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Abstract

Three azimuthing main thrusters installed in aft-ship provide high redundancy needed for DP operation.
However, in case of relative narrow beam and thrusters located close to each other, forbidden zones —
aiming to avoid thruster-thruster interaction and fatigue breakage — become large when using normal
recommendations. Large forbidden zones of the thrusters reduce DP capability, for example, in case of
strong side current.

In one project, ABB reduced the forbidden zones of the thrusters considerably by analysing a vessel
specific aft-ship thruster setup with dynamic CFD simulation. The simulation showed loads on a
downstream thruster relative to the steering angle of a flushing neighbour thruster operating with 100%
power. Applying the resulting loads to a FEM model of the thruster, optimum steering angle and power
limitations were concluded — enabling the best possible DP performance for the vessel without risking the
lifetime of the thrusters.

Abbreviation / Definition

CFD  Computational Fluid Dynamics
CL Center Line

DP Dynamic Positioning

FE(M) Finite Element (Method)

MCR Maximum Continuous Rating
SB Starboard

Introduction

Three 2 MW Azipod CZ thrusters were installed in aft-ship of an offshore construction vessel in a
formation shown in Figure 1. The vessel fulfils DP3 requirements and has dimensions of 140 metres in
length, breadth of 30 m and draught of 7 m.

Figure 1. Azipod configuration in aft-ship of an offshore construction vessel.
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Azipod CZ is a pushing podded thruster with a ducted, four-bladed propeller. For podded thrusters, the
electric motor is mounted directly on the propeller shaft. With gearless drivetrain there are fewer
mechanical losses in the system which improves propulsion efficiency. Podded thrusters also have less
critical components including bearings, shafts and seals compared to conventional geared thrusters.
Consequently, the amount of lubrication oil in gearless thruster is less than 100 litres within a protected
thrust bearing unit compared to a mechanical thruster typically needing several thousands of litres. The
compact design saves space and gives the shipbuilder greater flexibility when designing the vessel.

ABB

Figure 2. Azipod CZ

After some months of operation, the operator felt that the vessel’s DP performance could be improved in
certain environmental conditions, especially when environmental forces are affecting from the side of the
vessel. Forbidden zones for Azipod units have been established according to experience, measured data
from delivered projects and direct judgement of CFD loads. On a request from the operator, ABB started
investigating possibilities to reduce the standard forbidden zones to maximise the thrust and DP
performance.

After thorough consideration, ABB decided to utilize advanced CFD and FEM simulation instead of full-
scale onboard vibration measurement. To get as accurate results as possible, actual 3D aft-ship hull shape
and thruster configuration was used in the simulation. As the focus was on extreme structural loads,
propeller effect loss while flushing into the skeg or even into a neighbour propeller was not part of the
output from the CFD analysis.
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CFD Analysis

The goal of the CFD analysis was to find out the accurate hydrodynamic loads taken by Azipod thrusters
— not only the maximum peak values but also the dynamic behaviour due to thruster-thruster interaction.

This was achieved by first simulating dynamic flushing events, where starboard Azipod unit was rotated at
a realistic speed so that its wake flushed against the center line Azipod starting from the nozzle and over
the entire unit. This was performed with two orientations of the static center line Azipod unit. Based on the
hydrodynamic loads acting on the Azipod unit operating in the wake, a candidate range of safe operating
zones (and hence, the new reduced forbidden zone) was deduced.

In order to check that the operation at the limits of the new forbidden zones was safe, static pod
configurations at the limits were simulated. Furthermore, the worst load case configuration for the nozzle
supports was selected from the forbidden zone and simulated as an additional static configuration. The
transient hydrodynamic load data from these simulations was forwarded to finite element method (FEM)
analysis to check the structural loads.

For modeling purposes, the ship hull, the center line (CL) and the starboard (SB) side Azipod units were
retained in the modelled geometry. The port side unit was omitted, as one pod unit operating in the direct
wake of another unit was estimated to generate the worst (load)case scenario - Hence, the port side Azipod
unit was removed from the model (Figure 3). Beyond this, the only modification to the actual geometry
was the approximately 10 cm deep wells cut to the ship hull at the stem of the Azipod units. The sole purpose
of these wells was to create a flat surface perpendicular to the pod turning axis. This flat surface bounded
the sliding interface between the rotating Azipod region(s) and the static background region to avoid any
gaps formed during the rotation of the Azipod units (Figure 4).

Figure 3. The modelled ship and two pod units

Rotating propellers were modelled with separate regions nested within the pod regions. Superimposed
motions were utilized to model the combined rotations of the Azipod units and the propeller. The extent of
the rotating propeller regions (yellow sections) are visible inside the nozzles in Figure 4. The static region,
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the two Azipod regions and the two propeller regions are more clearly visible in the cross sectional cut in
Figure 5.

Figure 4. The yellow surface inside the nozzle shows the extent of rotating propeller region on the CL
Azipod unit. The inside of the nozzle (vellow mesh) rotates with the propeller, but the tangential fluid
velocity was set to zero via a boundary condition. The well accommodating the rotating Azipod regions
is also visible.

Propeller regions

Figure 5. Cross section through the static, Azipod unit and propeller regions.

The mesh resolution on the ship hull was 40-640 mm, on the pod unit frame and nozzle 10-40 mm, on the
propeller 4 — 40 mm. The corresponding prism layer settings (# layers/ stretch factor/ thickness) were hull
(15/ 1.5/ 320 mm), frame and nozzle (15/ 1.5/ 40 mm) and propeller (15/ 1.5/ 40 mm). The simulated area
was cut at the calm water surface level and no free surface or waves were modelled. The number of
computational cells in the two propeller regions, the two Azipod regions, and the static ship region were
around 2M each, 10M in total. The mesh on the Azipod units and the ship hull is presented in Figures 4 and
6.
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Figure 6. Mesh on the aft ship hull showing refinements around the skeg and the Azipod unit regions.

Two dynamic simulations were performed, where the SB Azipod unit was rotated (with angular acceleration
a = 6°/s? and angular speed ® = 6°/s) from 0° (straight ahead) to 110° flushing over the entire CL Azipod
unit. In the first simulation, the CL unit was first at 0° steering angle (baseline) and after that rotated 24°
counter clockwise in the second simulation (high load operation). With the 24° CL steering angle the units
were in perpendicular position against each other, the projection of the propeller axis of the rotating SB
unit passing through the steering axis of the CL unit. In these simulations, both units operated at 100%
torque at bollard pull.

Transient load data Fy  /(t), My y A1), Fragia(t) and My (t) for the CL unit (and for the individual components:
propeller blades, nozzle, strut, supports, torpedo) were extracted from the simulations. The unit total loads
were defined at the Azipod unit main coordinate system and the component loads at the center of each
component.

Based on these dynamic simulations, 2 limiting SB unit angles (47°/ 85°) with 24° CL angle were chosen
for static configuration simulations, where both units operate at 100% power. The limits were chosen to
maintain enough margin to zones with steep load increase (Figure 7).
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47° 85°

Figure 7. Graph showing the steep load increase in dynamic simulations.

A third static configuration, estimated as the worst case for the nozzle supports in the forbidden zone, was
simulated with 57° SB unit angle and 0° CL unit angle. In this simulation, the CL unit operated at 100%
power and the SB unit at 30% power. The load data time series from these 3 static configuration simulations
were forwarded to the structural FEM analysis. An important finding from the CFD analysis was that the
hydrodynamic loads were highly transient with strong oscillatory loads.

FE Analysis

FE analysis was carried out to study effects of new DP loading scenarios on Azipod components. Main
concern during study was possibility of high stress level on critical components such as strut, nozzle
supports and bolted connections as well as clearance between propeller and nozzle. In addition, overall
dynamic behavior of the shaft line and bearings needed to be studied against normal operational scenarios
to conclude on acceptability of loading scenarios and eliminate risk of excessive vibratory loads in shaft
line system and steering unit.

Individual load time series for each component were received from CFD calculation. In FE analysis loads
were applied to each component as distributed pressure loads corresponding to reference point received
from the CFD analysis. To achieve reliable results, FE analysis model was created with all required details
such as slewing bearing, shaft line bearings, accurate component’s mass and inertia (Figures 8 & 9).
Damping and entrained water mass were also added for dynamic response calculation.
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1-Thrust bearing

2-Propeller bearing

3-Rotor

4-Stator

§-Strut

6-Nozzle

7-Propeller Hub

8-Lower Support

9-Upper Support

10-Motor-5trut Bolted connection
11-5trut Nozzle Bolted connection
12-5Slewing Bearing

Figure 8. Overview of detailed FEM model of the Azipod unit.

Bearings were modeled by linear spring-damper connector elements and entrained water mass as point
mass according to wet surface of the structure. Damping values were adopted according to measured values
from the similar Azipod units.

FE analysis were carried out for the most critical center line Azipod unit in two steps:

- Step 1: Peak loads in load time series (for each Azipod components) from three selected CFD cases
(SB unit at 47°/85° with CL unit rotated 24° counter clockwise and SB unit at 57° with CL unit at
0°) were employed to perform static FE analyses. Goal of the analysis was to pre-evaluate the
impact of loading scenarios on propeller-nozzle clearance, shaft displacement, stress level of strut,
nozzle supports and steering system. The loads were applied as pressure loads on the surface of
corresponding component.

- Step 2: Based on results from Step 1, load time series for center Azipod at 0° with 100% power and
SB Azipod with 30% power at 57° was seen to be the most demanding scenario. This scenario was
used to carry out dynamic response analysis (transient).
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Figure 9. Overview of the FE analysis mesh and locations of applied loads in dynamic response

calculation.

To conclude on results, outcomes of the study cases were compared to the results of normal operational
loading scenarios of the Azipod unit (Figure 10).

Velocity (mm/s)

Time (S)

Operational load case
Studied case
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Azipod deformation

Figure 10. An example of evaluated propeller bearing velocity - Comparison between studied case and an

operational case (left) and overall deformation (right).

In general, the evaluated static and dynamic FE analyses for selected CFD load cases exhibited that impact
of studied loading conditions on Azipod unit were lower than typical operational loading scenarios.
Although the studied loading scenarios created slightly increased vibratory load on some components, the
level of the increase was on acceptable level.
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Due to lack of actual input data and reducing calculation time some simplifications were applied to the FE
model such as linear bearing stiffness and damping and simplified method to evaluate the entrained water
however overall the impact of these simplifications on results was seen to be insignificant.

Typically, this type of detailed study is not carried out for all projects. Standard forbidden zone for Azipod
units has been establish according to experience, measured data from delivered projects and direct judgment
of CFD loads.

Conclusion

As a result of the advanced simulations conducted, significant reduction of 20° (~30%) of forbidden zones
were achieved. Maximum power limit inside the forbidden zones were kept on 30% MCR.

In general, the evaluation exhibited that the impact of studied loading conditions on Azipod units were
lower than typical operational loading scenarios. Although the loads were highly transient and strongly
oscillating, the level of the dynamic loading remained on an acceptable level.

Reduced forbidden zones gave the operator an opportunity to use Azipod units more effectively in DP
operations by increasing the allowed steering angles and as a consequence, made it possible to operate the
center Azipod directly in transversal direction with full power. These improvements helped the vessel to
perform DP operations even better in harsh environmental conditions.
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