650 Ω, respectively. With
a voltage applied, the aerogel structure heat up,
changing the resistance of the thermistors. The
relation between the actual temperature (in ◦C)
and the resistance of the thermistors is give by
eq. (2). These gave an average value for α of
0.0023 K−1.

R(T ) = R(T0)(1 + αT0
· (T − T0)) (2)
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Results

An input power of 60, 220 and 450 mW was ap-
plied to the heaters, and the resistance of the
sensors (including the sensor directly next to the
heater THeater) was continuously monitored. The
temperature is calculated from the resistance ac-
cording to eq. (2), and the results are shown Fig.
2.

Fig. 2: Temperature response for 220 mW applied to
the heater.

The responses to a stepwise increase in the
heating temperature is shown in Fig. 3, with a
temperature of 70 to 230◦C. Both sensors detect
identical temperatures, confirming the robust-
ness and reliability of the measurement setup.

Fig. 3: Sensor response for step-wise increase of the
heater power.

The calculated thermal conductivities (λ) for
the measurements are shown in Fig. 4. The
values for λ changes slightly depending on the
temperature of the aerogel, which is a known oc-
currence. The objects thermal properties are re-
lated by the objects temperature [5].

Every manufactured sensor consists of a
heater and a thermistor. Therefore, it is possi-
ble to additionally measure the temperature with
the heater structures on the outer sides of the
aerogel blocks. This gives extra confirmation of
the temperature, as shown in Fig. 4. The cal-
culated values (with the heater structures) show
identical values, validating the determined ther-
mal conductivities.

Fig. 4: Thermal conductivity of aerogel samples at
different heating temperatures.

Conclusions and Outlook
This abstract presents a reliable method for de-
termining the thermal conductivity of samples
with extremely low values. The thermal losses
in the setup are minimized by placing the sen-
sor between two small aerogel blocks. This in-
hibits heat flow around the samples and also en-
sures that all heat goes in the aerogel (evenly
distributed in both samples). The measurement
setup features a total of five temperature sen-
sors, enabling for accurate temperature readings
and calculated thermal conductivities. The ther-
mal conductivities (0.015 - 0.024 m−1K−1) found
in this research can help further research to min-
imize heat losses in micro-chambers/reactors
and/or other insulation in microfluidic devices.
Future research will focus on integrating the
aerogels with IC technology to improve the con-
nections between the aerogel and the sensor.
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