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Abstract: Studying of rotational components of ground

capacitor as one third (120 degree arc) of didmutswe hit

movements belong among emerging approaches in trecehe limit of the manufacturing technology. Maxinsite of
geophysics. Rotations can be observed using thesedenboard in required accuracy (1@m) is 500 mm x 250 mm.

seismic arrays (micro-arrays, small aperture ajréysned
from classic three-dimensional seismic sensors. diimeof
this project is a construction of portable, higtiitigon
sensor of rotational movement around vertical a¥Xisis
sensor is based on measuring of changes of capeeita
of differential capacitor.
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1. INTRODUCTION

The rotation components of seismic ground motiam ca

be radiated from the source or can be generatech whe

seismic waves spread through anisotropic (microfio)p
rock massif or rise as the response of buildingcstires on
dilatational excitation. The rotation component sifong
ground motion can represent a non-negligible cbation

to the whole earthquake hazard to building strestun near
zones. The excitation of rotation vibration dependsthe
structure of subsoil, on the dynamic response dldimg

structures and on build-in components. This hokpseeially
for building constructions with prevailing lineanape, such
as pipelines and rapid rail lines and for objecith wgreat
seismic risk (e.g. nuclear power plants), greatsrsi

vulnerability and for historical buildings.

Actually there is no mobile seismic sensor of skictd
of motion. Rotational movements are evaluated fsignals
of classic three-dimensional seismic sensors irs@@mrays
[1]. There is only one permanent station for meagur
rotational movements — in Germany. It is based asei
interferometer [2].

2. METHODS

The angular deflections of a rotation seismomegaeh
very small amplitudes (from nanoradians to micr@asl) at
long periods of teleseismic events. Therefore #éféedtion-
to-voltage transducer must be extremely sensithpeaally
for long periods of motion.

Our sensor of this kind of movement is realizedaas
differential capacitor in shape of one twelfth afundel
(fig. 1). It is mounted on a long arm fixed by baar in
stabilized position. The balance wheel hangs otragst
spring realizing the sensor of rotation around vVeetical
axis. Its natural oscillations are damped electemnetically
using strong permanent magnets and cooper lansllte
opposite side of the arm. The first idea was tddbas large

Fig. 1 Board with zoomed electrodes

Active parts of capacitor are three desks (figwith
electrodes made by technology of printed boarduisc
(PCB). Two desks are fixed as stators and one iseaiie
around vertical axis (rotor). Differential capacity not
depending on the distance between the inner andr out
board. Therefore it is possible to leave out thetice
movements. Electrodes are designed as sectorsl(rags)
with half horizontal covering (fig. 2).
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Fig. 2 Side view of boar ds with electrodes

Capacitance between each static desk and theorcdhti
one increases or decreases depending on the skiise o
rotation. These changes in order of femto-FaraH¥ dre
monitored by a sensitive capacity bridge.

The area of whole capacitor can be calculated hy (1

Sy =N[4, [ﬁrozut _rirzl)

WhereN is number of raysgy is angle of electrode arc,
I @andr;, are outer and inner radius.
Final capacitance of the sensor is (2).
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EE ) ) The output is registered by a high definition, 2t1-b
C= & Efr q We, [ﬁl’out - I’in) (2)  A/D converter Tedia into personal computer. In thrire

) | o we suppose developing of a microcontroller-basedcde
Whered is desk spacingg ande; are the permittivity of  for operation in-situ.

vacuum and the relative permittivity of air. Diféatial
capacitor does not depend on the position of thddiai Uref(+)
electrode when the outlying ones are static.

3. IMPLEMENTATION cm &
As mentioned above this sensor is realized by the 4 o
printed board circuit technology. We were handiepjn Ureg

dimensions because of only a few manufacturers make
boards larger than obvious ones for job-order edeats.

In expectation of future changes we had made easy
adjustable scripts for program Eagle and for pliegadata
in Gerber format for manufacturing.

The final shape of our sensor is created as 3(degr
arc-board with external radius 500 mm and interaalius
200 mm (fig. 1). Active part is from 19 electrodas each
side (layer) of the central desk. Electrodes amdized as 4, RESULTS
5 mrad segments and are 290 mm long. Phase sliliesé
layers is 5 mrad. Layer diagrams are shown as zdome The first aim is reliable measuring of strong riotas
detail. Active chart is surrounded by large grouhdeea. induced at quarry blasts and near epicenters tficazakes.
Central desk is moveable around centre of rotatian. Vibrations, exited by explosions can be used for
distance of 1 mm from both sides will be mountedishary  investigation of amplitude attenuation relations stfong
boards with opposite phase-shifted shape — shiftSanrad ground vibration. The parameters of anisotropieratation
at the initial state, zero balance (fig. 2). relations are important namely for seismic micrmiag of

There is linear relation between capacitance anthe storage sites of wastes. The second aim isunegf
deflection angle (fig.3). In this figure you carees Weak long-period teleseismic waves. The first ogenss to
dependence on increasing of the coverage. For draimp be satisfied regarding supposed amplitudes in ¢a&e in
deflection 1@ rad causes change capacitance in order airder of 10’ rad. After some successful field trials we will
170 fF (1.7e10° F). modify sensor to reach more sensitivity. For thiemtion
can be used one-chip microcomputer providing rieadt
filtering and coherent demodulation.
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Fig. 4 Measuring small capacitances
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