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ABSTRACT

This article is devoted to the description of ogitiibre sensors used for temperature and
magnetic field measurement for application on thtatmg parts of electrical rotating ma-
chines. There are optical principles of temperatung magnetic field measurement further
discussed in details and there is explained ancgion of chosen methods for making of
a measurement device.

1. INTRODUCTION

The development of automation and the rising nundbeglectrical machines which are
connected to various human activities lead to #edno improvement of these electrical
machines. However this activity is closely connddtegathering of data from current ma-
chines which are in operation now. Data gathershgat very important only for further
development but it is a very useful instrumentrfachine servicing. Thus it is possible to
make searching of failures easier but it is alsssiiide to monitor machines on-line and to
take a service action eventually. This approat¢hasefore useful for DCS systems.

This article deals with temperature measurementna@asurement of a magnetic field on
the rotating parts of the electrical rotating maelsi It is essential to choose the right
method of measuring of given values and then temntdfem to further evaluation. It is
overall a very complicated problem because theeeaalot of negative effects inside the
machine which have influence on the measuremernnh.chiiese effects are mostly mag-
netic field and centrifugal force. The next problerto transfer the information from the
rotating part to the stationary part. The last bot least problem is to transfer the data
from the machine to further processing.

The main purpose of this article is to suggestracept of measurement chain for tempera-
ture and magnetic field measurement on the rotgtargof the electrical rotating machine
and to introduce the principle of used measuremethods. There is further thought en-
closed electrical machine and transfer of a signklbe provided by some kind of radio
signal.



2. TEMPERATURE MEASUREMENT

Temperature measurement seems to be an easy #pplicacause there is no aggressive

surrounding and not very large range of measunegbeeatures. But according to notated
limiting factors there remain only a few possilbi.

The first point is proportions and enclosed surthngs which eliminates pyrometers and
thermo vision. And because of the need of an étattoutput (and of course the dimen-
sions) there is no use of dilatation thermometer.

The next limitation factor is magnetic field insittee air gap. For this reason it is not suit-
able to use metallic resistive thermometers (fangple metallic resistive thermometers
have the resistive wire coiled into the spires Wwhehould function as inductivity).

For these reasons it will be useful to use semigot resistive temperature sensor or
temperature sensor based on the optical principlES(— optic fibre sensor). The best
choice from semiconductor sensors is the NTC th&toni

2.1. NTC THERMISTORS

NTC thermistors have non-linear characteristic Widan be described by equation:
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We can take a logarithm from the previous equadiath count B constant as:
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Typical scale of B constant is 1500 — 7000 K and gossible to find it in catalogue or by
measurement from equations (1) and (2).Temperafprns practically set as reference

temperature 25 °C. It is useful to use polynompgdraximation for temperature range -100
to 300 °C in accordance with:
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A third grade polynomial with omitting the cubianteis used in most applications.
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Figure 1: Thermal characteristic of metallic resistive seasord NTC thermistors [4].



2.2. OFS(OPTIC FIBRE SENSORS)

OFS with direct parameters change of an optic fitwme to change of temperature use
parasite characteristics (dispersion, attenuatitiange of speed or light phase).This is
made by inserting an optical fibre between two cemhich cause optic fibre deformation
and therefore also attenuation change. Thermajenigent element is there for example a
bimetallic strip which is situated above one of toenbs. Change of bimetallic strip bend-
ing lead to pressing of an optic fibre betweendbebs and that changes attenuation of an
optic fibre (Figure 2).

defortned fiber 4— rdqid support
[Ba3geatel) birnetalic strip
\‘M"h.

ofticalfiber

clarnps

#— ridgid support

Filosr Qpobic Temiperature Sensor Using Fiker Deformation

Figure 2: Thermal sensor using deformation of an optic fittwe to thermally sensitive
component. [7].

OFS with indirect parameters change of an optiefis dependent on change of material
features in the end of an optic fibre. This is jded by setting a transparent temperature
sensitive layer to the end of an optic fibre. Tipgofibre is finished by reflexive metallic
layer. Change of thermally sensitive layer leadshange of phase between the light re-
flected on the transparent temperature sensitixax land the light reflected on the metallic
layer.
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Figure 3: Temperature sensor using change of transparenetatope sensitive layer in
the end of an optic fibre [7].

3. MAGNETIC FIELD MEASUREMENT

3.1. HALL PROBE

Hall probe is based on so-called Hall effect. Thadl ldffect principle is based on silicon
slice with four contacts and through two of theow$ curreni,. Carriers are due to Lor-
entz force fluctuating from direct way and thatdedo generating electric field (Hall ten-
sionUy). Hall effect can be described as:

u, :%iXBZ, (10)

where Uy is Hall tensionRy is electrical resistance of silicon slice, d ikcen slice
thick, iy is flowing currentB; is electromagnetic induction.



3.2. OFS(OPTIC FIBRE SENSORS)

These sensors are based on the deformation offdgtcand therefore also on the change
of attenuation in specific optic fibre.

Figure. 4 is an example of magnetostrictive layerl© um, Ni and its alloys, metallic
glasses) for magnetic field intensity measurem&his magnetostrictive layers has effect
on an optic fibre (mechanical tension) which letmlattenuation of light passing through
an optic fibre. Sensitivity threshold of these G§% rage from 10 to 10'° A and 10" to
10T to 1 m of optic fibre to frequencies up to 104zk
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Figure 4: OFS for magnetic field measurement with phase naditul of passing light.

4. CONCLUSION

Because of the facts above it was decided thaiméesurement of temperature and mag-
netic field will be based on OFS. These sensingélnas 0,1 — 0,5 mm in diameter so they
perfectly fit the small size requirement. The ranfieneasured temperatures is from -40 to
300°C which is quite suitable for this applicatiMagnetic field will be measured also by
magnetic field OFS. Both sensors will be placed€d) on the rotating part of an electrical
machine and the light from the sensors will belfertlinked by optic fibres.

On the specific place on the rotating part of eleal machine will be than laser diodes
glued which will transmit light further to optic tbetors (diodes). These detectors will be
glued on the static part of electrical machine. sehdetectors will transmit received light
further out of the electrical machine. Supplyinglugse optic components will be provided
by power source from the magnetic field insidedleztrical machine.

The majority of electrical machines is run up te #peed of 3000 rpm so there should not
be any problem in processing the signal from optimponents.

Light will be processed outside the electrical mael{the signal is able to bring out wher-
ever you want) to avoid problems with metallic cocthg and the necessity of processing
of a signal inside the electrical machine. On tleetdcal machine cover will be placed a
box with processing and unification circuits.

The next intention is processing the measured diathould be wireless transmitting of
measured data from the electrical machine to P@& Wireless signal will be most prob-
able Bluetooth, Zigbee or GSM. This kind of a signdl be considered later according to
environment and electrical machine. Outgoing datiabe possible to receive by a specific
kind of system (PC, cell phone, etc.).

It is also considerable to process output of tlegick for wired transmission. It is for ex-
ample bus like Profibus, Industrial Ethernet or ABiese types of busses are supported by



a wide range PLCs which are used along with frequeonverters for drives control. This
kind of transmission will be effective for PLCs ¢amiling the drives with temperature
evaluation. On the other hand wireless transmisgiitirbe effective where only monitor-
ing of temperature and magnetic field is needed.
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