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Sammandrag  

Syftet med detta diplomarbete är att konstruera en simulator för Azipod® 
roderpropellern. Azipod® är ett varumärke av en roderpropeller med en elmotor som 
driver propellern. Hela roderenheten är belägen utanför fartygets skrov och det är möjligt 
att rotera roderpropellern obegränsat runt sin axel. Unikt för roderpropellrar är att 
drivkraften kan göras fullständigt elektriskt samt att roderpropellern är en dragande 
propeller till skillnad från tryckande konventionella propellrar.  Dessa egenskaper ökar 
på ett fartygs energieffektivitet.  

 
Målet med arbetet är att bygga en (Azipod®) roderpropellersimulator och en 

tillhörande styrenhet som liknar fartygs styrenheter. Fokus för arbetet ligger på 
propulsionsstyrenheten. Simulatorn skall fungera liknande som den kommersiella 
produkten, men med mindre hårdvara. Fartygs styrkonsolpaneler samt alla nödvändiga 
mätinstrument virtualiseras. Ett extra program skapas för att möjliggöra stimulans för 
systemet för de virtualiserade mätinstrumenten. Detta program körs från en godtycklig 
dator som är uppkopplad till simulator nätverket. 

 
Simulering av Azipod® roderpropellern utförs av två sammankopplade motorer. Den 

ena motorn representerar en Azipod® rodermotor och den andra motorn belastar 
propulsionsmotorn. Rodermotorns belastning är ickelinjär och väderförhållanden och 
sjögång inverkar starkt på motorns belastning. Rodermotorns belastning måste styras och 
kontrolleras för skapandet av varierande förhållanden. Från den skapade styrkonsolen 
med en kontrollspak styrs simulatorn. 

 
För att lyckas med detta måste de nuvarande styregenskaperna och -funktionerna 

granskas. I detta arbete genomgås allmänna fysikaliska faktorer som inverkar på 
drivkraften, samt redogörs för faktorerna för att kunna återskapa sunda förhållanden för 
simulatorn och rodermotorn. 
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Abstract 

The purpose of this thesis is to construct an Azipod® azimuth thruster simulator from 
control point of view. Azipod® is a brand of an azimuth thruster with an electric motor 
that drives the propeller. The whole propulsion unit is located outside of the hull and the 
azimuth thruster has unlimited steering possibility. Unique to azimuth thrusters are that 
the propulsion can be achieved completely electrically and that the Azipod® is a pulling 
propeller unlike conventional propellers, which are pushing. These characteristics 
increase the energy efficiency of a ship. 

 
The objective of this thesis is to construct an Azipod® control simulator and a control 

console. The focus of work is on the propulsion part. The control of the simulator must 
function as the real product, but with less hardware. Ship control console panels and all 
necessary measuring devices are virtualized. An additional program is created to enable 
the input to the controller for the virtualized instruments and the program can be run 
from any computer. 

 
The simulator consists of two coupled motors. One motor is representing an Azipod® 

propulsion motor and the other motor is acting as the load for the propulsion motor. The 
load characteristics of the propulsion motor are nonlinear and environmental factors have 
a strong influence on the load of the propulsion motor. The load motor is controlled for 
creation of varying propulsion conditions. The propulsion simulator is operated from the 
created control console with a thrust lever and touch screen panels. To accomplish the 
construction of the simulator the current control characteristics and functions must be 
studied. In this thesis are the general physical factors studied that are effecting on the 
propulsion to recreate sound conditions for the simulator. 
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Symbols 

 

𝐴  Amplitude for the sine wave in the oscillation function  

𝐷 [m] Propeller diameter 

𝐺  Gain for random function in the noise function 

𝐽  Propeller advance ratio 

𝐾𝑄  Torque coefficient 

𝐿 [kW] Power reserved for other than propulsion 

𝑂 [%] Operator limitation value 

𝑃𝑎𝑣𝑙  [kW] Available power for propulsion for the specified azipod 

𝑃𝐷𝑚𝑎𝑥
  [kw] Maximum propulsion power 

𝑄   [Nm] Propeller torque  

𝑄𝑛   Noise function to disturb the propulsion motor  

𝑄𝑙𝑜𝑎𝑑𝑟𝑒𝑓
 [Nm] Final load torque reference for the load motor 

𝑄𝑁  [Nm] Nominal torque of propulsion motor 

𝑄𝑤  Function for oscillating the load reference torque 

𝑇 [°C] Temperature 

𝑈 [V] Voltage 

𝑉 [m/s] Ship water speed 

𝑉𝑎 [m/s] Induced velocity water speed in the propeller wake  

𝑉𝑚𝑎𝑥 [m/s] Maximum ship speed 

𝑑  Number of propulsion drives connected to the grid  

𝑓 [Hz] Frequency 

𝑛 [rps] Propeller shaft speed  

𝑛𝑚𝑎𝑥 [rps] Maximum propeller speed 

𝑡 [s] Time  

𝑤  Wake fraction coefficient 

𝛽  Torque reduction coefficient 

𝜌 [kg/m3 ] Water density 
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Abbreviations 

AIU  Azipod interface unit 

LabVIEW® (Laboratory Virtual Instrument Engineering Workbench) A system-

design platform and development environment for a visual 

programming language from National Instruments 

MATLAB®  (MATrix LABoratory) A high-level language and interactive 

program from The MathWorks for numeric computation and 

visualization 

PROFIBUS  (Process Field Bus) Standard for fieldbus communication in 

automation technology 

Azipod®   ABB’s registered brand for a podded propulsor named after 

azimuthing electric podded drive 

ZMU Azipod measurement unit 

DG Diesel generator 

DDCS  Distributed drive communication system 

DDCS  Drive distribution communication system 

ECR Engine control room 

FC  Frequency converter 

IAMCS Integrated Alarm Monitoring and Control System 

VI LabVIEW’s virtual instrument 

LBU  Local backup 

LL  Low level 

MMS  Manufacturing Message Specification, a networking standard 

following standard ISO 9506 

OLE Object Linking and Embedding 

OPC OLE for Process Control is a set of standard interfaces developed 

to ensure interoperability among control devices from different 

manufacturers for the transfer of real-time plant data. 

PS Port side 

PMS Power management system 

PLC Programmable logic controller 

PCU  Propulsion control unit 

RCS  Remote control system 

STBD Starboard 

ST  Structured text in IEC 61131-3 standard, PLC programming 

language 

SCADA Supervisory control and data acquisition, remote monitoring and 

control of processes 
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URL Uniform Resource Locator 

 

access variable Communication variable between controllers and controller to 

operator panel 

ack. Abbreviation of acknowledge 

alarm  Abnormal system state or component failure. Does not prevent 

system operation 

alarm list  A list for system events: alarms faults and events 

aux. Abbreviation auxiliaries, referring to Azipod® auxiliaries 

azimuth angle Azipod steering angle 

bow  Front of a boat 

bridge Raised platform from which the navigation or docking of a vessel 

is supervised 

bus tie Breaker separating port side and starboard side power grid 

control network Ethernet network for the propulsion control system 

event  Indication of system events 

fault  Failure or malfunction which is preventing running of system 

interlock Safety feature which prevents incorrect operation 

Modbus Serial communication protocol 

ModuleBus Input output connection interface to AC 800M controllers 

operator A person that interacts with a system 

operator panels Touch screen panels with SCADA 

ship  Vessel moving by own propulsion 

trip Opening of a circuit breaker 

watchdog  A function to detect if a program hangs in an unintended loop or 

deadlock (can also be used for verifying active communication) 
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1 Introduction 

 

1.1 Background 

Electrical propulsion has become popular in different marine applications. There are 

several commercial solutions for electrical propulsion in the megawatt scale, such as 

Azipod by ABB, eSiPOD by Siemens, Inovelis by General Electric and Mermaid by 

Rolls-Royce. This thesis focuses on propulsion simulator for Azipod. There exist big, 

full-sized ship simulators, but not small Azipod propulsion simulators. The full-sized ship 

simulators are more complex and they have changeable environmental parameters. 

Therefore a smaller Azipod propulsion training platform needs to be built. 

  

1.2 Problem statement  

The objective for this thesis is to study the control aspects of an Azipod, and to build an 

Azipod propulsion simulator platform for training and teaching purposes. The focus is on 

the propulsion aspect; how the control system is built, what types of faults are affecting 

the prolusion and in which circumstances the captain or operator is allowed to start the 

propulsion. By studying how the propulsion works in a controlled environment, it is 

possible to minimize the power consumption and therefore save money and reduce the 

impact on the environment. 

 

1.3  Research objectives 

In order to be able to build such propulsion simulator, the electrical propulsion and 

Azipod propulsion control system are studied. Also the propeller environment, dynamics 

and the propulsion motor load characteristics are studied. The built simulator is requested 

to be a hardware-in-the-loop (HIL) simulator by ABB Marine with a physical propulsion 

motor and simulated process instrument values. The propulsion motor will be controlled 

as a real Azipod propulsion motor and it will have another motor as a load acting as a 

generator. The load motor has to be controlled and a new control function for the load 

motor has to be implemented. Therefore the propeller dynamics and load theory has to be 

studied to create sound load characteristics.  

 

A minimalistic setup is desired for demonstrating the propulsion system functionality. 

The objective is to have the existing propulsion system untouched while transferring it to 

a simulated setup, preserving identical functionality. A single programmable logic 

controller will handle all propulsion related functionalities. For simulating the propulsion, 

it is necessary is to enable the manipulation of the controller input and internal values 

without access to the source code or the programming software. A small-scale propulsion 

console desk will be created for controlling the propulsion and ship propulsion console 
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panel buttons are to be virtualized. All process instruments are simulated and process 

values are generated on an external PC and sent over OPC to the controller.  

 

It is possible to validate the control scheme with a HIL simulator, since a real motor is 

being controlled. Having a motor increases the complexity of the simulator, which is then 

slightly closer to a real world application since actual actuator is being controlled. With 

the simulator a trainee is able to train basic handling of the propulsion control system; 

and it is possible to test how the control system reacts to specified inputs and the impact 

on propulsion. Also it is possible to generate different malfunction scenarios and study 

how the propulsion reacts to the input.  

 

The simulator can also be used for further research and development, testing, 

commissioning and for both internal and external training. This training platform enables 

the verification of the existing propulsion controller code. A simulator is beneficial for 

customers or captains who want to learn how Azipod propulsion is built and how it 

functions.  

 

1.4 Scope of the thesis 

The constructed simulator will not be a whole ship simulator. The objective is to have a 

simulator that resembles a real ship propulsion control system realization. The focus of 

the thesis is on the propulsion and propulsion control. The steering of the simulator is 

neglected as the propulsion simulator only travels in one dimension. As environmental 

factors are one dimensional waves and noise generation implemented to be able to 

fluctuate and disturb the load of the propulsion motor.  

 

1.5 Structure of the thesis 

The thesis is structured as follows. The Chapter 2 is the background with general study 

of the Azipod propulsion control system, the load dynamics are studied and the more 

detailed specifications of the simulator are discussed in Chapter 2. In Chapter 3, the 

existing Azipod control system is studied in detail. Also the remote control system with 

different control panels and the control levers are presented. In Chapter 4, the workflow 

to build this type of simulator is introduced and the components are selected. The virtual 

console panels are created. The implementation of the load motor and the construction of 

the LabVIEW program are also covered in this chapter. The completed LabVIEW 

program with the completed simulator is presented in Chapter 5. In Chapter 6 is 

discussion with possible future developments and the summary is in Chapter 7. 
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2 Background  

A brief introduction to different ship types and podded propulsion is given in Section 2.1. 

In Section 2.2 the Azipod propulsion system is studied in general detail. The propeller 

dynamics and load theory are studied in Section 2.3. In Section 2.4 is hardware-in-the-

loop simulation presented and the specifications of the simulator is laid out in Section 

2.5. 

 

2.1 Introduction to marine propulsion 

Seafaring is one of the oldest means of transportation. Transportation of goods by sea is 

very convenient. A ship by definition is a large vessel that has its own power production, 

steering and operates in water. Ships have throughout the history had many different 

missions. They transport vast amount of different cargo, which has led to many different 

specialized ship types. Ships can be categorized by type of mission or by type of transport. 

Transport ships can be categorized by whether the cargo is passenger, unit or bulk cargo. 

A list of different ship type is given below to give an idea of the vast range of different 

ships. One ship can fall into one or several categories. [1, pp. 46-67] 

 

 Bulk carriers 

 Car and passenger ferries 

 Cattle ships 

 Chemical tankers 

 Construction and infrastructure 

ships  

 Container ships  

 Cruise ships  

 Drilling ships 

 Fishing ships 

 Icebreakers 

 Naval ships 

 Research ships 

 Supply ships 

 Trawlers 

 Tugs 

 Yachts

Bulk carrier ships transport cargo in bulk quantities and the cargo is a loose cargo without 

any containers or packaging, for instance coal. A container ship is shown in Figure 1a. 

Drilling ships are special ships designated for drilling the seabed. Car and passenger 

ferries, also called ROPAX (roll-on/roll-off passenger), are ships that are designated to 

transport passengers and wheeled cargo, such as cars or trains. A ROPAX ferry is shown 

in Figure 1b. Cattle ships transport livestock, such as cows and sheep. Chemical tankers 

transport bulk chemicals, such as oil. Construction and supply ships are offshore ships 

that are used by the offshore industry to oil. A cruise ship, shown in Figure 1c, is a luxury 

passenger ship with several thousands of passengers. Naval ships are military ships used 

by the navy and there are a large number of different naval ships. Trawler is a fishing ship 

which can drag fishing nets behind the boat. A Tug is shown in Figure 1d, they are small 

boats with high power to weight ratio and are used to push or drag other boats. Yachts are 

luxurious ships used for recreation.  
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Figure 1. Four different ship types. Figure 1a is world’s largest container ship as of 2015 MCS 

Oscar [2]. Figure 1b is ROPAX ferry Finnlines Transeuropa [3]. Figure 1c is cruise ship 

Celebrity Reflection [4]. Figure 1d is a tug called Danimarca [5]. 

  

All these different ship types have one thing in common, they are maneuvered by some 

propulsion system. There are different propulsion solutions to achieve propulsion where 

propellers is the most common one. Energy is needed to create prolusion which has to be 

either created on-board or stored in batteries. The most common way of producing on-

board power is by diesel engines but also LNG engine, gas turbine, steam, methanol, 

nuclear and battery solutions exist. The mechanical energy from the on-board engines can 

be directly transferred via shafts to the propeller or it can be converted to electrical energy 

and back to mechanical rotation. The power generation methods are out of the scope of 

this thesis.  

 

A ship can have multiple control places with the same or similar control possibilities. The 

various control places have different control focus. By having several control places the 

entirety redundancy is increased and the ship stays controllable in case of an emergency 

or malfunction. A control place called the bridge is usually located in the bow top end on 

a ship. The bridge is the main control point of the ship, where the navigation equipment 

and different ship control systems such as propulsion, bow thrusters, anchor, winches, 

lightning, video surveillance and overall security are located on. Another control place is 

the engine control room, ECR. The ECR is usually located in the aft, with focus on ship 

power management and propulsion.  

 

a b 

d c 
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 “A podded propulsor is defined as a propulsion or maneuvering device that is external 

to the ship’s hull and houses a propeller powering capability” [6, p. 345]. The Azipod® 

a podded propulsor named after azimuthing electric podded drive [7] . The Azipod is a 

pulling propulsor with a propeller in front, housing an electric motor in the pod and is 

presented in Figure 2. An electric motor can be continuously adjusted for desired ship 

speed. A pod has unlimited steering, it can be turned around endlessly thus giving a ship 

good maneuverability. Cruise and liner ships have very limited time in harbor; therefore 

high maneuverability is advantageous. Having the pod fitted outside of the water 

turbulence created by the ship (wake field) increases the overall efficiency since the water 

flow around the propeller is more stable. 

 

 
Figure 2. Drawing of an Azipod® XO and related modules. [8] 
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Typically a ship is fitted with several Azipods. Ships equipped with Azipods have a 

smaller turning radius and perform better during crash stops than conventional propulsion 

ships. A crash stop is a maneuver performed from full speed, where the objective is to 

stop the ship completely. Since the Azipod is powered by own electric motor, the required 

propulsion power can be produced on-board using several methods or stored in batteries.  

 

Azipods have been fitted on many ship types usually in cruise ships, ice breakers, tugs, 

yachts, offshore vessels and other ship types as well. Due to the different ship missions 

there are different Azipod products with different power ranges, for optimized 

performance.  

 

Benefits to have an Azipod compared to traditional diesel propelled ship with direct shaft 

line propulsion are [9, p. 235]  

 

1. Elimination of shaft line, steering gear, rudder and stern thrusters 

2. Added cargo space due to rearrangement of machinery spaces 

3. Better maneuverability  

4. Lower noise level and less vibration  

5. Lower power consumption in twin Azipod ships. 

The drawbacks are 

1. Higher investment cost 

2. Generally slightly lower propulsion efficiency due to conversion of mechanical 

energy to electrical energy 

3. Stern part of the ship must be redesigned to fit Azipod 

4. Limited propulsion power. 

 

2.2 Azipod propulsion control system  

The Azipod propulsion control system (PCS) can be divided into four subsystems with 

propulsion control unit (PCU) as the central point, as shown in Figure 3. Other subsystems 

in the PCS are the Azipod interface unit (AIU), the remote control unit (RCU) and the 

steering unit. The AIU handles communication to the Azipod. There are several 

temperature transmitters, pumps, valves and lubrication systems inside the Azipod that 

have to be controlled and measured.  

 

The steering unit controls the azimuthing angle of the Azipod based on a reference. The 

steering can be produced with electrical motors or hydraulically, both having their 

advantages and disadvantages. The operators or captains interact with the propulsion 

control system through the RCU. The remote control system (RCS) forwards commands 

between the propulsion unit to their designated control places and panels. The PCS 

implementation is studied in detail in Chapter 3. 
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Propulsion control system

Propulsion 
control unit

Azipod interface 
unit

Steeering
unit

Remote control 
unit

BridgeECRLocal panel Steering modules
Control & 

measurements 

 
Figure 3. System layout of the propulsion control. 

 

In order to understand and create sensible load for the propulsion motor, propeller 

dynamics and ship environment have to be studied in more detail. There are two different 

types of propellers; fixed pitch propellers and controllable pitch propellers. Azipods have 

fixed pitch propellers and this type is used in the simulator.  

 

The propeller torque is affected by the following phenomena and operation conditions 

[10, pp. 11-50] [11, pp. 5-26] [12] 

 propeller properties 

o physical properties and dynamics (size, blade pitch, number of blades, 

ducted, non-ducted)  

o rotation speed 

o cavitation 

o air suction (ventilation) 

o inflow water direction  

o windmilling 

o torque loss 

o slip 

 operational conditions  

o water properties: density (temperature and salinity) 

o waves 

o sea currents   

o wind  

o biofouling 

 ship properties 

o hull form and wake field 

o number of propellers 

o ship resistance 

 steering angle 
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Windmilling is when a motor or propeller is producing energy instead of using energy. 

Cavitation is the formation of vapor bubbles in a liquid due to a pressure decrease. 

Cavitation causes vibrations and damages the propeller blades. A ducted propeller is a 

propeller with a nozzle mounted around the blades. The duct increases efficiency at lower 

speeds but is disadvantageous at higher speeds. A skewed propeller is a propeller with 

higher blade angle. A more skewed propeller is more sensitive and absorbs more torque 

in heavy conditions, while a ducted propeller does not absorb as much [11, p. 23]. In 

heavy conditions the propeller can get ventilated. Ventilation is causing oscillating torque 

and vibrations to the pod and ship [10, p. 48]. 

 

Some of the properties are static, such as propeller dimensions and pitch, while some are 

time varying, for instance environment and vegetation. The main forces having an impact 

on the ship propulsion are along the ahead direction (surge). The degrees of freedom of a 

ship are presented in Figure 4. From the efficiency perspective the propeller blades should 

be big and few, but bigger propellers require more space and greater hull submergence. 

Bigger submergence leads to greater hull resistance.  

 

 

surge

sway

heave

z

x

y

roll

pitch

yaw

o

 
 

Figure 4. Ship degrees of freedom. 

 

 

 

2.3 Propeller load theory  

Several studies have been conducted about propeller dynamics and design, electric marine 

propulsion systems and control of marine propellers [6, 10, 12, 13]. These will be taken 

into consideration when building the simulator in order to get the simulator to resemble 

real life scenarios. The propeller dynamics have to be understood in order to create a load 

with physical properties for the propeller. 
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 Propeller power consumption is denoted as [10, p. 12]  [11, p. 18] [12] 

 

 𝑃 =  2π𝑛𝑄𝑝 (1) 

 

where 𝑄𝑝 is propeller torque and 𝑛 is propeller speed in revolutions per second. 

 

 

The propeller torque is expressed as [10, p. 49] 

 

 𝑄𝑝 =  𝜌𝑛2𝐷5KQ(𝑉𝑎, 𝑛)β(ℎ, 𝑛) (2) 

 

where 𝜌 is the density of water, 𝐷 is the propeller diameter, 𝐾𝑄 is torque coefficient and 

𝛽 represents torque losses. The torque coefficient is a function of propeller inflow water 

speed 𝑉𝑎 and propeller speed. The torque loss factor 𝛽 is a function of propeller shaft 

submergence and on propeller speed. The torque loss factor can be larger or smaller than 

unity, depending on the propeller loading conditions, such as inflow water speed and 

direction [10, p. 31]. The torque constant 𝐾𝑄 depends on propeller speed and rotation 

direction, water inflow speed and direction, propeller dimensions and blade pitch, pod 

angle and whether the propeller is ducted or not. [6, 10]  

 

Propeller advance number is denoted as [11, p. 19]  

 

 
𝐽 =

𝑉𝑎

𝑛𝐷
 

(3) 

 

A hull close to a propeller affects the propeller efficiency due to decreased water inflow 

at propeller due to a wake field. This is affecting the propeller efficacy. The wake fraction 

number is given as [10, p. 20] [11, p. 15] 

 

 
𝑤 =

𝑉 − 𝑉𝑎

𝑉
 

(4) 

 

where 𝑉 is the ship water speed.  

By combining equations (3) and (4) an estimate of the ship speed for the simulator is 

given as 

 
𝑉 =

𝑛𝐷𝐽

1 − 𝑤
 

(5) 

 

2.4 Hardware-in-the-loop simulation 

Hardware-in-the-loop is widely used to in the industry for development and testing of 

control systems controlling complex machines and systems. With HIL simulation part of 
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the process is replaced with software i.e. simulated. HIL modeling and simulation vary 

depending on the scope and target of the simulation. [14] [15] 

 

With a HIL simulation it is possible observe how the control system is reacts in a 

controlled environment. It is also possible to do tests that would normally destroy or 

damage machinery and jeopardize human safety. As well to test abnormal process 

scenarios and to verify that the control is working as required in extreme and not so often 

occurring scenarios. In general with an HIL simulator it is possible to verify and develop 

the software more rapidly and start software testing before the actual system is 

constructed. This will decrease the development costs, reduce errors in the final product 

and increase the final product quality. Extensive tests during development leads to 

reduced commissioning time and fewer bugs in the final product, which otherwise would 

have been fixed at the customer or at the site. [14] [16] 

 

HIL simulation can be also used to test the human interaction with machines or the control 

system. This can be achieved by adding operation screens to the simulation, which 

becomes a training simulator. With a training simulator it is possible to train operators 

with the benefit that the system does not break if the trainee makes mistakes and the 

trainee can be taught to solve common problems. There are a vast range of different 

marine simulator training for operators and personnel, which are commercially available. 

These training simulators can be also considered as HIL simulators with physical 

joysticks and panels. [14] [16] 

 

In [15] is a HIL simulator built to verify the control system of a launch and recovery 

system (LARS). The launch and recovery system is used for active heave compensation 

for an arm lifting a remotely operated underwater vehicle. In [15] is a mathematical model 

created to represent the lifting arm and the arm is simulated by a Bachmann M1 controller. 

The arm is controlled via a joystick and for visualization is a 3D lifter arm created. This 

simulator was developed for development and testing of the control system without the 

real hardware. This simulator resembles and have similar features that are desired in this 

Azipod simulator.  

 

In [17] is an electrical vehicle HIL platform built from off-the-shelf components for 

educational and research purposes. The hardware part consists of an AC motor which is 

coupled to an AC generator (motor) and between them is a torque sensor. The motor is 

torque controlled and the generator is speed controlled for stabilization of the whole setup. 

 

Other created software based marine and propulsion simulators are [18] [19] [13]. The 

Marine Systems Simulator (MSS) [18] is a MATLAB Simulink-based library and 

simulator for implementation of mathematical models with focus on the control system.  

The MSS includes libraries for guidance, navigation and control. The MSS includes 

models for ships, underwater vehicles, and floating structures. The MSS was developed 
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for educational purposes and later on developed for research. The MSS is constructed of 

modular modules and it is possible to add visualization to the simulation. The MSS is 

extensive in-depth mathematical tool for whole ship simulation.  

 

In [19] is a simulator created purely in MATLAB to present the DTC control of an electric 

propulsor with a permanent magnet synchronous motor. In [13] is a HIL simulator created 

to demonstrate the propeller load characteristics for electrical propulsion. In source [13] 

they utilized MATLAB for real-time hardware simulation. These both demonstrations 

[13] [19] are lacking a proper user interface and an affiliation to a real ship control system. 

 

2.5 Specifications of the simulator 

A hardware-in-the-loop simulator can be either used from development point of view to 

test the control system with real hardware or used for training and test how the control 

system works. For this simulator is a hardware-in-the-loop (HIL) simulator required by 

ABB. A HIL simulator reduces the total work load, compared to if the simulator would 

be purely software.  

 

For this simulator a minimal hardware setup is to be chosen for cost and spacious reasons. 

The Azipod motor is replaced with a small motor and the load of the Azipod motor is 

controlled with another motor. This can be achieved by two direct coupled motors, one 

acting as propulsion motor and the other one as load motor. The Azipod propulsion 

controller is a vital part of the control system, now controlling both the propulsion motor 

and the load motor. The key principle of simulator is to control the propulsion motor 

identically as a real propulsion motor would be, but the motor values are scaled to 

resemble a full-sized motor. The propulsion motor should have load characteristics 

approximating a real Azipod.  

 

The existing propulsion control system software is built in ABB’s PLC environment, 

System 800xA. Since the existing control is built in 800xA environment, this limits the 

type of physical hardware and software which can be used for the simulator. The 

simulator is constructed of one controller, two touch screen panels, panel buttons, lever 

and two motors and casing. This is sufficient setup to build an Azipod HIL propulsion 

simulator. 

 

For the simulator is a push button panel is required for operator interaction. A SCADA 

display is also needed for interaction and visualization of the propulsion system. The 

controller with related equipment, and the panels must be enclosed, which is meant to be 

placed on the table. For the motors and its equipment a new stand is created.  

 

The single controller will have propulsion controller unit application and Azipod 

controller unit application. A remote control system is implemented directly to the PCU 
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application. The key focus of the simulator lies on the propulsion part. Power plant and 

power generation are simplified, excluding transients and only checking how much power 

is available power for propulsion. This limitation does not change the control aspect of 

the propulsion simulator.  

 

The PLC program consists of control modules and a new control module, simulator, has 

to be implemented in the control system controlling the load motor. The propeller 

properties, and consequently the motor load, will be set from a separate software 

(LabVIEW), which communicates over an OPC-server. The propeller is an open water 

model with user changeable scalar propeller parameters 𝐾𝑄 , 𝐷, 𝜌, 𝑤 and  𝛽. The simulator 

concept is illustrated in Figure 5. 

 

Essential propulsion process instruments and actuators has to be virtualized. The 

objective is to enable the manipulation of the controller inputs or internal values without 

access to the source code or the programming software. Therefore additional software 

must be developed. The software is going to be installed on a regular external laptop, 

which is connected to the simulation network, hereinafter called the Instructor PC. Also, 

with a separate software it is easy to select only the signals which are essential and in 

significance to be manipulated. This type of software could also be used for onsite 

commissioning by commissioning engineers, who may not have full knowledge of the 

software architecture, or to perform various software acceptance tests, such as harbor 

acceptance test or for internal development and testing.  

 

The Azipod azimuth angle affects the thrust and the torque during turning maneuvers. 

The torque increases when the Azipod is deviating from ahead direction. Similar increase 

or decrease in torque can be achieved by changing the torque loss 𝛽 parameter, yielding 

a change in the torque. The direct coupled motors only rotate in one dimension, they 

cannot be steered. Thus the steering can be neglected in the simulator as steering would 

only be numbers on the operator screens. This reduces the simulation to one degree of 

freedom.  

 

With the help of the simulator a trainee can acquaint with the control system, learn how 

the control system works, what types of faults are affecting the prolusion and in which 

circumstances the captain or operator is allowed to start the propulsion. The trainee 

manipulates the process values from the Instructor PC and interacts with the propulsion 

system via the two displays. To the setup is added two virtual control places, ECR and 

local panel. Three virtual operation places is created: Azipod room, ECR thrust lever and 

ECR backup. The different control place priorities can be taught and how abnormal 

situations or failures affects the system. With the simulator it is possible to train in a 

controlled environment without destroying the real equipment. 
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In the simulator is the ship resistance described with the wake field number. Torque and 

thrust losses described with the torque loss coefficient  𝛽. The torque and thrust losses 

can be changed instantaneously to simulate air suction. Wave effects and fluctuations in 

water are simplified to one dimension. The wave fluctuations can be up to 1.8 times of 

free running conditions [6, p. 352] and the propeller can lose up to 70-80 % of thrust due 

to air suction [10, p. 33]. From previous propeller designs the following propeller 

parameters in Table 1 are collected and used in the simulator [20]  

 

PCUAIU SIMULATOR

Load motorPropeller motor

FC FC

OPC-server Labview

Thrust 
lever

 

Figure 5. Propulsion simulator concept with two coupled motors and thrust lever. 

 
Table 1. Propeller parameters [20]. 

Number of blades 4, non-ducted 

Diameter 𝐷 = 4.25 m 

Nominal torque of motor 𝑄𝑁 = 443 kNm 

The following values at full speed 

Ship speed 
𝑉𝑚𝑎𝑥 = 17 kn ≈ 31.5

km

h
≈ 8.75

m

s
   

Propeller speed 𝑛𝑚𝑎𝑥 = 210 rpm = 3.5 rps 

Propulsion power per Azipod 𝑃𝐷𝑚𝑎𝑥
= 6435 kW 

Torque coefficient   𝐾𝑄 = 0.01694 

Wake field number 𝑤 = 0.226 

Advance number 𝐽 = 0.4519 

 

The interactions hull to Azipod, Azipod to Azipod, propeller to Azipod body and shallow 

water interactions which effect on the propeller load are left out. Propeller slip, cavitation 

and torque fluctuations during one propeller revolution are neglected. These features are 
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insignificant for the simulator, they do not increase the value of the simulator that is used 

to test the control system. Using values presented in Table 1 the load torque follows the 

curve on the graph in Figure 6.  

 

 
Figure 6. Counter torque characteristics with following parameters  

𝐾𝑄 = 0.01694, 𝐷 = 4.25 𝑚, 𝜌 = 1000
𝑘𝑔

𝑚3
, 𝛽 = 1. 

 

The simulator is a coarse approximation of the real world. It captures some of 

characteristics and replicates physical phenomenon. This will not be a full ship simulator 

and not all real life scenarios can be achieved. 
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3 Presentation of the control system  

In order to build a training platform or simulator of the commercial Azipod propulsion 

control system, the system hardware, functionality and how the communication is built 

must be studied. Focus is on the propulsion related systems and not on the steering, and 

parts only related to propulsion are presented.  

 

3.1 Diesel-electric propulsion control system  

This Section is based on the functional description of propulsion control system software 

[21].Typically a ship has several diesel engines and generators generating power for 

onboard consumption. The main components for electric propulsion are the power plant, 

the propulsion system and the control system. The concept of the whole system is given 

Figure 7. 

 

The power plant consists of diesel engines, generators, breakers, switch boards, 

converters and a power management system (PMS). The PMS handles energy production 

and controls how many diesel engines are in operation based on energy consumption.  

 

The propulsion system uses electrical energy and consists of frequency converters 

supplying power to the electrical motor which converts energy into mechanical motion. 

These electrical motors rotate the propellers which move the ship.  

 

 
 

Figure 7. Illustrative figure of a typical ship power plant. [21] 
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The propulsion control system (PCS) consists of equipment that enable the steering of the 

ship. The PCS is built of propulsion control units (PCU), buttons, panels and indication 

lamps. These are located in different places around the ship. There is one control system 

for each Azipod and the systems of different Azipods communicate with each other.  

On concept level the electrical propulsion is as presented, but there are variations to the 

setup due to power rating and operation environment.   

 

The PCU handles mainly operations related to propulsion. In a nutshell the PCU monitors 

the propulsion request from the operator and checks whether rotating of the propeller is 

allowed and forwards the speed reference to the propulsion system. 

 

The hardware presented in Figure 8 can be found on a typical Azipod ship, the actual 

contents may vary depending on the scope of delivery. The hardware on the starboard and 

the port side are usually identical and separated only at the software level by 

parametrization. The panels, buttons and maneuvering devices are part of the remote 

control system (RCS). This is where the operator interacts with the propulsion system.   

 

The propulsion control system contains a propulsion control unit and an Azipod interface 

unit (AIU). The AIU handles the control and monitoring of the components located inside 

the Azipod, where there are several temperature and pressure transmitters, pumps and 

valves.  

 

The propulsion control system utilizes Ethernet TCP/IP control network for the main 

communication indicated in blue in Figure 8. The network is usually a fiber ring network 

for redundancy shown in red in Figure 8. The communication to AIU, touch panels, other 

PCU is over control network. The communication is based on variables called access 

variables. The access variables are sent over MMS, manufacturing message specification 

protocol on Ethernet TCP/IP. 

 

The following signals are hardwired to PCU I/O: local control panel in propulsion room, 

propulsion switchboard, propulsion auxiliary feedback, propulsion control monitoring 

including temperatures, Ethernet switch alarms etc. and signals to ship automation.  The 

communication to the remote control system is either on MMS or hardwired, depending 

on system design. Communication to the frequency converters (FC) are on DDCS optical 

link, in Figure 8 indicated in purple.  

 

The propulsion control system is built on AC800M controller hardware and S800 I/O 

modules for analog and digital input-outputs. The controllers can be configured for a 

redundant setup, with fast switchover to the other controller in case of malfunction. The 

propulsion operator panels are located in the ECR and on the bridge. There are specific 

operator panels for displaying steering and status of the Azipod.  
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Process I/O
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Modbus to IAMCS
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Optional Graphic Display
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Optional Azipod Graphic 

Display
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AIU

PCU

AIU

Modbus to IAMCS

DDCS to FC

Process I/O

 
Figure 8. Hardware architecture of the propulsion control system with controllers, panels and 

servers. Different colors indicate different communication protocols. [21] 

 

3.2 Propulsion control system functionalities 

The main functions for propulsion control system are  

 Basic system settings and selection functions  

 Starting and stopping the system 
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 Reference chain functions 

 Principal control functions 

 Start interlockings 

 Protective functions for torque limiting 

 Protective functions for tripping 

 Communication functions  

 Alarm and evet handling functions   

These functions are presented in the sequel. 

 

3.2.1 Basic system settings and selection functions 

The basic system settings are for instance project parameters and software system 

configurations, depending on what kind of hardware exists in the setup. There are a few 

basic selections that are needed to be made before the propulsion can be started.   

 

In most cases there are three different physical control locations and in total five different 

control places. These control places are listed in Table 2. The operator can control the 

thrust from all these control places but not necessarily the Azipod steering angle.  

 

These control places have different control priorities and the place with higher priority 

can take over the control from a place with lower priority. If the operator desires to 

transfer the control from a higher priority place to a lower one, the place with higher 

priority has to offer the control.  

 

When the thrust control is offered to a lower priority place, an indication light starts 

blinking and the lower priority place has to accept/acknowledge the control command. 

The thrust reference command starts immediately to follow the new reference after a 

change of the control place. If a lower control place does not acknowledge the transfer 

command, no transfer will happen and the PCU follows the reference from the higher 

priority. 

 

The active thrust command place is indicated with indication lights in all the control 

places. The operator can at any time start the drive and start the auxiliaries from all the 

control places, the priority chain is only applicable for the thrust command. 
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Table 2. Thrust control place priorities. 

Priority Location  Control place Control equipment 

1 Azipod room Local backup unit 

(LBU) 

Emergency control place. 

The operator gives the thrust 

command with increase and 

decrease commands. 

2 ECR Thrust backup Backup control panel. 

The operator gives the thrust 

command with increase and 

decrease commands. 

3 ECR Remote control 

unit 

Thrust lever in ECR. 

The operator gives the reference 

with the lever. 

4 Bridge Backup Wheelhouse backup control panel. 

The operator gives the thrust 

command with increase and 

decrease commands. 

5 Bridge Remote control 

unit 

The operator runs the propulsion 

system with a remote control unit 

from active control place. 

 

There are two different operation modes to run an Azipod, cruise and maneuvering mode. 

The mode is selected from these remote control system locations and maneuvering mode 

is used in harbors and the cruise mode is open sea mode. These modes determine the 

limits for the maximum speed, power and the steering angle.   

 

There are also two control modes, namely power and speed control modes. The selection 

is made from RCS. This selection will determine if the propulsion control type is propeller 

rotation speed or power consumption based on the reference.  

 

The operator can limit the maximum generator load, maximum torque limit and motor 

power limit from the panels. The allowed generator load limitation settings are between 

70 % and 100 % of the nominal power. This will limit the available power to the 

propulsion on average level; thus one diesel generator can produce the nominal power 

rating and another generator can produce less. The sum of generated energy will be 

accordingly to the limitation setting.  

 

The maximum torque limitation limits the maximum allowed torque, and the power 

limitation limits the maximum allowed power for the propulsion motor. These limitations 

can be useful if there are problems, for instance bearing problems or abnormal motor 

temperatures. The limitations can protect and prevent further damage to the system. 
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3.2.2 Starting and stopping the system 

To start the propulsion system the operator has to go through the following steps from the 

remote control system 

 Press ‘start aux’. This sends start command to the propulsion auxiliaries.  

 Press ‘start drive’. This will close the supply breaker and charge the drive. 

 After drive is ready the operator can give a reference to the propulsion system and 

the drive starts to modulate. 

The stopping of system is made in reverse order 

 Set the thrust reference to zero. 

 Now the operator can stop the drive by pressing ‘stop drive’. 

 Stop auxiliaries by pressing ‘stop aux’. 

When the auxiliaries are off and the ‘start aux’ button is pressed, the button starts to blink. 

This blinking indicates that a start auxiliaries sequence is ongoing. The lamp on the button 

becomes lit when all of the required auxiliaries have started. If one of the required 

auxiliaries stops working, the lamp will again start to blink, only if all required auxiliaries 

have started the lamp stays lit.   

 

To stop the auxiliaries the operator has to press ‘stop aux’ button. The lamp on the button 

starts to blink indicating that a shutdown sequence is ongoing. The shutdown is prohibited 

when the supply breakers are closed. Also it is not possible to stop the auxiliaries right 

after operating the propulsion motor due to forced cooling protection. When all devices 

have been shut down, the stop aux. button lamp is lit. The start lamp is unlit if the system 

is off and the stop lamp is unlit if the system is starting or has started. The start and stop 

sequences are presented in Figure 9. 

 

Aux stopped Aux starting

Aux start pressed 
or requested to run

Aux started

All auxiliaries 
not running

Aux stopping Aux stopped

Aux start 
lamp

Aux stop
 lamp

All auxiliaries running

OFF

Aux stop pressed and
allowed to stop auxiliaries 
or auto stop timer elapsed

All auxiliaries stopped

Some auxiliaries
running

ONBLINKING ON OFF

ON ONOFF OFF BLINKING

 

 

Figure 9. Block representation of auxiliaries start and stop sequence. 

 

The start and stop sequence with blinking lamp indications is presented in Figure 10. 

Starting of the drives is allowed after the auxiliaries have started, the blinking of the 

breaker lamp indicates that the start of the drive is allowed. If the start is not allowed there 
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are interlocks preventing the start, in this case it is advisable to check the interlock page 

on the operator screen. An interlock is a safety feature which prevents incorrect operation. 

 

When the start button is pressed the start sequence begins and the ‘start drive’ button 

starts to blink. The PCU then sends ‘ON’-command to the frequency converter. If there 

are any active run interlocks, the drive cannot start and the start drive lamp continues 

blinking. Once the start dive lamp stays lit it is possible to control the propulsion motor. 

To stop the drives, the operator should first set the thrust reference to zero. While the 

drive is running the stop drive lamp is unlit. When the operator presses ‘stop drive’ button 

the button starts to blink. This indicates that the stop sequence is active. The flashing 

continues until the drives supply breaker is connected.  

 

Start drive pressed

OFF

BLINKING

BLINKING

BLINKING

OFF

ON

ONOFF

OFF

Start drive 
lamp

Stop drive 
lamp

Start interlock

Lever turns

Breaker closes

BLINKING

OFF

ON

OFF

Breaker
lamp

ON

ON

Stop drive pressed

Lever to zero

Start interlock

Breaker opens

BLINKINGBLINKING

BLINKINGOFF

ONBLINKING

OFF

ON

OFF

OFF

ON

ON

System off

System off

Event

 

 

Figure 10. Block representation of drive start and stop sequence. 

 

From all the control places, regardless of active thrust control place, it is possible to start 

and stop both auxiliaries and drives. For safety reasons there are emergency stop buttons 

located in each control place which will in all cases open the propulsion supply breakers.  
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3.2.3 Reference chain function 

The speed reference chain to control the propeller starts from the speed reference of the 

active control place. The control purpose is to create a suitable torque reference in order 

to reach the target speed. The raw value from control place is processed before it is sent 

forward to the next controller. 

 

3.2.4 Principal control functions 

There are three different control methods: speed, power and speed and power. All of these 

may not be available in all projects. Only the speed controller is going to be used for this 

simulator.     

 

The reference chain functions give the target speed. This is sent to a limiter and to a ramp. 

Finally the output is created by a PI-controller before the torque reference is sent to the 

drive. The principal control scheme is illustrated in Figure 11. The power control is done 

similarly, but omitted for this simulator.   
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Figure 11. Speed control diagram. [21] 

 

3.2.5 Interlocking 

There are many interlocks that prevent the starting of the propulsion in order to guarantee 

human and machinery safety. There are both start interlocks for starting and run interlocks 

for running. The status of all interlocks are visible in the operator panel screen.  
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The PCU-software controls the interlocks with respect to the process state, run interlock, 

and closing of the supply breaker to the drive, start interlock. The drive in turn checks the 

internal state whether it is allowed to start the propulsion motor. These are two separate 

interlocking functions and both can independently prevent the start of the propulsion. The 

start sequence interlocks are illustrated in Figure 12. 

 

PCU FC SwitchboardCommand
Close breaker 

command

Interlockings from
process state, 

run and start interlocks

Interlockings from
converter status,

run and start interlocks

 
 

Figure 12. Both PCU and drive can prevent start or running with interlocks. 

 

3.2.6 Protective functions for torque limiting 

The allowed propulsion power has to be limited in certain situations for several safety 

reasons. The principle for power limitation is to limit the torque reference from the PCU. 

Lowering the motor torque will reduce the used power. When a limitation is active a 

power limitation lamp is lit in all control places. In normal cases the torque is limited to 

the nominal torque rating. The torque can also be limited to an operator defined limit.  

 

The main limitations are the generator, propulsion motor and torque limitations. The 

available power limitation checks how many generators are connected to the grid and how 

many other propulsion drives are connected. When other propulsion drives connect to the 

power network, the available power calculation divides the generator power between 

these drives.  

 

The available power calculation takes into account the ship service load. The service load 

or the hotel load is the power that is reserved for other than propulsion, not all power from 

the generators is meant to be used for propulsion. The operator can limit the overall 

generator limit. The PCS does not balance the load between generators, it only limits the 

maximum power consumption.  

 

The available power is calculated as  

 

 

 
𝑃𝑎𝑣𝑙 =

∑𝑃𝑛𝑜𝑚 ∗ 𝑂 − 𝐿

𝑑
 

(6) 

 

   

where 𝑃𝑎𝑣𝑙 is the available power for the Azipod, 𝑃𝑛𝑜𝑚 is connected generator nominal 

power rating, 𝑂 is operator limitation setting, 𝐿 is power reserved for other than 

propulsion and 𝑑 is number of propulsion drives connected to the network.  
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If one generator is about to exceed the nominal power rating, the PCS protects the power 

plant by reducing the propulsion power.  There are also power limitations from low and 

high network frequency, i.e. deviations from the designed 50 Hz frequency. When the 

network frequency drops below a specified value the power is limited in order for the 

power plant to recover from under frequency.  

 

If the network frequency drops too much the propulsion system is completely stopped.  

Similar protection exists for high frequency. When the under frequency situation is 

resolved the propulsion power will recover automatically. The power limitation does not 

fix the originating problem, it only prevents further damage and assist recovery to normal 

operation. 

 

If one the generators trips with a load during the operation, the PCS will reduce the 

propulsion power in order to decrease the remaining load to be transferred to the 

remaining generators. The trip and transfer of load is a big stepwise change to the power 

plant. However if the generator breaker is opened without a load the PCS does not reduce 

power.  

 

There are power limitations from Azipod steering angle to limit pod mechanical stress 

and limitations based on different operation modes. There are several transducers 

measuring motor temperatures in the Azipod. In case of high temperature, the motor is 

protected by reducing the propulsion power.  

 

3.2.7 Protective functions for tripping 

There exists three fault classes for the propulsion system. Class 1 fault will prevent 

running of propulsion motor. For example if the drive is running and the drive supply 

breaker is opened a class 1 fault is activated. Class 2 fault will stop the drive modulation; 

therefore stopping the propulsion motor. The drive will stay in standby mode for a fast 

start, after the cause of the fault has been fixed. The class 2 fault does not open the drive 

supply breaker. An example of class 2 fault is motor over speed.   

 

There is a special return thrust possibility to return to normal propulsion mode. If the fault 

disappears quickly, the thrust will automatically recover and start to modulate and follow 

the active reference. If the fault stays on for longer time, the thrust does not automatically 

start. In this case the operator has to press ‘return thrust’ button. When the return thrust 

functionality is available, the return ‘thrust button’ is blinking. After pressing the button 

the PCU will follow the active control place reference.  

 

Normally a fault prevents the operation, but class 3 fault lets the operator decide whether 

the fault should be overridden. Class 3 fault can be for instance high winding temperature 

in propulsion motor. This can be a faulty reading if one transmitter has significantly 



25 

 

 

 

higher temperature than the rest. This indicates malfunction of this measuring point and 

the fault should be overridden. When the fault is overridden no protective action is taken. 

If the operator ignores the fault, a class 1 or 2 fault will be activated depending of the 

source.  

 

There are a safeties override button in the consoles in order to override class 3 faults. 

With this button the operator can override both class 3 faults and bypass certain start 

interlocks. It is not normal to operate the system in safeties override mode, the limits and 

blockings are there to protect the safety of humans and the system. Figure 13 illustrates 

how the alarm and fault laps are blinking and when to activate safeties override feature in 

case of a class 3 fault. 
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OFF

Safeties override deactivated

 
 

Figure 13. Safeties override scenario for class 3 faults. [21] 

 

A list of alarms and their fault classes is given Appendix A [21]. 

 

3.2.8 Alarm and evet handling functions   

The propulsion system status can be viewed on the operator panels as shown in Figure 

14. There is an alarm list where three different events are displayed: system failures, 

alarms and events.  Failures are critical faults that prevents the operation. Alarms are non-

critical failures that indicate abnormal system behavior. Active alarms and faults are 

indicated in red text. Events are system events and are shown in black text.  
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From this alarm list page it is possible to acknowledge active alarms and failures. The 

operator can acknowledge alarms one by one or all at once. After the acknowledgement, 

the alarm text turns orange indicating that the fault is still active or black indicating that 

it is inactive. Alarms that come and go without acknowledgement are colored in cyan.  

 

The operator can also clear the alarm list from inactive events or acknowledged events, 

events in black text, by pressing the clear button on the screen. The events appear in the 

list in chronical order and the newest event is on the top. When an alarm or a fault appears 

the corresponding lamp in all consoles start to blink. When the alarm or a fault is 

acknowledged the blinking stops. If the alarm or the fault remains active the lamp stays 

lit otherwise it returns to normal unlit state. There is a reset button in the console. 

Depending on the specific alarm configuration, it is possible to acknowledge an alarm by 

pressing the reset button for a longer time when the button is lit, otherwise the lamp is 

off.  

 

 
 

Figure 14. Alarm list with alarms and events. Red text indicates an active alarm, orange 

indicates an acknowledged and active alarm and cyan text indicates alarm that has come and 

go without acknowledgement. Black text is either an alarm that has been acknowledged and no 

longer active or an event and they can be cleared from the list. 

 

3.3 Remote control system 

The remote control system is the interface to the propulsion system for the operators. The 

remote control system consists of graphical panels, pushbuttons, different types of levers 

and steering wheels in different control panels around the ship. The remote control system 
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can be divided into three different control parts: the main control, the backup control and 

the external control. The external control can be inputs from ship’s autopilot system. The 

operator can select and observe the control mode, the control place, the thrust reference, 

the system indications and the status, dimming and the alarm monitoring from the RCS. 

[22] 

3.3.1 Panels  

Propulsion system panels are needed to be able to control and observe the propulsion 

system. These panels display the process values and statuses, and they are located in the 

Azipod room, ECR and the bridge. The panels are either mounted on cabinet doors or 

located in the consoles. The panels are either conventional panels with mouse and 

keyboard or with a touch screen. There has been many different display layouts 

throughout the years.  

 

The touch screen panels are running embedded Windows CE and the panels with 

keyboard and mouse are Windows computers. Touch screen panels connect to the 

propulsion system over Ethernet MMS and the computers are connected to the control 

network over TCP/IP. The panels are a completely independent system from the rest of 

the PCS, they only display the process data. [23] 

 

A screenshot from a touch screen display is shown in Figure 15. These screens are Azipod 

specific, for each Azipod there are identical displays showing only data related to the 

specific Azipod. The screenshot is from a special project with both AIU and PCU displays 

combined to one display, normally they would be presented in separate screens.  

 

 
Figure 15. Power distribution page in the SCADA.   
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Highest up is the header, which is always visible when navigating through the currently 

visible tabs. The operator navigates by clicking on the tabs in the header. The screens 

show specific subsystems of the propulsion system. Different subsystem screens under 

PCU system are power plant, power distribution, interlock, system status, frequency 

converter and limitations. The leftmost button in the header is the main menu button and 

the rightmost icon is a button to the alarm list. [23]  

 

The current diesel generator values, breaker statuses and Azipod motor power 

consumption is shown in Figure 15 among other things. From the main menu the operator 

can navigate to AIU specific screens: unit, lubrication and shaft seal. In Figure 16 is 

lubrication screen shown as an example. 

 

 
 

Figure 16. Azipod lubrication page in the SCADA  

 

3.3.2 Thrust reference 

The operator can give the speed reference from the control places. In the Azipod room 

there are only buttons to increase or decrease speed reference. In the ECR and on the 

bridge there are levers as primary control but there are also increase/decrease buttons for 

backup. The levers in the ECR and on are bridge different, in the ECR the lever is only a 

thrust lever, there is no possibility to steer the ship since there is no lookout out from 

there. The lever on the bridge is similar to shown in Figure 17. The lever has two control 

axes. It can be turned 360° around for steering the azimuth angle and topmost is a slider 

for the speed reference. 
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Figure 17. Picture of azimuth lever on the bridge. [22] 

 

3.3.3 Button panels 

The button panels are located in the desk consoles. There are different kinds of button 

panels in these different control places to interact with the propulsion system. The same 

button panel can have different layouts depending on the control place and the system 

design. 

 

The following panels can be found on a ship: propulsion panel, thrust backup panel, 

common panel for controls related to both Azipods, steering and steering backup panel, 

emergency stop panel and thrust command transfer panel.  

 

There is a propulsion panel for propulsion, an example is shown in Figure 18. In the 

propulsion panel, the upper half section is for indications, alarms and faults and the 

bottom section is buttons for control. From this panel the operator can start and stop both 

auxiliaries and the propulsion drive. For the lever backup there is a thrust backup panel. 

There is a special thrust command transfer panel for transferring the command from ECR 

to the bridge, to a lower priority control place. 
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Figure 18. Propulsion control panel. Three first rows are indicators and the bottom three rows 

are buttons [22] 

 

For more detailed specification of the different button functionalities or indications refer 

to Appendix B [10]. 
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4 Building the propulsion simulator 

In Chapter 3 the hardware and operation environment for an Azipod propulsion control 

system was discussed. This chapter deals with the selection of hardware components and 

software development required to transform the system into a training platform.  

 

A minimal hardware setup is to be chosen for cost and spacious reasons. This significantly 

limits the type of hardware that can be utilized. A controller must be selected such that 

both PCU and AIU software can be downloaded into a single controller. Since this setup 

is only a simulator there is no need for a redundant controller setup. For cost efficiency 

reasons the control place buttons and indicators are virtualized. For future development 

the software pushbutton panels are much easier to edit and to modify. Such a virtual panel 

may also be useful for further internal development.  

 

Several control places are implemented in order to create a versatile propulsion simulation 

platform. A couple of different control places are enough to demonstrate the different 

control places and their hierarchy for the simulator trainee. On a ship, the main control 

place is on the bridge where all the navigational equipment are placed; however for this 

training platform simulation of the ECR control place is sufficient. In the ECR there is 

only a thrust lever and a backup panel for the lever in case of malfunction. For the second 

physical control place, the Azipod room with a local panel is sufficient. The operator can 

adjust the thrust reference from these both places.   

 

4.1 Selection of hardware components 

All hardware that is in a ship cannot be added to this propulsion simulator. Features that 

are left out of the scope are: power management system (PMS) and a dynamic power 

plant model. On hardware level only the crucial components are selected and as much as 

possible is going to be simulated. Due to simulation restrictions, the simulated hardware 

can only resemble real hardware to certain degree.  

 

The selected key components are 

 PLC controller 

 Communication and analog input cards to the controller 

 Thrust lever 

 Two touch screen panels 

 Two motors 

 Two frequency converters 

 Optical branching unit  

 Ethernet switch 

 Power supply 
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 Instructor PC 

 Casing for panels and components 

 Cart for motors and frequency converters 

 

At the core of the propulsion system is the propulsion controller. A powerful controller is 

needed to fit a larger software with both PCU and AIU in its entirety, hence AC800M 

PM864 is selected. The basic controller specifications can be found in Table 3. The 

controller module is mounted on a baseplate. There are two types of sockets for extension 

modules in the baseplate, refer to Figure 19. On the left side is a bus called the CEX-bus 

for connecting different types of communication cards such as PROFIBUS DP, 

FOUNDATION Fieldbus and serial RS-232. On the right side of the baseplate is a 

ModuleBus socket. S800 I/O analog and digital input and output cards are chained and 

connected to the ModuleBus socket. The system setup is visualized in Figure 19. It is 

possible to connect 12 S800 I/O modules to one controller. [24] 

 

All communication cards and S800 units are mounted on a DIN rail. Power is supplied to 

all the modules via the baseplate, where two Ethernet and serial ports are located as shown 

in Figure 19. One S800 I/O AO810 analog input module is required in order to get the 

thrust reference from the ECR thrust lever to the controller. The module has 8 input 

channels which can independently measure current or voltage signals with a 12 bit 

resolution. The inputs can be configured to be either 0-20 mA, 4-20 mA or 0-10V. [25] 

 

 
 

Figure 19. Controller with baseplate and communication cards [24]. 
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Table 3. Key specifications of controller PM864 [24] 

CPU MPC862 Microprocessor running at 96 MHz 

Memory 

 

2 MB flash PROM (firmware storage). 

32 MB SDRAM (27 MB available for 

application program and 5 MB used for 

executable firmware) 

Size Width 119 mm 

Depth 135 mm 

Height 186 mm 

Power Input voltage 24 V 

Current consumption 287 mA (typical) 

 

 

For the simulator ECR control place a thrust lever is selected and the model is shown in 

Figure 20. The trust lever has only one control axis for a thrust reference. This type of 

lever has no steering angle reference, which is good since there is no steering possibility 

in this setup. In simplicity the thrust lever is a potentiometer. The thrust lever is also a 

less expensive alternative than the azimuth lever which has two control axes. To get the 

position from the lever, an additional resistance transducer which converts potentiometer 

position to a 4...20 mA analog signal is required. In the middle of the thrust lever there is 

a reference scale, with white for ahead and red for astern reference. The dimensions of 

the back plate are 120 by 120 mm and the height of the control stick is 95 mm from the 

plate. The lever measurements and electrical drawing can be found in Appendix C [26]. 

 

 
 

Figure 20. ABB thrust lever with one control axis. [26] 
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Two touch screen panels are required, one for SCADA and the other for the virtualized 

push buttons and control places. Panel 800 PP885 is selected for this purpose. The panels 

are 15” (1280 x 800 px) screens with embedded Windows operating system, Intel® Atom 

processor with 1 GB RAM and 1.5 GB of application memory. The technical details can 

be found in [27]. 

 

The smallest possible motor with encoders is wanted. For the HIL simulation aspect there 

is no need for a big, more expensive and more power consuming motor. The bigger 

motors also need bigger frequency converters. The encoder is required since the motor 

shaft speed has to be accurately measured and an estimated shaft speed decreases the 

simulation accuracy, making the control more unreliable.  

 

The smallest motor which could fit an encoder is a M3BP 112MB motor. It is a squirrel 

caged induction motor with a cast iron frame. Induction motors are very reliable and have 

high efficiency. General motor specifications are presented in Table 4. Motor dimensions 

are given in Appendix D. 

 
 

Table 4. Motor specifications. [28] 

Model (product ID) 3GBP112322-BDB 

Power rating 3 kW 

Voltage/Frequency 690 V/60 Hz; 400 V/50 Hz; 440 V/60 Hz 

Current 4.70 A; 8.20 A; 6.90 A 

Nominal speed 1800 rpm 

Nominal torque 26.5 Nm 

Poles 4 

Weight 44 kg 

Noise 59 dB 

 

Two frequency converters are needed to control these two motors. A small frequency 

converter ACS800 is selected, details are given in Table 5. The frequency converter is 

under-dimensioned as there is no need to run the motor at 4 kW. The motors and the 

frequency converters are installed on a movable cart with a separating wall, motors on 

one side, and the frequency converters on the other side, as shown in Figure 21. 
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Figure 21. Motor stand with frequency converters and motors. Measurements in mm. [29] 

 

Table 5. Frequency converter data. [30] 

Model (product ID) ACS800-01-0003-3+E202+L503 

Nominal continuous output current (RMS) 5.1 A  

Maximum current  6.5 A 

Maximum power continuous  1.5 kW 

Frame size (HxWxD) R2 (405 x 165 x 226 mm) 

Weight 9 kg 

Noise 62 dB 

 

An industrial Ethernet switch is required to connect the controller, the two panels and the 

Instructor PC together. For this purpose a DIN rail mounted switch is chosen. The 

connection schematics are presented in Figure 22. A single power supply is required to 

power the controller, both screens and the switch. The Instructor PC does not have any 

special requirements, it is a PC with LabVIEW and an OPC server software installed.  
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Figure 22. Schematic diagram of the communication. 

 

This equipment, except for the motors and frequency converters, must also be installed 

in a casing. For this reason a small table placed panel console is developed, casing the 

components and mounting two panels and a thrust lever, as shown in Figure 23. The 

design and construction of the panel and the motor cart is done by a sub-contractor.  
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Figure 23.Panel console with two displays and a thrust lever. Measurements in mm. [29] 

 

4.2 System 800xA PLC-programming environment  

The PCS software is built in the System 800xA environment. The propulsion control 

software is built in the Control Builder AC 800M PLC-programing environment, which 

is a part of the System 800xA. Programming with the Control Builder software can be 

utilized in several different ways, either by control modules, programs or diagrams or a 

combination of these. In ABB Marine, both PCU and AIU are written as control modules 

with structured text (ST) which follows the IEC 61131-3 standard.  

  

An overview of the Control Builder project explorer window is shown in Figure 24. The 

main level of the project explorer window contains Libraries, Applications and 

Controllers. Libraries contain all code, Applications contain specific instances of libraries 

and Controllers contain the physical setup of the controllers. The fundamental principle 

of the PLC-programming environment is that everything is library based. The desired 

functionality is developed as a library which contains its own internal variables. A library 

can contain other libraries. These libraries are used under Applications and parametrized 

with specific settings creating a library instance. 

 

Under the Applications are the connected libraries that are needed for the project and the 

control modules containing the instantiated libraries. The task that the control module is 

connected to, is shown in brackets. The control modules are in a tree structure with 

submodules. The fundamental idea of the control modules is that each module contains 

its own variables, which are used internally in the given module. The variables that are 

forwarded to a submodule, become parameters in the submodule, as illustrated in Figure 

25. In Figure 25, the arrows demonstrate possible information flows and the dots denote 

internal variables. Variables and parameters are not restricted to elementary datatypes, 

such as Boolean or reals, but they can also be a user defined datatype. A more detailed 

explanation of the PCU functionality is presented in Figure 26. 
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Figure 24. Screenshot of the project explorer window. The tree structure contains libraries, 

applications and controllers. 

 

The setup of the controllers is defined under Controllers. The used controller and the 

extension cards are inserted under Hardware. The applications connected to the specific 

controllers are specified under Connected Applications. The controller task execution 

settings are configured under Tasks. 

Figure 25. Figure of control module signal flow. Arrays denote possible information flow. 

Variables are internal and parameters are external. 
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4.3 Software modifications 

The propulsion control software from a previous, already finished project, is taken and 

modified for this simulator. The objective is to change the propulsion code as little as 

possible for the simulator, in order for the simulator to resemble the real system. The 

existing PCU software solution needs to be studied, in order to understand the existing 

implementation.  

 

The control system has to be studied in order to be able to start the propulsion and to 

modify the control system correctly. In order to better understand the PCU internal signal 

flow, the following scheme, Figure 26, was created. To get the propulsion running there 

should not be any active interlocks and the auxiliaries must be running. The start 

procedure is presented in Chapter 3. 

 

The first task is to remove the unnecessary controllers and hardware from the Controllers 

structure. Only one analog input extension card and one communication card is required. 

Both PCU (Appl10_PCU) and AIU (Appl15_AIU) applications are connected to the same 

PCU controller (Cont10_PCU). The access variables from the AIU controller are 

migrated to the same controller for communication to the SCADA. 

 

Merging the PCU and AIU access variables resulted in several duplicates. The duplicates 

were inspected, in order to conclude which ones were to be removed. Also, since the 

SCADA software is from a different and a newer project, the access variables do not 

match on the panel side and they have to be reconfigured. This applies for both the PCU 

and the AIU application access variables. In order to achieve the virtualized pushbutton 

panels, additional access variables are created. Each button requires one variable for lamp 

indications and one variable for button pressing. 

 

All control modules which are not used in this project are disabled when possible, in order 

to reduce processor usage. If the module uses much processor time and is non-critical for 

the propulsion, the software module is moved to a slower task. All control modules 

communicating with the other Azipod PCU, remote control unit and ship automation are 

disabled. 
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Figure 26. Simplification of propulsion related module communication. 

 

In order to fit two separate applications into a single controller, the timing settings need 

to be changed. Every software module is connected to a specific task. The task timing 

settings specify the task priority, how often the connected modules are executed and the 

execution offset. The goal is to execute tasks as seldom as possible without losing the 

responsiveness.  

 

Adding both applications to the same controller resulted in task collisions. New tasks 

have to be made for the AIU application. The timing settings are adjusted so that the 

controller total load is reduced to under 70%, which is the maximum recommended 

processor utilization by the manufacturer. The processor load 𝑈 is calculated as 

 

 
𝑈 = ∑

𝑒𝑖

𝑝𝑖

𝑛

𝑖=1
 , 

(7) 

 

where 𝑛 is the total number of tasks, 𝑒𝑖 is task execution time and 𝑝𝑖 is interval time. 
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The remaining idle processor time is used for communication. There is no separate 

communication unit in the controller which would handle the communication. If the 

processor load is too high, close to 100%, the controller will not respond, resulting in 

unpredictable behavior. The elongation of tasks is not a problem in this type of simulator, 

only the reaction time will be delayed. After the modification there are 9 different tasks, 

of which the fastest task is executed every 100 ms and the slowest every 2400 ms, as 

shown in Figure 27. 

 

 

Figure 27. Timing settings for this simulator. Fastest tasks are executed every 100 ms and 

slowest at 2400 ms. 

 

The PCU software needs to be configured in a way that there is no bridge in the system 

and the only available control places are the ECR with backup and the Azipod room. The 

operation mode is limited to speed control, therefore the panel button for changing to 

power control mode is left out. The operation mode is set to open sea mode, as then there 

are no speed restrictions. Also, all steering related modules are disabled.  

 

The operator should be able to start and stop the auxiliaries from the panel buttons. Since 

there are no real auxiliaries which would give running feedback, the code is changed such 

that auxiliaries give running status after a set time delay. Similar implementation is 

created for stopping the auxiliaries. In this way the operator can see the blinking buttons 

indicating the starting and stopping sequences.  

 

The original power network configuration is unnecessarily complex for this simulation 

setup. There are redundant drives for each pod and two bus ties connecting the port and 

starboard side networks. For the simulation purposes, single setup is enough to get the 

functional operation, thus the redundancies can be removed. The available power 

calculation does not consider actual generator power and needs to be changed. The 

available power calculation scenario is as follows: first it checks the amount of generators 

connected to the network, and then the sum of the connected generator nominal power 

ratings is the maximum allowed power for propulsion. A specified amount of power is 

reserved in the available power calculation for other onboard power consumption. In a 
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real life situation the PMS would control the power generation to match actual ship power 

consumption. 

 

There is no PMS in this setup which would govern the diesel generators. The PCU 

assumes that the nominal power of a diesel generator is available when a generator 

breaker is connected. This results in a situation where it is enough to just connect a 

generator breaker, with no power generation to the network, and the propulsion motor has 

the nominal power as the available power. The available power calculation needs to 

consider the actual momentary power generated by these fictitious generators. Therefore 

a power plant simulator was implemented to control the generators and the power 

production level. There are no dynamics in this system, instead when generator power is 

increased there is a stepwise change in available power. The same applies for decreasing 

and disconnecting the generator from the power network. The power limitation lamp has 

to be lit when propulsion cannot reach the requested reference.  

 

In case of misusage of the LabVIEW software in an existing ship, new variables for 

writing data are created for LabVIEW communication, as well as a new feature to break 

components is implemented. With this break feature it is possible to first switch a pump 

on either from the start auxiliaries’ button, if applicable, or manually and then override 

the run status to simulate pump malfunction.  

 

4.3.1 Counter torque implementation  

The drive related configurations are made under the control module Drive. A new 

ACS800 module was created, due to the selected frequency converter. The drive raw 

values are scaled from the physical simulation motor to be a full-sized propeller in this 

module. The communication interface to the drive and drive alarm handling is 

implemented here. A similar module is also required for the load motor. 

 

The propulsion motor is controlled as an Azipod motor, which is torque controlled. The 

speed reference from the active control place is chosen and sent to the PI speed controller, 

as presented in Figure 11. The speed controller creates a suitable torque reference in order 

to achieve desired speed. The actual power consumption of the propulsion drive is scaled 

in the simulator to increase the power consumption of the Azipod. 

 

A different approach is needed to create suitable load characteristics for the propulsion 

motor. The load is nonlinear and depends on the propeller speed according to the propeller 

law [19, p. 565] and the equation (2). The propeller parameters are changeable from the 

Instructor PC. The appropriate counter torque reference is calculated in a separate module 

and sent as a parameter to the load motor module (ACS800Load).  

 



43 

 

 

 

A corresponding model of the propulsion motor and the motor load control was created 

in MathWorks - MATLAB Simulink. With the help of the model it was possible to 

validate and test different control scenarios and understand the system behavior before 

applying the control scheme in the real application. 

 

Both drive firmware have to be updated from the factory firmware Standard Control 

Program to System Control Program. The System control firmware allows more data to 

be sent to the controller. Also, the PCU software is built to communicate with a drive 

using System Control Program firmware, due to larger dataset transmissions.  

 

Two direct coupled torque controlled motors easily become unstable and start to oscillate 

as the other one starts to lead. To minimize the oscillation, the load drive is set to speed 

control. The load motor is set to rotate at zero speed. When the propulsion motor is trying 

to rotate the shaft, the load drive starts hindering the rotation of the shaft by increasing 

torque to the torque limit level. The maximum torque limit is controlled by changing the 

maximum torque limit (the breaking) as described in equation (10).  

 

To further improve the stability of the coupled motors, a ramp function is added to the 

load control system. The calculated counter torque from the equation (2) is ramped, 

except for the torque loss factor 𝛽. The torque loss factor is allowed to be changed 

instantaneously. The ramp function is limiting the change of the load torque during speed 

change and the ramping restrains the risk of oscillation. It is necessary to slightly reduce 

the maximum torque to increase the stability of the motors at full speed. This does not 

effect on simulation at slower speeds, as the torque reduction is evident at full speed.  

 

The load motor is set to start simultaneously with the propulsion motor. To verify and test 

the PCU’s speed controller functionality and robustness, several disturbance features are 

created. The possibility to add noise, to oscillate and to instantaneously drop the load 

reference is implemented.  

 

An oscillating function was created to oscillate the load reference torque, mimicking a 

wave. The principle of the wave feature is described in equation (8). The user can enable 

and disable the feature and manipulate the amplitude (𝐴) and the frequency (𝑓) variables 

from the LabVIEW program. The load is meant to fluctuate around the present propeller 

(𝑄𝑝) torque and therefore the sine is shifted with +1. 

 

 𝑄𝑤 = 𝐴 ∙ sin(2𝜋𝑓 ∙ 𝑡) + 1   (8) 

   

A noise function is implemented to generate noise to the load reference, equation (9). The 

noise is a normally distributed noise between −6 and 6, which is scaled with a small 

gain 𝐺. The RandNorm function returns a number with mean value 0 and standard 

deviation 1. On each program cycle a new random number is generated with the 
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RandNorm function. The random value is shifted with +1 because it is multiplied with 

the propeller torque (𝑄𝑝) and meant to fluctuate around the present propeller torque. 

 

 𝑄𝑛 = 𝐺 ∙ 𝑅𝑎𝑛𝑑𝑜𝑚𝑁𝑜𝑟𝑚(𝑅𝑎𝑛𝑑𝑜𝑚𝑆𝑒𝑒𝑑) + 1  (9) 

   

All these functions, settings and variables are adjusted from the Instructor PC’s LabVIEW 

interface. The values are limited with max and min functions in the controller before using 

and sending the torque reference to the drive. The final torque load reference is calculated 

by multiplying equations (2), (8) and (9) yielding in equation (10) 

 

 𝑄𝑙𝑜𝑎𝑑𝑟𝑒𝑓
= min(𝑚𝑎𝑥𝑇𝑜𝑟𝑞𝑢𝑒, 𝑟𝑎𝑚𝑝(𝜌𝑛2𝐷5𝐾𝑄) ∙ 𝑄𝑤 ∙ 𝑄𝑛 ∙ 𝛽), (10) 

   

where 𝑚𝑎𝑥𝑇𝑜𝑟𝑞𝑢𝑒 is the defined maximum torque. The load torque is converted to 

percent before sending it to the drive.  

 

4.3.2 Panel modifications 

The panels are created and configured with Panel Builder software. Panel screens 

showing data both from AIU and PCU controllers are needed. The original SCADA had 

three pods and the displays are modified to match a two podded ship. The power network 

in the original project did not match with the power network of the simulator, and it has 

to be redrawn.  

 

The access variables in the controller project have different named access variables than 

what are configured in the panel project and they have to be named alike. In order to 

create virtualized console buttons, new access variables are also needed. Normally AIU 

access variables are read from a separate controller, but now they are configured to be 

read from the same PCU controller.  

 

The signal flow from controller to panel is illustrated in Figure 28. The communication 

is as follows, in the controller in a control module there is a variable mapped to an access 

variable. This access variable is read in the panel and remapped to an internal variable 

which is shown in the display. For sending data from the panel to the controller the signal 

flow is reversed.  
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Figure 28. Signal flow to graphical element in the display. The shown signal is displaying the 

actual propulsion motor speed 

 

The console panels have to be virtualized. Separate tags are needed for button pressing 

and lamp indications. The Panel Builder offers predefined graphical objects but they are 

not very suitable for create blinking buttons or indicators with text. Due to these 

restrictions, two separate graphic items have to be created for each button or indicator. 

One square box is created which handles the keystrokes and blinking and on top of this 

box the text is added. The virtualized control places are shown in Figure 29 and Figure 

30.  

 

Overhead meters are also virtualized, they show the speed reference, the actual speed and 

the power consumption. The backup control possibility is needed in ECR and therefore 

the thrust backup is also virtualized. A graph is added to show the performance of the 

propulsion motor. 

 

Figure 29. Virtualized ECR control place with meters, propulsion panel and thrust backup. 
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Figure 30. Virtualized Azipod room control place with meters and propulsion panel 

 

4.4 Instructor PC 

In order to interact with the propulsion simulator and create various testing scenarios, the 

controller values and inputs cannot be static. The possibility to modify the controller 

internal variables is required. Without access to the PCS source code, a new software has 

to be created. On concept level, National Instruments LabVIEW (Laboratory Virtual 

Instrument Engineering Workbench) has been proven to work with ABB’s controllers 

and LabVIEW was found suitable for this project.  

 

To gain access to the controller via OPC, a small program called “OPC server for 

AC800”, Figure 31, has to be installed on the machine that is using the LabVIEW 

software. The OPC Server reads run-time data, data access (DA), and alarms and events 

(AE), from controllers through the OPC interface. The OPC Server communicates 

through an MMS server to the controllers over Ethernet, presented on the right hand side 

in Figure 31. It is possible to connect to several controllers from one OPC server. The 

OPC Server can be configured to auto start and to auto connect to preconfigured 

controllers. The configuration window is shown in Figure 31. The fastest OPC Server 

update rate is 50 ms and the clients should have the maximal update rate two times slower 

[31, p. 26]. 
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Figure 31. Configuration window for the OPC server and network layout. The clients 

communicate with the OPC server which communicates with MMS Server to the controllers 

over Ethernet. 

 

4.4.1 Construction of the LabVIEW software 

The LabVIEW program is dataflow based and the programming language is a graphical 

language called G. The program execution is parallel and modules are executed after the 

inputs of the blocks become available. The LabVIEW programs are called Virtual 

Instruments (VI) and they contain three components: “front panel” functioning as a user 

interface, “block diagram” for programming and an “icon and a connector pane” to 

connect data to sub VI’s. With LabVIEW it is possible to connect to the OPC server via 

DataSockets. DataSocket is a technology that simplifies data exchange between an 

application and other applications, files, Web servers and FTP servers. From LabVIEW 

it is possible to export the application to a runtime executable and run the program without 

LabVIEW license. [32] 

 

The LabVIEW instructor software is required to be as easy to use as possible. Modularity 

and ease of modification is highly appreciated. For these reasons the OPC addresses are 

stored in a separate csv file, which can be modified without accessing the LabVIEW 

source code. The DataSocket needs to know what type of data it is reading. Due to this 

DataSocket datatype restriction, separate csv files are needed depending on whether the 

data to be read or modified is Boolean or real.  

 

LabVIEW
(Client)

OPC Server for AC 
800M

MMS Server

Controller

Control Builder

Controller Controller

Ethernet
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To use the data from the OPC Server, the DataSocket connection has to be opened with 

a DataSocket open block, shown in Figure 32. The different wire colors indicate the type 

of data and the signal flow is from left to right. The block has several inputs but only the 

URL (OPC data source) and the mode are required. The mode specifies the treatment of 

the URL and manipulates the DataSocket open output connection id accordingly. The 

connection id can be read, written or read and written in the succeeding blocks. It is 

advised to close the connection with DataSocket close block when closing the program 

as shown in Figure 32. 

Figure 32. DataSocket open and close default values are in brackets, and they are not a 

required input. [32] 

 

To write data to the connection id, the DataSocket write block is used, in Figure 33. The 

data to be written to the OPC server is connected to the data wire. To read from the 

connection id a DataSocket read block is used (Figure 33). The read block requires a type 

(Variant) input to tell what kind of data is being read. The read block output, data, 

contains the read data from the OPC server. If there are errors during the execution, the 

errors are written to the error out signal in each of the blocks. 

Figure 33. DataSocket write and read input output blocks [32] 

 

Next, a minimalistic example of the instructor program is presented. The front panel 

where the user interacts with the program is shown in Figure 34, and the block diagram 

code shown is in Figure 35. For illustrative purposes the program opens two separate 

DataSockets from two separate sources. The upper one is the user entered OPC address 

from the front panel and the bottom one is hardcoded in the block diagram. The upper 

OPC address points to a Boolean variable and is for Boolean read and write, and the 

bottom address is for a real variable. In both cases the values are first read from the 

controller and then the values from the front panel are written to the controller.  

 

DataSocket open 
DataSocket close 

DataSocket read 

DataSocket write 
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Figure 34. LabVIEW demo front panel. 

 

The read and write procedures are executed in a while loop as fast as possible. To stop 

the program there is a stop button in the front panel, which will exit the while loop. After 

exiting the while loop the DataSockets are closed. The DataSocket read blocks are 

configured such that they will not wait in every execution for a new value from the 

controller. If there are hundreds of OPC addresses to be read and in every read block the 

execution stops to wait for a new value, the program becomes unusable, even as the 

program execution is parallel. Instead the read block outputs the most recent value from 

the OPC Server.  

 

 

 
 

Figure 35. LabVIEW demo block diagram. 
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The LabVIEW instructor application follows the same principle as the presented 

minimalistic example above. There are four large while loops: main, Boolean, Boolean 

override and real. The Boolean loop is used to handle all Boolean related reading and 

writing. One additional feature is created in the LabVIEW software to be able to create 

faults.  For numerical data, a similar setup is created to handle all the real value reads and 

writes. All these while loops have to be slowed down, otherwise the OPC Server 

communication starts congesting.  

 

Instead of having hardcoded or user entered OPC addresses in the instructor program, the 

addresses are read from three csv files. In the “block diagram” these CSV files are opened 

and LabVIEW splits the data to arrays depending on their content. These arrays are split 

to smaller sections and forwarded to their corresponding modular read and write blocks.  

 

Each row in the csv file is dedicated to one variable. The csv files contain the data 

presented in Table 6. In the PCU application there are minor differences where to read 

and where to write. Therefore separate OPC addresses columns for reading and writing 

are created. The content of the read and write columns can be identical. With two separate 

OPC addresses it is possible to verify that the actual controller input has changed and not 

only the input variable which is being modified.  

 
Table 6. Contents of the csv files. 

Column Explanation 

Item text 
Text or tag to be shown with the OPC address in 

LabVIEW. 

Description Comments for user or teacher. LabVIEW ignores. 

Signal range 
Used signal range in real life scenario. LabVIEW 

ignores. 

OPC address to value 

OPC address to read value example 

opc://localhost/ABB.AC800MC_OpcDaServer.3/ 

Applications.Appl10_PCU.Main.vTestReal 

OPC-address to manipulate 

OPC address to manipulate value 

opc://localhost/ABB.AC800MC_OpcDaServer.3/ 

Applications.Appl10_PCU.Main.vTestReal 

Override text to LabVIEW 

Text or tag to be shown with the OPC address in 

LabVIEW. 

Only for reals, Boolean override has its own file. 
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In order to speed up the execution of several parallel operations the read and write 

operations are created in a modular sub VI template. To increase execution speed the 

templates are identical instances and the templates are configured to have a distinct 

allocated memory, instead of sharing the template resource. A watchdog is also 

implemented to verify active communication to the controller. The LabVIEW input fields 

can have predefined startup values. This feature is used to set the system in a start state 

after opening the instructor software. By using predefined values the amount of user input 

to start the propulsion decreases. The instructor LabVIEW application is exported to an 

exe file and transferred to the instructor PC with the csv files. 
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5 Results 

By combining the components, a propulsion simulator is formed. It is possible to 

demonstrate and study the functionality of the propulsion control system and have 

propulsion training in a controlled environment. The final setup is shown in Figure 36.  

 

 

Figure 36. The final setup of the simulator. 
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The propulsion motor follows the speed reference as presented in Figure 37 where the 

speed reference is changed.  

 

 
Figure 37. A graph of changing direction. The speed reference is changed stepwise and the 

propulsion controller adjusts the torque to reach the desired speed. All values are in percent. 

Sampling rate is 200 ms. 

 

5.1 Completed LabVIEW program 

It is possible to test the propulsion system behavior with several inputs from the 

LabVIEW software in the Instructor PC. The simulated process values such as generator 

power production and winding temperatures can be changed from the Simulator program. 

It is also possible to create different testing scenarios and to change propeller load 

parameters. When there are no interlocks preventing the system startup it is possible to 

start the propulsion according to the startup sequence.  

 

The LabVIEW software can be started from an executable file on the Instructor PC, called 

Simulator.exe. When the program is starting it opens the predefined OPC-addresses from 

the csv-files and displays the texts associated with the OPC items in the front panel. The 

items in the LabVIEW panel are tabbed based on their datatype and functionality. There 

is one tab for Boolean inputs, two tabs for real value inputs, two tabs for generating faults 

and one tab for load related items. The front panel and the tabbed view are shown in 

Figure 38. For Boolean values the instructor presses a button for input and for real values 

the instructor writes the value in the input field. The corresponding OPC-item text is 

shown above the input fields, as shown in Figure 39. 
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The LabVIEW communication status with the OPC-server is indicated above the tabs, as 

shown in Figure 38. A green indicator is representing established communication with 

the controller and red color is representing a communication loss.  

 

  
Figure 38. An overview of the completed LabVIEW software Simulator. 

 

Power plant related items to test, which affect the propulsion, are varying generator power 

production levels, different combinations of generator connected to the grid, to connect 

bus tie breaker, to change network frequency and voltage. Other testable scenarios that 

have an impact on the propulsion are motor winding temperatures, transformer 

temperatures and bearing oil temperatures. Also the speed controller robustness with air 

suction and fluctuating load can be tested. The operating manual is given in Appendix B. 

 

Within one program cycle the OPC values are first read and after which the inputs values 

are sent to the controller. The recently entered input values can be read from the controller 

and verified at the earliest during the next program cycle. A dark green color indicates 

OFF-status and a brighter green color indicates ON-status. The lighter gray fields are 

input fields and the darker colored fields show the values read from the controller. 

Generating faults works in a similar manner, a button has to be pressed to transmit the 

override value to the controller, as shown in Figure 39. 
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Figure 39. Description of the front panel of the Simulator program.  

 

A separate tab was created for the load related inputs and parameters. The contents of the 

tab are shown in Figure 40. In this view the status of the load drive is shown. It is also 

possible to change the propeller load parameters, which affect the propeller load 

according to the equations presented in Section 2.3 and 4.3.1.  

 

The changeable parameters are the torque coefficient, water density, propeller diameter 

and torque loss coefficient. It is also possible to start the load reference oscillation and 

change the amplitude and frequency of the oscillation. In similar manner, it is possible to 

add noise to the load reference and change the noise amplitude. The torque reference for 

the load motor is given both in Newton meters and percentages. The ship speed is 

estimated according to equation (5). All the user inputs are scaled in the controller before 

usage.  

 

Input 
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Figure 40.  The tab in the Simulator program related to the counter torque calculations. It is 

possible to change the parameters from this view. Input values and values read from the 

controller are colored with the same color.  

 

For testing purposes there is a button to enable torque reference from an external OPC-

source. By enabling external reference it is possible to bypass the counter torque 

calculation and enter a desired torque from a third party OPC explorer, such as 

MatrikonOPC Explorer. 

 

The person using the setup has to possess some basic knowledge of ship propulsion to be 

able to fully understand the system. Of course it is possible to use the system incorrectly 

since many inputs have no limitations. For instance, it is possible to set the generator 

power production well above the nominal value and the propulsion control system only 

alarms the operator for over production or failure. There are other protective functions to 

protect and prevent these types of scenarios for the power plant. The propulsion system 

is only considered as a consumer. All individual subsystems have their own protective 

functions, but in this case the values are just sent to the controller. The simulator is just a 

representation of the real application. 
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6 Discussion 

There were challenges and difficulties which had to be overcome in order to build the 

simulator. Developing a new product is a slow process. A lot of time was needed to study 

the core of the propulsion control system. The functional description of the propulsion 

control system describes only the functionality, not how it was implemented.  

 

During this work was the concept of virtualizing the console panels demonstrated. The 

touch panel had some limitations regarding the touch responsiveness and was not 

completely reliable during the pre-testing. This problem was sorted out during the final 

testing. The virtualized console buttons are not recommended for controlling a real ship 

because they are not as reliable as the physical buttons.  

 

The selection of components for the project was a straightforward process, but sometimes 

there was a limited amount of information available. The overall documentation was 

sufficient. The documentation was inadequate for some parts, for instance the 

communication to the drive over DDCS was not that well documented in the controller 

manuals.  

 

The load and counter torque implementation was fairly easy to do in theory and to test in 

MATLAB Simulink, but difficult to get functioning in the real world application. During 

commissioning it was that the load drive had to be controlled by changing the maximum 

torque limit for stability reasons. The PCU speed controller is not designed for this type 

of application. The coupled motors are agile, they have small inertia and respond quickly 

to load changes, compared to a full-sized Azipod. The PCU speed controller reacts slowly 

to deviations because of the delays between the drive and the controller and delays in the 

controller due to limited task execution rate. Oscillation is present when the propulsion 

controller is controlling the speed, but not when the frequency converter itself is 

controlling the speed. Also, the motor stand should have been about 10 cm wider. The 

motors encoder is mounted behind motor unit, extending the total length of the motor and 

the exact length was unknown during design phase. 

 

The LabVIEW software has its limitations. The graphical programming language is easy 

to learn and to do simple things with, but the more complicated things are difficult to 

implement. When the program becomes more complex and bigger, more time is spent to 

reorder wires and blocks than to the actual programming. The most time consuming part 

was to build a large software which would support nearly 200 DataSockets.  

 

Due to the large amount of DataSockets, the polling frequency from the OPC-server had 

to be substantially reduced to be able to use the program and not to congest the 

communication. In the LabVIEW manual it is explained that DataSockets are to be used 

for small applications with only one or two OPC data items. LabVIEW has a dedicated 

OPC module, datalogging and supervisory control module, but it requires an additional 
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license for building a program and a separate license for deployment which was not 

suitable for this project. 

 

In LabVIEW, user input values from previous program run are not saved and restart of 

the program loads the default values to the controller which will cause abrupt changes in 

all the values.  

 

6.1 Future developments 

It is estimated that the lifecycle of the simulator will be around five years.  To assist the 

maintainability of the software in the future there is a simulator user manual 

documentation, electrical drawings, comments in controller software and LabVIEW 

software. The LabVIEW software is developed with version 2013, which is upgradeable 

to newer versions. 

 

The developed base for the LabVIEW software will be studied further to discover if it is 

possible to use it during commissioning, internal testing or sea trials. The developed touch 

console panels could be used for internal research and development and during the 

commissioning. 

 

In future the need of simulators and HIL simulators will grow due to faster development 

cycles, tighter timetables and demand for higher quality in the final product while the 

complexity increases. The existing propulsion simulator could be reduced to consisting 

only of an operator console with panels and levers to achieve the right look and feel for 

the operator and a PC for manipulating simulator values. This starting point will further 

reduce material costs of the simulation setup. The created simulator could be further 

developed by virtualizing the propulsion motor. Now the direct coupled motors 

representing the Azipod could be replaced with a real-time computer simulating the 

Azipod. The propulsion controller would communicate with the real-time computer 

controlling the simulated Azipod. Also 3D visualization of the controlled ship could be 

added. 
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7 Summary 

In this thesis an Azipod propulsion hardware-in-the-loop simulator was built for training 

and teaching purposes. It is now possible to study the propulsion control in a controlled 

environment. The main focus of the simulator was on the propulsion and what impacts 

the propulsion. The propeller and consequently the Azipod electric motor load behavior 

and environmental effects was discussed. The propulsion system architecture and 

operation were also presented. The simulator system construction process was presented 

and the completed simulator were presented in Chapter 5.  

 

The objectives laid out in the beginning were achieved and did not change during the 

work. Only the methods to achieve the objective changed, ABB Marine got what they 

requested. The operator can familiarize with the propulsion system from a small console 

desk and learn basic handling of the propulsion control system. Three virtual operation 

places are created: Azipod room, ECR thrust lever and ECR backup. The core of the 

propulsion system is identical to a real ship realization. The differences are that there is 

no steering, task execution is elongated and the extra implementation of controlling the 

load motor.  

 

Important process instruments and inputs regarding the propulsion were virtualized. It is 

now possible to send process values to the propulsion control system from the Simulator 

LabVIEW program on an external PC. In this way it is possible to study the propulsion 

system behavior with selected inputs in a controlled environment. As environmental 

factors was one dimensional waves and noise generation implemented to disturb the 

propulsion motor load. Also different malfunction scenarios are possible to generate and 

to observe how the propulsion reacts to the input. The simulator is beneficial for 

customers or captains who want to learn how Azipod propulsion control is built and how 

it functions.  

 

Three separate programs were developed, LabVIEW program called Simulator, 

virtualized console panel and load control of the load motor. These three separate 

software will probably be further developed and used in other applications.  The concept 

of virtualizing the console panels was demonstrated. The virtualized console buttons are 

not recommended for controlling a real ship because they are not as reliable as the 

physical buttons. The developed touch console panels could be used for internal research 

and development and during the commissioning. The created LabVIEW software will be 

investigated whether it is suitable for internal testing, commissioning or sea trials. 
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General 
This hardware-in-the-loop Azipod propulsion simulator consists of a desk console and a 

motor stand. Hardware-in-the-loop simulation can be used for testing and development 

of the control system or for teaching purposes. The focus of this simulator is the 

propulsion part, and is not a bridge- or full ship simulator. 

 

The desk console has two displays, a propulsion controller, an Ethernet switch, a power 

supply and related equipment in order for the simulator to work. The right hand side panel 

is the SCADA and the left hand side panel represents virtualized desk console panels. In 

this simulator there are in total two virtualized control rooms with three control places: 

the Azipod room (local panel), the ECR lever and the ECR backup.  

 

The motor stand has two motors and two drives with related equipment. Two direct 

coupled motors are representing the Azipod. One motor represents an Azipod propulsion 

motor and the other one acting as a load for the propulsion motor. Steering is neglected 

since the motors can only run forward and backward.  

 

Actuators which are essential for propulsion are virtualized. In order to be able to modify 

values in the controller and create different testing scenarios a separate program was 

developed. The program was created in LabVIEW and is meant to be run in an external 

Instructor PC, which is connected to the simulation network. The LabVIEW program is 

called Simulator. The values entered in the Simulator program are not scaled and it is 

possible to create unrealistic scenarios. 

Propulsion control system

Propulsion 
control unit 

(PCU)

Azipod interface 
unit (AIU)

Steeering
unit

Remote control 
unit (PCU)

BridgeECRLocal panel Steering modules
Control & 

measurements 
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PCUAIU SIMULATOR

Load motorPropulsion motor

FC FC

OPC-server Labview

Thrust 
lever

 

The propulsion load is controlled accordingly to the graph.  

 

Components 

Desk console 

Panel on the left hand side is the virtualized control place panel and the panel on the right 

hand side is the SCADA. The lever is connected to the ECR control place. In the desk 

console is the controller, analog input card, DriveBus communication card, Ethernet 

switch and power supply located.  
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Motor stand, drive side 

On the left hand side is the propulsion motor drive and on the right hand side is the load 

drive. Left most is the optical branching unit which connects the drives to the DriveBus. 

Here is located the start and stop buttons for starting and stopping the drive. The 

emergency switch located topmost on the stand. 
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Motor stand, Motor side 

On the right hand side is the propulsion motor and on the left hand side is the load motor. 

Both motors have pulse encoders for accurate speed measurement. The motors are 

coupled together with a flexible coupling. 

 

 

Simulation network 
Devices connected to the simulation network 

 Controller 172.16.4.10 

 Switch 172.16.4.253 

 Right hand side panel, SCADA 172.16.4.50 

 Left hand side panel, Console 172.16.4.60 

 Instructor PC (for instance 172.16.4.1) 

 

Startup  
The simulator startup sequence   

1. Instructor PC  

a. Start the Instructor PC. 

b. Connect the Instructor PC to the simulator network. 

i. Use a suitable IP-address and subnet mask for the Instructor PC 

(such as 172.16.4.1) 
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ii. The Instructor PC functions as a time sync server 

 

2. The desk console 

a. The SCADA panel needs to be connected to the simulation network after 

the propulsion controller has started and acquired time synchronization 

from the Instructor PC. In order to do this either pull out the power cord 

or disable communication by pulling out the Ethernet cable from the 

SCADA panel. The SCADA panel is located on the right hand side in the 

desk console. 

i. If this procedure is not done or the panel is started too early the 

SCADA panel alarm list gets alarms with no timestamp and they 

cannot be cleared. Try to acknowledge the alarms and restart the 

panel if this occurs.  

b. Start the desk console by setting the switch in the back to “I” position. 

c. The controller boots the application from the CF card. 

d. Wait for the controller to boot. The controller has started when the led R 

(RUN) is lit.  

e. Verify that the communication is established between the OPC-server and 

the controller. The connection is established when there is a smiley face in 

the OPC-server. 

f. The OPC-server on the Instructor PC synchronizes the time to the 

controller every minute. 

i. It is possible to start or connect the SCADA display after couple 

of minutes. 

 

3. OPC server for AC 800M 

a. Start the OPC server for AC 800M on the Instructor PC. 

b. It tries to auto connect to the controller 172.16.4.10, but fails if the 

controller is not yet started.  

1 

2 
3 

4 
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c. Communication error is indicated with a red cross and established 

communication with a smiley face. 

 

 

d. Communication error also occurs when the OPC-files on the Instructor PC 

are missing or does not match with the controller OPC-files. 

e. The opc files must be located in C:\ABB Industrial IT Data\Control IT 
Data\OPC Server for AC 800M\Files 

f. To reconnect or to refresh the connection select the IP-adress and press the 

Connect button. 

g. The update rate should be configured to be 50 ms (update rate High). 

 

 
 

4. Motor stand 

a. The motor stand can be started while waiting for the controller to boot. 

i. Set the main switch (01Q1) to ON position. 

ii. Press green START button. 

b. Closing is done the other way around  

i. Press red STOP button 

ii. Set the main switch to OFF position. 

c. For emergency situations there is located an EMERGENCY STOP button 

topmost on the motor stand. 
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5. LabVIEW program Simulator 

a. The Simulator LabVIEW program must be located in C:\Simulator with 

the associated .CSV-files.  

b. The .CSV-files contain the required OPC-addresses for the Simulator 

program. 

c. The program can be opened from Simulator.exe or from the LabVIEW 

source code. 

 

6. Start the propulsion 

a. When the controller, OPC-server and LabVIEW program has started it is 

possible to start preparations for starting the propulsion 

b. Start auxiliaries by pressing AUX. START from any control place. 

c. In the SCADA check the interlock page for start interlocks 

i. From simulator program  

1. Connect excitation breaker 

2. Set supply breaker ready 

3. Connect more breakers if desired 

d. It is possible to start the drive when the BREAKER lamp is blinking, i.e. 

no interlocks are active.  

e. Start drive by pressing START DRIVE any control place. 

f. Give speed reference from the active control place. 

 

g. NOTE! The motors require a rising edge pulse to start. The load motor is 

started at the same time as the propulsion motor is started.  

 

Normally a fault or trip would disconnect the supply or excitation breaker 

and thus inhibiting the operation, but that is not the case in this simulator. 

The status of the breakers are handled from the LabVIEW program which 

may cause faulty scenarios. There can be situations where START DRIVE 

button is blinking, indicating drive starting, although the drive might not 

start when giving a reference. The reason for this could be the lack of a 

rising start command.  

 

If the motors don’t start or they start when they are not supposed to press 

STOP DRIVE and try to start the drive again by pressing the START 

DRIVE button. The start interlocks are not checked when the drive is in 

run state. Operation can also be enabled in certain situations, although in 

real life scenario it would not be due to limitations of the simulator. 

 

7. Stop the propulsion 

a. Set reference to zero in the active control place. 

b. Press STOP DRIVE. 
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c. The auxiliaries can’t be immediately stopped due to forced cooling time. 

If AUX STOP is pressed the aux will stop when it is allowed, otherwise 

they are automatically stop after a specified cooling time. 

 

Simulator LabVIEW program 
To interact with the controller the Simulator program is started from an executable file. 

Before starting the Simulator program, the OPC connection to the controller must be 

established on the Instructor PC. During the startup the Simulator opens predefined OPC-

addresses from CSV files. The OPC-addresses and the related the texts that are shown in 

the LabVIEW program are configured in the CSV files. The Simulator program requires 

the CSV files to be in the folder C:\Simulator\.  

 

 
 

The Simulator.exe program has preloaded values and settings which are sent to the 

controller right after startup. If needed to stop the LabVIEW program, press the stop 

button to stop the simulator program instead of closing it and starting it again.  

 

 

 

All the LabVIEW items are periodically written and read from the controller even though 

they have not changed.  The Simulator.exe program is built of several tabs with different 

purposes. They are presented in the sequel.  

 

LabVIEW communication 

The LabVIEW program communicates with the controller via the OPC-server. A 

watchdog is implemented to verify active communication with the OPC-server and the 

controller. The communication status is shown on the left hand side above the tabs. The 

indication is green if the communication is OK, but if the communication is lost the 

indication becomes red. If the communication is broken the LabVIEW shows the last 

received values.  

 

Stop Start  
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Communication OK.  Communication failure. 

 

Front panel view 

The Simulator.exe front panel is presented next. Some of the buttons or inputs in 

LabVIEW are predefined to some values for startup. 

Description of the front panel items.  

  

  

Input 

button 

Status 

indication  

Item text 

Input 

field 

Value in 

controller 

Override 

activation and 

input field 

Boolean real 

override 
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Boolean inputs view 

From this view it is possible to modify controller Boolean values, for instance connect 

breakers.  Almost all of these must be ON in order to start the propulsion. By pressing 

AUX. START from the panel buttons many of these will automatically turn on.   
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Real inputs view 

From this view it is possible to modify controller real values, for instance motor winding 

temperatures. None of these values are scaled before transmission to the controller. 
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Generate faults Boolean 

From this tab it is possible to generate faults and create interlocks. These inputs will 

override settings from the Boolean input tab. In this way it is possible to stop cooling fans 

even though they are requested to be on via the AUX. START button or started on from 

the Boolean inputs tab. 

 

 

 

Generator unbalanced mode 

Normally in the simulator a power plant simulator handles the power production, which 

set the power production level accordingly to the consumption. It is possible to set the 

generator power production level from the LabVIEW program. To do this, first set from 

the Generate faults tab a generator to unbalanced mode and then it is possible to set the 

generator power production level.  

NOTE! Don’t set all connected generators to unbalanced mode since this messes up the 

available power calculation. At minimum one diesel generator must be handled by the 

power plant simulator. 
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Generate faults real 

From this tab it is possible to generate faults and create start interlocks. The same feature 

can also be achieved by changing values from the real inputs tab, this is just another way 

of sending value to the controller. Enter a value to the input field and press the related 

button. Now this value is sent to the controller instead of the value entered in real inputs 

tab. The actual value read from the controller is shown in real inputs. 
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Load motor 

The load motor is started at the same time as the propulsion motor is started. The motors 

require a rising edge pulse to start. The propulsion motor is torque controlled from the 

propulsion controller as it would be a full-sized Azipod. The load motor is speed 

controlled and set to rotate at zero speed. The load motor tries to control the speed to zero 

by increasing the torque. The load drive torque is limited by a limiter function which is 

controlled from the propulsion controller. This results in a desired load for the propulsion 

motor. The load drive torque limitation is limited by the following equation 

 

𝑄𝑙𝑜𝑎𝑑𝑟𝑒𝑓
= min (𝑚𝑎𝑥𝑇𝑜𝑟𝑞𝑢𝑒, 𝑟𝑎𝑚𝑝(𝑄𝑝) ∙ 𝑄𝑤 ∙ 𝑄𝑛 ∙ 𝛽). [Nm] 

 

The multiplicands are 

𝑄𝑝 =  𝜌𝑛2𝐷5KQ  [Nm] 

𝜌 is water density [
𝑘𝑔

𝑚3] 

𝑛 is propeller rotating speed [rps] 

𝐷 is propeller diameter [m] 

𝐾𝑄is propeller advance coefficient [] 

 

𝑄𝑤 = 𝐴 ∙ sin(2 ∙ 𝑓 ∙ 𝑡) + 1  [] 

𝐴 is amplitude  

𝑓 is frequency  

𝑡 is time  

+1 for shifting the function 

 

𝑄𝑛 = 𝐺 ∙ 𝑟𝑎𝑛𝑑(𝑠𝑒𝑒𝑑) + 1  [] 

𝐺 is gain for random function  

𝑟𝑎𝑛𝑑(𝑠𝑒𝑒𝑑) is random function with a seed 

+ 1 for shifting the function 

 

𝛽 is torque loss coefficient  [] 
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Load settings view  

The load values are color coded in the load tab. On the left hand side is the input of the 

water density shown in brown, and the same color is used for the value read from the 

controller, on the right hand side in the multiplication. 

 

On the right hand side is the equation for the load torque presented. The multiplicands 

stacked and the resulting load torque is shown in green. The input values are limited 

before usage and the used values are shown on the right hand side. The final load torque 

is limited before it is sent to the load drive. 

 

 

The ship speed is roughly estimated by equation 𝑉 =
𝑛𝐷𝐽

1−𝑤
∙

3,6

1,852
 𝑘𝑛, where 𝐽 is propeller 

advance coefficient and 𝑤 is wake field coefficient. 

 

The CSV files 

The LabVIEW program Simulator requires csv files for opening an OPC connection to 

the controller. Below is as a section of the boolean input.csv file as an example. 

Item text 

in LabVIEW 

Description 

(LabVIEW 

ignores 

this) 

Signal range 

(LabVIEW 

ignores 

this) OPC-address to value 

OPC-address to 

manipulate 

Connect 

generator 

1 breaker 

Connect 

generator 1 

breaker 

[true, 

false] 

opc://localhost/ABB.AC800

MC_OpcDaServer.3/Applicat

ions.Appl10_PCU.Main.Powe

rPlant.Generator1.Breaker

Closed.vValue 

opc://localhost/ABB.A

C800MC_OpcDaServer.3/

Applications.Appl10_P

CU.Main.Adaptions.Pow

erPlantSimulator.vDG1

BreakerClosed 

Connect 

generator 

2 breaker 

Connect 

generator 2 

breaker 

[true, 

false] 

opc://localhost/ABB.AC800

MC_OpcDaServer.3/Applicat

ions.Appl10_PCU.Main.Powe

rPlant.Generator2.Breaker

Closed.vValue 

opc://localhost/ABB.A

C800MC_OpcDaServer.3/

Applications.Appl10_P

CU.Main.Adaptions.Pow

erPlantSimulator.vDG2

BreakerClosed 

Excitation 

breaker 

Connect 

excitation 

breaker 

[true, 

false] 

opc://localhost/ABB.AC800

MC_OpcDaServer.3/Applicat

ions.Appl10_PCU.Main.Powe

rPlant.ExcBreaker.Breaker

1Closed.vValue 

opc://localhost/ABB.A

C800MC_OpcDaServer.3/

Applications.Appl10_P

CU.Main.PowerPlant.Ex

cBreaker.Breaker1Clos

ed.vSimulatorIN 
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The text contents and the OPC-addresses of the CSV files can be changed freely as long 

as they follow the same naming and layout convention. From a third party OPC explorer 

it is possible to find more OPC-addresses and add them to the CSV files.  

 

LabVIEW status view 

All the LabVIEW items are periodically written to and read from the controller. The 

actual update rate is shown here. The LabVIEW status tab show the startup time and when 

the different modules have started. If there are some faults during the opening of the OPC-

addresses listed in the .CSV-files they are indicated here.  
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Virtualized console buttons 
In different control places are different push buttons and indications. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Explanation of the buttons 

    Alarm/Fault Warning Indication 

 

Lit and active 

 

Unlit 

 

 

 

Note that a short touch can activate the panel buzzer, but the input might not be registered 

by the controller. Therefore long press is recommended. 

Indications Indications 

Push 

buttons 

Push buttons 

Push buttons 

Indication 



 

 

 

Label Type Functionality 

Color 

when 

active 

Light on Blinking Light off 

Take over /  

Take 

command 

button 
Activates the control place or 

offers control to a lower priority 
white in command offering command not in command 

CMD ACK. button 

Acknowledges the thrust 

command transfer from a higher 

priority 

white in command 
possible to take 

command 
not in command 

Aux. start button 
Starts all the propulsion related 

auxiliary devices 
green auxiliaries started 

starting auxiliaries, 

all the auxiliaries 

have not started 

auxiliaries stopped 

Aux. stop button 
Stops all the propulsion related 

auxiliary devices 
red auxiliaries stopped 

stopping auxiliaries,  

all the auxiliaries 

have not stopped 

auxiliaries started 

Start drive button Starts propulsion drive green drive running drive starting drive off 

Stop drive button Stops propulsion drive red drive off drive stopping drive running 

Return thrust button 
Returns thrust to the level it was 

before a non-tripping fault 
white 

thrust is returning 

to previous level 

the function is 

available 

the function is not 

available or not 

needed 

Alarm reset button 
Resets alarms that are possible to 

reset from the panel 
red - alarms are resettable no alarms to reset 

Safety 

overd. 
button 

Toggles the safety override 

function 
red 

safety override is 

activated 

delayed tripping of 

propulsion can be 

avoided by pressing 

not active 

Thrust inc button Increases the thrust reference white 
control place is 

active 
- not active 

Thrust dec button Decreases the thrust reference white 
control place is 

active 
- not active 



 

 

 

In command indication 
Active control place, propulsion 

follows this reference 
white in command - not in command 

Breaker / 

Breaker 

closed 

indication Breaker status green 
supply breaker is 

closed 

supply breaker is 

ready to be closed or 

being closed 

supply breaker is 

open 

Fault /          

Prop. Fault 
indication Fault indication red 

acknowledged fault 

in the system 

unacknowledged 

fault in the system 
no active faults 

Alarm /         

Prop. Alarm 
indication Alarm indication yellow 

acknowledged 

alarm/fault in the 

system 

unacknowledged 

alarm/fault in the 

system 

no active alarms 

Power limit indication Propulsion power limit indication yellow 

power limitation is 

active, the 

reference cannot be 

reached 

- not active 

Ready to 

start 
indication Ready to start indication white 

the propulsion 

drive can be started 

from this panel 

- 

the propulsion drive 

cannot be started 

from this panel 

Speed mode indication 
Speed control mode selected for 

propulsion drive 
white speed mode active - 

speed mode 

deselected 

E-stop active indication Emergency stop from drive red 
emergency stop is 

active 
- no emergency stop 

ECR thrust indication Thrust control is in ECR white 
thrust control is in 

ECR 

thrust control is 

being offered 

thrust control is not 

in ECR 

Local thrust indication Thrust control is in Local white 
thrust control is in 

Local 
- 

thrust control is not 

in Local 

RCS failure indication Remote control has a failure red 
this control place 

has a failure 

this control place has 

a Unacknowledged 

failure 

RCS works 

normally 
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Control place AZIPODROOM 

Local backup panel with highest priority. 

 

 

Control place ECR 

ECR with thrust lever and thrust backup panel.  
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Graph of motor data 

All data is shown in percentages. Reference and actual values are colored with same color 

tones. 

 

 

Motor data 

In this view is the motor data presented. 

 

 

 

 



 

 

 

Appendix C. Thrust lever 

 
Can be found in the printed version. 

 



Appendix (28/28) 

 

 

Appendix D. Motor dimensions 

 


