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ABSTRACT

An optical fiber thermosensor with bimetal has been newly developed for telemetering
temperature readings at an electrically noisy place and high voltage point. Thermosensor
measuring accuracy was less than 0.5 degree in the 10 to 50EC range. The device has
proved to be practical and reliable.

1.   INTRODUCTION

Recently, many kinds of optical fiber telemetering devices have been fundamentally
considered. However, few of them are practical in the application field.

For telemetering temperature values at an electrically noisy place and at a high voltage
point where complete insulation is necessary with electric cable, the optical fiber
thermosensor with no electrical active elements has been proposed. This paper presents
design outline and experimental results for the proposed optical fiber thermosensor.

2.   PRINCIPLE

The structure of the proposed optical fiber thermosensor is shown in Fig. 1. F1 and F2 are
optical fibers, while L1 and L2 are lenses for collimating and focusing. The bimetal light
shade is positioned so that it shades a part of the collimated beam. The shaded region
depends on the light shade position with regard to the optical axis, which also depends on
the temperature because bimetal bends at changing temperatures. The output power ratio is
defined as P2/P2, where P2 is the light power launched into fiber F2 when the light shade
intercepts a collimated beam, while P1 is the light power when the light shade intercepts
nothing. Temperature measurement is accomplished by the output power ratio.

3.   DESIGN

SELFOC lenses [1] are used to assure a compact optical fiber thermosensor. SELFOC
lenses are 2.7 mm long and 1.8 mm diameter. The distance between the two lenses is



selected to be 30 mm because of low insertion loss [2]. The light shade for bimetal shifts
perpendicularly to the optical axis due to temperature deviation. Deviation in the light
shade position )x is expressed by temperature deviation )T as follows.

where K is a constant of bimetal, L and t are, respectively, bimetal length and thickness.
The ratio determines measurable temperature range and measuring accuracy. These values
are in the relation of a trade off. The optimum )x/)T value to achieve highest accuracy in
the range of 10 to 50EC, is 0.01 mm/EC. Therefore, L and t were selected to be 9 mm and
0.37 mm, respectively, from Eq. (1) because bimetal was used whose K was 1.4 x 10-5/EC.
Assuming that beam intensity distribution is Gaussian, and that 1/e width is 0.8 mm, the
relation between the output power ratio and the temperature is calculated with Eq. (1) and
shown by the dotted line in Fig. 4.

4.   EXPERIMENTAL RESULTS

The photograph of the optical fiber thermosensor is shown in Fig. 2. Dimensions and
Weight were 20 x 20 x 39 mm and 50 g, respectively. The device has two precise optical
connectors. Insertion loss was 1.5 dB.

The experimental system is shown in Fig. 3. The light source was stabilized LED, whose
output power deviation was within 0.1% more than 5 hours. Step-index fiber with 60 µm
core diamter and 0.18 numerical aperture was used. The optical fiber thermosensor was
located inside of the oven and connected with 2 meter long fibers. Output power ratio was
measured under the temperature cycle test from 10 to 50EC, 10 times. The result is shown
by the solid line in Fig. 4. It was approximately linear under the tested temperature range
and showed good identity with the calculated value. Accuracy was within 0.5EC and
reproducibility was within 1%.

5.   CONCLUSION

An optical fiber thermosensor with bimetal has been newly proposed and developed.
Temperature measuring accuracy was less than 0.5 degree in the 10 to 50EC range. The
device has proved to be practical and reliable.
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