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Aligning and Measuring Temperatures in Melting
By Means of Optical Fibers

Technical Field

The invention relates to a method for calibrating measurement signals,
5 which are obtained with optical fibers, and also to a corresponding meas-
urement device. In addition, the invention relates to a method for measuring
the temperature in molten masses (melts) by means of optical fibers, as well
as to a measurement device and its use. Here, melts are understood to be
both melts of pure metals, such as iron, copper, or steel, or alloys, and also

10  cryolite melts, salt melts, or glass melts.

Background of the Invention
Such devices are known, for example, from DE 199 34 299 Al. There, a

radiation detector is used for calibrating a measurement system, and a

15 gcecond radiation detector is used for measuring radiation emitted by a

radiation source.

The calibration of temperature sensors is known, for example, from GB 2
155 238 A and from DE 195 32 077 Al. There, a reference material
20 insulated from a thermoelement tip is used for calibration. This 1s necessary

in order to guarantee problem-free functioning of the thermoelement and to

prevent its destruction. Such destructive effects are described, for example,

in US 3.499,310. There, it is disclosed explicitly that the thermoelement 1s

protected from chemical reactions with the reference material, for example,

25 by a coating.

Other devices are disclosed, for example, in JP 63-125906, US 4,576,486,
and US 5,364,186.
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Summary of the Invention

The problem of the present invention is to design an improved method for
equilibration of measurement signals and a corresponding device for

performing the method, which have a simple and reliable function.

According to the invention, the problem for the method 1is solved, 1n that a
reference material with a known reference temperature 1s arranged at one
end of an optical fiber, in that the reference material 1s heated up to at least
its reference temperature, in that the signal received by the tiber, when the
reference temperature is reached, is fed as a calibration signal to a measure-
ment device and there compared with the theoretical value for the reference
temperature, and the difference is used for calibration. In particular, the end
of the optical fiber with the reference material can be immersed in a molten
metal, for example, a molten iron or steel, and heated there. In principle, the
signal reception proceeds in a known way, wheremn particularly, the
calibration signal is converted as a value of an electrical voltage into a
temperature value and then compared with the theoretical value for the
reference temperature. Here, the reference material is arranged directly at the
end of the optical fiber, that is, without the insulation arrangements between
the fiber and the reference material, which are necessary according to the

prior art.

The temperature measurement method according to the invention consists n
that, after or during a calibration process according to the invention, the
optical fiber is immersed in the melt and the obtained optical signal is
evaluated as the value of the temperature of the melt. Due to the closeness 1n
time to the calibration, a high degree of accuracy of the temperature

measurement is possible. Before each temperature measurement, calibration
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1s possible without additional expense. In particular, it is advantageous that
the reference temperature of the reference material be less than the melting-
point temperature of the melt. It is further useful that the reference material
be immersed in the melt to be measured and there be heated up to the
reference temperature of the reference material, and thereafter the tempera-

ture of the melt 1s measured.

It 1s advantageous that quartz glass and/or sapphire be used as the optical
fiber, because in this way, a measurement can be performed in melts at high
temperatures. In addition, it 1s useful that a combination of a plastic fiber
and/or a quartz-glass fiber with sapphire be used as the optical fiber. The

combination of a plastic fiber with quartz glass is also possible.

T'o prevent undercooling of the melt, e.g., during cooling down, the end of
the fiber in contact with the reference material can be set in vibration. The
vibration is performed at least intermittently, preferably during cooling

down of the melt.

The method according to the invention can be used for calibration or for

determination of the attenuation of the optical fiber.

The reference temperature can be the melting-point temperature of a pure
metal, 1f such a material is used as the reference material. For the use of
alloys as the reference material, the liquidus temperature, the solidus
temperature, or the eutectic point, for example, can be used as the reference

temperature. According to Plank's law, it is possible to extrapolate calibra-

tion curves over greater than 500°C. For example, the calibration with silver
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as a reference material can thus be realized at a temperature of 961.8°C,
whereby high degrees of accuracy can be reached even for measurements in

molten iron at approximately 1550°C.

According to the invention, the device for equilibration of measurement
signals has an optical fiber, a carrier for the fiber, and a measurement device
connected to the optical fiber for receiving a signal output from the optical
fiber, and 1s characterized in that a reference material with a known refer-
ence temperature 1s arranged (directly) at one end of the optical fiber, and in
that the measurement device has a comparator for the signal received from
the fiber at the reference temperature of the reference material and supplied
to the measurement device as a calibration signal and for a signal corre-
sponding to the theoretical value for the reference temperature, and an
evaluation unit 1s provided for the output and/or processing of the difference
for calibration. By the direct arrangement of the reference material at the end
of the optical fiber, a high degree of accuracy of the measurement can be

achieved with a simple construction.

The problem is solved for a device for measuring a temperature in melts
with optical fibers, in that an equilibration device according to the invention
has an immersion end for immersion of the optical fiber in the melt and an

evaluation unit for evaluation of the received optical and/or electrical signal

as a value for the temperature.

For the devices, it is useful that the reference material at least partially cover

the end of the optical fiber at least at its end face and/or that the reference

material be arranged along the end of the optical fiber, because in this way,
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an optimal signal reception 1s enabled. It 1s further useful that the end of the
optical fiber have at least partially a free surface for receiving radiation. In
particular, 1t is advantageous that the reference material be formed as a
compact mass, as a wire, as a wire mesh, or as a tube, and that the optical
fiber be formed from quartz glass and/or sapphire. In addition, it can be
advantageous that the optical fiber have a combination of a plastic fiber
and/or a quartz glass fiber. The combination of a plastic fiber with quartz

glass 1s also possible.

To prevent undercooling of the melt, a vibrator 1s provided on the optical
fiber or its carrier or the fiber guide. The fiber, especially its end in contact

with the reference material, can be vibrated with this vibrator.

According to the invention, the device 1s used for calibration or for determi-
nation of the attenuation (thus the propagation losses) of an optical fiber.
The term equilibration in this case means calibration or determination of

attenuation.

In accordance with one aspect of the present invention, there is provided a
method for calibration of measurement signals and for measuring a
temperature in a melt by optical fibers, comprising the steps of arranging a
reference material with a known reference temperature at one end of an optical
fiber, immersing the optical fiber with the reference material at the one end in
the melt to be measured to heat the reference material up to at least its
reference temperature, wherein the reference temperature of the reterence
material is less than a melting-point temperature of the melt to be measured,
feeding a signal received by the fiber when the reference temperature 1s

>
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reached as a calibration signal to a measurement device, comparing the signal
with a theoretical value for the reference temperature in the measurement
device, using any difference from the comparison for calibration, and after the
calibration maintaining the optical fiber immersed in the melt to be measured
and evaluating an obtained optical and/or electrical signal as a value of the

temperature of the melt.

In accordance with another aspect of the present invention, there 1s provided a
device for equilibration of measurement signals and for measuring a
temperature in a melt by optical fibers, comprising an optical fiber, a carrier for
the fiber, a measurement device connected to a first end of the optical fiber tor
receiving a signal emitted by the optical fiber, a reference material having a
known reference temperature arranged at a second end of the optical tiber, the
measurement device having a comparator for the signal received by the fiber at
the reference temperature of the reference material and supplied to the
measurement device as a calibration signal and for a signal corresponding to a
theoretical value for the reference temperature, an evaluation unit for output,
processing or output and processing of a difference from the comparator for

calibration and a further evaluation unit for evaluating a received optical
signal, electrical signal or optical and electrical signals as a value for the
temperature, wherein the second end of the optical fiber is configured for

immersion in the melt.

In accordance with a further aspect of the present invention, there is provided a
method for calibration of measurement signals obtained with optical fibers,

comprising the steps of arranging a reference material with a known reference

S5a
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temperature at one end of an optical fiber, heating the reference material up to
at least its reference temperature, feeding a signal received by the fiber when
the reference temperature is reached as a calibration signal to a measurement
device, comparing the signal with a theoretical value for the reference
temperature in the measurement device, using any difference from the
comparison for calibration, and further comprising setting the end of the

optical fiber into vibration at least intermittently.

In accordance with yet another aspect of the present invention, there 1is
provided a device for equilibration of measurement signals, comprising an
optical fiber, a carrier for the fiber, a measurement device connected to a first
end of the optical fiber for receiving a signal emitted by the optical fiber, a
reference material having a known reference temperature arranged at a second
end of the optical fiber, the measurement device having a comparator for the
signal received by the fiber at the reference temperature of the reference
material and supplied to the measurement device as a calibration signal and for
a signal corresponding to a theoretical value for the reference temperature, and
an evaluation unit for output processing or output, and processing of a
difference from the comparator for calibration, wherein the optical fiber 1is

connected to a vibrator.

Brief Description of the Drawings ‘

The invention is explained in more detail below with reference to an

embodiment example.

Shown are;

Fig. 1 the schematic view of a measurement arrangement,

Fig. 2 a detailed cross section through the optical fiber,
5b
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Fig. 3 a cross section through the immersion end of the measurement or

calibration device according to the invention, and

Fig. 4 a measurement curve.

Detailed Description of the Preferred Embodiments

An optical fiber 1 is connected at one end to a measurement device 2. The
carrier can comprise paperboard or another material, such as steel or
ceramic. The measurement device 2 detects the signals led outwards by the
optical fiber 1 and is equipped to compare a signal with a theoretical

reference value. In this way, a value generated from a reference matenal 3,

 which is arranged at the other end of the optical fiber 1, is compared with a

theoretical reference value, for example the reference temperature, stored in
the measurement device 2. A possible difference between the two values 1s
used for calibrating the measurement device. Accordingly, the measurement
device 2 includes an evaluation unit for output and/or processing of the data.
In the case that a pure metal, for example silver, 1s used as the reference
material 3, the melting-point temperature of the metal, e.g., of silver with

961.8°C, is used as the reference temperature.

The optical fiber 1 is held by a carrier 4 and is guided by this carrier. For a
freely movable optical fiber 1, it is fed in a loop 5 to the measurement device
2. The reference material 3 arranged at one end of the optical fiber 1 1s
immersed in a molten metal 6 (for example within a smelting furnace). The
molten metal 6 is, for example, molten iron or steel. The reterence material 3
is in this case, for example, silver. The reference temperature is the melting-
point temperature of the silver. It is less than the melting-point temperature

of the molten iron or steel. The end of the optical fiber 1 with the reterence
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material 3 1s immersed in the molten metal 6 with the help of the carrier 4.
There, the reference material 3 is first heated to its melting-point tempera-
ture. In this way, the signal supplied through the optical fiber 1 to the
measurement device 2 1s compared with the corresponding theoretical signal
value and in this way calibrates the measurement device 2. After the melting
of the reference material 3, this heats up further to the actual melting-point
temperature of the molten metal 6. The signal led in this way by the optical
fiber 1 to the measurement device 2 1s evaluated, for example converted into
an electric value corresponding to a temperature, and further processed in
the measurement device 2. The electric signal can be converted into an
optically displayed temperature value. In this way, the measurement device
2 is first calibrated and then the actual temperature of the molten metal 6 1s
measured. In Figure 4, the temperature profile 1s plotted during these
successive processing steps. Here, the first plateau value that is reached
represents the melting-point temperature of the reference material 3 (silver),
and the next plateau value represents the temperature of the molten metal 6.
A vibration device not shown in the figures 1s arranged rigidly on the carrier

4. Such vibration devices are known, for example, from DE 44 33 685 Al.

Figure 2 shows a cross section through the end of the optical fiber 1 intended
for immersion in a molten metal. The optical fiber 1 has a sleeve (cladding)
7 and a core 8. At its end, the optical fiber 1 1s surrounded both laterally and
on the end face by the reference material 3. The retference maternial 3 1s held
in a manner commonly known to the person skilled in the art. The holding is
realized, for example, in the manner shown 1n Fig. 3, within a quartz tube 9,
which is closed on one end and which surrounds the immersion end of the

optical fiber 1 with the reference material 3. The optical fiber 1 1s here
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guided through a ceramic tube 10, for example Alsint. The ceramic tube 10
1s fixed by means of cement, for example LiS10, cement 14 in two further
ceramic tubes 11; 12 arranged concentrically. These ceramic tubes can also
be formed from Alsint. The ceramic tubes 10; 11; 12 are fixed on a contact
block 13, through which the optical fiber 1 is guided. The contact block 13 is
connected to the carrier tube 4 (not shown n Fig. 3). Here, the ceramic tube
12 is fixed in the open end of the carrier tube 4, for example by means of
cement. The openings on the end of the ceramic tube 12 are closed with
cement 14; 15. Within the ceramic tube 11, cement 16 can also be used for
fixing the elements located therein. The contact block 13 with its connecting

piece 17 serves, among other things, also as an optical connection.



CA 02522366 2011-02-18

Claims

1. A method for calibration of measurement signals and for measuring a
temperature in a melt by optical fibers, comprising the steps of arranging a
reference material with a known reference temperature at one end of an optical
fiber, immersing the optical fiber with the referenée material at the one end in
the melt to be measured to heat the reference material up to at least its reterence
temperature, wherein the reference temperature of the reference material is less
than a melting-point temperature of the melt to be measured, feeding a signal
received by the fiber when the reference temperature is reached as a calibration
signal to a measurement device, comparing the signal with a theoretical value
for the reference temperature in the measurement device, using any difference
from the comparison for calibration, and after the calibration maintaining the
optical fiber immersed in the melt to be measured and evaluating an obtamned

optical and/or electrical signal as a value of the temperature of the melt.

2. The method according to claim 1, wherein the comparison step
comprises converting the calibration signal as a value of an electric voltage into
a temperature value and thereafter comparing the temperature value with the

theoretical value for the reference temperature.

3. The method according to claim 1 or 2, wherein the optical fiber

comprises quartz glass or sapphire.

4. The method according to claim 1 or 2, wherein the optical fiber
comprises a combination of sapphire with at least one of a plastic fiber and a

quartz-glass fiber.
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5. The method according to any one of claims 1 to 4, further comprising

setting the end of the optical fiber into vibration at least intermittently.

6. The method according to any one of claims 1 to 5, wherein the

calibration comprises determining attenuation of the optical fiber.

7. A device for equilibration of measurement signals and for measuring a
temperature in a melt by optical fibers, comprising an optical fiber (1), a carrier
(4) for the fiber, a measurement device (2) connected to a first end of the
optical fiber for receiving a signal emitted by the optical fiber, a reference
material (3) having a known reference temperature arranged at a second end of
the optical fiber (1), the measurement device (2) having a comparator for the
signal received by the fiber (1) at the reference temperature of the reterence
material (3) and supplied to the measurement device (2) as a calibration signal
and for a signal corresponding to a theoretical value for the reference
temperature, an evaluation unit for output, processing or output and processing
of a difference from the comparator for calibration and a further evaluation unit
for evaluating a received optical signal, electrical signal or optical and
electrical signals as a value for the temperature, wherein the second end of the

optical fiber (1) is configured for immersion in the melt.

8. The device according to claim 7, wherein the reference material (3) at
least partially covers the first end of the optical fiber (1) at least at one of its

end face and laterally along the first end of the optical fiber (1).

10
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9. The device according to claim 7 or 8, wherein the first end of the optical

fiber (1) has at least partially a free surface.

10.  The device according to any one of claims 7 to 9, wherein the reference
material (3) has a form selected from a compact mass, a wire, a wire mesh, and

a tube.

11. The device according to any one of claims 7 to 10, wherein the optical

fiber (1) comprises quartz glass or sapphire.

12.  The device according to any one of claims 7 to 10, wherein the optical
fiber (1) comprises a combination of sapphire with at least one of a plastic fiber

and a quartz-glass fiber.

13.  The device according to any one of claims 7 to 12, wherein the optical

fiber i1s connected to a vibrator.

14. The device according to any one of claims 7 to 13, wherein the

comparator is adapted for determination of attenuation of the optical fiber.

15. A method for calibration of measurement signals obtained with optical
fibers, comprising the steps of arranging a reference material with a known
reference temperature at one end of an optical fiber, heating the reference
material up to at least its reference temperature, feeding a signal received by
the fiber when the reference temperature is reached as a calibration signal to a

measurement device, comparing the signal with a theoretical value for the

11
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reference temperature in the measurement device, using any difference from
the comparison for calibration, and further comprising setting the end of the

optical fiber into vibration at least intermittently.

16. A device for equilibration of measurement signals, comprising an
optical fiber (1), a carrier (4) for the fiber, a measurement device (2) connected
to a first end of the optical fiber for receiving a signal emitted by the optical
fiber, a reference material (3) having a known reference temperature arranged
at a second end of the optical fiber (1), the measurement device (2) having a
comparator for the signal received by the fiber (1) at the reference temperature
of the reference material (3) and supplied to the measurement device (2) as a
calibration signal and for a signal corresponding to a theoretical value for the
reference temperature, and an evaluation unit for output, processing or output
and processing of a difference from the comparator for calibration, wherein the

optical fiber is connected to a vibrator.

12
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