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Abstract

Safe Dynamic Positioning (DP) is crucial for the mission success of an offshore ship. The Voith Schneider
Propeller (VSP) has proven itself as a reliable propulsion system for DP ships because it generates thrust
forces in longitudinal and transverse direction very quickly and accurately. The fast thrust generation of
the VSP makes it possible, in addition to the DP task, to significantly reduce the roll motion of the ship.
Due to the high DP accuracy and the reduced roll motion, the VSP allows the vessel to increase significantly
its working range with respect to the weather window.

To further improve the reliability of Voith Schneider Propulsors, Voith provides a high-quality Condition
Montioring System (CMS). All sensor data recorded with this CMS are evaluated immediately and
precisely in order to avoid unplanned failures. The data are the basis for predictive maintenance.

The CMS system provides valuable data to reduce fuel consumption. Especially with the VSP there is a
multitude of combination possible regarding RPM, longitudinal and transversal pitch, use of Voith Roll
Stabilization, Hot-Standby-Mode etc. A systematic evaluation of these Voith-CMS data is a very efficient
basis for an improvement of the use of the ship.

Unwanted thrust must be prevented during all propeller modes and especially for the DP-mode. Voith uses
the redundancy of the sensor data of the pitch and the RPM to analytically ensure that the propeller delivers
exactly the thrust required by the DP system. The cylinders for the longitudinal and transverse pitch are
therefore equipped with high-quality redundant sensors. The result of the thrust calculation is available to
the ship's alarm system and is stored in the CMS. If a thrust occurs that does not comply with the DP
requirement, the autopilot's thrust requirement or the captain's manual thrust signal, a message is
immediately sent to the alarm system.

The modern Voith-Cloud technology for the evaluation and storage of CMS data is another forward-looking
element for future DP ships using Voith propulsion.
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1 Introduction

Cost- and energy-efficient Dynamic Positioning (DP) - and this with minimal generation of harmful
emissions - is very important for the development of new very maneuverable ship types e.g. for the offshore
industry, navy, passenger shipping etc.

The selection of suitable propellers is a decisive task for the ship designer. A unique option is the Voith
Schneider Propeller (VSP), which has proven itself in DP operation for decades and offers numerous
advantages: Working in very high seas (enlargement of the weather window in which the DP work can be
carried out), combination of DP and roll stabilization, low fuel consumption and high reliability, to name
just the most important advantages.

Particular attention will be paid to the latest developments in condition monitoring and thrust control in the
in the present paper. The Voith Condition Monitoring System (CMS) makes it possible to significantly
reduce maintenance and operating costs.

Figure 1 shows as an example the W2W Vessel “Kroonborg”, a ship owned by Wagenborg shipping
company, which is propelled by two Voith Schneider Propellers in the stern and two Voith Inline Thrusters

(VIT) in the bow.
The figure shows that the CMS data is available on board as well as in the Voith Cloud and is systematically

analyzed.

Figure 1: Voith's CMS Technology
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2 Voith Schneider Propeller for DP Vessels

2.1 Functional Principle of the Voith Schneider Propeller

The Voith Schneider Propeller is the ship's propulsion system that provides the fastest and most accurate
thrust, steering and stabilization forces: simultaneously in the longitudinal and transverse directions of the
ship. Figure 2 shows a look into the inner structure of the Voith Schneider Propeller. Figure 3 shows the
currently largest blade of a Voith Schneider Propeller for a 4 MW VSP unit.

Figure 2: Voith Schneider Propeller (XRay View) Figure 3: Blade size of a modem VSP (4
MW VSP Unit)
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The thrust is generated according to an X-Y logic. Unlike an azimuth thruster, longitudinal and transverse
thrust can be generated independently of each other.

The Figure 4 shows two thrust examples of a Voith Schneider Propeller. Since only the amplitude and the
phase position of the blades oscillations have to be changed, the thrust can be adjusted extremely quickly.

iVSP - Interactive Voith Schneider Propeller iVSP - Interactive Voith Schneider Propeller
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Figure 4: Thrust generation of a VSP, two thrust examples

In order to obtain a quick understanding of the VSP's thrust generation, it is recommended to download the
simulation programs iVSP (explaining only the VSP mechanic and hydrodynamic) and iVSP2.1 (high-
quality maneuver simulation of VSP ships) from the Voith website (http:/voith.com/corp-en/drives-
transmissions/voith-schneider-propeller-vsp.html) or the Android respectively iOS stores.

Especially for dynamic positioning (DP), this X-Y logic is a very big advantage, because the force
requirements of the DP system can be met extremely quickly, separated into longitudinal and transverse
thrust (Figure 5).

VSP Thrust Control: Z-drive Thrust Control:
According to rectangular According to polar
coordinates (X, Y) coordinates (a, T)
X X
¥ Y

| XA = longitudinal ship axis
Y = transversal ship axis

Figure 5: Thrust control principles of VSP and Z-drive Thrusters
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Another remarkable advantage is the integration of the VSP into the hull, as only the blades protrude from
it. There is no further parasitic resistance due to struts, pods etc. as is the case for other propeller types. The
simple integration into a modern diving base ship (Southern Star) is shown in the Figure 6.

e )

Figur . 6: Modern Diving Suport Vessel (Southern Star) in the building phase at the shipyard

Hirg ) - -

To further optimize and reduce suction effects, Voith has developed a head box design (Figure 7). In
addition to reducing the loss of interaction, it is possible to integrate the VSP into almost any existing ship
hull by means of the head box without major design changes.

Figure 7: Vooith Schneider Propeller integrated into a SOV hull by optimized headboxes (Model test at the SVA Potsdam
and CFD causations done by Voith)
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2.2 Why can the VSP be used for DP applications?

Especially for Dynamic Positioning (DP), this X-Y logic (as shown in Figure 4) is a great advantage because
the force requirements of the DP system can be met extremely quickly, separated into longitudinal and
transverse thrust.

Advantages of the VSP for DP applications:

1. Extremely fast thrust generation, e.g. for a VSP with an input power of 2500 kW from 0% to 100%
in just 2 s!

2. Separation of the forces according to the X-Y logic into longitudinal and transverse forces, which
offers more efficient thrust allocation methods in respect to accuracy and fuel consumption.

3. The large rectangular swept area (in contrast to the screw propeller with the comparatively smaller
swept area) results in a lower speed in the propeller wake. This is very positive for the interaction
of propellers, because the interaction losses are significantly reduced. Furthermore, the interaction
losses with the hull (suction forces) are also noticeably reduced by the large VSP swept area.

4. In addition to dynamic positioning, rolling movements can also be reduced significantly.

The propeller rotates very slowly, so wear and tear is very low: and consequently the service costs.

6. The X-Y logic and the fast adjustment of the VSP thrust make it possible to position with only one
VSP running - also in DP 2 mode - while the second VSP does not rotate in hot standby mode (also
called Sleep Mode) and therefore does not consume any energy and has no wear and tear. This
special VSP mode is beneficial when the thrust requirements are moderate (up to approx. wind
force 3). At high thrust requirements, it is more energy efficient if both VSPs generate thrust
because the larger swept area of both thruster is then significant.

W

2.3 Influence of the thruster response time on the DP accuracy

For the ship-owner - and the contracted ship designer - the question arises: how can he differentiate himself
from the competition by building his new ship? The ship-owner wants to offer his charterer the most
efficient ship. When choosing a propeller, a selection of azimuth thrusters is available: with and without
nozzle, pod drives, various contra-rotating propellers etc.: all based on the similar principle of thrust
generation.

An alternative for a real differentiation of the new planned DP-ship is the Voith Schneider Propeller. At
this point it is important to mention that the Voith-Schneider Propeller must be evaluated dynamically - i.e.
in the time domain - with regard to its DP capability. A static evaluation can lead to wrong conclusions,
because the fast thrust adjustment of the VSP, the X-Y logic of the thrust adjustment and the low interaction
losses with other thrusters have to be taken into account /2/, /3/.

Static DP results do not provide any information on the extent to which a DP task is fulfilled in the - very
dynamic - reality. The new DNV-DL guidlines, for example, take this increasingly into account /1/.

Comparative numerical and experimental as well as full scale studies have been shown in the following
references: /2/ and /3/.
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AZIMUTH

VSP

Figure 8: Footprint of a DP vessel based on VSP propulsion and Azimuth thruster (qualitative comparison) /4/

Figure 8 shows the qualitative comparison of the DP footprint of a DP ship with VSP and azimuth
thrusters/4/. A concrete quantitative comparison can be seen in Figure 9, for more information see /2/.

il il

Figure 9: vessel footprint for stern on weather /2/ (VSP left, Azimuth right, wind speed 18m/s, red circle indicates
acceptance limit of R=1m)
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3 Condition monitoring of Voith Schneider Propeller

Since 2013, the first Voith CMS system on the Weser ferry "Bremerhaven" has been running successfully
and very stable. Thanks to the data generated by the CMS system in combination with training on Voith's
own simulator, fuel consumption could be sustainably reduced by 15%.

Since then, numerous other Voith CMS systems have been installed in offshore support vessels, tugs, ferries
and special vessels.

Voith condition monitoring has three main objectives:

1. Early detection of possible damage and thus reduction of service costs by predictive maintenance.

2. Reduction of operating costs through analysis of the ship's operating mode: With the Voith
Schneider Propeller, which is a very flexible controllable pitch propeller, this applies in particular
to the optimum combination of RPM and pitch. Often the RPM is too high, which gives the captains
an extremely high maneuverability, which is accompanied, however, by increased fuel
consumption. Here it is necessary to find the optimum, which is very well possible with the use of
the CMS.

3. Important for the further improvement of Voith propellers: measurement of forces, vibrations and
pressures during ship operation - in all relevant working modes - for verification of the load
assumptions that are relevant for the design of the Voith Propeller parts (e.g. blades, bearings,
cinematic, pumps). This further increases product safety.

3.1 Description of the system

In contrast to azimuth thrusters, the Voith Schneider Propeller has the great advantage that there is no bevel
gear in the water and the bearings and seals are very accessible. This makes it possible to place sensors very
easily and efficiently.

In general, the Voith CMS system looks as shown in the block diagram (Figure 10).

WAN/LTE
Router

Interfaces Sensors
— -
¢ MsmMcolw
Hardware ) L cms &alarm
i g Visualization
Ship on rar aﬁ NMEA 0183 interface
CMS cabinet VSP control system
™ . interf:
---------------- data transmission --------------------ooeo- S
l Air Humidity sensor VSP1/2
Onshore Oil Humidity sensor VSP1/2
Data Server Vibration Sensor VSP1/2
M J
Analysis / Reporting
L] L] L ]

Figure 10: Block Diagram & System Overview
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The data is securely stored in the Voith Cloud.

The following sensor technology has proven itself for safe condition monitoring of VSPs: vibration sensor,
oil condition unit (incl. particle counter + water saturation sensor), air humidity and air temperature sensor,
propeller pitch sensor, propeller RPM sensor. The Figure 11 shows a comprehensive sensor system as an
example.

Longitude pitch

Longitude pitch
cylinder pressure A Cngrice pro

cylinder pressure B

Control oil system

pressure
Lube oil system

pressure

/ Transversal pitch cylinder pressure A |

Transversal pitch cylinder pressure B |

Oil water saturation Air humidity / air temperature |

/ oil temperature

Control rod forces long. + trans. |

Lube oil cooler flow
rate + temperature
before and after

cooler
Gearbox vibration

Propeller Thrust strain gauge 1-6 I

VSP Rotor position sensor ‘

Figure 11: Sensor overview of a VSP

It is important to be able to analyze the data on board the ship. For this purpose, there is already a monitor
in the control cabinet of the CMS system that enables immediate visualization.

On the basis of existing experience, two sensor variants are used for the direct electronic controlled VSP
and the mechanical controlled VSP with added electronic:

Direct electronic controlled | mechanical controlled VSP with added electronic
VSP

Basic Oil humidity sensor (relative | All from direct electronic controlled VSP

Package humidity & temperature) +
Air humidity (relative humidity | Longitudinal pitch sensor
& temperature) Transversal pitch sensor (in the direct controlled VSPs
Vibration level sensor (mm/s | theses sensor data are already installed)
rms level)

Optional Accelerometers and special hardware for performing vibration diagnostic
Oil particle sensor for measuring permanently the particles in the oil according to ISO
4406
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3.2 Data Evaluation

There are two ways of data evaluation: The first is an automatic analysis of the data within the Voith Cloud.
This process takes place immediately after the data has been transferred to the Voith Cloud. A report (Figure
12) is then automatically generated and sent monthly to the customer.

If a special sensor value exceeds the permissible limit, an alarm is immediately sent to the customer via the
Voith Service. In the event of an unusual trend, e.g. a slight increase in humidity in the oil, the Voith experts
and the customer discuss with each other when predictive maintenance should be carried out. This means
that maintenance measures can be planned for the long term, which considerably minimizes unscheduled
downtimes and service costs.

Alarus: VOITH

State of Vsp

VSP1

Condition Monitoring VSP NOVUS

Contents

Control System .

3
Sailing Track Data and Ship Operation 1
GPS Data Travelled Distance Per DAy « + « « v oo vvvvvennnenrnnennnnnns PN |
SOG[kn . s
Path OFf The Ship 6

Lifetime Data Collection 2

Boxplot for some variables 26
Example to know how to read Boxplot . o o o 2%

Overview

Time spanz 2018-05-01 - 2018-05-3

Recorded time: » 36.00sec

Document: NOVUS_monthly_2018-05.pdf

Generated: 2019-07-01 15:10:50
Total Distance travelled: 369761 [nmile
Ship Name:

VSP Codeword:

1 VSP NOVUS

Figure 12: Voith — CMS — Report (monthly)

Another option for data evaluation can be used to answer specific customer questions: Environmentally
friendly and cost-efficient ship operation means that as few generator sets as possible are in operation, the
diesel generators are to be operated near the optimum operating point. The power consumption of an
offshore ship in DP can be evaluated precisely in order to optimize the cost of the generator sets for a new
ship owner’s building.
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Figure 13: CMS analyses of the power consumption of a diesel electric vessel

Figure 13 shows, that the fourth generator set is hardly used. A very rare power peak could be covered with
a battery pack.

Another example is the optimization of the autopilot. In this case, the CMS data is used to analyze and
minimize the transverse pitch of the VSP, which the autopilot uses for course control. This has a positive
effect on fuel consumption.

4 Thrust monitoring by means of intelligent electronics

In order to guarantee that the Voith Schneider Propellers deliver the required thrust, the VSP has a simple
but very efficient control option.

The Figure 14 shows the two hydraulic cylinders for the longitudinal and transverse pitch adjustment of the
VSP. Each cylinder has two position sensors. There is a permanent comparison of the position of both
cylinders, a difference immediately leads to an alarm.
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Figure 14: Hydraulic System of the VSP for longitudinal and transversal pitch control

Based on the nominal value of the cylinder position and the two corresponding actual values as well as the
RPM, which is also supplied redundantly to the Voith control system, the thrust is analytically checked. In
the event of an undesired thrust, immediate information is sent to the ship's alarm system and recorded in
the CMS report.

The Figure 15 shows a record of the pitch monitoring for one month for different operating modes (DP and
transit).

Two VSP mode are presented. Mode 2 is a transit combinator-mode that allows larger pitches to be reached.
Mode 5 is a DP mode. In this mode only smaller pitches are allowed.

For the pitch control Voith has more than two years of experience. It has been shown that there was no
incident of undesired pitch and never an unintentional thrust. The red circle must not be exceeded and it
has not happened.
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Figure 15: Result of the pitch control for a DP vessel for one month

The analyses in the CMS data showed that there were no undesired propeller forces in the VSP. This
possibility gives the ship a very high level of safety in any operating mode (DP or transit).

5 Conclusion

Voith’s Condition Monitoring System is an important tool to increase the efficiency of DP ships. The CMS
system developed by Voith is used to reduce downtimes by an immediately analyses of the relevant sensor
data. The Voith-CMS is further effectively uses for an efficient predictive maintenance. This reduces
maintenance costs significantly.

Additionally, the CMS also makes it possible to supply data that reduce the ship's operational cost. For this
purpose, the combination of pitch and RPM is analyzed in order to optimally generate the desired thrust:
with regard to the time factor and the use of energy.
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In order to prevent unwanted thrust The Voith control system uses redundant sensors for the longitudinal
and transverse inclination of the VSP and informs the alarm system whether the required thrust is reached.
The system has been successfully tested for two years and there have been no unwanted thrusts during this
time.

The modern Voith-Cloud technology for the evaluation and storage of CMS data is another forward-looking
element for future DP ships using Voith propulsion.
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