Vol. 122 (2012)

ACTA PHYSICA POLONICA A

No. 5

Optical and Acoustical Methods in Science and Technology

Physical Properties of Fiber-Optic Sensor

in New Dual Configuration

M. ZYCZKOWSKI*, M. SZUSTAKOWSKI, P. MARKOWSKI AND M. KAROL
Institute of Optoelectronics, Military University of Technology
S. Kaliskiego 2, 00-908 Warsaw, Poland

The main aim of the work is the integration of two different fiber-optic sensors: the Michelson interferometric
sensor, the Mach—Zehnder interferometric, the Sagnac interferometric and modalmetric sensors. The proposed
hybrid sensor is a classical interferometer whose measuring arm is upgraded with modalmetric sensor. The theme
of research is to assess the impact of modalmetric sensor to interferometer and comparative assessment of detection
capabilities of interferometric sensor, modalmetric sensor and hybrid sensor for different types of excitations. The

described tests concern the area of basic researches.

The results can be used in the construction sensors with

corresponding characteristics and properties to the appropriate applications.

PACS: 42.30.Wh, 87.57.—s, 42.79.Qx

1. Interferometric sensors

Fiber-optic interferometric sensors are included to
group of phase sensors [1-4]. As a result of effects me-
chanical external field on fiber is a change optical path
length for propagating in this piece of fiber electromag-
netic wave. This causes a phase change a wave prop-
agating in the measurement fiber in relation to a wave
propagating in the reference fiber according to the rela-
tion

AP = 2—7TAL, (1)
Ao
where A @ — phase shift, AL — optical path length shift,
Ao — wavelength.

The difference of these phases at the output of the fiber
reflects the change field acting on the fiber. The inter-
ferometric sensor systems, phase difference, or actually
change of the intensity of the interference image is read
on the detector. If the optical path for both arms of the
interferometer is the same and there is no influence of
the external field as a result of constructive interference
at the output is maximum light intensity. At the time
of occurrence of the impact of the external field on one
branch, the output waves arrive at different phases, and
as a result of destructive interference the light intensity
is respectively lower. For the case when both waves reach
in the counter phase there will be complete extinction of
light.

The intensity of radiation at the output of the inter-
ferometer can be described by the formula [1]:

Iour = (EE™), (2)
where
E =E + E>. (3)

E,, Es — the vector amplitude of light propagating in
the first and second arm of the interferometer.

For interferometer systems output signal depends on
the response characteristics of the system. Frequency
response depends on factors such as:
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e The parameters of the light source,
e Division of fiber-optic coupler,

e Imbalance optical path of interferometer arms.

In most cases we are able to shape the characteristics
of the interferometric system to obtain the properties of
the assumed final parameters. This is achieved through
the selection of sources of radiation, integrated passive
optical paths, configuration of the sensor and matching
circuits within the meaning of electronic integrated de-
modulator output signals. It turns out that the con-
figurations obtained composition are not ideal solutions.
For example, interferometric sensors are too sensitive sys-
tems, in terms of detection of the desired field and the
signal representing the ambient noise. They reflect ab-
normal signal as a signal of constant component ampli-
tude transformed by the characteristics of the system, as
for the signal response analysis ranks them in a group of
sensors that require complex detection methods.

2. Modalmetric sensor

Modalmetric sensor is a system built from the light
source and a detector which is located between the trans-
mission channel consists of two segments of optical fibers
between which there is a section of multimode fiber. Sen-
sitive element is a piece of multimode fiber. The radi-
ation emanating from the source through a single-mode
fiber feeds core multimode fiber. The output radiation of
multimode fiber illuminates the face of single-mode fiber.
Single-mode fiber “sees” only a fragment of cross-field
multimode fiber output. As a result of external influence,
such as a mechanical disorder of the multimode section,
it changes the field distribution propagating electromag-
netic wave. At the output, multimode fiber is seen as
the spatial change of the transverse distribution of inten-
sity interference between the modal products, groups of
modes. This change is attributable to changes in the way
of propagation, optical paths for different modes, modes
groups under influence of external mechanical fields.

Intensity distribution of radiation in a multimode op-
tical fiber can be described by the formula [3]:

(938)
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T

.1 [z 2
I(z,y,2) = Th_r}réo T /—Z lu(z, y, z;t)|* dt
= |A(x,y,z)|2, (4>

where x,y, z — geometric dimensions of the fiber.

Therefore, the radiation introduced into the single-
-mode optical fiber with multimode fiber, is changed de-
pending on the externalities. The forehead of single-
-mode fiber is the “specific” diaphragm, through which
the head of multimode fiber is observed by single mode
fiber and transmits, limited to the dimensions of the nu-
merical aperture, the signal to the detector. Changing
the intensity of radiation incident on the detector is pro-
portional to the disorder in a multimode fiber. However,
it is converted by the frequency response characteristic
of the sensor.

The system characteristics are influenced by:

e Parameters of the source,
e The length of multimode fiber sensing,

e The length of pieces of single-mode optical fiber
from the detector,

e Parameters of the detector,

e The applicable sections of connection types be-
tween multimode and single-mode optical fibers.

In order to improve modalmetric system sensitivity, it
seeks to suppress cladding modes in single-mode fiber.
This can be achieved through modal traps or by fit of a
reasonably long section of single mode fiber. This is to
eliminate higher-order modes of transition, with a multi-
mode fiber to single mode, whose energy would be added
together on the detector and be a noise. In such sys-
tems it should been sought that to the detector came
the light falling only from single-mode fiber core area.
Then, modalmetric system is a system of responding to
micro-bending mechanical and physical strain. The out-
put signal from the modalmetric sensor does not reflect,
in the metrological sense, disorders of the signals. Tt is
a sensor that responds to the fact that there are occur-
rence, and its response to the signal loss is revealed in
a random way as to the amplitude and frequency char-
acteristics. Therefore, its main applications are security
systems, which is only important response to the phe-
nomenon of the sensor system.

3. Dual sensor — motivation research

This article describes the use of three optical interfer-
ferometers of classic design, for which in the measuring
circuit multimode fiber was attached instead single mode
fiber. The aim is to attach to the integrated structure of
the interferometer sensor the structure of modalmetric
sensor. Using the dual configuration is to find new prop-
erties of fiber-optic sensor detection application attrac-
tive. As mentioned earlier, interferometric sensors have
high sensitivity and their response amplitude is involved

in the function of the response characteristics of the sys-
tem. The modalmetric sensor is frequently of lower sen-
sitivity in comparison to the interferometer, but the out-
put signal gives information directly about the existence
of external effects of the mechanical fields. In the dual
system, it is expected, therefore, that we can get the
sensor response of the fact that interactions with higher
sensitivity exist. So we are looking for features provid-
ing to improve the sensitivity of interferometric sensors
for physical extortion. The study of systems, testing the
configuration data and analysis results described later
have to justify conclusions from the theoretical analy-
sis. Because in the available literature, there is no anal-
ysis, therefore, presented studies were limited to basic
research.

4. Sensor systems examined
Interferometer systems covered by the investigations
were:

e Michelson interferometer,
e Mach—Zehnder interferometer,

e Sagnac interferometer.

Schematic diagrams of these systems are represented
in Fig. 1, Fig. 2, Fig. 3.
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Fig. 1. Michelson interferometer in dual configuration.

Fig. 2. Mach-Zehnder interferometer in dual configu-
ration.
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Fig. 3. Sagnac interferometer in dual configuration.
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As shown in the above diagrams in one of the branches
of the track multimode fiber has been added. This is just
the modalmetric sensor.

5. Experimental details and results
The tested systems were subjected to different types of
disorders. First of all systems tested were classical and
hybrid systems (with the modalmetric sensor). Disorders
which were stimulated systems are:

e Harmonics
of 1 Hz,

mechanical forcing, the frequency

e Harmonics
of 50 Hz,

mechanical forcing, the frequency

e Accidental mechanical constraints, in the form of
bending the fiber manually.

Fig. 4. Mechanical stab of the Michelson interfero-
meter 1 Hz: (a) classic version, (b) dual version.

Fig. 5. Manual stab of the Michelson interferometer:
(a) classic version, (b) dual version.

Fig. 6. Mechanical stab of the Mach-Zehnder inter-
ferometer 1 Hz: (a) classic version, (b) dual version.

Transmitter and receiver system consisted of a DFB
laser-C5-1550 Series of multi quantum well (MQW) dis-
tributed feedback (DFB) and the receiving set built on
a standard telecommunications diode, connected to an
oscilloscope — DLM 2054, Yokogawa.

Reference system of mechanical disorders is controlled
by the generator AFG3021 Tektronix.

Fig. 7. Manual stab of the Mach-Zehnder interfero-
meter: (a) classic version, (b) dual version.

Fig. 8. Mechanical stab of a Sagnac interferometer:
(a) classic version, (b) dual version.

First, the Michelson interferometer was tested. As the
external field disorders there was used mechanical mod-
ulation of 1 Hz, 50 Hz and mechanical excitation in the
form of manually bending the fiber section of the mea-
suring arm. The most interesting results were obtained
for the 1 Hz modulation and for manual disorder. The
results obtained for 1 Hz modulation are shown in Fig. 4.

The results obtained for manual disorder are shown in
Fig. 5.

Another tested interferometer was the Mach—Zehnder
interferometer. As the external field disorders there was
used mechanical modulation of 1 Hz, 50 Hz and mechan-
ical excitation in the form of manually bending the fiber
section of the measuring arm. The most interesting re-
sults were obtained for the 1 Hz modulation and for man-
ual disorder. The results obtained for 1 Hz modulation
are shown in Fig. 6.

The results obtained for manual disorder are shown
in Fig. 7.

The last tested interferometer was the Sagnac inter-
ferometer. As the external field disorders there was used
mechanical modulation of 1 Hz, 50 Hz and mechanical
excitation by manually bending the fiber section of the
measuring arm. The most interesting results were ob-
tained for manual disorder and they are shown in Fig. 8.

6. Conclusions

For studies of hybrid dual configuration, modalmetric-
-interferometric, the results show improved response of
the sensor signals directly affecting the fiber. The am-
plitude of the output signal is lost, because under the
influence of pressure on multimode fiber, the product of
interference disappears. One can say that the modalmet-
ric system “modulates” the interferometric system, lead-
ing him to interference. The resulting signal is presented
as a sudden descent of the signal amplitude to zero. This
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feature improves the known solutions of systems [4-9],
allowing even easy location disorders of the sensors. The
authors expect that as a result further research will re-
veal new features or improvement of the already known
application solutions fiber optic interferometer sensors.
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