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The fuel system used as case is based on a HFO fuel system from an oceangoing vessel 

where the propulsion power is provided by a single low speed diesel engine rated 9,350 

kW. Figure 4.5 shows how the fuel oil system is broken down to four sub-groups according 

to their function. These groups are broken further down to maintainable items in Figure 

4.6, Figure 4.7 and Figure 4.8 in reliability block diagrams to illustrate the scope and the 

redundancy.  

 

Figure 4.5: Fuel oil system. 

Figure 4.6 shows a reliability block diagram of the fuel oil transfer system. HFO is loaded 

in four bunker tanks that are fitted with heating coils that heat the HFO to a viscosity that 

makes it pumpable. A single transfer pump fitted with suction strainer pumps the fuel 

from the storage tanks to two the two settling tanks, which is part of the fuel oil 

purification plants sub-group.  

 

 

Figure 4.6: Fuel oil transfer system 

From the transfer pumps, the fuel enters the settling tanks, which is part of sub-group 

702, as illustrated in Figure 4.7. The purification process starts in the settling tanks where 

heavier liquids such as water and sludge sink to the bottom under the influence of gravity 

and are being drained off. The capacity of each of the settling tanks corresponds to 24 

hours of operation at full load of all consumers (Babicz, 2015, p. 553). From the settling 

tank the fuel is sucked through a filter and pumped into the separator via a preheater. The 

preheater heats the fuel up to a temperature of 98C ± 2C (CIMAC, 2006, p. 21). The pre-
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heating is of great importance at it greatly affects the efficiency of the separator. For 

example, if the fuel is fed with a temperature of 90C, the capacity would have to be 

reduced with as much as 35 % to maintain the same efficiency of the separator. The 

separators uses centrifugal force to reduce the content of solids and water to a level that 

doesn’t cause excessive wear or other related problems with the engine. The purified fuel 

then enters the service tanks, which is part of the fuel oil supply systems sub-group.   

 

 

Figure 4.7: Fuel oil purification plants. 

Figure 4.8 shows the fuel oil supply system. The purified fuel is stored in two service 

tanks, each with a capacity corresponding to 24 hours of operation at maximum fuel 

consumption. From the service tank the fuel oil is pumped by one of the redundant supply 

pumps and associated filter. Then the fuel passes through the flowmeter filter and the 

flowmeter. Then the fuel is pumped by one of the redundant circulating pumps that 

increases the pressure to 10 bars. This is to ensure a required pressure of 7-8 bars at the 

engine inlet. Then the fuel passes through one of the redundant heaters that ensures that 

the fuel has the correct viscosity of 10-15 cSt at the engine inlet. Right before the engine 

the fuel passes through a full flow filter. This filter is automatically cleaned with 

backflushing capabilities, and has a manually cleaned by-pass filter that normally is used 

when backflushing (cleaning) is being performed. The fuel then enters the engine (not 

part of the fuel system) where the electronically controlled pressure boosters, located on 

the Hydraulic Cylinder Unit (HCU) for each cylinder, injects the fuel. To ensure ample 

filling of the HCU, the circulating pumps provides more fuel than the engine consumes. 

The surplus fuel returns to the fuel system through a venting tank and enters the fuel 

system downstream of the flowmeter.  
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Figure 4.8: Fuel oil supply system. 

4.2 Operational context and functions 

A ship has several operating modes such as normal seagoing conditions, manoeuvring and 

cargo handling. In each of these operating modes the requirements of the fuel system, and 

hence the operating context, may differ. For the purpose of this analysis it has been 

selected to analyse the system in normal seagoing condition.   

4.2.1 Operational context 

The fuel oil system is located on an oceangoing merchant vessel that sails worldwide, and 

that is powered by a low speed MAN Diesel & Turbo 5S60ME-C engine rated 9,350 kW at 

maximum continuous rating.  The fuel oil system shall be able to process fuel that comply 

with the manufacturers recommendations shown in Table 4.5 (Man B&W, 2014), and 

provide fuel to the engine with a nominal fineness of less than 35 𝜇m, a viscosity of 10-15 

cSt, a pressure of 7-8 bar at a rate of 5.9 m3 per hour. The vessel is equipped with 

scrubbers to comply with emission regulations, and will thus solely use HFO as fuel.  

 
Table 4.5: Required condition of HFO before any on-board cleaning.  

Guiding specification (maximum values) 

Density at 15 °C Kg/m3 ≤1.010* 
Kinematic viscosity   
At 100 °C cSt ≤ 55 
At 50 °C cSt ≤ 700 
Flash point °C ≥ 60 
Pour point °C ≤ 30 
Carbon residue % (m/m) ≤ 20 
Ash % (m/m) ≤ 0.15 
Total sediment potential % (m/m) ≤ 0.10 
Water % (v/v) ≤ 0.5 
Sulphur % (m/m) ≤ 4.5 
Vanadium mg/kg ≤ 450 
Aluminium + Silicon mg/kg ≤ 60 
Equal to ISO 8217:2010 – RMK 
/ CIMAC recommendation No. 21 – K700 

* Provided automatic clarifiers are installed 
m/m = mass , v/v = volume  
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The vessel will not have crew on board during transits that can perform maintenance, 

thus all maintenance have to be performed while the ship is in port. The ship will be 

oceangoing and a typical oceangoing transit is estimated to be 2 weeks, which 

corresponds to a trans-pacific transit between USA and China at a speed of 16 knots. As 

the length of the transits may vary and maintenance personnel may not be available in 

every port, the system shall be able to operate without maintenance for up to 4 weeks. 

The typical worst case scenario is assumed to be a distance of 1 week from the next port 

at maximum fuel consumption. As the ship has settling tanks with a total capacity of 48 

hours of operation at full load of all consumers, and the same for the service tanks, the off-

hire consequences in case of failure depend on where the failure is located in the fuel 

system. For example, if the transfer pump fails, the ship will have fuel in the settling and 

service tank for 4 days of operation at full load of all consumers, while if the separators 

fails, the capacity will be reduced to 2 days. In such cases, the speed can be reduced to 

reduce the fuel consumption causing a delay. The most critical failure will be between the 

settling tank and the engine, where a total failure of the fuel system is immediate.  

 

The relationship between the propulsion power and speed can be described by the 

following equation(Levander, 2012): 

 

𝑃 = 𝑘 ∙ 𝑉3 

 

Where P represents power, V the speed and k is a constant. If it’s assumed that the fuel 

consumption follows the same relation, the delay caused by a reduction in speed can be 

calculated as shown in Table 4.6, assuming that all the available fuel is used. Obviously, a 

total failure between the service tank and the engine will stop the engine and the ship will 

not be able to reach shore without assistance/maintenance.  

 
Table 4.6: Off-hire as function of failure location. 

Failure location 𝑽/𝑽𝒎𝒂𝒙 Delay (days) OH-category 

Before settling tank 0.76 2.3 2 
Settling tank – Service tank 0.53 6.0 2 
Service tank – Engine - > 7 3 
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4.2.2 Functions 

The functions of the fuel system identified are presented in Table 4.7. All functions are 

obviously related to supplying sufficient amount of fuel to the engine at the right 

condition.  

Table 4.7: Fuel system main and secondary functions. 

Type Function 

Primary function To supply the engine with fuel oil at a rate of 5.9 m^3/h at the 
engine inlet. 

Secondary functions To clean the fuel  
 To heat the fuel to a viscosity of 10-15 cSt 
 To contain the fuel 

 

4.3 Functional failures 

The functional failures of the fuel oil system are shown in Table 4.8. With reference to 

Rausand and Høyland’s procedure described in 3.1.2, it may be beneficial to perform a 

FFA, either qualitative or quantitative, to avoid wasting time on insignificant functional 

failures. In this thesis, the time and resources available has been limited and therefore 

such prioritising of functional failures has been necessary, but it does not mean that the 

other functional failures are insignificant. In this analysis, the first functional failure 

“Supplies no fuel to the engine” has been selected. It should be noted that all failure modes 

that eventually causes stop in the supply of fuel to the engine must be included, and not 

only those that causes an immediate stop of the supply.  

 
Table 4.8: Functional failures of the fuel system. 

Function Functional failure 

To supply the engine with fuel oil at a rate 
of 5.9 m^3/h at the engine inlet. 

Supplies no fuel to the engine  

 Supplies less than 5.9 m^3/h 

To clean the fuel Fuel is not being cleaned at all. 

 Fuel is less cleaned than required. 

To heat the fuel to a viscosity of 10-15 cSt Viscosity of the fuel at the engine inlet is 
above 15 cSt. 

 Viscosity of the fuel at the engine inlet is 
below 10 cSt.  

To contain the fuel Fuel oil leak 
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4.4 FMECA analysis 

The FMECA analysis performed for the functional failure “Supplies no fuel to the engine” 

is presented in Figure 4.9 and Figure 4.10. The analysis is performed according to the 

method described in 3.4. Sources of information has been piping and instrumentation 

drawings (P&ID), descriptions and maintenance data from Solvang, failure modes from 

ABS (2003) and failure patterns from ABS (ABS, 2004) and an FMECA analysis performed 

by Wabakken (2015). 
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Figure 4.9: FMECA part 1/2. 

Sy
st

em
: F

ue
l o

il 
sy

st
em

O
pe

ra
ti

ng
 m

od
e:

 N
or

m
al

 s
ea

go
in

g 
co

nd
it

io
ns

 

Fu
nc

ti
on

al
 f

ai
lu

re
: S

up
pl

ie
s 

no
 f

ue
l t

o 
th

e 
en

gi
ne

Pe
rf

or
m

ed
 b

y:
 N

ik
ol

ai
 H

. J
ac

ob
se

n
,

R
e

m
ar

ks
R

ed
un

da
nc

y 

pr
ov

id
ed

?

H
id

de
n

/e
vi

de
n

t?
S

E
O

H
R

C
M

TB
M

 

(m
on

th
s)

Li
ke

lih
oo

d 

ca
te

go
ry

R
is

k 
In

de
x

C
or

re
ct

ed
 R

I

H
.F

.O
 T

ra
ns

fe
r 

pu
m

p 
fa

ilu
re

Fu
el

 c
an

no
t 

be
 t

ra
ns

fe
rr

ed
 b

et
w

ee
n

 H
FO

 t
an

ks
 o

r 
to

 H
FO

 s
et

tl
in

g 
ta

nk
s,

 a
nd

 f
ill

in
g 

of
 t

he
 

se
tt

lin
g 

ta
nk

s 
st

op
s.

 S
et

tl
in

g 
ta

nk
s 

+ 
se

rv
ic

e 
ta

nk
s 

ha
ve

 in
 t

ot
al

 a
 c

ap
ac

it
y 

fo
r 

96
 h

ou
rs

 o
f 

m
ax

im
um

 f
ue

l c
on

su
m

pt
io

n.
 M

D
O

 t
ra

ns
fe

r 
pu

m
p 

ca
n 

be
 u

se
d

 if
 s

pe
ct

ac
le

 f
la

ng
e 

an
d 

ha
nd

 

op
er

at
ed

 f
la

ng
e 

is
 o

pe
n

ed
. E

ls
e,

 r
ep

ai
r 

is
 n

ec
es

sa
ry

 t
o 

re
st

or
e 

fu
nc

ti
on

.

N
o*

Ev
id

en
t

1
1

2
1

4,
9

2
4

4
B

 

(W
ea

r/
fa

ti
gu

e)

* 
Th

re
e 

tr
an

sf
er

 p
um

ps
, b

ut
 o

nl
y 

on
e 

ca
n 

tr
an

sf
er

 f
ue

l 

to
 s

et
tl

in
g 

ta
nk

.

H
FO

 S
ep

. S
up

. p
um

p 
fa

ilu
re

Fu
el

 is
 n

ot
 b

ei
ng

 p
ur

if
ie

d
 a

nd
 f

ill
in

g 
of

 t
he

 s
er

vi
ce

 t
an

ks
 s

to
ps

. T
he

 s
er

vi
ce

 t
an

ks
 h

as
 a

 t
ot

al
 

ca
pa

ci
ty

 f
or

 4
8 

ho
ur

s 
of

 m
ax

im
um

 f
ue

l c
on

su
m

pt
io

n.
 It

 is
 t

w
o 

H
FO

 s
ep

ar
at

or
 s

up
pl

y 
pu

m
ps

, 

w
he

re
 o

nl
y 

on
e 

op
er

at
es

 a
t 

a 
ti

m
e.

 T
he

 o
th

er
 s

ta
nd

-b
y 

H
FO

 s
ep

ar
at

or
 s

up
pl

y 
pu

m
p 

ca
n 

be
 

st
ar

te
d

 if
 f

lo
w

 is
 d

ir
ec

te
d

 t
o 

it
 b

y 
ha

nd
 o

pe
ra

te
d

 v
al

ve
s.

Ye
s

Ev
id

en
t

1
1

2
1

3,
7

2
4

3
B

 

(W
ea

r/
fa

ti
gu

e)

M
/E

 S
up

pl
y 

pu
m

p 
fa

ilu
re

D
et

ec
te

d
 b

y 
lo

w
 p

re
ss

ur
e 

al
ar

m
 a

nd
 f

lo
w

 in
di

ca
to

r 
th

at
 s

en
ds

 s
ig

na
l t

o 
EC

R
. F

ue
l i

s 
no

t 
be

in
g 

su
pp

lie
d

 t
o 

th
e 

ci
rc

ul
at

in
g 

lo
op

. M
/E

 w
ill

 s
to

p.
 It

 is
 t

w
o 

M
/E

 s
up

pl
y 

pu
m

ps
, w

he
re

 o
nl

y 
on

e 

op
er

at
es

 a
t 

a 
ti

m
e.

 T
he

 s
ta

nd
by

 M
/E

 s
up

pl
y 

pu
m

p 
ca

n 
be

 s
ta

rt
ed

 if
 f

lo
w

 is
 d

ir
ec

te
d

 t
o 

it
 b

y 
ha

nd
 

op
er

at
ed

 v
al

ve
s.

 

Ye
s

Ev
id

en
t

1
1

3
1

3,
5

2
5

4
B

 

(W
ea

r/
fa

ti
gu

e)

C
ir

cu
la

ti
ng

 p
um

p 
fa

ilu
re

C
ir

cu
la

ti
on

 o
f 

fu
el

 in
 t

he
 c

ir
cu

la
ti

on
 lo

op
 a

nd
 t

he
 M

/E
 d

oe
s 

no
t 

re
ce

iv
e 

fu
el

 a
nd

 w
ill

 s
to

p.
 It

 is
 

tw
o 

M
/E

 c
ir

cu
la

ti
ng

 p
um

ps
, w

he
re

 o
nl

y 
on

e 
op

er
at

es
 a

t 
a 

ti
m

e.
 T

he
 s

ta
nd

by
 M

/E
 s

up
pl

y 
pu

m
p 

ca
n 

be
 s

ta
rt

ed
 if

 t
he

 f
lo

w
 is

 d
ir

ec
te

d
 t

o 
it

 b
y 

ha
nd

 o
pe

ra
te

d
 v

al
ve

s.

Ye
s

Ev
id

en
t

1
1

3
1

3,
2

2
5

4
B

 

(W
ea

r/
fa

ti
gu

e)

Fi
lt

er
 t

ra
ns

. p
um

p 
pl

ug
ge

d
Fu

el
 c

an
no

t 
be

 t
ra

ns
fe

rr
ed

 b
et

w
ee

n
 H

FO
 t

an
ks

 o
r 

to
 H

FO
 s

et
tl

in
g 

ta
nk

. S
et

tl
in

g 
ta

nk
s 

+ 
se

rv
ic

e 

ta
nk

s 
ha

ve
 t

ot
al

 c
ap

ac
it

y 
fo

r 
96

 h
ou

rs
 o

f 
m

ax
im

um
 f

ue
l c

on
su

m
pt

io
n.

 M
an

ua
l c

le
an

 o
f 

fi
lt

er
 is

 

ne
ce

ss
ar

y.

N
o

Ev
id

en
t

1
1

2
1

1,
3

3
5

5
B

Fi
lt

er
 H

.F
.O

 s
ep

. S
up

. P
um

p 

pl
ug

ge
d

 (
32

 m
es

h)

Fu
el

 is
 n

ot
 b

ei
ng

 p
ur

if
ie

d
. T

he
 s

er
vi

ce
 t

an
ks

 h
as

 a
 t

ot
al

 c
ap

ac
it

y 
fo

r 
48

 h
ou

rs
 o

f 
m

ax
im

um
 f

ue
l 

co
ns

um
pt

io
n.

 It
 is

 t
w

o 
H

FO
 s

ep
ar

at
or

 s
up

pl
y 

pu
m

ps
, w

he
re

 o
nl

y 
on

e 
op

er
at

es
 a

t 
a 

ti
m

e.
 T

he
 

H
FO

 c
an

 b
e 

di
re

ct
ed

 t
o 

th
e 

ot
he

r 
st

an
d-

by
 H

FO
 s

ep
ar

at
or

 s
up

pl
y 

pu
m

p 
an

d 
as

so
ci

at
ed

 f
ilt

er
 if

 

th
e 

fl
ow

 is
 d

ir
ec

te
d

 t
o 

it
 b

y 
ha

nd
 o

pe
ra

te
d

 v
al

ve
s.

Ye
s

Ev
id

en
t

1
1

2
1

1,
4

3
5

4
B

Fi
lt

er
 M

/E
 F

.O
. s

up
pl

y 
pu

m
p

D
et

ec
te

d
 b

y 
lo

w
 p

re
ss

ur
e 

al
ar

m
 a

nd
 f

lo
w

 in
di

ca
to

r 
th

at
 s

en
ds

 s
ig

na
l t

o 
EC

R
. F

ue
l i

s 
no

t 
be

in
g 

su
pp

lie
d

 t
o 

th
e 

ci
rc

ul
at

in
g 

lo
op

. M
/E

 w
ill

 s
to

p.
 It

 is
 t

w
o 

M
/E

 s
up

pl
y 

pu
m

ps
 w

it
h 

as
so

ci
at

ed
 

fi
lt

er
s 

w
he

re
 o

nl
y 

on
e 

op
er

at
es

 a
t 

a 
ti

m
e.

 T
he

 F
.O

. c
an

 b
e 

ca
n 

be
 d

ir
ec

te
d

 t
o 

th
e 

ot
he

r 
st

an
d-

by
 

M
/E

 F
.O

. s
up

pl
y 

pu
m

p 
an

d 
as

so
ci

at
ed

 f
ilt

er
 if

 t
he

 f
lo

w
 is

 d
ir

ec
te

d
 t

o 
it

 b
y 

ha
nd

 o
pe

ra
te

d
 v

al
ve

s.

Ye
s

Ev
id

en
t

1
1

3
1

1,
7

3
6

5
B

Fl
ow

m
et

er
 f

ilt
er

 p
lu

gg
ed

 
D

et
ec

te
d

 b
y 

fl
ow

m
et

er
 t

ha
t 

se
n

ds
 s

ig
na

l t
o 

EC
R

. F
ue

l i
s 

no
t 

be
in

g 
su

pp
lie

d
 t

o 
th

e 
ci

rc
ul

at
in

g 

lo
op

 a
nd

 t
he

 M
/E

 w
ill

 s
to

p.

N
o

Ev
id

en
t

1
1

3
1

1,
1

3
6

6
B

M
/E

 F
.O

. A
ut

o 
ba

ck
 f

lu
sh

in
g 

fi
lt

er
 p

lu
gg

ed
 p

lu
gg

ed

D
et

ec
te

d
 b

y 
hi

gh
 d

if
fe

re
n

ti
al

 p
re

ss
ur

e 
al

ar
m

. M
/E

 w
ill

 n
ot

 r
ec

ie
ve

 f
ue

l a
nd

 w
ill

 s
to

p.
 F

ilt
er

 h
as

 

au
to

 b
ac

k 
fl

us
hi

ng
 t

o 
cl

ea
n 

th
e 

fi
lt

er
 a

nd
 a

 m
an

ua
lly

 c
le

an
ed

 b
y-

pa
ss

 f
ilt

er
. 

Ye
s

Ev
id

en
t

1
1

3
1

1,
5

3
6

5
B

 
It

 is
 o

nl
y 

on
e 

M
E 

au
to

 f
ilt

er
, b

ut
 f

ue
l c

an
 b

y-
pa

ss
 t

he
 

fi
lt

er
 t

hr
ou

gh
 t

he
 b

y-
pa

ss
 f

ilt
er

. 

B
y-

pa
ss

 f
ilt

er
 p

lu
gg

ed
M

/E
 w

ill
 n

ot
 r

ec
ie

ve
 f

ue
l a

nd
 w

ill
 s

to
p.

 T
he

 f
ilt

er
 m

us
t 

be
 m

an
ua

lly
 c

le
an

ed
 t

o 
re

st
or

e 
th

e 

fu
nc

ti
on

.

Ye
s

Ev
id

en
t

1
1

3
1

1,
0

3
6

5
B

O
nl

y 
on

e 
by

-p
as

s 
fi

lt
er

, b
ut

 f
ue

l c
an

 a
ls

o 
pa

ss
 

th
ro

ug
h 

th
e 

M
E 

au
to

 f
ilt

er
.

Fa
il

u
re

 

p
at

te
rn

Ef
fe

ct
Fa

il
u

re
 m

o
d

e
Co

n
se

q
u

en
ce

 c
at

eg
o

ry
R

is
k



 64 

 
Figure 4.10: FMECA part 2/2. 
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5 Results 

In accordance with the method described in Chapter 3, the analysis proceeds with 

assessing whether or not the preventive maintenance performed on the components 

today are applicable and effective in the new operating context. Maintenance task 

descriptions for the components have been used to determine the components’ planned 

preventive maintenance and applicability. To assess the effectiveness, the Estimated 

Mean Time to Failure (EMTTFm) defined as the mean time to failure when the planned 

preventive maintenance is performed, is calculated and used as a parameter in a risk 

assessment. The subscript is included to avoid confusion with Mean time to failure 

(MTTF), which is the mean time to failure if no maintenance is performed. The EMTTFm 

is calculated by the following formula 

 

𝐸𝑀𝑇𝑇𝐹𝑚 =
𝑀𝑇𝐵𝑀

% 𝐶𝑜𝑟𝑟𝑒𝑐𝑡𝑖𝑣𝑒
 

 

Where % 𝐶𝑜𝑟𝑟𝑒𝑐𝑡𝑖𝑣𝑒 represents the share of maintenance that is corrective. The MTBM 

is calculated by sorting out maintenance tasks that is possible to address to specific 

pumps, and exclude data where tasks not are addressed to specific pumps, or where data 

may or may not belong to a certain pump. This selection process has been performed to 

get the best possible estimate from the data available. One consequence is that data from 

some vessels and pumps are excluded from the analysis.  

 

The share of maintenance that is corrective is calculated somewhat different between 

some of the components. For pumps and components with several types of maintenance 

tasks registered, the share of corrective is calculated as the share of tasks that is registered 

as unplanned corrective and planned corrective. It may be that planned corrective 

maintenance is considered less critical than unplanned corrective and does not cause an 

immediate failure. However, as they are corrective maintenance they are performed after 

a failure, and to not get too optimistic values these are also included. The result may be 

that EMTTFm represents a conservative estimate. 

 

For all filters, except for the ME auto filter, all tasks was registered as cleaning tasks. The 

planned preventive cleaning tasks for these components were performed at intervals of 
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at least 1 month. In the analysis it’s assumed that cleaning tasks performed less than 4 

weeks after the last cleaning task are corrective tasks. This is reasonable as it does not 

make sense to perform maintenance before unless it’s needed. These tasks also 

represents tasks that wouldn’t be possible in the defined operating context. Thus, the 

calculation of the share of maintenance that is corrective, is the share of cleaning tasks 

that is performed less than 4 weeks after the last cleaning task.  

 

The applicability and EMTTFm calculations for each of the components are presented in 

the following sections. The risk assessment that considers the effectiveness of the 

maintenance tasks are presented and discussed in section 6.1.  

5.1 Pumps 

5.1.1 Transfer pump 

Analysis of 165 maintenance tasks registered on transfer pumps from 19 vessels give the 

maintenance category distribution as shown Figure 5.1. As seen, 97% of the maintenance 

can be categorized as planned preventive maintenance, while planned corrective 

maintenance account for 3% of the tasks. It can be noted that no tasks has been registered 

as unplanned corrective work.  

 

 

Figure 5.1: Maintenance category distribution of HFO transfer pumps. 

The maintenance task descriptions reveals that the following planned preventive 

maintenance tasks are performed on transfer pumps on one or more vessels: 

 

 Performance test every 3rd month  

 Running control every 4th month  

Maintenance category distribution for 
transfer pumps

Planned corrective work 3 % Planned preventive work 97 %
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 Performance tests every 6th month  

 Maintenance/Survey every 24th month 

 Survey by C/E every 5th year 

 Other preventive tasks such as overhaul, inspection and megger testing. 

 

None of the planned preventive tasks are performed at intervals less than 4 weeks and 

are thus considered as applicable in the operating context.  

 

It was possible to address 77 of the tasks to 29 transfer specific transfer pumps. The 

results are presented in Table 5.1 and shows a MTBM of 4.9 months and an EMTTFm of 

13.5 years.  

 
Table 5.1: Key statistics for transfer pump. 

# of tasks 71   

# of components 29   

# tasks per year per component 2,4   

MTBM 4,9 Months 

% Corrective 3 %   

EMTTFm 13,5 Years 

 

5.1.2 Separator supply pump 

Analysis of 97 maintenance tasks registered on separator supply pumps from 17 vessels 

give the maintenance category distribution as shown in Figure 5.2. The figure shows that 

90 % of the maintenance tasks can be categorized as planned preventive maintenance, 5 

% as planned corrective maintenance and 5 % as unplanned corrective maintenance.  
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Figure 5.2: Maintenance category distribution for separator supply pumps. 

The maintenance task descriptions reveals that the following planned preventive 

maintenance tasks are performed on separator supply pumps on one or more vessels: 

 

 Performance test every 3rd  month  

 Performance test every 6th  month 

 Condition control every 4th  month 

 Running control every 4th  month 

 Maintenance/Survey every 24th  month 

 Maintenance/Survey by C/E every 5 years 

 Other preventive tasks such as overhaul, inspection and megger testing 

 

None of the planned preventive tasks are performed at intervals less than 4 weeks and 

are thus considered as applicable in the operating context.  

 

It was possible to address 91 of the tasks to 28 specific separator supply pumps. The 

results are presented in Table 5.2 and shows a MTBM of 3.7 months and an EMTTFm of 

3.0 years.  

 

 

 

 

Maintenance category distribution for 
separator supply pumps

Planned corrective work 5 % Planned preventive work 90 %

Unplanned corrective work 5 %
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Table 5.2: Key statistics for separator supply pump. 

# of tasks 91   

# components 28   

# tasks per year per component 3,3   

MTBM 3,7 Months 

% Corrective 10 %   

EMTTFm 3,0 Years 

5.1.3 Main engine supply pump 

Analysis of 103 maintenance tasks registered on main engine supply pumps from 18 

vessels give the maintenance category distribution as shown in Figure 5.3. The figure 

shows that 92 % of the maintenance tasks can be categorized as planned preventive 

maintenance, 4 % as planned corrective and 4 % as unplanned corrective maintenance.  

 

 

Figure 5.3: Maintenance category distribution for main engine supply pumps. 

The maintenance task descriptions reveals that the following planned preventive 

maintenance tasks are performed on main engine supply pumps on one or more vessels: 

 

 Performance test every 3rd  month  

 Performance test every 6th  month 

 Condition control every 4th  month 

 Running control every 4th  month 

 Maintenance/Survey every 24th  month 

 Maintenance/Survey by C/E every 5 years 

 Other preventive tasks such as overhaul, inspection and megger testing 

 

Maintenance category distribution for ME 
supply pumps 

Planned corrective work 4 % Planned preventive work 92 %

Unplanned corrective work 4 %
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None of the planned preventive tasks are performed at intervals less than 4 weeks and 

are thus considered as applicable in the operating context.  

 

It was possible to address 99 of the tasks to 29 specific main engine supply pumps. The 

results are presented in Table 5.3 and shows a MTBM of 3.5 months and an EMTTFm of 

3.8 years.  

Table 5.3: Key statistics for main engine supply pumps. 

# of tasks 99   

# of components 29   

# of tasks per year per component 3,4   

MTBM 3,5 Months 

% Corrective 8 %   

EMTTFm 3,8 Years 

 

5.1.4 Main engine circulating pump 
Analysis of 113 maintenance tasks registered on of main engine circulating pumps from 

18 vessels give the maintenance category distribution as shown in Figure 5.4. The figure 

shows that 88 % of the maintenance tasks can be categorized as planned preventive 

maintenance, 6 % as planned corrective and 6 % as unplanned corrective maintenance.  

 

 

Figure 5.4: Maintenance category distribution for main engine circulating pumps. 

The maintenance task descriptions reveals that the following planned preventive 

maintenance tasks are performed on main engine circulating pumps on one or more 

vessels: 

 

 Performance test every 3rd  month  

Maintenance category distribution for ME 
circulating pumps

Planned corrective work 5 % Planned preventive work 88 %

Unplanned corrective work 6 %
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 Performance test every 6th  month 

 Condition control every 4th  month 

 Running control every 4th  month 

 Maintenance/Survey every 24th  month 

 Maintenance/Survey by C/E every 5 years 

 Other preventive tasks such as overhaul, inspection and megger testing.  

 

None of the planned preventive tasks are performed at intervals less than 4 weeks and 

are thus considered as applicable in the operating context.  

 

It was possible to address 108 of the tasks to 29 specific main engine circulating pumps. 

The results are presented in Table 5.4 and shows a MTBM of 3.2 months and an EMTTFm 

of 2.3 years.  

 
Table 5.4: Key statistics for main engine circulating pumps. 

# of tasks 108   

# components 29   

# tasks per year per component 3,7   

MTBM 3,2 Months 

% Corrective 12 %   

EMTTFm 2,3 Years 

 

5.2 Filters 

5.2.1 Transfer pump filter 

Analysis of 219 tasks from 14 vessels showed that all tasks was registered as cleaning 

tasks. The maintenance task descriptions revealed that the only planned preventive 

maintenance performed on one or more vessels is monthly cleaning. No planned 

preventive maintenance is performed at intervals less than 4 weeks. Thus, the planned 

preventive maintenance performed on transfer pumps are applicable in the operating 

context.  

 

It was possible to address 73 tasks to 8 specific filters. For these 8 transfer pump filters, 

the MTBM was calculated to be 1.3 months.  Figure 5.5 shows the distribution of the time 

between cleaning of the same transfer pump filter. The distribution clearly shows that 
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most filters are cleaned in the 5th week after the last cleaning with 74 %. However, 11% 

of the tasks is performed in in less than 4 weeks after the last cleaning, which gives 

EMTTFm of 1.0 years.  A summary of key statistics the transfer pump filter is shown in 

Table 5.5.  

 

 

Figure 5.5: Cleaning task interval distribution for transfer pump filters. 

Table 5.5: Key statistics for transfer pump filter. 

# of tasks 73   

# of components 8   

# of tasks per year per component 9,1   

MTBM 1,3 Months 

% Corrective - Performed < 4 weeks after last cleaning 11 %   

EMTTFm 1,0 Years 

5.2.2 Separator supply pump filter 

Analysis of 83 tasks registered on 5 vessels showed that all tasks was registered as 

cleaning tasks. Two of the vessels clean both filters approximately once a month, two 

vessels clean both filters once every other month, and the last vessel clean one of the 

filters once every other month, while the other filter is cleaned every 3rd  month. However, 

no planned preventive maintenance at intervals less than 4 weeks. Thus, the planned 

preventive maintenance performed on separator supply pump filters are applicable in the 

operating context.  
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It was possible to address 84 tasks to 10 specific separator supply pumps. For these 10 

separator supply pump filters, the MTBM was calculated to be 1.4 months. Figure 5.6 

shows the distribution of the time between cleaning tasks performed on the same 

separator supply pump filter. The figure clearly shows a peak in the 5th and 9th week. This 

can be explained by the maintenance performed at 1 and 2 months intervals. The figure 

also shows that 5 % of the cleaning tasks was performed less than 4 weeks the last 

cleaning task, which gives an EMTTFm of 2.2 years.  A summary of the key statistics of the 

separator supply pump filters are shown in Table 5.6. 

 

 

Figure 5.6: Cleaning task interval distribution for separator supply pump filters.  

 
Table 5.6: Key statistics for separator supply pump filter. 

# of tasks 83   

# of components 10   

# of tasks per year per component 8,3   

MTBM 1,4 Months 

% Corrective - Performed < 4 weeks after last cleaning 5 %   

EMTTFm 2,2 Years 

 

5.2.3 Main engine supply pump filter 

Analysis of 112 tasks registered on 9 vessels showed that all tasks was registered as 

cleaning tasks. The maintenance task descriptions revealed that planned preventive 

maintenance performed on main engine supply filters is monthly or 2nd monthly cleaning. 

No planned preventive maintenance is performed at intervals less than 4 weeks. Thus, the 
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planned preventive maintenance performed on ME supply pump filters are applicable in 

the operating context.   

 

It was possible to address 57 cleaning tasks to 8 specific main engine supply pump filters. 

For those 8 filters, the MTBM was calculated to be 1.7 months. Figure 5.7 shows the 

distribution of weeks between filter cleaning performed on the same ME supply pump 

filter. It can be observed two distinct peaks at the 5th and 9th week, corresponding to 

approximately 1 and 2 months. This is caused by the planned preventive maintenance. 10 

% of the filter cleanings are performed less than 4 weeks after the last filter cleaning, 

which gives an EMTTFm of 1.4 years. A summary of the key statistics of the main engine 

supply pump filters are shown in Table 5.7. 

 

 

Figure 5.7: Cleaning task interval distribution for ME supply pump filters. 

 
Table 5.7: Key statistics for main engine supply pump filter 

# of tasks 57   

# of components 8   

# of tasks per year per component 7,1   

MTBM 1,7 Months 

% Corrective - Performed < 4 weeks after last cleaning 10 %   

EMTTFm 1,4 Years 

 

5.2.4 Main engine Flowmeter filter 

Analysis of 173 tasks registered on flowmeter filters revealed that the planned preventive 

maintenance performed on flowmeter filters are monthly cleaning. No planned 

preventive maintenance is performed at intervals less than 4 weeks. Thus, the planned 
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preventive maintenance performed on ME flowmeter filters are applicable in the 

operating context.   

 

It was possible to address 136 of the cleaning tasks to 13 specific flowmeter filters. For 

those 13 filters the MTBM was calculated to be 1.1 months. Figure 5.8 shows the 

distribution of weeks between maintenance performed on the same flowmeter filter. It 

can be observed a clear peak in the 5th week with 63 % of the tasks performed in this 

week, and 82 % of the tasks are performed during the 5th and 6th week. This is caused by 

the planned preventive monthly cleaning tasks. It can also be observed that the 9 % of the 

filter cleanings are performed less than 4 weeks after the last cleaning, which gives an 

EMTTFm of 1.1 years. A summary of the key statistics of the ME flowmeter filer is 

presented in Table 5.8. 

 

 

Figure 5.8: Cleaning task interval distribution for ME flowmeter filter. 

 
Table 5.8: Key statistics for main engine flowmeter filter. 

# of tasks 136   

# of components 13   

# of tasks per year per component 10,5   

MTBM 1,1 Months 

% Corrective - Performed < 4 weeks after last cleaning 9 %   

EMTTFm 1,1 Years 

 

0 %

20 %

40 %

60 %

80 %

100 %

120 %

0 %

10 %

20 %

30 %

40 %

50 %

60 %

70 %

1 2 3 4 5 6 7 8 9 10 12

Week

Distribution of weeks between cleaning tasks performed on 
the same ME flowmeter filter

Distribution

Cumulative
distribution



 76 

5.2.5 Main engine automatic backflushing filter 

Analysis of maintenance data on the ME automatic back flushing filter from 18 vessels can 

be categorized as shown in Figure 5.9. As seen, 88 % of the maintenance can be 

categorized as planned preventive maintenance, 4 % as planned corrective maintenance 

and 8 % as unplanned corrective maintenance. 

 

 

Figure 5.9: Maintenance category distribution of ME auto back flushing filter. 

The maintenance data reveals that the following planned preventive maintenance tasks 

are performed on one or more vessels: 

 

 Inspection every month 

 Cleaning every 2nd month 

 Cleaning every 3rd month 

 Maintenance every 6th month 

 Cleaning every 5000 flushes 

 Other tasks such as overhauls and megger testing.  

 

None of the planned preventive tasks are performed at intervals less than 4 weeks and 

are thus considered as applicable in the operating context.  

 

It was possible to address 146 of the tasks to 18 specific main engine automatic 

backflushing filters. The results are presented in Table 5.9 and shows a MTBM of 1.5 

months and an EMTTFm of 1.0 years. 

Maintenance category distribution of ME 
auto backflushing filter

Planned corrective work 4 % Planned preventive work 88 %

Unplanned corrective work 8 %
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Table 5.9: Key statistics for main engine auto back flushing filters. 

# of tasks 146   

# of components 18   

# of tasks per year per component 8,1   

MTBM 1,5 Months 

% Corrective 12 %   

EMTTFm 1,0 Years 

 
47 % of the tasks, corresponding to once every 3.2 months were registered as cleaning 

tasks. Figure 5.10 shows the distribution of time between cleaning tasks performed on 

the same ME auto filter. It can be observed that 19 % of the cleaning tasks are performed 

less than 4 weeks after the last cleaning task. If it’s assumed that these tasks are 

corrective, this means that even if the filter is to be preventive cleaned every month, 

corrective cleaning will be on average be needed once every 1.0 years. 

 

 

Figure 5.10: Cleaning task interval distribution for ME auto filters. 

5.2.6 By-pass filter 

Analysis of 51 tasks registered on by-pass filters revealed that the planned preventive 

maintenance performed on by-pass filters are monthly cleaning. No planned preventive 

maintenance is performed at intervals less than 4 weeks. Thus, the planned preventive 

maintenance performed on by-pass filters are applicable in the operating context.   

 

It was possible to address 49 of the cleaning tasks on 4 specific by-pass filters. For those 

4 filters the MTBM was calculated to be 1.0 months. Figure 5.11 shows the distribution of 
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weeks between maintenance performed on the same by-pass filter. It can be observed a 

clear peak in the 5th week with 56 % of the tasks performed in this week. This is caused 

by the planned preventive monthly cleaning tasks. It can also be observed that as much 

as 36 % of the filter cleanings are performed less than 4 weeks after the last cleaning, 

which gives an EMTTFm becomes 0.2 years. A summary of the key statistics of the ME 

flowmeter filter is presented in Table 5.10.  

 

 

Figure 5.11: Cleaning task interval distribution for by-pass filters. 

Table 5.10: Key statistics for the by-pass filter. 

# of tasks 49   

# of components 4   

# of tasks per year per component 12,3   

MTBM 1,0 Months 

% Corrective - Performed < 4 weeks after last cleaning 36 %   

EMTTFm 0,2 Years 

 

5.3 Heaters 

For the heaters the EMTTFm is calculated as for the pumps.  

5.3.1 Preheater before separator 

All of the 35 analyzed tasks registered on 13 vessels were registered as planned 

preventive maintenance. The maintenance task descriptions reveals that the following 

planned preventive maintenance tasks are performed on the preheaters one or more 

vessels: 
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 Condition control every 6th month 

 Inspection/maintenance every year 

 Maintenance/survey every 24th month 

 Maintenance/survey by C/E every 5th year 

 

None of the planned preventive tasks are performed at intervals less than 4 weeks and 

are thus considered as applicable in the operating context.  

 

It was possible to address 20 of the tasks on 10 specific pre-heaters. The results are 

presented in Table 5.11 and shows a MTBM of 6 months.  As no corrective tasks has been 

registered it is not possible to estimate the EMTTFm, but it’s assumed that the EMTTFm 

will be the same as for the heater, i.e. 21 years (see 5.3.2).  

 
Table 5.11: Key statistics for the preheater. 

# of tasks 20   

# of components 10   

# of tasks per year per component 2,0   

MTBM 6,0 Months 

% Corrective - Performed < 4 weeks after last cleaning 0 %   

EMTTFm 21,0 Years 

 

5.3.2 Heater 

Analysis of 42 maintenance tasks registered on heaters from 18 vessels give the 

maintenance category distribution as shown in Figure 5.12. The figure shows that 98 % 

of the maintenance tasks can be categorized as planned preventive maintenance and 2 % 

as planned corrective maintenance.  
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Figure 5.12: Maintenance category distribution of main engine heaters. 

The maintenance task description reveals that the following planned preventive 

maintenance tasks are performed on the heaters on one or more vessels: 

 

 Condition control every 6th month 

 Inspection/maintenance every year 

 Maintenance/survey every 24th month 

 Maintenance/survey by C/E every 5th year 

 

None of the planned preventive tasks are performed at intervals less than 4 weeks and 

are thus considered as applicable in the operating context.  

 

It was possible to address 20 of the tasks to 10 specific heaters. The results are presented 

in Table 5.11 and shows a MTBM of 6 months and an EMTTFm of 21 years.  

 
Table 5.12: Key statistics for heaters. 

# of tasks 20   

# of components 10   

# of tasks per year per component 2,0   

MTBM 6,0 Months 

% Corrective - Performed < 4 weeks after last cleaning 2 %   

EMTTFm 21,0 Years 

 

5.4 Separators 

Analysis of 310 maintenance tasks registered on separators from 19 vessels give the 

maintenance category distribution as shown in Figure 5.1. The figure shows that 78 % of 

Maintenance category distribution of ME 
heaters

Planned corrective work 2 % Planned preventive work 98 %
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the maintenance tasks can be categorized as planned preventive maintenance, 8 % as 

planned corrective maintenance and 13 % as unplanned corrective maintenance.  

 

 

Figure 5.13: Maintenance category distribution for separators. 

The maintenance task descriptions reveals that the following planned preventive 

maintenance tasks are performed on separators on one or more of vessels:  

 

 Alarm test every week 

 Condition monitoring every month  

 Alarm test every 3rd  month  

 Cleaning of the bowl every 2000 hours  

 Overhauls every 8000 hours  

 Condition control every 4th month  

 Other tasks such as inspection, megger testing etc. not registered more than once 

per year per separator. 

 

The only preventive tasks performed at intervals less than 4 weeks are the weekly alarm 

test. However, these tasks are only performed on one of 19 vessels. Thus, as the planned 

preventive maintenance is applicable in the operating context for 18 of 19, it’s assumed 

that the planned preventive maintenance is applicable in the operating context.  

 

It was possible to address 341 tasks to 38 specific separators. The result is presented in 

Table 5.13 and shows a MTBM of 1.3 months and an EMTTFm of 0.5 years.  

Maintenance category distribution for 
separators

Planned corrective work 8 % Planned preventive work 78 %

Unplanned corrective work 13 %
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Table 5.13: Key statistics for separators. 

# of tasks 341   

# of components 38   

# of tasks per year per component 9,0   

MTBM 1,3 Months 

% Corrective 22 %   

EMTTFm 0,5 Years 

 
An evaluation of the consistency of the planned preventive maintenance showed that all 

were consistent except for the cleaning tasks. For example, one of the vessels had 6 and 7 

tasks registered as “Cleaning of bowl – 2000 Hours” registered on its two separators 

during a period of one year. Figure 5.14 shows the distribution of time between cleaning 

performed on the same separator, based on 106 tasks that could be addressed to specific 

separators. While it could be expected to see a peak that represents the 2000 hour 

cleaning, the figure clearly shows how inconsistent the cleaning are performed on 

separators. Even more interesting is it that 32 % of the cleaning tasks, which accounts for 

14 % of all tasks, corresponding to once every 9.5 months, the separators are cleaned less 

than 4 weeks after the last cleaning. If it’s assumed that cleaning tasks performed less than 

4 weeks after the last cleaning is corrective, which is reasonable if the planned cleaning is 

every 2000 hours, one can expect the separator to fail once every 9.5 months even if the 

separators is to be cleaned every month. By even further analysis of the maintenance data 

it was found that 3 vessels had registered 4 cleaning tasks on their two separators 

(cleaning tasks on each separator) within 4 weeks, which indicates that one can expect to 

lose the separator function several times in a the lifetime of the vessel in the operating 

context defined.  
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Figure 5.14: Cleaning task interval distribution for separators. 

5.5 Settling and service tanks 

According to Solvang, the tanks are inspected once every 24 months, and cleaned when 

needed. The preventive maintenance is thus applicable in the operating context. It has not 

been registered any corrective maintenance on the settling or service tanks. As both tanks 

(settling or service) have to be plugged to stop the fuel supply within one transit, it’s 

assumed that the maintenance also is effective. Thus, the failure modes “Settling tank 

outlet plugged” and “Service tank outlet plugged” have not been assessed any further.  

 

5.6 Emergency shut off valves 

In the FMECA, the risk associated with premature closing of emergency shut off valves 

during transit was considered acceptable. Thus, these valves are not assessed any further. 

However, it can be noted that these valves would be of more importance when analyzing 

the functional failure “Fuel oil leak”. 
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6 Discussion 

6.1 Results 

The analysis of today’s maintenance plan showed that no planned preventive 

maintenance is performed at intervals less than 4 weeks. Thus, all planned preventive 

maintenance performed today on the analyzed components are applicable in the 

operating context defined.  

 

The effectiveness of the planned preventive maintenance varies. Some of the equipment 

has no registered corrective maintenance, while the percentage of corrective 

maintenance of other components is up to 36 %. For preventive maintenance tasks to be 

considered effective, the risk must be reduced to an acceptable level. The risk is evaluated 

by the same method described in 3.4.5 and the result is presented in Table 6.1. In Table 

6.2, the components are ranked according to their risk. The tables shows that 4 

components have an unacceptable risk: the by-pass filter, the ME automatic backflush 

filter, the transfer pump filter and the flowmeter filter. Additionally, there are 5 

components that have moderate risk, which means that the risk may be acceptable: the 

separator, the ME supply pump filter, the ME circulating pump, the ME supply pump and 

the transfer pump. 4 of the components analyzed are considered as acceptable, meaning 

that the preventive maintenance performed today is sufficient.  

Table 6.1: Risk of operating the vessel with today's maintenance. 

Failure mode Redundancy MTBM 
(months) 

% 
Corr. 

EMTTFm 
(years) 

Consequence Likelihood Corrected 
RI 

Transfer pump failure No 4,9 3 13,5 OH2 2 4 

Separator supply pump 
failure 

Yes 3,7 10 3,0 OH2 2 3 

ME supply pump failure Yes 3,5 8 3,8 OH3 2 4 

ME circulating pump failure Yes 3,2 12 2,3 OH3 2 4 

Plugged transfer pump filter No 1,3 11 1,0 OH2 3 5 

Plugged separator supply 
pump filter 

Yes 1,4 5 2,2 OH2 2 3 

Plugged ME supply pump 
filter 

Yes 1,7 10 1,4 OH3 2 4 

Plugged flowmeter filter No 1,1 9 1,1 OH3 2 5 

Plugged ME automatic 
backflush filter 

Yes 1,5 12 1,0 OH3 3 5 

Plugged by-pass filter Yes 1,0 36 0,2 OH3 3 5 

Plugged preheater Yes 6,0 0 21 OH2 1 2 

Plugged heater Yes 6,0 2 21 OH3 1 3 

Plugged separator Yes 1,3 22 0,5 OH2 3 4 
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Table 6.2: Ranked risk of components in the fuel system. 

Failure mode Corrected 
RI 

Plugged by-pass filter 5 

Plugged ME automatic backflush filter 5 

Plugged Transfer pump filter 5 

Plugged Flowmeter filter 5 

Plugged Separator 4 

Plugged ME supply pump filter 4 

ME circulating pump failure 4 

ME supply pump failure 4 

Transfer pump failure 4 

Plugged separator supply pump filter 3 

Separator supply pump failure 3 

Plugged heater 3 

Plugged Preheater 2 

 
The planned preventive maintenance performed on the four components with 

unacceptable risk are considered not effective in the defined operating context. For all of 

these components, except the ME automatic backflush filter, all maintenance tasks was 

registered as cleaning tasks. Since cleaning tasks performed less than 4 weeks after the 

last cleaning tasks represents a deterioration of the filter’s condition within 4 weeks, no 

other maintenance strategy can reduce the risk. For condition monitoring the P-F interval 

would be too short for action to be taken before the failure occurs, and would thus not be 

applicable. Scheduled restoration and discard tasks would not be applicable, as not 

enough of the filters survive the minimum maintenance interval in the context of 4 weeks. 

For the automatic backflush filter not all tasks were registered as cleaning tasks, but the 

analysis showed that cleaning had to be performed less than 4 weeks after the last 

cleaning approximately once per year, which qualifies for the highest likelihood category 

in the risk calculation. As for the other filters, no other maintenance strategy can reduce 

this risk. Therefore, according to the results of this analysis, the by-pass filter, ME 

automatic backflush filter, transfer pump filter and the flowmeter filter represents 

barriers.  

 

Five of the components were considered to have moderate risk, and may be acceptable. 

The analysis of the cleaning tasks on the separator showed that 32 % of the cleaning tasks 

are performed less than 4 weeks after the last cleaning task. This means that even if the 
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cleaning task interval was reduced from once every 2000 hours to once per month, a 

corrective cleaning would be expected once every 9.5 months and thus not be effective. 

As for the filters, no other maintenance strategy can reduce this risk. It was also observed 

that 3 of the 18 vessels have had 4 cleaning tasks (2 on each separator) within 4 weeks, 

which confirms the risk. Risk reduction is not possible for the ME supply pump filter for 

the same reasons as for the filters discussed in the previous paragraph. For the pumps 

with moderate risk, a risk reduction may be possible by other maintenance tasks, but no 

effective tasks or change of intervals have been identified.  

6.1.1 Assumptions 

Two assumptions have been central in the assessment of EMTTFm. First, it has been 

assumed that all cleaning tasks performed less than four weeks after the last cleaning task 

are corrective and represents total failure. This assumption is based on the rationale that 

cleaning of filter more often than planned is a waste of time unless the maintenance is 

needed. It may be that cleaning sometimes is performed earlier to make time for other 

maintenance tasks, from a planning perspective, or that the condition would be sufficient 

to avoid delays until the next planned cleaning task. Thus, the calculated EMTTFm will be 

conservative. 

 

The other assumption is the assumption that all corrective tasks on pumps causes total 

failure. This may be a very conservative assumption. Failures that for example are 

identified by the 6 months performance tests, are not total failures, but partial failures.  

Therefore, the calculation of EMTTFm will be conservative. 

 

Although these assumptions causes a conservative value of EMTTFm, the corrected risk 

index is not expected to change significantly from these assumptions. The reason is that 

the likelihood classes are relatively broad. For the corrected risk index of plugged transfer 

pump filter and plugged automatic auto backflush filter, the risk index may in reality be 

reduced by one level since the EMTTFm value is on the limit between likelihood category 

3 and 2, but for plugged flowmeter filter for example, the EMTTFm must be increase by a 

factor of approximately 20 before a risk reduction is possible. The risk must also be 

considered in a total risk perspective, where even the failure modes with moderate risk 

may be considered to be barriers.  
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6.1.2 Total risk 

As discussed in 3.4.5, one of the disadvantages of using a risk matrix for risk assessment 

is that that individual failure modes are assessed one by one, rather than in accumulation, 

which the risk decision should be based on. Therefore, the results should be interpreted 

in the perspective of the total risk that all failure modes exert on the vessel, its crew and 

the owner/company. From that perspective, also the failure modes that is considered to 

have moderate risk may be considered as barriers.  

6.1.3 Data 

The data used in the analysis consists of real operational maintenance data from 20 

vessels, spanning from 1-18 years old and an average age of approximately 8 years. Thus 

it is not only a lot of registered maintenance task to analyze which improves the quality, 

but also data from components with different age. This ensures that not only new or old 

components are analyzed, which may provide a better risk picture in light of the lifetime 

of the vessel. However, not all maintenance tasks are registered in an unambiguous way 

and it’s not always possible to identify the component that has been maintained. To 

ensure that the dataset analyzed are as complete as possible a lot of effort has been put 

into sorting of data and evaluate the completeness of the data. As a result the amount of 

data varies significantly from component to component, but the result presented should 

be of good quality.  

6.1.4 Limitations 

It is important to realize the limitations of the analysis. Only one functional failure has 

been analyzed, and therefore the failure modes that not are considered as barriers for this 

functional failure, may be considered to be barriers if other functional failures are 

analyzed. The analysis is only performed for the operating mode “Normal seagoing 

conditions”, which means that other failure modes may be identified as barriers for the 

same functional failure in another operating modes, such as during maneuvering. It 

should also be noted that valves have not been considered in this analysis. Today, a large 

amount of the valves of the fuel system are hand-operated, and unless these valves are 

automated, most of the redundancy in the fuel system will not be present. So the result in 

the analysis depends on automation of the valves. There may also be other manual 

interactions with the fuel system that will have to be analyzed further to ensure that all 

functions are available without crew in the engine room. It should also be noted as 
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mentioned in 4.1.3 that the part of the fuel system between the service tank and the 

auxiliary engines was not analyzed. As this part is almost identical with the part between 

the service tank and the main engine, the EMTTFm values of components in this part can 

be assumed to be the same as for the components between the service tank and the main 

engine. The consequences will however differ and more analysis will be required to 

determine the risk.  

6.1.5 Result in light of HFO as fuel 

One of the questions that is of great interest is whether HFO can be used as fuel on ship 

that sails without maintenance crew onboard. To answer that question one can observe 

from the results that it’s the lack of ability to perform cleaning tasks in the new operating 

context that causes the barriers. These tasks are a direct consequence of the condition of 

the fuel, i.e. the HFO.  

 

To illustrate the effect of the fuel choice, a comparison has been made with an FMECA 

analysis performed on a fuel system of a cable laying vessel that has been retrofitted from 

operating on HFO to solely diesel fuel (Wabakken, 2015). In that analysis a fuel filter 

blockage is expected to occur once every 6 months when no preventive maintenance is 

performed. Blockage of the purifier from contaminated oil was expected to occur after 10 

years if no preventive maintenance was performed. This is strong contrast with the result 

from this analysis where 32 % of the cleaning tasks was performed less than 4 weeks after 

the last cleaning task, even when the planned preventive cleaning is performed once every 

2000 hours. Although, the analysis wasn’t performed by a chief engineer or someone that 

works close with the equipment, which probably would have given the best estimate, it 

was performed by a group consisting of an RCM facilitator, one vessel manager, two fleet 

managers and a master student and gives an indication of the extra need for cleaning 

when operating on HFO.  

 

 

6.2 Method 

The procedure developed and used which is based on RCM has many benefits. The 

procedure is thorough so that all critical failures are identified if applied correctly. In 

contrast with RCM procedures that apply with the SAE1011 standard, the procedure 
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investigates whether today’s maintenance is applicable and effective before considering 

other maintenance tasks. This is a step that makes it possible to exploit registered 

maintenance that is more available than zero-based data. Therefore, new maintenance 

tasks are not considered before it’s confirmed that the maintenance performed today isn’t 

applicable and effective, which saves time. The consequence is that the result of the 

procedure isn’t an optimal maintenance program, but that is neither the objective when 

applying the procedure. The procedure also investigates the potential for risk reduction 

by means of maintenance before often more expensive alternatives such as redesign.  

 

The procedure also have some disadvantages that should be mentioned. In the literature 

there exist a large variety of procedures that is referred to as RCM procedures. Many of 

these are streamlined RCM processes that claims to achieve the same result with less time 

and fewer steps(Regan, 2012). Choosing such processes are strongly advised against 

(Bloom, 2006; Regan, 2012). Additionally, there exists a lot of contradictory advises on 

for example what level the analysis should be performed at, and what should be included 

in the steps. To make the confusion absolute, there are also different definitions of for 

example failure mode among different sources. Another disadvantage is that the 

procedure needs in-depth knowledge about the systems, the context the systems are 

being used in, in addition to knowledge about the failure characteristics and failure data. 

This makes it difficult to perform the procedure alone. Actually, it is stated that “One of 

the least effective ways to apply RCM is to ask a single individual to apply the process on 

his or her own”(Moubray, 1997, p. 286). This statement is also supported by other 

literature(Bloom, 2006; Regan, 2012).  

 

To summarize, the procedure developed can be a useful tool for identifying and breaking 

barriers in design of unmanned engine rooms for merchant vessels. The process complies 

with the requirements for RCM processes stated in the SAE JA1011 standard, except for 

one requirement, where the consequences are well understood and discussed. However, 

it is strongly recommended that the procedure is performed by a team that has the 

necessary knowledge. In this team, it should preferably also be an RCM facilitator that is 

well versed in RCM principles to avoid confusion and to ensure an effective process.  
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7 Conclusion and recommendations 

A case study was performed to identify barriers in a fuel system that uses HFO, as this is 

the most common fuel type used today by oceangoing merchant vessels. The analysis has 

been performed on the system under normal seagoing conditions, and the functional 

failure analysed is “Supplies no fuel to the engine”. The analysis identified four barriers 

with an unacceptable risk: plugging of the by-pass filter, plugging of the ME automatic 

backflush filter, plugging of the transfer pump filter and plugging of the flowmeter filter. 

It follows from the procedure that one-time changes such as redesign, modification or 

change of operating context for the fuel system is necessary in order for an oceangoing 

merchant vessel to be able to sail without maintenance personnel with an acceptable risk. 

These one-time changes must reduce the need for manual cleaning of filters and 

separators. As the frequency of cleaning tasks are a direct function of the condition of the 

fuel, a one-time change that can be effective on all identified barriers is change of fuel. A 

comparison made with an FMECA analysis from a vessel running on diesel fuel indicate 

that this will have a significant effect.  

 

A procedure based on RCM has been established to identify barriers in design of 

unmanned engine rooms for oceangoing merchant vessels. The procedure is considered 

to be a very useful tool for identifying and breaking barriers in design of unmanned engine 

rooms for merchant vessels. However, to effectively and successfully perform the 

procedure, a group consisting of an RCM facilitator well versed in RCM principles and 

experts with in-depth knowledge about the systems is strongly recommended.   

  



 92 

  



 93 

8 Further work 

Considering the result of the case study performed on the fuel system in this study, it will 

be of great interest to study how the filters’ and separators’ need for cleaning can be 

reduced to see if the preferred HFO can be used as fuel on oceangoing merchant vessels 

without maintenance crew. If this is possible without changing the fuel, it would be 

interesting to also perform the procedure on other functional failures. 

 

The case study performed in this analysis focuses only on the fuel system. For an 

oceangoing merchant vessel to be able to sail without maintenance crew on board, it is 

necessary to identify barriers for all systems with critical functions during transit. It 

would therefore be of great interest to also perform the analysis on other systems as well. 

In this thesis, group 65 (auxiliary engines) and group 65 (main engine) were identified as 

the groups with most unplanned corrective maintenance. It would therefore be of great 

interest to perform the procedure on these systems to identify whether these engines 

represents barriers.  
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