
 
 

 

Ali EBrahimi 

Master’s Degree Project 

Stockholm October 2010 

Effect analysis of Reliability, Availability, 
Maintainability and Safety   (RAMS ) 
Parameters in design and operation of 

Dynamic Positioning (DP) systems in floating 
offshore structures 

Production Engineering and Management 



 
 

 

 

 

 

 

 

 

 

Production Engineering and Management 

 

 

  Effect analysis of Reliability, Availability, Maintainability and Safety   
(RAMS ) Parameters in design and operation of Dynamic Positioning (DP) 

systems in floating offshore structures 
 

Master Thesis 
by Ali Ebrahimi 

 
 
 
 
 
 
 

Master Thesis written at KTH, Royal Institute of Technology, Oct 2010, 
School of Industrial Engineering  
Department Production Engineering and Management 
 
Supervisor: Dr Jerzy Mikler, 
Examiner: Dr Ove Bayard 
KTH School of Industrial Engineering 
 

In the Name Of Allah



 
 

 
Abstract 
 

The objective of this thesis is to identify, which hazards and failures in operation process 

will affect Reliability, Availability, Maintainability and Safety of floating offshore structures. 

The focus is on Dynamic Positioning (DP) system that has the responsibility of keeping the 

offshore structure in the upright position operation. DP system is one of the most critical sub-

systems on these types of structures in terms of safety of operation and failure risk costs.  

Reliability of the system in this thesis has been analyzed in qualitative and quantitative 

methods. In qualitative method to find the effective parameters on the reliability of the DP 

system, Reliability Centered Maintenance (RCM ) and its application as a main tool have been 

used.  To achieve the aim it has been tried to define the events and accidents which could be 

generated by the identified hazards then tried to determine the consequences of the realized 

accidents. In this step three categories are taken in to account including, safety, operation, and 

equipment. Next phase should be concentrated on considering and analyzing the relevant 

processes and the root causes which result in the identified hazard. After clarifying all probable 

root causes it has been tried to prioritize the root causes and specifying the necessary preventive 

actions. The aim of this step is either decreasing the occurrence of root causes or increasing the 

detectability of hazards.  

In the last part quantitative method has been used to measure the amounts of Reliability, 

Availability and Maintainability of the system, based on MTBF and MTTR of different 

components of the system and it has been tried to present the solutions to improve system 

reliability based on components RCM tables. Further, assuming DP system as human- machine 

system safety assessment has been included to indicate human factors in the reliability of the 

system beside probable failure of the components of the system. 

 

Keywords:, Dynamic Positioning system (DP ), Maintenance, Condition based 

Monitoring (CBM), Reliability-Centered Maintenance (RCM), Failure Mode and Effect 

Analysis  FMEA  
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1.Introduction 

 

1. 1- Problem Back ground 

Due to the high costs for operation and maintenance in the offshore industry, many utility 

companies and marine owners are focusing on costs reduction for operation and maintenance. In 

order to achieve this result it is fundamental to lower part of the corrective maintenance by 

increasing preventive maintenance tasks. On the other hand continuous improvement nowadays 

is unavoidable in marine industry to keep the marine providers in the market competition. 

Continuous improvement must be considered and implemented in the areas of safety, quality and 

reliability. To achieve this, one of the most important processes which must be subject of 

improvement is maintenance process. Improvement of safety, quality, reliability and 

dependability in a project is directly associated to the maintenance system in a company.  

In recent years, there has been an increase in the use of proactive maintenance techniques by 

Owners for repair and maintenance of machinery onboard vessels and offshore structures. The 

resulting preventative maintenance programs developed as a result of applying these techniques 

are being used by the vessel’s crew and shore-based repair personnel. Since 1978, Marine 

classification societies cooperated with Owners on developing and implementing preventative 

maintenance programs. Accordingly some documents have been issued in this area by these 

societies during last year’s such as Guide for Survey Based on Preventative Maintenance 

Techniques and then inclusion in the Rules for Survey After Construction –mid 2002. 

However, machinery systems have continued to become larger and more complex, requiring 

skilled operators with specialized knowledge of the machinery and systems onboard. 

 Nowadays necessity of developing new guides and documents for different parts of the 

vessel Based on Reliability-centered Maintenance (RCM) observed to provide vessel and other 

marine Structure: Owners, managers and operators with a proper tool to develop a maintenance 

program, using applied techniques in other industries for machinery systems.  

 With the application of RCM principles, maintenance is evaluated and applied in a rational 

manner that provides the most value to a vessel’s Owner/manager/operator. Accordingly, 

improved equipment and system reliability onboard vessels and other marine structures can be 

expected by the application of this philosophy. 

In addition to that RCM should be considered as a part of overall risk management. By  
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understanding the risk of losses associated with equipment failures, a maintenance program can 

be optimized. This optimization is achieved by allocating maintenance resources to equipment 

maintenance according to risk impact on the vessel. For example, RCM analysis can be 

employed to: 

• Identify functional failures with the highest risk, which will then be focused on 

for further analyses 

• Identify equipment items and their failure modes that will cause high-risk 

functional failures 

• Determine maintenance tasks and maintenance strategy that will reduce risk to 

acceptable levels 

• Reliability-centered maintenance is a process of systematically analyzing an 

engineered system to understand: Its functions 

• The failure modes of its equipment that support these functions 

• How then to choose an optimal course of maintenance to prevent the failure 

modes from occurring or to detect the failure mode before a failure occurs 

• How to determine spare holding requirements 

 

1. 2- Previous Works 
 
Previous works in this area have been mainly focused on risk Analysis as an important tool to 

decision making on the offshore structures both in the building and mainly operating parts. 

Result of this works is demonstrating the risk area for the complete structure and failure modes 

that have possibility of occurring in the platforms as it is shown in the following graphs. In the 

published works whole structure mainly concerned and the aspect of the study has been 

demonstrating the cause of failure concerning about total structure. Figure 1-1 depicts hysterical 

risk data of offshore structures while Figure 1-2 is demonstrating cause of jack up rigs mishaps.  
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1. 3- Objective 

 

The main objective for the present work is to investigate, with focus on the DP system of 

floating offshore structures. How RAMS parameters can be utilized in maintenance planning and 

what type of models can be employed in order to calculate the reliability, maintainability and 

availability of the system . In this thesis it has been tried to use RCM to categorize the probable 

Failure Modes of the mentioned DP system exploiting top level failure mode and Effect Analysis 

(FMEA) of the DP-2 system installed on OCEIANIC 5000 heavy lifting and pipe laying vessel. 

Following steps has been observed to prepare this thesis project.  

1. Possible failures modes and root causes to failure (FMEA) 

2. Top level FMEA for Dynamic Positioning tables concerning three categories including, 

safety, operation, economic 

3. How the DP is maintained with focus on preventive maintenance and how failures can be 

reduced or postponed.  

4. Developing DP reliability block diagram model to quantify RAMS parameters. 

5. Quantitative calculations and results. 

 

1. 4- Data Mining:  

The data’s required for this thesis have been gathered through the following resources. 

1. Product test plan, Operation Manuals, Engineering specifications and relevant 
standards in ZPMC company as a builder of the floating structure ( semi submersible ) 
including Dynamic Positioning ( DP )System and AKAM ADAK company as a 
supervision team on the whole project.  

2. Expert judgment and historical data. 
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2.1 Maintenance Theory  

“Maintenance means maintaining and improving the integrity of production and quality 

systems through the machines, processes, equipment and people who add value to the products 

and services, that is, the operators and maintainers of the equipment”.  

To achieve this, maintenance strategy has to be proactive, that is to say, with focus on 

prevention of equipment malfunction rather than on recovery from failures. The tasks in the 

maintenance plan have to be derived from the required functions, and assured to be adequate, 

technically feasible and cost justified. 

Maintenance mainly divided into two main categories: corrective and preventive.  

Corrective maintenance can be defined as the maintenance which is required when an item 

has failed or worn out, to bring it back to working order. Corrective maintenance is carried out 

on all items where the consequences of failure or wearing out are not significant and the cost of 

this maintenance is not greater than preventative maintenance. Corrective Maintenance activity 

may consist of repair, restoration or replacement of equipment. This activity will be the result of 

a regular inspection, which identifies the failure then corrective maintenance could be planned 

and scheduled, to be performed during a routine maintenance shutdown.  

Preventive maintenance is carried out at predetermined intervals or according to prescribed 

criteria and intended to reduce the probability of failure or the degradation of the functioning of 

one item. The function of maintenance is to assure that the system is able to perform the function 

it is designed for. In order to achieve this, different aspects needs to be taken into account such 

as: 

• Inspection frequency (part of preventive maintenance policy) 

• Overhauls intervals (part of preventive maintenance policy) 

• Replacement Rules for components 

• Management of Spare Parts 

Figure 2.1 sums up the different policies for maintenance for industrial applications. 

Preventive maintenance is generally considered to include both condition-monitoring and 

life-extending tasks which are scheduled at regular intervals. Some tasks, such as temperature 

and vibration measurements, must be done while the equipment is operating and some others 

such as internal cleaning must be done when equipment is shut down. Preventive Maintenance 

tasks can be performed within periodic time intervals (either based on operating time of the 
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equipment or calendar time) or based on measurement of one or more variables that are 

correlated to a degradation of the system (Condition Based Maintenance). 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

2.2 CONDITION-BASED MONITORING 
 

By the 1980s alternatives to traditional Preventive Maintenance (PM) programs began to 

develop in the maintenance area, utilizing computer power to support interval-based maintenance 

by specifying failure probabilities. The development of affordable microprocessors and increased 

computer literacy in the work force made it possible to improve upon interval based maintenance 

techniques by distinguishing other equipment failure characteristics. 

These included the precursors of failure, quantified equipment condition, and improved 

repair scheduling. 

The emergence of new maintenance techniques called Condition Monitoring (CdM) or 

Condition-based Maintenance supported the findings of F. Stanley Nowlan, Howard F. Heap and 

others, while revealing the misconception of the two basic principles in traditional PM programs: 

  A strong correlation exists between equipment age and failure rate. 

Figure 2-1:  Different policies of maintenance, for industrial applications 
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  Individual component and equipment probability of failure can be determined 

statistically, and therefore components can be replaced or refurbished prior to failure. 

Subsequently industry emphasis on Condition-based Maintenance increased, and the reliance 

 upon traditional PM decreased. Condition Based Maintenance (CBM) promises, enhancing the 

effectiveness of maintenance programs. This approach to maintenance uses data drawn during 

operations and/or maintenance intervals to forecast the need for additional or future maintenance. 

Data is gathered from both on-line and off-line maintenance tests.  

As a detail interpretation “CBM is a set of maintenance actions based on real-time or near-real 

time assessment of equipment condition which is obtained from embedded sensors and/or 

external tests & measurements taken by portable equipment.” Rather, it is an attitude that simply 

stated uses the actual operating condition of plant equipment and systems to optimize total plant 

operation. CBM is system oriented program and utilizes a combination of the most cost-effective 

tools such, thermal imaging, vibration monitoring and other nondestructive testing methods, to 

obtain the actual operating condition of critical plant systems and based on this factual data all 

maintenance activities on an as-needed basis are scheduled. This program will provide the ability 

to optimize the availability of process machinery and greatly reduce the cost of maintenance. It 

will also provide the means to improve product quality, productivity and profitability. A 

relationship between failure rates versus change in maintenance philosophy is showing decline 

trend as illustrated in figure 2-2, also representing the strengths and weaknesses of the different 

maintenance types. 

Data collection, analysis and storage, project tracking and scheduling, and report generation 

are the key elements in CBM method which is done on the central computer. Figure 2-3 is a 

block diagram of an equipment setup that is ideal for a CBM program.  
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Figure 2-2:  relationship between failure rates versus change in maintenance philosophy 
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2.3  FAILURE MODES AND EFFECTS ANALYSIS 
 

Failure Modes and Effects Analysis (FMEA) is methodology for analyzing potential 

reliability problems early in the development cycle where it is easier to take actions to overcome 

these issues, thereby enhancing reliability through design. FMEA is used to identify potential 

failure modes, determine their effect on the operation of the product, and identify actions to 

mitigate the failures. A crucial step is anticipating what might go wrong with a product. Failure 

Modes and Effects Analysis (FMEA) is applied to each system, subsystem, and component 

identified in the boundary definition. For every function identified, there can be multiple failure 

modes. The FMEA addresses each system function, all possible failures, and the dominant 

failure modes associated with each failure. The FMEA then examines the consequences of 

failure to determine what effect failure has on the mission or operation, on the system, and on the 

machine. Even though there are multiple failure modes, often the effects of failure are the same 

or very similar in nature. From a system function perspective, the outcome of any component 

failure may result in the system function being degraded. Similar systems and machines will 

often have the same failure modes, but the system use will determine the failure consequences.  

Other term that is used in this area is FMECA Failure Mode Critically Analysis. The most 

important contribution of FMECA with respect to FMEA that is focusing mainly on Criticality of 

the identified failures therefore sometimes, called single point failure mode .However in many 

texts and sources, the terms FMEA and FMECA are used to explain the same methodology and 

usually both include the criticality analysis. 

FMECA is an essential tool when Reliability Centered Maintenance (RCM) approach is 

adopted. It is used to identify what are the most critical components, their failure modes and to 

rank them according with the consequences they might have on the system  

The FMECA procedure is divided into the following steps: 

 Identifying all potential failure modes and their causes. 

 Evaluation of the effects on the system of each failure mode.  

 Identifying failure detection methods.  

 Identifying corrective measures for failure modes. 

 Assessing the frequency and severity of important failures for criticality analysis. 
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2.3.1 Identification of Failure Modes 

A failure mode is the manner by which a failure is observed. It generally describes the way 

the failure occurs and its impact on the equipment or system. All of the equipment item or 

component-related causes of the identified failure modes are to be identified. Failure shall be 

assumed by one possible failure mode at a time with the exception of “hidden failures” in which 

a second failure must occur in order to expose the “hidden failure”. 

A failure mode in an equipment item or component could also be the failure cause of a 

system failure. Since a failure mode may have more than one cause, all potential independent 

causes for each failure mode shall be identified. 

The failure characteristic for the failure mode is to be identified as follows: 

 Wear-in failure: is to be used for failures associated with manufacturing defects and   

installation, maintenance or startup errors; 

 Random failure:  is to be used for failures associated with random failures caused by 

sudden stresses, extreme conditions, random human errors or any failure not 

predictable by time 

 Wear-out failure is to be used for failures associated with end-of-useful life issues for 

equipment. 

 

2.3.2 Failure Effects 

The effects of the failure for each failure mode are to be listed as follows: 

 The Local Effect: is to describe the initial change in the equipment item or component 

operation when the failure mode occurs; failure detection methods, if any, are to be 

identified and availability of standby system/equipment to provide the same function. 

 The Functional Failure is to describe the effect of the failure mode on the system or 

functional group; such as potential physical damage to the system/equipment item; or 

potential secondary damage to either other equipment items in the system or unrelated 

equipment items in the vicinity. 

 The End Effect is to describe the overall effect on the vessel addressing propulsion, 

directional control, environment, fire and/or explosion. For offshore drilling units and 

offshore oil and gas production facilities, the End Effects would address drilling, 
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position mooring, hydrocarbon production and processing and import/export 

functions. One failure mode may result in multiple end effects. 

For failures in systems with corrective measures, the corrective measures are to be shown to 

be immediately effective or brought online with negligible time delay. If operator action is 

required to bring the corrective measure(s) online, the effects of operator delay are to be 

considered. It is to be assumed for the analysis that the corrective measure is successful. 

 Where the failure detection is not evident (e.g., hidden) and the system can continue with its 

specific operation, the analysis is to be extended to determine the effects of a second failure, 

which in combination with the first undetectable failure may result in a more severe effect. It is 

to be assumed for the analysis that any corrective measure(s) provided is (are) successful unless 

that corrective measure is the second failure whose effects are being analyzed. 

The actions required to repair a defective component or equipment item are to be indicated in 

the End Effect. The information is to include repair of equipment item or component, repairs to 

other equipment affected by the failure mode, personnel needed, special repair facilities and time 

to perform the repair.  

 

2.3.3 Failure Detection 

• The failure detection means, such as visual or audible warning devices, automatic 

sensing devices, sensing instrumentation or other unique indications. When the 

failure is applicable. The term evident is to be indicated in the FMECA 

worksheet. 

• Where the failure detection is not evident, the term hidden is to be indicated. 

 

2.3.4 Corrective Measures 

• Provisions that are features of the design at any level to nullify the effects of a 

failure mode (e.g., standby systems that allow continued and safe operation, 

safety devices, monitoring or alarm provisions which permit restricted operation 

or limit damage; and alternate modes of operation). 

• Provisions which require operator action to circumvent or mitigate the effects of 

the failure mode shall be provided. The possibility and resulting effects of 

operator error shall be considered if the corrective action or the initiation of the 



14 | P a g e  
 

redundant equipment item requires operator input, when evaluating the means to 

eliminate the local failure effects. 

 
2.3.5 Criticality Analysis 

The criticality analysis is used to rank the risk associated with each failure mode identified during the 

FMECA by assessing the severity of the End Effect and the likelihood of failure based on the best 

available data. This allows the comparison of each failure mode to all other failure modes with respect to 

risk.  

The likelihood of failure can be determined using either of these two approaches: 

• Quantitative: This approach is to be used if reliability data are available. When used, the 

source of the data and the operating context is to be provided. 

• Qualitative: Where quantitative data are not available to determine the likelihood of 

failure, engineering judgment can be applied based on previous experience.  

A possible classification as suggested for failure occurrence rate in IEC standard 

60812 is as following table: 

1  Very unlikely   Once every 1000 years or more seldom 

2  Remote Once    every 100 years 

3  Occasional    Once every 10 years 

4  Probable    Once every year 

5  Frequent    Once every month or more often 

 

 

The probability of failure is to be based on current failure rate data for equipment 

items/components operating in similar operating modes and operating contexts for the 

existing maintenance tasks. If this data is not available, then the failure rate is to be estimated 

based on an assumption that no maintenance is performed. 

The severity level for consequences is attributable to functional losses. Loss of containment, 

explosion/fire and safety are to be described and defined in this category. Severity ranking 

assessment depicts how severe the consequences of a failure mode are estimated on the 

system. Major classification for severity ranking is as follows.  

I: Insignificant: Only minor damage to system and no injury to personnel 

caused by failure mode; 

II: Marginal: A failure which may cause minor injury, minor property damage, 

Table 2-1: Likelihood of failure
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or minor system damage which will result in delay or loss of availability 

respectively in system degradation; 

III: Critical: A failure which may cause severe damage, or major system damage. 

 

IV: Catastrophic: A failure which may result in loss of property or complete damage of the 

system for the likelihood of failure. 

A risk matrix is developed after assessment of above mentioned parameters. Table 2-2 

demonstrates example risk matrix.  Priority descriptor (high, medium, low, etc.) is assigned to 

each cell in the risk matrix. Other risk rankings such priority number or criticality number 

also used. A minimum of three risk rankings is provided. The lowest risk ranking is to signify 

acceptable risk and the highest risk ranking is to signify an unacceptable risk. A risk matrix is 

developed for the functional groups and consequence categories.  

For each failure mode, the FMECA indicates all functional losses, severity, probability of 

failure and their resulting risk. The consequence categories (loss of containment, 

explosion/fire, safety) mainly considered in the FMECA when the failure mode directly 

initiates a consequence. 

In the last part, the confidence in the risk characterization is to be assessed. A high confidence 

in the risk characterization indicates the risk is properly characterized and can be used 

without any further discussions. A low confidence indicates uncertainty, and that additional 

data about the frequency of occurrence or severity of the End Effect is provided before the 

risk can be used. 

 

severity level 
Likelihood of Failure 

Improbable  Remote  Occasional  Probable  Frequent 

4  Medium  High  High  High  High 

3  Low  Medium  High  High  High 

2  Low  Low  Medium  High  High 

1  Low  Low  Low  Medium  Medium 

 

  

 

 

Table 2-2 Risk Matrix Example Format 
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2.4 RELIABILITY-CENTERED MAINTENANCE 
 

2.4.1 Background 

During last 30 years new approach was developed in the field of maintenance, based on 

system functions, consequence of failure, and failure modes. This new developed method is 

called Reliability-Centered Maintenance RCM. 

The primary objective of RCM analysis is to provide a comprehensive, systematic and 

documented investigation which establishes important failure conditions of the machinery 

system(s), maintenance tasks or system/equipment redesigns chosen to reduce the frequency of 

such occurrences, and the rationale for spares inventory. 

RCM integrates Preventive Maintenance (PM), Predictive Testing and Inspection (PT&I), 

Repair, and Proactive Maintenance to increase the probability that a machine or component will 

function in the required manner over its design life-cycle with a minimum amount of 

maintenance and downtime. This approach tries to reduce the Life-Cycle Cost (LCC) of a facility 

to a minimum while continuing to allow the facility to function as intended with required 

reliability and availability. 

The basic application of each strategy is shown in Figure 2.4. 

 
 
 

 

 

 

 

 

 

 

 

 

 

Figure 2-4:  Components of an RCM Program 
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The objective of RCM is to achieve reliability for all of the operating modes of a system. 

An RCM analysis, when properly conducted, should answer the following seven questions: 

1. What are the system functions and associated performance standards? 

2. How can the system fail to fulfill these functions? 

3. What can cause a functional failure? 

4. What happens when a failure occurs? 

5. What might the consequence be when the failure occurs? 

6. What can be done to detect and prevent the failure? 

7. What should be done if a maintenance task cannot be found? 

Typically, the following tools and expertise are employed to perform RCM analyses: 

• Failure modes, effects and criticality analysis (FMECA). This analytical tool helps answer 

Questions 1 through 5. 

• RCM decision flow diagram. This diagram helps answer Questions 6 and 7. 

• Design, engineering and operational knowledge of the system. 

• Condition-monitoring techniques. 

• Risk-based decision making (the frequency and the consequence of a failure in terms of its 

impact on safety, the environment and commercial operations).  

This process is formalized by documenting and implementing the following: 

• The analyses and the decisions taken 

• Progressive improvements based on operational and maintenance experience 

• Clear audit trails of maintenance actions taken and improvements made 

Once these are documented and implemented, this process will be an effective system to 

ensure reliable and safe operation of an engineered system.  

RCM programs is implemented and conducted in several ways using different kinds of 

information. One technique is based on Failure Modes and Effects Analysis (FMEA). Required 

information to perform this method is as follow: 
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 Consequences of failure 

 Probability of failure 

 Historical data 

 Risk tolerance (Mission Criticality) 

 

RCM PRINCIPLES can be categorized as follows:  

  Function-Oriented: RCM seeks to preserve system or equipment function, not just 

operability for operability's sake.  

 System-Focused: RCM is more concerned with maintaining system function than 

individual component function. 

 Reliability-Centered: RCM treats failure statistics not overly concerned with simple 

failure rate; it seeks to know the conditional probability of failure at specific ages.  

 Acknowledges Design Limitations: The objective of RCM is to maintain the 

inherent reliability of the equipment design, recognizing that changes in reliability are 

the province of design rather than maintenance. 

 Safety, Security, and Economics: Safety and security must be ensured at any cost; 

life-cycle cost-effectiveness is a tertiary criterion. 

 Failure as Any Unsatisfactory Condition:  

 Logic Tree to Screen Maintenance Tasks: This provides a consistent approach to 

the maintenance of all equipment. See Figure 2-5. 

 Tasks Must Be Applicable: Tasks must address the failure mode and consider the 

failure mode characteristics. 

 Tasks Must Be Effective: Tasks must reduce the probability of failure and be cost-

effective 
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Figure 2-5. RCM Logic Tree
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2.4.2 System and System Boundary 

A system is any user-defined group of components, equipment, or facilities that support an 

operational function. These operational functions are defined by mission criticality or by 

environmental, health, safety, regulatory, quality, or other defined requirements. Most systems 

can be divided into unique subsystems along boundaries. The boundaries are selected as a 

method of dividing a system into subsystems when its complexity makes an analysis by other 

means difficult. 

As shown in Figure 2-6, a system boundary or interface definition contains a description of 

the inputs and outputs across each boundary as well as the power requirements and 

Instrumentation and Control. 
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Figure 2-6. System Functional Boundaries
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2.4.3 Functions 

The first step in RCM is to determine and define the functions of each asset in its operating 

context and in term of its performance. These functioned can be categorized in two ways: 

 Primary functions, the expected operational task of an asset in first place. This 

category covers functions like speed, motion and product quality. e capacity, product 

quality and customer service. 

 Secondary functions, the operational tasks more than fulfilling its primary functions. 

This category covers areas like safety, control, comfort, protection and efficiency of 

operation. 

 

2.4.4 Functional Failure 

The objectives of maintenance are defined by the required functions and standard 

performance of the assets under consideration. The reason which can stop an asset to perform its 

standard function is a failure. So RCM deals with the identification of the failures in an asset. 

This process can be done in two levels: 

 Identifying what circumstances amount to a failed state. 

 Asking what events can cause the asset to get into a failed state. 

In RCM, the failure states are known as functional failures. 

 

2.4.5 Type of Failure  

Based on RCM purposes, three types of failures are defined: functional, evident, and hidden. 

 (1) Functional failure: A functional failure is one in which a function of the item is lost. A 

functional failure directly affects the mission of the system.  

(2) Evident failures. When the loss of a function can be observed or is made evident to the 

operator, the failure is said to be evident. In the latter case, dials or displays, audible or visual 

alarms, or other forms of instrumentation alert the operator to the failure. 

(3) Hidden failures. A hidden failure is a functional failure of an item that has occurred, has 

not affected performance of the end system, and is not evident to the operator, but will cause a 

functional failure of the end system if another item fails.  
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2.4.6 Symptoms and Consequences 

The next phase in RCM is to identify the consequences happens when a functional failure 

occurs. Objective of the RCM is analysis to make decisions regarding the selection of a 

maintenance action for the consequences of the occurred failure. Three categories of failure 

consequences are generally used. They are safety, operational and non operational or economic. 

(1) Safety: If a functional failure directly has an adverse affect on operating safety, the 

failure effect is categorized as Safety. An adverse effect on safety means that the result of the 

failure is extremely serious or catastrophic. Results can include property damage, injury to 

operators or other personnel, death, or some combination of these . 

(2) Operational. When the failure does not adversely affect safety but prevents the end 

system from completing a mission, the failure is categorized as an Operational failure. For many 

end systems, operational failure results in loss of revenue. In other cases, a critical objective 

cannot be met.  

(3) Economic. When a functional failure does not adversely affect safety and does not 

adversely affect operations, then the failure is said to have an Economic effect. The only penalty 

of such a failure is the cost to repair the failure. 

 

2.4.7 Failure Management Techniques 

Failure consequences evaluation enables us to put attempt on the considerable and important 

functions and take away the energy from those which are little or has no effect on the 

performance of the system. It also encourages us to think more broadly about different ways of 

managing failure, rather than to concentrate only on failure prevention. In RCM context, failure 

management techniques are divided into two categories: 

 Proactive tasks: these tasks are done before a failure happens to prevent the system 

falls into a failure state. It is also known and predictive or preventive maintenance. 

 Default actions: these actions are done after a fail state happens. These actions are 

selected when there is no possible proactive task can be identified. 

RCM divides proactive tasks into three categories as below: 

 Scheduled restoration tasks 

 Scheduled discard tasks 
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 Scheduled on-condition tasks. 

RCM also categorizes default actions into three main categories as below: 

 Failure-finding: failure-finding tasks entail checking hidden functions periodically to 

determine whether they have failed 

 Redesign: redesign entails making any change to the built-in capability of a system. 

This includes modifications to the hardware and also covers changes to procedures. 

 No scheduled maintenance (Run to Failure): as the name implies, this default entails 

making no effort to prevent failure modes and so those failures are simply allowed to 

occur and then repaired. 

 

2.4.8 RCM Task Selection Process 

A great advantage of RCM is that it provides simple and precise criteria for decision about 

the maintenance technique. The task selection process in RCM is as below: 

 For hidden failures, a proactive task is worth doing if it reduces the risk of the 

multiple failures associated with that function to an acceptably low level. If such a 

task cannot be found then a scheduled failure-finding task must be performed. If a 

suitable failure finding task cannot be found, then the secondary default decision is 

that the item may have to be re-designed. 

 For failures with safety or environmental consequences, a proactive task is only worth 

doing if it reduces the risk of that failure on its own to a very low level indeed, if it 

does not eliminate it altogether. If a task cannot be found which reduces the risk of 

the failure to an acceptably low level, the item must be redesigned or the process must 

be changed. 

 If the failure has operational consequences, a proactive task is only worth doing if the 

total cost of doing it over a period of time is less than the cost of the operational 

consequences and the cost of repair over the same period. In other words, the task 

must be justified on economic grounds. If it is not justified, the initial default 

decisions no scheduled maintenance. (If this occurs and the operational consequences 

are still unacceptable then the secondary default decision is again redesign). 

 If a failure has non-operational consequences a proactive task is only worth doing if 

the cost of the task over a period of time is less than the cost of repair over the same 
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period. So these tasks must also be justified on economic grounds. If it is not justified, 

the initial default decision is again no scheduled maintenance, and if the repair costs 

are too high, the secondary default decision is once again redesign.  

This approach means that proactive tasks are only specified for failures which really need 

them, which in turn leads to substantial reductions in routine workloads. This routine work also 

means that the remaining tasks are more likely to be done properly.  
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3.1 General Description 
 

Dynamic positioning (DP) is a computer controlled system to automatically maintain 

a vessel's position and heading by using its own propellers and thrusters. Position reference 

sensors, combined with wind sensors, motion sensors and gyro compasses, provide information 

to the computer pertaining to the vessel's position and the magnitude and direction of 

environmental forces affecting its position. Figure 3-1 shows typical DP system. 

The computer program contains a mathematical model of the vessel that includes information 

pertaining to the wind and current drag of the vessel and the location of the thrusters. This 

knowledge, combined with the sensor information, allows the computer to calculate the required 

steering angle and thruster output for each thruster. This allows operations at sea where mooring 

or anchoring is not feasible due to deep water, congestion on the sea bottom (pipelines, 

templates) or other problems. 

Dynamic positioning (DP) system, having been born of necessity as a result of the increasing 

demands of the rapidly expanding oil and gas exploration industry in the 1960s and early 1970s. 

Even now, when there exist over 1,000 DP-capable vessels, the majority of them are 

operationally related to the exploration or exploitation of oil and gas reserves. 

The demands of the offshore oil and gas industry have brought about a whole new set of 

requirements. Further to this, the more recent moves into deeper waters and harsh-environment 

locations, together with the requirement to consider more environmental-friendly methods, have 

brought about the great development in the area of Dynamic Positioning techniques and 

technology. 

The first vessel to fulfill the accepted definition of DP was the "Eureka", of 1961, designed 

and engineered by Howard Shatto. This vessel was fitted with an analogue control system of 

very basic type, interfaced with a taut wire reference, Equipped with steerable thrusters fore and 

aft in addition to her main propulsion. 

By the late 1970s, DP had become a well established technique. In 1980 the number of DP 

capable vessels was about 65, while by 1985 the number had increased to about 150. Currently it 

stands at over 1,000 and is still expanding. It is interesting to note the diversity of vessel types 

and functions using DP, and the way that, during the past twenty years, this has encompassed 
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many functions unrelated to the offshore oil and gas industries. A list of activities executed by 

DP vessels would include the following: 

 coring  

 exploration drilling (core sampling)  

 production drilling  

 diver support  

 pipelay (rigid and flexible pipe)  

 cable lay and repair  

 multi-role  

 accommodation or 'flotel' services  

 hydrographic survey  

 pre- or post-operational survey  

 wreck survey, salvage and removal  

 dredging  

 rock dumping (pipeline protection)  

 subsea installation  

 lifting (topsides and subsea)  

 well stimulation and work over  

 platform supply  

 shuttle tanker off take  

 Floating production (with or without 

storage)  

 heavy lift cargo transport  

 passenger cruises  

 mine countermeasures  

 oceanographical research  

 seabed mining  

DP is also used in 

 rocket launch platform positioning  

 repair/maintenance support to military vessels  

 ship-to-ship transfer and  

 maneuvering conventional vessels  

DP systems have become more sophisticated and complicated, as well as more reliable. 

Computer technology has developed rapidly and some vessels have been upgraded twice with 

new DP control systems. Position reference systems and other peripherals are also improving and 

redundancy is provided on all vessels designed to conduct higher-risk operations. 
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Figure 3-1   Typical DP system             [17] 
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3.2 Basic Principles of DP 
 

As it is defined in last part DP is a system which automatically controls a vessel's position 

and heading exclusively by means of active thrust. 

The above definition includes remaining at a fixed location, but also precision maneuvering, 

tracking and other specialist positioning abilities. 

A convenient way of visualizing the inter-relation of the various elements of a DP system is 

to divide the system into six parts, as the following sketch shows. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3-2   Schematic Diagram of DP system components     [15] 
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The prime function of a DP system is to allow a vessel to maintain position and heading. A 

variety of further sub-functions may be available, such as track-follow, or weathervane modes, 

but the control of position and heading is fundamental. 

Any vessel (or other object) has six freedoms of movement; three rotations and three 

translations. In a vessel they can be illustrated as roll, pitch, yaw, surge, sway and heave. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Dynamic positioning is concerned with the automatic control of surge, sway and yaw. Surge 

and sway, of course, comprise the position of the vessel, while yaw is defined by the vessel 

heading. Both of these are controlled about desired or "setpoint" values input by the operator, i.e. 

position setpoint, and heading setpoint. Position and heading must be measured in order to obtain 

Figure 3-3   Six Freedoms of Movement                 [15] 
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the error from the required value. Position is measured by one or more of a range of position 

references, while heading information is provided from one or more gyrocompasses. The 

difference between the setpoint and the feedback is the error or offset, and the DP system 

operates to minimize these errors. 

The vessel must be able to control position and heading within acceptable limits in the face 

of a variety of external forces. If these forces are measured directly, the control computers can 

apply immediate compensation. A good example of this is compensation for wind forces, where 

a continuous measurement is available from wind sensors. Other examples include plough cable 

tension in a vessel laying cable, and fire monitor forces in a vessel engaged in firefighting. In 

these cases, forces are generated which, if unknown, would disturb the station keeping if 

unknown. Sensors connected to the cable tensioners, and the fire monitors allow direct feedback 

of these "external" forces to the DP control system and allow compensation to be ordered from 

the thruster before an excursion develops. 

In addition to maintaining station and heading, DP may be used to achieve automatic change 

of position or heading, or both. The DP operator (DPO) may choose a new position using the 

control console facilities. The DPO may also choose the speed at which he wants the vessel to 

move. Similarly, the operator may input a new heading. The vessel will rotate to the new heading 

at the selected rate-of-turn, while maintaining station. Automatic changes of position and 

heading simultaneously are possible. 

Some DP vessels, such as dredgers, pipelay barges and cable lay vessels have a need to 

follow a pre-determined track. Others need to be able to weathervane about a specified spot. This 

is the mode used by shuttle tankers loading from an offshore loading terminal. Other vessels 

follow a moving target, such as a submersible vehicle (ROV), or a seabed vehicle. In these cases 

the vessel's position reference is the vehicle rather than a designated fixed location. 
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3.3  Elements of a DP System 
 

3.3.1 Computers 

The processors operating the DP control software are generally known as the DP computers. 

The main distinction of concern to the DPO is the number of computers, their methods of 

operation, and the level of redundancy they provide. 

The computers may be installed in single, dual or triple configurations, depending upon the 

level of redundancy required. Modern systems communicate via internet, or local area network 

(LAN), which may incorporate many other vessel control functions in addition to the DP. 

In all DP vessels, the DP control computers are dedicated specifically for the DP function, 

with no other tasks. A single-computer system or 'simplex' DP control system provides no 

redundancy. A dual or two-computer system provides redundancy and auto-changeover if the 

online system fails. A triple or 'triplex' system provides an extra element of security and an 

opportunity for 2-out-of-3 voting.  

 

3.3.2 Control Console 

The bridge console is the facility for the DPO to send and receive data. It is the location of all 

control input, buttons, switches, indicators, alarms and screens. In a well-designed vessel, 

position reference system control panels, thruster panels and communications are located close to 

the DP control consoles. 

The DP control console is not always located on the forward bridge - many vessels, including 

most offshore support vessels have the DP console located on the after bridge, facing aft. Shuttle 

tankers may have the DP system situated in the bow control station although most newbuild 

tankers incorporate the DP system on the bridge. Possibly the least satisfactory location for 

the DP console is in a compartment with no outside view. This is the case in a few older drilling 

rigs. 

The facilities for the operator vary from push-buttons and/or touch-screens to pull-down 

menus activated by roller balls and 'enable' buttons. 
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3.3.3 Position Reference Systems 

The number of position references enabled depends on a number of factors. In particular, the 

level of risk involved in the operation, the redundancy level that is sensible for the operation, the 

availability of references of a suitable type, and the consequences of loss of one or more position 

references. 

Picture 3-1 Kongsberg Simrad SDP console and Alstom 'A' Series console 
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A variety of position reference systems is used by DP systems. The most common are: 

differential global positioning (DGPS - Figure 3-4), taut wires, hydroacoustics (HPR), and line-

of-sight laser or microwave systems. 

The reliability of position references is a major consideration. Each has advantages and 

disadvantages, so that a combination is essential for high reliability.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Position information from position-reference systems may be received by the DP system in 

many forms. In addition, the type of co-ordinate system used may be Cartesian or geodetic. 

The DP control system is able to handle information based on either co-ordinate system. A 

Cartesian, or local, co-ordinate system is based upon a flat-surface two-dimensional 

measurement of the North/South (X) and East/West (Y) distances from a locally defined 

Figure 3-4 Position reference systems                [15] 
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reference origin. This reference origin will be taken from one of the position reference systems 

(e.g. HPR transponder, fanbeam reflector, taut wire depressor weight location). This type of co-

ordinate reference system is purely local, or relative, not absolute or earth-fixed. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

For the DP system to handle earth-referenced type of data it is necessary to configure 

the DP system to accept geodetic data, or global references, such as GPS. 

A DGPS system, provides co-ordinates in terms of latitude and longitude referenced to the 

WGS84 datum. Most offshore operations are conducted using UTM (Universal Transverse 

Mercator) as the chart or worksite diagram projection. This reduces the positional co-ordinates 

into Northings and Eastings in metres.  

Figure 3-5 Position reference coordinate systems                      [15] 
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Most modern DP control systems enable the DPO to select the type of presentation required, 

e.g. cartesian, geographic (lat/long or UTM). If the latter, the system will automatically calculate 

the UTM zone from received geodetic position measurements. The datum is usually selectable 

from a menu. 

 

3.3.4 Heading Reference 

The DP vessel's heading is provided by one or more gyro compasses, which transmit data to 

the DP control system. In vessels where redundancy is necessary, then two or three gyros are 

fitted. 

If three gyros are fitted, then the DP system may use two-out-of-three voting to detect a gyro 

failure, and give an appropriate warning to the DPO. A heading reference may also be available 

from multiple GPS receivers. 

 

3.3.5 Environment Reference 

There are three main environmental forces which cause the vessel to move away from her 

setpoint position and/or heading. They are the forces created by wind, waves and current. 

Current meters to provide feed forward to the DP control system are hardly ever used 

by DP control systems, because they are expensive, especially if high reliability is required, and 

generally the current forces change slowly, so that integral term of the controller is adequate. 

However, a facility exists in some systems for 'quick current update', or 'fast learn'. This is a 

function which reduces the time constant of the integral term and allows the mathematical model 

build-period to be radically reduced. This is intended to allow the system to better react to 

rapidly changing tidal conditions or the new conditions after a large change of heading. 

The DP control system provides no direct active compensation for waves. In practice, the 

frequency of the waves is such that it is not feasible to provide compensation for individual 

waves and the forces are too high. Wave drift forces build slowly and appear in the DP control 

system as current or sea force. 

The roll, pitch and heave motions of the vessel are not compensated for by the DP control 

system, but it is necessary for the DP control system to be provided with accurate values of roll 
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and pitch. This is to allow compensation to be applied to all the various position reference sensor 

inputs for their offset from the centre of gravity of the vessel. Instrumentation to measure these 

values is provided in the form of a vertical reference sensor (VRS), vertical reference unit (VRU) 

or a motion reference unit (MRU). The MRU measures accelerations by the use of linear 

accelerometers and calculates inclination angles. 

A recent development is the provision of a system which utilizes two or 

more DGPS receivers with antennae mounted some distance apart. The GPS fixes and motion-

sensors provide data on vessel position, heading, roll, pitch and heave values. This is able to 

provide a reference for position and heading as well as motion in and about each axis. 

All DP systems have wind sensors. This data is used to calculate wind-induced forces acting 

upon the vessel's hull and structure, allowing these forces to be compensated before they cause a 

position or heading change. Typically, a wind sensor consists of a simple transmitting 

anemometer, usually of the rotating-cup type. 

The directions of the wind are important for vessels needing to wind or weathervane, or find 

the minimum power heading. A correct assessment of this heading is vitally important to some 

vessels, e.g. the shuttle tanker and floating production vessels, which are reliant upon finding the 

best heading to maximize uptime. 

The wind sensors are important because large changes in wind speed or direction can cause 

major disturbances in the positioning if they are not selected or shielded. The wind feed-forward 

allows an immediate compensatory thrust to be applied in direct proportion to the change 

detected in the wind speed and/or direction. 

Many DP control systems also have a wind compensation facility within the manual 

(joystick) control function, providing the operator with an environmentally-compensated joystick 

control option. 

 

3.3.6 Control system 

Control system is the main data processor of DP system to analyze the gathered data and 

sending the orders to different thrusters. In the beginning PID controllers were used and today 

are still used in the simpler DP systems. But modern controllers use a mathematical model of the 



38 | P a g e  
 

ship that is based on a hydrodynamic and aerodynamic description concerning some of the ship's 

characteristics such as mass and drag. Of course, this model is not entirely correct. The ship's 

position and heading are fed into the system and compared with the prediction made by the 

model. This difference is used to update the model by using Kalman filtering technique. For this 

reason, the model also has input from the wind sensors and feedback from the thrusters. This 

method even allows not having input from any PRS for some time, depending on the quality of 

the model and the weather. 

The accuracy and precision of the different PRS’s is not the same. While a DGPS has a high 

accuracy and precision, a USBL can have a much lower precision. For this reason, the PRS’s are 

weighed. Based on variance a PRS receives a weight between 0 and 1. 

 

 

 

Figure 3-6 Block Diagram of controlling system         [16] 
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3.3.7 Power Systems 

Central to the operation of any DP vessel are the power generation, supply and distribution 

systems. Power needs to be supplied to the thrusters and all auxiliary systems, as well as to 

the DP control elements and reference systems. 

The thrusters on a DP vessel are often the highest power consumers on board. 

The DP control system may demand large changes of power due to rapid changes in the weather 

conditions. The power generation system must be flexible in order provide power rapidly on 

demand while avoiding unnecessary fuel consumption. Many DP vessels are fitted with a diesel-

electric power plant with all thrusters and consumers electrically powered from diesel engines 

driving alternators. A diesel engine and alternator is known as a diesel generator set. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The DP control system is protected against a mains power failure by the inclusion of an 

uninterruptible power supply (UPS). This system provides a stabilized power supply that is not 

Figure 3-7 Power Distribution on a Typical OSV                [15] 
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affected by short-term interruptions or fluctuations of the ship's AC power supply. It supplies the 

computers, control consoles, displays, alarms and reference systems. In the event of an 

interruption to the ship's main AC supply, batteries will supply power to all of these systems for 

a minimum of 30 minutes. 

 

3.3.8 Power Management System 

The purpose of the Power Management System is to assure adequate and reliable electrical 

power supply to the various consumers. This is achieved by the following main tasks: 

• The PMS will control the number of generators online at any time according to the 

operational conditions and perform load sharing of the generators. 

• The power consumption of Variable Frequency Drives (thrusters, drilling) is controlled in 

order to avoid overloading the generators. Should an overload occur e.g. caused by a 

shutdown of a generator set, the PMS will force load reduction of some or all of the 

Variable Frequency Drives until the situation is recovered. 

• The amount of regenerated power from the drilling draw works is limited to avoid a 

reverse power situation for the generators. 

• The PMS will perform blackout restart of the power system in the event of a total or partial 

blackout. 

Further, the PMS includes the Redundancy and Criticality Assessment system, an operator 

support system that monitors the “health” of the electric power system. All generators, 

switchboards and thruster drives, including all auxiliary systems, are monitored and compared 

with specific requirements for the defined operational modes of the vessel. Any important alarm 

or non-conformance with respect to equipment condition or set-up is reported to the engineers as 

well as to the DP-operators. 

 

3.3.9 Propulsion Systems 

The DP capability of the vessel is provided by her thrusters. In general, three main types of 

thruster are fitted in DP vessels; main propellers, tunnel thrusters and azimuth thrusters. Main 
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propellers, either single or twin screw are provided in a similar fashion to conventional vessels. 

In DP vessels where such main propulsion forms part of the DP system, propellers may be 

controllable pitch (cp) running at constant rpm or variable speed. DC motors or frequency-

converter systems enable variable speed to be used with fixed-pitch propellers. Main propellers 

are usually accompanied by conventional rudders and steering gear. Normally, 

the DP installation will include control and feedback of the rudder(s). Some DP vessels are fitted 

with modern hi-lift high efficiency rudders which enhance the vessel's transverse thrust aft. 

In addition to main propellers, a DP has well-positioned thrusters to control position. 

Typically, a conventional monohull-type DP vessel has six thrusters; three at the bow and three 

aft. Forward thrusters tend to be tunnel thrusters, operating athwart ships. Two or three tunnel 

thrusters are usually fitted in the bow. 

Stern tunnel thrusters are common, operating together but controlled individually, as are 

azimuth or compass thrusters aft. Azimuth thrusters project beneath the bottom of the vessel and 

can be rotated to provide thrust in any direction. Propeller drive is usually by bevel gearing from 

above. The whole unit may in some cases be retractable into the hull. Azimuth thrusters have the 

advantage that they can provide thrust in any direction and are often used as main propulsion in 

lieu of conventional propeller. 

 

 

 

 

 

 

 

 

 

 

 Figure 3-8 Typical Propulsion System Layouts               [15] 
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DP system RCM Analysis 
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4.1 Purpose 
 

The objective of this FMEA is to provide a comprehensive and systematic analysis to 

establish the important failure modes with regard to station keeping of DP vessel. It has been 

tried to determine any failure modes that can affect the station keeping as a whole and cause a 

position loss. The possible modes of position loss are: 17  

·   

Drive-off:  Failures onboard of Floating Offshore Unit 
(FOU) resulting in active thruster forces 
driving the FOU away from its target 
position. The drive-off may involve, false 
position information, DP control failures, 
thruster failures, and operator errors as 
primary or secondary causes.  
 

Drift-off:  Failures onboard of FOU resulting in 
deficiency of thruster forces in relation to 
the environmental forces, e.g. partly or total 
blackout. The FOU is drifted off position 
due to insufficient thruster forces.  
 

Force-off:  No failures onboard of FOU, but due to 
sudden change in environmental 
conditions, the FOU is operating outside its 
capability envelope and is forced off 
position due to insufficient thruster forces.  

In this chapter Failure Mode and Effect Analysis (FMEA) of Kansberg Maritime DP-2 

system for Pipe Laying and Heavy Lifting Vessel ZPMC 4400 with the following systems has 

been prepared.  

• Dynamic Positioning – K-Pos 

• Thruster Control – K-Thrust 

• Vessel Control – K-Chief 

Description of different failure modes of the equipment referred to their functional 

objectives, and to detect possible critical points in the system at block level is demonstrated.  
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The monitoring and control systems and their subsystems are broken down to block level. 

The breakdown is performed to such a level of detail that the main system units are shown, i.e. 

DP/SVC consoles, Field stations (PCU area) etc. 

4.2 Failure Modes 

Standard failure modes that is considered in this chapter for DP system is as following:  

1. Power failure (voltage too high, too low etc.) 

2. Power fuse fails 

3. Signal missing/faulty 

4. Unit / Item / Module faulty 

 

4.3 Outline of the System 

The major system areas and functions subject to this analysis is: 

• K-Pos (Dynamic Positioning) 

• K-Thrust (Thruster Control) 

• K-Chief (Vessel Control – PMS) 

 

4.4 Analysis Conditions 

The basis for this FMEA Analysis is: 

• Vessel fully operational 

• All Operator Stations (OS’s) working 

• All Field Process Stations operational 

• Switchboard in normal operation mode 

• No errors present 
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4.5 Software control system preference 

In the mentioned Dynamic Positioning Control System the redundancy is implemented by 

having two or three controller computers working in parallel. Within each controller computer 

there is no software module redundancy. The required reliability is achieved by the implemented 

diagnostics system that monitors all input signals to the system and checks for differences 

between the computers. All critical results that are computed, such as position estimate, are also 

checked between the computers. 

In a dual redundant system there will be an automatic change-over to the other computer if a 

critical software or hardware error occurs. The operator can also at any time initiate a bumpless 

switch-over to the other computer as well as force the off-line computer equal to the on-line 

computer. 

4.6 Integrated automations system (IAS) – k-pos, k-thrust and k-chief 

The IAS System is a distributed monitoring and control system. Normal configuration of the 

IAS system includes DP, Thruster Control, machinery control and monitoring, propulsion and 

monitoring as well as cargo, ballast control and monitoring, integrated in the same equipment. 

Dependent of the complexity of the system, the IAS is divided into several segments, with 

dedicated K-Pos / K-Thrust and K-Chief Operator Stations. 

All operator stations and field process stations (FS) are self-contained units and independent 

of the other units, i.e. a failure in one station will not cause any other station to break down. All 

process logic including equipment safety and control functions are contained in the respective 

field station controller. 

Each operator station (OS) contains a hard disc with all system configurations and acts as a 

server during system start-up. System configuration / update can be done on-line without need of 

any additional equipment. 

A sophisticated login / password system protects the operation / configuration of the system 

against mal operation. 

The IAS system supports trend facilities and alarm / event recording. Process events and 

alarms are stored on hard discs and can be recalled on request. 
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Redundant network based on the Ethernet principles is installed as standard. The two nets are 

installed in different cable paths. Each unit is interfaced to both nets and if a failure on one net is 

detected, the system will continue operation on the healthy net. 

Redundant field process stations have a redundant set of controllers. If the master CPU for 

some reason goes down, the slave unit will take over, without any operator intervention. 

The main tasks of the IAS system as delivered on ZPMC 4400T are as follows: 

• Dynamic Positioning system 

• Thruster Control and Monitoring 

• Alarm/event recording 

• Watch call system (E0) 

• Engine room alarm and monitoring 

• Control of ballast and bilge 

• Primary Trend functionality 

• Power management system – control and monitoring 

 

4.7 IAS System Layout 

The IAS System comprises the following hardware equipment: 

4.7.1 Operator Stations: 

 Two (2) K-Pos Operator Stations (OS), 

 One (1) cJoy DP Operator Terminal,  

 One (1) cWing Operator Terminal  

 One (1) cJoy Operator Terminal 

 Sixteen (16) K-Thrust Operator Panels  

 Eight (8) Fwd Bridge Operator Panels 

 Eight (8) Aft Bridge Operator Panels. 

 Six (6) K-Chief Operator Stations (OS). 

 One (1) HiPAP Operator Station (OS) 



47 | P a g e  
 

4.7.2 Controllers and Field Stations 

 One dual DP Controller (DPC-2)  

 One Independent Joystick controller (cC-1) 

 Twenty (20) Field Stations (FS), including eight (8) Thruster Controllers (one for 

each thruster) 

 

4.7.3 RCU redundancy 

High reliability, availability, and / or safety at equipment or system level can often only 

be reached with the help of redundancy. Redundancy is the existence of more than one means 

(in an item) for performing the required function. 

DP: 

In the K-Pos Control System the redundancy is implemented by having two or three 

controller computers working in parallel. Within each controller computer there is no 

software module redundancy. The required reliability is achieved by the implemented 

diagnostics system that monitors all input signals to the system and checks for differences 

between the computers. All critical results that are computed, such as position estimate, are 

also checked between the computers. 

For the DPC there will be an automatic change-over to the other computer if a critical 

software or hardware error occurs. The operator can also at any time initiate a bump less 

switch-over to the other computer as well as force the off-line computer equal to the online 

computer. 

K-Chief: 

Redundant K-Chief Field stations have a redundant set of RCU’s. There is one main 

controller (master) with a hot backup controller (Slave). Both computers read the same input 

from the I/O cards, but only the active one can set output signals. The slave controller is 

continuously updated with the same data as the master controller (I/O, network, operation 

and parameter changes). If the master controller fails, the slave controller will automatically 

take over as the active controller without any disturbance of the process. 

All redundant DPC’s and Field Stations have dual power supply. Two 230 VAC feeds 

(from UPS’s) are fed to two (100 %) 24 VDC power supplies. During normal conditions, 

the power supply units shares the load. In case one of the UPS supplies or a power supply 
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fails, the remaining power supply will take the whole load. The status of the power supplies 

and the 230 V UPS supply is monitored and the alarm is read digital input RIO modules. 

Each RCU has double net interface. One single failure of the network will not affect the 

network for the RCU pair. 

 

4.8 IAS Top level FMEA 

The IAS field interface has a set of standard ways of handling signal failure (Fail Safe 

Settings). When investigating I/O loop failures one has to consider several failure modes both 

internally in the IAS and externally. 

Internal failures are: 

 Loss of loop power for internally powered loops 

 Faulty RIO cards 

Examples of external failures are: 

 Cabling failures such as short circuits or open circuits 

 Defective sensors 

 Defective actuators 

 Mechanical failures 

 Thermodynamic failures 

 Faulty third party electronics. 

In general it could be said that failure on input signals are relatively easy to detect and 

have counter measures against to make the equipment fail in a safe way. For output signals 

this is a bit more complicated and the system might give alarm/trip as a result of knock on 

effects of the uncontrolled loop. 

If an analogue output in a control loop fails system will lose automatic IAS control and it 

should be relied on manual input or redundant systems in order to fail safely. The criticality 

of such a failure is naturally system dependent. 

In the following the system has been broken down to manageable sub systems/functions, 

performed a Top Level FMEA for each main system/function. 

The systems/function which will be discussed in this part are: 

 System (Common) 

 K-Pos (Dynamic Positioning) 
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 K-Thrust – (Thruster Control) 

 K-Chief (Vessel Control) 

Based on the functional design of each system/function there is a short description about, 

the functionality and the main hardware components connected to each system/function. 

Top Level FMEA for the main hardware components has demonstrated in following 

tables. In most cases this is the Field Process Stations / DPC / cC-1 connected to each 

system. 

 

4.8.1 System   

Here Top Level FMEA for the Operation Stations ( OS’s), Network and for the UPS 

system has been prepared based on operating manuals of the system and maintenance notes. 
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4.8.1.1 K-Pos OS 

Element: K-Pos OS (Aft Bridge) 

Function: Operator Station (Man Machine Interface) 

 

Unit / item / 
module  Failure mode 

Type of Failure  
Effect / comments  Severity  Consequences 

Power input  1 Power failure (too  Functional Failure (evident).Fuse will blow.  Marginal  Operational 
(230VAC UPS)  high, short circuit,  The power supplies have internal       
   fluctuating etc.)  protection.       
      The OS will lose its power and        
      operation will stop.       
      Alarm will be reported from the other operation       
       systems . That they are  supplied from       
      different power sources (UPS) and are       

      still operating       

OS 1‐2  2 Unit faulty   (evident).Alarm is activated. The  Marginal  Operational 

   (one at a time  other units are functioning       

 

 

4.8.1.2 K-Chief OS 

Element: K-Chief OS  

Function: Operator Station (Man Machine Interface) 

 

Unit / item / 
module  Failure mode 

Type of Failure  
Effect / comments  Severity  Consequences  

Power input 
1 Power failure 
(too   Function failure. Fuse will blow.  Insignificant  Operational 

(230 VAC)  high, short circuit,  The power supplies have internal       
   fluctuating etc.)  protection.       
      The OS will lose its power and is not       
      operating.       
      Alarm reported from the other systems       
      (OSs).       
      The other systems are supplied from       
      different power sources (UPSs) and are       

      still operating.       

OS 31‐36  2 Unit faulty 
 Functional. Evident failure. Alarm is 
activated. The other units are functioning.  Insignificant  Operational 

   (one at a time)       
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4.8.1.3 K-Thrust Operator Panels 

Element: STC 400-1 (Fwd Bridge), STC 400-2 (Aft Bridge) 

Function: Operator Station (Man Machine Interface), manual thruster control, thruster 

start stop 

 

Unit / item / 
module  Failure mode 

Type of Failure  
Effect / comments  Severity  Consequences 

Power input  Power failure (too  Evident .There is not important effect.   Insignificant  Economic 

(230 VAC) STC  high, short circuit,  The unit is powered from two UPSs.       

400‐1 & 2  fluctuating etc.)          

Thruster  Unit faulty  Function failure. Loop monitoring and fault Marginal  Operational 

lever 1‐8, STC  (one at a time)  detection ‐> alarm activated and “fail       

400‐1 & 400‐2     safe” settings applied.       

      The other thrusters are operative.       

      The other STC Operator panel is       

      still working.       

Panel with  Emergency stop  Function failure. Thruster will stop.  Marginal  Operational 

emergency stop  contact closes  The other thrusters are operative       

buttons for each  spuriously (on  Hidden failure. In lifting operation thruster    Critical   Safety 

Thruster  one panel at a time)  Stop will transfer load on other operative        

  
thrusters ,  
that can lead to vessel  loss of position       

Panel with  Emergency stop   Functional failure.  Marginal  Operational 

emergency stop  contact does not   “normal” Stop button used       

buttons for each  close when activated  at same panel. The other STC panel is       

Thruster  (on one panel at a  still working.       

   time)       
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4.8.1.4 HiPAP OS 
Element: HiPAP OS 1 (Aft Bridge) 

Function: Operator Station for HiPAP (Man Machine Interface) 

 

Unit / item / 
module  Failure mode 

Type of Failure  
Effect / comments  Severity  Consequences 

Power input  1 Power failure (too  Functional failure. Fuse will blow.   Marginal  Operational 

230 VAC to OS1  high, short circuit,  Power supplies have internal protection.       

   fluctuating etc.)  The OS will lose its power and will not       

      operate. Alarm will be reported from the       

      other OS’s.       

      HiPAP related to respective OS will       

      be lost. Other ref systems will be       

      operational.        

OS 1 
2 Unit faulty (one at a 
time) 

Functional failure. Evident. Alarm is 
activated.  Marginal  Operational 

      HiPAP related to respective OS will       

      be lost. Other ref systems are       

      operational.       
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4.8.1.5 PSA IAS Network 

Element: Network 

Function: Operator Station (Man Machine Interface) 

 

 

Unit / item / 
module  Failure mode 

Type of failure  
Effect / comments  severity  Consequences 

NDU   Unit faulty   Functional. Evident. Alarm is activated.  Insignificant  Economy 

A1/C1, B1  (one at a time)  Redundancy lost, but the other net is       

A2, B2     functioning.       

      Net C is administrative network and not       

      critical for the process.       

Net cables  Unit faulty  Functional. Evident. Alarm is activated.  Insignificant  Economy 

   (one at a time)  Redundancy lost, but the other net is       

      Functioning       

NET A or B or C  Net units, specific   Functional. Evident. Alarm is activated.  Insignificant  Economy 

   for each net (one  Redundancy lost, but the other net is       

   unit fails at a time  Functioning       

  

Hidden failure. Overload of one Ethernet 
based network that will cause total network 
stop 

Marginal 
 
  

 Operational 
 
 

    Software failure 
Function Failure. will result in failure on this 
network (timeout, no values transmitted). 

Critical 
 

Safety 
 

   causing problems       

   on both networks       

   (common cause  Suggested solutions:        

   failure) 
Complete network load test before delivery 
of DP system .         

      Periodic network verification check         

     

to ensure correct performance of both 
networks  and all their components  during 
vessel operation period . 
these tow solutions would be effective  to 
improve the reliability of system network 
performance. 
       

     
The probability for such a double failure is 
considered to be very small.       
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4.8.2 K-Pos System 

4.8.2.1 Principle block diagram of Dynamic Positioning 

Controller (DPC-2) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   

   

 

 

 

Figure 4-1 Principle block diagram of DPC-2 
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4.8.2.2 PSA DPC-2 

Element: DPC-2 

Function: Dynamic Positioning Controller 

Unit / item / 
module  Failure mode 

Type of Failure  
Effect / comments  Severity  Consequences  

Power input 1  Power failure  Functional failure. Fuse will blow.  Marginal  Operational 

230 VAC  (too high, short circuit, 
The power supplies have internally 
protection. Failure is evident.        

   fluctuating etc.)  Net Switch A will lose power and is       

      not operating. Net and power alarm       

      reported. All other components have       

      redundant supply.       

PSU   Power failure  Functional failure. Fuse will blow.   Marginal  Operational 

   (too high, short circuit,  power supplies have internally protection.       

   fluctuating etc.)  Net Switch A will lose power and is       

      not operating. Net and power alarm       

      reported. All other components have       

      redundant supply.       

RCU 501/502  RCU 501/502 failure 
Functional Evident Failure. Alarm is 
reported.  Marginal  Economy 

   System is not reliable.       

      The other systems are processing as       

      normal.       

      Redundancy is lost.       

           

RHUB200‐5  Unit faulty (one at a   Functional. Evident Alarm is reported. RBUS  Marginal  Economy 

A/B  time)  communication between RCUs and       

      I/O modules through one RHUB stops.       

      Other RHUB communicating as       

     
normal. 
       

RHUB200‐5 
9 Faulty RBUS end 
termination 

 Functional failure. Evident Alarm is 
reported if too many messages are lost.  Marginal  Operational 

A/B  Resistor  Communication on affected leg is not       

   (one at a time)  reliable. Other RHUB communicating       

     

as normal. 
Hidden failure: fault of DP operator in using 
unreliable data can cause critical failure via 
sending incorrect order to thruster’s that 
can lead to loss of position. 
 

 Critical 
 
 
 
 

 Safety 
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RSER200‐4  Unit faulty   Evident failure. Alarm is reported. GPS 1,  Marginal   Economy  

(U32,33,62)     Gyro 1 and Wind 1 data lost. Other       

      ref. systems, gyro and wind data are       

     

still available.  
Note: Redundant system will carry on 
operation but faulty system should be 
repaired to increase the system reliability.       

RSER200 
(Uxx)  Plug P1, P2 or P3 is 

Functional failure. ( Evident ) Alarm is 
reported.  Marginal   Operational 

   lose (open loop) (one at  Connected RCU loses communication       

   a time)  from RSER module. Other RCU       

      communicating as normal       

RMP200‐8  15 Unit faulty 
 Evident failure Alarm is reported. Related 
VRS Gyro  data lost.   Marginal  Economy  

(U34, 35 ,36)     Other ref. systems, VRS and gyro data are       

     

still available. 
Note: Redundant part will send data to 
continue operation  but faulty system should 
be repaired to increase the system 
reliability.       
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4.8.2.3 PSA Gyro 

Element: Gyro 1 / 2 / 3 

Function: Provide heading course data 

 

Unit / item / 
module  Failure mode 

Type of Failure  
Effect / comments  severity  Consequences 

Power input  1. Power failure 
Evident Failure. Fuse will blow. Alarm is 
 reported.  Marginal  Economy  

   (too high, too low  The faulty gyro is rejected by the       

   etc.) (one at a time  system, and the system uses data       

      from the other gyros.       

Power input  2. Power fuse faulty  Evident Failure Alarm is reported.  Marginal  Economy  

   (one at a time)  The faulty gyro is rejected by the       

      system, and the system uses data       

      from the other gyros       

Gyro 1 / 2 / 3  Ready/OK signal  Evident Failure .Alarm is reported.  Marginal  Economy  

   missing (one at a  The faulty gyro is rejected by the       

   time)  system, and the system uses data       

   from the other gyros.       

           

  
Signal missing / 
faulty (one at a time) 

Note:  Rejected Gyro should be corrected  
Very soon otherwise it will cause further  
Data problems.       

        

   Signal unstable       

   (one at a time)       

        

   6. Unit / Item / Module       

   faulty (one at a time)       
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4.8.2.4 PSA Wind 
Element: Wind 1 / 2 

Function: Provide Wind speed and direction. 

 

Unit / item / 
module  Failure mode 

Type of Failure  
Effect / comments  severity  Consequences  

Power input  1 Power failure 
Functional. Evident failure. Fuse will 
blow. Alarm is reported.  Marginal  Economy  

(230 VAC)  (too high, too low etc.) The faulty sensor is rejected by the       

   (one at a time)  system, and the system uses data from       

      the other sensors.       

   2 Power fuse faulty  Alarm is reported.       

   (one at a time)       

           

           

Wind 1 / 2  3 Signal missing /  Evident failure. Alarm is reported.  Marginal  Economy  

   faulty (one at a time)  The faulty sensor is rejected by the       

      system, and the system uses data from       

     
the other sensors. 
       

  
4 Unit / Item / Module
faulty 

Hidden  failure : If wind data is > limit 
for detection: 

Critical 
 

Safety 
 

   The system will report difference       

      between the sensors. The operator has       

      to decide which one(s) is correct and       

      deselect the faulty one.       

      If wind data changes rapidly due to any       

      failure or other false reason, prompt       

     
action from operator may be required. 
       

Serial line  5 Power fuse faulty 
Functional. The system will report 
Time out.  Marginal  Operational 

splitter on     No wind data from sensor. Other       

Wind sensor 1     sensors ok. No wind data to cC‐1       

(Isobox 1)     (cJoy).       

   6 Unit / Item / Module  Marginal  Operational 

   faulty       
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4.8.2.5 PSA MRU 

Element: MRU 1 / 2 / 3 

Function: Provide Pitch, Roll and Heave data 

 

Unit / item / 
module  Failure mode 

Type of Failure  
Effect / comments  severity  Consequences 

Power input No  1 Power failure 
Functional Failure.  Evident. Fuse will blow.  
Alarm is reported.  Marginal Economy 

(24 VDC)  (too high, too low etc.)  The faulty sensor is rejected by the       

   (one at a time)  system, and the system uses data       

      from the other sensor       

   2 Power fuse faulty  Alarm is reported.  Marginal Economy  

   (one at a time)  The faulty sensor is rejected by the       

      system, and the system uses data       

      from the other sensor.       

MRU 1 / 2 / 3  3 Ready signal missing  Functional Failure.  Evident.  Marginal Operational 

   (one at a time) 
Alarm is reported 
The faulty sensor is rejected by the       

      system, and the system uses data       

      from the other sensor       

   4 Signal missing / faulty  Alarm is reported.  Marginal Operational 

   (one at a time)  The faulty sensor is rejected by the       

      system, and the system uses data       

      from the other sensor       

   5 Unit / Item / Module  Alarm is reported.  Marginal Operational 

   faulty (one at a time)  The faulty sensor is rejected by the       

      system, and the system uses data       

      from the other sensor       
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4.8.2.6 PSA DGPS 

Element: DGPS 1 / 2 

Function: Provide Position Reference data 

 

Unit / item / 
module  Failure mode 

Type of Failure  
Effect / comments  severity  Consequences 

Power input No  1 Power failure  Functional. Fuse will blow.   Marginal Economy 

(230 VAC,  (too high, too low etc.) 
Alarm is reported. 
The sensor is rejected by the system,       

UPS)  (one at a time)  and the system uses pos. ref. data from       
      the other reference sensors.       
   2 Power fuse faulty  The affected DPS will shut down.  Marginal Economy 
   (one at a time)  Functional. Alarm is reported.       
      The sensor is rejected by the system,       
      and the system uses pos. ref. data from       
      the other reference sensors.       

DPS 1 / 2  3 Signal missing /  Functional. Alarm is reported.  Marginal Economy 
   faulty (one at a time)  The faulty position reference data is       
      rejected by the system, and the system       
      uses pos. ref. data from the other       
      reference sensors.       
   4 Unit / Item / Module  Functional. Alarm is reported.  Marginal Economy 
   faulty (one at a time)  The faulty position reference data is       
      rejected by the system, and the system       
      uses pos. ref. data from the other       
      reference sensors.       

DPS 1 / 2  5 Signal missing /  Functional. Alarm is reported. 
   faulty  The faulty position reference data is       
   Common mode failure  rejected by the DP control system, and       
   for both DGPS systems  has to use pos. ref. data from the third       

   (Satellite failure or 

ref. system. 
 
Hidden failure. There is the only one left.  Critical   Safety 

   other)  Lack of GPS satellites is a potential      Operational  
      common source of failure. The situation       
      has to be evaluated operationally. I.e. at       
      certain geographical locations and at       
      certain periods of time there might be       
      too few satellites available to compute a       
      position for both systems.       
      Loss of both DGPS correction links is       
      also a potential common failure, which       
      also has to be evaluated operationally.       
      (operator evaluation)       

 



61 | P a g e  
 

 

4.8.2.7 Fanbeam 

Element: Fanbeam 

Function: Provide Position Reference data 

 

Unit / item / 
module  Failure mode 

Type of Failure  
Effect / comments  severity  Consequences 

Power to  1 Power failure 
Functional. May lead to failure. 
 failure modes  3 and/or 4.  Marginal  Economy 

Fanbeam units  (too high, too low etc.)       

Power to  2 Power fuse faulty  Functional No power to Fanbeam  Marginal  Economy 

Fanbeam units     Use other ref. system.       

Fanbeam units  3 Signal missing /  Functional. Faulty position reference data is  Marginal  Economy 

   faulty  rejected by the system, and the       

      system uses pos. ref. data from the       

      other reference sensors.       

   4 Units faulty       

   (one at a time)       
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4.8.2.8 PSA HiPAP 

Element: HIPAP 

Function: Provide Position Reference data 

 

Unit / item / 
module  Failure mode 

Type of Failure  
Effect / comments  severity  Consequences 

Power supply to  1 Power failure 
Functional. 
The faulty position reference data is  Marginal  Economy 

units  (too high, too low  rejected by the system, and the       

   etc.)  system uses pos. ref. data from the       

      other reference sensors.       

   2 Power fuse faulty  Marginal  Economy 

           

           

           

   3 Signal missing /  Marginal  Economy 

   faulty       

           

           

HIPAP  4 Unit / Item / 
Functional. 
The faulty position reference data is  Marginal  Economy 

   Module faulty  rejected by the system, and the       

      system uses pos. ref. data from the       

      other reference sensors.       

REMOTE CONTROL  5 Unit / Item / 
Functional. 
No control of hoist / lowering from  Critical  Operational 

OF HOIST /  Module  remote device.  local device should be used.      Safety 

LOWERING  faulty          

HIPAP OS             

Gyro signal from  6 Signal missing /  Functional. The other gyro is still  Insignifcat Economy 

Gyro 1 / 2  faulty  working.       

MRU signal from  7 Signal missing / 
Functional. 
No MRU signal to this HiPAP. The  Marginal  Operational 

MRU 1  faulty  system uses pos. ref. data from the       

      other reference sensors.       

DPS signal from GPS  8 Signal missing / 
Functional. 
No DPS signal to this HiPAP. Not  Marginal  Operational 

2  faulty  critical as the DPS signal is only for       

      calibration.       
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HiPAP System :  HiPAP is hydro acoustic positioning system consists of both a 

transmitter (transducer) and a receiver (transponder). A signal (pulse) is sent from the 

transducer, and is aimed towards the seabed transponder. This pulse activates the 

transponder, which responds immediately to the vessel transducer. The transducer, with 

corresponding electronics, calculates an accurate position of the transponder relative to the 

vessel.  

There is critical failure mode in the HiPAP system that can affect the safety of system, is 

about sound wave measurement system. Probability of occurrence of this failure for new 

designed HiPAP systems is very low but here this failure mode will be briefly described.  

Sound waves do not follow a straight path. Deflection occurs when the sound passes 

through different thermo clines in the sea. Thermo clines are a result of differences in 

temperature and salinity. The velocity of sound varies accordingly to these factors, and 

shadow zones can occur. Another problem with sound in water is noise generated from 

the vessel itself and surrounding objects. These reasons will lead to wrong position 

calculation that can improve risk of operation and possibility of hazard occurrence. 
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4.8.3 K-Chief System – Power Management 

 

The electric power system is a seven-split system. The seven-split system consists of 

seven switchboards and distribution systems for general ship power, pipe laying power, 

winch power, and crane power. In all normal operations the switchboards will be connected 

into a common power plant by use of the bus transfer feeders and cables between 

switchboards. 

Power Management System (PMS) consists:  

Main Generators 

       Volt: 6.6kV     Rated power: 4345 kW (30.4 MW total) 

Harbour Generator 

       Volt: 450V     Rated power: 1280 kW 

Emergency Generator 

       Volt: 450V    Rated power: 400 kW 

 

• 1 Main Diesel Generators (DG3) rated 4345 kW 

• 6.6 KV Switch Board Transfer Circuit Breaker from Swbd2 (Slave) 

• 6.6 KV Switch Board Transfer Circuit Breaker to Swbd4 

• Main Azimuth Thruster 7 Transformer Circuit breaker 

• Anchor winch transformer 1 Circuit Breaker 

 

The LV utility distribution system is a two split system, with bus transfer feeders between 

adjacent redundancy segregated zones. The LV switchboards will not be fed in parallel 

through the feeding transformers. If one feeding switchboard or transformer is down, the LV 

Utility switchboards may be connected together and fed from one transformer. 

Each electric power system within the redundancy segregated zones may operate 

completely independent of the power systems in other zones. 

The electric power distribution system is equipped with electrical interlocks to prevent 

adverse operation of the system that may be cause disturbances or faults in the system.  

The protection and control system of the switchboard is designed in order to minimize the 

consequences of faults, including power system and auxiliary faults.  
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Under no circumstances, one single fault as defined by marine rules, will lead to loss of 

the electric power system within more than one redundancy segregated zone. 

 

4.8.3.1 PSA Power Management Field Process Stations 

Element: Field Process Stations 41 - 43 

Function: Processing Power Management data 

 

 

Unit / item / 
module  Failure mode 

Type of Failure  
Effect / comments  severity  Consequences  

FS 41 No  1 Unit faulty  Functional. Processing faulty data for:  Marginal  Operational 

Master RCU 41  (Common cause  ‐ DG 1, 2, 3       

Slave RCU 141  failure)  ‐ MSB 1, 2, 3       

   2 Power to unit 
Functional 
Not Critical as the unit is powered from  Economy 

   faulty  two power supplies (both UPS) 

FS 42 No  3 Unit faulty  Functional. Processing faulty data for:       

Master RCU 42  (Common cause  ‐ DG 4, 5   Marginal   Operational 

Slave RCU 142  failure)  ‐ MSB 4, 5       

   4 Power to unit 
Functional 
Not Critical as the unit is powered from  Marginal  Economy 

   faulty  two power supplies (one of them UPS)       

              

FS 43 No  5 Unit faulty  Functional. Processing faulty data for:  Marginal  Operational 

Master RCU 43  (Common cause  ‐ DG 6, 7       

Slave RCU 143     ‐ MSB 6, 7       

              

   6 Power to unit 
Functional. 
Not Critical as the unit is powered from  Marginal  Economy 

   faulty  two power supplies (one of them UPS)       
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4.8.4 K-Thrust Thruster Control System 

Each propulsion unit, steering gear or thruster has its own separate Remote Control 

System (RCS). A complete manual control system for a propulsion plant consists of a 

number of parallel RCSs. Common functions for command transfer and control mode 

selection at each control position synchronize the parallel systems. 

In combination with other control systems, the RCS acts as the “owner” of the propulsion 

/ thruster. It controls command access to the equipment and ensures that transitions between 

control systems takes place in a safe manner.  

As a consequence of individual RCS systems for each equipment unit, control systems 

that require access to more than one unit are interfaced to the RCS systems for each of the 

applicable units. For mentioned DP-2 system in this thesis DP control systems have a LAN 

connection to the RCS controllers and Independent Joystick control system is connected 

through traditional Input/ Output IO 

The RCS controllers communicate with the Maintenance Station and other KM operator 

stations and controllers via DNET local area network / PCK. The communication between 

the RCS lever panels and the RCS controller is a Serial Process bus (SPBus), identical to 

the communication link between the RCS controller and Remote Input/ Output RIO units. 

The main functions available in the RCS controller can be summarized as follows: 

• Handle connected lever panels and response to operator action. 

• Handle command transfer between alternative control positions (panels). 

• Handle control system selection of the different connected control systems (e.g. 

 Manual Lever control, DP control system, Independent Joystick control system, 

external Autopilot). 

• Handle Synchronous Control between two propulsion units, steering gears or 

thrusters. 

• Handle bumpless transfer between control positions and to Manual Lever control 

from other control systems. 

• Execute start and stop sequences. 

• Execute closed loop control (where applicable). 

• Execute load reduction (where applicable).. 
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4.8.4.1  PSA Thruster Control Field Process Stations 

 

Element: Field Process Stations 31-38 
Function: Processing Thruster control data 

 

Unit / item / 
module  Failure mode  Effect / comments  severity  Consequences  

FS   1 Unit faulty  Functional. Processing faulty data for:  Marginal  Operational 

(FS 60C)  (Common cause  ‐ Linked Thruster        

   failure)  The other Thrusters are operative.       

   2 Power to unit 
Functional. The FS will lose its power  
and is not operating.        

   faulty  The other Thrusters are operative  Marginal  Operational 

 

 

Shaft Thruster Room: 

 

Unit / 
item / 
module  Failure mode  Effect / comments  severity Consequences 

Thruster   Wrong data  
Functional. Wrong rotating shaft data from operator 

Critical   Operational 

Shaft . 
Watch keeping in shaft room may  lead to wrong order  

    Safety  

  

Of DP control unit to thruster and incorrect loading or  

Unloading the thruster, leading to loss of function of 

Thruster and sometimes even vessel loss of position 

When other thrusters cannot endure transmitted  

System overload. 
     

   Physical defect 
Hidden .  During  operation high RPM of  
Rotating shaft can cause physical injury    critical   Safety 

  
To watch keeping operators based on lack of 
Sufficient space in thruster room. 
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5.1 Introduction 

After determining possible failure modes in different functions of DP system concerning 

about calculating the reliability of system is reasonable. In this chapter it is tried to go through 

the quantitative calculation of reliability, maintainability and availability of the system beside 

discussion about the safety and risks in the operation of DP vessels.  

First brief definition about the basic concepts of RAMS analysis has been given. In the 

second step quantitative calculations is included, eventually with the conclusion part this chapter 

and this thesis has been closed.  

 

5.1.1 Reliability 

Reliability is a characteristic of an item, expressed by the probability that the item will 

perform its required function under given conditions for a stated time interval [14]. Reliability 

means the probability that something with a known failure rate will not fail during a particular 

time period. For example it is important to find likelihood that it will not have a DP failure 

during the time. In the other meaning it is important to find the probability that a floating 

offshore unit can use DP system during different operation based on type of unit for example 

heavy lifting, rigging or drilling operations. 

It is assumed all parts are in their normal life period as it is demonstrated in bathtub curve 

(Figure 5-1) while early failure period and end failure period of equipments have not been 

considered in the analysis. Regarding to this issue Reliability equation for all further analysis has 

been modeled by exponential failure time distribution as following: 

            14  

 

Where R is reliability,  is the natural log base, λ is the failure rate and  is the time duration.  

With low failure rates and short exposure times, the values for reliability are close to one, Since 

failure rate, λ, is the reciprocal of MTBF, the expression for reliability can be rewritten as : 

1
                                    14  
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5.1.2 Availability  

Availability is a broad term, expressing the ratio of delivered to expected service    14 . This 

is the fraction of time a thing or system is available for use; that is, not shut down by failure. The 

equation: 

            14       

Here A is the fraction of total time the system is available, MTBF is its mean time before 

failure and MTTR is the mean time to repair.  

For the series of sub systems, there is an equation that puts this into perspective. It says that 

the failure rate for the total system, λT, is the sum of the failure rates, λ , for all of the series 

subsystems. 

λT=λ  λ  λ  λ  λ  λ  λ … λ  

Since MTBF is the reciprocal of failure rate, equation (4) can be rewritten as 

1
 

1
 

1
 

1
 

1
 

1
 

 

Figure 5‐1: bathtub curve          [35]
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When there is redundancy in the subsystems that can affect positively in the total reliability 

of system and leads to total reliability improvement. The effect of redundancy on reliability of 

each redundant subsystem is calculated as the following formula: 

                14  

Here, , is the number of parallel elements in the system and, r, is the number that are 

required for successful operation. As it is conspicuous in the mentioned equation having 

redundancy can increase the Total MTBF of system enormously and this will lead to high 

reliability of total DP system, subsequently in the design stage considering redundant subsystems 

would be much effective method to improve the reliability of DP system beside other 

modifications. 

it follows then for the mean time to repair (restoration) at the system level MTTRs is 

calculated with following formula. 

∑ /
∑ 1/

               14     

5.1.3 Maintainability 

Maintainability is a characteristic of an item, expressed by the probability that a preventive 

maintenance or a repair of the item will be performed within a stated time interval for given 

procedures and resources (skill level of personnel, spare Parts, test facilities, etc.)[14]. In 

maintainability, the random variable is time-to-repair, in the same manner as time-to-failure is 

the random variable in reliability. Maintainability equation for a system in which the repair times 

are distributed exponentially is given by: 

                                       14     

Where μ = repair rate.        And                         μ  
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5.2 Subsystem and device MTBFs 

Gathered data in Table 5-1 are covering some major elements of any DP system.  Mentioned 

data’s, accumulated over many years of DP vessels operations from digging records or operation 

manuals of the parts prepared by manufacturers. It is conspicuous the data that are demonstrated 

in the table have some inaccuracy and it would be doubtful in some elements however they can 

give good aspect about MTBF of whole system and would be reliable source for the total 

reliability calculation of DP system.  

 

Component  Minimum  MTBF‐hrs reasonable  Maximum  MTTR ‐ hours 

Control computer console             

Dual      92,000     7
           

SP BUS HUB dual 
redundant   193,000 5

RIO card (single)  190,000 5

Acoustic position ref. 
(HIPAP)     4,000 23,900  2

Vertical Ref. Unit 
Fanbeam     100,000    100

Differential GPS (DGPS)     18,500    5

Gyro   4,000 25,000 48,000  30

Wind Sensor  8,000 17,000 100000  3

MRU unit  7,000 15,000 75,000  10

Unit. Power Suppl. UPS  5,000 17,000 100000  30

Engine Diesel  
(power supply system)     10,000 20,000  30

Thrusters—azimuthing             

           Fixed Pitch     9,600      

          Controllable Pitch  944 7,700    170

 

 
Table  5‐1: Sub system MTBF & MTTR
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5.3 DP2 system reliability block model  

The reliability block diagram of a DP-2 system is shown in Figure 5.2. The figure is based on 

the configurative information given in chapter 4. Hence the reliability block diagram consists of 

several redundant or single groups connected in a series configuration. 

 

 

 

 

 

 

 

 

 

 

The probability of system failure due to loss of power is extremely low, due to the fact that 

one power is capable of supplying more than one module. In addition the failure of one power 

will not have a significant impact on the failure rate of the other powers. In reality the system is 

supplied by several powers, but is shown as two redundant components for simplifying the 

reliability block diagram. 

UPS parallel:            =>        = 4,816,667 

 

Power supply parallel engine diesel: 

:         => = 204,167 

 

Power supply
 

Power supply
 

DP A
 

DP B
 

SP BUS HUB
 

SP BUS HUB
 

RIO
 

DGPS
 

Thruster 
System

 

MRU
 

Fan Beam
 

Gyro
 

HIPAP
 

UPS
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Wind sensor 
unit

 

Wind sensor 
unit
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Figure 5‐2: Reliability Block Diagram of the System 
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Now the reliability of system is calculated based on the above mentioned formulas, gathered 

MTBF for different single parts and the calculations for pair MTBF ( ) for redundant 

parts. Table 5-2 demonstrates the reliability calculation of DP system. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   

 

Based on the calculations, Reliability of the described DP-2  is 75.46%. This amount of 

reliability is acceptable in most industries, while in offshore industry because of high levels of 

costs for drilling or other operations that DP system is used, it is mainly beneficial to hove higher 

reliability to decrease the financial and safety risk amounts. In the conclusion part of this thesis 

some solutions that would be useful to improve the reliability of the system will be presented. 

Table 5‐2: Reliability Calculation Table
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Now Availability and Maintainability of the system based on the prescribed formulas 

calculated. 

First system mean to repair is calculated. To calculate mean time to repair of the system 

MTTR for single parts is considered in the block diagram of the system and redundant parts has 

been eliminated to gain more accurate result. 

∑ /

∑ /
      =>   

.

.
36.383 hrs 

 Now availability of the system can be calculated based on system mean time between 

failures and mean time to repairs. 

     = >  
.

99%    

As it is depicted Availability of the system is close to 1. That means DP system can have 

acceptable performance during operation. Down time of the system in operating time between 

failures is calculated as below: 

Down Time = ( 1- A ) *  = 36.31 hrs  

Now the maintainability of system is calculated as following: 

                                   

                                          => M (t) = 65 %  

Table  5-3 demonstrates the amount of Reliability, Availability and Maintainability of 

mentioned DP-2   system accumulatively. 

 

 

 

 

 

It is difficult and time consuming to construct a reliability model of the whole DP system, 

including all components. Modeling the system as it is done in this chapter and results that it 

Table 5‐3: Final calculated results
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gained is not highly accurate nevertheless the effort provides a useful framework to understand a 

system’s strong and weak points and from which to assess and deal with failures. 

Such total system MTBFs can be used to assess the risk in a given operation. To do this one 

must also know the probable cost, C, likely to be incurred in event of a failure of the DP system 

and the probable duration, t, of exposure to such failure. The risk rate will then be the failure cost 

times the failure rate or C/MTBF.  

 

5.4 Safety assessment  

The DP operation generally involves a human-machine system including all equipment that 

is described before and DP-key personnel Figure 5-3. Subsequently to improve the safety of DP 

operation requires that all major elements in this human-machine system be taken into account 

flowingly in addition to considering technical system failures, that is mainly covered in FMEA, 

in this part human operational failures and interactions between these two types of failures will 

be considered briefly. 

 

 

 

 

 

 

 

 

 

 

 

 

Resistance to loss of position is the main safety issue that is considered in the following. 

Figure 5‐3: DP operation human-machine system [34] 
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5.4.1 Resistance to loss of position  

As it is mentioned before there are three types of failures threatening DP vessel operation and 

may lead to loss of position. These failures are Drive- off, Drift –off and Force –off. There are 

three major categories of factors that can influence occurrence of these failures, thus improving 

these factors will lead to improving resistance to loss of position of DP vessel. These factors are: 

- Environmental conditions  

- DP system  

- DP key personnel (Human factor) 

Environmental condition: wind, wave, and current, directly influences DP vessels’ 

resistance to loss of position. Severity of the weather (wind speed, significant wave height), 

possibility of sudden change of wind/current direction, possibility of certain atmospheric 

condition can influence GPS and cause wrong position data. 

DP System: The DP vessel’s station-keeping capability is another influencing factor. This 

factor is reflected by:  

- DP capability plots  

- Power generation and consumption  

- Thruster output.  

Concerning the loss of position scenarios, the characteristics of DP control system, and status 

of position reference systems have dominant contributions. The status of vessel sensors is also 

relevant. 

 In addition to detecting the influencing factors on loss of position of the system prescribing 

some design and safety notices to improve the reliability of these factors would be useful. These 

comments are mainly useful to avoid from hidden failures that are neglected in FMEA while 

they can cause critical effect in operations and lead to safety hazards. 

 

Thrust Unit:  

Speed of response, efficiency and interference should be considered for all thrust units and 

the arrangement should be made to give, as far as is possible, a balanced configuration even after 

the worst failure. It is essential to avoid a thruster control fault that results in full power or power 
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in an unwanted direction which can destabilize the whole DP control system. While these safety 

features should be automatic it is nevertheless essential to provide an independent emergency 

stop for each thrust unit, suitably protected against inadvertent operation and operated from the 

DP control console or nearby. 

 

Power Generation:  

Safety systems that enable shut down of power generation automatically or manually should 

be designed to fail safe so that unwanted shut down does not take place from single faults. 

 

Power Management: 

 A system to prevent overload and blackout is essential. A system for the prudent starting and 

stopping of diesel generators would be highly effective.  

 

Position control: 

 For good performance of the position control system it is essential that a period of 

stabilization is used after position is first established and after significant moves or heading 

changes which may affect the vessel model. The initial stabilization period should be at least 20 

minutes; subsequent periods of stabilization should be determined by the circumstances and 

conditions. In Addition some certain essential features are required to ensure adequate reliability 

of each. These include the following:  

 Secure power supplies with backup (usually batteries) provided in case of a mains 

failure;  

 Independent emergency stop for each thruster, adequately protected against 

inadvertent operation  

 Separate output command signals for each thruster or sets of thrusters;  

 Secure location with negligible risk of fire, flood or overheating;  

 Comprehensive data display and alarms;  
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 Internal self checking;  

 Independent I/Os for sensors.  

The Ideal location of DP control console is so important and the place should give the DPO 

possibility to see the controls, the external environment and the working operations of the vessel.  

DP Key Personnel: Human actions from DP key personnel may directly initiate a loss of 

position scenario, or interact with technical failure events which then contribute to a loss of 

position scenario. The following factors are considered to have influence on these two types of 

human actions.  

Competence  

- Training  

- Certification  

- Operational experience  

- Knowledge about system onboard  

Attention level   

- Job attitude  

- External/internal distractions  

Lack of competence, or lack of knowledge about system onboard, may lead to operator acts 

with wrong expectation of technical system function, or improper use of technical system, 

erroneous selection of position reference, makes wrong assessment of internal and external 

situation. Weather criteria and vessel positioning capability also is influenced by operators. 

Communication system: 

Other influencing factor on the safety of DP system operation is relating to communication 

system in the vessel. Communication system can be divided in two groups, Voice 

Communication system and DP alerting system. These two groups and demanded situations that 

can satisfy the safety requirements in the operation are re briefly described in the following: 

Voice Communication: Priority voice communications should be available to ensure 

immediate and clear transfer of information between all responsible parties. In particular these 

should include:  
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 DP control position for lifting;  

 Engine control room;  

 Ballast control position;  

 Deck (lifting) superintendent;  

 Crane cabins.   

All essential voice communication systems should be provided with 100% redundancy, either 

through duplication or by provision of an alternative system. Terminals should be sited close to 

the normal operating positions of the personnel for whom they are provided. The equipment 

should be capable of single hand or foot control.  

 

DP Alert Status System: 

A system of lights and audible alarms should be used with visible and audible indication in 

the specified locations.  

I. Steady green light to indicate full working can be undertaken to safe working limits.  

II. Flashing yellow light to indicate the vessel has suffered a failure or reached safe 

working limits such that any additional event would cause a red alert. Lifting 

operations should be terminated with the load being placed or lifted clear whichever 

is the safest option. If sufficient power for keeping position would be lost by using the 

crane, the priority for power should be decided by the circumstances.  

III. Flashing red light to indicate position is being lost or excursion is greater than the 

limits of yellow light and damage to the lift and/or the installation being attended is 

possible. Personnel should move clear of the crane and the lift area and the platform 

should sound a pre-determined emergency signal. If the lift is clear, the crane vessel 

should move from the vicinity of the installation as soon as possible  
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Chapter 6 – Conclusion and Future Works 

 

6.1 Conclusion 

Due to the high costs for operation and maintenance in the offshore industry, continues 

improvement in the areas of safety, quality and reliability is essential to achieve lower operation 

cost. Dynamic Positioning system is one of the most critical sub-systems on these types of 

structures in terms of safety of operation and failure risk costs that is considered in this thesis in 

terms of reliability, maintainability, availability and safety.   

Concerning about different maintenance tools for RAMS analysis mentioning the 

performance of different subsystems of DP system, depicted, utilizing Reliability Centered 

Maintenance and Failure Mode and Effect Analysis together would be the most proper way of 

identifying the probable events and accidents with their consequences, which could be generated 

during operation of DP vessel.   

Developed RCM tables for DP-2 system, indicates failures in reference positioning 

subsystems (HiPAP, Fanbeam and DGPS) have higher rate of failures that can lead to safety 

problems and significant level of reliability for these subsystems is mainly required, while other 

subsystems failures mainly resulted to operational effects and function loss. These tables 

conspicuously depicted importance of redundancy in different subsystems to lower the 

consequence of failures from safety issues to acceptable economic effects.  

Further to the above mentioned analysis reliability block diagram method as a quantitative 

tool developed for the system to determine the quantity of Reliability, Maintainability and 

availability of total Dp-2 system with prescribed subsystems beside clarifying proportion and 

effect of each subsystem in total reliability of system. Table 6-1 contains numerical results of this 

modeling. 
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In addition to these analytical results, it is obtained from subsystems reliability tables, to 

improve the reliability of total system RIO card and Thrusters have important role according to 

their level of MTBF. Further calculations declare increasing MTBF of these subsystems for Rio 

Card from 90,000 hr to 150,000 hr and for thrusters from 200,000 to 300,000 can improve total 

Reliability of the system for 5% up to around 80% and Maintainability of system for 6% up 71%. 

That means high level of failure risk costs reduction in operation period of the vessel. 

Nevertheless, it should be concerned regarding to technical and economic issues increasing 

MTBF for these tow subsystems is not possible via adding redundancy, subsequently design 

modifications and lowering human errors is mainly recommended as another solutions to 

improve system reliabilities. 

 

6.2 Future works 

As it is mentioned in the conclusion part thruster unit has main effect in the reliability of total 

DP system from reliability block diagram and MTBF aspect, in addition to this, RCM tables 

indicates probable human error in PM checklists data mining would cause to increase failure risk 

of the system and lowering the reliability. Regarding to the mentioned Items implementing 

Condition Based Monitoring method to monitor the vessel thrusters and steering gears (complete 

thruster unit) during operation as a new method of monitoring system for improving reliability 

and comparing the results with current system is recommended for future job. 
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