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Challenges of 
optical technologies 
on a passenger ship
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Ship propulsion reliability: synchronous motor rotor 
position feedback to cycloconverter controller

Sagnac phenomenon triaxial optical gyroscope: 
influence of SLD (SuperLuminescent Diode) aging on 
gyroscope operation

Optical loop in a distributed automation system

Measuring the temperature of a ship's electric drive 
synchronous motor using Bragg's Fiberg Bragg Gratting
(FBG) sensors

Hull stress measurements using FBG sensors



Use of optics on a ship 
propulsion system

• three 15 MW marine drives, two 360 °
and one fixed (center)

• Synchronous motors are driven by PSR 
(Programmierbar Schnell Rechner) 
ABB cycloconverter

• operates in the range 0..1570 V, 0..15 
Hz, with a working range of -150..150 
rpm, rated current 2x2626 A and 
water cooling of power electronics 
with an efficiency of 96.7%.

• Each drive has a six-pole synchronous 
motor with double armature, two 
three-phase windings are 
mechanically offset by 60 °, they are 
driven by two electric drives with an 
electric offset of 120 °



Rotor position 
feedback

• The position feedback, angle λ of the 
rotor of the propeller electric motor in 
the cycloconverter is used to transform 
the coordinate systems from a 3-axis R, 
S, T stator to a two-axis rotor d, q vector 
system. The resolution of the 13 bit Gray 
code encoder TR HE-65-S LWL is 0.044 °. 
The Gray code is used because changes 
between two angles are present on only 
one bit, thus reducing the possibility of 
an error in the transmission of the 
angle.
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Drive failure due to 
transmission path 
error
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• If the rotor angle information is not available, the drive 
is switched off. This most often happens due to a fault 
in the transmission path from the rotor encoder to the 
Beckhoff M110 decoder in the cycloconverter. 
Switching off the drive is an extremely dangerous 
navigation event, especially if the ship is in maneuver 
(navigation in rivers, canals, entry or exit into port, 
narrow navigation corridors with a lot of traffic).



Optical path from position encoder to decoder in cycloconverter electric drive controller

6



The cause of the error
• Encoder optical signal modulation was lost due to a fault on the sliding rings (24 Vdc power loss for transceivers A25, A26, A16, 

A16 used to change the wavelength of the optical signal due to adjustment to the optical rotating ring). To determine the 
cause of the fault, the tranceiver was processed and on / off modulation was observed on the oscilloscope.

7



Angle encoder
building

• The error in measuring the 
angle can also be due to 
the aging of the bearings 
or the vibration of the 
encoder, which is made as 
an optical disk with 13 
Gray code rings.
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Encoder error

• The period of the fifth bit is equal to the rotation period of 
the synchronous motor rotor and is therefore used as 
feedback on the motor speed, together with the fifth bit 
of the second encoder and the voltage period of the 
cycloconverter (the drive has two windings mechanically 
offset by 60 degrees electric drive with 120 degree
electric delay)Napaka na kodirniku pri petem (5) bitu in 
kodirnik brez napake 

• An error in the fifth (5) bit results in an incorrect 
measurement of the rotation period and, in the worst 
case, the drive is switched off.

• Timely fault detection is part of the maintenance work 
and in this case, the incorrect encoder is replaced. After 
replacing the encoder, the initial calibration is performed: 
excitation of the synchronous motor with DC surges is 
done, until the rotor stops, the actual angle between 
mechanical and electrical zero measured by the new 
encoder is recorded in the controller of the 
cycloconverter.



Optical data transmition failure from encoder to cycloconverter can ocur: due to aging of p-i-n 
photodiodes (average 3 dB / 6 months)

increased contact attenuation due to longitudinal displacement on fiber optic connectors spaced 
apart by vibration (1 mm longitudinal displacement approximately 3 dB attenuation)



Incorrect optical fiber placed with 400 
µm core instead of 1000 µm

The optical fibers were placed 
through the same space. In the event 
of fire or mechanical damage (ship 
collision), all three drives may fail at 
the same time. In the picture below, 
the optical cables from the STB (right 
if looking towards the bow of the 
ship) and the fixipod go through the 
technical room of the PS drive (left if 
looking towards the bow of the 
ship).
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Triassic optical 
gyroscope on the 
principle of Sagnac
phenomenon

• Sperry Navigat 2100 fiber optics gyroscope

• Older mechanical gyroscopes, consist of a 
rotating wheel in gyroscopic fluid and exploit 
the principle of maintaining the rotational 
speed, began years ago to be replaced with
modern 3 axes optical gyroscopes

• They works on Sagnac phenomen measuring
the change in phase of a light in the fiber coil
traveling in oposite directions due
superposition of Earth rotational speed. 

• Optical gyroscopes do not require annual 
servicing as mechanical (gyroscopic fluid 
replacement and calibration)
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Error of one axis of the FO 
gyroscope

1
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• The light source used is SLD 
(SuperLuminescent Diode). Due to the aging 
of the diodes (power degradation and 
spectral change), the average time to error 
(MTBF) is 30,000 h or 3.4 years. One of the 
main reasons for the lower service life is the 
extremely high injection current density in 
the SLD; to obtain the same power, 4-5 mW, 
which 14 kA / cm2 current is required for 
SLD and only 3-4 kA / cm2 for LD.



Optical loop in 
a distributed 
automation 

system 



• optical loop plan consisting 
of 13 sections of optical 
cables with four multi mode
fibers (Tx / Rx + 2 reserve 
fibers) manufactured by 
Drake G4-50 / 125 AICI-I / O 
/ RM-W with a total length 
of 1405 m
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• the most important processes such as PMS 
(Power Management) are managed by 
redundant computers. Distributed fieldbus 
input / output cabinets, where most analog / 
digital input / output channels are 
connected, are connected to process 
computers via industrial Ethernet, or core 
system. Through serial buses, industrial 
computers are additionally connected to:
controllers of three (3) drives, navigation 
system, AWP system for wastewater 
treatment (Adwance Waste Treatment plant), 
incinerator, Computer for ship stability, VDR 
black box (Voyage Data) Recorder), a 
controller for measuring the vibrations of 
propellers 



OTDR meassurements (angl. 
Optical Time Domain
Reflectometer )

• The critical phase of the project after laying 
the cables and mounting connectors the are 
OTDR measurements (attenuation, 
dispersion, numerical aperture, location of 
possible damage or fiber breakage) 

• OTDR measurements were performed with 
the Anritsu MT9083A2-06 instrument at two 
wavelengths of 850 n in 1300 nm.

• The measured values are used as a 
reference in further measurements at 
system start-up and future maintenance 
work (SPF monitoring of optical system core: 
monitoring PIN diodes aging, fiber
damadges, FO connector issues, etc)
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Built-in optical power
measurements in Moxa 
industrial switches

• Due to the experience with 
the aging of laser sources, it 
is important to monitor the 
optical power in the fiber. 
For this, the built-in SPF 
signal level measurement 
option Rx / Tx (dBm) in Moxa 
industrial switches is used.
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MOXA switch series

unreliability due to 

60 nm DRAM

 MOXA switches made in the period from April 2013 to 
October 2016 can randomly turn off the inputs / 
outputs of the switches, suddenly restart or even 
"hang" without any response. The cause is internal 
overload/EM interference on the 60 nm SDRAM, 
which leads to an error in the read / write cycles of 
the central processing unit.

 The author experienced failures of the ship's 
command of the propulsion, unreliable operation and 
failures of security systems (Main Fire Zones fire 
doors closing, accidental activation of the fire 
extinguishing system (Sprinkler system), integrated 
navigation system ECDIS failures, blackout in the PMS 
system (Power Management System).

 On one ship, it was replaced more than 130 industrial 
switches in various systems.
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Measuring the temperature of a ship's 
synchronous motor

• The reliability of the temperature control of the 
synchronous motor of the electric propulsion is 
important due to the information on the thermal 
state of the ship's propulsion and timely navigational 
measures in case of approaching winding insulation 
breakdown temperature

• Incorrect temperature measurements are extremely 
dangerous. The author experienced an increase in 
temperature measurements due to an unreliable 
ZMC-MIL connector in the ABB POD drive and 
prevented drive failure by activating Safety Overide in 
the Yang Ceng Yang River in a narrow navigation 
corridor. The failure of one of the propulsion moves 
the ship off the planned route due to the loss of 
thrust of the propeller.



Temperature fluctuations on 8.5 
MW marine drive

• On the 8.5MW marine drive, a fluctuation in the temperature 
of the PEM electric motor (Propulsion Electrical Motor) ± 30 °
C with a period of several minutes was detected due to a 
system error and recalibration of the WAGO 750-461 module, 
which occurs with speed change of the electric motor and the 
effect of EM interference in PT100 three-wire measurements.

• The figure shows the motor temperature fluctuation and the 
temperature fluctuation with the implemented 60s digital 
filter in the drive controller.
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Implementation of three wire 
measurements with TI ADS1247
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modul WAGO 750-461

By measuring the voltage drop at terminals 2/3, 
it is shown that the module controller is 
recalibrated when the rotor speed changes and 
the effect of EM interference. Unfortunately, the 
recalibration cannot be turned off,



Bragg‘s gratting grid

• To avoid EM interference in a 
synchronous machine, 
temperature measurement with 
optical measurements based on 
Bragg's Fiber Bragg Gratting (FBG) 
can be used.

• FBG is a type of distributed Bragg 
reflection made in a short 
segment of optical fiber that 
reflects certain wavelengths of 
light and transmits all others. This 
is achieved by adding a periodic 
change in the refractive index in 
the fiber core, which creates a 
dielectric mirror specific for the 
wavelength.
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Bragg fiber

• The Bragg fiber diffraction mesh can be used as a 
built-in optical filter to block certain wavelengths or 
as a reflector specific to the wavelength. By changing 
the periodic properties of the core due to 
temperature or shrinkage / tension, an optical fiber 
with a Bragg structure can be used as a sensor to 
measure temperature, e.g. winding of a synchronous 
machine or strain on the hull of a ship

• Compared to PT100 Class AA sensors, defined in the 
range -50 … + 250 ° C (resistor with wire winding), 0… 
+ 150 ° C (thin film resistor)] FBG fibers have twice the 
temperature resolution ± 0.05 ° C and a wider 
measuring range -270 ÷ 300 ° C

24



FBG hull strain meassurements
and digital twin concept
• Consequences of ship hull overstress can be hull damadges

or hull breakdown

• Increassed hull stres due to climate change and increase of
Significant Wave Heigh

• The concept of a digital ship twin is used to monitor the 
state of a ship in real time

• The inputs to the twin model are state of the PMS, 3D state 
of the sea around the ship (use of low cost mmWave radars
or FPB fibers) and in front of vesel (processing X band radar 
bacscatter reflections from the sea surface), the structural 
response or stress of the ship's hull using FBG sensors, 
vesel stability, weather conditions, current speed, wind 
direction, ship dynamics and other vesel parameters

• Based on above inputs vesel Twin model can be offset in
time and used for avoiding dangers such as extreme left-
right oscillations (parametric roll), real time optimisation of
PMS and fuell savings 25



Fiber optic sea waves 
measurement
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• an optical fiber with distributed FBS sensors around the ship can 
also be used to measure the thrust force of the sea buoyancy on the 
optical fiber, which depends on the wave height, the information is 
used as input to the digital twin model.

• frequent occurrence of parametric ship oscillations is safety and
enviromental concern, in the last event in December 2020, 1900
containers were lost, of which 40 with dangerous cargo

• Monitoring the hull strain in real time contributes to safer 
navigation, along with the captured information on the state of the 
sea, the data can be used for timely measures in case of high hull 
stresses (inspections and repairs) and improvements in ship design.



SUMMARY

 Monitoring the hull strain in real time contributes to safer navigation, along with captured 

information on the state of the sea, the data can be used for improvements in ship design, 

and timely measures in the event of high hull stresses (inspections and repairs).

 The use of optical fibers for temperature measurements in an environment with strong EM 

interference is presented, where some new technologies prove to be unreliable

 The aging of laser sources is the main limitation of the reliability of operation in modern 

offshore systems, the lack of awareness of classification societies (DNV GL, RINA, etc ..), 

owners and crew is an even bigger problem.

 Insufficient testing of components and systems before installation (example of MOXA 

switches), rapid obsolescence of components, limited support due to market pressure.

 The solution is the standardization of hardware and software interfaces, similar to the 

OEM in automotive industry, which allows rapid upgrades of obsolete components and 

systems.

 Better sharing of information on technical errors and accidents is important to increase 

safety at sea

 existing AIRTS (Accident Incident ReporTing System) is insufficient
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