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Concept of a Three-Component Seismometer Using Optical Fiber Sensors

By

Takao EGUCHI

Solid Earth Science Division,
National Research Institute for Earth Science and Disaster Prevention, Japan

Abstract

We invented a new three-component seismometer using multi-optical fiber sensors. The concept of the
seismometer is as follows: The multi-component optical fiber sensors arc settled between an overburden load
mass and the flat ground surface. For example, the load mass is cylindrical in shape, and the optical fiber
sensors are grouped into four-quadrant components. The fiber sensors are distributed on a circular surface
with the height less than that of the load mass. Due to horizontal and/or vertical ground motion associated
with the arrival of seismic waves, the fiber sensors undergo pressure changes. Temporal pressure history
provides the phase shift for the optical signal travelling through the fibers. The physical background of the
phase shift is the so-called “photo-elastic effect”. We estimate the phase shift by interfering the “pressure
-suffering optical signals” with the data from “no pressure-suffering standard optical fibers”. By detecting
more than three individual quantities of the phase shifts from the optical sensors, we can transform them into
the data of three-component ground acceleration. We calculate the vertical component of the ground motion
by summing up the phase shifts of all fiber sensors. The east-west or north south horizontal components of
the ground motion are obtained from the phase shift difference of the (iber sensors located at mutually opposite
quadrants. The velocity and displacement components of ground motion are easily derived from the integrat-
ing the acceleration data observed. To observe precisely ground motion with the new seismometer, we must
compensate phase shifts due to other physical origins such as change in internal temperature distribution of
the optical fibers. It seems that by setting hoth the pressure-suffering and no pressure suffering optical fibers
at approximately similar thermal situations, thermal phase sifts can be mostly compensated for. The new
seismometer does not incorporate any metal parts at the fiber sensors, whereas electromagnetic seismometers
inevitably utilize metal parts such as springs and moving coils. This is an important characteristic of the new
seismometer.
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Fig. la Schematic view of a newly invented “three
-component seismometer” using optical fiber
sensors. The pressure-suffering optical fiber
sensors are settled under a cylindrical load
mass. The seismometer utilizes the “photo
—elastic effect.” The phase of transmitting
optical signals changes in proportion to accel-
cration against the mass load. (fop): 3-D
view of the seismometer. (bottom): Horizon-
tal view of the quadrant type sensors being
consist of four separate “optical fiber rolls.”
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Fig. 1b Cross section view of the new three-compo-
nent seismometer. To reduce the effect of
thermal disturbance for the seismic observa-
tion, the oplical fibers and load mass are
capsuled within the vessel. The instrument
for transmitting and receiving the optical
signals as well as for data processing is
shown at the lower part.
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An example of manufacturing process flow
pattern of the optical fiber roll. First, we wind
fibers on a cylindrical case with a diameter of
3-5cm.  Second, remove the cylindrical case
and hold the shape of the wound fibers. Third,
after molding the fibers with resin materials,
we obtain a fiber roll.
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Fig.3a, b Models of the structure of quadrant-type

optical fiber sensors.

a) (top) : separated fiber rolls mounted on
each quadrant. (boftom): layered fiber
sensors to improve the sensitivity and S/N

etc.

b) (fap) : curved fibers mounted on each
quadrant segment. (bolfom): the same as
in a).
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