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The origin of motivation %,Sl
for optical carrier transfer

CLOCK NETWORK SERVICE

Temelin Nuclear Power Station, Czech Republic

- owned by CEZ Group Czech Republic

- two reactors, each protected by the containment building

- 2,000 MW of total installed electrical capacity - largest power resource in CR

Owner of NPP is responsible
for safety and long-term
measurement of the stability
and shape deviation of the
containment building.

Need for precise monitoring
of strain in the containment
building walls due aging of
linking cables in channels
and used concrete.
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Which kind of sensors to use? tre - CLONEF
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Sensors of system NDS and SDM Sensors of system Hottinger and MEM
in the wall of containment on the cables of containment

©

Electrical strain gauges

- based on the electrical resistance
change with strain change

- very sensitive, relatively low-cost,
variety of forms / g‘\

- concreting in containments of NPP i LN N
Temelin in 1987 - 1995

- but increasing failures after 2010

- thus — monitoring of the containment
is not sufficient
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Towards all-photonic sensors %'S' - CLONERS
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Flbre Bragg Grating gauges (FBG)

works on the principle of filtering the input optical spectrum
- band-pass filter configuration is very useful for strain detection
- length (strain) of the FBS sets the reflecting central wavelength
- very sensitive, interrogation by a high-resolution spectrometer
advantage — all-photonics, no EMC issues
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l Principle of strain detection by FBG sensors %(I:ﬂ j%)EL FBS
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Points of fixation

Optical Sensor 1
OF circulator OF FBG1L
1 2 Fiber FBG1T

switch FBG2L
FBG2T
3 T Sensor 2
Control electronics | | High-resolution FBGs
spectral analyzer | | control unit
stable A FBG1  FBG2 FBGn
optical Ay > ‘ u One FBG — for strain measurement FBG-L
wavelengths One FBG — for temperature sensing FBG-T
(fibre links to > output valqe of
reference lasers) FBGs strain

High-resolution spectral analyzer interrogates band-pass optical frequencies
(wavelengths) of particular FBG strain sensors in the sensory network.

The stability of absolute measurement is determined mainly by an optical
frequency standard referencing the spectral analyzer.



FBG strain gauge sensor test bed

Jist < TIONER
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Fiber optic switeh
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Fiber Bragg gratings /
based sensors

The first implementation of FBG
strain gauges on concrete block

demonstrator (lab of Institute of
Nuclear Research — UJV Rei)




Design of FBG strain sensory network %ISI S TLENEF
for NPP Temelin CAS
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Two possibilities of FBG strain networks can be assembled:
a) Serial combination of FBG sensors / parallel reading of data
b) Parallel combination of FBG sensors / serial reading of data
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Pilot implementation of FBG sensors %|5| STLENET
in NPP Temelin CAS /iy

CLOCK NETWORK SERVICE

||||||

[c} %E; fr j wr;:lj: q

NETWORK

I I m group

d5=C G E
Optical frequency reference: C2H2linear absorption
Interrogator: scanning Fabry-Perot interferometer
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Optical carrier coherent transfer
in Central Europe
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Main idea: ... to broadcast ultra-stable optical carrier at telecom bands to destination

where optical frequency calibration at absolute stability < 10-12 is needed ...

/Optical frequency standa%
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Cooperation:
CESNET and ISI

Olomouc

Institute of Scientific

ISI

Instruments

Milestones: CAS of Sciences
Vienna J

2015: ISI — CESNET Prague 306km

2018: ISI — NPP Temelin 401km Issue: induced Doppler

2019: ISI - BEV Vienna 280km shift in optical fibres (fibre

2020: 1SI -

UP Olomouc 120km

phase noise) limits stability
of transferred reference




l Optical carrier coherent transfer - principle s!;,s\é ?i{:L ERS -
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The transmission link always has a traffic delay, which for stable signals, such as atomic

clock optical frequency, can usually degrade the stability of these clocks due induced
phase noise into the traffic delay.

SOLUTION: bidirectional transmission of information at the same time (interferometer)

OPTICAL
FIBRE Cesnet
IS] - v, LINK 7 OuTPUT @
AOM|— s @ﬁ’
CAS @ TEMELIN
FM | f,o,+f 3
PD| ¥ VCO f. - unwanted noise signal
focat f affects the fibre link transport delay
V4 - v PID :

More theory - Jochen & Amy lectures



Laser C1540 at 1540 nm for 151 TLANET
optical carrier coherent transfer CAS /o

Supercoherent laser at 1540 nm was completed. In combination with optical frequency comb and
H-maser this is the optical reference used for distribution future ISl optical clock using fibre links.




ISI optical frequency scale ééﬂ -<-LLONEE
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The frequency shift of laser
C1540 nm due aging is
- cancelled by combination of
e/ control loops between H-maser,
s optical frequency comb and
optical clock laser at 729 nm




Optical carrier transfer IS1 5
from IS| to NPP Temelin (401 km) AS £ moetmsent

October 2018:

RELATIVE STABILITY OF OPTICAL FREQUENCY TRANSFER

- finished set-up of bidirectional optical fibre 10 s et
link ISI/NPP Temelin by CESNET R e
- established optics and necessary electronics - [ @ Free-running link - =5z """""ﬁ-.;.*‘ :
for the carrier coherent transfer [ Lo Actively compensated fink] i b ¥

- Next steps — implementation for calibration &

b

of FBG sensory network optical reference 107

Optics and electronics (near end)
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ISI — NPP Temelin in-loop beat (401km link)

U, (de)
U, (d8)

L. Af(kHz) Af(kHz)



Optical carrier transfer
from ISI to CESNET (306 km)

RELATIVE STABILITY OF OPTICAL FREQUENCY TRANSFER
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- Implemented technique of
- “Phase coherent optical carrier transfer”
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ABSOLUTE IN-LOOP BEAT FREQUENCY DEVIATIONS (BRNO - PRAGUE)
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Planned tasks for the ISI-CESNET (Brno - Prague) link:

- Czech optical frequency scale (CMI, UFE and other labs)
- CESNET C2H2 optical reference calibration

- Reference for Institute of Nuclear Research (NPP service)
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