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Abstract 

 

With the continuously increasing competition in the shipping industry, it is of utmost 

importance that each part of the vessel performs safely and efficiently. This thesis targets 

the main engines as delivered by MAN Energy Solutions – former MAN B&W on a 

specific RoRo vessel.  

 

As everything from spare parts to fuel is constantly becoming more and more expensive, 

this author finds it relevant to involve the term prediction. In this thesis there will be a map 

presenting possible failures on component level and an investigation on how to predict 

these failures by looking at expected symptoms. Furthermore, an investigation of historical 

events ranging from the year 2015-2022 was made to understand if there are certain 

patterns of activities and events related to the operation of the main engines. This material 

acts as the largest informational input per extent for the research and according to the 

findings the author selected some interesting additions of techniques that mainly target 

improved monitoring to understand long time equipment behavior. Improved monitoring in 

this context aims to improve on-board situation awareness as well as adding a remote 

monitoring solution – the MAN PrimeServ Assist to benefit from the knowledge of the 

genuine engine manufacturer.  

This complete thesis, as well as the research relies on the vessel acting as case study and 

the technique as it was delivered in 2001. It is therefore important to understand that the 

suggested updates mean retrofitting an existing installation with additional automation to 

improve operational safety and efficiency and that certain limitations are present.  

In this context safety targets failure avoidance while efficiency aims to maintain operation 

in accordance with design parameters.  

Therefore, this study does not focus on major changes to the existing setup to drastically 

improve efficiency (reduce fuel consumption) but instead the target is set on maintaining 

the engine performance and reliability in accordance with the initial design parameters set 

by the manufacturer at delivery. This is what the author finds to be the most cost-effective 

solution on this particular vessel.  

_________________________________________________________________________ 

Language: English Key words: Diesel engine failure prediction, MAN   
______________________________________________________________________ 
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Definition of terms  

ACC  Active Combustion Control 

CUS  MAN Customer Information Letters 

DF  Dual Fuel 

IAS  Integrated automation system 

MAN ES Man Energy Solutions 

MMS  MAN Multi brand engine safety management system 

NDA  Non-disclosure agreement   

OEM  Original equipment manufacturer 

OPEX  Operational Expenses 

PLC  Programmable Logic Control 

PMS  Planning and maintenance system 

rpm  revolutions per minute 

SaCoS  MAN Safety and Control System 

SFOC  Specific Fuel Oil Consumption 

SOLAS Safety of Life At Sea 

TLS  Transport Layer Security 
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1 Introduction  

This thesis is the result of a cooperation between MAN Energy Solutions and this author. 

Finnlines Plc acts as contributor in this case study. The main questions are further described 

in Chapter 1.1 and includes suggestions on technique of how to maintain and possibly 

improve operational reliability and efficiency of the main engines on-board the RoRo vessel 

M/V Finnmill, owned and operated by Finnlines. The engines in question are the MAN 48/60 

inline nine-cylinder four stroke diesel engines installed at the building of M/V Finnmill in 

year 2001. The term prediction has a heavy impact on this thesis and the aim is to investigate 

monitoring techniques to improve understanding of the actual engine condition and longtime 

behavior on a component level as input for a predictive maintenance concept. The actual 

research relies on historical data in the engine event log ranging from year 2015-2022. This 

material was analyzed to identify problem areas of these engines and in accordance with the 

findings, some suggestions are made to improve monitoring. 

1.1 Research questions 

The main question targets how to improve reliability and efficiency in the case study. This 

author does realize that this is a very broad question, and the reason was simply to not create 

unnecessary borders when the initial plan was made, if the process did not develop as 

planned. Unfortunately, this turned out to be the case, as the initial plan was to rely mostly 

on recent data in digital format by the MAN PrimeServ Assist remote monitoring service. 

As this was not implemented on-board, this author selected available historical data. This 

arrangement created a significant increase in workload as the historical data was available 

only in paper format. The main idea was to put most of the effort on investigating different 

methods or concepts to improve monitoring, but instead the largest workload became the 

manual analyzing of historical events. As this option was still interesting to MAN ES, it did 

provide motivation to proceed. With the different monitoring techniques suggested in later 

chapters, additional perspective was gained regarding how to maintain and how to possibly 

improve reliability and efficiency of the engine operations in terms of input for both on-

board operators and for the PrimeServ Assist experts. 
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1.2 Problem formulation 

To maintain and improve safe and efficient operations considering this generation of 

vessel(s) does involve challenges but also makes room for retrofitting new techniques into 

existing configurations. This is because the technique has developed considerably since the 

construction of this particular vessel. The author wants to highlight some important aspects 

supporting the importance of this specific research by the list below. These few aspects also 

aim to present a high-level understanding of the problems encountered due to the relatively 

high age of the machinery on the vessel acting as a case study: 

• new and stricter regulations already in force regarding control of ship´s emissions 

• considerable increase of costs related to services and spare parts  

• fuel costs considerably higher than at the time of building this generation of 

techniques 

• remote monitoring considered to be an initial step towards remote operations and, 

possibly fewer on-board crew members 

The above aspects create challenges on many levels but as one can understand it is certainly 

important to maintain reliability and design efficiency of the equipment on-board in order to 

maintain the ability of competitiveness for the vessel in question. It is simple to understand 

that an engine suffering from unplanned downtime due to failures of any kind is not an 

efficient engine. 

 

1.3 Purpose 

The main purpose was to find and identify certain patterns of activities related to the main 

engines and, with these patterns be able to pinpoint areas where additional automation can 

benefit operational safety and overall efficiency to avoid unplanned engine stops and keep 

the engine running in accordance with design parameters. This author would like to point 

out that the research relates strictly to this generation of the MAN 48/60 engine and that 

neither the research nor any other content of this thesis aims to highlight reasons and actual 

root causes behind the example cases used. Instead, the target is to find technical solutions 
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to predict such unwanted scenarios resulting in considerable expenses and danger to human 

life.  

1.4  Research limitations 

The possibilities of making this type of research are basically unlimited. Even if the focus of 

this research is in on the specific main engines on-board the M/V Finnmill this approach 

does allow the research to be quantified in many ways. Each component forming the 

complete engine is designed according to certain criteria and parameters making 

opportunities in terms of research close to immeasurable. This in turn explains very well 

why this research must be limited in a concrete manner. To summarize this statement, the 

author decided to focus on different measures to maintain, and possibly improve the 

efficiency and reliability of the engine on a somehow basic level. These measures are 

connected to real scenarios and events found in the event log, which in turn forms the basis 

of this thesis.  

 

1.5 The Non-Disclosure Agreement (NDA) 

During the initial stage of this thesis, a non-disclosure agreement or confidentiality 

agreement was made upon the commissioner’s initiative. This is a formal agreement that 

demands the thesis writer to follow certain guidelines and requirements in terms of 

confidentiality to ensure that any information considered as sensitive does not end up in the 

hands of competitors. For this specific thesis, the information below is considered sensitive 

and will therefore not be shown in the public version. 

• limitations and specifications related to the MAN 48/60 engine design 

• quotation on upgrading the existing engine safety and control system to a later 

version named SaCoS RETRONE on the vessel Finnmill 

• quotation on installation of MAN PrimeServ Assist remote monitoring on the vessel 

Finnmill 

• full list of events related to the main engines as in the IAS event log on Finnmill 
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1.6 Research methods 

Due to the very specific research approach of this thesis, one can clearly see that the methods 

used in this research as described by (Thattamparambil, 2020) in the Figure below clearly 

indicate a connection to the right column, Qualitative research methods. 

Table 1. Quantitative and qualitative research methods. (Thattamparambil, 2020) 

 

It is obvious when reading the content in Table 1, that the methods described above uses 

different approach to the research. Depending on actual subjects within the research, each of 

these methods will provide a path to assist the author in finding answers. (Thattamparambil, 

2020) 

For this thesis, the method selection was made according to the key terms below: 

• case study to explore theories 

• equipment specific literature 

• technique targets highly specific components and aim to explore ideas 

• a questionnaire and in-depth interviews with open questions was used to target 

specialists on different levels 

If the author had selected a quantitative approach to the research instead, as described in 

Table 1, the majority of the content would have been quite different as quantitative research 

methods tend to target the various subjects with a significant contrast. This approach means 

that collection and analyze of data is through utilizing statistics in graphs and tables to find 

patterns rather than focusing on specific cases and parameters as in this thesis. Quantitative 

methods generally mean a more objective approach and are mainly expressed through 

numbers and mathematical relationship´s to target quantification.  
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Additionally, questionnaires are made in a structured manner containing close-ended 

questions. According to the author of this paper, the use of quantitative methods would have 

limited this actual research and was therefore not used. 

 

1.7 Scientific approach 

Maintaining a scientific approach in this type of research was considered challenging. This 

is due to the nature of this thesis as a very equipment specific research, and the collected 

data targeting a designated area or component of the vessel. In spite of that, the author has 

followed instructions agreed upon with the commissioners. The research is limited to MAN 

ES and focuses on further development of the ”B” generation of the popular MAN in-line 

48/60 diesel engine. Any type of direct comparison to competitors and their solutions will 

not be considered in this thesis. 

 

2 Thesis structure and theory 

This thesis aims to investigate possibilities to maintain and possibly improve operational 

safety and efficiency on an existing installation through the addition of certain technical 

equipment. In other words, it can be described as a theoretical and simulated case study of 

retrofitting. Due to the nature of this thesis, a major part of the sources used are limited to 

those available by the original equipment manufacturer, MAN ES, and all suggestions on 

solutions target the specific “B” generation of the MAN 48/60 diesel engine. To provide 

understanding and perspective this author will summarize this by the essential points below:  

• the thesis and research are limited to a specific installation 

• the research targets a specific equipment on the installation 

• research is based on technique “as-is” 

• possibilities regarding advancement are based on technical solutions considering the 

specific engine type  

• practical limitations are set by the manufacturer 
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Furthermore, the thesis and actual research was made according to a certain structure 

initiated by the author. A brief introduction is presented below. 

 

Figure 1. Thesis structure. 

 

The intention is to have a logical structure where each part or module rely on the other and 

additionally a set-up that is easy to follow and understand. A more in-depth description of 

the research and its structure is included in Chapter 3. The working principle and basic 

operation of a four-stroke medium speed diesel engine as well as basic terms will not be 

described in this thesis. The reader can find this information in other sources such as the 

book Diesel Engines 1 and Diesel Engines ll by Kees Kuiken. These two books include 

explanations on component level and description of the complete diesel engine plant. 

(Kuiken, 2008). 
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3 The research 

Upon agreement of thesis subject and layout with the main commissioner, MAN ES, a 

preliminary research setup was adopted. The final layout is made in accordance with the 

author´s initiative in a logical order and incorporates the following parts: 

• making of a basic map including engine main components and assemblies that are 

mapped against related maintenance activities and the operational impact expected 

if the specific component would fail 

• investigation of engine event log including all events printed during years 2015-2022 

• investigation of other supporting historical records such as engine workbooks, event 

logbooks and the planned maintenance system used on-board, AMOS 

• compilation of all events related to the main engines within the time window selected 

and mapping of actions taken for each event 

• interviews with dedicated experts at MAN ES 

• questionnaire to collect additional ideas and experiences on personal level of first 

engineers and chief engineers within the Finnlines fleet 

• after completing above parts, a summary of technical measures targeting monitoring 

was done to suggest techniques that can improve operational reliability and 

efficiency 

• as final step of the research, a custom-made remote monitoring setup was planned 

by MAN ES for implementation  
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3.1 Case study 

This thesis, and the research within, targets a specific vessel with technique as it was 

delivered in 2001. The vessel selected, RoRo vessel M/V Finnmill is owned and operated by 

Finnlines Plc.  

 

Figure 2. M/V Finnmill. (Author´s collection). 

The main reason why this vessel was selected was because during the writing of this thesis, 

this author was employed on this specific vessel. Also, the author´s genuine interest of MAN 

technique over the past 20 years contributed to vessel selection. To introduce a high-level 

presentation of this vessel this author will present some essential particulars below: 

• built by:   Jinling Shipyard, Nanjing, China 

• ice class:   1A 

• IMO Number:   9212656 
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• country of registry:  Helsinki/ Finland 

• gross tonnage (t):  25732 

• dead weight (t):  11744 

• net tonnage (t):  7720 

• length over all (m):  187,1 

• breadth over all (m):  26,5 

• draught, summer (m):  7,1 

• total lane length (m):  3259 

• service speed (kt):  20 

Finnmill is a traditional RoRo vessel and has two main engines supplied by MAN ES, former 

named MAN B&W type 9L 48/60, B-generation with 9450kW each. Each of these engines 

is connected to a mechanical gear box through a pneumatic controlled clutch, that transfers 

power to CPP type propellers through propeller shafts. Below Figure present the general 

arrangement on-board Finnmill. 

 

Figure 3. Finnmill general arrangement plan. (Author´s collection). 
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3.2 The MAN 9L48/60 B engine 

The 48/60 B-generation engine is a 4-stroke large bore diesel engine within the MAN ES 

four-stroke engine family. As on October 31, 2022 the engines on-board Finnmill have 

accumulated approximately 115000 hours of operation since delivery. 

 

Figure 4. MAN Large bore four-stroke Diesel Engine. (Author´s collection). 

 

This engine has a traditional mechanical injection system meaning each cylinder has its own 

fuel injection pump controlled by the governor via a mechanical fuel rack, and driven by the 

camshaft. The fuel used on-board Finnmill is HFO, RMG-380 High Sulphur. 

 

Figure 5. Control shaft with buckling lever for injection pumps Each pump has own isolation valves. 

(MAN Energy Solutions, 1999b, p. 07/08) 
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This engine generation utilizes the SaCos99 safety and control system that was introduced 

in late the 90s. Engine is electronically controlled by the “Woodward 723” through the 

Woodward PGG-EG200. This is a mechanical-hydraulic pressure compensated governor, 

combining a speed setting motor for remote control with manual speed control. (MAN 

Energy Solutions, 1995, p. 36). Refer to Figure 6 below. 

 

Figure 6. Engine speed governor and actuator. (Author´s collection). 

 
This engine utilizes electric-mechanical injection timing control. This is a part of the engine 

capability in operating at various fuel qualities to ensure post combustion after T.D.C is 

avoided. With the injection timing set in “late” position, a significant drop in firing pressure 

is achieved, thus a reduction in nitrogen oxide emissions at part load conditions.  (MAN 

Energy Solutions, 1999a, pp. 01/03-03/03) 

 

Figure 7. Injection timing adjustment. (MAN Energy Solutions, 1999b, p. 01/03) 
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Turbocharger used on the 9L48/60 engine is the MAN NA48/S, a conventional “single-

stage” type. To improve engine response on part load conditions MAN ES has installed a 

system called Jet-Assist. This system connects starting air of up to 30 bars through a 

reduction valve to the compressor housing of the turbocharger to improve turbo acceleration. 

 

Figure 8. Jet-Assist turbocharger acceleration device NA48. (MAN Energy Solutions, 1999a, p. 03/04). 

 

Below some general figures of the engine(s) as installed on the M/V Finnmill by different 

views. Refer to the attached appendix 1 for engine specifications. 

 

Figure 9. Main engine two views from engine free end, lower and upper floor. (Author´s collection). 
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3.3 Research structural aspects 

The initial step of the research project was to create a basic map that includes engine 

components and assemblies as well as the preventive maintenance of these, and to connect 

the components to a worst-case scenario if the specific component fails. Furthermore, a 

predictive approach was adopted to specify whether it is possible to predict a failure of the 

component. For this primary research, the approach relies on historical operational and 

maintenance events. Because of the relatively high age of the ship, a large amount of 

historical data is available. The main source is the printed event (alarm) log that consist of 

approximately 24000 individual A4 matrix pages as of this day, November 18, 2022. This 

material was carefully investigated and due to certain aspects, such as lacking quality and 

missing related documentation to back up and prove counteractions of each event, a certain 

time window of the event log was selected. This takes place between the year 2015 and 2022 

and consists of roughly 3500 individual pages.  

 

3.4 Component failures and failure prediction 

To get an understanding of the different components forming the MAN 48/60 B engine, this 

author created a simple map where each main component is included. This document is an 

excel file, which is available separately. The components were assessed against the 

possibility of predicting whether a failure on component level is possible. Furthermore, this 

was compared to the impact (consequences) on engine operation where any failure resulting 

in engine shutdown was considered as “major” or as a “disturbance” if a failure resulted in 

a forced power reduction. Minor impacts are such failures that have limited impact on 

operation, meaning that operation can continue as normal until repair is possible. The 

perhaps most interesting column is the one describing indications and predictability. The 

information here within relies on MAN ES engine manuals and this author´s experience. It 

is fairly easy in most cases to assess what happens if a certain component fails as these 

mostly have a related monitoring device such as a pressure or temperature sensor connected 

that can provide an indication. Also included in this map there is the preventive maintenance 

perspective for each component and additional customer information letters that highlight 

component lifetime limitations as informed by MAN ES. The preventive maintenance is in 

accordance with the recommendations provided by the OEM, and this is carefully estimated 

during the design and testing stage of the engine. The customer information letters (CUS) 
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refer to experience gained during the life cycle of the engine and pinpoint certain components 

that has shown to fail after a specific time in operation, usually under certain circumstances. 

It can also provide information of recommendation on available component upgrades that 

have shown to improve reliability and performance or, add on solutions and products 

developed at a later time. The engine specific manuals below was used for this part of the 

research. 

• Technical documentation Engine system (A1) 

• Technical documentation Engine operating instructions (B1) 

• Technical documentation Engine working instructions (B2) 

• Technical documentation Engine spare parts catalogue (B3) 

• Technical documentation Turbocharger (C1, C2, C3) 

• Technical documentation measuring, control and regulating systems (D1) 

• Technical documentation Engine and systems accessories (E1) 

 

3.5 The planning and maintenance system, AMOS 

These systems are to be considered as powerful tools on-board in regards of many activities. 

With the planning and maintenance system (PMS), maintenance tasks are controlled, 

planned, and reported on a component level. Additionally, extensive systems such as AMOS 

can also manage stock keeping, project management, budgeting, and act as an interacting 

system for purchasing. (SpecTec Group Holdings Ltd., 2018, pp. 1, 151, 201, 337). 

According to the experience of this author, the PMS system is as effective as the users make 

it - the more carefully reporting and planning are conducted, the more effective the tool will 

be. For this research the author searched AMOS for historical events and reports separately 

for each event found in the event log in accordance with AMOS specific component codes. 

These codes are customer specific and, in this case, made according to the example work 

order below. 
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602.06.07 where one can see that 602 is the root directory of main engine number two and 

06 refers to the fuel injection pumps. The last number, 07, tells the user actual cylinder 

number.   

 

 

Figure 10. Historical workorder example as reported in AMOS. 

 

Detailed reporting in the PMS system adds value to these systems if a component is prone 

to failures, the user can easily follow up history details regarding the component to estimate 

further actions and create understanding. AMOS has a function that enables the user to select 

if there is an “unexpected work” related to any component included in the system. 

Unfortunately, this function has not been extensively used but it is a useful tool to find 

patterns related to component failures and breakdowns. Finally, the author found that the 

input from AMOS did explain some of the events in the log, but the details of available 

records were limited. 

 

3.6 Engine logbooks 

Without exceptions, all motor ship´s keep engine logbooks. It is the responsibility of the 

Chief Engineer on-board to ensure the logbook is filled in according to given guidelines. The 

intention is to maintain records of all essential events connected to ship operations.  The 

logbook includes the following information on a daily basis: 
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• port of departure and arrival 

• departure and arrival related events such as start and stop of main propulsion 

machinery and auxiliary engines including time stamps 

• fuel and lubricating oil consumption 

• bunkering operations  

• sludge and bilgewater discharge 

• selected engine operating data 

• running hours of machinery 

• completed work tasks 

Following up on the engine logbooks for the selected time frame of the event log provided 

a useful way of explaining the reasons behind each event. Most of the content of the logbooks 

was of such quality that it gave the author necessary details in regard to time stamps and 

more specific circumstances as well. To understand a specific event, it is important to know 

aspects such as the ship´s route and schedule as well as essential parameters such as load 

pattern, fuel in use, and possible known factors affecting the engine behavior at a specific 

time stamp. 

 

 

Figure 11. Engine logbooks Finnmill. Author´s collection. 
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3.7 Interviews  

To gain perspective throughout this research, this author reached out to dedicated MAN ES 

experts in different segments to understand the technical development and history of the 

48/60 diesel engine. Interviews through open discussions were held to achieve an overview 

as wide as possible and to open up a path for new theories and ideas while maintaining a 

connection to the example cases included in the research of this thesis. The discussions 

involved topics including previous technical inventions and advancements of a majority of 

the main components forming the 48/60 engine. In short why certain solutions and 

innovations have been adapted based on actual research by MAN ES. Below is a brief 

description of the MAN ES experts involved in the interviews that were accomplished during 

the year 2022: 

• Turbocharger Experts: discussion targeting different options and views of 

monitoring as well as general aspects connected to turbocharger performance and 

reliability. 

• Engine Experts: discussion of the 48/60 engine in general and existing monitoring. 

The experts view on various technical advancements as in the content of this thesis 

were also discussed. 

• MAN ES Digitalization management: multiple contacts throughout the research. 

Discussed subjects targeting the MAN PrimeServ Assist remote monitoring service 

and MAN CEON. 

 

3.8 Engineer’s records: workbooks 

The engineer´s records refers to the daily filed logs of completed job tasks. On-board M/V 

Finnmill, these are simple excel sheets where all daily actions are recorded. Even though 

this is a very basic approach on recording, it is in digital format providing possibilities to 

search and filter by date and equipment. For the time frame of the research, this 

documentation was not completely available anymore and could therefore not provide any 

useful information in other ways than comparing data from the event log against actions 

taken in similar cases at different time stamps.  
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The Figure below present an example of the daily recorded workbook. 

 

Figure 12. Workbook extract 2022. 

 

 

3.9 Historical events – The event log 

Obviously, the largest contributor in terms of historical events is the event log. Every piece 

of equipment on-board that has a measuring device (sensor) is monitored by the ship´s 

monitoring, alarm and control system, hereafter referred to as IAS. The system used on-

board this ship is MEMAC, an obsolete system incorporated in YORK refrigeration systems 

corporation. Anytime there is an anomaly in the equipment, an alarm will be triggered in 

MEMAC in accordance with preset thresholds. When there is an anomaly in a main engine, 

the MAN ES supplied safety and control system (SaCoS99), including an alarm pre-

processing unit will process the sensor signal and trigger an alarm through the IAS. The pre-

processing unit provides a link between the engine automation system and the IAS. Figure 

13 on next page provides a schematic illustration of the MAN Safety and Control System 

interface. 
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Figure 13. MAN safety and control system interface. (MAN Energy Solutions, Technical Documentation 

D1, 2001a, p. 391)  

 

So, to summarize the interaction between the MAN ES supplied automation and the IAS 

refer to below dots. 

• Collect engine binary and analog sensor data. Convert to digital format. 

• Data interface to external IAS system 

(MAN Energy Solutions, Technical Documentation D1, 2001a, p. 391) 

In this thesis only events somehow related to the main engines are of interest. However, to 

select events that are of interest the full content of approximately 24000 pages had to be 

investigated. 
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Figure 14. Event log archive. Author´s collection.   

 

As mentioned earlier, a specific time window was found to provide the best quality. This 

window had the least errors related to print quality and did have other important records 

supporting the information. In total, this author sent about 3500 pages for scanning to the 

premises of MAN ES in Augsburg. These pages of the event log are range from the year 

2016 to 2018. This content is considered as confidential and is therefore only shared with 

the commissioners. There were considerable parts of the log that the mass scanner could not 

recognize due to poor quality of the original printout such as the example in figure 15. 

 

 

Figure 15. Event log screen print page 2106.  
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The following example presented in Figure 16 is a screen print randomly selected that is 

obviously good quality. 

 

  

Figure 16. Event log screen print page 1052. 

 

While considering the total content of the event log, and the overall quality the estimated 

6,5% representing such result that is not readable the scanning was a success. 

At this point this author would like to make a brief summary of the findings in the 

investigated parts of the event log. Even as the selected time window of the event log can be 

considered as limited in terms of extent, this author likes to highlight his perspective with 

the following statement. This statement relates to the fact that if the scheduled maintenance 

is carried out on correct criteria and assumptions, and if the engine maintenance is in 

accordance with this maintenance schedule, then there should not be any larger failures 

present in the event log at any selected time interval. During the investigation of the event 

log, there were no larger failures within the investigated period; therefor the author´s 

statement is proven as correct. The content within the event log instead presents 

disturbances, where many findings relate to auxiliary systems of the engine instead of the 

engine itself. Also, there are a considerable number of disturbances related to the automation 

system. According to the author, these cannot be pointed out as even while some trigger the 
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same alarms, the actual root cause is not the same. For instance, in some cases there are 

failures related to the electronically controlled speed governor. There can be similar alarms 

triggered involving governor control error, missing speed reference or governor wire break. 

The root cause can be earth fault in cabling, sensor fault or error in I/O modules, thus this 

does not create any pattern. In most cases these errors could be confirmed by external 

documentation such as the Engine logbooks. Where confirmation was not possible, the 

author commented that no additional information was available making it impossible to 

assess the event. However, finding events that are directly critical and related to safe and 

efficient engine operations was possible and the author chose to target the rotating assembly 

of the engine to investigate possibilities to improve monitoring. Currently the monitoring of 

these essential components is in no way part of any predictive maintenance concept but 

instead the engine is equipped with protective measures to prevent catastrophic 

consequences instead of providing early indication of anomalous. The example cases 

confirm the effectiveness of these protective measures. One additional contributing factor 

behind the initiative of targeting the rotating assembly is that there are recent events related 

to this particular area that involve information from multiple sources providing more detailed 

data than the historical events in the event log. This setup is suitable since with more 

information and therefore accuracy, improvements can be suggested in a more sophisticated 

way. Briefly, there are cases in the historical event log indicating space to improve 

monitoring of the rotating assembly and therefore, later events are connected to provide 

better perspective. 

 

3.9.1 Historical events – Summary 

As mentioned earlier, a specific time window of the event log was selected for this research. 

Even as there were findings related to the engine operation during this period, it is clear that 

the MAN 9L48/60 diesel engine is a well proven and reliable design. On this author´s 

initiative, the findings were distributed in a certain manner and on specific conditions. 

Initially, findings are split to separate different categories of errors that directly relate to the 

engine itself as well as those that could be connected to the auxiliary systems. The full list 

of findings is considered confidential and is only available to the commissioners. Figures 17 

and 18 on page 23 present the distribution of findings. 
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Figure 17. Distribution of events by categories. 

 

 

Figure 18. Distribution of events related to the engine itself. 

 

It is essential to separate different events into categories to clarify what areas need to be 

targeted. The list below describes the background and idea behind the different categories: 

• mechanical errors refer to errors on mechanical components or assemblies of the 

engine 
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• electrical errors refer to the engine monitoring and control system (automation), and 

involves sensors, cables, controllers and the SaCos99 software as installed on the 

engine 

• not recognized errors and events are those that are found to be connected to the 

engine where the outcome is known but the root cause could not be established due 

to lacking documentation 

• auxiliary systems refer to all necessary systems that are connected to the engine and 

required to operate the engine. This includes control and starting air systems, cooling 

water systems, fuel and lubricating oil systems, electrical power sources and exhaust 

systems. It is commonly recognized, when a malfunction or error appears on the 

engine, the root cause can be found in either one of the auxiliary systems 

• errors that are classified as major disturbances during engine operation are the ones 

that will cause either an automatically triggered shutdown or a shutdown manually 

triggered by the operators to avoid major failures. Refer to page 27 

• events triggered because of maintenance activities are classified as not interesting in 

this context but are included as a part of the total number of event findings related to 

the main engines 

The items in the list above are quite easy to recognize and understand. However, regarding 

events that relate to electrical errors, the situation is more complex. The reason behind this 

is that the individual components of the electrical installation are not part of the preventive 

maintenance. Therefore, approaching this area by a predictive concept by other means than 

the manufacturer´s knowledge is considered as highly complicated. The electrical 

components that are subjected to monthly testing and are checked on a routine basis 

according to the ship´s planned maintenance or PMS. However, to predict life lifetime of 

electrical components is not considered possible by this author. Simultaneously, this is 

considered to be the reason behind the relatively high failure rate amongst electrical 

components in this content. Contributing factors making life cycle estimations difficult are 

environmental aspects such as heavy vibration, heat stress and moisture as these can be a 

result of external sources not recognized by the manufacturer upon delivery. For the reasons 

described above, the author is not able to provide proof on concrete facts behind the 

estimated lifetime of electrical components, nor the reason of failure and due to this the 

research will not involve this subject any further. With regard to this, MAN ES has sent out 
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customer information that target the complete electrical installation of the engine. As in the 

customer information letter number 208 below, MAN ES recommended periodical 

inspection to ensure reliability. 

 

 

Figure 19. MAN Customer information letter No. 208, p 1. 
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Figure 20. Customer information letter No. 208, p 2. 

 

Lastly, and most interesting in context of this thesis, the percentage of critical events in 

relation to total number of events is shown in Figure 21 on next page. This Figure refers to 

events that has resulted in an engine shut down, either automatically by the engine 

automation system or manually by the operators. 
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Figure 21. Shutdowns in relation to total amount of events. 

 

In numerical figures there were nine events out of 128 that resulted in shutdown during the 

investigated time frame. It turned out that five of these were triggered by the oil mist detector. 

Two events are represented by major cooling water leakages causing shortages in the engine 

automation system that were not connected to the engine itself. The last two were due to a 

mechanical failure of a cracked exhaust valve seat and an error in the speed control system. 

By the relatively high occurrence of events triggered by the oil mist detector, the author finds 

this area most interesting and will target such events that contribute to circumstances that 

are connected to a high level of oil mist in the crankcase. Several of the events that triggered 

oil mist shutdown were because of high water contamination of the lubricating oil. 

Unfortunately, not all cases could be defined by the available information which led to the 

decision in using recent but highly relevant events from the year 2022 that resulted in a piston 

seizure and crankcase explosion.  These cases will be described as example cases in the 

following chapters. To maintain a direct connection to the historical events, there will be 

monitoring techniques included to detect water contamination of the lubricating oil. The 

intention is to present techniques that enable an improved awareness of the engine condition 

and to implement measures for predicting such events.    
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3.9.2 Example case I – Piston seizure and crankcase explosion 

The ship´s engine crew was notified of an error in the main engine, in this case already 

several days before the actual breakdown occurred, but due to certain circumstances it was 

possible to circumvent the actual problem. What the author would like to point out is how to 

prevent similar situations by providing additional parameters to monitor.  

First, a brief description of what the term crankcase explosion means. The term relies on 

certain circumstances in the engine crankcase related to atmosphere. Most cases involve so-

called hotspots when there is metal to metal contact between any of the moving elements. 

When clearances decrease due to heat, lubricating oil starvation occurs leading to a fast 

increase in temperature of the elements now in contact. In normal circumstances there is 

always a mixture of air and lubricating oil in the crankcase – a mixture named oil mist that 

consists of relatively large particles that are not prone to ignite. In circumstances when there 

are hot spots, the lubricating oil will begin to condensate, typically in cooler areas of the 

crankcase creating smaller oil particles that are more prone to ignite.  When there is a correct 

balance of air, lubricating oil mist and heat, the mixture will self-ignite, and the result is a 

crankcase explosion. Additionally, lubricating oil polluted by fuel and combustion residues 

will contribute to optimal circumstances for a crankcase explosion. (Knapp, 2000) 

The oil mist detector unit on main engine one triggered failure alarm that is common when 

there is an error in the unit itself. The crew investigated the matter and found that the oil mist 

detector was not correctly adjusted. This was approximately seven days before the piston 

seizure and the crankcase explosion that followed. After readjustment and cleaning, there 

still were some failure alarms from the oil mist detector unit in the following days until a 

high oil mist concentration in crankcase alarm was triggered. This alarm automatically stops 

the engine without delay. As this is a very critical situation the crew opened up the inspection 

covers (crankcase doors) and used a digital temperature measuring device to spot check 

temperatures of the engine internal parts, especially the rotating assembly. Oil sample test 

was also taken and showed a TBN value of 32 and water content in % of 0,02. The lubricating 

oil purifier MT value (water transducer) usually provide reliable indication if there is high 

water content in the engine lubricating oil showed “81”, a value considered as normal on-

board. A cylinder leak test was performed but no larger deviations were observed between 

individual cylinder units. The event log was checked, especially the automatic print out 

including essential temperatures and pressures for the most recent time window and there 

were no alarming values found.  
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Two days later, the same event occurred, and the same counter measures and actions were 

taken without finding any useful information. It was decided that the oil mist detector unit 

itself was not functioning properly and another new unit to be ordered.  

Below bearing temperature print from 02:00 the May 02, 2022. This is the most recent 

available as seen from the event time stamp. 

  

Figure 22. IAS ME´S Bearing temperatures print. 

 

On the morning of May 04, 2022 when most of the crew were resting after a very late 

departure from Finland, the duty engineer got the high oil mist in crankcase alarm and the 

engine shut down automatically before he could attend the engine control room. After a short 

investigation, he decided to restart the engine and activate the oil mist override function as 

well as locally monitor the running engine. Once he reached the engine, he observed smoke 

coming from the oil mist detector drainpipe and decided to return to the engine control room 

to stop the engine immediately. Upon his return to the control room there was a crankcase 

explosion and at the same time the splash oil monitoring system stopped the engine 

automatically before a further breakdown occurred. Figure 23 illustrates the time stamp of 

the event with reference to the event log. 
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Figure 23. Event log extract from IAS. 

 

The following pictures were taken after this event and aim to illustrate the consequences of 

the crankcase explosion and the associated damages. 

 

Figure 24. Crankcase safety valves have released pressure to the atmosphere. (Author´s collection). 
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Figure 25. Operating side of engine. Fasteners keeping crankcase covers in position broken off between 

cylinder four and five. (Author´s collection). 

 

 

Figure 26. Crankcase venting before fault tracing commence. Photo taken approximately 30 minutes 

after the explosion. (Author´s collection) 
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Figure 27. After crankcase venting the piston and liner of cylinder 7 was found to have deep scoring 

marks typical after a piston seizure. Measured liner temperature showed 110˚C compared to other 

cylinders where temperature was measured to approximately 70˚C. (Author´s collection). 

 

So, in other words, after reading through this chapter one can understand that the engine 

does have a working protection system to prevent fatal errors and total breakdowns. 

However, the author finds it important to avoid failures leading to considerable expenses 

and equipment downtime, as in this case, and would like to target certain additional 

measuring and monitoring to minimize the risks of such failures. Different alternatives and 

possibilities were discussed with MAN ES to find out what could be done to conventional 

installations without significant changes to the affected engine components.  



33 
 

 

 

Figure 28. Damage on piston of cylinder 7. Deep scoring and severe overheating. (Author´s collection). 

 

There are clear indicators that the event had started from excessive piston blow-by causing 

a lack of lubrication in the liner running surface leading to the piston seizure that finally 

occurred. 

In this case, the component damage were limited to the piston (034), liner (050), and due to 

severe liner overheating the backing ring, also called water jacket (part of assembly 050) 

could not be separated from the liner without causing additional damage to these parts. Refer 

to Figure 29 on page 34. 
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Figure 29. Engine cross section view. (MAN Energy Solutions, Engine spare parts catalogue B3, 1999b, 

p. 01/05)  

 

The repair included full removal of the running gear of cylinder 7 including cylinder head, 

piston, connecting rod and liner with backing ring. See Appendix 2 for the attached service 

report. Removed parts were inspected for damage and cylinder unit 7 was re-assembled 

using new or reconditioned MAN ES supplied spare parts. These include piston with rings 

(pos 34), reconditioned liner and backing ring (pos 50), cylinder head (pos 55), and 

connecting rod with new bearings (pos 30) along with one crankcase cover (pos 73). 

Additionally, cylinder head cover (pos 111) had to be replaced due to damage. (MAN Energy 

Solutions, Engine spare parts catalogue B3, 1999b, pp. 20-24) A crankshaft deflection 

measurement was done and found to be in accordance with the limits set by the manufacturer 

as in Figure 30 on the following page. 

 

  



35 
 

 

 

Figure 30. Crankshaft deflection check after the event. Measurements within limits. 

 

3.9.3 Example case ll – Piston seizure 

On June 30, 2022 another similar event occurred as presented in Chapter 3.4.2. In this case 

there was a piston seizure, but the engine automation shut down the engine before any further 

damage occurred. This event did not generate a crankcase explosion.  

In the same way as in the previous event, the crew was warned about an abnormality several 

days before the failure occurred. In a similar manner, the crankcase covers were removed 

and spot checking of temperatures of the running gear was done without any obvious 

findings. Figure 31 below illustrates the time stamp of the event with reference to the IAS 

event log. 

 

Figure 31. Event log extract from IAS on June 30, 2022. 
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The following Figure 32, present splash oil temperatures in the engine, that are the closest 

available to the time stamp of the failure. The figure show records from 02:00 on the 

29.06.2022. Unfortunately, the engines were stopped during the time of the automatic print 

out on the 30.06.2022 so in neither case this did not provide useful information. 

 

Figure 32. Event log extract from IAS June 29, 2022. 

 

As in the previous chapter, the engine had to be taken out of service for a considerable time 

window due to repairs, approximately 36 hours in total meaning that the vessel was out of 

schedule and delayed. Cylinder unit 5 had to be fully disassembled for inspection and 

installation of new or reconditioned parts. With reference to Figure 29 on page 34, these 

included piston with rings (pos 34), reconditioned liner and backing ring (pos 50), cylinder 

head (pos 55), and connecting rod with new bearings (pos 30). See attached service report 

in Appendix 3. 

 

3.9.4 Example case lll – Engine shutdown due to oil mist alarm 

On June 30, 2022 there was another automatic engine shut down due to high oil mist 

concentration in the crank case of main engine number two. This time the electrical power 

supply was through shaft generator starboard connected to main engine two and because of 

this reason, a black-out occurred when the engine shut down. The port side shaft generator 

was not in service at the time, meaning that there was a lack of stand-by when starboard 

generator stopped. Auxiliary engines received automatic stand-by start command.  

In the following Figure 33 the reader find an extract of the event log to summarize the event.  
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Figure 33. Event log extract from IAS on July 30, 2022. 

 

Within minutes prior to the event, the lubricating oil purifier trigged alarm on high water 

content in the lubricating oil. The water transducer value indicated 87 which is significantly 

higher than the normally seen value of 81. Below Figure 34 illustrate the triggered alarm. 

Specific reason for the alarm must be confirmed locally at the purifier control panel. 

 

Figure 34. Event log extract from IAS the 30.07.2022. 

 

As mentioned, this alarm was the first to be triggered, but as the engine room was un-manned 

at the time of the event, the engine automatically shut down before the duty engineer 

managed to reach the engine control room. According to the engine log books, the departure 

was about 1,5 hours before the event occurred. Crank case covers were opened to investigate 

the reason for high water content in the lubricating oil which was confirmed by a quick test. 

The water in lubricating oil indicated 1,0% water content which equals to approximately 80 

liter of water contamination considering the total lubricating oil volume. Any visual 

indication of water leak was not seen in the crank case, neither was there any other 

observations that could explain the cause. On the actual engine, there are bores in the backing 

rings (water jackets) of each cylinder that is made to provide indication if there is a water 

leakage allowing cooling water to leak by the sealings holding the cooling water volume of 

each cylinder. As the engine had been drained of cooling water and allowed to fully cool 

down due to a major maintenance event during previous port call, it was decided that the 

water had entered (leaked) into the crank case when the engine was filled after completion 

of the maintenance work when the engine was still cold. This has been observed during 
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similar circumstances by the author and is due to aged and worn out sealings. When the 

engine is pre-heated the leak stops at a certain temperature which seemed to be the situation 

as no additional indications were found after the event. With the MAN fluid monitoring 

solution described in Chapter 8.3, this event could have been fully prevented as it would 

have alerted the operators on-board already at the start preparation stage, when the pre-

lubricating pump is started and lubricating oil start circulating in the engine. 

 

3.9.5 Example case IV - Turbocharger failure 

This chapter does not directly relate to the findings in the event log but was instead decided 

to include on this author´s initiative upon discussions with the vessel responsible technical 

super intendent. According to the technical super intendent both this ship as well as a sister 

ship with identical technique has suffered from sudden turbocharger break downs during the 

20 years in operation. Due to the fact that a mechanical turbocharger break down is very 

expensive, the author finds it relevant to include investigations on possibilities to develop 

monitoring of the turbo as this component is critical in terms of engine operation. 

Malfunction will result in considerable down time for repairs – not to mention the hazard of 

risking lives of the operators. The author has on other vessels experienced total turbocharger 

break down where the rotating assembly has exploded. The most critical parameter of a 

turbocharger is the internal balance, obviously because the rotor assembly spins at very high 

speeds. The MAN NA48S turbocharger on-board Finnmill is operated at speeds of 16000 

rpm. An illustration of the NA/S turbocharger is shown in the following Figure 35. 
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Figure 35. Turbocharger cross section view. (MAN Energy Solutions, 1997a, p. 7) 

 

If the turbocharger suffers from unbalance in the rotating assembly, one can easily 

understand the forces acting on the rotor assembly as well as on the bearings. On the MAN 

48/60 B engine, the turbocharger bearings (plain  type) are lubricated by the engine 

lubricating oil and the pressure is carefully adjusted by a throttle or pressure reducing valve 

to maintain the correct lubricating oil pressure and flow to the turbocharger bearings. (MAN 

Energy Solutions;, 2001b, pp. 01/03-02/03). The following Figure 36 explains the 

lubricating oil flow in the turbocharger assembly. 
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Figure 36. Schematic view of lubricating arrangement on NA48/S turbocharger. (MAN Energy 

Solutions;, 2001b, p. 03/03) 

 

Because of the fact that the author does not have inputs on how the turbochargers have failed 

in the past as the reasons can be many, such as lacking routines on maintenance and 

turbocharger cleaning, poor lubricating oil quality, manufacturing or material related issues 

just to mention some, it was decided to focus on developing monitoring instead. (Personal 

communication with MAN ES Turbo Experts, 2022). Currently the monitoring of the 

turbocharger is limited to speed, lubricating oil pressure and temperature as well as exhaust 

inlet and out temperature. Figure 36 on page 41 illustrate the available measuring points.  



41 
 

 

 

Figure 36. Turbocharger monitoring in IAS (Author´s collection). 

 

During interviews with MAN PrimeServ turbocharger expert’s different options were 

discussed on how to develop monitoring by additional sensors such as vibration monitoring. 

However, this particular technique in terms of sensor signal reliability in combination with 

a highly challenging environment create potential for providing misleading information and 

is therefore not used. It was also mentioned that the turbocharger performance and reliability 

is highly dependent on the engine itself. This refers to the importance of a well-balanced 

injection system and naturally the condition of the charge air cooler to avoid circumstances 

that create additional thermal load and buildup of combustion residues on the internal parts 

of the turbocharger. To ensure that the injection system is balanced, it could provide valuable 

input to install continuous monitoring of firing pressures as this method effectively 

acknowledges bad fuel injection pumps and injection valves as an addition to exhaust 
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temperature monitoring. Exhaust backpressure must also be carefully monitored as this will 

obviously create high stress on the turbocharger rotor. According to this author´s impression, 

adding vibration and ultrasonic monitoring to the picture, balance issues as well as bearing 

degradation could possibly be detected before a break down. Anyway, as such technique is 

highly sensitive it might not be reliable in long term due to the challenging environment at 

the turbocharger. The biggest problem is the high rotating speed of the turbo, making long 

term prediction highly challenging. According to this author´s experience, break downs 

usually occur fast leaving the operators more or less without pre-warnings. Anyhow, by 

adding artificial intelligence and sensor fusion to the monitoring of turbocharger speed, 

exhaust back-pressure, lubricating oil pressure and outlet temperature in addition to vibration 

monitoring techniques, the author do find it possible on some level to improve situational 

awareness.  

 

3.10 The questionnaire 

To gain perspective, a questionnaire was made as an addition to the research. For the purpose 

the application found through Google documents was used. The questionnaire is of 

structured type consisting of six questions. Refer to Appendix 4 showing the complete 

questionnaire. The questions aim to assist this author to find additional ways on improving 

operational safety and efficiency from different perspectives based on experiences and 

expertise of other engineers within the Finnlines fleet. To benefit the most from the inputs, 

the author chose to include all available engine brands.  Due to the uncertainty on how many 

replies would be available to analyze, the questions were made prioritizing an open 

perspective more than targeting statistics or trends. By this approach, the individual answers 

provide a wider overview of the subject which was considered important in this context. The 

questionnaire was sent out to approximately 20 recipients within the Finnlines fleet, and the 

receiver was provided the opportunity to remain anonymous.  

Received replies represent engines from three different manufacturers, MAN, Wärtsilä and 

MaK which all have been common in similar marine applications. The following Figure 37 

aims to summarize distribution of replies by brand in percentage. All represent large-bore 

four stroke engine type. 
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Figure 37. Engines by brand and type 

 

The generation of each engine is presented by a code letter (B……F) where a higher letter 

generally means later generation. Referring to the Finnlines fleet, engine generation by age, 

as in the replies of this questionnaire ranges from year 1998 up to 2014.  

This means that there are more technically advanced engines, particularly with a more 

sophisticated automation and control system within the received replies. Anyhow, as this 

thesis target the MAN 48/60 B-generation engine there will not be any deeper investigation 

into the technique of competitors as all vessels within the Finnlines fleet equipped with MAN 

engines represent the B-generation. Nevertheless, it is important to identify generation to 

understand the replies and be able to relate to the content of this thesis. 

 

Below subsections aim to summarize inputs received for questions 4-6. 

4.) Possibilities to improve operational safety of the engine. 

• Importance to use high quality spare parts supplied by genuine manufacturer. 

• Maintenance to be followed as per manufacturers recommendations. 

• Lessons learned over time: Customer information letters by the manufacturer to be 

taken seriously. 

• Lower equipment stress by respecting ramping and load limitations at current 

circumstances. 

• Improved monitoring of lubricating oil and fuel.  

• Situational awareness of the operators. 



44 
 

 

5.) Means of emergency operation.   

• Mechanical engine operation if control system fails. 

• Override of safety system in emergency situations. 

• Situational awareness of the operators. 

• Masking (disconnection) of individual sensors to prevent unnecessary automatic 

shutdown during sensor failure. 

6.) Engine efficiency and performance. 

• Engine operation according to design parameters.  

• Improved materials to prolong maintenance intervals. 

• Lower fuel consumption by adapting better to environmental circumstances. 

Clearly, there are both inputs regarding mechanical improvements as well as on monitoring 

and automation level. However, inputs regarding mechanical improvements are relatively 

few. In general, the replies present a picture that independent of brand, the engines are 

considered as reliable when planned maintenance schedule is followed and used spare parts 

are supplied by the genuine manufacturer. Regarding efficiency the general input is that 

operators shall follow design parameters as provided by the manufacturer at engine delivery. 

The importance of adapting to environmental circumstances is also mentioned. This relates 

to aspects such as avoid stressing the engine by exceeding load limitations and harmful 

vibrations due to ambient conditions. Emergency operating the engine deserves an own 

chapter and will not be further described at this point. Refer to Chapter 8.11. 
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4 Challenges related to the research 

There are many aspects creating challenges during the making of this thesis. 

The vessel has operated in many areas globally during the time perspective of the research 

contributing to some level of changes in certain operational parameters due to variations in 

environmental circumstances. These circumstances refer to ambient conditions as well as 

operational patterns such as engine load. Besides the above mentioned circumstances there 

were found longtime equipment malfunctions not connected to the engine itself but that does 

affect engine operational parameters and provide misleading information, meaning the 

malfunction triggers alarms that are not normally present. Following chapters will describe 

in detail the different challenges and obstacles that have been present during the thesis 

writing in terms of data and other materials used. 

 

4.1 Vessel traffic routes and schedule 

During the selected time window for the research, the vessel had a high frequency of route 

changes. This, in combination with the limited parameters available made the planned 

mapping of operating patterns very challenging. Also, if the event log was available in digital 

format, it would simply have contributed to a more manageable data. Additional information 

about the digital advantage is presented in next chapter. A concrete follow-up of inputs 

regarding operational patterns and how these effect on parameter level would have been 

possible on a high level even with the available material if the vessel was on an ordinary 

route with a constant schedule and a limited number of ports.  

During the selected time frame of the event log, the vessel sailed between the locations below 

and the schedule was changing frequently according to the engine logbooks:  

➢ Kiel, Germany 

➢ Rostock, Germany 

➢ Travemunde, Germany 

➢ Lubeck, Germany 

➢ Aarhus, Denmark 
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➢ Hanko, Finland 

➢ Helsinki, Finland 

➢ Uusikaupunki, Finland 

➢ Turku, Finland 

➢ Bronka, Russia 

➢ UST-Luga, Russia 

➢ St. Petersburg, Russia 

➢ Gdynia, Poland 

➢ Zeebrugge, Belgium 

➢ Bilbao, Spain 

The previously mentioned reasons contributed to the conclusion that the author was not able 

to make a reliable and correct mapping of the operating parameters at different load 

conditions simply because they were not found stable enough to provide evidence. Recorded 

load from the IAS automatic print out in the event log show load conditions ranging from 

33% to 88% and in addition to this the ambient conditions that have lacking documentation. 

 

Figure 38. Finnlines Customer letter 01/2022 – Fleet destinations. 
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4.2 Digital advantage 

This chapter target various digital tools and the aim is to clarify a basic perspective of 

material availability during the thesis process. During the writing of this thesis, it was 

observed multiple times that additional digital tools for data storage would have made the 

process a lot easier and more efficient. The largest contributor in terms of background 

material for the research process of this thesis was the alarm and event log. As of today, it is 

only available in A4 matrix paper format making any precise search very challenging. Every 

single page of the event log was analyzed and checked manually and due to lacking 

availability as well as quality the selected time window of the log was rather limited. Total 

availability was close to 24000 pages from which the adapted time window incorporates 

roughly 3500 pages. Below Figure 39 presents the event log printer. 

 

Figure 39. Event log printer. (Author´s collection). 

 

By using a digital storage system for the data, it would definitely contribute to adding quality 

and availability perspectives of any historical events. MAN ES provide this possibility 

currently as a part of the MAN PrimeServ Assist remote monitoring solution but this service 
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target the engines and does not include the majority of auxiliary systems for instance. An 

option that could fulfill the needs of storing event and alarm logs on-board could be the 

Norweigian Hoglund Marine Solutions Prilog, alarm and event logger. This system records 

all received events and data, has extensive filtering functions and additionally perform 

automatic back-ups. It also provides the possibility to add a remote connection via 

network/satellite. (Hoglund Marine Solutions, 2022). A digital storage device such as the 

prilog is highly recommended as it includes all events and alarms triggered by the IAS. When 

analyzing a certain event, it is necessary to include all available parameters as in many cases 

observed during this research the cause of events are commonly recognized and explained 

by processes in the auxiliary systems. Additionally, by implementing a digital storage system 

for alarm and event recording, it certainly would make all event follow-up more accurate 

due to availability of raw data or actual sensor values. 

A key contributor that would explain relationship´s between the historical events and counter 

measures is the digitally recorded workbook. This is described later on, but it refers to a 

summarizing basic word document or excel file that involve all completed work tasks on a 

daily basis. This feature is used on-board but due to certain reasons the documents for the 

selected time window of the research was no longer available. Again, the author had to dive 

into the handwritten engine logbooks and therefor the process was slow and not effective as 

filtering of the information was not possible but instead analyzing had to be done page by 

page. 

 

4.3 Budget related challenges and limitations 

The initial plan was to develop the remote monitoring solution for this type of older four 

stroke medium speed diesel engines. MAN ES showed good will towards this research and 

were willing to invest a considerable amount of time and money in developing a custom 

solution specifically for this case study. This solution demanded that the customer, Finnlines, 

would sign an agreement based on a monthly fee per engine for the service provided. As of 

today, the service has not been agreed and this contributed to why this thesis made a 

relatively large change in direction by using existing data or in other words historical data 

by the event log and planned maintenance system inputs.  
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5 Maintenance concepts 

With the advancing industry, many companies have leaned towards offering various types 

of condition-based maintenance techniques as a more cost-effective solution. As the name 

suggests, such technique aims to assist in determining actual equipment condition to predict 

when maintenance shall be done instead of following a specific pre-planned schedule. Below 

Figure 40 illustrate the main types of maintenance concepts. 

 

 

Figure 40. Industrial maintenance concepts. (Abbasi, 2021, p. 9) 

  

The first option will not further be described in this thesis due to clear reasons. Reactive 

maintenance means according to this author in this context that either the engine 

manufacturer would have provided faulty instructions regarding maintenance interval, or the 

operator would not have followed or implemented the instructions provided by the engine 

manufacturer. This type of maintenance concept is due to obvious reasons a not wanted 

solution as it mean that engine operations are lacking both total reliability and efficiency.  

The other two options are relevant in this thesis and will be explained in following chapters. 

This author also wants to highlight the fact that the intention of this thesis and related 

research is to provide suggestions on how to move towards predictive maintenance from the 

actual concept of preventive maintenance by different means. 
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5.1 Preventive maintenance 

As mentioned previously, this is the current concept used on-board this installation. It has 

been a well proven concept relying on instructions provided by the engine manufacturer 

since delivery of the engines in year 2001. As described in the manual, certain circumstances 

will affect the maintenance schedule such as fuel in use and load patterns, and the below 

Figure 41 illustrate an example of scheduled maintenance for some of the engine 

components. 

 

 

Figure 41. Example of component maintenance schedule. (MAN Energy Solutions, 1999b, p. 272) 

 

Additionally, if the manufacturer reveals failure patterns during the equipment lifetime, they 

will send out additional information letters to inform the customer. These letters are named 

Customer Information letters or “CUS” and aims to urge the customer either to increase 

inspection frequency or replace specific components at a certain interval. The CUS can also 

include new options and offerings in terms of technical advancements. It is of outmost 

importance to react to these instructions as they are to be considered as an essential part of 

the preventive maintenance setup. The following Figure 42 presents an example of a 

customer information letter regarding findings related to piston skirts of the 48/60 engine.  
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Figure 42. MAN customer information letter No. 308 page 1. 

 

As a maintenance concept, preventive maintenance has been used extensively by all engine 

manufacturers during the years. It is well known and a well proven concept but with the 

technology available today it is not considered the most cost-effective solution, not in all 

cases. (Gonfalonieri, Towards Data Science, 2019). According to this author´s experience, 

it is highly dependent on the actual operating circumstances and the plant condition as a 

whole if the scheduled - or preventive maintenance is the most effective choice for safe and 

efficient operations. Anyhow, by mowing further into a modern type of maintenance concept 

such as predictive maintenance, it is necessary to involve the scheduled maintenance plan as 

a basic approach as this is based on comprehensive component lifetime simulations and 

testing by the genuine manufacturer. This author finds the best solution in terms of efficiency 

and reliability to implement predictive maintenance as an addition to the existing setup, 
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simply meaning that all maintenance activities should on some level relate to the preventive 

maintenance schedule. If found relevant for the specific installation to adjust maintenance 

intervals by inputs from a predictive approach it should only be done in close cooperation 

with the manufacturer, by for instance implementing remote monitoring. 

 

5.2 Predictive maintenance 

This approach to maintenance is also called condition-based maintenance as it relies on 

actual component or equipment condition. The intention is to provide a more cost effective 

and pro-active approach to maintenance and overall equipment lifetime. In today’s industry 

it is popular to involve artificial intelligence and machine learning in predictive maintenance 

concepts. As mentioned in the article how to implement machine learning for predictive 

maintenance by implementing machine learning algorithms into the concept, you are able 

avoid “guess work” and maximize equipment lifetime. (Gonfalonieri, Towards Data 

Science, 2019). Simply, this means that algorithms are used to manage the large amount of 

sensor data generated by the asset to highlight the operators of any anomalies found in the 

data flow before a failure occur. This process is usually automated when artificial 

intelligence is used. According to this author´s experience, the most common type of 

utilizing machine learning in this context is to use data models and advanced algorithms to 

monitor normal equipment behavior over time to train a model on recognizing what is 

normal behavior and what is considered as not normal.  Due to confidentiality aspects, this 

author cannot provide any additional facts concerning the principles behind MAN PrimeServ 

Assist that stands for the software developed and offered by MAN ES as an essential part of 

the predictive maintenance concept. Instead, this author will include some example cases 

from the PrimeServ Assist in chapter 10.2. It is important to remember that this thesis rely 

on the described case study, with technique as-is. Therefore many suggestions on improving 

reliability and efficiency are made by taking into account the generation of technology found 

on the site as this contribute with challenges related to design. According to this author, a 

predictive maintenance approach would benefit from additional measuring points simply to 

achieve a more precise picture of the actual engine health. Even as some of the suggested 

additions of sensors are considered as very basic, there are limitations present as the different 

sub-assemblies that would require modifications on component level. This in turn might 

require dimensional changes to ensure that component specifications remain the same. These 
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questions are highly equipment specific and was discussed with MAN ES engine experts. 

(Personal communication with MAN ES Engine experts, 2022) 

In chapter 8, the author will present some techniques that support a predictive approach to 

maintenance, and that could be implemented on the actual site to support reliable and 

efficient engine operation. 

  

6 Existing monitoring on-board 

This chapter will describe the most essential sensors of the existing monitoring system 

installed and, the most relevant means to protect the engine against the failures described in 

chapters 3.8. According to regulations the engine must be equipped with certain protection 

devices to prevent fatal failures that can cause risk of human life, environmental pollution 

and loss of investment. These means of protection include a varying setup of sensors to 

measure temperature, pressure, and speed as visible in the IAS main engine mimic in below 

Figure. 

 

Figure 43. ME 2 Status. (Author´s collection). 
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The sensors are connected to both the IAS and the MAN ES supplied safety and control 

system (SaCoS99) that will trigger a warning by giving an alarm whenever there is a value 

that is out of normal range for the measured parameter. At a distinct and pre-set level 

depending on the parameter in question the safety and control system of the engine itself will 

trigger a load reduction or shutdown. The parameters in Figure 44 are considered as critical 

and refer to specific limit values set in accordance with instructions by the engine 

manufacturer. Whenever the engine is operated outside these parameters, the automation 

system will trigger an automatic load reduction (slowdown) or depending on the reading, a 

shutdown. 

 

Figure 44. Main Engine limit values. 

 

As the limit values are distinct values meaning that an alarm will only be triggered when any 

value exceeds the set limit, it will not alert the operator of an anomality before the alarm is 

activated. This is the reason why the existing IAS is more of a preventive measure rather 

than a predictive concept.  A more predictive approach could be except additional sensors, 

to involve artificial intelligence that can highlight the operators on smaller parameter 

changes over time instead of only providing a warning when there already is an error present. 

In the following chapters, this author will present some important engine protecting features 

that have proven to prevent total engine break down, that possibly could have been the result 

in example cases I and II. 
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6.1 The splash oil monitoring system 

The splash oil monitoring system relies on the lubricating oil splash in engine crankcase 

during engine operation. It measures the temperature by catching a certain amount of the 

splash oil into a type of chute installed in each crank case cover on the operating side of the 

engine. The chute has a small reservoir with a temperature sensor installed. The oil catch in 

the reservoir is slowly and in a controlled manner drained out and returned to the crank case 

through an orifice in the bottom of the reservoir. Refer to the following figures. 

 

Figure 45. Splash oil temperature sensor PT100. (Author´s collection). 
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Figure 46. Splash oil monitoring arrangement on crank case cover. (Author´s collection). 

 

According to MAN ES, this system has been able to prevent catastrophic failures of the 

engine rotating assembly by reacting to even small changes in the oil temperature measured. 

Below quote is referring to the attached Appendix 6, MAN diesel customer information letter 

No 224 approximately six years after the system had been released.  

The special advantage of the splash-oil system is that any disturbance in normal operation, 

which causes an oil temperature increase, is recognized reliably and promptly. The splash-

oil system is unable to prevent disturbances in normal operation, it is, however, able to 

minimize the extent of possibly severe damage. 

By studying the example cases it is clear that the system does respond to critical failures and 

triggers an automatic engine shut down. However, this author has in these examples also 
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found that the splash oil monitoring system is efficient to prevent total break downs but does 

not address the actual error. The author does in no circumstances want to replace this system 

by suggesting improvements, but the intention is to add such monitoring functions that 

would effectively guide the operator in addressing the actual error behind the splash oil 

temperature alarm. 

 

6.2 The oil mist detector 

The VISATRON oil mist detector unit acts as a protective device that is built to monitor and 

react on oil mist concentration in the crankcase. This unit is mandatory on all marine engines 

with power above 2250kW, with periodically unattended machinery spaces. (Knapp, 2000) 

The operating principle of the unit is that it draws a specific amount of the atmosphere inside 

the engine through channels from each crankcase compartment and measure the oil mist 

concentration using optical absorption. The oil mist passing through these diodes where one 

acts as a transmitter and the other as receiver will absorb a certain amount infrared light 

which will reduce amount of light reaching the receiver. (Engine Protection Partner AS, 

2005, p. 6). 

The practical arrangement as well as a description of the oil mist detector is illustrated by 

following Figure 47. 
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Figure 47. Oil mist detector arrangement. (Engine Protection Partner AS, 2005, pp. 9, 23) 

 

The oil mist detector reacts to high oil mist concentration in crankcase caused by an 

overheating in any of the rotating components in the engine. The manufacturer EPP.no 

mention the following components as the main target of the oil mist detector on their website: 

• pistons in cylinder liners 

• crankshaft main bearings 

• connecting rod big end bearings 

• camshaft bearings and cams 

• gears 

(Engine Protection Partner AS, 2022) 
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According to EPP, there are an average of one to two crankcase explosions weekly on ship´s 

globally and the oil mist detector unit is a device to minimize the risk of these unwanted 

events. Although the oil mist detector does provide a good protection of the engine, it does 

not address the actual reason but instead it will trigger an alarm, and depending on the 

circumstances an automatic shutdown, as seen in the example cases presented in this thesis. 

 

7 Condition prediction by additional monitoring technique 

In this chapter different options and techniques will be presented that could be utilized to 

increase awareness of engine efficiency and reliability. With the technical advancement of 

today, major improvements are possible and in this chapter the author would like to point 

out some possibilities. Some of these are used by competitors, but this research targets the 

B-generation of the MAN 48/60 engine and any relevant technique that can be adopted to 

install as an add-on for this particular engine. 

The intention of implementing certain equipment to the engine means in this context 

additional monitoring and automation to build safe barriers against failure and performance 

degradation.  There is included additional sensors for improved monitoring locally on-board, 

as well as remote monitoring which is an additional option offered by MAN ES. Remote 

monitoring as offered by MAN ES, the PrimeServ Assist is presented in Chapter 10. 

An efficient and reliable engine operates according to the design parameters. These 

parameters are the result of comprehensive testing before the engine is released to the 

industry. Whenever there is a deviation from these parameters, the engine is most likely not 

operating in the safest and most efficient way, therefore any anomaly should be addressed 

immediately to avoid such circumstances. For instance, if there is fouling in a heat exchanger 

the result with time will be that the heat balance suffers meaning that the design parameters 

are not fulfilled and therefore optimal output and fuel consumption will not be reached. If 

we consider the charge air cooler as an example, once it is contaminated it will affect the 

whole engine operation as charge air is not at the set temperature at a certain load. 

Furthermore, this will affect the exhaust temperature and combustion pressure in a negative 

manner resulting in lacking performance. Predicting such circumstances is the key to safe 

and efficient engine operations. (MAN Energy Solutions, 2022b) 
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According to the author, different additions to the existing monitoring could be installed to 

not only maintain safe engine operation but also in case of an anomaly effectively address 

the operator on where the problem is located to avoid unnecessary down-time.  

We will be looking into certain techniques where some can provide information on what 

engine parts to investigate in case of anomalies. The MAN fluid monitor is one of the 

essentials in this perspective as this system can address what kind of error is causing the 

different alarms. A well proven protective system is also the splash oil system that will react 

in any case there is an overheating in the rotating assembly of the engine. The oil mist 

detector is also a well proven engine protection unit that do serve a purpose of shutting down 

the engine whenever there are circumstances contributing to extensive oil mist build up 

inside the engine. However, all the above lack on providing the exact root cause of the event. 

These systems do work each in their own way but to find the root cause triggering these 

protection systems, additional monitoring should be installed. Also, by providing the remote 

monitoring center as much parameter readings as possible it will be easier and more efficient 

to react to certain anomalies. This way of thinking refers to the term sensor fusion presented 

in Chapter 7.9 where multiple inputs reacting to certain deviations in a process. Naturally, 

combining different sensors will assist in predicting parameter trends more promptly as more 

information is available, through different perspectives. In the following chapters this author 

has selected some individual sensors as well as more sophisticated methods to improve 

monitoring on-board. The selection is highly based on this author´s experience on how and 

by what means the goals could be reached. 

 

7.1 Individual sensors 

This chapter will introduce some basic additions to the existing monitoring: important inputs 

for a predictive approach. In example cases I and II, where piston blow-by occurred it is easy 

to understand, that the anomaly in cylinder liner wall temperature that these failures resulted 

in would have provided indication by having temperature sensors installed in the walls of 

the cylinder liners. Other valuable inputs are the temperature of the connecting rod big-end, 

and crankcase pressure. The sensors suggested in this chapter are not in any perspective new 

technique, but on the actual engines they would provide important inputs for the operator 

when there are errors related to the rotating assembly that causes increased friction. The 
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following Figure 48 presents liner temperature monitoring that in the example case(s) would 

have contributed to providing highly essential inputs on cause of the event. 

 

Figure 48. Principle of cylinder liner temperature monitoring on 48/60 shown in V-configuration. 

 

As mentioned in the example cases where piston blowby occurred, there will be additional 

thermal load on the liner due to metal-metal contact between piston and liner as a result of 

lacking lubrication. This will naturally increase the liner wall temperature and provide 

indication to the operators that something is wrong in the specific cylinder unit. The option 

to include cylinder liner wall temperature monitoring was discussed with MAN ES engine 

experts. According to them, it is possible but would require severe modifications to the 

affected parts. Depending on circumstances, this measurement might not be fast enough to 

react in time in case of sudden break downs. The sensor location is highly critical and to 

benefit from this input, the sensor(s) must be installed in the upper area of the liner which 

creates additional challenges in the manufacturing process. (Personal communication with 

MAN ES Engine Experts, 2022). 
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While the following suggestion to improve monitoring of the rotating assembly does not 

directly relate to the example cases it would assist the operator to rule out possible errors. 

This targets monitoring of connecting rod big ends and may be presented through below 

Figure 49. 

 

 

Figure 49. Arrangement of big end temperature monitoring on 48/60 engine shown in V configuration. 

 

As a final option in terms of single sensor addition, the crankcase pressure sensor shown in 

Figure 50 is suggested. MAN ES has this option as a possible retrofit through the MAN 

Multi brand engine safety management system (MMS).  
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Figure 50. Crankcase pressure monitoring. 

 

This system utilizes real time monitoring as a stand-alone setup and is made to suit all 

manufacturers 4-stroke engines. The MMS consist of three modules, as below. (MAN 

Energy Solutions, 2020a, pp. 1-3). 

• Module A – Monitoring of crankpins (Connecting rod big-ends) 

• Module B – Monitoring of main bearings 

• Module C – Monitoring of crankcase pressure 

According to MAN ES Engine Experts, the crankcase pressure monitoring could have 

reacted during the circumstances described in the example cases I and II. If this sensor would 

have alerted the operators earlier than the splash monitoring system is anyway difficult to 

proof afterwards. According to this author this is the easiest and therefore most obvious 

addition to the monitoring system. 
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7.2 Traditional performance testing 

This topic relates to monitoring of engine condition by measuring firing pressures of each 

cylinder and can be described as a method to measure engine performance in relation to 

output (load). (Icon Research Ltd, 2018, p. 4)  Currently, this type of performance testing is 

in use according to the scheduled maintenance program. It is performed once per month 

preferably at high load conditions to follow up engine balance and condition of injection 

equipment to understand the operational parameters of the engine. To see possible changes 

over time, the monthly test is performed at identical circumstances at each test. The 

instrument commonly in use on-board is the DK-20 by Icon Research. Below Figure 51 

present the principal of this instrument. 

 

Figure 51. Icon Research DK-20 setup. (Icon Research Ltd, 2018, p. 4) 

 

On later engines, typically high-performance engines it is common that constant (live) 

measuring of firing pressures is installed, and this method could according to this author´s 

experience provide essential inputs on a totally different level. This is simply because 

measurements are taken constantly, providing inputs even at varying loads. Also, by utilizing 

machine learning in combination with this method, the operators could be alerted on 
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performance degradations in a more predictive manner. During discussions with MAN ES 

Engine Experts, this subject was discussed. It is not currently offered for traditional diesel 

engines but is used on the 49/60DF engine under the name “Adaptive Combustion Control” 

or ACC version 2.0. Here the system is not mainly for monitoring purpose but instead used 

as feedback for the control system to optimize combustion automatically. (MAN Energy 

Solutions, 2022d). 

However, to provide proof on what level constant monitoring of firing pressures could have 

revealed the occurring piston blowby in the example cases would require severe testing to 

provide evidence. According to this author´s experience, this method is not sensitive enough 

to recognize piston blow by but is instead to be considered as a performance measure. 

 

7.3 MAN Fluid Monitor for lubricating oil 

As the topic address, MAN fluid monitor targets the engine lubricating oil and is an existing 

monitoring option. It is a live (real time) feature for monitoring quality of the lubricating oil 

and acts as a part of the MAN condition monitoring solution. Additionally to temperature 

and pressure deviation, the system detects pollution and contamination of the lubricating oil 

caused by combustion residues, fuel, solid ferrous material (metal), non-ferrous material and 

water. According to MAN ES, 70% of major damages reveal a pollution of the engine 

lubricating oil. The system is already considered well proven after 50 000 hours in operation. 

(MAN Energy Solutions, 2022c). 

 

Figure 52. Example of anomalies detection feedback. (MAN Energy Solutions, 2020b). 
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The fluid monitor system is a stand-alone solution that can easily be included in the existing 

monitoring system on-board to effectively alert the operators whenever there is an anomaly 

found in the lubricating oil. Due to the design, the user has a good overview of the status – 

it is not only a simple alarm switch. Instead, this system highlights the reason for triggering 

an alarm and guiding the operator towards the root cause. Below Figure 53 show the basic 

display view on-board. 

 

 

Inage 53. MAN fluid monitor. On-board display view. (MAN Energy Solutions, 2020b). 

 

The system alerts the user about the anomaly and provides useful information regarding the 

source of the anomaly as in this case fuel contamination. This information is essential and 

provides clear direction on maintenance and repair actions before a possible major 

breakdown occurs. To provide an example, below Figure 54 demonstrate an anomaly 

timeline. 

 

Figure 54. Anomaly timeline. (MAN Energy Solutions, 2020b). 
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According to MAN, the system reacts promptly to any deviation found in the lubricating oil. 

Below example illustrate a case where severe deviation is detected in the total base number 

(TBN) and high-water content is present. This address water mixture in the lubricating oil. 

 

Figure 55. Alarm display view. (MAN Energy Solutions, 2020b). 

 

The fluid monitor concept is perhaps the most obvious method that could have provided 

early (enough) indication on what the reason was behind the alarms triggered by the oil mist 

detector. The fluid monitor can detect combustion residues that does end up in the lubricating 

oil when there is a considerable piston blow-by. Even as this technique does not point out 

exactly from what cylinder the residues originate, it does provide clear indication of what 

the actual problem is. By adding some additional temperature sensors to the monitoring 

system, the author believe that the damage could have been limited in a considerable manner. 

In the case where the crew experienced a sudden automatic shutdown triggered by the oil 

mist detector, the fluid monitor system would have effectively alerted the operators of high-

water content in the lubricating oil already when the engine was prepared for startup at 

departure. This would have avoided the following black-out that was the result of the 

shutdown as the crew would have been able to take counter measures before the ship 

departed from harbor. 
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7.4 Monitoring by Ultrasound 

This technique is used for many purposes. It can be used to detect air leaks, but tests have 

also been done to monitor cylinder lubrication in smaller combustion engines. 

Both of these options can be utilized to contribute to safer and more efficient operations, 

especially the cylinder lubrication as a lack in lubrication will increase the risk of piston 

seizure or if over lubricating is present the result is un-efficient operation.  The principle of 

this technique is as the name imply related to sound waves and ultrasonic pulses, and while 

measuring the layer of cylinder wall lubrication there are sensors outside the cylinder wall 

that transmit the ultrasonic pulses. This technique has been proven effective even at varying 

speed and load states. (Dwyer-Joyce, 2012). If considering the example cases (I and II) 

where piston blow-by was present, this technique could according to the author have reacted 

in an early stage and possibly assisted to prevent, or at least minimize damage. This is 

because whenever there is blow by occurring it allows the hot combustion gases under 

pressure to pass the piston rings and therefor eliminate the oil film that shall control friction 

between piston and cylinder liner.  

If looking into another example on how to benefit from this technique it is also possible to 

monitor air and steam leaks. As mentioned, this technique relies on sound waves and it is 

effective to find leaks through this method as both air and steam leaks have specific 

frequencies and are directional meaning that locating such leaks are considered as easy even 

in high noise environments. (Hallum, 2019). When considering efficiency, it is important to 

eliminate unwanted leaks as if there is for instance steam or air leak present on the engine it 

means waste of energy. The engines on-board Finnmill use air for many purposes such as 

starting, and parts of the control system also utilize pressurized air. In terms of steam, it is 

used for preheating purpose while steam tracing is used for heating fuel piping.  

Implementing fixed ultrasound sensors to measure air and steam leaks is considered as quite 

challenging due to the extent of air piping on the engines. The author finds this technique 

more effective to use during regular inspections or whenever there is a suspected leakage as 

during these circumstances a traditional handheld measuring device is more useful. 

An option on installing permanent sensors with target to monitor cylinder lubrication, it is a 

common challenge amongst the other suggestions to implement considering the existing 

engine. Installing sensors on permanent basis requires changes to existing components and 

severe testing in the manufacturer premises to be able to provide proof on how effective this 

method is on the actual engine, and for this purpose.  
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7.5 Vibration monitoring 

During operation of a diesel engine there are many aspects contributing to vibrations. To 

explain this statement, the following quote is found useful. 

During the process of energy conversion in diesel engines, several parameters cause the 

engine to vibrate which significantly deteriorate the efficiency and service life of the engine. 

Vibration in a diesel engine occurs due to unidirectional combustion forces caused by the 

changes in gas pressure inside the cylinder, structural resonance and alternating inertia forces 

concentrated on different engine parts. (K.LP, Shuyong, Shuai, & Yuan, 2020, pp. 1-2) 

In the book Diesel Engines 1, there is a full chapter available about this phenomenon and 

description of the main causes of vibration in the context of diesel engines. The categories 

or orders to which each type belong relate to the wavelength in relation to acceleration or 

speed, and frequency. 

 

Figure 56. Main causes of vibrations in the diesel engine. (Kuiken, 2008, p. 444) 

 

The two common units to measure vibration as a state of a repetitively mowing object are 

frequency in Hz and acceleration in mm/s2. When looking at more sophisticated instruments 

for measuring vibration it is common to include amplitude and speed (velocity). (IMV 

Corporation Japan, 2022). The vibration monitoring as a contribution to a diesel engine 
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monitoring system can definitively provide interesting information. However, this author 

finds it necessary to implement a large number of sensors in multiple locations to achieve a 

meaningful picture of the engine status. This is simply due to the complex design of the 

engine where, for instance, the performance of each individual cylinder is highly dependent 

on its own pair in the injection system. To summarize some of the areas where vibration 

monitoring could provide additional insight in understanding actual condition of selected 

assemblies are the fuel injection system, individual cylinders, and turbochargers.  All of 

these are sensitive to imbalance which could be detected by means such as vibration 

monitoring. When there is fouling in a turbocharger it will logically affect the balance and 

create unwanted vibrations that increase wear as well as affect long term performance. There 

can be various reasons when the turbocharger suffers from excessive fouling or deposit 

build-up according to this author´s experience, but one reason is poor combustion that 

generate residues like soot particles or unburnt fuel. This provides reason to also monitor the 

balance within the fuel injection system as leaking fuel injectors or weak injection pumps 

will affect the engine overall efficiency in an unwanted direction and cause unnecessary 

emissions. 

The author made some small real time tests with a pen type vibration measuring instrument 

only to provide perspective of this method of measuring. Below Figure 57 illustrate the 

instrument used. 

 

Figure 57. Vibration tester instrument PCE-VT 2700. Author´s collection. 

 

The accuracy of the measurement is lacking and therefor the results are not valid, but to 

provide an understanding of how this type of measuring technique work the author included 
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the following sample, taken at the fuel injection supply pipe of cylinder five on main engine 

number two. It might be difficult to actually see on the figures 58 and 59 below, but only 

change between the measurements was that the sensor was mowed approximately 10 mm.  

This fact tells some of the difficulties related to vibration monitoring. Not only to understand 

what the result mean but also how sensitive the method is in relation to sensor location. This 

author finds the method valid and interesting but do realize that in order to find some 

concrete and accurate results (patterns) it will require severe testing and investigations 

already at the manufacturing premises. 

 

Figure 58. Measured vibration in mm/s2 at 65% engine load. Author´s collection.  
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Figure 59. Measured vibration in mm/s2 at 65% engine load. Author´s collection. 

 

To connect this technique to the example cases, inputs from vibration monitoring could have 

provided early indication of the piston blow-by that lead to severe overheating of the piston 

and liner running surfaces and resulted in piston seizure. According to some available 

research, vibration measuring can be used to detect changes in cylinder lubrication caused 

by for instance piston blow-by. When blow-by occur and combustion gasses passes the 

piston rings, it will cause a lack of cylinder lubrication and result in metal-metal contact. 

This phenomenon is connected to the term piston slap. The term can be defined as one of the 

main sources of transversal vibration in this type of engine and will be affected if there is 

metal-to-metal contact in the cylinder. (K.LP, Shuyong, Shuai, & Yuan, 2020, pp. 5-6). 

As one can understand when involving large number of vibration sensors, this technique 

generates large amounts of data over time. To benefit fully from this technique artificial 

intelligence and machine learning should be utilized to provide essential information 

whenever there is an anomality in the sensor values to effectively alert operators of possible 

errors.  

Understanding the input from vibration sensors at various locations on the engine does 

require deep knowledge of this technique as otherwise it is only numbers that are affected 

by many aspects – such as the specific engine installation, sensor location and operating 
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circumstances. (Personal communication with MAN ES Engine Experts, 2022). From the 

very simple test that this author made to illustrate this technique, it was found that the 

measuring point or sensor locations are highly critical. During the test the sensor was mowed 

with approximately one centimeter to see how the measurement is affected and the result 

was found to be scale wise totally different. So, to gain any benefit from the measurements, 

exact location of sensors must be determined as otherwise it is clearly not possible to 

compare measurements from identical components on the engine.  When the engines are in 

operation, they generate vibrations due to the design. This must be carefully assessed when 

vibration monitoring on component level is considered and, require finding out not only what 

is considered as normal vibrations at different locations but also, how the engine as a unit 

behave in relation to total measured vibrations.  

In addition to traditional vibration monitoring, there is a method called shock pulse 

monitoring or SPM that is commonly used today for condition monitoring purposes. 

Unfortunately, this author was not able to find proof on how this method would work in 

applications where plain type bearings are used, as in most components of the diesel engine 

and the connected turbocharger. The method seems well proven in applications where roller 

type bearings are used but no research has been found whether this technique is reliable in 

the context of plain bearings. (SPM Instrument, 2022). 

 

7.6 Thermal monitoring 

Today there are many options to benefit from thermal monitoring. It can be used to detect 

circumstances that create risk of fire or for instance to monitor leakage directly related to 

engine efficiency. It can also be used as a mean to improve situation awareness. 

As described in the MAN ES supplied customer information letter regarding SOLAS 

regulations where so-called hot spots must be limited so that any surface temperature of the 

engine must be lower than 220˚C. Refer to the following Figure 60. 
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Figure 60. SOLAS requirements (MAN CUS No. 195) 

 

This sets a definite upper limit of surface temperatures to decrease fire risks. In this context 

the thermal monitoring can be utilized to detect hot spots, but also directly be used to provide 

indication of other valuable information. For instance, using a thermal radar can detect 

exhaust leaks on the engine that contribute to lower turbocharger performance and therefor 

engine efficiency, not to mention the direct impact on the surrounding environment.  

A thermal radar is one option that can provide the necessary information. This refers to a 

continuously rotating thermal camera that provide 360-degree field of view. (Thermal Radar, 

2022). 

Today there are more advanced versions of thermal monitoring including LIDAR that utilize 

laser and hence can be considered as more accurate instrument but due to the simplicity of 

the thermal radar the author finds this option as sufficient for the purpose.  
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Below the reader can find some examples of how the view of the engine looks by thermal 

imaging. Settings related to color illustration and measuring points can be freely adjusted.  

   

Figure 61. Engine top view from free end. Author´s collection. 

 

 

Figure 62. Engine exhaust piping view from free end. Author´s collection.  

 

By combining this technique with some level of artificial intelligence and machine learning, 

it can effectively provide important information regarding hot spots for instance and 

automatically alert if there is a surface temperature that increase risk of fire.  If we look at 
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this option from the perspective of the example cases, the benefits are obvious. When a 

crankcase explosion occurs, it will create a pressure inside the crankcase causing the relief 

valves on crankcase covers to open releasing highly concentrated oil mist to the atmosphere. 

If this oil mist is allowed to enter hot surfaces, a fire will most likely be the result. It is 

therefore easy to understand the importance of avoiding hot spots by means of insulation. 

The author finds it hard to point out this technique as a predictive approach and instead like 

to highlight this kind of monitoring as a preventive concept, nevertheless the importance is 

obvious. 

 

7.7 Augmented reality 

MAN CEON TechGuide was preliminary made to offer a new generation of instruction 

material that is based on augmented reality. MAN ES describe this feature as an augmented 

reality maintenance platform. It is based on 3D-models, animation, and video, and is 

intended to optimize safe and fast execution of both troubleshooting and maintenance 

activities. (MAN Energy Solutions, 2019a, p. 1). The following Figure 63 provide a brief 

understanding of what this concept is all about. 

 

Figure 63. Augment content illustration. (MAN Energy Solutions, 2019a, p. 3) 
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As mentioned in the product description, a future “real time” technical support that enable 

shore-based MAN ES facilities to offer expert guidance to the crew on-board, would 

contribute to that the feature could be used as part of a condition-based maintenance system 

that does suit well in the sector of predictive maintenance. Component condition after certain 

time in operation is monitored through periodical inspections whereas understanding of 

component wear at a specific time stamp at the actual installation is achieved, thus making 

it possible to understand estimated remaining lifetime. The MAN CEON TechGuide concept 

can be summarized by the below lines: 

• augmented reality view by “X-ray” layering information onto the engine components 

to enable automatic recognition of each component 

• animations include multi-angle view as well as exploded views of each component 

assembly 

• a multimedia platform incorporating audio in, - and output 

• in-situ as well as workshop study modes for pre-planning of tasks and effective work 

conduction 

(MAN Energy Solutions, 2019a, p. 2) 

Relating this concept to the example cases, this technique as a live-based feature does 

provide input for a predictive approach as inputs and recordings could be analyzed in 

cooperation between local operators and experts at the MAN PrimeServ premises. Especially 

during component inspections, it is useful to provide information to determine remaining 

component lifetime for instance. Also, when there are circumstances like trouble shooting 

when assistance is required from the manufacturer the augmented reality could provide 

important feedback and additional perspectives for the engine expert at MAN to effectively 

assist.  

Augmented reality should not be mixed up with digital twins which is a more modern 

concept that rely on the actual circumstances rather than being limited to pure models. 

Digital twins are an interesting and modern simulation technique that according to this 

author, could be implemented in the monitoring solutions available today. This concept will 

be looked into in the following chapter. 
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7.8 The digital twin concepts 

As mentioned in the previous chapter, digital twins should not be mixed up with augmented 

reality. This is because a digital twin concept is based on actual circumstances and follows 

a specific counterpart in the real world that it was made upon, meaning that any changes or 

alterations to the real object will be reflected in the digital twin. The largest feature of digital 

twins is considered to be its ability to not only gather data but also create simulations based 

on the data. (Miskinis, 2018). 

So, how could this be a part of a monitoring solution that support efficient and safe engine 

operations?  

Below some aspects to consider that will support the digital twin concept as an effective 

addition for both on-site monitoring as well as remote monitoring, in accordance with this 

author´s interpretation of the subject. As a stand-alone solution the benefits of a digital twin 

concept is limited to pure visualization, according to this author´s understanding, but by 

adding this technique to an existing setup there could be use for this technique. For instance, 

when considering a traditional view of a monitoring system as in below Figure 64, the 

operator is alerted whenever there is a value out of range and an alarm is triggered as the 

value simply changes from green color to red.  

 

Figure 64. IAS Main engine 2 overview. (Author´s collection) 

 

If one considers the above figure as a 3-dimensional X-ray view of the engine presented 

through a heat-map that represents the area where a possible deviation from average is shown 
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in relation to available parameters, it could with the suggested additions of sensors provide 

a larger perspective of the actual operating status and error. If referring to the piston seizure 

event described in Chapter 3.7 and Figure 65 below, a scenario where liner temperature and 

splash-oil temperature was affected it could show a hot area in red for instance. 

 

Figure 65.  Damages on piston of cylinder 7. Deep scoring and severe overheating. (Author´s collection). 

 

As mentioned, this author finds this technique to be a visualization tool rather than any type 

of diagnostic concept. Anyhow, by using digital twins in combination with X-ray viewing 

and a heat-map setup it could certainly provide a high-level tool that point out the area of 

malfunction and parameter deviation effectively. Following Figure 66 is a simple three-

dimensional engine section view and the purpose is to clarify the suggestion of implementing 

digital twins in monitoring. Relating to the case with the piston seizure and the resulting 

crank-case explosion, major red areas could represent affected assemblies such as liner 

temperature, splash oil temperature and possibly depending on the circumstances also other 

parameters. The known parameters after this incident is shown in the Figure 66 on page 80. 
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As mentioned, the author finds it necessary to involve advanced modelling of the engine and 

it should also be a 3-dimensional view to provide additional benefits. It should be possible 

to view different sub-assemblies of the complete engine in the same manner. To avoid 

providing too much information simultaneously, this author suggests that the error is 

illustrated through a heat map, but actual visualization of any values should appear once 

mowing the mice over the area of interest for instance. 

 

Figure 66. Cross section MAN 48/60 in-line engine. 
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7.9 Sensor Fusion 

This is one of the most interesting features in terms of understanding equipment long time 

behavior as well as in terms of monitoring efficiency. Whenever there is an anomality inside 

the engine during operation, the anomality will most likely reflect multiple parameters. For 

instance, if there is an error within the fuel injection system this might appear as a deviation 

in the exhaust temperatures, fuel consumption, engine emissions and by this author´s 

experience, it will be indicated in the firing pressure of the specific cylinder. So, by 

combining not only different sensors but also different technique we can gain benefits 

through detecting performance and safety related issues before possible poor fuel efficiency 

and/or unplanned downtime takes place. In short terms, by using sensor fusion technology 

the operator as well as the remote monitoring center will be given a totally different view of 

the ongoing circumstances than with traditional monitoring where each sensor provides an 

own separate input. 

“Sensor fusion combines sensory data to reduce uncertainty and help agents make more 

informed decisions”. (Udacity Team, 2021). 

Currently sensor fusion can also incorporate Artificial Intelligence in different ways 

depending on actual usage. (Udacity Team, 2021). In terms of diesel engines and (remote) 

monitoring it could benefit to not only gather data and generate models but also 

automatically provide the essential and most important information for a given scenario. 

While involving more automation on-board, more data can be provided to the operator and 

remote monitoring centers and this can generate a confusing situation where many important 

inputs are risked getting lost in the large stream of informational flow that an event can 

generate. Several of these events were found in the event log used for this research and while 

these events appear somehow naturally as historical events, the scene on the site during an 

event is quite different. Large numbers of alarms might be triggered simultaneously causing 

confusion for the operator  and making it difficult to understand the actual root cause of the 

event. 

This author finds sensor fusion as a concept in combination with artificial intelligence and 

machine learning the most important modern contributor to achieve a close to ideal 

situational awareness in terms of engine monitoring. By combining all relevant sensor 

readings at any given circumstance, it is possible to alert the operator about the actual root 

cause of more or less any occurring anomaly related to engine operation. It is essential that 

machine learning would be utilized to benefit from this technique, as otherwise the operator 
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will most probably be overwhelmed with information instead of having an automated 

process that automatically alert the operator on what parameters are essential. 

More or less all the suggested monitoring methods presented in this thesis can be used as 

contributors to this concept. Even while the individual methods does provide important 

inputs, combining them through artificial intelligence and machine leaning is obviously 

much more accurate and effective.  

 

7.10 24/7 Technical Support 

Currently MAN ES offer 24/7 instant technical support for all customers through a dedicated 

“hotline” as in the below Figure 67. 

 

Figure 67. MAN PrimeServ emergency service. (Author´s collection). 

 

As such, this service is not a part of a predictive maintenance concept but instead target 

emergencies whenever the customer is experiencing a major error in their equipment. 

According to this author´s genuine experience on-board various vessels, even with available 

state of the art technique, mankind will most likely never be able to predict failure of every 

piece of the sophisticated assembly that forms a diesel engine. We can through continuously 

learning about the different components find correlation between time aspects and wear but 

due to many contributors and circumstances during the lifetime of the equipment there might 

appear surprises. Load, fuel and lubricating oil quality are such main contributors but as 
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mentioned in the component failure and predictability sheet, failures related to 

manufacturing or material errors are difficult if not even impossible to predict. These kinds 

of failures are difficult due to the fact that the specific component has once installed on the 

engine cleared quality inspections at the manufacturer. Even while these types of failures are 

considered rare according to this author´s experience, they do occur. 

As a part of predictive maintenance, the author sees definite importance that whenever there 

is a sudden breakdown, the manufacturer shall be alerted promptly in order to prevent similar 

failures. Further, by adapting remote monitoring, it can even decrease such failures as the 

dedicated expert at the PrimeServ Assist monitoring center might find small relationship´s 

in parameters that are not observed in time at site – given the equipment available at site. 

MAN ES offer a web-based customer interface through the MAN CEON that is connected 

to the PrimeServ Assist service. By this service the customer will benefit from a more 

predictive approach as the intention is that the MAN expert will react to an anomaly before 

there is a major failure. Below Figure 68 presents the MAN CEON and PrimeServ Assist 

setup like it is intended to work. (MAN Energy Solutions, 2022b, p. 3) 

 

Figure 68. Customer interface by MAN CEON. (MAN Energy Solutions, 2022b, p. 5) 
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With all respect to the above Figure 68, this thesis must approach the subjects with a critical 

perspective, this author again wants to add the time perspective. If a component of the engine 

is suffering from some sort of material related fault, the resulting failure can develop very 

quickly. Is it then by even a dedicated expert behind a sophisticated (remote) monitoring 

system possible to react in time? The author cannot answer this question in a realistic way 

simply because it is highly dependent on the circumstances.  

 

7.11 Automation and Emergency Operations 

It is essential to understand the importance of being able to operate the engine during critical 

circumstances. By critical circumstances this author refers to situations when a major error 

is present, but the vessel must avoid further endangering human life, environmental 

pollution, or total loss of investment. 

According to this author, such circumstances are for instance the following: 

• disturbance or error in electrical supply required to operate the engine normally 

• major error in control or monitoring system (automation) 

• avoiding unnecessary shutdown due to single or multiple sensor errors 

• different mechanical errors on the engine or within the auxiliary systems 

With the technical advancement of today, where a constantly increasing number of processes 

related to the engine operation rely on automation systems it is important to remember that 

there are means implemented so that if there is a malfunction in the automation systems, the 

engine can still be operated. Obviously, this is highly dependent on the actual circumstances 

but according to this author´s experience, the means providing possibilities of emergency 

operation cannot be excluded as human will probably never be able to fully avoid failure 

occurrence. This is due to the large number of variables related to the processes connected 

to engine operations where some are mentioned in the following lines. 

• human error 

• material fatigue and manufacturing defects 
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• certain operating scenarios 

Deciding by the inputs from the questionnaire, many of these “back-up” functions have 

remained the same even on more modern engines. Below a brief summary of different 

functions that allow emergency operation of the MAN 48/60 B engine in accordance with 

the operating instructions: 

• Safety system override: a majority of the critical sensor inputs are blocked to prevent 

automatic power reduction as well as shutdown.  

 

Figure 69. Safety System Override. (Author´s collection). 

 

• Oil mist detector override: even when the oil mist detector triggers an alarm that 

normally result in an automatic shutdown, the signal is blocked. 

 

Figure 70. Override Oil Mist in Crankcase. (Author´s collection). 
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• Electrical speed control system override: the engine has a mechanical governor as 

addition to the electrically controlled system to allow engine speed control if the 

control system suffer a malfunction. The mechanical governor also allows to set load 

limit. 

 

Figure 71. Mechanical Governor control. (Author´s collection). 

 

• Local engine start and stop. 

 

Figure 72. Local control. (MAN Energy Solutions, 1999a, p. 01/03) 
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8 Artificial Intelligence and Machine Learning 

Because of the technical development and more sophisticated techniques in general, the 

terms artificial intelligence and machine learning has gained popularity. These concepts are 

important to consider when there are large amounts of data that require analyzing involved.  

Below lines aims to explain what these terms are: 

• Artificial Intelligence is the simulation of human intelligence processes by machines 

or computers 

• machine learning is an essential part of artificial intelligence and refer to the science 

on getting machines to take actions without programming 

(Burns, 2022) 

By involving additional monitoring, such as the ones suggested in this thesis, it will be 

challenging for the human brain to cope with all the information unless there is some level 

of artificial intelligence involved. This refers to technique that can filter the data and alert 

the operator on what is important information and additionally, predict outcomes. Artificial 

intelligence can be utilized by using machine learning algorithms to analyze and find patterns 

to predict future states. (Burns, 2022). Below Figure 73 aim to provide an example in 

understanding of how to benefit from machine learning in terms of predictive maintenance. 

 

Figure 73. Advantages of Machine Learning. (Gonfalonieri, Towards Data Science, 2019)  

 

When using artificial intelligence and machine learning as in above example, there is an 

initial process called learning process that involve data collection to create rules on how to 

convert available data to “actionable” information. This relates to the actual algorithms and 
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aims to provide instructions on how to manage a certain task. The learning process is 

followed by reasoning processes meaning that the algorithms are programmed into reaching 

a desired result or outcome. As a last step in the process there is the self-correction phase 

that adjusts and fine tunes the algorithms to ensure optimal result. There are three different 

main types of algorithms for learning: (Burns, 2022) 

• supervised learning where the data is labeled to locate patterns 

• unsupervised learning mean that the data is not labeled. This method categorizes the 

data in accordance with comparability 

• reinforcement learning does not use labeled data but instead after conducting a task, 

the algorithm is provided feedback 

(Burns, 2022) 

Obviously in the context of this thesis and the different monitoring concepts included, the 

supervised learning should act as the basis due to fact that the data is concrete and connected 

to specific sensor(s) and functions (labels). Due to the complexity and overall width of this 

subject, this author cannot move too deeply into the theoretics of artificial intelligence but 

instead focus on a specific type of the subject that suits well considering the context of the 

thesis. This refers to neural networks that remind us of the human brain in the way they act 

by recognizing patterns and solving specific problems. Also, an important aspect of neural 

networking is that they rely on training data such as historical parameters to learn and 

improve accuracy continuously. (IBM Corporation, IBM Cloud Education, 2020) (IBM 

Corporation, AI in the enterprise, 2021). Many of the techniques and concepts presented in 

this thesis generates large amounts of sensor data over time and due to this reason, the neural 

network should be an effective way to benefit from the available data. We can illustrate the 

principle of neural networking by the following Figure 74. 
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Figure 74. Schematic principle of neural networks. (IBM Corporation, IBM Cloud Education, 2020) 

 

The circles are referred to as nodes or neurons in a complex network and, in Figure 74, there 

are several layers of nodes where the total number depends on actual task.  

Shortly, they are divided into input node layers, hidden layers of nodes and an output node 

layer. All of these layers are connected in a network, and each has an associated weight and 

threshold that makes them reveal additional features to determine output. Whenever one of 

the individual nodes exceed set threshold, the node will become active and pass data into the 

next layer. The function of the different layers can be described as follows and one can 

consider each node within the layers as a linear regression model. (IBM Corporation, IBM 

Cloud Education, 2020) 

• Input layer is fed by raw sensor data and assessed. If thresholds are not exceeded, no 

data will be allowed to pass to next layer in the network. 

• The hidden layers continue to assess provided data by additional criteria as a step-

by-step process. 

• Output layer will provide response in accordance with the programmed criteria and 

the given task. 

(IBM Corporation, IBM Cloud Education, 2020) 
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So, briefly we can decide that neural networks rely on complex networks of nodes where 

each is activated by certain criteria. In the context of this thesis, we would like the neural 

network to predict a future state by using a large number of sensor inputs. The below Figure 

75 aims to illustrate a neural network connected to the example cases I, II and III based on 

this author´s interpretation of the subject.  

 

Figure 75. Neural networking and Sensor flow. 

 

The algorithms have been trained to recognize what sensor values are considered as normal 

and what to see as an anomaly, and to identify output depending on information received. 

Each layer (L1-L5) response to available parameters in accordance to specified thresholds 

and in this example, we will get indications by several different inputs guiding us towards 

the actual error. We assume the engine is operating at a specific status in regards of load and 

ambient conditions. With the various sensor readings available, the triggered output in this 

case “piston blowby” is selected because of the below variables. 

• Comparison of all cylinder liner temperatures against historical measurements at 

given conditions. Lacking cylinder lubrication due to blowby and the resulting 

increase in friction cause liner temperature on cylinder unit 7 to increase. 

• Vibrations sensor inputs of all cylinders compared to historical measurements at 

given conditions. Lack of lubrication and resulting metal to metal contact reflect 

changes in vibration pattern in cylinder unit 7. 

• Splash oil temperature increase on cylinder unit 7 because of increasing thermal load 

on engine lubricating oil. This is due to piston blowby. 
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• Continuously measuring lubricating oil condition provide indication as deviation to 

normal in amount of combustion residues.   

 

We can illustrate the logic behind neural networking by linear regression. If we look at a 

certain scenario in a pure mathematical way, it can be illustrated through below formulas. 

𝑊1𝑋1 + 𝑊2𝑋2 + 𝑊3𝑋3+. . 𝑊𝑛𝑋𝑛 + 𝑏𝑖𝑎𝑠 = ∑  𝑊𝑖𝑋𝑖 + 𝑏𝑖𝑎𝑠
𝑚

𝑖=1
 

Each node can be expressed by multiplying the individual input data (X) and a fixed weight 

value (W). These are then summarized to a determined “bias” or threshold. 

Output: 

For the next node to be activated, it is required that the current node exceed the determined 

threshold. This way the data will pass through the network. 

f(x)={
1 𝑖𝑓 ∑ =  𝑊1𝑋1 + 𝑏𝑖𝑎𝑠 ≥ 0

0 𝑖𝑓 ∑ =  𝑊1𝑋1 + 𝑏𝑖𝑎𝑠 < 0
 

(IBM Corporation, IBM Cloud Education, 2020) 

By using linear regression, it is possible to predict an outcome by utilizing large number of 

different inputs. Once these learning algorithms are tuned, they will provide a powerful tool 

to classify and cluster data at high velocity which is considered as a presumption in 

predicting maintenance by performance. (IBM Corporation, IBM Cloud Education, 2020).  

According to this author, by utilizing artificial intelligence and machine learning as an 

addition to the different monitoring methods, the operators on-board could have received 

early indication of what the reason was for the resulting piston seizures. 
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9 Remote Monitoring   

As described in previous chapters, the benefits of a remote monitoring service rely on real 

equipment expertise by the genuine manufacturer and custom-made monitoring software, 

and in this chapter this author would like to introduce some background aspects of remote 

monitoring:  

• remote monitoring is provided by equipment experts on the OEM premises with 

experience gained over a long time (MAN Energy Solutions, 2022a) 

• remote monitoring services offered today involve some level of artificial intelligence 

providing the ability to self-learn and find deviational patterns automatically after a 

certain time of system operation (training) (MAN Energy Solutions, 2022a) 

• a remote monitoring service targets a specific equipment and is made for this purpose 

while the alarm and monitoring system currently on-board is adopted to suit all 

existing technical equipment that is being monitored on-board 

• the existing alarm and monitoring system on-board are limited to alerting the 

operator once there is already an anomality as this system does not include any level 

of sophisticated long-term trending possibilities that would alert operators well 

before an actual alarm is triggered when the specific parameter is already out of range 

• sensor data as currently available on-board for analyzing on daily a basis is 

considered as limited due to the fact that records are particularly recorded at high 

load conditions to see changes over time 
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10 MAN ES Services – Operational intelligence 

MAN ES has a broad offering of industrial equipment and services. They also offer complete 

aftermarket sales and support for their customers in different segments of the industry and 

in following sub-chapters the content will target customer support by the perspective of 

remote monitoring and associated topics. 

 

Figure 76. MAN Prime Serv Assist set-up.  (MAN Energy Solutions, 2022b) 

 

10.1 MAN PrimeServ 

The brand MAN PrimeServ is responsible for the complete after-sales offerings by MAN 

ES. Everything related to maintenance, spare-parts and a various scope of digital services 

is available.  

In this thesis the main target lies within the digital services, more specific the MAN 

PrimeServ Assist which is an essential part of the PrimeServ brand. The aim of PrimeServ 

Assist is to maximize equipment up-time through genuine MAN expertise by ensuring 

availability, safety and efficiency.  

 

Figure 77. (MAN Energy Solutions, 2022f). 
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10.2 PrimeServ Assist  

This service focuses on reducing the equipment OPEX by remote monitoring the data 

available from site. Target is on potential problems on the equipment being monitored to 

help the customer in decision making for preventing failures before they actually cause 

downtime, and simultaneously maintain equipment performance and efficiency while 

decreasing maintenance costs, and fuel consumption. All parameters available are being 

monitored on a dedicated MAN PrimeServ center 24/7 by any of the 100+ service centers 

globally. (MAN Energy Solutions, 2022e, p. 23). 

The PrimeServ Assist is a tool for achieving a proactive approach on maintenance and 

operational efficiency optimization by pro-active expert assistance and advanced analytics. 

The following Figure 78 is to provide an illustration on the PrimeServ Assist setup, and to 

present a case that connects to the example cases in Chapter 3.4.3 and 3.4.4 of this thesis. 

  

Figure 78. PrimeServ Assist – a proactive approach. (MAN Energy Solutions, 2022b). 
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10.3 MAN CEON and PrimeServ Assist 

In order to utilize the PrimeServ Assist service, a connection is required to the MAN CEON 

platform. One can say that the CEON is the heart of the digital services provided by MAN 

ES. This platform is cloud-based and is used to transmit secure and actual data from the 

connected equipment for efficient storage and collection of the large data volumes involved. 

Furthermore, the MAN CEON is the interacting point for MAN designated equipment 

experts and the customer on site to elaborate via text or audio while the CEON intelligently 

collect and evaluate machinery data from site. (MAN Energy Solutions, 2019b).  

 

 

Figure 79. MAN CEON and PrimeServ Assist. (MAN Energy Solutions, 2022b, p. 7) 
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10.4 MAN ES Digital Services and Cyber Security 

MAN CEON is accessible from a computer or through mobile-terminals. The CEON 

requires multi-level authorization and utilizes encrypted data transmission. MAN ES has 

stated “there is no possibility to interact with the control system” as this system contains a 

read interface only. (MAN Energy Solutions, 2022g) . All data transfer has end-to-end 

encryption by TLS2 technology. TLS mean Transport Layer Security. Also, the used edge 

devices have no physical nor any digital way to interact from outside the system meaning 

no USB devices or login facilities can be connected. 

 

Figure 80. Cyber security setup. (MAN Energy Solutions, 2022g). 
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11 Critical discussion and conclusions  

As previously described, this thesis made a somewhat large change in direction as the MAN 

PrimeServ Assist has not been implemented on Finnmill as of this date, meaning that the 

research relies on existing historical events only available in paper format (i.e., the printed 

event log). This material had to be analyzed manually which led to a considerable challenge 

in determining and connecting the actual cause behind each event in order to understand it, 

as no digital filtering was possible. This statement mainly relates to the fact that a relatively 

large number of events caused by disturbances in various auxiliary systems finally result in 

an error in the main engine.  

If the research had relied mostly on digitalized input from the PrimeServ Assist, the 

workload of the research would have decreased drastically, and more focus could have been 

put on the different methods suggested for improvement. This is explained by the digital 

advantages of big data management. The current routes of the ship would also have 

contributed to a better result in this research because in the past this vessel had constant route 

changes affecting the engine operations to some extent as available parameters could not 

easily be compared, simply due to a limitation in parameter availability.  

Despite the limitation, the research did provide a result through suggestions on various 

additions of technology to improve operational awareness, and the historical events prove 

the MAN 48/60 engine to be a superb and reliable performer. The various additions in 

technology requires testing already at the manufacturer. For instance, vibration monitoring 

or monitoring by ultrasound are highly sensitive methods that are to be tested on the 

manufacturer´s premises. To determine sensor location and how the component or assembly 

is affected by sensor installation might require changes to existing parts used in the engine 

to secure that initial component characteristics remain. 
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12 Final words 

Although the technology has advanced remarkably since the year 2001 when the engines 

covered in this thesis were delivered, the cost aspect compared to actual benefits must be 

carefully considered when implementing new techniques - especially when retrofitting. This 

perspective was thoroughly discussed with MAN ES technical experts and even as some 

methods in terms of monitoring could provide additional value, the author agree that the 

MAN 9L 48/60 engines are very dependable as they were originally delivered. However, as 

the suggested additions require extensive investigations and testing at the engine design 

stage it is seen as only possibility to provide proof is by implementing the specific technique 

at the manufacturer´s premises, each as a specific test case. Also, the author would like to 

point out the importance of understanding that neither of the different techniques involved 

in this thesis is considered the “key to success”. We still need to rely on the basics like 

pressure and temperature sensors. Furthermore, by adding more sophisticated monitoring 

concepts to the existing setup, we can gain situational awareness to understand engine 

condition in order to maintain a reliable and efficient engine. 

While considering the modern approach to engine operations in the maritime industry, where 

we rely on highly automated engine plants, this author finds it meaningful to investigate 

which automation is relevant – such as the monitoring perspective included in this thesis. 

This author sees no way around the term prediction and holds the view that the most 

important input should be a sophisticated monitoring system. If we take another step ahead, 

it is possible that the shipping industry will face changes in terms of decreasing on-board 

crew members. This would set even higher requirements on the monitoring systems in order 

to understand the situation on-board and to predict lifetime of the technology used. Due to 

this aspect, focus on the development of remote monitoring services is to be considered as 

the path forward.  

During writing of this thesis, this author has strived to maintain a level of complexity to 

ensure that the context is understandable to everyone who finds this subject interesting as 

well as to maintain a certain path to ensure transparency that is easy to follow.  

Many of the headings within this thesis could constitute the undertaking of a number of 

separate researches simply due to the extent of each subject if one likes to find other 

perspectives or deeper information in the individual subjects. This contributes to excellent 

possibilities of further research on the topics included or to target other segments of on-board 

equipment. 
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