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PUBLISHABLE EXECUTIVE SUMMARY  

 

The aims of this task are the rational development of effective training programmes for ships 

equipped with azimuthing control devices that go beyond what is available today. The results 

should be capable of meeting requirements from training and customers, under constraints imposed 

by regulating bodies and by the technology. The objectives are to formulate and to define the 

methodology and design of new training programmes, exploring the materials worked out in 

previous tasks and concerning the training needs specification, training capabilities and training 

program development. The task will examine methodologies through the development of a test 

training programme, using for this development the best practices as identified in the present study. 

The objective is also to determine the effectiveness of this process using validation of the training 

programme thorough its test implementation on simulators (manned models), conducting the test 

training and subsequent assessment 

The report includes background information on basic construction and operational features and 

manoeuvring characteristics of ships equipped with azimuthing propulsion units that differ 

considerably from ships equipped with conventional propulsion units. Those differences 

substantiate the needs for arranging special training courses for azipod driven ships. The need for 

arranging special training courses for such ships was supported by the majority of ship masters and 

harbor pilots interviewed. Escorting operations required in certain areas, where tugs equipped with 

azimuthing propulsion units are employed when escorting ships carrying dangerous goods, require 

also special training.  

Currently available specialized courses, either on Full Mission Bridge Simulators (FMBS) or on 

Manned Models Simulators (MMS), for  ships equipped with azimuthing propulsion units and for 

ship-tug cooperation where pod driven tugs are essential were reviewed and on this basis model 

courses for FMBS and for MMS as well as for escorting operations for ships and tugs equipped 

with azimuthing propulsion units were developed. 

Annex 1 includes Azipod Manoeuvring Terminology (paper by J.Baken and G.Burkley) and 

Annex 2 includes report on implementation and assessment of thee courses.  
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INTRODUCTION  

The aims of this task are the rational development of effective training programmes for ships 

equipped with azimuthing control devices that go beyond what is available today. The results 

should be capable of meeting requirements from training and customers, under constraints imposed 

by regulating bodies and by the technology. The objectives are to formulate and to define the 

methodology and design of new training programmes, exploring the materials worked out in 

previous tasks and concerning the training needs specification, training capabilities and training 

program development. The task will examine methodologies through the development of a test 

training programme, using for this development the best practices as identified in the present study. 

The objective is also to determine the effectiveness of this process using validation of the training 

programme through its test implementation on simulators (manned models), conducting the test 

training and subsequent assessment. The main areas of focus will include: 

¶ Condense findings for the development of a test training request for ships equipped with 

azimuthing control devices, from the view point of training customer, and using the best 

practices used in the training industry ï identifying training needs, requirements, training 

objectives and evaluation criteria. 

¶ Development of the test training programmes responding to the specified training request to 

be implemented on simulators ï using the best practices from the training industry ï 

converting the training specifications into training programme consisting of exercises, 

training materials and training assessment methods. 

¶ Implementation of the training programme on simulators and performing test training 

together with reports on the training execution 

¶ Assessment of the tested training and identifying its short-comings and limitations. 

¶ Evaluation of the current methodology of the development of new training for ships 

equipped with azimuthing control devices. 

The task will culminate in task report that will delineate the above aims and objectives and will 

constitute one deliverable. 

In fulfilling this task results obtained in other tasks of the project, the deliverables of which were 

available, were utilised with appropriate references given. 

Chapter 1 of the report considers needs for training on azipod driven ships and basic features of 

podded propulsion units, their characteristics and operational aspects of pod driven ships that are 

important from the point of view of preparation of the training courses.  

Chapter 2 includes the proposed developed programme of training courses and  

Chapter 3 includes report on the trial programme and its assessment. 

It is intended to include in the Annex the paper by Baken and Burkley on azipod manoeuvring 

terminology and command that is the best reference in that respect and should be observed in 

azipod training courses. As this paper was included in the deliverable report on Task 3.1, it is not 

repeated here with only title page attached for reference. 

As the programme developed was not implemented at the time of writing this report, the part on 

implementation of the programme, together with its assessment, will be added when all data on the 

implementation and assessment of the programme proposed are available 
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CHAPTER 1.BACKGROUND  

1.1.  TRAINING REQUESTS AND TRAINING NEEDS  

1.1.1 General 

During last decades attention of the maritime world has been focused on safety of shipping. 

Amongst other causes of accidents at sea, casualties related to manoeuvrability happen quite often 

and analysis of casualties shows that CRG casualties (Collisions-Ramming-Groundings) constitute 

about 53% of all serious accidents leading to ship loss (Payer 1994). Data on CRG casualties for the 

year 1982 analysed on the basis of sources provided by LRS and DnV revealed that their frequency 

was rather high as it is seen from the Table 1.The data showed that 1 ship in 22 took part in CRG 

casualty this year (Samuelides & Friese 1984).  

CRG casualties occur more often with increasing speed and size of vessels and such casualties may 

cause more serious consequences. Collisions may also happen more often in restricted waterways 

and canals and in particular in areas where additional external factors, as e.g. current, make 

handling of ships more difficult. 

Table 1. Data on CRG casualties 

Source Mean number of 
ships during the 
year 

Number of 
CRG 
casualties 

Frequency 
of 
casualties 
[%] 

DnV 2816 120 4.3 

LRS 3391 170 5.0 

 

Risk of CRG casualty depends on several factors, one of which is human factor, i.e. operators skill. 

Published analyses associated with commercial shipping during recent years indicated that human 

errors that occurred during handling operations were responsible for approximately 62 per cent of 

the major claims figure (Payer 1994). Other sources show, that about 80 % of all CRG casualties 

are results of human failure. Therefore attention is focused recently to the role of human factor in 

safety. (US Coast Guard 1995).  

As about two thirds of all CRG casualties are caused by human error it is necessary to analyse 

factors which contribute to the efficiency of the operator. The author discussed this subject 

(Kobylinski 2009) showing that one of the most important factors contributing to this is training. 

The set of five features which are attributed to the man controlling the ship is shown in fig 1 (from 

Balcer&Kobylinski 1997) 

    

 

 

 

 

 

Fig.1  Features attributed to the man at controls 
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Increasing degree of safety in ship handling requires improvement of all five main features shown 

above. However the dynamics of features 1, 2 and 3 is not great, although they may be influenced 

by training. Knowledge and experience and most of all, training degree are seriously affected by 

training.  

Important feature that might be seriously affected by training is way of handling critical situation. A 

mishap is differentiated into three psychological stages: perceiving, thinking and acting. Fig 2 (from 

Bea, 1994) shows how training could influence way of handling a critical situation. The perception 

stage starts with a mishap and is followed by warning. The warning is recognised and mishap 

source is discovered. Then the thinking stage begins, problem is identified and decision taken. 

Action is planned and executed and the system is returned to normal operating status if the action is 

taken in time, otherwise system fails. 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.2. Effect of crisis training 

The figure shows how training may affect safety. It underlines also the necessity to training for 

critical situations. Once people were faced with critical situation during the training they will react 

quicker when such situation appears in reality. This is very important conclusion for programming 

of training. 

There are several factors contributing to the reduction of the number of CRG accidents, and 

experience is one of them. Experience is gained over years of practice. Specialized training on 

simulators accelerates gaining experience, in particular gaining experience in handling dangerous 

situations that may be rarely met during operation of real ships (Kobylinski  2009).   

1.1.2   Simulator ship handling training  needs 

Training needs for ship handling in general were discussed in the report on Task 3.1 (de Grauaw 

2010). In this report reference was made to the requirements of the IMO STCW Convention. 
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Obviously the best way to train ship officers and pilots in shiphandling and manoeuvring is to 

perform training onboard real ships. Any use of simulators should be in addition to training onboard 

ships. However, gaining skill "on job" watching experienced practitioner working is a long and 

tedious process. Moreover certain handling situations including some critical ones may never occur 

during the training period onboard ships and no experience how to deal with such situations could 

be gained this way. When serving on ships engaged in regular service there is little or no possibility 

to learn about handling in critical situations because such situations must be avoided as far possible.  
Simulator training is expensive, therefore the simulator courses must utilize time available in the 

most effective way. In order to achieve positive results simulators must be properly arranged and 

the programme of simulator exercised should be properly planned in order to achieve prescribed 

goals. 

In general, simulators may be either equipment or situations. A simulator is defined as any system 

used as a representation of real working conditions to enable trainees to acquire and practice skills, 

knowledge and attitudes. A simulator is thus characterised by the following: 

¶ imitation of a real situation and/or equipment which, however, may permit, for training 

purposes, the deliberate omission of some aspects of the equipment in operation being 

simulated, and 

¶ user capability to control aspects of the operation being simulated. 

The effectiveness of a simulator in training mariners depends on the simulator capabilities to 

simulate the reality. Sorensen (2006) stressed the point that simulators must be realistic and 

accurate in simulating the reality. 

Specialized training in ship handling is required by the International Maritime Organisation. 

Seafarers' Training, Certification and Watchkeeping (STCW) Code, Part A, being attachment  2 to 

the Final Act of the STCW 1995 Conference includes mandatory standards regarding provisions of 

the Annex to the STCW Convention. Apart training onboard ships, approved simulator training or 

training on manned reduced scale ship models is mentioned there, as a method of demonstrating 

competence in ship manoeuvring and handling for officers in charge of navigational watch and ship 

masters.  

There are also specific recommendations regarding need for simulator training (FMBS and MMS) 

In several places in  the specifications of minimum standards of competence for ship officers as the 

method demonstrating competence use of simulators, either FMBS or MMS is mentioned There are 

also specified certain requirements as to the capabilities of simulators that must be satisfied. Those 

standards are repeated below:  

ñSection A-I/12 Standards governing the use of simulators 

PART 1 ï PERFORMANCE STANDARDS 

General performance standards for simulators used in training 

1. Each party shall ensure that any simulator used for mandatory simulator-based training shall: 

.1   be suitable for the selected objectives and training tasks; 

.2   be capable of simulating the operating capabilities of shipboard equipment concerned, to 

a level of physical realism appropriate to training objectives, and include the 

capabilities, limitations and possible errors of such equipment; 

.3   have sufficient behavioural realism to allow a trainee to acquire the skills appropriate to 

the training objectives; 

.4   provide a controlled operating environment, capable of producing a variety of 

conditions, which may include emergency, hazardous or unusual situations relevant to 

the training objectives; 
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.5   provide an interface through which a trainee can interact with the equipment, the 

simulated environment and, as appropriate, the instructor, and 

.6   permit an instructor to control, monitor and record exercises for the effective debriefing 

of trainees. 

General performance standards for simulators used in assessment of competence 

2   Each party shall ensure that any simulator used for the assessment of competence required 

under the Convention or  for any demonstration of continued proficiency so required, shall:  

.1   be capable  of satisfying the specified assessment objectives 

.2   be capable of simulating the operating capabilities of shipboard equipment concerned, to 

a level of physical realism appropriate to the assessment objectives, and include the capabilities, 

limitations and possible errors of such equipment 

.3   have sufficient behavioural realism to allow a candidate to exhibit the skills appropriate 

to the assessment objectives; 

.4   provide an interface through which a candidate can interact with the equipment, the 

simulated environment;  

.5   provide a controlled operating environment, capable of producing a variety of 

conditions, which may include emergency, hazardous or unusual situations relevant to the 

assessment objectives, and 

.6   permit an assessor to control, monitor and record exercises for the effective assessment 

of the performance of candidates.ò 

In many countries sea pilots are required to attend special simulator courses either on FMBS or 

MMST every few (usually 5) years. Therefore there is certainly need for simulator training of ship 

masters and officers and also pilots in ship handling. 

1.1.3. Simulator training needs for ships equipped with azimuthing propulsion units 

Azimuthing propulsion is innovative solution revealing several advantages. Within past twenty 

years podded propulsors with a power up to 25MW per unit have been developed and put into 

service. Podded propulsors are characterized by two main qualities (Mewis 2001): 

¶ Electric motor is located inside a hydrodynamically optimized submerged housing 

¶ The total unit is rotated with the propeller(s) by 360 degree rotation 

Fig.3 shows classical podded propulsor as defined above. However, there are known many 

variations of this type propulsors including many hybrid designs and also other types of azimuthing 

propulsors of different construction that do not include electric motor inside of the propulsor 

housing. Some examples of different types of azimuthing propulsors are shown in fig 4. (from Rees 

2010). Those are Voith-Schneider  propellers, Schottel propellers, outboard motor principle and 

rotating nozzle propellers.  Those types propulsors are known and used for a long time, usually, 

however, in rather small ships and boats. Real innovation is development and application of high 

power podded drives as defined above.  
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Fig. 3. Typical podded propulsor 

Podded propellers are are as a rule installed in pairs because if  single unit is installed the ship is 

usually dynamically unstable and difficult to control 

Podded propulsors are well suited for (Mewis 2001):  

¶ Cruise liners 

¶ Ro-ro passenger ferries 

¶ Icebreakers 

¶ Off-shore supply vessels 

¶ Tugs 

Not well suited for: 

¶ Container vessels 

¶ Bulk carriers 

¶ Tankers 
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AZIPILOT

Azimuthing Control Devices
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Fig4. Some types of azimuting propulsors 

 

According to Rees (2010) vessels fitted with azimuting propulsion constitute  6.9% of all vessels, 

the largest groups being tugs, off-shore vessels and cruise liners. 

Rees (2010) reported that 8044 pilots were questioned on the matter of the need for training on 

azimuthing propelled ships, of which 2334 responded, and of these 96% use azipods. From this 

number 736 pilots (32%) received some kind of training on azipods and few others received some 

instruction from manufacturers.. The others did not receive any training on azipods at all. 

About 40 pilots from Scandinavian countries coming to the SRTC training centre for ship handling 

training were also questioned re need for training on azipods. In great majority of cases they 

expressed willingness to receive training, because they have often a ships with podded propulsion 

visiting their district. Therefore in SRTC in the general training course for pilots, training on the 

model fitted with azipods for one day was included.  

Recently in many districts escorting of large vessels carrying dangerous goods - oil tankers, gas 

carriers and similar-is required. Escort tugs are almost always fitted with azimuthing propellers and 

escorting operations in case of emergency require greater skill from the tug masters and ship 

masters. Training in escorting operations is another fast developing area where azipod propelled 

vessels are involved and where special training is required. 

It may be concluded that there is certainly the need for training on azipod driven ships and tugs for 

pilots and y for prospective masters of azipod propelled ships. 

1.1.4. Existing simulators capabilities to simulate pod driven ships  

In general, simulator may be either equipment or situation. A simulator is defined as any system 

used as a representation of real working conditions to enable trainees to acquire and practice skills, 

knowledge and attitudes. A simulator is thus characterised by the following: 

¶ imitation of a real situation and/or equipment which, however, may permit, for training 

purposes, the deliberate omission of some aspects of the equipment in operation being 

simulated, and 



Proposed azipod trainining programme and its assessment.                              

AZIPILOT Page 10 of 50 
 

¶ user capability to control aspects of the operation being simulated. 

Capabilities of existing simulators were reviewed under the Task 2.2 of the AZIPOOD project 

(Kobylinski 2010). The main conclusions of this review are included in this report. The 

effectiveness of a simulator in training mariners depends on the simulator capabilities to simulate 

the reality. Sorensen (2006) stressed the point that simulators must be realistic and accurate in 

simulating the reality. Therefore simulators should, apart from simulating properly the main 

manoeuvring characteristics of a given ship, i.e. 

¶ Turning characteristics 

¶ Yaw control characteristics 

¶ Course keeping characteristics and  

¶ Stopping characteristics 

 be capable to simulate different factors influencing ship behaviour, e.g: at least: 

¶ Shallow water effect 

¶ Bank effect  

¶ Effect of proximity of quay or pier 

¶ Effect of limitation of dimensions of harbour basin 

¶ Surface and submerged channel effect 

¶ Ship-to-ship interaction  

¶ Effect of current 

¶ Effect of special rudder installations, including thrusters 

¶ Effect of soft bottom and mud 

¶ Ship-tug cooperation in harbour (low speed towing) and. 

¶ Escorting operations using tugs 

¶ Anchoring operations. 

Simulators used in training in ship handling and manoeuvring are basically of two types : Full 

Mission Bridge Simulators (FMBS) and Manned Models Simulators (MMS).  

FMBS computer controlled simulators are widely used for training of ship officers, pilots and 

students of marine schools and also for studying various manoeuvring problems, first of all 

problems associated with the design of ports and harbours.   

There is at present a considerable number of such simulators of different types operating throughout 

the world, starting from desk simulators to sophisticated FMBS where the trainee is placed inside a 

bridge mock-up with actual bridge equipment, realistic visual scene of the environment, and 

sometimes rolling and pitching motions and engine noise. 

FBMS are working in the real time and are controlled by computers programmed to simulate ship 

motion controlled by rudder and engine (and thrusters or tugs) in different environmental conditions 

MMS use large models for training purposes in specially arranged water areas, ponds or lakes. 

Models are sufficiently large in order to accommodate  2-4 people (students and instructors) and are 

constructed according to laws of similitude. Models are controlled by the helmsman and are 

manoeuvring in the areas where mock-up of ports and harbours, locks, canals, bridges piers and 

quays, shallow water areas and other facilities are constructed and where also routes marked by 

leading marks or lights (for night exercises) are laid out all in the same reduced scale as the models. 

Also in certain areas current is generated. As a rule, monitoring system allowing to monitor track of 

the model is available. 

Important feature of manned model exercises is that all manoeuvres are performed not in real time, 

but in model time which is accelerated by the factor l
-1

. This may pose some difficulties for trainees 

at the beginning who must adjust to the accelerated time scale. 
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Currently there are only few training  centres using manned models in the world, however, 

according to the recent information, few others are planned or even in the development stage. 

In FMBS because there is a mathematical model of ship motion on which computer codes are based 

it is important that this mathematical model represents properly behaviour of the real ship. In spite 

of great progress in the development of the theoretical basis of ship manoeuvrability not only in 

unrestricted water areas (turning, course-keeping and stopping characteristics), but also in the 

proximity of other objects (bank, shallow water effects and the effect of other ships), the last effects 

are still investigated not sufficiently enough. Sophisticated computer programmes that include 

calculations of hydrodynamic coefficients using advanced methods requiring powerful computers 

and extreme large memory. simulating the close proximity effects cannot be used in FBMS because 

they must work "on line" therefore rather simplified methods must be developed for this purpose. 

Practically all modern FMBS are capable to simulate manoeuvring and ship handling characteristics 

in open water properly. Usually they are also capable to simulate the close proximity effects based 

on simplified theory. 

Gronarz (2010) investigated capabilities of four advanced  FMBS to simulate ship-ship interaction, 

shallow water and bank effect. The conclusions of this investigation are: 

¶ All special hydrodynamic effects are covered from the simulators investigated. 

¶ The magnitude of the effects is sometimes very different. 

¶ The expectations from theory are satisfied mostly. 

¶ The development of the shallow water effect with decreasing water depth is not always 

simulated  correct. 

¶ The magnitude of the bank effect is very different on the two simulators investigated. 

¶ The ship-ship-interaction effect shows reasonable development with the passing distance 

but some doubtful results during the time of the manoeuvre. 

In the case of manned models the governing law of similitude is Froude's law and all quantities for 

models are calculated according to the requirements of this law. However, as it is well known, the 

requirements of second law of similitude which is relevant to ship motion, Reynolds law, cannot be 

met. This means that the flow around the ship hull and appendages and in particular separation 

phenomena might be not reproduced correctly in the model scale. Fortunately those effects are 

important when the models are small. With models 8 to 15 m long the Reynolds number is 

sufficiently high to avoid the majority of such effects.  

One important difficulty with manned models is impossibility to reproduce wind effect. Wind is a 

natural phenomenon and according to laws of similitude wind force should be reduced by factor  l
3
 

( l - model scale). Wind force is proportional to the windage area and to the wind velocity squared. 

Windage area is reduced automatically by factor  l
2 

but wind velocity apparently cannot be 

reduced. However, actually windage area in models is usually reduced more than by factor l
2
, and 

wind velocity. due to sheltered training area and low position of the windage area in the model in 

comparison with the full-scale ship is considerably reduced. Still usually wind force is larger than it 

should be. 

Capability of manned models to simulate shallow water, bank, submerged and surface canal effects, 

effect of current, close proximity of other stationary or moving objects is automatically assured and 

is practically unlimited, restricted only by local conditions in the training area.  
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1.2.  MANOEUVRING CHARACTERISTICS OF POD PROPELLED VESSELS  

1.2.1.General 

It is well known that manoeuvring characteristics of pod propelled vessels are different from the 

vessels with conventional propellers. Because of the widely different manoeuvring characteristics of 

pod driven ships the need to arrange special training courses for pod driven ships is obvious. 

Three main manoeuvring qualities are considered; 

¶ Turning ability 

¶ Course keeping ability 

¶ Stopping ability 

1.2.2. Turning ability  

It is generally known that turning ability of POD driven ships is much better than turning ability of 

conventional ships fitted with conventional rudder. This is obviously the result of high steering 

forces created by azipod rotated to certain angle and also possibility to rotate azipod by 360 deg. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig.5. Comparison of turning characteristics for podded and conventional propulsion units 

 

Fig 5 from (Toxopeus & Loeff, 2002) shows comparison of two turning measures ï turning circle 

diameter and tactical diameter for several POD driven ships versus conventional units. The mean 

line represents the situation when the values for both types of ships are equal. In this comparison 

the angle of POD or rudder was limited to 35
0
, as it is normal limiting angle of rudder deflection 

It clearly shows that the turning ability of vessels with podded propulsion is much better than 

vessels with the conventional propellers and rudder. Moreover, PODs could be rotated to higher 

angles with the result that the ship may turn even around of its own centre of gravity. Clarification 

of this behaviour can be ascribed to large steering force generated by POD, where full thrust of the 

propeller can be created  to all directions.  
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Excellent manoeuvring characteristics of pod driven ships were confirmed by model tests of a very 

large model (about 11m long) of a gas carrier with single and two podded propellers conducted at 

SRTC (Kobylinski & Nowicki 2005).  
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Fig.6. Tactical diameter and advance for single pod configuration 
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Fig7. Tactical diameter and advance for twin pods configuration. (solid lined ïapproach speed 6 knots, dotted 

lines ï approach speed 14 knots) 

Fig.6. shows results of the turning circle experiments of the model fitted with single pod propeller 

where advance and turning diameters are shown over the range of rudder (azipod)  angles up o 90 

degrees. The figure shows that at azipod angles closing to 90 deg. the model turns at the spot 

(tactical diameter is almost zero and advance is equal to about 1.5 model length).  

Tests with twin azipod propulsion were conducted with the same model fitted with several different 

configuration of skegs and fins that were installed in order to achieve satisfactory course keeping 
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ability (see below). Even with the installation of skegs and fins large enough to achieve satisfactory 

course keeping ability advance and tactical diameter at high rudder angle were very small (Fig.7).  

1.2.3.  Course  keeping ability 

The course keeping ability for pod driven ships is known to be worse than for conventional vessels. 

The reason of this effect may be attributed to the different form of the stern  that is flat in order to 

accommodate PODs. For sufficient directional stability a suitable arrangements of skegs and fins, 

either central or in front of each POD is necessary. 

The course keeping ability is assessed by the amount of overshoot angle measured during the yaw 

checking or zig-zag test. The same source (Toxopeus & Loeff, 2002) shows that overshoot angles 

obtained are in average larger for POD propulsion than for conventional propulsion, but still seem 

to satisfy manoeuvring standards adopted by the IMO Resolution MSC.137(76) (IMO 2002). 

(fig.8). The results shown, however, are applicable to fast ships having rather low block coefficient 

and which usually are inherently dynamically stable on straight course. 

 

 

Fig. 8. Overshoot angles of ships equipped with podded or conventional propulsion units 

Course-keeping characteristics of pod driven full bodied ships was subject of special investigation 

by SRTC in years 2003-2005. (Kobylinski&Nowicki 2005). The results of this investigation and 

extensive model tests with large manned showed that: 

¶ Model driven by single POD was dynamically unstable to high degree and very difficult to 

control. 

¶ Model driven by twin PODs arrangement without skeg(s) or with small skegs was also 

dynamically unstable, although to the lesser degree as with single pod propulsion. 

¶ Model with large skegs was still dynamically unstable, but with small amount instability. 

Model revealed satisfactory course-keeping characteristics. 

This last variation was tested by several pilots who handled it in different situations. Their 

judgement with respect of single POD propulsion was negative. They had also some difficulties 

piloting model with twin PODs fitted with single skeg, large or small, because insufficient course 

keeping ability, but were fully satisfied with the final version fitted with two skegs and rudder fin. 

The model was handled easily, all manoeuvres including slowing down and stopping in the narrow 

fairway, negotiating narrow passages and tight bends, entering locks and harbour basin, mooring 

and unmooring could be performed successfully in calm weather and under influence of wind and 

in the current. This was in spite of the fact, that no thruster was fitted in the model. The usual 

practice is to install bow thrusters in such ships, which considerably improves handling capability in 

confined areas.  
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1.2.4. Stopping ability  

Stopping ability is an important element of manoeuvring characteristics of the ship and stopping 

distance according to IMO criterion should be not more than 15 ship lengths when crash stop test is 

performed. 

With pod driven ships there are several possible modes of stopping the ship: 

¶ Conventional stopping manoeuvre when engines are ordered full astern ï(CSM) 

¶ Slew 180
0
 stopping manoeuvre when ordering PODs turning 180

0
 outwards in opposite 

directions while maintaining constant shaft torque (SSM1) 

¶ Slew 180
0
 stopping manoeuvre when ordering to rotate PODs 180

0
 in opposite directions 

while simultaneously reducing 40% in delivered shaft torque (SSM2) 

¶ Indirect stopping manoeuvre where ordering PODs to rotate by 60
0
 outwards in opposite 

directions while simultaneously ordering full astern ï when the ship speed has reduced by 

80% ordering PODs back to 0
0
.(ISM). 

On top of these four modes that were studied by Woodword et al (2004) it is possible to stop 

effectively the POD driven ship by hard turn. There are several possibilities to perform hard turn 

without causing overloading the propeller and the struts. 

Comparison of simulation of the above four modes of stopping is shown in Table 2 (Woodword et 

al 2004). Simulated ship was OPTIPOD Ropax of the length 172.2m tested under European 

Commission RTD FP5 project. 

 

Table 2. Comparison of four stopping modes 

 

Manoeuvre 

performed 

Stopping 

distance 

(Ship/lengths) 

Stopping time 

(s) 

CSM 11.97 303 

SSN1 6.66 201 

SSM2 9.05 299 

ISM 5.81 182 

 

1.2.5. Other manoeuvring characteristics 

Other manoeuvring characteristics include  

Crabbing 

For crabbing manoeuvre with pod driven ship more flexibility is available in comparison with the 

twin screw conventional propulsion (Toxopeus&Loeff 2002). In general the angle of the pod that is 

close to the quay working ahead is varied, while the other pod running at the same RPM is working 

astern cancelling longitudinal speed. It was found that optimum results for  unberthing are when 

quay side pod is directed with trailing edge slightly aft of the perpendicular to the quay (between 

75
0
 to  90

0
) and the other pod directed with the trailing edge slightly forward (about 90

0
 to 120

0
) 

(Fig. 9 ). 
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Fig. 9.  Best solution for crabbing when unberthing 

 

Low speed Manoeuvring.  

The slow speed manoeuvring characteristics are important for vesselô operation in restricted water 

ares. There are several tests that characterise ship manoeuvring at slow speed conditions (Hwang et 

al 2003). The basic test manoeuvres are:  

¶ Minimum effective rudder angle (MER) 

¶ Crash stop from half ahead 

¶ Acceleration/decelaration combination 

¶ Backing/stopping combination 

¶ Accelerating and coasting turns 

¶ 20/20
0
 overshoot and coasting overshoot test 

¶ Back and fill  test. 

Slow speed manoeuvring characteristics of pod driven ships differ considerably from the 

characteristics of conventional vessels. Pod propulsion provides ample opportunities to perform 

slow speed manoeuvres in different way. Pods could be rotated 360
0
 and also direction of rotation 

of the propeller may be reversed. 

Low speed manoeuvres are performed usually in the ñsoftò manoeuvring mode when with twin 

pods arrangement the RPM and rudder angle of both pods are controlled independently.  

In general  the ship is sailing with the pods running at the same RPM and positioned at an angle of 

about 45
0
 with respect to the ship centreline as shown in fig. 10.. The speed of the ship is controlled 

by maintaining RPM constant but changing the angle of pods. The heading is controlled by 

increasing RPM of one pod while reducing RPM of the other. With this approach the heading of the 

ship remained constant when controlling the speed and vice versa (Toxopeus&Loeff 2002).  

90
0
-120

0 75
0
-90

0 
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Fig.10.  ñSoftò manoeuvring mode at slow speed 

 

1.3ô  ESCORTING OPERATIONS USING POD PROPELLED TUGS 

Escort operations performed over long distances and relatively high speeds require escort tugs. All 

escort tugs have azimuthing propulsion units, (Voith-Schneider, Schottel or AZIPOD type) The 

main advantage  of escort tugs is the possibility to quickly develop high steering and braking forces 

to a ship when needed.  

Steering forces can be developed at high speeds exceeding 10 knots. In this case tugs are working in 

the indirect mode (in case of failure or human error.). 

The distribution of forces acting in the indirect towing mode in escort operations is shown in 

Fig.11. (Kobylinski 2010). 

Fig. 12. shows schematic presentation of the three arrest (braking ) modes, direct and indirect with 

azipod driven tug. Figs. 9 and 10  show different phases of braking manoeuvre, first one, where 

rudder is blocked on SB and the ship is stopped by hard turn, the second with black-out occurred on 

board the ship and tug assists braking keeping straight course until ship stops. In both cases indirect 

mode is used at the initial phase of manoeuvre.   

 

45
0
 

45
0
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Fig. 11. Distribution of forces in the indirect towing mode 
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Fig 12. Schematic presentation of different arrest modes. 
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Fig. 13. Assisted braking using hard turn 

 

 

Fig. 14. Assisted braking keeping the ship on straight course 

 

 

  

FINAL PHASE: Speed reduced to 

2-3knots. Direct stopping mode 

until ship stops 

PHASE 2. Stopping. Tug 

assissts turn initially Starts 

indirect mode 

PHASE 1. Full ahead, Speer 

10-12 knots. Rudder blocked 

SB.  Engine stop 

PHASE 3.Speed reduced  to 5-

6 knots. Tug assists stopping by 

turning startin g combined 

mode 
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1.4  OPERATIONAL ASPECTS OF POD DRIVEN SHIPS 

 

1.4.1.Basic control modes with twin AZIPOD configuration 

Three basic control  modes for ships fitted with two azimuthing propulsors (PODs) are as 

follows (The Naval Architect 1996): 

1.  Cruise manoeuvring mode, using both PODs deflected to the same angle, in a 

similar way as it is usually done with two rudders in twin-screw ships fitted with 

conventional propellers 

2.  Soft manoeuvring mode, when one POD (left or right, depending on the direction 

of turn) is used to perform maneuvers 

3.  Strong manoeuvring mode, where both PODs are used to perform maneuvers 

All three control modes are illustrated below Fig.15 : 

  

 

 

 

 

 

 

 

Fig.15. Basic manoeuvring modes of pod-driven ships 

Strong interaction may be expected when one POD is working in the propeller slipstream of the 

other one and this is affecting considerably thrust and torque. 

When working in the mode 1 it may happen when PODs are deflected to angles between about  60 

to 120 degrees both sides (Fig.16). 

Similarly when PODs are working in mode 2 and 3 one may expect strong interactions during 

manoeuvres if one POD get into propeller slipstream of the other. This is the case with PODs fitted 

with pulling propellers as well as fitted with pushing propellers.  The interaction effect may be 

different if at the stern of the ship one long skeg or fin is fitted that may distort propeller slipstream. 

 

 

 

 

 

1 

2 

3 
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Fig 16. Wash-out of one pod is affecting the other 

Strong interaction between pods is expected also in the position when the starboard POD is turned 

to 90
0
 whether the port one is at rest (T position) (fig.17). In this position the propeller race of the 

starboard POD  is against the port POD creating the force reducing the starboard thrust. 

 

 

 

Fig.17. 

Rees (2010) shows modes of operation of pod driven ships as follows (see Table 3) 

Ankudinov (2010a) provided three diagrams showing effectiveness of azipod propulsors illustrating 

pod efficiency for lateral movement with different T-positions of pods. Those diagrams are 

reproduced in figs. 18, 19 and 20 

~ 60
0
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Figs 18, 19 and 20.  Effectiveness of azipod  propulsors in lateral motion  according to Ankudinov (2010a) 
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Table 3. Modes of operation as shown by Rees (2010) 

 

 

1.4.2. Operation in restricted areas 

Ships driven by azimuthing propellers are operated in restricted areas similarly as ships with 

conventional propulsion units. With different manoeuvring characteristics of pod driven ships it is 

important that prospective ship masters and pilots are aware of peculiarities in handling those ships 

when operated in: 

¶ Shallow water areas 

¶ In shallow water with muddy bottom 

¶ Deep and shallow water areas of restricted dimensions, such as harbor basins and similar 

areas 

¶ Surface an submerged channels of differently inclined banks (feeling canal effect) 

¶ In proximity of banks (feeling bank or wall effect) 

¶ In proximity of other ships, either moving or at rest 

¶ In areas where of current either uniform or not uniform is present 

¶ Berthing and unberthing alongside piers and jetties of different construction (on piles or 

solid wall) in deep and shallow water 

The operation modes and the above effects are discussed thoroughly in the report on Task 2.3 

(Kobylinski 2010) and the reference to this report is made here. 

The azipod training courses on simulators should include those effects in respective programmes. 

 

 

 

 

 












































































































































































































































































