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Engineering application Seismological application

Measuring range Measuring range

signal amplitude: signal amplitude:

up to 10 rad/s, from 108 rad/s,
frequency: frequency:

0.01 Hz — 100 Hz 0.01Hz-0.1Hz

COMMON

Seismology
- x

| Technical
science

[l * Insensitivity to linear motion, or at any time opportunity to detect linear and

rotational motions independently

i » Mobility, stability with respect to environmental conditions, including changes of
eqUIreI I Ien S temperature

) ]  Independent power supply
for rotational seismology - Dynamic range 108 - 10 rad/s
* Frequency band 0.01 - 100 Hz
» Power consumption5 -8 W
» Thermal stability <0,1% / °C




|n 0 s:te ‘dll’eCtIOI‘l

algsé o‘f 00 beams

"path is retating with rotatlonal aéT@) wa fibre-optic
X

|mplementat|on thé rotatlon \rate Q is e

g, phase shift A as >3 ‘ (ol S P
7 (/’ o | Q=S,-Ap= Ac A
4 47RL

N L - length of the fibre in the sensor loop, R — senop radius, A — wavelength of used source,
o ¢ — velocity of the light in vacuum, S, — the optical constant of interferometer

ssed by induced




Fibre-Optic Seismograph
FOS6

3- Axis with 100 nstime
synchronization

2018

FOS5 Qin: several dozen nrad/s
Quin: 7-10°8 rad/s, Qe 10 rad/s

Qax 10 rad/s SL: 6 000 m SMF

SL: 5000 m SMF, Radius: 0.125 m

Radius: 0.125 m Weight: 10 kg

FOSREM - FOS3 & FOS4
Qint 2:10°8 rad/s,

Qnax few rad/s

SL: 5000 m SMF

Radius: 0.125 m

FORS-II, FOS1
Qnin: 4.2:10°8 rad/s
Qe 4.8:10 rad/s;

SL: 11 000 m SMF ¢

FORS-I Radius: 0.34 m e T
Quin: 2.2:10% rad/s FOS2 i
Qe 4.8:104 rad/s Quin: 4109 rad/s, -
SL: 400 m PANDA Qi 6.4:107 rad/s
esase Radius: 0.1 m SL: 15 000 m SMF
Quin: 3.49-103 rad/s Radius: 0.34 m

SL: 380 m PANDA

Radius: 0.1 m




OPTICAL PART

generates the phase shift Ap proportional
to the measured rotation rate Q which is
perpendicular to the sensor loop plane

ELECTRONIC PART

enables to calculate and record
information about rotational motions via
digital closed-loop signal processing

synchronized phase steps and resets -

square-wave bia sing modulation




Laboratory analysis of FORS’ parameters

Allan Variance analysis
Theoretically

ARW =

V2Ac | 4kT N eiy N e N A?
2nDL |Rn?P?  n?P?2 nP  4cAA

where: A — central light wavelength (1 550 nm), ¢ — speed of light, D —
loop diameter (0.25 m), L — loop length (about 6 000 m), k — Boltzmann's
constant, T — temperature (293 K), R — resistance of the trans-impedance
transducer of the photodetector device (20 kQ), n — efficiency ratio of the
photodiode (0.85 A/W), P — incident optical power on the APD, e —
elementary charge, iy — photodiode dark current (80 nA), AA — spectral
width of the light source (40 nm).

The calculated theoretical values of ARW for each
optical head for four FORS type FOS6 were in the
range of 4.49-4.85 nrad/\s, depending on total
optical losses and fiber length in the given optical
head.

Allan Variance analysis

Data gathered in the Military University of

Technology, Poland

T

Averaging Time [s]

FOS6-01: ARW: 35 nrad/vs, Bl: 10.0 nrad/s
FOS6-02: ARW: 45 nrad/\'s, Bl: 51.0 nrad/s

- Observed - Observed

Averaging Time [s]
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Correlation
verification

FOS6-01 and
FOS6-02 in the
MUT laboratory on
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Nature Park by a pair of FORSs
0 (FOS6-01 and FOS6-04)

‘@' Field test in the Kampinos

A weak rotational disturbance
recording (with an amplitude of
about 0.5 mrad/s) generated by
the wild animal (elk) moving in
the field close to the FORSs

location.
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ROTATION DETECTION
DURING DETONATION OF AN
EXPLOSIVE CHARGE
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On the 7t of October 2023 there were three explosions performed:

1.12:33 UTC, 5 kg of explosive, 3 m below the ground surface with surface discharge.

2.13:41 UTC, 5 kg of explosive, 4.5 m below the ground surface without surface discharge.
3.15:11 UTC, two 5 kg explosive charges installed 5 meters apart were detonated one after
the other, 4.5 m below the ground surface, with a distance of 5 m between loads.

Anax [Hrad/s] E; [prad]
Explosion number/ Axis of
FORS X Y z X Y z
Explosion 1 140 327 281 69 163 104
Explosion 2 38 108 83 41 98 94
Explosion 3 119 177 170 65 111 106




Remote control by webpage

System control

Paramters change

........... PCU CONFIGURATION
Server and network

Data downloading
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Thank You

FOSREM - FROM SKY ACROSS GROUND UP TO UNDERGROUND
FOM-MEM - FIBRE-OPTIC MATRIX FOR MECHANICAL EVENTS MAPPING
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