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A Study of Oil Spill at Marine )
Companies: Factors and Effects oo

Ismila Che Ishak, Wan Muhammad Hafiz Wan Ab Rani,
Shaiful Bakri Ismail and Norazimah Mazlan

Abstract Shipping activity is growing rapidly due to the effectiveness of marine
transports in fulfilling the high demand of a global trade. The oil spill in the ocean
is a serious issue due to its adverse effects, especially in the marine environment
and the economy of the country. The oil pollution was caused by several factors,
including human error, negligence, technical error, equipment failure, system failure,
failure in implementation of required safety procedures, incompetency of crews and
natural disaster. The aim of this research is to identify the main factor contributing
to the oil spill as a preliminary study to prevent an unnecessary oil spill incident.
Questionnaires survey was conducted on staff of oil and gas company and a maritime
government agency in Lumut, Perak, Malaysia. The result shows the most significant
factor of the oil spill is from human error which is resulted from in compliance of the
standard operating procedure such as lack of technical skill (ship handling, operating
system), communication failure between staff, fatigue and poor to follow rules and
regulation at work place. Meanwhile the second part of this research is to identify
which of these three factors of independent variables can be assumed as the most
effect variables towards the dependent variables (environmental and economic) by
measuring the strength and relationship between the variables. The result indicates
natural disaster the highest positive relationship (r = 0.778) towards environmental
effect and, human error indicates the strongest relationship (r = 0.660) for economic
factors that effect to the oil spill.
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1 Introduction

The shipping industry is the earliest industry in the world with a diversification of
exchange of goods of an international trade. Sea transport is a cheap transport cost
as compared to transport by air as collectively states by Luoma [35], Chang et al.
[9], but the sea transport also has a great risk especially in the event of an oil spill.
Some countries depend on oil production and trade in generating national income.
The hydrocarbon spill in the marine environment is very dangerous to the marine
life, affects the human health, and bring down the economy of a country as state by
Teal and Howarth [55], Aguilera et al. [3] and Fingas [20]. Water resources will be
tainted, and contamination of the soil and the operating beach and port industry will
be delayed because of the oil spill, as the industries require clean sea water supply
to resume operation. The biggest catastrophic threat to the sea is the issue of the
oil spill and the release of harmful chemicals into the sea. Malaysia is a member
of several international conventions concern on marine pollution such as United
Nations Convention on the Law of the Sea (UNCLOS) 1972 [56] and International
Convention for the Prevention of Pollution from Ship (MARPOL) 1973/78 [36].
Annex 1 of the MARPOL specifically mentions on the prevention of pollution by oil
at sea.

This research focuses to analyze the most significant factor contributes to the
oil spill and, to determine the effects of the oil spill. This research was conducted
at three different organizations which are; oil & gas company, maritime operator
organization, and maritime government agency. The selected oil and gas company
involves in providing maintenance and repairing the floating oil and gas facilities,
piping the oil and gas pipes, as well as the construction of platforms offshore. The
maritime operator organization involves in providing a transportation service to pas-
sengers. Meanwhile, the maritime government agency is establishing to monitor and
manage all matters relating to port, shipping activities, responsible in ensuring the
sailing ships sail safely, conducting inspection on vessels on license, ship identifica-
tion and compliance of regulations, monitoring, providing an assistance to ships and
responsible for supervising the seafarers’ examination.

2 Methodology

2.1 Theoretical Framework

A theoretical framework is a structure supports a theory of the research and is used
to determine the relationship of the study. An independent variable is a variable
change in a scientific experiment to study on the effect of the dependent variables.
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Dependent Variable Independent Variable

FACTORS OF OIL SPILL: EFFECTS OF OIL SPILL:
1) Human Error

ii) Equipment Failure
iii) Natural Disasters

i) Environmental Effect
i) Economic Effect

Fig. 1 The research theoretical framework

The dependent variable is the variable which measures in a scientific experiment as
mention by Hogreve et al. [28]. The independent variable focuses on the element of
factors of an oil spill such as; human error, equipment failure and natural disaster.
The human error has collectively state by Chauvin et al. [11]. Chicago: National
Safety Council (2008), Rothblum [48], Anderson and LaBelle [7], Kontovas et al.
[30], Gasparotti [22] and Abdulrazaq and Kader [1]. Meanwhile, for the equipment
failure supports by Okoye and Okunrobo [41], Okechukwu Anyanwu [41], Lee et al.
[32], Akpomuvie [6], Omofonmwan and Odia [42], and for natural disaster has
agree by Sholeye et al. [52], Akpofure et al. [5], Hogarth [27], Pine [46], Cruz and
Krausmann [14], Grimaldi et al. [25] and Wang et al. [58]. On the other hand, the
elements in the dependent variables are environmental and economic effects. The
environmental effect has support by Teal and Howarth [55], Aguilera et al. [3] and
Fingas [20], Farrington [19], Siliman et al. [53], Sumaila et al. [54], Corn [13],
Demopoulos and Strom [17], Ajide and Isaac [4], Adelana et al. [2], Ordinioha and
Brisibe [44], Barry [8], EPA [18], Klemas [29], DeLeo et al. [16], Sagerup et al. [50],
Shigenaka [51] and Giri et al. [24]. Finally, for the economic effect has collectively
agree by Montewka et al. [37], Zock et al. [62], Verma [57], Hayworth et al. [26],
Opukri and Ibaba [43], National Commission [39], Gill et al. [23], Barry [8], Opukri
and Ibaba [43] and Ajide and Isaac [4] (Fig. 1).

2.2 Population, Sample and Respondents

The population of this research involves employees in the oil and gas company,
maritime operator organization, and maritime government agency. The 92 sample is
taken at 40% of the total population. 65 respondents participated as shown in Table 1,
and the response rate is at 70.65%.

Design of Questionnaire. The questionnaire consists of five sections which are;
Section A: Respondent’s background, Section B: Company’s Background, Section
C: Factors to oil spills, Section D: Effects of the oil spill and, Section D: Suggestion
and Opinion from respondents.
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Table 1 Population, sample Breakdown Population | Sample | Respondents
and respondents

Oil and gas company 140 42 30

Maritime operator 40 20 15

organization

Maritime government 50 30 20

agency

Total 230 92 65

3 Results Analysis

This section discusses three main analysis which are demographic analysis, factor
analysis and regression analysis. The demography analysis is a statistical and math-
ematical analysis use to study respondents’ size, composition, distribution of human
populations and, how these features change over time. Data are obtained from the
record of the events such as gender, age, marital status, educational background and
working experiences as state by Lawrence [31], Neubert and Caswell [40], Xie [61]
and Li [34]. In addition, descriptive statistic is a summarize table from the research
result and reflect population, sample, respondents, and the data has split into mode,
mean, median, standard deviation and variance. It is applied to compress and sum-
marizes the data clearly for report preparation as mention by Data [15], Runyon [49],
Wiersma [59] and Leech [33]. Moreover, a regression analysis is used as it is one
of the most widely used technique for analysing multifactor data and, is apply to
express the relationship between a variable of interest (the response) and a set of
related predictor variables as agree by Pedhazur [45], Fox [21], Montgomery [38]
and Chatterjee [10].

3.1 Demographic Analysis

Demographic study shows the background data from each 65 respondents that ran-
domly selected for this survey. This analysis is important to learn more about a sample
characteristic to determine the suitability of their response towards this survey and
further explain the result. Table 2 shows list of selected respondents’ background,
such as gender, age, highest education and working experiences. This selected back-
ground is according to their relevancy towards oil spill factor and effects. From 65
respondents, there are 50 male and 15 female respondents. There is a difference in
gender as the oil and gas company, maritime government agency and maritime oper-
ator organization are involved in a heavy engineering industry, which requires more
male manpower in general, and female staff involve in administrative matters. The
range of the age is between five years, which refer to the age range of the staff of
the selected companies. The group of the age is considering several factors such as
their position and working experiences. In the age range between 31 and 35 years
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Table 2 Respondents Descriptions Results Percentage

demography results
Gender Frequency
Male 50 76.9
Female 15 23.1
Age Frequency Percentage
20-25 years 4 6.2
26-30 years 11 16.9
31-35 years 32 49.2
36-40 years 18 27.7
Marital status Frequency Percentage
Single 24 36.9
Married 35 53.8
Divorce 6 9.2
Highest education Frequency Percentage
SPM/PMR 1 1.5
Diploma 5 7.7
Degree 26 40.0
Master 33 50.8
Working experiences Frequency Percentage
Less 5 years 29 44.6
5.1-10 years 12 18.5
10.1-15 years 19 29.2
15.1-20 years 3 4.6
20.1-25 years 2 3.1

old, shows the highest feedback which is at 49.2%, and followed by the age range
between 36 and 40 is at 27.7%. This value is enough to represent age range for all
the samples as a majority. The majority staff who is included in this age are holding
positions from middle management to top management and, it is related to the posi-
tion and experience to counter the issue towards the factor and effects of oil spill. In
terms of marital status, the majority are married which is at 53.8%. There is not much
difference for the academic qualification among respondents for Bachelor holding
is at 40.0 and 50.8% for Masters. Only 7.7% respondents holding Diploma. In the
scope of the research required at least staff with Diploma to carry marine operation
daily tasks at ports. Besides that, this research shows that most of the respondents
with working experiences are less than 5 years at 44.6%. The working experiences
staff who are especially involved in marine operation are eligible to the organization
due in covering issues in the oil spill. It is because experiences staff is highly knowl-
edgeable and manageable to handle big incidents and the employers have taken an
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Table 3 Descriptive statistic

Factor Results

N Mean Std. Deviation Std. Error mean
Human error 65 4.0484 0.34835 0.04321
Equipment failure 65 3.8879 0.37669 0.04672
Natural Disaster 65 3.8484 0.41717 0.05174

appropriate decision in recruiting them and placed at the relevant working expe-
riences in combating the oil spill issue. The duration of more than 5 years to 15
working experiences are enough to measure the capability of their work and this is
supported by Wiesenfeld et al. [60] states that, experiences workers gaining a lot of
experiences on working situation and meet the standard quality of work parallel with
the salary gained.

3.2 Descriptive Statistics (Factors)

There are three main selected factors that contribute to oil spill at selected marine
company which are human error, equipment failure and natural disaster. These factors
can be simply measured using descriptive statistics. The analysis in Table 3 shows the
descriptive statistics for all the variables in the research. Typically, the mean, standard
deviation and number of respondents (N) who participated in the research are given.
Looking at the mean, conclude that the factor of human error is the most important
variable that influences and contribute to oil spill at marine company as agreed by
respondents and it has the highest mean of 4.05. This is supports by Rothblum [48],
claim that 80% of oil tanker accidents that lead to oil spill are from the human
activities and errors. Based on the survey to the respondents, most common sub-
factors are significant and represented to the human error are; lack of technical skill
(ship handling, operating system), communication failure between staff, fatigue and
poor to follow rules and regulation at work place.

3.3 Correlation (Effect)

From this analysis, the relationship between independent variables and dependents
variables are evaluates. In this section, contain two results of correlation between
independent variables with two variables of dependent variables which are environ-
mental effect and economy effect respectively. Ideally, the aim for the second part
of this research is to identify which of these three factors of independent variables
can be assumed as mostly effected to the oil spill by measuring the strength and
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relationship between the variables either tend to increase and decrease the direction
of the lines.

Correlation Effect on Environmental. The reason for the environmental and
economic are chosen as the dependent variables due to the collective severe effects
on ecosystems and the environmental where the oil spill is released, it is also involve
oil toxic effect on the habitats, seafood, marine mammals, plankton, coral and marine
habitat by Siliman et al. (2012), effect ocean and bring the marine life to extinction
either quickly or slowly by Farrington [19], takes a long time to restore oil spill
as affects habitat, mangroves, food chain structure in the area by Sumaila et al.
[54], effect flora and fauna on the seafloor, fish that eat plants on the seafloor are also
affected by the inundation of plants that are stuck with oil by Corn [13], Demopoulos
and Strom [17], effect people near oil spills and cause their crops to be damaged due
to mixing with the spill oil and underground contaminated water by Ajide and Isaac
[4], Adelana et al. [2], effect the reduction of nutrients and proteins in foods such as
vegetables, cassava, and fish which are mixed with toxic oils and can harm humans
and animals by Ordinioha and Brisibe [44] and Verma [57], effect life and health of
the people in the immediate area of the oil spill by Barry [8], Ordinioha and Brisibe
[44], effect on respiratory problems, skin inflammation, difficult to get clean food
and water by Adelana et al. [2] and Zock et al. [62], effect DNA damage which can
cause cancer and multigenerational birth defects by EPA [18], effect the marine life
by DeLeo et al. [16], Sagerup et al. [50] and, effect wetland and estuarine habitat by
Klemas [29].

Correlation Effect on Economic. In addition, the process of cleaning up the
oil spill require quite a while and the cost is expensive. The oil spill causes the
coastal areas to be contaminated and disrupted the recreational activities such as
camping, fishing, and swimming. The cleaning up is expensive and need to consider
the types of oil spill, quantity spill, size of the spill, spill distance of the oil with
the coast by Montewka et al. [37]. It effects income to decline and causing rural
population move to the urban area to find additional sources of income in sustaining
life, affects the tourist activities and cause the number of tourists to decrease by
Hayworth et al. [26], effect the closure of the fishery sector and causing fishermen to
lose the source of income by National Commission [39]. The tourism industry that
rely on the water activities such as skating, kayaking, swimming, and rafting are also
affected and cause the hotels, restaurant owners, tenant boats, dive tour operators
and others who have income from the recreational activities in the coastal zone will
experience a significant economic loss by Gill et al. [23]. The activities such as
farming, agriculture, and fishing will be affected and forced into unemployed or to
change to another jobs for survival by Barry [8], Opukri and Ibaba [43] and effect
economics and human health through the contamination and death of fishes by Ajide
and Isaac [4].

Correlation analysis describe the strength of the relationship between two or
more variables based on Table 4. Pearson correlation coefficient (r) is a measure
to determine the strength of the alliance between the two variables as propose by
Coakes et al. [12] and, two variables are related to each other then, the variables are
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Table 4 Rz.mge of Val.u es for Correlation coefficient (r)

the correlation coefficient
Perfect negative —1
No correlation 0.00
Very weak 0.00 to 0.19-0.00 to 0.19
Weak 0.20 to 0.39-0.20 to 0.39
Moderate 0.40 to 0.59-0.40 to 0.59
Strong 0.60 to 0.79-0.60 to 0.79
Very strong 0.80 to 1.0-0.80 to 1.0

said to be correlated as a claim by Puth et al. [47]. This analysis helps to derive the
degree and the direction of such relationships both variables.

Tables 5 and 6 indicates the result of relationship between independent variables
(human error, equipment failure and natural disaster) with dependent variables (envi-
ronmental and economy). Ideally, this analysis is conducted to identify which one
of the factor mostly effect towards the oil spill by measuring the strength of the
coefficients. According to Table 5, it shows a strong association between all three
independents (factors) variables with dependents variable (environmental) with the
range of coefficient r = 0.683 to r = 0.778. The result shows that natural disaster
indicates the highest correlation coefficient that gives positive and strong relationship
with environmental effect (r = 0.778) as the natural disasters are a natural event, and
is out of human influence which cause phenomena such as earthquakes, hurricanes,
adverse weather conditions as collectively claim by Sholeye et al. [52], Ajide and
Isaac [4], Adelana et al. [2], Ordinioha and Brisibe [44] and Verma [57].

Meanwhile, the second result from Table 6, shows a strong association between
only two independents (factors) variables with dependents variable (economic) with
the range of coefficient r = 0.642 to r = 0.660 which are human error shows the
highest coefficient correlation value (r = 0.660). It is true that the human error factor

Table 5 Correlation

P lation (Sig. 2-tailed = 0.000, N = 65
independents variables and earson correlation (Sig. 2-taile )

environmental effect Environmental effect
Human error 0.694"
Equipment failure 0.683™
Natural disaster 0.778"

Table 6 Correlation

¥ lati ig. 2-tailed = 0. .002,N =
independents variables and earson correlation (Sig. 2-tailed = 0.000-0.002, N = 65)

economy effect Economy effect
Human error 0.660"
Equipment failure 0.378"
Natural disaster 0.6427"
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in contributing to the oil spill leads to economic efficiency. This is because the
people nearby area of the oil spill tends to lose income from affected fish with the
mixing chemical from the oil spills and the cost to clean up the spill oil is expensive as
collectively agree by Akpofure [5], Opukri and Ibaba [43], Gill et al. [23], Montewka
et al. [37] and Ajide and Isaac [4].

4 Conclusion and Recommendation

As a conclusion for the first objective, it was found out that human error is the main
factor of the oil spill as agree by Abdulrazaq and Kader [1], Chauvin et al. [11],
Adelana et al. [2] and Rothblum [48]. Meanwhile, the conclusion for the second
objective is that most of the independent variables have a strong relationship with
the dependent variables. Human error, equipment failure, and natural disaster have
a strong relationship towards the environmental and economic effect. The presence
of the oil spill in the environment contributes significantly to the degradation of the
environment and affects the economy of that area. It is undoubtedly that the oil spill
is a serious issue, which can lead to the destruction of nature and the organism,
whether it is immediate or long-term as agreed by Verma [57], Farrington [19], and
Ordinioha and Brisibe [44].

As a recommendation, an efficient cleanup and remediation programs need to be
conducted as the oil remains in the water. The human error can be reduced if one
takes an extreme precaution and proper safety assessments. The related authorities
such as Department of Environment (DOE) and Marine Department (MARDEP)
need to ensure the person handling vessels or jobs related to carrying oil in the sea,
especially oil tankers, must have a valid certificate, not under the influence of alcohol
and prohibit the use of illegal drugs. In minimizing the pollution of the oil spill by
human error to the marine environment, the workers or crews need an adequate and
enough series of training. Secondly, the rule on double hull requirement needs to
be complied with by tanker ships. Double layers of a watertight hull surface are a
precaution in minimizing the pollution, which normally occurred during a collision,
grounding or any other unexpected accident. Finally, sea pollution due to oil spills
can also be reduced by using environment-friendly technology, by replacing the
petroleum power to a solar power consumption.
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Abstract The research is carried out to study the behaviour of the Deepwater
Offloading Single Buoy Mooring (SBM) as well as the mooring line after combining
polyester to the existing mooring line design. The first mooring line is consisting of
chain and spiral strand wire which is becomes current practice in oil and gas industry.
The second mooring line is designed by introducing polyester into the system. Static
analysis is carried out by using lump mass method which is proposed by Wingerie
(2008). There are 2 mathematical software have used for static analysis which are
Mathcad and Matlab. Both of the mooring designs are then be analysed in ANSYS
AQWA for dynamic analysis.

Keywords Single buoy mooring + Mooring designs + Dynamic analysis

1 Introduction

In the paper a catenary anchor leg mooring (CALM) buoy moored in a water depth of
1,200 m is considered. The purpose of this CALM buoy is to provide an offloading
point for transferring oil from an floating production storage offloading (FPSO),
which is moored at a distance of approximately 1 nautical mile, to a shuttle tanker.
In this analysis, the total length required is calculated using static analysis and the
overall performance of mooring system will be analysed in ANSYS. Comparison
between 2 types of mooring line will be analysed. The first type consists of chain
and spiral strand rope whilst the second type will be combination among mooring
chain, polyester and spiral strand.
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2 Objectives

i. To design the mooring line which is a combination of chain, spiral strand and
polyester in a mooring line to reduce the risk of mooring failure due to corrosion
effect.

ii. To determine the horizontal offset of Single Buoy Mooring after polyester rope
is added to the mooring line segment.

iii. To compare the performance between both of the mooring line design using
results gained from dynamic analysis in ANSYS AQWA.

3 Environmental Factors

In this study the Single Buoy Mooring would be used at Malaysian sea water and the
water depth chosen was 1200 m which is located at Kikeh, Sabah (see Fig. 1). The
significant wave height is considered as 6.31 m and wave period equals to 13.1 s.
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4 Problem Statement

Steel wire rope and chain have been used for mooring floating offshore production
systems since their introduction nearly 30 years ago. A survey carried out by Noble
Denton Europe Limited (2006) has shown that a lot of serious incidents associated
with floating production system have occurred in the past, including loss of station.
According to Chapline et al. (2008), service life of mooring line can be influenced
by the local conditions. Warmer tropical sea water has become the main factor that
deteriorated the service life of mooring line due to corrosion.

5 Synthetic Fibre

The key advantage of using the synthetic fibre ropes over chains and wires is their
relatively low in cost. The comparative cost and mass analysis of several single-line
catenary and taut-moored arrangements including several different anchor configu-
rations has been carried by Ridge et al. (2010). The comparison highlight about the
advantages to replace conventional mooring chains by using lightweight but durable
mooring components. For example, the ability of nylon to reduce peak loadings
would allow smaller gauge mooring chain to be used in anchor-chain- surface buoy-
rope-device configurations. The study noted that the reduced by 88 kg/m and the
cost by over RM450,000 per mooring line (estimated) can be achieved by adopt-
ing this design to the overall mass of the system. These reductions would partly
be attributable to the specification of lower capacity components, such as anchors.
Clearly in practice the feasibility of using a particular mooring system and actual
cost savings that are achieved will depend on the case in question.

6 Mooring Configurations

According to Joshua (2013), there are many types of mooring configurations used
for offshore structures, and they range from simple passive moorings to complex
active systems. The three main configuration categories are single-point moorings,
spread moorings, and dynamic positioning systems. Single point moorings utilize
one mooring line, and can have one or more anchors. They are often used for deep-
water meteorological buoys or small floats. They offer a large amount of compliance
for dynamic wave environments, but they have large watch circles and do not provide
directional control. To support a wide range of offshore structures, spread mooring
is used because of their design to use multiple mooring lines and anchors. Their
complexity can be greatly varied and the designs of the line are either catenary lines,
tensioned lines or the combination of both lines. They usually have less compliance
and a larger underwater footprint however; they offer directional control and typically
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have much smaller watch circles than single points mooring. To change and control
mooring configurations, dynamic positioning systems such as winches or thrusters
is used to utilize active controls. Single point or spread mooring is used and they
are often very complex. The system is used for the large offshore structures, such as
oil-rigs or floating wind turbine.

7 Analytical Calculations of Static Forces

Usually, mooring line consist of different types of material especially for deep water
application. It may be combined with one another to withstand environmental force
and secure the floating structure. In this study, there are 2 types of mooring line
would be analysed. The first type is chain—wire and the latter is chain-polyester-
wire connection. In static analysis, 2 methods were used to find the initial parameter
before dynamic analysis is carried out. These 2 methods are analytical solution and
element solution which were proposed by Wingerie (2008). The results from both
solutions are compared to validate the data. As referred to Fig. 2, the line is segmented
into 2 parts, 1 being chain part whilst being the wire part.

h2

Fig. 2 Mooring line segment
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Table 1 Buoy parameters Parameter Value (m)

Buoy hull diameter 17

Skirt diameter 21

Buoy height 7.65
Draft 5.65
KG 3.40
Kxx 4.39
Kyy 4.39
Kzz 6.01
Fairlead radius 9.5

Fig. 3 Buoy construction completed

8 Buoy Construction

The buoy is divided into 2 part which consist of freeboard and underwater part.
The buoy has cylinder shape for both parts that make it easy to construct. It was
constructed by using Ansys modeler. The parameter of the buoy is as in Table 1.
Figure 3 shows the buoy design after the construction process was completed.

9 Equation of Motion

The response X of a structure in waves is calculated by solving the equation of motion
in the frequency domain for unit wave amplitude, in Eq. (1):

[~ (M + M, (0)) — iwB(w) + C1X () = F () (1)
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Where;

is structure mass

is added mass (frequency dependent) B is damping (frequency dependent)
is hydrostatic stiffness

is wave force (incident and diffracting forces).

“

TOXE

10 Mooring System Simulation

Estimation of mooring system is found from AQWA program as well. The procedure
has the following simplification:

i. Cables are semi-taut/taut during the analysis i.e. they have a defined pre-tension.
ii. The sea bed will be considered as horizontal at the location of the anchors.

iii. The cable is modelled with a fixed number of elements.

iv. Inline dynamics (along the line of the cable) is included.

v. Sea bed friction is ignored.

11 Irregular Wave

Irregular Wave Group: In addition, it can be added to the Hydrodynamic Diffraction
system when Linearized Tube Drag is specified for the analysis (only a single irregular
wave can be used in the Hydrodynamic Diffraction system, and no Cross Swell should
be specified).

12 Dynamics Analysis of Mooring Lines

In this study, dynamic analysis is conducted by using ANSYS AQWA. The buoy is
constructed by using ANSYS MODELER and all the input parameters are defined.
This is including the environmental condition and material properties for all the
mooring line. The buoy is analysis by using DNV requirement for mooring design.
There are 3 types of mooring design analysis which are:

i. An ultimate limit state (ULS) to ensure that the individual mooring lines have
adequate strength to withstand the load effects imposed by extreme environ-
mental actions.

ii. An accidental limit state (ALS) to ensure that the mooring system has adequate
capacity to withstand the failure of one mooring line, failure of one thruster or
one failure in the thrusters’ control or power systems for unknown reasons. A
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Fig. 4 Forces applied to buoy and mooring lines

single failure in the control or power systems may cause that several thrusters
are not working.

iii. A fatigue limit state (FLS) to ensure that the individual mooring lines have
adequate capacity to withstand cyclic loading.

iv. Since there is time and information constraint during this study, the student has
focused to only the ultimate limit state design. Generally, the force applied to
the buoy and mooring line is directed from different angle as shown in Fig. 4.

13 Mooring Simulation

Usual options for the mooring simulation analysis are taken into consideration:

i. Head Seas;
ii. Quartering Seas;
iii. Beam Seas.

In this analysis, the researcher had focused on heads seas and quartering seas
only because the effect on beam seas will be similar as in head seas. This is due to
the geometry shape of the buoy. The buoy has cylinder shape so that it would give
constant projection area for any load of direction.
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Fig. 5 Maximum tension on each mooring line

13.1 Tension of Mooring Lines

There are two important points that should be taken into account. Firstly, if the
environmental load is directed to 0° which is head seas, line 2 will incur highest
tension because the line is in line with the load direction. Secondly, if the load
direction is 45°, line 4 will experience highest tension but the value is lower than the
first case. The tensions on all 4 lines are distributed quite even in quartering seas.
Refer to the bar chart (Fig. 5); the tension of each line for each case is presented in
order to get clear perspective before further comparison is made.

14 Hydrodynamics Performance

Whereas the total length and tension of the mooring line are analyzed, hydrodynamic
motion of the buoy is compared for both design. The performance of mooring line
is translated by the rotational and translational motion of the buoy since couple
dynamic analysis between mooring line and buoy are carried out by using ANSYS.
The comparison is made only for head seas direction because the characteristics from
other angles are quite similar due to the symmetrical shape of the buoy.

15 Results and Discussions

The metacentric height (GM) for the buoy is 2.4 m and restoring moment is about
9.872 kN.m/degree. Metacentric height is measured from the centre of gravity to the
metacentre of the buoy. Positive value of metacentric height is required to show the
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stability of the buoy when external force is applied to the body. There are 3 types of
GM characteristics of a floating structure or body including:

i. GM less than zero, which means it has negative value. In this condition, the
buoy is considered as unstable equilibrium. The uprighting moment produced
becomes less than zero. In other words, the buoy doesn’t have initial stability
and when external force is applied onto the buoy, it will incline to a certain angle
and then it will tend to heel over and finally it will capsize. There is no restoring
moment which will restore the buoy to an upright position.

ii. GM is equal to zero, thus the uprighting moment is equal to zero. In this case,
the buoy is considered has initial stability but after environment load is applied
to the buoy, it will remain in the same angle of heel until another external load
is applied. This happens when the KM equals to KG. The position of the buoy
(angle of heel) can be determined by the amount of load applied to the buoy
since there is no countering force from the buoy.

iii. GM more than zero. Thus the uprighting moment would be positive value.
The buoy is considered in stable equilibrium. The buoy would able to return
to its initial state although external load is applied to the buoy. The restoring
moment will restore the buoy its original position. However, the amount of load
should be less than the restoring moment, otherwise, the buoy might capsize.
GM should always become positive to provide stable condition. When the GM
is comparatively high, thus the righting moment at small angle of heel will also
be comparatively high. It means that, larger or higher moment is required to
incline the buoy.

As stated in DNV Offshore Standard for offshore loading buoys, the GM shall
be positive. There is no specific value mentioned in the standard since there is no
person working on board for 24 h like offshore platform.

16 Conclusions

From this research, several important conclusions can be stated. Polyester has gener-
ated a big impact toward dynamic performance of the buoy. Polyester has achieved
a better performance compared to the chain—spiral strand mooring line after couple
dynamic analysis had been carried out.

It provides shorter horizontal excursion as well as less rotational and translation
motion. It is an important criterion in mooring design because aggressive hydrody-
namic motion would lead to lost host connection. Besides that, excesses horizontal
offset would generate extra tension to the riser connection that could result in riser
failure, thus big disaster might be happen.

It also generates lower total cable force that result in lower equipment specifi-
cation. These reductions would partly be attributable to the specification of lower
capacity components, such as hawser, anchor, shackle, etc.
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The polyester should be considered for deep water mooring because of its excellent
performance and it would be able to reduce the risk of failure due to corrosion.
Although it requires longer total mooring line, the overall benefits that we got is
considerably worth it.

17 Recommendations

From this research, there are several characteristics that can be improved and
enhanced in order to achieve a better result and analysis. In addition, it is also crucial
so that any improvement towards the design and configurations may be developed
in a way to reduce the surge responses.

First and foremost, to improve the validity of the hydrodynamic response calcu-
lated and estimated using both of the analysis (statics and dynamics), it is vital that a
model analysis is made in the wave tank. Its function to test the designs of the buoy
and mooring line in a real life manner where researcher can observe and analyze the
hydrodynamic characteristics thoroughly.

Moreover, couple dynamic analysis between FSO, SBM and mooring line should
be made to get a better mooring design. However, FSO’s dynamic motion was not
included due to the higher processor memory required to run additional floating
structure model in the analysis.

According to OS E-301, there are 3 types of mooring design analysis. In this anal-
ysis, the researcher had focused on the ultimate limit state analysis. The remaining 2
analysis; accidental limit state and fatigue limit state analysis should be carried out
to determine the overall performance of mooring line.

Finally, environmental data such as seabed or soil condition can be added into
the analysis. It would enable the friction effect between the laid mooring line and
seabed may be calculated. However, during the research, seabed frictions have been
neglected due to difficulties to gain the information and time constraint during the
research.

References

—

AQWA (2012) user manual

2. Barltrop N (1998) Floating structures: a guide for design and analysis. Oilfield Publications
Limited

3. Bea M (2004) Conceptual design of a semi-submersible floating oil and gas production system
for offshore Malaysia. Chicago

4. Chakrabarti S (2005) handbook of offshore engineering. Elsevier, Amsterdam

5. CalvertJ (2014) The catenary. http://mysite.du.edu/~jcalvert/math/catenary.htm. Last accessed
12 Aug 2014

6. Chaplin C, Potts A, Curtis A (2008) Degradation of wire rope mooring lines in SE Asian waters.
Offshore Asia

7. Childers M (1973) Mooring systems for hostile waters. Petroleum Engineer 45(5):58-70


http://mysite.du.edu/%7ejcalvert/math/catenary.htm

Dynamics Analysis of Single Buoy Mooring in Malaysian Waters 23

o

10.

11.

12.

13.

15.

Chopra A (2007) Upper saddle river. In: Dynamics of structures, 3rd ed. Pearson education
CozijnJ, Bunnik T (2004) Coupled mooring analysis for a deep water CALM buoy. Proceedings
international conference on offshore mechanics arctic engineering

Faltinsen O (1990) Sea loads on ships and offshore structures. Cambridge University Press,
Cambridge

Flannery C, Choo B (2007) Kikeh batch setting: case study. In: Proceedings of SPE/IADC
drilling conference

Harris R, Johanning L, Wolfram J (2004) Mooring systems for wave energy converters: a
review of design issues and choices

Low Y, Langley R (2006) A comparison of time domain and frequency domain approaches
for the fully coupled analysis of deepwater floating systems. In: Proceedings international
conference on offshore mechanics and arctic engineering

Montasir OA, Yenduri A, Kurian VJ (2014) Effect of mooring line properties and fairlead slopes
on the restoring behavior of offshore mooring system. Research journal of applied sciences,
engineering and technology 8(3):346-353

Nakajima T, Motora S, Fujino M (1982) On the dynamic analysis of multi-component mooring
lines. In: Offshore Technology Conference, OTC 4309, pp 105-120



Forensic Investigation on the Propulsion )
Train System for Vibration Induced oo
Phenomenon Onboard a Naval Vessel

Using Fast Fourier Transform

Hamdan Nuruddin, Muhammad Hazwan Azizi,
Muhammad Nasuha Mansor, Shaiful Bakri Ismail
and Iwan Zamil Mustaffa Kamal

Abstract Vibration is a phenomenon that produces sound waves. For a naval vessel
reducing the acoustic signature was vital in order for her to fulfill her role as an effec-
tive weapon platform because sound waves can reveal the vessel’s position to enemy
warship especially submarines which in turn will deploy acoustic seeking torpedoes
to destroy the vessel. The research was to investigate the source of excessive vibration
onboard a naval vessel. This abnormally was probably caused by the major repair on
the vessel during the scheduled maintenance. Data were taken at various locations
in the machinery room among them were at the propeller shaft, main bearing, gear
box, plummer block, main engine and auxiliary engines using an accelerometer and
SKF MICROLOG analyzer. All together thirty-eight points were taken. The arrival
of advanced signal processing tools such as MATLAB greatly change the sphere of
development of vibration study. The spectral analysis, time synchronous signal aver-
aging, high frequency envelop analysis and time-frequency analysis can be analyzed
by using MATLAB software. The time domain data were converted to frequency
domain using Fast Fourier Transform (FFT). The frequency data was analyzed for
each item of the propulsion train system and compared against the Vibration Criteria
Chart from classification society. It was found that the propeller and propeller shaft
were having excessive reading beyond the allowable limits. It was recommended that
the propeller be balanced accordingly and the propeller shaft to be straightened and
realigned.
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1 Introduction

Vibration is a mechanical phenomenon that gives adverse impact on the machinery,
ship structure and cause discomfort to the passengers and crew. Any physical bodies
that has mass and mechanical properties will vibrate. This body when disturbed from
its equilibrium position will cause vibratory motion. The vibratory forces from the
mechanical motion of the body will restore the body to it equilibrium state. The
damping force will reduce the amplitude of vibration with time so that the body
stops vibrating. Vibration problem might be caused by auxiliary equipment also not
just the primary equipment.

There are four major causes of vibration by machineries that are imbalance, mis-
alignment, wear and looseness. Imbalance is a heavy spot in a rotating component
when the unbalance weight rotates around the machine’s axis will create a centrifugal
force. For the angular misalignment, this happen when the axes of a motor and pump
are not parallel. Wear can occurs when a roller bearing becomes pitted for instance
the bearing rollers will cause vibration each time they travel over the damage area.
Looseness of bearings also can cause vibration [1]. The marine classification society,
such as Det Norske Veritas—Germanischer Lloyd (DNV GL) has made a Vibration
requirement for all vessel that used DNV GL classification.

A vibration analysis was done to a patrolcraft which belongs to the Royal
Malaysian Navy. After major repair, the vessel under gone a sea trial and it was
experiencing heavy vibration at the stern area. It was decided that it was necessary to
measure the vibration by using SKF MICROLOG equipment. The time series data
was automatically transform to frequency domain data by the SKF MICROLOG. The
data was analyzed to identify the source of vibration. It is highly likely the source
of vibration is coming from the propeller but it is important to identify other source
of vibration as well. In general, the possible sources of vibration include shaft line
bearing, engine, turbocharger, turbine and gears. Every source of vibration has its
own limitation, measurement method as well as velocity [2].

2 Methodology

Several significant points were identified in the engine room for data measurement
locations using SKF MICROLOG equipment as shown in Fig. 1. The locations were:

i. PORT Gearbox Output Shaft—Radial and Axial

ii. PORT FORWARD Plummer Block Bearing Input Shaft—Radial and Axial
iii. PORT FORWARD Plummer Block Bearing Output Shaft—Radial and Axial
iv. PORT AFT Plummer Block Bearing Input Shaft—Radial and Axial

v. PORT AFT Plummer Block Bearing Output Shaft—Radial and Axial.

A built-in Fast Fourier Transform (FFT) function in MATLAB was used to convert
the data from time domain to frequency domain. From the graph, the maximum
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Fig.1 SKF Microlog device

amplitude at corresponding frequency was determined. The amplitude was compared
by using Military Standard TYPE III to determine whether the amplitudes were in
acceptable range. A recommendation to minimize the vibration was applied to ensure
the vibration produced were acceptable for the naval vessel.

3 Result and Discussion

The primary outputs of the result were represented by an amplitude-frequency graph.
Each graph was analyzed using specific formula to determine which frequency
belongs to a specific machinery.
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3.1 Analyzed Frequency Data

Several readings at different points were selected to determine the trend of the fre-
quency data. The locations selected were engine room, engine room output plummer
bearing, aft auxiliary input plummer bearing and output gearbox for different range
of RPMs.

These graphs were produced for the above machineries. Figure 1a showed that the
vibration reading was taken from auxiliary engine room at 84.9 RPM. The highest
vibration amplitude was 0.24167 mm/s RMS produced from the propeller shaft.
Figure 1b is the vibration reading taken from output plummer bearing at 84.9 RPM.

The highest vibration amplitude was 0.21286 mm/s RMS produced from propeller
shaft.
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Table 1 Highest vibration

No. Frequency (Hz) Amplitude Amplitude (mm) Vibration sources
(mm/s RMS)

1 23 0.93144 0.09116 Shaft

2 23 0.59483 0.0582 Shaft

3 23 0.68498 0.06704 Shaft

4 2.1 0.50105 0.04904 Shaft

5 2.5 0.57766 0.05201 Shaft

6 11.5 0.35109 0.00687 Propeller

7 11.2 0.39679 0.00798 Propeller

8 11.6 0.57549 0.01117 Propeller

Figure 2a showed that the vibration reading was taken from aft engine room
output plummer bearing at 141.9 RPM. The highest vibration amplitude was
0.59483 mm/s RMS produced from the propeller shaft while 0.57549 mm/s RMS
was produced by the propeller. Figure 2b was the data taken from the gearbox inner at
141.9 RPM. The highest vibration amplitude was 0.50105 mm/s RMS produced from
the propeller shaft. From the result, the highest vibration amplitude was produced
from the propeller shaft and the propeller. The highest reading was selected from
the propeller shaft and propeller blades. The amplitudes were compared against the
Military Standard TYPE III to determine whether the amplitudes were in acceptable
range (Table 1).

3.2 Acceptance Vibration Limit

For the propeller it was acceptable because its amplitude was just below the allowable
limit. However a recommendation to minimize the amplitude was needed because
the vibration can still reach the limits when the RPM was increased [3].

3.3 Recommendation and Remedial Measure

(1) It was recommended that shaft straightness check to be carried out. This will
enable the ship’s Design Authority to determine if either propeller or shaft
was deformed probably due to the collision with the sea bed. The Main and
Intermediate ‘A’ Bracket Bearing Clearances should be taken and recorded as
part of the straightness check. A total of six dial gauges will be required for
each shaft in order that simultaneous readings can be obtained. The ‘A’ Bracket
Journal readings are expected to be within 0.051 mm Total Indicator Reading
and within 0.127 mm at the Stern Gland Position. Any reading that fall outside
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of the tolerances will be referred back to the Design Authority who may require
additional readings to be collected and action taken accordingly.

(i) Itwasalsorecommended that the balancing of the propeller to be carried out. The
aim was to achieve interchangeability of blades from different manufacturers.
The basis for the allowable unbalance was the ISO R484 criteria [4]. For blade
with large Expanded Area Ratio (EAR) and medium to high rpm, an extra
balancing around the propeller blade pitch setting axis (“Y” axis) is necessary
to minimize the risk for dynamic unbalance (Fig. 3).

4 Conclusion

It was concluded that the vibration problem onboard the patrolcraft was successfully
investigated. The highest vibration occurred was detected from the propeller shaft
with the highest amplitude (mm/s RMS was 0.93144, 0.59483, 0.68498, 0.50105 and
0.57766). While increasing the RPM will increase the amplitude of propeller blades
(mm/s RMS’ was 0.57549, 0.39679 and 0.35109). By referring the Standard Military
TYPE-II vibration acceptance criteria, these vibration amplitudes produced by the
shaft had exceeded the limit. Although the amplitudes produced by the propeller
was still within the range, a recommendation need to be applied. This is because
the amplitudes were nearly reaching the limit. It was recommended that remedial
measures need to be applied to minimize the vibration such as ‘Shaft Straightness
Check’ for propeller shaft and ‘Balancing of Propeller Blade’ for propeller.
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Appendix: Formulas and Calculation

See Tables 2 and 3.

Table 2 Shaft rotation calculation

31

Shaft rotation speed (RPM) Running speed/second (Hz)
141.9 2.36
139.9 2.33
84.9 1.42
Table 3 Rolling element bearing frequency
Shaft rotation speed (RPM) Pinion gear speed (RPM) BPFI* (Hz) BPFO** (Hz)
141.9 549.56 110.98 87.2
139.9 586.18 109.42 85.97
84.9 335.73 66.4 52.17
Np -
*BPFI = > + 1.2 ) x (Pinion Gear Speed)
Np .
xx BPFI = -5~ 1.2 ) x (Pinion Gear Speed)
See Table 4.
Table 4 Propeller blade frequency
Shaft rotation speed (RPM) Propeller blade (Hz)
141.9 11.83
139.9 11.65
84.9 7.08

*Number of blade = 5

* % Blade Frequency = NxShaft Speed

60



32 H. Nuruddin et al.

References

1. Adams LM (2001) Rotating machinery vibration: from analysis to troubleshooting. Second
Edition, New York

2. Chakraborty S (2016) Types of vibrations on ships—machinery vibrations. Marine insight.
Retrieved from http://www.marineinsight.com

3. Defence DO (1999) Mechanical vibration of shipboard equipment. USA: USA. Gockenbach MS
(2005b) A Practical Introduction to Matlab. Retrieved from Howard I (1995) Vibration signal
using MATLAB. Retrieved from Australia

4. Lewis EV (1988) Principles of naval architecture vol 2. The society of naval architects and
marine engineers. Pavonia Avenue, Jersey City, NJ, p 601


http://www.marineinsight.com

Thermal Characteristics of Electrically )
Conductive Adhesives (ECAs): Study L
on Micro- and Nano-Sized Silver Particle

Effect

M. Zulkarnain, M. Mariatti and Zulzamri Salleh

Abstract The electrically conductive adhesives (ECAs) composite of micro-
(2-3.5 pwm of diameter) and nano-sized (80 nm in diameter) silver (Ag) particle
effect were prepared by using the epoxy polymer. The characteristics of particles
size are analysed on the synergistic effect in thermal conductivity that respect to vol-
ume fraction (vol.%). In both micro- and nano-particles study, the volume fraction
factor which is set in the range of 2—8 vol.%. The hybrid-sized technique is proposed
by using the volume ratios of the micro- and nano-sized particles. During hybrid
process, the combination size is varied in three sets: 75:25, 50:50, and 25:75 (the
number on the left indicates the micro-sized particle content, while nano-sized on the
right side). A significant improvement in the optimization of the particles dispersion
synergistic effect on thermal conductivity has been obtained with new techniques in
the experimental data. The influence of the hybrid filler composition on the thermal
properties of the hybrid system was studied. A positive effect was observed in the ther-
mal conductivity result when the composition of micro- and nano-sized Ag particles
reached a 75:25 weight ratio. The nano-sized Ag particles became interconnecting
particles in the interstitial spaces between micro-sized particles.
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1 Introduction

In the past two decades, the alternative electrically conductive adhesives (ECAs)
have been investigated to replace lead-free solder for interconnection material. The
interconnecting material for electronic application such as die attach adhesives, flip-
chip interconnection, and surface-mount electronic component have some advantage
when applied the ECAs such as good electrical conductivity, low cost, extendibility
to fine pitch interconnect and environmental friendly [1, 2].

The major technological problem in the electronic application is contributed by
head dissipation such as chips because it has a fundamental maximum operating
temperature. In addition their reliability rapidly declines at increased operating tem-
peratures. For these reasons the thermal conductivity of the ECAs composite is a
parameter of major importance. Several works have been done to improve thermal
conductivity; Yuan et al. [3] employed epoxy resin that insulating by various particle
fillers, such as aluminium oxide (Al,O3), graphite, copper (Cu), aluminium (Al),
zinc oxide (ZnO), diamond, boron nitride and silver (Ag). They reported that the
thermal conductivity resulted in eight kind of variation where graphite filler showed
the higher thermal conductivity. Meanwhile, the investigation found that flaky-shape
filler tend to perform particles network than spherical-shape. In addition, the sharp-
corner-shape filler generated the higher thermal conductivity. Another researcher
generated Boron nitride (BN)/polymer composite to investigate thermal conductiv-
ity value [4]. Hong Jun Ahn et al. reported the orientation and particles size of BN
with an amphiphilic agent can improve the performance of thermal conductivity. The
results showed that the BN/PVB composite with amphiphilic agents such as C14HgOg
and Cy;H,7N30; given a higher thermal conductivity than the PVB composite with
pristine BN only. Other finding reported that good dispersion and interfacial adhe-
sion with C14HgOg on the C14H¢Os-treated BN/PVB composite can improve thermal
conductivity compare to Cy;Hy7N3O;-treated composite.

Particle dispersion efficiency brings to isotropic composite in such thermally con-
ducting network. Some analysis developed on different fillers with distinct shapes and
dimensions were combined on the basis of complementary structural and property
advantages to generated conducting network. Yuan et al. reported that the syner-
gistic effect on thermal conductivity by using different filler. The composite was
generated by using the combination of tetrapod-shaped zinc oxide (T-ZnO) whiskers
and boron nitride (BN) flakes onto polymer phenolic formaldehyde resin (PF) [5].
The characteristics of thermal conductivity are investigated that synergistic effect by
adding the particles. Thermal conductivity value was measured at 30 wt% BN and
30 wt% T-ZnO, the thermal conductivity reached at 1.96 W/mK that higher 6.8 times
than pure PF. Another researcher developed the composite by using graphene nano-
sheets particles that embedded onto epoxy resin to improve the thermal conductivity
of anisotropic conductive adhesives (ACAs) [6]. In preparing of composite, graphene
oxide (GO) and Al(OH)3-coated graphene (Al-GO) fillers were produced using the
Hummers method and a simple sol-gel method, with aluminium isopropoxide as
the aluminium precursor. As the results, particles dispersion of functions graphene
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fillers showed well distributed within the epoxy resins. That synergistic on the ther-
mal conductivity of composite was increased compared to those without fillers.
Silver-filled epoxies have some advantages when used as electrically conductive
adhesives application in the interconnection material electronic devices component
[7]. One probably reason is high thermal conductivity as well as electrical conduc-
tivity properties especially for attachment of chips to substrates application. Both
thermal and electrical conductivity give big impact for ECAs performance, for this
reason on the Ag particle size effect still have challenges to investigate due to lack
information on thermal conductivity of Ag particle on micro- and nano-sized effect.

2 Experimental Method

2.1 Materials

The epoxy product used in this investigation was bisphenol-A-(epichlorohydrin)
with another name was EPON™ Resin 8281 (EPON 8281) that supplied by Hex-
ion Specialty Chemical, USA. The curing agent of Polyetheramine D230 (PEA;
density = 0.946 g/mL at 298 K), which was used for EPON 8281, it was manufac-
tured by BASF Corporation. The condition mix