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MET Seismic Snsor
Introduction

Recently a variety of MET (molecukatectronic transfer) seismic sensors has been developed
for geophysical applications. The basic operating principles use convective diffusion to generate an
electrical response to mechanical input. A #iedeature of the sensing element is the high
efficiency of the signal conversion including at the very-foesquency portion of the spectrum, and a
simple and rugged design. The latter is ensured by low demands for the mechanical signal since the
designdoes not have a moving rigid mass suspended on delicate springs which can be damaged
during field operation.

The basic MET sensor consists of the MET ,celhich convertsthe mechanical motion of the
operating liquid into the electrical respongéaced nsidea channel filled with an electrolyte and
enclosed inside sealed housingThere are two flexible membranes on both sides of the channel
allowing liquid to move under the influence of external acceleration. In this case the liquid serves
simultaneouy as an inertial mass and as the operating medium for the sensing cell.

The Afheart of the sensor o, t he MET <cel | i s s hc
difference (<0,9 Volts) is applied between the cathodes and anodes, generating eeversibl
electrochemical reactions at the electrodes, and electric current starts passing through the cell. The
electrolyte composition is chosen so that only the solution species (not the electrode material)
participate in the reactions, which allows the eleatrcurrent to flow for a theoretically infinite time
without changing the electrolyte and electrode material properties. As a result of the reaction, a spatial
distribution of the active ions is established between the electrodes. There is no el&ttretfieen

the electrodes due to the very high concentration of the electrolyte, and in stagnant liquid the current
is limited by the diffusion of active ions to the electrodes. If liquids start moving under the action of
an external acceleration, the diffon is accompanied with convection, which changes the electric
current between electrodes, making it modulated by the external mechanical signal. The variations of
the current are considered as the output of the sensing cell and the sensor. Thetlistayled the

MET cell operating principles and some modeling results are discussed among other publications by
Zakharov and Kozlov(2003ndSun and Agafonov (2010).

Figure 1. A schematic of thdMIET sensing cell. I the ceramic housg, 27 the dielectric spacers
with holes, 3i electrodes. Usuallytheexternal electrodes serve as anodes and internal electrodes as
cathodes.
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By changing the geometry of the sensing @aild the composition of the electrolyte solutitime
output charateristic can be adjustl over a very wide range. As an examplie low cutoff
frequency can range from 0.01 Hz up to 10 e high cutoff: from 50 to 500 Hzconversion factor
T from 30 V/m/sec up to 2000 V/m/sdor a given mechanical design. Foeus seismic exploration,
we developed a sensor operating in th80@ Hz range with scale factor in the range -500
V/m/sec.

On the other handomeshortcomingf the open loop design have been discovered in preliminary
experimentsThe first problemis that the frequency response curve was not verydtatie central
frequency of the passband, the scalédiaappeared to be ~1dB below its value at some points closer
to the cutoff frequencies The second is a relatively high nonlinearity of thepoese: about 0.5%

THD at 18 mm/sec@12 Hz input signal. Finally, the response curve variation over temperature in the
-40 °C to + 65 °C range was more tharl6%o.

Design of the Feedback Sensor

Significant improvements of these parameters have been adhadtez the introduction of strong
negative feedback. This approach is similar to that used in the design of active acceleration sensitive
geophones as described Emcyclopaedia of Petroleum Science and Engineering by Sah (2003).
However in our case raththan a small moving coil, we are using a MET sensor which has initially a
very high open loop conversion factor, which can also be increased significantly by adjusting some of
the sensing cell parameters as discussed above. This difference is vergningiode it allows us to

keep the scale factor fairly high even after the implementation of negative feedback, which decreases
the scale factor significantly. In our design we achieved a feedback instrument scale factor of 300
VIm/sec, without using anydditional amplification, which is equal to or greater than that achieved by
other known lowfrequency geophones.
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Figure 2. The MET geophone feedback operating principles. dlastic membranes; i2the sensor
housing; 3 MET sensing cell; 4 magneffixed on the elastic membranej %he feedback coil.

The closé loop operating principles are the following (see Figure 2, for illustration)anif
acceleration is applied along the sensor sensitivity, &gsoducesaninertial force driving the liqu

in the housing through the sensing element 3. The sensing cell 3 output current is conveged into
voltage and shaped with electronic filter W1. The filter is used to shape theGsemgput so that the
amplification is high in the middle of the fregpcy range and decreases 6 dB per octave on both low
and high cubff frequencies of the bandwidth, asrequired to keep the feedback stalS&ge Wb
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serves to drive electrical current into the feedback coil 5. In our daafigrworks as a differentiato
in the operating frequency range, S@tthe output of the instrument is proportional the veloagjn
conventional geophones. The current in the coil interacts with magnet 4, produmugterforce
which counteractshe inertial force and decreasthe liquid flow through the cell. The output stage
Wf is aband pass filter which finally shapes the output of the instruments.

Experimental Results

The output parameters of these clodedp instruments were measured using a shake table. The
experimendlly found amplitude vs frequency response is shown on Figure 3. Analysis of the curve
indicates that the response is flat within #dB in the frequency range 4 to 160 Hz, and3+dB for

the entire 1 to 300 Hz frequency band.

W25: trunsfer function
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Figure 3. Amplitudevs frequency response. The sensitivity is shown in dB relative to 300 V/m/sec.
Axis X T the frequency in Hz.
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