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The research was focused on mechanical, thermal, electrical and magnetic properties of the mixture of ferrite filler in the rubber 
matrix. The basic questions of the properties of ferrite-rubber blends were solved. We have studied these properties for using them 
for measuring the elastic deformation of the sidewall of a tire. The example of the model of sidewall of a tire is presented. 
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1  INTRODUCTION 

 
 

To the secure car traffic more and more attention is 
paid at present. The electronics is more and more inte-
grated into construction of the vehicles. This holds true 
also for the wheels and tires respectively. In the paper the 
possibilities of application of magnetic sensors in the in-
telligent wheel/tire systems are dealt with. 

Under the term of “intelligent tire” we understand such 
a tire, which possesses the ability to provide on-demand 
data on its state to some of the driving managements of 
the vehicle. The data begin with the identification of the 
data on tire, stored by the manufacturer – up to data ac-
quired from various sensors, carrying information about 
travel conditions of each wheel, and tire respectively. 
There is an effort to provide to management of vehicle 
such data in larger extent, at higher speed and high level 
of quality. Using the appropriate system of sensors the air-
pressure in the tire can be monitored, as well its tempera-
ture and also the mechanical forces transferred by tire to 
the road in various travel situations. 

Since wheels with the tires, which are currently in use, 
mediate the transfer of all mechanical forces between the 
vehicle and the road, which are present at movement on 
common non-ideally planar base, at variable speed (as for 
magnitude and as well the direction), there has originated 
the idea of using to measure them, specifically the elastic 
deformation of the sidewall of the tire. Except of radial 
deformation exerted by gravitational force, the sidewall is 
deformed also torsionally at acceleration and deceleration 
of the vehicle, while it is deformed to a side at movement 
at bents. 

 
 
 

2  MAGNETIC FERRITE-RUBBER SENSORS 
 
 

At comparison of various sensor technologies, allow-
ing remote sensing of deformation of the elastic body, e.g. 
of the tire, it can be stated, that in the given environment, 
magnetic sensors only can operate reliably. For the remote 
sensing of the state of surface of a non-magnetic material, 
passive and active magnetic sensors can be used. From 

practical point of view the sensors for measurement in 
non-modified environment (in-natura) are of interest. 

Into the investigated surface (polymer, vulcanised 
natural rubber, etc.) is built-in the magnetic material (fer-
rite powder), at relatively low concentration, which serves 
as a sensor 

– in the case of the soft magnetic material, the passive 
sensor originates; 

– while in the case of hard magnetic material we obtain 
an active sensor. 

Wireless interrogative passive sensors for monitoring 
of deformation of sidewall of tires in non-modified envi-
ronment have very good prospects. They can be used also 
in the case, when it is necessary to monitor remotely the 
state of surface and other kinds of sensors are not usable 
due to operation temperature, pollution, mechanical load-
ing (vibrations, surges) and/or electromagnetic interfer-
ence – EMI. 

It is assumed; that in the case of magnetically active 
sensors the most important parameter, serving for the 
evaluation of deformation of sidewall, will be right the 
remnant magnetic flux density Br. There is important the 
knowledge, that the value of Br of the vulcanised derivate 
is decreasing with the increasing temperature. It will be 
necessary to take into account this fact into calculation at 
calibration of the interrogating sensors. We have found 
out experimentally, that depending on contents of the 
filler, the Br of the vulcanisates is considerably varied. 

In the case of an active sensor, the detecting telemet-
ric, e.g. an AMR sensor of magnetic field will provide 
data, related to state of surface within operating of given 
part, e.g. the state of a tire at its contact with the road. 
One may come to a conclusion, that suitable magnetically 
active sensors are able to operate reliably also in the case 
of the surface being exposed to various pollution in the 
environment, such as mud, snow, ice, etc. and it can si-
multaneously move rapidly with respect to the detecting 
system. The effect of temperature can be eliminated by 
selection of magnetic material, or it can be compensated. 

 
 



148 V. Olah et al: APPLICATION OF FERRITE-RUBBERS AS SENSORS 
 
 

 

3  PROPERTIES OF FERRITE-RUBBER COMPOSITES 
 
 

The research has to be focused on thermal, electrical 
and magnetic properties of the mixture of ferrite filler in 
the rubber matrix. The basic questions and answers of this 
research are: 

a) Of what level can be the concentration of the ferrite 
filler mixed into the rubber matrix? 

The proven ferrite fillers can be mixed into rubber ma-
trix without any problems. In practice, the filling with the 
concentration of the ferrite powder of up to 50 wt.% have 
been proven. Also at this high concentration the good me-
chanical properties (elongation at break up to 300 %) were 
obtained. 

b) What will be the mechanical properties of the final 
composites? 

On the prepared composites we have determined the 
physic-mechanical properties of their vulcanised derivate 
with carbon black and without it. With varying of concen-
tration of the filler also the mechanical properties are 
changed. Hardness and elongation at break has lowered at 
increasing of content of the filler. At content of the carbon 
black of 40 phr in the rubber matrix, there appeared low-
ering of value of hardness and elongation of the vulcan-
ised derivate at increasing content of the ferrite filler. The 
elongation at break has been increased, due to lower con-
tent of stiffening carbon black. It was found out, that the 
ferrite filler in the mixture of natural rubber and butadiene 
rubber does not substitute the stiffening carbon black and 
has prevailingly a diluting character. 

Both the tensile strength and the elongation at break of 
the composites decrease upon adding ferrite filler, the ef-
fect of elongation at break is low, the effect on tensile 
strength is more pronounced, it is decreasing linearly with 
the vol.% of ferrite filler. 

c) How does the ferrite (Fe ions) affect the aging of 
the composite? 

The test of accelerated ageing of samples has showed 
that chosen ferrites which we have proven within the re-
search have no adverse effects on the rubber or other 
polymers. The iron in ferrite is present only as part of the 
Fe3O4-crystals, not as free Fe. If the iron-oxide would be a 
rubber-poison then the relative change of mechanical 
properties of the filled samples should be significantly 
higher then the unfilled reference samples, the hardness 
values have tendency to increase after ageing, the elonga-
tion at break after ageing is decreasing. 

From the results of the observed mechanical properties 
and the effect of accelerated ageing side-wall rubber mix-
tures having equal contents of carbon black, it has been 
found out that the sort of the ferrite has no direct influence 
on the mentioned properties of the mixtures. 

d) What are the thermal, electrical and magnetic prop-
erties of the mixture? 

In the study on composites of ferrite with rubber (or 
other polymer) the thermal conductivity of the blends in-
creased from unfilled sample to sample with a 50 wt.% 
ferrite content in composite. In the earlier study in ther-
moplastics it was shown that ferrite did not significantly 
lower the electrical resistivity until the concentration of 
the filler reached approximately 33 vol.%. This value is 

the theoretical percolation threshold for spherical parti-
cles. It is a concentration, where the filler particles start to 
have point contacts. The levels of resistivity for rubber 
blends are always on low level due to the carbon black. 

Electrical conductivity is a popular demand in the ap-
plications, in which lowering of effect of electrostatic 
charge and/or electromagnetic interference is required. 
The ferrite improves electrical and thermal conductivity of 
the composites and adds the ferrimagnetic properties to 
them, thus making the composites to be sensitive to mag-
netic field. From practical point of view the magnetic 
characteristics of the filled rubber mixtures will play the 
most important role. 

 
 

4  BASIC PROPERTIES OF MAGNETICALLY ACTIVE 
FERRITE-RUBBER SENSOR 

 
 

In these studies selected magnetic properties of the fer-
rite-rubber samples are dealt with, which can be used in 
sections of the sidewall outer layer sensors. The Sr ferrite 
powder was used in rubber blends. Before measuring pro-
cedures the Sr ferrite-rubber samples (with 38 x 22 x 
2.5 mm dimensions) were magnetised in homogeneous 
magnetic field of 860 kA/m (1.08 T) in direction perpen-
dicular to surface (38 x 22 mm). Sr ferrite is a hard mag-
netic material. The sample can be tested as section of ad-
jacent pair of the series sections magnetised at alternating 
polarity. The series of sections can serve as magnetically 
active sensors, which are based on demagnetising-field 
effect of ferrite powder implanted into the rubber. For this 
purpose the effect of Sr ferrite concentration on the de-
magnetising field strength Hdc was analysed, and also be-
haviour of Hdc versus x was investigated. Here x is the 
distance of detecting sensor from ferrite-rubber layer. 
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Fig. 1. Hdc as a function of Sr ferrite concentration κ in fer-
rite-rubber composites 

 
 

Fig. 1 shows the intensity Hdc of selected blends as a func-
tion of concentration κ of Sr ferrite. Here the distance x 
between the surface of rubber and the detecting Hall probe 
was a parameter, and we can see, that for each distance 
the measured demagnetising field strength Hdc versus fer-
rite concentration κ in rubber can be divided roughly to 
four intervals of the κ. Then an analytical description of 
Hdc behaviour in the whole large concentration range can 
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be given by (for x = 14 mm) 

Hdc ≅ 0; κ < κ01 ≈ 18 wt.% 

Hdc ≅ S1(κ- κ01); κ01 < κ < κ02 ≈ 32 wt.% (1) 

Hdc ≅ S2(κ- κ02) ≈ const; κ02 < κ < κ03 ≈ 43 wt.% 

Hdc ≅ S3(κ- κ03)
q; κ > κ03 

where S1 as to S3 are dimensional magnetic-filler fraction 
parameters, κ01 as to κ03 are threshold concentrations char-
acteristics for respective interval of κ and q is the scaling 
parameter. The physical explanation of relations (1) may 
be as follows: 

Firstly, the filler concentration is very low, particles 
are rarely occurring in rubber and no stray magnetic field 
is observed for κ < 18 wt.%. 

Secondly, the roughly linear dependence of the Hdc on 
the κ is valid above the threshold concentration κ01. The 
values of Hdc are increasing proportionally to amount of 
the Sr ferrite powder particles (dashed part of a curve in 
Fig. 1). 

Thirdly, a nearly constant or slightly linear Hdc versus 
κ relationship may be valid on interval of κ02 < κ < κ03. It 
is due to fact, that in this range of concentration, the Sr 
ferrite particles with size distribution from 0.5 µm up to 
30 µm are microscopic-permanent magnets with parallel 
magnetization direction and they are interacting by N-N or 
S-S poles each to other. 

In fourth, at concentration range over threshold con-
centration of κ03 ≈ 43 wt.%, the ferrite particles probably 
start to have mutual contact or they are very closely 
aligned in series and also in parallel manner. This order-
ing supports mutual magnetic interactions and gives rapid 
increase of Hdc strength of whole ferrite-rubber sample at 
concentration κ over the 43 wt.%. Instead of linear de-
pendence, the power-law can adequately describe the Hdc 
behaviour vs. κ at higher concentration, where the scaling 
parameter exceeds the value of q > 1. Our previous ex-
perimental experiences showed, that q changes with the 
concentration, and it does not exceed the value 2 for very 
high values of κ ≈ 0.9. Such power law results from the 
mutual magnetic interactions between the ferrite particles. 
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Fig. 2. Hdc as a function of distance x between rubber surface 

and detecting Hall probe 

The behaviour of demagnetising field strength Hdc as a 
function of x is plotted in Fig. 2. Here the selected con-
centration κ (wt.%) of ferrite powder in the composite is a 
parameter. The demagnetizing field Hdc for the x > 18 mm 
can be extrapolated by law of reciprocal distance x. 

Further, the magnetic/electrical properties of ferrite-
rubber surface were measured, which show the behaviours 
of effectual quantity, in this case the output voltage U of 
detecting sensor as a function of filler concentration κ, 
which is given in Fig. 3. 
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Fig. 3. Output voltage U of detecting sensor as a function of 

filler concentration κ in ferrite-rubber composites 
 
 

The distance between the rubber surface and detecting 
(receiving) sensor of Philips KMZ 10A; is a parameter. 
This detecting sensor serves also as a converter of demag-
netizing field Hdc to voltage. The same detecting sensor 
was also used for measuring of dynamic properties of the 
outer layer of a sidewall. In this case the ferrite-rubber 
sections of sensor were magnetised in homogeneous dc 
magnetic field of 1520 kA/m. 

 
 
 

5  EXAMPLE OF SIDEWALL TIRE MODEL 
 
 

The presented method provides preparing of a tire 
model with a sidewall, having a magnetised outer layer of 
the ferrite-rubber sensor incorporated therein. In final 
model the outer layer of sidewall is peripherally divided 
into sections, with radially extending ribbons between 
each neighbouring pair of ferrite-rubber sections. In the 
peripheral direction, the ribbons are significantly narrower 
than sections. The sections are magnetised in the perpen-
dicular direction, but at alternating polarity. 

The circles of stray magnetic flux between adjacent 
opposite poles of ferrite-rubber sections are closed by 
these sections. The stray flux is entering and exiting the 
sidewall outer layer after passing through the surrounding 
air. The stray flux is passing through the sections in a di-
rection perpendicular to the plane of sidewall of the tire. 
The edges between poles and the section areas of opposite 
polarisation are accessible and enable measurement of 
variations of the perpendicular stray flux. The presented 
model provides more accurate determination of informa-
tion related to dynamic behaviour of a tire model, Fig. 4. 
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Fig. 4. Sidewall tire model with two AMR sensors 
 
 

AMR sensors were used for detecting of conditions of 
sidewall of a tire model. The sidewall includes the top and 
bottom parts; arranged as outer layers with sets of ferrite-
rubber sections (sensors). Thus each ferrite-rubber sector 
transmits wirelessly magnetic stray field containing data, 
representing the condition of the sidewall. In addition, it 
may detect acceleration and rotation of corresponding tire. 
The AMR sensors are receivers that receive data from 
demagnetising field of sidewall ferrite-rubber parts. 
Model of sidewall of a tire with two series of ferrite-
rubber sections, with two detecting sensors and the corre-
sponding output voltage waveforms on an oscilloscope is 
in Fig. 5. 

 
 

 
 

Fig. 5. Model of sidewall of a tire with an oscilloscope 
 
 

5  CONCLUSIONS 
 
 

From the traffic-safety requirements of vehicles on 
roads and motorways follows the effort to evaluate the 
maximum adhesive force between a tire and surface of 
roadway. This force should never be lower than forces 
acting on a tire during drive in real operating conditions. 
Electronic systems should ensure aimed intervention at 
braking, motor-control, steering, suspension and damping 
control system of a vehicle, in order to prevent of critical 
situations caused by an unexpected change of drive condi-
tions, eventually also an incorrect reaction of a driver. The 
intelligent tire should not detect only these drive condi-
tions, but also actively adapt to these. It should ensure the 
adequate driving comfort and from the viewpoint of fuel-
saving it should ensure a minimum continuous rolling 
resistance of wheels. 

Nowadays there are visions, that by means of the 
change of the electromagnetic field in rubber mixture of 
a tire its stiffness will be able to be controlled by using 
magneto- or electro-rheological effects. In this way the 
tire, as well as the whole wheel will change its driving 
properties according to momentary need, in order to en-
sure the maximum traffic safety together with requirement 
of minimum of fuel-consumption. It is still necessary to 
perform extensive basic research in this field and there-
fore a tire as an actuator will target for long time in the 
future. 

 
 

Acknowledgments 
 

This work was supported by VG-3096-Slá-SK1 grant 
of VEGA agency of the Slovak Republic. 

 
 

REFERENCES 
 
 

[1] POHL, A. – STEINDL, R. – REINDL, L.: The “Intelligent Tire” 
Utilizing Passive SAW Sensors – Measurement of Tire Friction, In: 
IEEE Transactions on Instrumentation and Measurement. Vol. 48, 
No. 6, (1999), pp. 1041–1046. 

[2] BRANDT, M. – BACHMANN, V. – VOGHT, A. – FACH, M. − 
MAYER, K. – BREUER, B. – HARTNAGEL, H.L.: Highly Sensitive 
AlGaAs/GaAs Position Sensors for Measurement of Tyre Tread Defor-
mation, In: Electronics Letters. Vol. 34, No. 8, (1998), pp. 760–762. 

[3] United States Patent, Giustino: System and Method for Predicting 
Tire Forces using Tire Deformation Sensors, Patent No.: US 6, 550, 320 
B1, Apr. 22, 2003. 

[4] SLÁMA, J. – OLAH, V. – GRUSKOVÁ, A.: Microelektromagnetic 
Media for Mechatronics Systems, In: Elektrotechnika a informatika 
2005, Trenčín. Conference: "Elektrotechnika a informatika 2005", 
Trenčín, Slovak Republic, 12. – 14. 10. 2005 (In Slovak). 

 
 

Received 5 December 2006 

 
 

Vladimír Olah  (Ing.), born in Bratislava, Slovakia, 1946. He 
was graduated from the Faculty of Electrical Engineering, Slo-
vak Technical University, Bratislava in Solid-state Physics 
branch, 1968. At present, he is a research worker at the Depart-
ment of Electromagnetic Theory, Faculty of Electrical Engineer-
ing and Information Technology. His research activities are 
mainly defectoscopy of magnetic recording media, magnetic 
measurements and ferrite-polymer composites. 
 

Jozef Sláma (Prof., Ing., PhD), graduated from Faculty of Elec-
trical Engineering, Slovak Technical University, Bratislava, in 
Solid-state Physics branch, 1963 and received the PhD degree in 
Theory of Electromagnetism in 1969. At present, he is a Profes-
sor at the Department of Electromagnetic Theory, Faculty of 
Electrical Engineering and Information Technology. His re-
search activities are mainly applied magnetism, research of 
magnetization processes, losses and ferrites. 
 

Ivan Hudec (Assoc. Prof., Ing., PhD), graduated from the Fac-
ulty of Chemical Technology, Slovak University of Technology, 
Bratislava in Technology of Plastics and Rubber, 1978 and re-
ceived the PhD degree in Technology of Macromolecular Sub-
stances in 1987. At present he is a head of the Department of 
Plastics and Rubber, Institute of Polymer Materials. His research 
activities are mainly rubber blends and composite materials. 
 

Anna Grusková (Doc., Ing., CSc.), for biography see page 166 of 
this issue. 
 

Eva Ürögiová (Ing., PhD), Marián Štofka (Ing., PhD) and Peter 
Široký (Ing.), biographies not supplied. 


