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A Study on the Cylinder Lubricating
Problem by Using Ultra Low Sulfur Fuel Oil
to Marine Diesel Engine

Kim, Moo Keyom

Department of offshore Plant Management
Graduate School of Korea Maritime and Ocean University

(Supervisor : Prof. Kwon-Hae Cho)

Abstract
The time that all merchant ships discharge harmful exhaust gas in
the air for economical sailing is passing. As Annex VI which is
about air pollution in International Convention for the Prevention of
Marine Pollution from ships(MARPOL 73/78) comes into effect, the
ships must have IAPP certificate. There is several items concerning
air pollutant in IAPP, and it is needed to pay attention to SOx

regulation.

International Maritime Organization decided to regulate sulfur
contents in fuel oil less than 0.5% in all sea area through the 70th
conferences of MEPC(Maritime Environment Protection Committee).
Therefore shipowners have to come up with an effective plan for
coping with satisfaction to intensified SOx regulation. To use
ULSFO(Ultra Low Sulfur Fuel Oil) is the simple way to respond to

SOx regulation without additory facilities.
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In this study, the sailing data of ships using ULSFO in diesel
engine was analyzed, especially cylinder lubricating problems as
using ULSFO in marine diesel engine was focused. So improvement
plan to reduce cylinder lubricating problems was suggested, and

finally improvement aspect was verified through real sailing data.

KEY WORDS: SOx(Sulfur Oxides), Marine diesel engine,
ULSFO(Ultra Low Sulfur Fuel Oil),

Lubricating problem,

[APP(International Air Pollution Prevention)
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Table 2.1 IMO SOx emission control standard®™

Application
PP Application year & Emission limits
area
Whole sea prior to 2012.1.1. since 2012.1.1. since 2020.1.1.
area 4.5% m/m or less | 3.5% m/m or less | 0.5% m/m or less
Sulfur prior to 2010.7.1. since 2010.7.1. since 2015.1.1.
Emission
Control Area | 1.5% m/m or less | 1.0% m/m or less | 0.1% m/m or less
(SECA)

Table 2.2 EU SOx emission control standard®

Application area | Regulations | Application year Application
When berthing in

EU port

. . 2005/33/EC 2010.01.01. 0.1% m/m or less
/Ship for inland

waterway

Table 2.3 CARB SOx emission control standard®

Application
area

Application year

Emission limits

MDO : 0.5% m/m or less
) 2009.7.1.~2011.12.31.
24 Nautical 009.7 0 3 MGO : 1.5% m/m or less
Mile Zone MDO : 0.1% m/m or less
2012.1.1.~
MGO : 0.1% m/m or less
— 8 —
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Table 2.4 China SOx emission control standard

Application area | Application year Emission limits
3.5% m/m or less
All ship in ECA 9016.1 1~ (When required from specified
Area port in ECA Area, 0.5% m/m or
less)

Ship berthing to
Main port in ECA 2017.1.1.~

Area
Ship berthing to

all port in ECA 2018.1.1.~

Area
All ship in ECA

Area

0.5% m/m or less
(Application for Berthing)

0.5% m/m or less
(Application for Berthing)

2019.1.1.~ 0.5% m/m or less

2 Global

Sulfur, %
%]
[ p]

“ S0x ECA

U I I %
2000 2005 200 2015 2020 2025

Year

Fig. 2.2 MARPOL Annex VI fuel sulfur limits
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Table 2.5 NO, reduction treatment for marine diesel engine'""”

Treatment

Method

Remark

Pre-Treatment

Substitute fuel

‘Methanol
‘LNG
‘Emulsified fuel

Internal
Treatment

‘Fuel Injection timing retard
‘Lean combustion
‘Rich combustion

Combustion .
‘Pre—chamber type combustion
‘Fuel valve nozzle spec. modification
‘High pressure of fuel injection
Scavenging Scavenging air cooling
Water . .
L ‘Water mixture(mixed valve)
njection

into cylinder

‘Water mixture(independence valve)

Water addition

‘Water mixture into suction air

Cycle ‘De oxidised furnace

modification ‘Exchange gas recirculation
Post-Treatment Emission -Selective catalytic reduction

de-NOy -Catalytic decomposition

2 7

2ol A o] Fo
of wa} 1 RAakstEo] oFo] AA o] Hrh
AetE A
A8t E3 theke] nlgair WAy ETh o

IMO MEPC 65x}9|
o]% <& (dual fueD, 7}

AE 7hed Ve

AR A

ER DS

Combustion) ol A =

At
A=

Hag AA NOx A7l= 3
2A=7}

shE (NOpe| 247
el whe g =, Ao

ae] A

IHHAOH,

Fe AaTt A2olA o] FolA =1t
d=Ere A4 o4

2A4a(Hot Combustion)ell
nf@A7E dAgstE A2 4x(Cold
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A Aol AeoAe dart oA T HPAE AHFI] 9
@ X7t Wase, 1e Airt oHTHA thake] AANETo] WA
Tol 1 thabe] WaMEEE Zol7] @ AA7L Bag Zo|g

of
o
N,
£

2.2.6 1Y AHPM, Particulate Matter)

]l =+ CARB(California Air Resource Board)ollA] A <elst PME& t}e3} &
t}. 51.7Colste] F7|2 3| Eo e XA wEAE T $FTFE
(condensed waten)S A3 RE wEAES L3t v E(fines), &

(dust), 7 =d(soot), T ~E(mist), AF-(fog), ~F1(smog) T°| E3+Hc}

PM A 22 Fol TF 5 9 02%~05%°1H hHES PMS dE
Bl o] EgAAL Z|Qdetal dEE X Sl dA g
Fig. 2.3 PMo] +A4<S yeldm, =4 SOL(solid fraction), SOF(soluble
organic fraction), SO4(sulfate particles)Z 4= o] At}

L R ';Z.: o © E:rigim Solid carbon cores
OF s (0.01-0.08 mm),
/4 agglomerate (0.05-
f o 1.0 mm) and adsorbed

Vapour phase O vapour phase species
hydrocarbons @
Soluble organic Adsorbed
fraction (SOF)/ hydrocarbons

particle phase
hydrocarbons
Liguid condensed

hydrocarbon
particles
Adsorbed ~~ © A
hydrocarbons 2] o) Hydrated sulfate
/ ® species

Hydrated sulfate
species

Fig. 2.3 Element composition of diesel PM

SOL& &A&adx7t thi&olm A(ash) = EFHT 87|72 % 500C
oAl = A 15 nn~30 nme] BrA(carbon)Y At LA}e] @ o 2l(cluster) 4]

_13_

Collection @ kmou



o] q_[ll]‘

+

o] o™ 10 nm~20 nm
90% ©]

YA
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=
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Arpro]
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U2 30 nm~500 nmol|

oty 2y Fgrzo s BH 3 30 mol 2

o AFH At &

ol
MARPOL 73/78 Annex VI¢ & =

oo A RS X & HIHAYA Ca, Zn, Mg 4tslEo] LAY
2.2.7 A5+ Z(Regulation 18)

H/C=0.2~0.3¢] = #9(dry soot) ZgEjoltt.
s},

el 4(carbon) PM
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FCCZHAF(FCC bottom)ol] 2 F74 -8}

|=]
U
& Aor, YA de HFaMA EeE FF Y E’:lEf?Jr HA=7F
==
-3

HE w3 Aol Umr oir)A FHEFAE wAnY ARG
FCCRAHE 81, 3148 ZAfE ARAFABR55-658 AP A
]_

18~2005 Atggth ER}EFr
Aog Hr)

ol wa} Fdiol 7H4ol 55

3l7] AlZbste] duto A Asnlg A7hs 9ste] 1950dt] =HE 180

cStH0T Fo A-dFH7F &AL I 2 {771 FsoZ 1960

Z FEE 280 cSt50CHS ARESRrlel ol2 A, o]0 1A 2§35l

shock) ©] % 380 cSt/50C Fol, 22k 4f3hF o]F 500 cSt/50C o] =42

Z97 =259k = 19854 o] TxE A zA Fr]F= 600 cSt/50C T

o FAAYGS EurEsiien, AEbg fArZid AR CIMACTHA

(Recommendation)o] 1 [SOZEE7F A= 700 cSt/50C w4 A& F/77F Z
ghso] ot

24 B3 E e T4 A9 ¥ IF

dA 2 AAelM = fFHI HoldElzh sige) Atsts vl A4 A
[e)

de T8l Al AR AE5FE AHSSHL Aok 7R FAEE e T
A AHGelM= & FF 0.1%E 2HsHA] = 2A4/FF A5 (ULSFO

Ultra Low Sulfur Fuel OiDE AFg ol 9o, Holue7}l dfde] 34ts}
= s A AYeAe F FFF
A3l a 9t} Fig. 2.4<¢} Fig. 2.5= 22t EU SOx emission control area<}

North America SOx emission control areaZ vebd Ao|th
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mission control area

il

Fig. 2.5 North America SOx emission control area

erica SOx emission control areaZs do}3j
shetaly] Sla) wE AEe A4

tep Aol

5

71 71Ed A
st Aldke iy

o Table 2.6& &
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Table 2.6 Particular for operating vessel

Vessel A
D/L 2008.02.04
LOA(m) 339.62
Breath Moulded(m) 45.6
Depth Moulded(m) 24.6
DWTMT) 99,052
G/T(ton) 94,511
N/T(ton) 51,638
M/E MODEL HYUNDAI SULZER 14RT-FLEX 96C
M/E MCR / RPM 108,920 bhp / 102 rpm
M/E NCR / RPM 98,030 bhp / 98.5 rpm
Service Speed(knots) 27.0

FE A2 A ARE VIRow RopuE|rl Aits ool d2E st

oA dolAe vl=e] gared, AiEd, Aut fFH e 7133,

=

FA5E WE BA A AYSy] Mol BE AMEL 01% mmE 23
St dufE 948 LA £ A FED ANS 21 dng 2
el Adsiol Aok we A W A FUL 2HY 4 Ye B
N7} ZAACE BT} aEA ARS n@ glo] AdE kel 9,
A, AZY 7 ARG WA §% U FFS /1WA 2B s|Asheo}
3},

Table 2.7¢ E Aube] 779 A% UERYLOH, Table 28914 %
ERAM 383} 7% W S FAHE 0E A A9 2 1 9
A LA WE WF AnF 22FE Ve Yot

o
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Table 2.7 Main engine specification

Vessel A
MODEL HYUNDAI SULZER 14RT-FLEX 96C
TYPE TWO STROKE SINGLE ACTING, CROSSHEAD
NO. OF CYLINDER 14
CYL. BORE/STROKE(mm) 960 / 2,500
OUTPUTkW) MCR 81,254 / NCR 73,130
MEAN EFF. PRESS.(bar) MCR 18.6 / NCR 17.3
MEAN PISTON SPEED(m/s) MCR 8.5
ROTATION CLOCKWISE VIEWED FROM FLYWHEEL SIDE
F.O. CONSUMPTION 174(g/kW - h) + 5% AT MCR
SYSTEM 12 kg/cyl - 24h
L.O. CONSUMPTION
Cyl. oil 0.65 ~ 1.0 g/kW - h

_ 1 8 _
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Table 2.8 Average speed and fuel oil consumptions

Average fuel oil consumptions
A
- verage speed (M/T per day)

(knots) . MGO

(SECA)

50E 17.3 96.96 61.57
50w 18.4 102.92 42.50
51E 18.8 93.47 53.91
51W 16.9 86.73 35.66
52E 18.0 89.00 40.94
52W 16.5 80.92 36.92

TS Table 2.9 4HstE A X949 3 AzbE UeRd Ao
2 2o e :n}s) /\] NES 9 F)ct WS oA AuIAIZFS A
sl AA FRAIZE T4~76 AZEYS HolFa1 Q)

Table 2.9 North America SOx emission control area sailing table

Voyage 50 Voyage 51 Voyage 52

Operating time(Hour) 189 215 204
In port time(Hour) 114 139 130
Sailing time(Hour) 75 76 74

AN = Aul g9 Ede] TR OE A dIF3S gFom,
North America SOx emission control areaS a3lst= Huks o=z &
o)
=

& Ao Bt g8 Agswdg 9 g A
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A3 2ARZ 459 &8 54 4

31 2AFH d&8#

311 A /% A&/ A9
AAHcz HFE3d §o7F EAsHA FAN, )48 =24/ d=

2+ ULSFOE st Ultra Low Sulphur Fuel OilZ 3 &3] 0.1%
m/m "9kl AS w3k

Table 3.1 Fuel type abbreviations

Fuel type Denomination Sulphur content % m/m
HFO Heavy Fuel Oil > 1.50
LSHFO Low Sulphur Heavy Fuel Oil < 1.50
ULSFO Ultra Low Sulphur Fuel Oil < 0.10
ULSD Ultra Low Sulphur Diesel < 0.01

312 2A63 dggo s

3121 REAYE A& d&fF TE

AL ALAE Zihkel] wel AR AR AR Aol
Table 3.2¢} Zo] thFstA vebdot.

ARA(Antwerp-Rotterdam-Amsterdam)¢} USEC(US Eest Coast)= HE=7}

2) & o] weE AL A4 R
500 ppm °]/: ALF-374, 30 ppm~500 ppm: AF-3741F, 30 ppm W9 @ AT

_20_
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o} F712 7F49Heating)e] Z 83k wbH, USWCUS West Coast)= F=2
DMB-s 0.1% AEZ H=7l @2 A& Bt ASIA 2 MEDE SK&
o

AgBtae Yk e A Bl

Table 3.2 ULSFO supply by each region

Region HA7MSA9 Supplier A & (cSt) Pou?CP)oint
Exxonmobile, 21~65
ARA RTM. ANT | o ol BP, SK(o]) | 6~138P) | 2 ~ 27
Chemoil,
USWC LGB, SEA, TIW . 8.6~12.8 -3 ~ -9

Philps 66, BP

USEC | NYC, SAV, HOU | Shell, Chemoil 16.8~26.3 -6 ~ 24

ASIA | BUS, NJK, SIN(q]]) | SK, S-oil, LUK 26.7/6.9 -3~-9/9

MED ALG CEPSA 8.8 -12

3122 ZAFH A&/ AT T3

(1) slol==23 A A A-(Hydrocracker Bottom Oil) 7+ A4 44

4

7P BEAQl ARle Fg 313 2ol adzizwﬂ ZEAS-
(Hydrocracker Bottom OiDE 7}&-sle] AAksh= W8 ARESITE 3 23]
(hydrocracking) &g old AfaAel FHABottom ol)ZHE UZEL
(naphtha), 5 -fr(kerosene), - {diesel) 5= F7I= FE317] Atk F4olth
o] ZAL AP = el=(tane Z I (coke), PAHs 59 YL H43)
3t7] 95t A(hydrogen)E FUsh= o] #FolA S— HSE, No— NHs
2 niy o] g3o] JPHY. tREEe 2AREY Ads5Fe o] YHoE A
2betE Ao Z A

r'l
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r HYDROGEN

o}

)

RECYCLE
COMPRESSOR AMINE
SCRUBBER

NAPHTHA

XX

]
LPG /
,3:&? Pt NAPHTIA ——» KEROSENE
Egn SPAER ——» DIESEL
VORTEX

REACTOR

STRIPPER FRACTIONATOR

FCC FEED
MIDW FEED

LSFO @

Fig. 3.1 Production from bottom oil of Hydrocracking

(2) Doba ¥-(cude o) 5 A3 o
=

Chad, Cameroon & XA|olAl AHatEe= 3Hshf-3Fo] 0.11%~0.3%<1 =4 3+

Doba 9+& 7|2 ZdlYste WiHolt
3.1.3 A %-3(Hydrocracker Bottom Oi)e] &Ml

D BI#F Ast= A7 54

ZAFE AdEfE FFHF AR st 4ks) 9 Fs) kAol
23kal, A71AEA o] 0.035% m/m ol3tE ZAETh ole AH7H oI
L7 S WAt =% H*EHFJO} ‘%*ﬂ 1 S249 $3H7F o &
ARG= F3HF3F 0.05% m/m w7l g9 F4% AstE 7HA
< 7N Al xmg AR REEE 27 A

&
540 A0 2§57

b1
N
bt
ol
i)
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@) 334 AP Atz AR EA

153 FAHo] wmE=o me} #3) zkAbS(cracked residue)e] ko)
FolA B8R 3187 Qg A AstEo e FAANE F43%] REgst
- =23 e "ok

3) 2 FHF gx(waxy) ESZ 23 EA

A 9=(Aliphatic) 7ol &2 HAE o] =502 sty Hxel #
Aol a1, F3A 9 Aol et B A2fFsAHe UEHUE

A% 2 CFPP(Cold Filter Plugging Point)7} Qukd o2 =7 G(distillate)<]

FEHOl 3C6C FEo|M, AR S #5F 10T A=E

o
o do B

Av o %l A2 QA =Ty B Bl 2
S o4 A Lol FUHE ¥ BT = dom ¥y == e
7} ehele BAVY ST 4 SlE B4 IR R

Fig. 3.2 Waxy precipitations
in a fuel sample.
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314 XA d8fF9 A

T A5 CFRAZICZ MertE AAT ] Ao ojE 3ol o] thet
© 2 CCAI(Calculated Carbon Aromaticity Index)e} Cll(Calculated Ignition
Index)& AH&RHH. CCAI #to] 235 32 "olA W, F AF BF

Azo Uxsl FHEERE Asdaghh
CCAI = D — 140.7log;ylog,, (V+0.85) — 80.6 3.D

- D: 15C|A 9 Fdx(kg/ni)
L V2 50T ollA2 &7 =(mif/s)

CIl = (270.795 4+ 0.1038 T) — 0.254565D + 23.708log,log,, (V+0.7) (3.2)

- D: 15C oA <] U=(kg/n)

F Vi 50C ol A2 53 =(mi/s)

L T Viscosity temperature(C)
Z2AFE 9=

21 A o] o)z 1 A4
o] A Zhztelm, IS

w(grade)= A=A ol FAH
ZAF3Fe 2 EAS Table 333 #omH,

O
L

CCAIgke] 780~811%1 Ao = Hol zhslyd W AALEAo] LSFO, LSMGO
_/'\_

Jo

rlr

o2l

do

>

2

D

RO 1B
ol e
rio

Jo

1o

o
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Table 3.3 Major properties of ULSFO'!*!

Chemoil | Chemoil LSFO
SK 1 7nvye) | wep) | STOIL | CEPSA | BP 11 5MG0
Density 991.0
(@15°Ckg)/rri) 922.4 | 912.1 898.4 | 859.6 | 869.4 | 845.0 8900
Viscosity 380
(cSt@50°C) 26.71 | 23.25 10.3 6.78 8.911 | 12.38 Db
Viscosity
(cSt@100°C) 10.9 59 2.8 2.6 2.6 3.1
CCAI 806 811 786 <870
( ECN
Estimated
Cetane >40 50.6 74.05 40
Number)
Sulfur 35
(%m,/m) 0.09 0.06 0.05 0.08 0.001 | 0.001 01
Pour Point 30
("C) -3 -6 -9 -9 -6 -3 60
MCR 18
(%m,/m) 4.32 3.07 0.07 1.2 0.01 0.05 0.3
Lubricity ~ - -
(um) 169 277 304 315 520
Al+Si - 60
(mg/kg) 15 ! 1 3 2 A
Fe, Fe:7,
Non Organic | Ni:9 Ni: \ Fe:2, . '
(mg/kg) Mg, | Mg, | N3 N3 | Ni2o) Fel
K:1 Ca:178
Stability
(Separability 1.1 0.2 0.6 0.3 -
No.)
Net S.
Energy 42.06 | 42.22 42.43 | 42.87 42.8 | 43.09 | 39~41
(M]/ke)
— 25 —

Collection @ kmou




oju

0

-

K

)

‘|_

3.3)

¥ & E(deposit) & A3}

=3Hneutralization)©] t}.
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ditH o2 HIAE AREEH AL
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S — 250, — 2803 < — 2H,S0,

e]
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S 317171

o
=
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3+ H,SO,

Ay

o] A
CaCO; o|t}.

(3.4)

Zo] =542 BN(Base Number)

1

kel
=

o] CaCOs 3

[e)

SR

]
H.SO, + CaCO3; — CaS0O, + H.O + COq
Gy AdEs o

o] AXlt}.
(feed rate)o] Yo}z A BNoJ

o
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ARG duse A WAL 0540 BN) AdE 284
AEHAT, FHHOE DHF ARR AT D7 EL70-100
BN) 4eH £3#8 AHgdh

Two-stroke

Engine type engines

Engine design

Optimised for improved
fuel consumption:

Part load optimised and
derated engines

Gylinder Low S fuel H15~-1-D BN oil

lube oil High S fuei 70 BN oil

Fig. 3.3 General Overview of cylinder lube oils and how to choose
a suitable cylinder lube oil!*®!

ArE dEfFE A A TAHE HSO08 ol AAR, dujdo=w
=

LHY ARAFZ £R A BAHE HSOS ¥ BolAE ARG
I FFol wet AFW BNo AAd £BRE A§3oF Wk Fig. 34
ARG U # $aEs AU 2389 BN Aole #BAE 1=
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CLO BN

Min. BN
available at
present

<—— More Sulphurin the fuel
- More Sulphuric acid condense
on the cylinder wall
- More neutralising ability is
necessary to protect against
corrosion

.

Fuel Sulphur, %

Fig. 3.4 Relationship between sulfur in the fuel and BN in
the cylinder lube oil

AdY Wi Fee Add &2 BN #rE ofyst Ay &%
T FREE & 9% = 957 oo & ¥ Addd #2887 H7
&3 Ady ol mtE A= o] #AE Fg 35904 dEhi U
o X2 A9Y &2/ F/ES UBEHIL Y52 AddH gely 9

fol 25
AR & F FHFol w vl LA &3

T80 g2 AL ¢ F Yduk ®I FHEo YUF Foly, == YT
AZ oy v dgo] A= e & F Ik 53] g/ Y
T ZF A4S ALHAE ZUle] e ~FAF(scuffing) o] wHAyghe &
F Atk BEE AR FAM FA, &34 FH, &7 =9 22 ui71HE
=3 9FS = 5+ dg
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Liner | Fuels  Medium-S  High-S
wear <0,1"er fuels fuels
Cold \ \\
corrosion /
Scuffing due to
deposits and
very low wear
~ Acceptable wear ”
oeet Wad Cylinder lube oil
feed rate, g/kWh
Fig. 3.5 Liner wear vs. cylinder lub. oil dosage
M2 AAY go]lye wave-cutelghs 7FE3EE 7HA L =, o]
AL ADY &BFol FRA ol PolUo wHY 4D 5 ARS =

o}z, dxlo] X&How gdgd wel AUH Folde wEE A
93, 23 2ol A5e] wave-cutdlE ALH o2 vlwsl dojdr) &
)

4
frE FolUel AA3) 2HEES GANE $4L =3 5wy
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Open graphite ey

lamellas

Fig. 3.6 microstructure of a normal, well-running liner

Fig. 3.7 Sketch of cross sections through a healthy
cylinder liner running surface

AHUY $3F9 FHES FaA =dddAY, UF & BN 249y &
7 FEEHY, 490 &2 Yol HA7HAl F 457 I2E FA;E(top
land), @#:;=(ring lands), 183 2T o FH F7A ALE

=2

(deposi)= AAZAZ1A Bt} ol I vlutsx: F2E glof A
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(bore-polishing)S 2

(scuffing) &

to}h. SAE 50

S
yul

=

s Ay &ho) Aol o

ol
=

AR A5 8 54 £4

=

3.2.2

-

g (bore-polishing)©] .

3221 AdY $EFZEEH dAYIE AAEHFHER

o

£}
ol

0

o
—

—_—

0

o
o
ol
3r

wm
o
oy
4

L —
) By

Bl

Ay

ol A

H25047]' 7]% HFOOﬂ H]

74A7E o

=

CaCO3% &<

A o] CaCOs7} A& o] Fig. 3.8 2

o

(3.5

H2504 + ZCELCOa — C&SO4 + Hzo + COZ + C&COa
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YRS CaCOrs Avbargel S4o] glo} Aae 379 34
o astn, WaELY $AYe Was 2ARY 4D FAHIZ
o Uelrl A9E eelule] HHe BAAA ol wimsl ~ABL F
74120t =S Fig. 399k o] xE 3 Fulol SHEL A Rol
oJstel MAEYE MREOR WA Hof goluste nhEo] F43 F
FabAl Bk A= Qo] S2EY golue] ntEE F/tE A% &3

Fig. 3.8 Photo of piston covered in deposits
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\\ \\ N
N : %

Fig. 3.9 Schematic of deposit (red)
build-up behind piston rings

3.2.2.2 AW gol EHe At 39 (bore-polishing)*”
A48 A8G AL A ORE A maol fzxo olF oFsly,
AUy golel miE A ZANE © =
°F3l iR Fig. 3.103 o] 2oy FH o] Zel wiupzo]

3] = E
A & (@ron-based matrix materiaDe] ¥4I O=Z A7 AHAHFS o
X %

o] @& AHY golye WS ofF FEHI FFAA SV W
o o]5 4@ g (bore-polishing)eletal =etth Fig. 3.12& A#u)%
7F 2% A9y 2oyl W Aol A o
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Oil film

Fig. 3.10 Sketch of cross section of a smeared cylinder
liner running surface (bore-polish)

Closed graphite
lamellas .

Fig. 3.11 Replica of microstructure of 6L60MC
engine operating continuously on fuel < 0.1% S. Note
the closed graphite lamellas
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NN
Fig. 3.12 Bore-polishing in cylinder liner of 6S60MC

37&011&—5— 2748 Ango &8 44 st dFgaPon, =
&3 4ol A %}/«yvﬂe 28 BAdoz ¢
o golue AdAbBY Axol FEaAT

T
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o
12
2
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0[1
{02

O M >
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=
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i_
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A 47 A FA7BR 2ARE A8 F A @E
=8 &7 Ut 2 A-

AAZ MDTARS] 6S60MC QR4 A&EH 02 24/ ARfFE A
st 4 HZEES Algstgiom, 71 A3 Fg 413 Zo] d4EZA
A, AarBe(bore-polishing), 1&a 27 F(scuffing)o] 83t
a%gH AA gasE wiE A AY9E Fefistd 2ARS ARFE
AR Al ol gE EAIA S NASY) SIS A olw Rk 2AE FHef ok sh=A

T Rt thste] oY HE S SRl

L oo

i

Fig. 4.1 6S60MC engine operating continuously on
distillate - experiencing heavy deposit build-up and
scuffing
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41 499 #9 BN 44, /& 23 R A& A2H

o ARSFE 0.1% olske] 2AF
3 Aan £2H7F FFHlok Bk
w2 BN &2f+ 17, 25, 40 BN 3FR/7F lom 3APE AF 9 BN

Table 4.1 Example of low-BN cylinder oils on the international market

Oil company Oil name BN level
Aegean Alfacylo 540 LS 40
Castrol Cyltech 40SX 40

Taro Special HT LF 25
Chevron
Taro Special HT LS 40 40
ExxonMobil Mobilgard 525 25
GulfSea Cylcare ECA 50 17
Gulf Oil Marine
GulfSea Cylcare DCA 5040H 40
Indian Oil Corp. Servo Marine LB 1750 17
JX Nippon Oil & .
Marine C405 40
Energy
Lukoil Navigo 40 MCL 40
Shell Alexia S3 25
Sinopec Marine Cylinder Oil 5040 40
Talusia LS 25 25
Total
Talusia LS 40 40
MDTAHS] A8 Ul & $h@el M 4dn &35e BN Anx:
Table 4.2¢} Zo] 0%~0.5% & T A=+ A& A] 15-24 BN, Ho] 1%

olal & FHF ARF AE Al 25-34 BN, Al 15% oldt & FHF

EF AHE A 3540 BNS AT ok =R FFFF] BE L7t

o
4
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FAAE FRE B0 ek 24 488 5 Ag”

Table 4.2 Fuel sulfur application for low-BN oils

Cylinder lube oil BN Min. % S fuel Max. % S fuel
15-24 0 0.5
25-34 0 1.0
35-40 0 1.5

4.1.2 ACOS, BOB$} ACOM™!

MDTAFAN A 2478 A5F AREO] mE 48k d7Y &8/ 355
#& ACOS(Automated Cylinder Oil Switch system)2} ACOM(Automated
Cylinder Oil Mixing system)= 7|3l Atk ACOS9F ACOME= F53 2

2 2AGE ARG 0T UUN LBVHE L BN £TAY 2L

Fig. 4.2} o] dAsfel & FHFd mel H-s 4dd $THE
3-way WHE Edte] & TR AU ol FFEHE Zol1, ACOME
A (mixing uniNs ) HZH 9 BN £3/5 AdH el FFats
Aol

- HEx High| | Low

_%F_ @ E\ ~ :;_ 2t

I 2 J—j Mixingunit> | G u;j

=F Optimal BN — =

Automated Cylinder Oil Switch Automated Cylinder Qil Mixing
system system

Fig. 4.2 ACOS and ACOM of cylinder lube oil auto supply system
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A 31221 BOB(Blending On
Board) ¥4l& BRoEth AdOf =& A2HFE BOB7|H=E siA 71&#
AollA BOBHZHAIE 24 &£3ste] Axlod F5TFo =M o & 3t

Lk
_‘—
rFr s

-

w

Cylindercil | Y [QEELEHEEN
Day Tank Board unit

-

Cylinder oil

(Former Gylinder
storage tank

oil storage tank) T
Main Engine

BOB Additive
storage tank

. Y

(Former Spare Cylinder
4 oil tank)

— I~ ,]
BOB Base oil tank ;:‘

Cylinder Oil Transfer Pump

hl F S
& -
Main Engine Sump > | > [;:/\ r; il ¢ Aux.Engine

Fig. 4.3 The layout and flow diagram of the blending on board
system'®!

F S

v

4.1.2.1 ACOS(Automated Cylinder Oil Switch system)

ACOS+= MDTAFe] ME-GIl Rl o] SDF(Specified Dual Fuel) 2+&

T A
AEH T QT A Azol A" Aol ¥ FaFel A L
BN &89 W& BN 8848 d@sle] TFAT o714 dAunfol 3
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o] ofuel Harict tkd Welol BN BRE wEold & Juks A
< 2@t =P AP BN #THE BHEY A8 T 4BHE A= B
ol A EBF nhel AP $PRAYo FAHT, Y= A SAE

O& BN #3755 4 A= Fig. 449 AdA=2A olaid = Ut
ACC-factor(Adaptive Cylinder oil Control-facton)E ¢il Ue IS5
3 Aol wEt A A9y &850 2Q3E, olnf 25 BN &

0 g5 Aot 1z A= ACC-factorel whe} ¥ 3}

ot &
9. % Fage A% A0 SBHE AE B FHee AAGoR
FA9

Cylinder lube oil feed rate = ACC factor X %Sgel 4.D
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Cylinder lube oil BN: Min. feed rate, optimal BN
Feed rate factor: ACC,,,= 0.28

180

180

140

Fd
140 BH oll:

E 120 Feed rale increased acc
= ACC, =020 FR=0.20x %5
s I - < P S 1+ 1 S
E
e Feed rate 0.8 g/k\Vh
% 80 ra q "-l-._._‘_‘_‘_‘_‘_\_h
E 100 BN oil:
= Fead rate increased aco,
o 680

ACCy =028 FR=0.28 x %5

0 0.5 1 1.5 2 2.5 3 35 4
Fuel Sulphur, %

Fig. 4.4 Example of mixing strategy for ACOM system. Here a 25
BN and a 100 BN or 140 BN is mixed

4.2 PC-3 3 CERMET Z8 y2& 3y

4.2.1 PC-3(ring)

PC-3& 3 ~E HAH(piston cleaning ring) o Z A Fig. 4.5} o] 2
a0 golyel Ay AW Ateld fXTh AA S AdY 2oy A A

B>

R
=

r1r ru{n

& FojFo HAE 2L ol Wy P2E A
A=
T

D&E 2 E0] oF7|s}

Hy
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Fig. 4.5 Piston Cleaning ring(PC-ring). Positioned
between cylinder cover and liner

4.2.2 CERMET = ®(coating) I2E &
CERMET =Z®2 2l Edd A==A Aztgsdt 54529 d4d=clth wrt
BT Hagol =2 Aztgs 01“(3@]&)01 A3 w5 ETe Mg
2AEERSE] vHEth CERMET Z¥-& Fig. 4.63 o] Mo(&Z Huld)
I N-Crts 22% WelA CrCel Setzrt £555 FAdst=d, A
dE &8 AN Crlies e Urted< s
Hel S2 27387 B4, viR dde doed ¢ e HdA

Az,
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Fig. 4.6 Cross-section of plasma-sprayed Cermet
coating.. SEM micrograph
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Cermet coating - Heat cracks

Fig. 4.7 Alu-coating vs. CERMET coating

4.3 A&3A ¥ 2UH T

ZAFE d85fF AFgo 2 &89 AP S Ry A AE5H
ol Aut mUE#o] sty 1 WHoEE el 2U(drain oi) HA,
A

vhm e 53, Add gold BW AAE T 4 Atk

2

Ao A A A AUy ko T Az AHUY $FHIF ALHS

= e A-Y ghol offFo g cHldy. =Hld
A9y §2F7E AF st EAskeTH oA s $t] AdY FEi A
A Qo A=A ofUH HAHF? ZX7F HadAE AT F Yk A
Els E'li‘r—t— Zi% %‘%Eﬂ &2 F4€ 24, 499 &2F BNY =

zHl oY 4L F2E AUy 279 BN @ H 3hEFd ok
A9y ZeHE Uehdth Fig. 482 MDTAHY AdY &8/ =
9J%t AR (alarm)zkS YERH AHolth
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Iron (Fe) total [mg/kg]
500

Cat fines

400 Danger - Do not cperate in this area

300
Alert area - Adjustment of feed rate may be needed

200
Safe area
100
0- T
0 10 20 30 40 50 60 7o
BN [mgKOH/g]

Fig. 4.8 Alarm limits for BN vs. Iron in cylinder drain oil.

oE B4 e Table 439 2o] nhre] TRl we el g
Bajolth, H 248 ZHY W AAE FASE PHS A4L AW 2
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Table 4.3 Correlation among wear type, wear mechanism and different
iron measuring methods.'**!

Measuring method
Wear t Wear Magnetic Corrosive
ar €es ) \%
P mechanism Total iron ) g ]
iron iron products
Normal
wear Cat Abrasive or
fines adhesive + -
Micro-seizures wear +
Scuffing
Cold Corrosive N
COrrosion wear
4.3.2 &71F AA+
Ao FAH T 27] 8¢ D7) }%l"f:fﬂ A AAYo7k 3 2
71F RYsted AHY oyl J2E, J2EH L o2 st
37149 s Foto] FaERe] = :

(Controlled Leakage grooves)s =43t AHT FJeE& &

ZAFE AEFY AR Al SET FoE 7o d=dl Fg. 4.99
Fig. 4103} 2] &5 83 Hojgdo] A A Al v2E d 7]

M a&2Hmicro-seizure)d¥ ofye}l Axe] F A E & FRlstejof o)

3) AUY eholue] fURFoR A% FRo| AY|w, ol ¥R AE Yo EHl
o) g o S goln golA, Asdel YU Pof wel Egenia.
Ao R Vehs 2% Evio] AU4o o wus
Qe A oiger AN A Ssge] A H0H. £e 9
FololA] gje]7] We] golo} Erie] AA Felo] HHA 2] WAT,
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Fig. 4.9 Clean, smooth condition of piston ring
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Fig. 4.10 Micro seizure of piston ring.

433 vl A =3

Fig. 4.11 Measuring piston ring grooves
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434 499 ol &4 HA

Al vpdE & A (wear-marks)<
013t mfRAEE i3t Ed AT ABF AFE A HolRd

2 3013tE o] wj$ FQ93sith ek Agrgelo] WSy
[e)

44 I3 AQALSY FA8E HlE A AY :F Ad &4

CARB SOx Hl&E& EA A 4Y(emission control area)$l 2437 o] ol A

3 3 0.1% weke] Aukg 7 f<l MGOMarine Gas Oil) AH&-©o=
BE Ak leH, HFO f&& Abgol E7Fstth skxvt A=A
HEE s w77t2E BEYEY, 48 F A Az"e zhe AdkelA
+ ARdel Research Exemptions AHsto] <lo] W HFO fFo=

Ap&o] 7}53shh AU 2 AMAFAE 7B o2 CARB SOx H|S
2 54 A9 &3l Al 0.1% mREe] Aukg 372 MGOE AF&3sta Ath

EU SOx & A AY &3] Alole & FqFFel 0.1% vvke] =4 #
3 A8 -F<¢ ULSFOUltra Low Sulfur Fuel Oi)E —?—ﬁﬂﬁr Sl
%.

area ) A &8 A8E ek Aotk 13 SECA A ds) A A

29 =4/ ASFULSFO) 2 Adr f(cylinder oiDe] dlo]El(data)=
Table 4.6, 4.73 2t}
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Table 4.4 Main engine specification

CONTROLLED

Vessel A
MODEL HYUNDAI MAN B&W 10S90ME-C9.2
2-STROKE, SINGLE ACTING, DIRECT
TYPE REVERSIBLE, CROSSHEAD, ELECTRONICALLY

CYL. BORE / STROKE

900 mm / 3,260 mm

OUTPUT(kW) MCR : 48,510 / NCR : 43,660
REVOLUTION(rpm) MCR : 84 / NCR : 81.1
ROTATION CLOCKWISE LOOKING FROM AFT
SFOC AT MCR 163.5 g/kW - h + 5% AT MCR

Table 4.5 Distance and M/E ULSFO consumption

Collection @ kmou

. Sailing ULSFO
Distance i Speed .
Port (n.mile) Time RPM (knots) consumption
' (Day) M/T)
SECA — LEH 208 0.63 53.6 13.9 46
LEH — RTM 234 0.58 64.5 16.7 60
RTM — HAM 209 0.6 55.7 14.4 47
HAM — SOU 426 1.42 484 12.5 75
SOU — SECA 175 0.54 52.1 13.5 37
TOTAL 1252 3.77 265
— 51 —




Table 4.6 ULSFO product data

ULSFO
Sulphur % mass 0.097
Flash Point C >70.0
Pour Point °C(max) 18
Density kg/m 15T 878.5
Viscosity cSt@ 50C 7.395
Water % v/v(max) 0.02

Table 4.7 Cyl. oil product data

Cyl. ail (Typical Values)

BN Level 17
Flash Point C 270
Pour Point C -18

Density @20°C, kg/L 899
Viscosity cSt@ 100°C 19.0
Viscosity Index 107
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Table 4.8 M/E Cylinder oil feed rate value

Before Sulfur After Sulfur
Change contents Change contents
CYL. NO . . R k
(g/kW - h) | of Using | (g/kW -h) | of Using emar
(BN70) HFO (BN17) ULSFO
#1 0.68 0.65
#2 0.68 0.75
#3 0.68 0.65
#4 0.68 0.65 *NO.2 CYL. is
Running-In.
#5 0.75 0.65
2.42% 0.097%
#6 0.68 0.65 *ACC Factor
= 0.28
#7 0.68 0.65
#8 0.68 0.65
#9 0.75 0.65
#10 0.68 0.65

Table 4.8°14 Yetd= HolH 3t 2o] ¥y 2 g€ & &
ol mekAd 4ol oFAA e =AFR ARl ULSFOE A

& A A&H+= 065 gkW -he F/& 24 A A8He HAagoh

S Table 4.59] *+3A7Hsailing time)e BH F7]#oA A/ A
S+¢l ULSFO&| A& /\]71}% =k 90AIZEC o

N AFE wel o]
4
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Fig. 4.12 Piston and liner of NO.1 cylinder after using ULSFO
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