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Abstract 

 

The internal combustion diesel engine symbolizes one of the key technological breakthroughs 

in mankind’s history. Not only it has deep effect on human technological advancement but has 

also revolutionized industrial processes. This technology has raised level of efficiency in many 

areas concerning human progress and as of today a large percentage of human population on 

earth is related in one way or the other to various kinds of vehicles powered by diesel engines.  

An era of diesel engines where technology has evolved to monitor and mitigate any unintended 

action, humankind has witnessed tremendous advancement in this technology. Though this 

technology is relatively old and has been continuously developed and optimized over many 

years, there are still certain risks associated with this technology and therefore a continuous 

risk assessment approach is needed for each new vehicle design.  

Main objective of this work is to conduct a comprehensive risk assessment of the installation 

process for diesel engines in automotive vehicles. Installation process of these engines in a 

vehicle requires a lot of accuracy and the whole process is controlled continuously with a 

detailed test protocol containing many tests (both semi-automated and computer based). This 

in turn requires that those who do this work are well-informed, experienced and has a 

continuous view of the various risks associated with this work. Primary goal with this thesis 

includes analysis, evaluation and documentation of various risk groups in this process, which 

will eventually be presented as a risk analysis report. Further suggestions will be made on how 

to manage these risks and develop an overall sense of control on these risks. Complimentary 

goal of this work is also to increase understanding of various risk analysis methods with the 

help of relevant academic writings in addition to experience and knowledge contributed by the 

author of this thesis, who is currently employed in an automotive company.              
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1.     Introduction 
 

1.1. Background 

The term risk brings out different reactions from different people and is defined in numerous 

ways depending on various fields of knowledge. In finance and corporate sector, risk can be 

defined in monetary values while nuclear scientists could define it in a completely different 

way. Sociologists and students of political science could use the term in other contexts than a 

medical doctor would. This word is subject to much variation and contains quite some breadth 

in meaning. In general terms (exclusive finance and economics) this word is defined as;  

 

• Any event, often unexpected that may have a negative impact on people, process and 

situation etc.  

• A relationship or situation that may expose humans and/or objects of significant value to 

danger.  

• The probability of a negative consequence, damage or loss from external or internal 

vulnerability that is preventable.   

• Risk is the probability of a negative experience or probability of losing something important.  

 

Our interest to avoid negative consequences or lose "something" has always been a major topic 

but in some situations, systems or processes it is necessary to take special measures, to study 

and prevent risks. One such case is when the probability and consequence of human harm is 

high, like working with diesel engines for instance. 

This thesis deals with analysis of risks related to the installation approval work on diesel 

engines. Today there are many different vehicle applications being built in Sweden, such as 

forestry harvesters, mining loaders, drilling rigs, paving machines, trucks etc. These applications 

use diesel engines to obtain functional power. One such company that produces and distributes 

diesel engines in Sweden and abroad is Cummins Sweden AB which has contributed important 

practical knowledge and resources to this study.  

1.2. Research Question 

 

We propose following two research questions; 

 

i. What are the inherent risks associated with diesel engine installations?  

 

ii. Which risk management strategies are used for engine installation process? 

 

1.3. Research Objectives/Scope   

As some academic researchers put it, 'most organizations have safety wishes but few have 

safety goals and a safety strategy’ [Terry and Shawn, 2013]. In light of this statement we wish 

to comprehensively cover different risk aspects of ‘Diesel engine installation process’’. The chief 
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aim of this paper is to analyze the risk of this system and possibly introduce better risk 

perspective and preventive measures relevant to this work. 

We believe that following scope will cover all aspects of our research questions and should give 

us a reliable and integrated result in answering our research question. Moreover this scope 

should also prove to be a good foundation work for other students to carry research in the 

same field in future. In order to find answers to our research question, we wish to work along 

following scope. 

1) Perform a comprehensive risk analysis of the ‘‘Engine installation process’’. 

 

2) Re-categorize risks associated with the process above and propose a fresh and updated 

approach to risk assessment.  

 

3) Device or layout a comprehensive risk management model for ‘’ installation of engine ‘’ 

which is adaptive to automotive industries. 

 

4) Compare risk management practices with that of existing literature on risk 

management.  

 

5) Suggest future extensions and further developments on the proposed risk model.  

 

1.4. Expected Results   

With the above mentioned research objectives we expect to suggest a comprehensive and agile 

risk assessment model for Engine installation process. Term agile refers to the notion of 

iterative development and incremental delivery based on shared values [Moran, 2014]. 

Accordingly, agile projects exhibit features of open communication amongst heterogeneous 

stakeholders, emergent behavior within self-organizing teams and a culture of openness and 

learning [Cockburn,2007].We agree when researchers argument that ‘’Key challenges to a 

comprehensive risk management model includes integration of occupational health and safety 

into existing risk management routines [Badri, 2015]’’.  

 This study have been different in a way that never in the past has this comprehensive approach 

(discussed above) considered and/or applied to a specific ‘’Engine installation processes.’’ 

Towards conclusion risk areas and their impact on diesel engine installation approval process 

has been mapped. Detailed risk prevention strategies are also discussed with the help of facts 

and experience. Another expectation is to present this work as a foundation which will guide 

other colleagues in the same industry on relevant risks and strategies to manage these risks. 

Furthermore limitations and extension of this study has also been suggested so that newcomers 

in this field will get an opportunity to develop this work relevantly.   
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2.     Methodology  

2.1. Research Strategy 

To effectively construct our research, we need research methods which can cover both 

qualitative and quantitative aspects of proposed research questions. For instance part one of 

our research question ‘’ what are the inherent risks associated with diesel engine 

installations?’’ is targeted primarily towards a quantitative analysis of risks associated with 

diesel engine installations. Second part of our research ‘’which risk management strategies are 

used for engine installation process?’’ however is aimed more towards a qualitative argument. 

Moreover our research is substantially specific in nature surrounding engines and hence we 

needed a research method which could cover all of the requirements above. In light of this, we 

have chosen to perform case study as a method for our research.  

As Yin (1994) argues that case study methods aims at ‘analytical’ and not ‘empirical’ 

generalizations , our aim of using case study as research strategy is to provide an analysis of 

context and processes that clarify the theoretical issues being studied [Cassel and Symon, 

2004]. To use case study as our method to answer research question enable us to apply our 

focus to a specific process /case which gives us the opportunity to dedicatedly examine a 

sample case and then apply its findings to other similar processes as well. A case-study 

approach was chosen since it has a distinct advantage in situations when ‘how’ or ‘why’ 

questions are asked about a contemporary set of events over which the investigator has little or 

no control [Yin, 2003]. By using this strategy the research starts with a relevant theoretical 

background and then apply this background with facts [adapted from Blackstone, 2012].    

A relevant writing on the subject published in research methods journal SAGE by Keller and Lou 

(2010) provides following foundation for a good research methods: 

‘’Research questions: Good questions can lead to good research, but poor questions seldom 

do. 

Reliability: repeatability or consistency. Whether the issue is test results (e.g., medical, 

education, etc.) or supposedly the same data extracted from two sources or in two different 

ways, the results should be about the same. For example two “identical” blood tests from 

different labs should yield the same results from a split blood samples. 

Validity: the extent to which the available data reflect the characteristics thought to be the 

ones being studied; the intersection of intent with process. Here is where correctness matters. 

Repeatability is not enough. Everyone can be wrong, as the history of science has shown. 

Generalizability: the extent to which research results can be trusted to be accurate for a parent 

population from which samples were derived. When entire populations are used, 

generalizability is not a problem. 
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Assumptions: the conditions that are believed to be true without specific evidence. Although 

inevitable, assumptions are often handled by simply listing them in the research report. 

Bias: generally, the unconscious prejudicing of the study through researchers' preconceptions 

or through methodological flaws in the research. Personal bias can be harder to overcome than 

methodological flaws because it tends to be less apparent to an independent reader.’’ 

2.2. Research Validity and Reliability 

Qualitative case study values multiple perspectives of stakeholders and participants, 

observation in naturally occurring circumstances, and interpretation in context [Simons, 2009]. 

Qualitative research, as the name implies, is the study and collection of facts, observations and 

ideas which can be validated and are reliable. 

Kirk and Miller (1986) argues that a qualitative observation identifies the presence or absence 

of something in contrast to quantitative observation, which involves measuring the degree to 

which some feature is present. They further mention that qualitative research should be as 

objective in nature as possible. Thomas and Magilvy (2011) defines qualitative study to be 

credible when it presents an accurate description or interpretation of human experience that 

people who also share the same experience would immediately recognize. ‘’A variety of models 

may be applied to the same object for different purposes. A man may be an object of a certain 

mass and size to an engineer, a bundle of neuroses to the psychologist, a walking pharmacy to 

the biochemist, and a bank account with desires to an economist. [Kirk and Miller, 1986].’’ 

 

Yin (2009), propose following model to lay foundation for a valid and reliable case study. 

 

Figure 2.1-Overview of deductive research [Yin, 2009] 
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Keller and Lou (2010) defines reliability as the extent to which different methods or people 

would arrive at the same data or results. First, experience is reported in such a way that it is 

accessible to others, for example, when reporting an experiment every effort is made to 

describe the way the experiment was carried out, just in case somebody else would like to try 

the same thing. Second, the results of the experiment are reported in terms of theoretically 

meaningful variables, measured in ways that are themselves justifiable in terms of the relevant 

theories. [Kirk and Miller, 1986]. A measurement procedure is said to have instrumental validity 

(also referred to as “pragmatic” and “criterion” validity) if it can be shown that observations 

match those generated by an alternative procedure that is itself accepted as valid. 

Limitations associated with reliable results are personal bias, cultural context, resource 

constraints etc. Therefore we have tried our best to minimize the impacts of such factors in our 

study by staying as objective as possible and by using multiple sources for same data. 

Limitations associated with validity of certain results arise when methods or results are not 

repeatable or applicable for a broader object. We have tried to omit and exclude such methods 

and data so that to improve validity of our results.    

We construct the argument for our research to be Reliable by using well known sources and 

methods such as (FMEA, Fishbone analysis etc.). These are presented in such a way that is easy 

to follow and is easily accessible for other readers. Also the case study, observations and 

methods we intend to use are repeatable in nature allowing other students to carry out or 

apply the same method to obtain same or similar results like that we have reported. For 

example, our method ‘Interviews’ targeted the most experienced and relevant persons working 

with the subject case study on daily bases such as regional safety manager and shop employees 

at our selected case study site.     

A measurement procedure is said to be valid if it can be shown that observations match those 

generated by an alternative procedure that is itself accepted as valid [Kirk and Miller, 1986]. We 

have presented facts, observations and analysis so that they are easy to understand (with the 

help of figures and tables), are specific and familiar in scientific community (FMEA,OHS etc.) 

and can be easily found in relevant literature work. The methods and ideas presented by us are 

also repeatable and applicable to similar case studies or to other relevant processes. This 

encourages us to consider our study methods as Valid. 

2.3. Data collection  

The case study will be performed at an automotive company Cummins Sweden AB located in 

Stockholm, Sweden. This is because we can select a definable and relevant process to answer 

our research question in the company mentioned above. Being employed by Cummins Sweden, 

we also have the right resources and access in Cummins to conduct our research. We could 

have chosen other automotive manufacturers such as Wartsila, Caterpillar, Scania etc. or 

industries for our case study as well but we observed that other manufacturers or industries 

might not be willing to share their data with outsiders due to business secrecy policies.  

To further construct our case study we selected a common process in automotive industries 

(author’s observation) known as ‘’Diesel engine installation’’ to be the main object for our 



 

Page 13  

 

research question. This provides us with a relevant framework of study which can be used in 

other similar industries or processes as well. ‘’Diesel engine installation’’ process can be 

casually defined as series of activities (or audit) carried out to ensure engine Installation quality. 

(More information on this process is elaborated in section 4 case study).  We aim to do risk 

analysis of this process in support of our research question. We have chosen this process 

because this represents one of the most risk-filled, financially critical and time consuming 

process. Major risks associated with this process are physical injury, monetary loss, brand 

image loss etc. Also the process has many similarities to other industrial processes in 

manufacturing. This means we can also use the results obtained for this process and apply 

them on other similar processes. 

2.3.1 Motivation for chosen methods  

Supplement to our case study method we have also used interview questions and analysis tools 

such as FMEA to improve quality of our analysis. We could have used other methods such as 

surveys, polls, historical data etc. to conduct our research but these tools could not provide us 

firsthand information and direct contact with people involved which is critical to our study. 

Mass data collection methods such as surveys ,polls etc. tend to omit the depth of context 

which can be established by more direct data collection methods such as ‘’interviews’’.  

Furthermore standardized and widely accepted tools such as FMEA are used to make it easier 

for the reader and future students to understand, repeat and extend this study.     

Risk management studies targeting ‘’Engine installation’’ or ‘’Installation quality audit’’ are 

scarce. There are few to none examples of successful and effective methods to assess risks in 

automotive industry. We have therefore chosen methods which are highly empirical such as 

Delphi methods, scenario analysis, FMEA etc. to collect and analyze data. These methods does 

not only have proven effectiveness but are also widely used in different fields. Direct interview 

with Cummins relevant employee gives us first hand, accurate and valid information on risk 

assessment. Using Cummins health and safety database gives us access to all that historical 

information and measures which have been employed in risk studies so far. Therefore we 

consider methods mentioned above to be most relevant and reliable for our study. 

2.3.2 Data collection methods 

As an integral part of data collection technique, structured interviews were designed with 

relevant managers and line personnel at Cummins. Their feedback showed critical information, 

which helped in understanding their situation and point of view and the way they perceive risks 

around them (see appendix F for detailed list of questions). Field observations were done with 

the ambition of collecting first hand data, feel and experience from direct stakeholders. While 

interview questions and expert opinion gave a fresh perspective on the current safety practices 

and failures, a safety overview on historical data was missing. To counter that we used 

Cummins health & Safety database to access relevant information.  

2.3.3. Data assessment methods   

Risk analysis and assessment is a broad field of knowledge and there are a number of tools and 

methods which can synthesize risk data. Some noteworthy examples are Modified Delphi 
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techniques which was developed in 1950s at RAND (Research and Development: A nonprofit US 

research institute) corporation [DER-FA, 2016]. Barrese and Scordis (2003) have suggested 

Scenario analysis as a tool which considers a number of different possible projections of a 

certain situation or scenario and then using this imaginative projection, a possible number of 

conclusions can be drawn based on previous knowledge, skill or statistics. This kind of analysis 

is free from any factual or historical data and relies solely on imaginative and logical depth of 

the person performing the analysis. In our research we have also used scenario analysis to 

picture some conceptual situations where ‘’engine installation processes’’ can be connected to 

unintended, unplanned and theoretical cases, which can produce negative consequence to the 

stake holders. This has enabled us to widen our risk matrix horizon.   

Fishbone diagram (also called Ishikawa or cause and affect analysis) is another useful tool to 

perform risk analysis. These diagrams were popularized in the 1960s by Kaoru Ishikawa, who 

pioneered quality management processes in the Kawasaki shipyards, and in the process 

became one of the founding fathers of modern management [Luca, 2016]. This diagram is used 

for troubleshooting and action planning once a problem has been recognized.  

Another very famous tool used by us is, FMEA or failure mode and effect analysis. According to 

Maddox (2005), this technique is one of the most used risk analysis technique to identify 

possible modes of failure and to predict their effects and relevance. The technique was 

primarily developed by armed forces to determine malfunctioning in different systems and 

processes or based on common physics of failure logic. Some of the key benefits of using a 

structured FMEA approach are [Andre et al., 2008, Maddox, 2005]; 

a) ‘’The automatic generation of a list of all special characteristics related to safety. 

b) A solid data base to assist in making decisions about how many sub systems of a project need 

FMEA. 

c) An integrated vision of the risks associated with the project. 

d) Applying FMEA to our study, we have identified and analyzed a number of risks which are 

presented in case study and analysis chapters of this thesis.’’ 

Conclusively, we have performed studies, observations and research with a great deal of 

practical work. We have first systematically defined the scope of this study. By precisely 

defining the system boundaries we were able to create a structure of this study which is well 

within the studies’ timeline, resources and practical limits. After defining subject system we 

were able to identify potential sources of information.  
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3.     Literature review 

 
3.1. Background to literature study 

 

As our research questions deals mainly in terms like ‘’diesel engines’’, ‘’installation process’’ 

and ‘’process management’’, we wish to propose some background into these terms before 

moving on to present literature review.  

Engine: An engine is an ensemble of mechanical components which are designed to convert 

some form of energy into mechanical energy namely power. A diesel engine can then be 

defined as physical machine which converts diesel fuel into mechanical power. Xin (2011) 

defines diesel engine as ‘’the most efficient liquid-fuel-burning prime mover’’.  

 

Process: Hammer and Champy (1993) define a business process as a collection of activities that 

take one or more kinds of input and create an output that is of value to the customer. 

A process is a linear series of activities which delivers a pre-defined result or end product 

against set quality standards. As described by De Bruijn and others (2010) a process is 

characterized by clear goal, a time schedule, a clear framework and a predefined end Product. 

Weske (2012) defines process as it consists of a set of activities that are performed in 

coordination in an organizational and technical environment. These activities jointly realize a 

business goal. Each business process is enacted by a single organization, but it may interact 

with business processes performed by other organizations. 

 

Process Management on the other hand is the discipline of designing and handling a process in 

the most effective way thereby reducing uncertainty. Weske (2012) mentions that process 

management includes concepts, methods, and techniques to support the design, 

administration, configuration, enactment, and analysis of business processes.  

 

Figure 3.1-Process Management [Weske, 2012] 
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Lockemann (2013) further mentions that processes must be both globally oriented and in a 

position to meet the needs of every group that uses them. , A successful process management 

is composed of four main elements such as openness, protection of core values, progress and 

substance [De Bruijn et al., 2010]. 

 

Installation process is a hierarchical flow of activities aimed at successful integration of an 

object or substance so that it is ready to use. In the context of diesel engines an installation 

process consist of series of activities towards successful installation of a diesel engine in a 

machine. Nolan (2014) mentions that an installation needs to be considered early in the 

decision process of a project or process. 

Combining all the terms above we can define ‘’Engine installation process’’ as a series of 

activities which are performed to verify engine quality in function and performance. More 

details on ‘’installation process’ and detailed steps are described in chapter 4. Based on 

background given above we wish to present following literature. 

3.2. Human factor in risk assessment 

 

The importance of Sociological vision in risk management has been demonstrated convincingly 

in the context of organizational and sociotechnical system studies [Hassenzahl et al., 2004]. 

Well known industrial disasters such as Bhopal incident (1984) and Chernobyl (1986) implicates 

loopholes and weakness in purely technical systems. Furthermore it addresses lack of 

consideration for sociotechnical and human factors in preventing catastrophic industrial failures 

and disasters. Human factor is the study of man in his working environment [Hawkins, 1979]. 

Certain political and economic factors can also play significant role in compromising the safety 

system and culture. Some researchers [Viau, 2009] have also shown that the social 

environment may have a deep influence on the relationship between risk exposure and 

likelihood of illness (Lower socioeconomic status increases effects of exposure to hazards).   

We take for example aviation industry which has evolved in technology, operations and, 

organizational structure over the years and thereby gradually increasing the safety of 

operations. Technological advance is facilitating the implementation of increasingly complex, 

automated systems that alter the way that pilots and personnel interact with aircraft systems. 

At the same time, a call for industry-wide improvement to the traffic management system is 

pressing researchers, industry professionals, and airlines to keep up. All of these influences, 

therefore, have an impact and human factors implications. [Eduardo et al. 2010].  

Manoj and Edward (2010) reflects that since the late 1990s, increased attention has been 

focused on organizational aspects of the aviation industry. Specifically, studies have focused on 

the impact of organizational policies, processes, and practices on the creation of latent failures 

and behavioral norms that ultimately influence safety performance. Hence, there has been an 

increased emphasis on the study of safety culture. As the aviation industry matured and its 

technology improved, safety attention was focused on individual human factors and team 

performance issues (e.g., Crew resource management and maintenance resource management) 

in addition to technical factors. Consequently, accident investigation reports reflected issues 
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concerned with crew coordination, communication, fatigue, and adherence to policies and 

procedures. The four parts of safety culture are presented in the form of a pyramid (see Figure 

4.1). At the base of the pyramid are the foundational safety values, next are the organizational 

factors (safety leadership strategies) followed by the attitudes and opinions (safety climate), 

and at the top of the pyramid are safety behaviors (or safety performance). 

 

Figure 3.2-The safety culture pyramid [Manoj and Edward, 2010] 

In a similar fashion, nuclear industry is regarded as one of the pioneers in safety culture 

management. The contribution of human behavior competence to safety has been recognized 

in this field (IAEA, 1998 ; Ziedelis and Noel, 2011). However, several human performance tools 

have been applied to improve operative performance at nuclear power plants (DOE, 2009). 

Issues such as staff performance, human reliability and human-machine interface needs further 

improvement and discussion [IAEA, 1998].   

Furthermore Leadership styles and team interaction has also been found a key player in 

optimizing the safety culture in an organization [Marcelino et al., 2014].  In addition of having a 

team which is highly motivated in resolving risk issues, concepts around contingency theory 

should also be employed to blend in greater flexibility in any risk assessment model. For 

example a flexible and open team model may have a very good risk reporting culture which 

could lead to minimization of risks. Human fatigue or reduction in performance due to mental 

or physical exertion is a state in which serious risk can occur leading to dangerous or in some 

cases catastrophic failures. At operational level, fatigue management is shared responsibility of 

employers and employee [Gander et al., 2011] .Fatigue can be originated from business 

model/nature, organizational health and safety culture, employee motivation, organizational 

resources, lack of good management system etc.  Some researchers [Gander et al., 2011] 
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Suggests following risk management best practices to be implemented for best management of 

fatigue related incidents; 

 

• ‘’Commitment to the Fatigue Risk Management Policy from the highest levels of the 

organization. 

• A specified line of accountability for fatigue risk management in the organization. 

• Definition of the responsibilities of company management and employees. 

• Terms of reference for the Fatigue Management Steering Committee (FMSC), including 

frequency of meetings. 

• Identification of fatigue reporting mechanisms. 

• Commitment to provide training and resources in support of the fatigue risk 

management policy.’’ 

 

Furthermore some authors also suggest that a decision making process based on risk is more 

effective when an accurate characterization of uncertainty has been conducted. In this regard 

Human factor is considered an important source of uncertainty [Arunraj et al., 2013].   

3.3. Occupational health and safety (OHS) 

 

Occupational health and safety OHS, refers to a set of principles, values, standards and goals 

which are set to practice for overall wellbeing, safety and health of employees in an 

organization.  The term often have broader meaning and implications than workplace safety 

and also includes mental wellbeing and outside workplace safety for all stakeholders. As 

defined by the World Health Organization (WHO) "occupational health deals with all aspects of 

health and safety in the workplace and has a strong focus on primary prevention of hazards 

[WPRO, 2015]. A list of different subject areas of occupational health and safety areas can be 

seen in appendix B.  

 

In US and Europe OHS is a mandatory practice while assessing workplace safety and working 

conditions. Although it is not very commonly employed in some other countries especially the 

ones with developing economy. 

 

Some author’s mentions that Risk managers often tend to ignore OHS risks and its effects on 

the project as a whole. This might be due to time constraints, lack of knowledge and/or 

financial limitations [Badri, 2015].  Taking OHS into consideration while managing risk strategies 

is widely accepted and economically justified nowadays due to the reason that it has negative 

impact on economic growth [Badri, 2015].    

 

Internationally renowned standards such as OHSAS (occupational health and safety assessment 

series) clearly highlights and directs workplace safety practices and guidelines , aimed at 

minimizing and possibly eliminating workplace hazards and risks associated with negative 

consequences for an organization or any stakeholder associated to it. As an example, In 
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Norway, the main required tasks of an occupational health and safety practitioner include the 

following [Hale and Ytehus, 2004]: 

• ‘’Systematic evaluations of the working environment 

• Endorsing preventative measures which eliminate causes of illnesses in the workplace 

• Providing information on the subject of employees’ health 

• Providing information on occupational hygiene, ergonomics, and environmental and  

safety risks in the workplace’’ 

OHS often involves the identification and successful mitigation of workplace hazards. If 

combined with Project risk management, OHS practices can incorporate a hybrid approach 

including different technical, financial, social and administrative concepts to address risks. 

Badri, Adel (2015) mentions this as a challenging task. 

3.4. Risks 

Risk has been historically categorized or defined as unintended consequence or probability of a 

negative consequence from an unplanned incident. An academic definition of risk mentions risk 

as chances of an event happening that will have negative consequence [Kumar and Gregory, 

2013]. Furthermore it has been stated that risk sources change as systems change [Miller, 1992; 

Heikkilä et al., 2010].With the passage of time, the concept of risk in our everyday life has 

evolved constantly and today there are several versions and varieties to describe risk and risk 

experiences in industrial world and ethnic groups [Grimvall and Thedeen, 2008]. All new 

technologies which humans have developed, contain in themselves uncertainties and unknown 

risks alongside advantages. Some of the notable industrial incidents, as shown below in figure 

3.3, highlights the inherent risks and its related consequences. Our case study subject ‘’engine 

installation process’ is also an industrial process similar and related to what is shown in figure 

below. For example risk of explosion, collapse, fire etc. are also present in the ‘engine 

installation process’’.   

 

Figure 3.3-Examples of major industrial accidents [Adapted from Badri, 2015] 
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Kumar and Gregory (2013) debates that much of the theoretical work on risk management so 

far has been related to risk assessment rather than management of risk [Kumar and Gregory, 

2013]. Furthermore they argument that earlier work on risk management has been lacking wide 

scope and overall subjective and objective implementation and understanding of risk concepts. 

Appendix C highlights theoretical evolution of some risk management concepts. 

 

Risk has been historically categorized or defined as unintended consequence or probability of a 

negative consequence from an unplanned incident. An academic definition of risk mentions risk 

as chances of an event happening that will have negative consequence [Kumar and Gregory, 

2013]. 

 

Some authors [Barrault et al., 2012] have defined risk management as a system based on set of 

risk analyses carried out with respect to technical, human, organizational, environmental and 

financial sectors along with a strong reference to their interactions. These authors also 

argument that the key factors of effective risk management are design of processes, equipment 

(safety in design), organizational factors such as providing change and tracking control , 

knowledge of hazardous zones , definition of emergency plans [Barrault et al., 2012]. Writers of 

the above mentioned study [Barrault et al., 2012] continue to mention that a successful 

industrial risk assessment can be categorized in 4 key groups namely; 

 

3.4.1. Safety overview 

Done primarily through field observations, studying existing safety documents and 

interviews, this process aims to benchmark existing safety practices and values against 

market’s best practices and standards. Furthermore it aids in objectifying safety loop 

holes and areas for improvement. 

3.4.2. Risk assessment 

Detailed spotting, sorting and characterization of prevailing risks is the main goal of this 

exercise. All safety aspects are studied in detail for each process at risk and 

recommendations are given to improve and integrate risk remedies in the central risk 

management system. 

3.4.3. Update of emergency/contingency plans 

Mock up exercises or trainings are done to verify the authentication of suggested risk 

mitigation methods. Suggestive approach is then carried out to further optimize these 

routines. 

3.4.4. Analysis of existing safety management system 

This step involves looking at the whole safety management system with a holistic view 

and integrate health and safety management practices, policies, recommendations and 

processes together for a sustainable risk management. 

 

Kumar and Gregory (2013) argument that technically risks and its associated uncertainty can be 

measured in two ways. Firstly with a statistical approach based on historical data (where risks 

can be quantified) and secondly a subjective probability based on informed decision (where risk 
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is not quantifiable) [Kumar and Gregory, 2013]. Furthermore risks can be broken down into four 

components [Kumar and Gregory, 2013];  

i) ‘’Context of risk: risk can be defined only in a specific environment otherwise 

significance of risk become impractical.  

ii) Nature of risk: availability of tangible quantitative historical data defines nature 

of risk. If data is available then risk is objective in nature otherwise it is 

subjective. The nature of risk determines the approach of risk assessment. 

iii) Measurable uncertainty of a risk occurring: assessment of chances of a risk 

materializing. 

iv) Measurable uncertainty of a risk impact and assessment of impact if a risk 

occurs.’’ 

 

An alternative and important concept in the prevention and optimization of a system is the use 

of ‘’Safety barrier diagrams’’ [Duijm and Markert, 2009]. These can be defined as a logical 

diagram allocating risk boundaries and trigger events into successfully preventing risks from 

being happening (see figure 3.4 below). It can also be understood as a backup or redundant 

chart of the subject system which puts different checks and controls in process to reduce or 

totally eliminate risks from being originated up to being propagated. These can provide 

valuable data for quantitative and qualitative assessment. Barrier functions and safety barriers 

are directly related to event sequence or accident scenario and they do not include possible 

influencing factors that affect the barrier performance, such as higher-level safety management 

related issues of training, maintenance and procedures etc. [Duijm and Markert, 2009].  

 

 

Figure 3.4-Safety-barrier diagram for the unloading of a liquid hydrogen truck at a 

refueling station on the basis of the FMEA study [Duijm and Markert, 2009] 
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Research methods on subject case were also complemented by Risk analysis theories, practices 

and tools being taught in class at KTH University. Few new approaches on risk score and risk 

matrix were also applied in reference to Risk management journals and literature available 

online. Some of these concepts are discussed below; 

 

• Risk: Definable effect (usually negative) or possibility of an effect occurring from 

a certain source within a certain time boundary and situation.   

• Process lifecycle: A map or description of a process with a clear and definite 

start and finish. 

• Origin/sources of risk: Name given to object, process or action from which a risk 

originates. 

• Risk matrix: A structured, organized table categorically defining and sorting 

different aspects associated with risk.  

• Risk acceptance: The extent to which a certain risk can be tolerated. 

• Risk mitigation: Techniques, tools or methods which can be employed to 

address, minimize and eliminate risks. 

• Safety barrier: A theoretical or physical concept of a boundary or limit to     

contain risks and improve safety.  

 

Effective risk assessment and management practices have shown to have increased 

productivity, quality, brand image and higher team motivation amongst other benefits 

[Yirenkyi, 2015]. Risk analysis and assessment is a broad field of knowledge and there are a 

number of tools and methods which can synthesize risk data. Some noteworthy examples are 

shown in figure 2:1. 

Delphi technique was developed in 1950s at RAND Corporation [DER-FA, 2016]. The Delphi 

technique uses a series of questions with controlled opinion feedback to apply expert input in 

systematic manner. The characteristics of this technique are anonymous expert panel 

responses and iterative questionnaires [Linstone and Turoff, 2011]. Delphi technique may be 

defined as ‘a method of structuring a group communication process so that the process is 

effective in allowing a group of individuals, as a whole, to deal with complex problem’ [Linstone 

and Turoff, 2011]. Delphi technique is a method that uses expert consensus to solve problems 

[Deleo, 2002; Sackman, 1975]. 

 

Powerful tools such as Fishbone diagram and FMEA can also be quite useful for technical safety 

assessment. FMEA or failure mode and effect analysis is such a technique which is also one of 

the most used risk analysis technique to identify possible modes of failure and to predict their 

effects and relevance [Maddox, 2005]. The technique was primarily developed by armed forces 

to determine malfunctioning in different systems. This analysis is considered initial step for 

reliability review. A successful FMEA analysis supports in defining and locating possible failure 

modes depending on similar experiences with other processes and objects. Some of the key 

benefits of using a structured FMEA approach are [Andre et al., 2008, Maddox, 2005]; 
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1. ‘’The automatic generation of a list of all special characteristics related to safety. 

2. A solid data base to assist in making decisions about how many sub systems of a project 

need FMEA. 

3. An integrated vision of the risks associated with the project. 

4. Applying FMEA to our study, we have identified and analyzed a number of risks which 

are presented in case study and analysis chapters of this study.’’ 

 

Scenario analysis is a tool which considers a number of different possible projections of a 

certain situation or scenario and then using this imaginative projection, a possible number of 

conclusions can be drawn based on previous knowledge, skill or statistics. This kind of analysis 

is free from any factual or historical data and relies solely on imaginative and logical depth of 

the person performing the analysis [Barrese and Scordis., 2003]. Possible outcomes include 

more or less likely events being happening along with probable effects as well.  

 

3.5. Integrated risk management  

 

As a result of continuous exposure to risks and uncertainties, many organizations need to 

address risks with a wider and comprehensive approach popularly known as Enterprise risk 

management or integrated risk management.  

  

Figure 3.5-Enterprise risk management framework [Kumar and Gregory, 2013] 

Integrated Risk management is defined as coordinated ensemble of activities carried out in an 

organization in order to identify, measure, evaluate and modify both the probability of 

occurrence of certain events having an impact on one or more entities and the impact of such 

events on these entities [Aubert and Bernard, 2004]. A successful enterprise risk management 

includes a broader vision and holistic approach applied to the risk information available. Well 

descriptive and unaltered data is very necessary to prevent incorrect judgements and 

conclusions taking place. 
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Managing risks has become fundamental to successful project management [Andre et al., 

2008]. Considering the subject of this research i.e.’ Engine installation process’’ as a project, 

enables us to imply project and risk management concepts even here. Technical risks inherent 

with the installation of engine are complex in nature and wide in scope. Therefore a 

comprehensive approach is needed to cover all aspects of risks involved.  

Another important learning is to manage uncertainties associated with risks in earlier stages of 

a project lifecycle as depicted in picture above [PMBOK, 2008].A sample integrated risk 

management approach can also be seen below; 

 

 
Figure 3.6-Sample integrated management approach for a typical manufacturing industry 

[Heikkilä, 2010] 

 

Integrated risk management can be applied throughout the value chain in an organization. 

Benefits of this include successive minimization of risk as well as increased uptime (and hence 

profit) for the whole value chain.  This approach also avoids or to the least minimizes risk for 

Domino effects which are the aftereffects of a risk occurring in one value segment and is 

transferred in bigger proportion to other segments of the value chain. 
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4.     Case Study  

4.1. References for case study  

As an author of this study and also being currently employed at Cummins Sweden AB, we 

consider our self an integral part of our case study. Most of the facts and figures presented in 

case study below are extracted from Cummins internal documents which are accessible to us. 

These documents could not be made part of the study in full due to confidentiality policies. 

Though we had permission to extract information from these document as needed and present 

that in our own research. We have used text Author’s own work in such instances. For all other 

facts and statements in section case study where a source is not mentioned, we would like to 

declare and it should be safely assumed that it’s author’s own observation, narrative, 

experience and suggestions. 

4.2. Case Study background  

The case study will be performed at an automotive company Cummins Sweden AB located in 

Stockholm, Sweden. Prime reason for choosing this as subject of our case study is because we 

had a high chance of finding a definable and relevant industrial process to answer our research 

question. Also the author of this work is currently employed at Cummins Sweden and therefore 

we have the right resources and accessibility to Cummins database and tools to perform our 

study easily. Cummins Sweden was also the preferred choice for our research because we 

expect wider application and use of our research study with in Cummins as relevant safety 

managers are willing to consider our research findings in implementation of a better safety 

culture at Cummins.  

We could have chosen other automotive manufacturers such as Wartsila, Caterpillar, Volvo 

construction etc. who have similar approach and industrial process, to carry out our case study 

but we observed that other manufacturers or industries are not very open and willing to share 

risk data with external entities like us due to confidentiality policies.  Furthermore we have not 

been able to locate a major manufacturing facility of other automotive companies nearby 

Stockholm which could facilitate us. Exception in this regards is SCANIA which does have 

manufacturing facility in Stockholm region but this manufacturer is assembling full chassis 

trucks in Stockholm which is similar but somewhat unattractive to our research objectives.    

Cummins Sweden AB is subsidiary of Cummins Inc., an American company founded in 1919 by 

Clessie Cummins in Columbus, Indiana USA. The largest independent manufacturer of diesel 

engines in the world [Hopkin, 2010]. Cummins have over 45,000 employees around the world 

with presence in more than 180 countries. Cummins Sweden AB is part of the company's 

Europe distribution network and sells diesel engines to various industrial vehicle manufacturers 

in Sweden. With sales of these engine products, Cummins also warrant product life and 

durability when products are installed as per Cummins requirements and specifications during 

machine installation process. To effectively use an engine warranty, a technical evaluation of 

the installation is performed. This technical assessment also called ‘’engine installation 

process’’, is a complete process in itself which contains comprehensive physical and computer 

based tests on the machine. This activity also include design analysis, documentation, panel 
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discussions and other technical work. Inherently, this work is accompanied with many risks 

[Cummins internal reports].  

A careful estimate of risk related costs shows that the company has suffered a loss of about 1.2 

million US$ in the past 10 years alone [Cummins internal annual performance reports]. Sub-

sequent risk analysis have indicated that the up to 20% of these cost of risks are related to ‘’ 

engine installation process’’ practiced at Cummins. An overall lack of integrated risk 

management approach is witnessed. It is also not very clear if the company have a successful 

continuous improvement approach when it comes to risk analysis. Poor risk categorization and 

understanding is prevalent in the above mentioned process. Furthermore critical risk factors 

such as employee motivation, risk communication, safety culture needs further investigation 

and a detailed review. It is therefore quite clear from information presented above that a new, 

integrated approach to risk assessment, which covers all aspects of risks is need of the day 

[Cummins Internal reports].    

We structure our study by providing some background to our subject case. We then define 

system boundaries for our research to give the reader an overall scope of the work. After 

defining the case in detail we shed some light on data collection and assessment which was 

carried out to construct our case and build research.  

4.3. Case study definition  

To begin with our analysis we must define system boundaries first [Xiaozhong and Hong, 2010].  

  

Figure 4.1-Typical diesel engine’s lifecycle (Source: Author’s own work). 
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A diesel engine made for a commercial vehicle undergoes many complex and detailed 

processes in its lifecycle. Figure 4.1 shows life segments for new engine installations. As seen in 

this figure a typical engine process lifecycle initiates with a product need and extends further to 

project stages like product feasibility report, an extensive design review process, engine 

installation, testing and verification, product support and aftermarket sales. At Cummins, an 

elaborate stages and components of such a project can be seen in Appendix E. For practical 

reasons we must, however, limit the scope of our study to ‘’Engine installation process’’ only 

which can be seen in figure 4.2. 

 

Figure 4.2-Engine installation process (Adapted from Cummins guidelines on engine 

installation) 

4.4. Data collection  

Key data indicating subject Company’s annual performance suggests significant amount of 

revenue being consumed in addressing risk incidents related to engine installation process 

[Cummins Internal reports]. With ease of access to data, resources and relevancy in mind, we 
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consider ‘Engine installation’ process at Cummins, an ideal candidate for our case study. Having 

said that, we do realize that big multinational companies like Cummins are prone to 

international business trends, market needs and politics and therefore are not very flexible in 

applying ‘one strategy’ for all business regions. Furthermore, business models and market 

needs vary across regions and hence we realize that data collected and expected results for our 

study cannot be easily applied to all business units. We therefore intend to limit the 

applicability and relevancy of our study to Cummins Sweden only.       

 

Primary data collection was done by the author of this study himself. We do consider that such 

a method of data collection might consist of personal bias and opinions which should be 

avoided. Furthermore data gatherer’s experience, education, skills and work attitude also affect 

the quality of data being collected. We have therefore tried to stay as objective as possible 

while collecting data.   

 

As an integral part of data collection technique, structured interviews were designed with 

relevant managers and line personnel at Cummins. These questions were designed by the 

researcher himself and were reviewed by relevant colleagues in same department. Questions 

were designed after reading relevant literature on the subject. Interview questions were also 

designed to obtain the most relevant and clear information on risk perception, communication 

and goals. Different questions were designed for different stakeholders in risk studies to get a 

broader perspective and cover risk data in detail. These interview questions were aimed to 

assist in collecting critical information on risk. Key people involved with this included Health and 

safety managers, group leaders, Safety line coordinators and shop personnel. These target 

groups were selected as they are most relevant to risk studies. Appendix F shows list of 

questions we devised to collect necessary data from above mentioned personnel at Cummins. 

The interview questions provided a direct link and connection to firsthand information which 

would have been difficult with other methods. Interview questions also showed critical 

information, which helped in understanding their situation and point of view and the way they 

perceive risks around them. With the expert opinion, this information was then filtered and 

scrutinized to eliminate irrelevant data and infrequent/improbable causes of risk. In this way 

we were able to significantly improve the quality of input data for our study. 

 

Qualitative risk hazard data was also collected while being a part of the engine installation 

process itself. Several hours were spent to physically replicate the job of engine installation 

process with the ambition of collecting first hand data, feel and experience. As some authors 

point out [Terry and Shawn, 2013] Human errors are categorized in three groups namely;  

 

• ‘’Failure to recognize risks. 

• Failure to take precaution. 

• Improper or inadequate application of precautionary measures.’’ 

 

In light of above we have focused also to understand human behavior and perception of risks 

and the precautionary measures they take to address a certain risk.  
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While interview questions and expert opinion gave a fresh perspective on the current safety 

practices and failures, a comprehensive safety overview was missing with regards to historical 

data on health and safety. To mitigate this , we consulted Cummins health and safety database 

to historically identify rate of risk reporting , risk hazards, employee risk reporting frequency , 

preventive measures in place, safety standards , trainings and other relevant historical data. 

This data tremendously improved the understanding of safety culture and practice in the 

subject organization.  

 

In our research we have also used scenario analysis to picture some conceptual situations 

which can create negative consequence for stake holders. This has enabled us to widen our risk 

matrix horizon. Our implementation of the Delphi technique consists of a list of questions and 

questionnaire which was made in light of key risk data and challenges in automotive industry. In 

this way we kept the relevancy level of the method relatively high. We have used FMEA analysis 

in combination with scenario analysis to perform a comprehensive risk analysis as shown in 

Appendix G. 

With the aid of above mentioned methods we were able to lay the ground work of our case 

study i.e. identification, assessment and mitigation strategy of quantitative and qualitative risks 

in engine installation process for automotive industry. 

4.5. Risk Sources 

Risks can originate from different sources and directions. For practical reasons and to maintain 

relevancy to this project we will limit ourselves to following risk categories. 

Diesel Engine 

• System leakage (fuel, lubrication etc.) 

• Overheating of engine 

• Exhaust damages  

• Physical injuries caused by moving parts 

• Engine damage 

Machine 

• System leakage (Hydraulic oil ,lubrication) 

• Physical injuries 

• Machine damage (hydraulics) 

• Explosion (overpressure in system)  

Human factor 

• Inadequate information or experience 

• Lack of motivation , interest , focus 

• Inadequate physical or mental capacity 

• Stress , emotions etc. 

Operating 

environment 

• Too much or too little light, noise , space 

• Leakage , dirty surroundings 

• Temperature, air conditioning, humidity 

Random 

sources 

• Weather 

• Emergency situation (alarm, fire, storm) 

Figure 4.3-Various risk sources during engine installation process [Source: Author’s own work]    
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4.6. Risk Identification 

Risk identification process is often based on the knowledge, experience, statistical models, 

computer based analysis and the most important of all common sense. This process requires 

breadth of knowledge in various disciplines, previous experience in the same process / function, 

right attitude and an open approach that enables detailed analysis and identification of various 

sources of risk. We have, in our work, used a wide range of tools that included previous 

experience and interviews from experienced colleagues. For practical reasons, risks containing 

only physical and economic impacts are identified and discussed. The risks identified are then 

classified in mechanical, chemical, electric and ergonomics categories below. Further 

classification of mechanical hazards shown below consists of pinch, collision, explosion, contact 

with tools and heat related friction hazards. Chemical hazards listed below are when a person is 

coming in contact with such chemicals. Electrical shocks, circuit fires, electromagnetic radiation 

and other technical issues are also discussed. Another important aspect is ergonomics related 

hazards which are often creating stress on human body such as Insufficient light, space noise 

and/or inappropriate body posture. 

.  

Figure 4.4-Risk Identification – Physical risks in engine installation process (Source: Author’s 

own work). 
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4.7. Risk Evaluation 

Risks in technical system can be regarded as acceptable or unacceptable. In our study, we have 

used the term 'Risk Score' that classifies risks in one of the above categories. Risk Score can 

then be defined as product of the impact of risks in an enclosed system, degree of exposure to 

these risks and the probability that one or more of these risks occurs at a specific time. 

  Risk score = Consequence x degree of Exposure x Probability 

For our project, we have assessed the risks identified in figure 4.5 below. 

Degree of Consequence Evaluation 

Catastrophic / internal or external life threatening accidents 100 

Collective life threatening incidents 75 

Individual life threatening incidents 50 

Individual injury leading to handicap 25 

Individual injury leading to lost time or economic impact 10 

Personal or collective incident with least impact 5 

    

Degree of Exposure Evaluation 

Continuously engaged with system  / 100 % at risk of 

exposure 10 

Exposed to risk several times a day 5 

Exposed to risk once per day 2 

Exposed to risk once per week 1 

Exposed to risk once per month  0.5 

Exposed to risk once in  more than 6 months  0.1 

    

Probability Evaluation 

100 % chance of occurring 10 

50 % chance of occurring 5 

10 % chance of occurring 1 

5 % chance of occurring 0.5 

1 % chance of occurring 0.1 

 

Figure 4.5-Risk evaluation and classification (Source: Author’s own work). 

Appendix B shows risk evaluation and assessment routine, JSA (Job safety analysis) currently 

used at Cummins. We can see that Cummins assesses risk level as low or high based on severity, 

exposure and likelihood. These are connected in turn with different aspects of ‘’engine 

installation process’’ such as work procedures and practices, equipment and ergonomics, PPE’s 

etc. Although this job safety analysis procedure covers most important factors related to 

workplace safety we see that it lacks detailed assessment of technical and/or unplanned risks 

which we addressed in our risk assessment matrix.  
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5.     Analysis 

5.1. Engine installation process 

We conduct a comparative analysis of our case study to literature review, with the objective of 

analyzing answers to our main research question. Worth mentioning here is lack of specific risk 

assessment literature when it comes to risk analysis of a complex industrial process like ‘’Engine 

installation process’’. This might be due to the secrecy or confidentiality policies of different 

industries who would avoid to share/communicate such data to outside sources.  

We have observed that Cummins have a well-defined ‘’engine installation process’’ (as seen in 

figure 4.2). We have structured this chapter by first reflecting on safety culture in our case 

study as compared to literature review. Secondly we have reviewed ‘’human factor’’ related 

risk hazards and their effect on overall risk profile of the company. We have complemented this 

with necessary theories and findings from literature review chapter. Further on we have 

analyzed risk management practices at our case study in light of literature studies. Policies and 

standards implemented at our case study site are compared and reviewed. We have also 

presented risk matrix diagrams with respect to different ‘’engine installation process’’ in this 

section. Conclusively we have presented a brief summary of answers to our proposed research 

questions.  

5.2. Safety Culture 

 

As per law and local regulations all organizations including Cummins are required to perform 

risk analysis of their business process to ensure safety standards and comply with local safety 

rules. As shown in figure 3.1: the safety culture pyramid by Manoj and Edward (2010) , risk 

management vision at  Cummins is supported by a broad and well defined safety values where 

all safety releated incidents are highly encouraged to be reported. Not only serious accidents 

but also ‘near missses’ (where a slight chance of accident is possible) are mandatory to be 

reported. As Manoj and Edward (2010) arguments that safety pyramid should be supported by 

‘attitudes and opinions’, we see a significant room for improvement in that area as we 

observed lack of motivation and desire to report incidents in some occasions. This is attributed 

to time pressure and work stress that an employee feels. Cummins senior management is 

committed to address this issue by rigorously engaging employee in time management courses 

and safety trainings. 

 

Reflecting on Viau (2009) have stated that ‘’the social environment may have a deep influence 

on the relationship between risk exposure and likelihood of illness (Lower socioeconomic status 

increases effects of exposure to hazards)’’ we have found an organizational level of 

commitment and dedication to manage safety at Cummins for all employees irrespective of 

their work nature and/or Hierarchy.  As regional safety manager at Cummins commented ‘’ we 

have clear goals to have zero tolerance towards safety related accidents or incidents at our 

sites. Our vision is to have zero incident rate every year’’. 
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Figure 5.1-Safety pyramid: Case study and literature comparison. [Manoj and Edward, 2010] 

We show below an overview of how we suggest different risks be considered which are 

associated with our case study.   

 

Figure 5.2-Risk acceptance chart (Source: Author’s own work). 

Viau (2009) mentioned that ‘’any risk hazard if occurred, may have serious consequence on not 

only single project phase but to the overall project’’. Such an impact on project’s vital 

components such as cost and duration can be seen in Appendix G.  

 

Kumar and Gregory (2013) mentions that risk uncertainty can be addressed with the help of 

either probability analysis or with historical data based on the context, nature, impact and 

uncertainty of risk. When it comes to uncertainty associated with risks, we have found that 

Cummins incorporates a clear and well defined description and safety guideline to all technical 

processes. Cummins have used a model based on both historical and statistical analysis which 
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has resulted in safety manuals for all shop employees. These shop manuals are mandatory to 

read and signed under. The manuals contain clear definitions on different risks, expectations 

and impacts of certain risks and contingency measures in a risk situation.  

 

As Badri (2015) mentions that ‘’Taking OHS into consideration while managing risk strategies is 

widely accepted and economically justified nowadays due to the reason that it has negative 

impact on economic growth ‘’, Cummins periodically contracts external occupational health and 

safety audits led by relevant experts of the field not employed by Cummins. As proposed by 

Hale and Ytehus (2004) these audits aim to improve working environment, eliminating causes 

of illnesses at workplace, providing information on occupational hygiene, ergonomics, and 

environment at workplace. Furthermore companies’ policies dictate that all employees are 

mandated to perform an extensive safety analysis at their job sites and are encouraged to 

report any deviation against set standards. 

5.3. Human Factor 

People, evidently, are the most important part of safety in an organization. Since all human 

activities have impact on safety, human factor is vital part of Cummins safety and work routine. 

This concept is divided into three components as follows; 

Job level Routine: Stress, focus, Man-Machine Interface etc. 

Individual level: Professional, Risk Attitudes, education, experience, intelligence, etc. 

Organizational level: Risk Control, safety, resources, work culture, standards, etc. 

This can also be re-phrased as follows [Sackman, 1975]; 

• ‘’The knowledge based behavior by upper management 

• The initiative for risk treatment should come from this level 

• The technical and professional details and creation of rules should be handled by 

professionals on lower levels 

• The rule based behavior by middle and lower management 

• On this level the risk treatment methods and their rules are to be made and also 

some instructions of generic types 

• The skill based behavior by operators 

• On this level should be introduced training and creation of clear instructions on 

what to do if the risk becomes an event’’. 

Cummins Sweden places great emphasis on human potential, their development and safety 

[Cummins Health and safety regional manager]. Clear routines and guidelines are in place when 

it comes to stress and fatigue. Ergonomics has recently attracted much attention throughout all 

processes at Cummins where ergonomics experts perform analysis to optimize workplace and 

conditions for employees.   
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As Gander (2011) points out ‘’at operational level, fatigue management is shared responsibility 

of employers and employee’’ and Arunraj (2013) states that ‘’decision making process based on 

risk is more effective when an accurate characterization of uncertainty has been conducted’’, 

Cummins has special measures to the engine installation approval process which was the main 

subject of this study. All relevant employees are required to do a risk analysis on their work 

prior to start. This is done on a specially designed form (JSA Job Safety Analysis) which is then 

sent to each site manager for approval. Site Manager in turn helps to correct any discrepancies 

and allow start of work. This routine allows control of the working environment and labor risks 

on two different levels, that is, employee and manager. This has proven to contain many 

benefits in minimizing risks [Cummins internal safety reports]. 

5.4. Risk Management 

 

Aubert and Bernard (2004) defines risk management as ‘’coordinated ensemble of activities 

carried out in an organization in order to identify, measure, evaluate and modify both the 

probability of occurrence of certain events having an impact on one or more entities and the 

impact of such events on these entities’’. Furthermore Andre (2008) mentions that ‘’Managing 

risks has become fundamental to successful project management’’. Keeping above in mind we 

analyzed Cummins for its risk management system and practice and have found that Cummins 

Sweden, is constantly working for a safe and secure work culture. Cummins Sweden vision 

which is in part connected to Cummins risk strategy is [Cummins internal policy documents]; 

''Right people for the right job with the right resources and processes '' 

Strategic depth highlighted above encircles some important aspects of Cummins business 

strategy and objectifies continuous minimization of work hazards and continual improvement 

in workplace safety. As of today, Cummins have the following risk management systems 

(practices) in place;  

   

1) Recurring safety: Implemented by trained and experienced safety inspectors in different 

units which they inspect. Sub-sequent implementation of procedures and reports on any 

discrepancies are registered. 

2) Safety analysis at work initiation (JSA): JSA (Job Safety Analysis) performed by individuals 

before a job starts which contains detailed analysis of risks, risk levels, hazards and working 

environment. This is stored in the central database for the monthly report. See Appendix B. 

3) Safety score for departments: Distributed monthly to all employees and contains score for 

different departments concerning safety. Points collected through actions, improvements and 

efforts of various entities in risky situations are registered. Employees are appreciated on 

annual basis based on their scores. 

4) Training/Seminars: Basic training for each new employee and periodic training for various 

job roles. 

5) Commitment to safety within the organization: Estimation by reward and activities for 

employees. 
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6) Monthly Security Report: Summary of different routines, standards, historical data and risk 

level of the entire organization. Contains comparison to events / accidents at different units, 

measures and recommendations. 

7) Risk Communication: Access to the CSD (Central safety database) for all the employees 

where they can access standards, recommendations, guidelines, historical data, current events 

and location, MSDS (chemical products), etc. 

Heikkilä (2010) have also suggested to similar guidelines for a successful risk management 

model (referred in figure 3.7). Furthermore we have also found that Cummins is actively 

pursuing a strategy to integrate risk management tools into individual processes as suggested 

by Kumar and Gregory (2013) who mentions that ‘’ much of the theoretical work on risk 

management so far has been related to risk assessment rather than management of risk.’’ 

Adding to above, we have noted that two primary barriers in achieving higher risk management 

efficiency in our subject organization was individual attitude towards risk based on time 

pressure and work situation and lack of overall integrated risk management approach which is 

aligned with Cummins main businesses and processes. 

 

Some authors such as Barrault (2012) have defined risk management as a system based on set 

of risk analyses carried out with respect to technical, human, organizational, environmental and 

financial sectors along with a strong reference to their interactions. Based on this we have 

conducted a comparative analysis of our case study to that of suggested literature review, with 

the objective of answering our main research questions that is; 

 

i) What are the inherent risks associated with diesel engine installations? 

 

ii) Which risk management strategies are used for engine installation process? 

To reflect on the first part of our research question, we divided the installation approval 

process of a diesel engine to different sub system for risk Analysis (see figure 4.2 for complete 

description on engine installation process). This lays the foundation work for our analysis 

conducted in this chapter. As seen below, we have compiled data obtained in chapter 4 into an 

overview table named as Risk Matrix shown in figure 5.2.  

This risk matrix (shown below) highlights key risks which we have found to be present or 

associated with engine installation process. The risks charted below were found by interview 

questions and were filtered for relevancy by expert opinion. FMEA and scenario analysis also 

helped in identifying the risks by implementing different failure modes and observing 

associated risks. These risks are then prioritized and listed according to the process flow of 

engine installation process. Process flow is the sequence or series of different engine 

installation activities in order of happening. i.e. ‘diesel engine installation’ processes step by 

step and in order of occurrence. These risks were then categorized as per degree of 

consequence, degree of exposure and probability of occurrence (defined in figure 4.4). A 

collective measure of all these factors known as risk score (defined in section 4.5) was then 

obtained highlighting the weightage of individual risks.  
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To reflect on the second part of our research question we have proposed risk management 

strategies, tools, methods etc. in figure 5.2. We have integrated risk management tools both on 

individual’s level and at systematic/organization level in to the risk matrix chart. This gives us an 

overview of complete risk analysis for the process ‘Diesel engine installation’. 

Major risks identified in engine installation processes namey ‘’Installation of engine in vehicle’’ 

and ‘’Cooling system analysis’’ are shown below.  

 

Pinch hazard 

(moving engine 

components, un-

shielded moving 

parts) 50 5 1 250 

Color codes, 

warning labels, 

component 

shielding. 

Preventive measures, 

technical measures, 

training and exercise. 

Explosion 

(overpressure in 

system) 75 0.1 0.5 3.75 

Color codes , 

warning labels 

Documented routines , 

exercise and training , 

preventive checks , 

technical measures  

Stroke hazard 

(Loose 

components/ tools 

with kinetic 

energy) 25 0.5 1 12.5 

Personal 

protective 

clothing and tools. 

Exercise and training , 

preventive checks , 

technical measures  

Collision 50 5 0.5 125 

Personal 

protective 

equipment, 

warning labels. 

Exercise and training, 

preventive checks, License 

to authorized persons. 

Friction hazards 10 5 1 50 

Personal 

protective 

equipment 

Exercise and training , 

preventive checks , 

technical solutions 

Slip hazards 

(leakage) 25 1 1 25 

Personal 

protective 

equipment 

Internal and external 

audits , preventive checks 

 

Figure 5.3-Risk Matrix (a) [Author’s own work] 
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Risks identified in engine installation processes namey ‘’Exhaust system analysis’’ ,‘’Air intake 

system analysis’’.  ‘’Control system’’ , ‘’Software system’’ and ‘’Vibration analysis’’. These risk 

signify majors hazards with exhauts systems often involving very hot gases and air intake 

systems which are sensitive to heat for emissions control. Furthermore risks below also 

incorporate risks associated with engine software and vibrations.

 

Tool handling 

hazards 5 5 5 125 

Personal 

protective 

equipment 

Training, authorized person 

only ,preventive checks 

Technical problem 

in engine 

components 5 10 1 50 warning labels 

Documented routines, 

training and exercise, 

system backups. 

 

Figure 5.4-Risk Matrix (b) [Author’s own work] 

 

Risks identified in engine installation processes namey ‘’fuel system analysis’’ and ‘’lubrication 

system analysis’’ are shown in figure 5.5 . These risks involve critical ‘’Engine instalaltion 

procesess’’ such as fuel systems and lubrication systems. Fuel systems , beign very sensitive to 

heat and a high risk system involve special attention and care with handling. Lubrication system 

on the other hand is very important for smooth machine control and can cause serious machine 

damage and human injury. As contact with these fluids occur very frequently during ‘’engine 
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installation process’’ , we see a major hazard for human injury if contact with these fluids is not 

properly handeled. 

 

Chemical irritation 

with engine fluids 25 2 1 50 

Personal 

protective 

equipment , 

Warning labels 

Training , preventive checks 

, standard routines 

Corrosive fluids 

(coolant etc.) 5 2 1 10 

Personal 

protective 

equipment , 

Warning labels Training , preventive checks 

Contact with 

engine fluids (Fuel 

,lubrication oil) 5 2 1 10 

Personal 

protective 

equipment , 

Warning labels 

Training , preventive checks 

, standard routines 

Toxic fluids 

(Aftertreatment 

fluids) 10 2 0.5 10 

Personal 

protective 

equipment , 

Warning labels Training , preventive checks 

Fire hazard 75 2 0.5 75 

Personal 

protective 

equipment , 

Warning labels , 

self-awareness 

Documented routines , 

training and exercise, 

preventive checks , 

standards  

Contact with 

exhaust gases 

(inflammation, 

burns) 25 2 0.5 25 

Personal 

protective 

equipment , 

Warning labels Training , preventive checks 

Abrasion risk 25 2 1 50 

Personal 

protective 

equipment , 

Warning labels 

Training, authorized person 

only ,preventive checks 

 

Figure 5.5-Risk Matrix (d) [Author’s own work] 
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Ergonomics hazards identified in engine installation processes are shown below in figure 5.6. 

Ergonomics or comfort with working positions is a major player in safety and wellbeing of 

workforce. Key hazards associated with this can cause negative patterns such as stress , anxiety 

etc. which is a major contributor to risk studies. 

 

Insufficient light 5 5 0.5 12.5 

Supplement 

solution 

Resources availability, 

training. 

Insufficient space 50 5 0.5 125 

exercise, fitness , 

training 

Resources availability, 

training. 

Insufficient 

ventilation 25 5 0.5 62.5 

Supplement 

solution 

Resources availability, 

training. 

Excessive noise, 

vibration etc. 25 5 1 125 

Personal 

protective 

equipment Training , Exercise 

Stressful body 

posture 25 5 0.5 62.5 

Supplement 

solution Training , Exercise 

mental stress, 

time pressure 25 5 0.5 62.5 

Supplement 

solution , self-

awareness 

Training , Exercise , 

standardization 

ambient 

temperature 10 5 1 50 

Supplement 

solution  

Training , Exercise , 

standard routines 

weather 

conditions 10 0.5 1 5 

Personal 

protective 

equipment 

Training , Exercise , 

standard routines 

Insufficient work 

tools (work 

clothing, shoes 

etc.) 5 5 1 25 

warning labels , 

supplement 

solutions 

Training, Exercise, 

standard routines, internal 

and external audits. 

 

Figure 5.6-Risk Matrix (e) [Author’s own work] 

To mention here is the fact that a better and more detailed risk analysis could be done which 

could include even more dangerous situations than mentioned above. For example some of the 

most severe risks associated with diesel engines are physical injury or death, fire hazards, 

impaired organ function and collision damages.     
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In line of analysis above we would like to propose an integrated approach to risk assessment to 

be practiced at Cummins with inputs shown in Appendix H. This does not only incorporate all 

critical aspects of successful risk analysis but will also improve overall management and 

perception of risks. 

5.5. Summary of Analysis 

We present below main findings, conclusions to our research questions. 

1. What are the inherent risks associated with diesel engine installations? 

In figure 5.2 we present a detailed identification, effects and weightage of various risks 

associated with engine installation process. These risks are well documented and carefully 

communicated in Cummins as our case study finds out. All risk stakeholders are dedicated to 

minimize risk impacts in organization but two main barriers to this are found as individual's risk 

attitude and a lack of integrated risk management approach. 

2. Which risk management strategies are used for engine installation process? 

We have observed that Cummins put rigorous efforts in implementing a better safety culture 

improving OHS and minimizing human factor impact on Risk. However an integrated risk 

management approach is lacking which is hindering risk management efficiency. This is also 

impacting alignment of business processes with risk management vision. 
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6.     Conclusions 
 

6.1. Synopsis 

 

To answer first part of our original research question ‘‘what are the inherent risks associated 

with diesel engine installations?’’, we have risk analyzed a system relating to installation of 

diesel engines in automotive industry. We have found out that there are a number of 

hazardous situations which needs to be properly addressed, categorized and integrated into a 

risk management model. We have tried to discuss all the risks associated with this process 

through risk identification, risk assessment and risk mitigation practices. Figures in section 5 

shows FMEA analysis which addresses our research question. We have found out that all risk 

stakeholders are dedicated to minimize risk impacts in organization but two main barriers to 

this are found as individual's risk attitude and a lack of integrated risk management approach. 

 

To answer second part of the research question ‘’which risk management strategies are used 

for engine installation process?’’, we were unable to find any integrated risk management 

approach currently used at Cummins. We have also observed that Cummins put rigorous efforts 

in implementing a better safety culture improving OHS and minimizing human factor impact on 

Risk. However an integrated risk management approach is lacking which is hindering risk 

management efficiency. This is also impacting alignment of business processes with risk 

management vision. Comparatively, we have found that, risk assessment and management 

techniques at Cummins are up to the key industrial benchmarks. Well known tools such as 

LOTO (LOCK OUT TAG OUT) and JSA (Job safety analysis) are used at Cummins but an integrated 

overall risk management approach seems to be missing. There are a number of processes and 

methods which are used on daily basis for assessing risk but no single integrated risk 

management database. We have therefore suggested such a model in section 5. 

 

6.2. Future Recommendations 

• A comprehensive model of OHS (occupational health and safety) best practices should 

be integrated into the risk management model we have proposed above. These OHS 

practices and policies should emphasize particularly on minimization of human factor 

risks such as human machine interaction, fatigue, Personal protective equipment’s etc. 

Without OHS integration into risk management model we are unable to maximize 

effectiveness of risk assessment in a broader perspective. 

 

• As we reviewed safety barrier diagram concept and technique in literature review 

section, we strongly recommend to practice this tool for ‘Engine installation processes 

at Cummins. This method is not directed or meant to substitute effective and well-

known techniques of FMEA, Hazard and operability study (HAZOP) or fault tree analysis 

but to compliment these tools in a logical manner to assess and address risks.  These 

diagrams will not only increase effectivity of risk analysis but also serves as a 

brainstorming tool when variations of certain risks are characterized.      
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• Although our target Company, Cummins have a comprehensive set of tools and 

methods to address and mitigate risks, we see lack of an integrated risk management 

approach applied to the processes carried out on daily basis. Though we have proposed 

a fundamental integrated risk management model in this study, we strongly recommend 

to optimize this model by incorporating expert opinion and continuous improvement 

tools.   

 

• Risk analysis is not a specific and limited practice and is rather an iterative process 

[Bahill et al., 2009]. A regular and continuous risk assessment approach is needed to 

periodically review and re-evaluate risks. As nature and effects of risks changes over 

time with business needs and other factors, a continuous risk assessment model is 

needed in our opinion to properly address this challenge.  

6.3. Epilogue 

In our study we presented an integrated risk management model for Cummins to address risks 

associated with engine installation process. We believe that safety during the installation 

approval process of diesel engines in the company Cummins Sweden can benefit immensely 

from this work and can also be extended to optimize resource utilization. We further 

recommend to expand the scope of this research to include cross-regional risk management 

methodologies and practices for Cummins. Key risk related challenges we observed during this 

study included risk communication and an overall holistic approach to risk management, 

amongst others. This inclusive approach will result in broader and comprehensive risk 

mitigation strategy resulting in qualitative and quantitative benefit for the organization. 

Conclusively we like to state that NO system is risk-free and therefore continuous 

improvements are required in this area. . 

 

This work was supported by risk theory, advanced risk analysis techniques, experienced 

colleagues and skilled risk experts. We have identified, sorted, characterized the risks in a 

structured manner using techniques such Fault tree analysis, FMEA, Expert review and 

judgement etc. Work has also been done by observing and taking part in the whole installation 

process practically. Comprehensive risk analysis was carried out using the collected data, 

consultation with experienced professionals, surveys of vehicle manufacturers, current 

standards in industry and study of guidelines and specifications Cummins has put forward in 

this regard. Methods of risk identification, sorting, handling and standardization has been used 

in this study with the help of tools like expert assessments and scenario analysis.  

 

Finally we like to state that, evolution and advancement of humans had never been risk free. 

There is no system or situation that may be borne in mind which is risk-free, but they can be 

improved to minimize it. All technical systems in its origin are designed by people who are not 

perfect [Fernando et al., 2014]. There is always a certain percentage of risk present in a system. 
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Appendix A: Occupational safety and health areas of subject [DER-FA et al, 2016]
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Appendix B: Sample JSA currently used at Cummins for safety analysis. (Cummins internal) 

OPS AREA

Oil & Gas Mining Industrial OTR PM Bus Agricultural

Rail HHP Marine HHP Marine

Branch: ____________________________________ Truck Bus Dyno Other RV Gen Set Load Bank

Rail HHP Marine HHP Marine

W.O.#:_______________________________ PM Repair Start Up Upfit Other

Job Task: ____________________________
D isassembly Assembly Dyno

Move 

Engine
Compone nt

Picking Packing Fork-Lift Put away

Safe At Risk
Exposure 

Level
Controlled

Hand ProtectionP
P

E Fall Protection

Hearing Protection

Foot Protection

Eyes / Face Protection

Body Protection

E
rg

o
n

o
m

ic
s

Pulling / Pushing

POWER GEN
Rental

 REBUILD

W
o

rk
 P

ro
c

e
d

u
re

s
  
  
 

5S / Housekeeping

Wheel Chocks

Barricades / Warnings

Hot Work

Confined Space

Training

Lockout / Tagout

Spotter

Working Alone

Lifting / Lowering

Knee

Back-Bending / Twisting

E
q

u
ip

m
e

n
t

Fork-Lift, Truck, Trailer

Tool/Equip Use

Tool/Equip Selection

Tool/Equip Condition

W
o

rk
 P

ra
c

ti
c

e
s

Eyes on Path

Line of Fire

Ascending  /Descending

Job Safety Analysis

Communication

Eyes on Hands / Work

Rushing

Pinch Point

Date: __________ Time:___________

Critical Behaviors
Comments:  If Controlled, How ? If Not, Action Required, Responsible Person & 

Deadline.

TASK DESCRIPTION

OtherPARTS / 

WAREHSE

Ma c hine  Shop

SHOP 

SERVICE

FIELD 

SERVICE
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Determining Severity  

LOW Severity = injury that requires first aid treatment but does not require hospitalization.  

HIGH Severity = injury requires hospitalization or worse. 

 

 

 

Determining Likelihood  

Four factors help determine the likelihood of an adverse event.  

 

1) Number of employees exposed to hazard LOW is less than 5 

2) Frequency and duration of hazard exposure LOW is less than once per month 

3) Environmental Conditions                             LOW is dry, moderate temperature, 

with good lighting 

4) Stress factors                  LOW is speed, not rushed, 

crowding. 

 

 

 

Determining Exposure Level  

Use the four box table to establish exposure level after you have determined severity and 

likelihood.  

 

Severity 

Li
k

e
li

h
o

o
d

 

 Low High 

Low 

 

LOW 

 

 

HIGH 

 

High 

 

MEDIUM 

 

 

LIFE-THREAT 
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Appendix C: Historical evolution of Risk management in literature [Kumar and Gregory, 2013] 
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Appendix D: Example safety figures and reporting methods at Cummins. (Cummins internal) 

PAGE 1 OF 3 

THE RIGHT ENVIRONMENT.
DBU Europe HSE Monthly Report

– I am responsible for my safety and the safety of others.

– I am committed to an incident and injury free workplace.

– I will reduce waste by supporting recycling and waste reduction

– I acknowledge that people are fallible, and even the best make mistakes.

– I will actively anticipate and communicate error-likely situations and failed defenses.

– I will not perform or permit an unsafe act — I have the responsibility and authority to stop 

work.

– I will encourage and reinforce the safe behavior of others through coaching and caring.

– I will make these commitments part of my everyday life at work and at home.

1Internal Use Only

I am dedicated to maintaining a safe work environment, help protect our 
environmental impact and will demonstrate my commitment to HSE through 
these actions:
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PAGE 2 OF 3
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PAGE 3 OF 3 
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Appendix E: Project life component breakdown (Source: Author’s own work). 

  Project life components Duration (hrs.) 

Project feasibility  35 

Discussion with OEM  10 

Product selection 5 

Product approval 20 

    

Project Design  112 

Application power requirements 5 

Application usage areas 2 

Application duty cycle 5 

Application Intake system 10 

Application exhaust system 10 

Application aftertreatment system 10 

Application lubrication system 10 

Application cooling system 10 

Application mounting analysis 10 

Application Electronic controls 20 

Application electrical system 10 

Application Service rating analysis 10 

    

Product Logistics  780 

Product order processing 30 

Product delivery 750 

    

Product installation 80 

Product installation 50 

First run and diagnosis 10 

Failure mode analysis 20 

    

Product verification 160 

Application Intake system tests 10 

Application exhaust system tests 10 

Application aftertreatment system 

tests 10 

Application lubrication system 

tests  10 

Application cooling system tests  10 

Application mounting analysis 

tests  10 

Application Electronic controls 

tests  20 
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Application electrical system tests  10 

Application Service rating analysis 

tests  10 

Software testing 30 

Application road trial 30 

    

Product approval  85 

Design review presentation 5 

Installation review presentation 5 

Product installation audit initiated 1 

Auditors feedback 30 

Corrective actions (if needed) 10 

Review of audit. 30 

Final approval 2 

Approval signoffs 2 

    

Aftersales support 155 

Technical feedback  50 

Software updates  5 

Technical support  100 
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Appendix F: Interview questions (Source: Author’s own work). 

 

Interview Questions 

 

Health and safety Manager 

1) What are the key challenges relating to health and safety in your organization? 

2) Where do health and safety strategically fit in your organizations business model? 

3) How do you prioritize health and safety measures to be implemented in the 

organization? 

4) Do you follow safety standards and best practices? 

5) How do you rate you organization in terms of health and safety risk free? 

6) Do you have a successful safety management database in place? 

7) In your opinion what are the improvement areas regards to health and safety in your 

organization? 

8) How motivated, in your opinion, your employees are in assessing, mitigating and 

reporting a safety risk and/or workplace hazard? 

9) Do you routinely employ employee motivation and training sessions relevant to 

health and safety at their work place? 

10) Does all of your employee know their position in the organizations safety culture?   

11) How open and adaptive you are in implementing new safety measures or improving 

existing ones? 

 

Safety line coordinators 

1) What are the key safety challenges on a routine engine installation process?  

2) What level of response do you receive when implementing safety tools and 

measures? 

3) Do you have a safety reporting system in place and how fluent it is in recording and 

acting as an integrated safety database? 

4) How do you define safety or workplace hazard? 

5) Are you satisfied with the organizational safety strategy currently implemented in the 

organization? 

6) What improvements, in your opinion, can /should be made into safety culture of your 

organization? 

Group Leaders 

1) List key safety challenges for your group in the field 

2) How do you rate safety attitude of your subordinates? 

3) How do you rate safety culture of your organization? 

4) Are you fully aware of your organizations safety strategy? 

5) Do you see your organizations safety strategy/objectives in line with your prime 

business or contradictory to it? 

6) How do you manage risks and hazard at your workplace? 

7) Do your subordinates trust you in matters of safety and regulations? 
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Shop personnel 

1) What is risk? 

2) List key safety challenges or risks in your work?  

3) How do you rate safety culture of your organization? 

4) Are you fully aware of your organizations safety strategy? 

5) How motivated you feel while responding to safety related incidents? 

6) How can you contribute to reduce safety incidents at your workplace? 

7) How open and adaptive you are in implementing new safety measures or improving 

existing ones? 

8) What kind of trust level you have with higher management in regards to safety 

policies and implementation? 
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Appendix G: Impact of risk matrix on Project’s cost and duration (Source: Author’s own work). 

Risk Hazard Risk Score Increase in project duration , Min 

and Max (hrs) 

Pinch hazard (moving engine 

components, un-shielded moving parts) 250 20 - 100 

Explosion (overpressure in system) 3.75 40 -150 

Stroke hazard (Loose components/ tools 

with kinetic energy) 12.5 10 - 25 

Collision 125 1-25 

Friction hazards 50 1-30 

Slip hazards (leakage) 25 1-50 

Technical problem in engine 

components 50 1-100 

Abrasion risk 50 1-80 

Tool handling hazards 125 1-30 

Chemical irritation with engine fluids 50 1-200 

Corrosive fluids (coolant etc.) 10 1-20 

Contact with engine fluids (Fuel 

,lubrication oil) 10 1-5 

Toxic fluids (Aftertreatment fluids) 10 1-50 

Fire hazard 75 1-25 

Contact with exhaust gases 

(inflammation, burns) 25 1-60 

Electric shock 50 2 - 10 

Electric short circuit 37.5 2-75 

Electric fire 0.05 2-80 

Electromagnetic radiation 0.05 1-10 

Technical issues in electric components 100 1-10 

Insufficient light 12.5 1-5 

Insufficient space 125 1-5 

Insufficient ventilation 62.5 1-5 

Excessive noise, vibration etc. 125 1-7 

Stressful body posture 62.5 1-7 

mental stress, time pressure 62.5 1- 5 

ambient temperature 50 1-10 

weather conditions 5 1-50 

Insufficient work tools (work clothing, 

shoes etc.) 25 1-25 
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Appendix H: Proposed Integrated risk management model (Source: Author’s own work). 

 

 

 

 
 

 

 

 

 


