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1. ENGINE TYPES
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(o) In line vertical type engine
() Opposed engine
(o) V- type engine (Vee engine)
() Radial engine — s3[8:38€doo051 Ezadjsaen:on 2060560pe 0adolopH
cooond=e8qtondjen g0y dloocd
32096095¢edikn goopSGiReP
(o) 4 stroke engine
() 2 stroke engine
(o) rotary engine — s38:38€dloocS
#** Six stroke engine o3fBioB0g8coigi08EgEont oo fleod Bigr{yd olioplopiecies)
P50 2280¢ w§jeooidlop:u
4 stroke engine o> »88:q5 $60050pSe AdloxbBderchi2 stroke engine o 0o§qd
nB005p5eE Aldond[BGqoadi rotary engine o 0§86 oodocdeopbel Adl (p)
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o960 Combustion Pressure o3 sealing cpéciesepyr 200322350005
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(o) Internal Combustion engine (IC engine)
(Example- Diesel engine & Petrol engine)

() External Combustion engine
(Example- Steam engine) — s3[G:38Ecloocdu
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206oM[Be03d 88:3Eqlom gpieomnsai(sE (Two Stroke Engine) coglgddioncdi
Beadd aveotnzaceSeoy ¢o (Four Stroke Engine) o3copbieogg§€dloncdi

SEMT Pielstick PC 2--6 Vee engine
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GENERATOR ENGINE (OR) AUXILIARY ENGINE s$o2250005s
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(a) MAN
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o803 High Speed Diesel (o3) Gas Oil c3esdoncSi 20§08[G: eqroncopSaRidloouS
2060adqE Economy olgddl

eqelpypEizatqiEeogyn 95:03 oo Heavy Oil (HO) (o8) Fuel Oil (FO) (23) Heavy
Fuel Oil (HFO) o8 edlo3edaadjzaondgbdlonuSi s8fp3bieopdl 5580 sosoSsdfd
Soon:dleanzonadi

coiqdg (Viscosity) edlyogoopSBigdoscSsdodyp:as comyby copds QPG sBoopbs
S[Gep30l oS egopds SBr0o05000dlon0S HFO 700cst, HFO 380 cst, HFO 180
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9 SCAVENGING,SUPER CHARGING & AIR COOLER

o 1Scavenging &3 oesalas]]
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B09eSe05090d [gdop} oomzobifiq:cd esldood

o1 Scavenging System nudeddjicloocd
(0) 8o (a) Cross Scavenging
(b) Loop Scavenging
(c) Uniflow Scavenging — 3 [58[o3doncbn
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() (b} ()
Loop Cross Uniflow

Scavenging methods in two-stroke engines
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ogi Cross Scavenging s8ox ooa5cddjcdi

0cu8ladE 808 6320056[go005¢0e Port eog§onuSi coossondoseds Inlet Port3
coozaeunt: 0gouad Exhaust Port cop qobsng &:a3E5: §€50890§:8,00600580%
e$epopoo(e300udicroEa0088 agsieprobielopSiod [£3084€ 03€5008 cngeolgosf:
ogoiq00%8 coggdlecdi Inlet Port ecgo’ scoagnicodicloppSicomSiaemns 808eend:(Ge
6605000:0100051 0800EBEB eepPaSes03328l ccob3 coocumnomeesyd
0d00Ees005§ 810503 06eoaE (03) BbemadBubunicoy deaddoncS 80564,
00m:08:5q)C:08:62500 (0.98) - 0.60) §AloocSi

ogn Loop Scavenging sdomonaScdejecdi
9000C8lodEsndem20056[go005¢ Porteog§ooui dleod 0o5copSeuycson codlgsiodwn
3260l 632005§ 6500051 FBod e gedl 3:EvB e3005¢§oud Port eogg,
o322 cooqp 0q€e§ cpbeoicon:adonedi opropd:d 6520058E:q0505 vbeorE (23)
330emolelunieoyc83abdoncdi 80568 00m208:8qE:06:q050 (0.0 - o) §dlooad
MAN § SULZER =2€qi€ sac0m8:e0900 805803 93:50005

ok Uniflow Scavenging s8omonoSc8dfjcsr
9000851006 900385:00500500pb 3E 05 PorteozdeasisofoyBnadengsiuncon
sdodea Port (o8) s3odearvn: §eswcd 600322068 ogarepeudieloypSion gf:onud
00600&:0005:31 363l00051 632005908 20:0305290:60 ¢t 0§ ol GrLZ0EF
260208 66p0dAEEH $05:00051
B&W & New Sulzer saqi€eogyn 805603 09:00051 80583, 00m:08:8q 8:96:q050
(0-8) 2005¢00051 652058C: 228 qCeagpipum 805605 08:00n{ogo0cSi

oqu Supercharging sdosooocdi
328qieocoésladn?cuogtior erudzaccuid (a3) a8600p5ie008 ooadeambanbomnd
eolonuSi

Marine Engineering Questions and Answers (Main Engine)



10 Win Aung

CCO:GOIYSYPigP: 90cVESI3GEP05e0, 9p&eE]:802:0805803 candoned
oeangPsgps Siec0nEog6:8 EGH 328qIEE Adln? 0Bonadgfeoonudi
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o1omadgpap Turbocharger sdooomcd

onaBgpap Turbocharger sdooo Single stage high speed turbine ooa@&;uci;;a%'
centrifuge air blower 02893 0303§ode00dconi0005 3EqiEmgEcoasando?
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Jo1228qi€mn0g030333056maecRm 030339PqPa3a3 o3ed§eioEoma

2Eq€n0god3sBodeamaey 0:a3qpape 0na3tionndeageid olepe 0sd (§) gltd
080lonudi
(o0) Constant system (s) Impulse system (o) Pulse Converter (vo) Multi pulse

8§ loncSi

Exhaust turbocharging methods: 1. Constant pressure; 3. Pulse converter;
2, Impulse; 4. Multi-pulse system;

Joi Constant system s8oxeomacdi g&:fgdh

500050 0860 socoEsleogan agedal Bodemeogon oxadgpapPsdod 03c5§ed
wognzona s3odemos 8{o3: Large Exhaust manifold oo&9cd0? saqEagnioncdi 38
0§88: 080 030Bgpapeogem sodoguda: coudiomadgpapigroten Fodeaugadep
0205860803 320905 3286 ddlsre0mntsatizncseacon:0? §8Eo0diantqiEdolypoy 4
s8qfmadjimaom: qpisaogodaoéecgfoncdi 005§s eogpewnties0dmngS] 08:03
2§§e030060 31550500051 6wIEFEWEY 900§Sl 0od0EE00:e G 208,

:onzp3c83260005

JJrImpulse system s3ooomcdig&gdh
80586 s0codlecgon 0gado3 Bodemaeorm 0mFBgpqpada’ ofed§adagaiondd
83056603 s0050mn:0003[§des000di #3860, soco€alondadion 0gadaono} 8siyé
s30demeoym oomod:iqts [§8es B Samispdiesol oolgrseocutslondadinno?
08072:8E b1 34l elogpé Exhaust Tuning codeosdadonedn Exhaust Tuning
o8oman Firing Order edleoopbBscogenqfda opsbeogod sdodeambadogevicnnomnad
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68l0100051 9500 845303 [Go20§203 cgpE§Cesnt sacg05dl Two Stroke Engine

eogen 208eaqBo3ugsd(p)adiod oxodapap 0oday: 5036008 dlonodi Sosdon Four
Stroke Engine eogasog0’ Seom&:dloncdi opsé (o) apieacd o3edqooudi oeetsoy
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JsrScavenging Air o ssega:d03520905 ommofeoypaeozqolodcd
soc08dlzacp8ioecd 6codm8Baopbiecnndaisacgndeaéqtgddnd ooy, 3208 eslealop)
ofeodloncdiotanoy co0d 308 eaqRo038e0R05 20055 udG: 28qEqFB0deemepds
28q8 socoéslecgd sapg§eogopd: chpoqjeopﬁ&}_ﬁféksgaﬁn% Safe working
temperatures saogé: 9a8eofB: 08oo8 0bocEqEsd c¥Esrcoy sacdlpnfgbedio
Stress o3c0p5: cagpspdie dloowdi

Jon Scavenging Air of sses2:60) 2088 :200888qEe0omeomEidlooc

o8condiecnod Dew point eaxodeepabeant mesatdqEecomnd:ilop: egaP58%
gpieonecdi eocoddladn? eqegeapqpiqpidaonB:Corrosion & wear §ooaSameddi
cylinder lubrication o3cop5:08805c0 wodi

Marine Engineering Questions and Answers (Main Engine)



14 Win Aung

JE1Scavenging Air §oo5a005(F: 88cor00803 320§ qp:od elgp[gdh

oooodepielgpq€ommeon 3aCql oobasgondadiuonadsogod coode3EepMaker’s

Instruction 036c5dl c8absndl cooomogjaoeom elgpqeod 88q€ mpdE g9 80§
o€cBo§odoocd eeapoot dona jo/ g SodofoBofobesmncdaopl veapadangdog

JorAr cooler comEsoeoms 000508 938800
Air coolergo =2[g[g6§€ 02 $88:§cloncbiero gud eqquSdiiec agoieprodieppSien
208005(8: codsefop:8o5ades8aondicron’ :esa:dod 3qpdlbo’ Sea water (28)
Fresh Water ogo:epooieogpaen podoohi 8c5e8e 5000005568 E AonuSi
Manometer o3{o305(8: Pressure drop across air cooler(s)§ssegeaconio? 0§08:88
Slonodi
Pressure drop of air across blower filter/TC o3cogSiobeaniqducSi §8:095qu0d
on§:cop03 Normal service value 3 Ship trial result oves [p3pSqdecS
eqeBE:0005¢0 adqEeon; Cooling water §Pressure qodisao83sa0905¢0803 32048
o[z qodapSad odesoiqilecdi powsaesg B&W KIBMC engine manual ooes

eomabs0basdgeodecd (Temperature difference across cooler should not exceed
Conv. sea water cooling system: 20°C, Central cooling water system; 27°C.)

JorMain Engine ewoé:egop: Air Cooler's water side choke [§6020508 2868 omcpGecss

Air cooler ago:036qe3€:4By pass valve o38obeod@: Air coolerodod cqupiypiogaieo
0051 C/E o} saefoxpEilogpiendi cdeabe oc5§§eagpuadi aseotnondqboiedlys Air
cooler’s tube cogoBon&qlageanbeubd

JerMain Engine eené:egops: Air Cooler tube edlo¢§:08q8 ooocpSucdi
eqed8:00 By pass valve ofeGoodi Drain valve s3gecdi C/E o8 saelogp8ifogpiocdi
ooddSeagpeud
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oor Scavenge Trunk ¢» Safety sses§ome0p006000:c51
(a) Scavenge trunk relief valve
(b) Scavenge drain
(c) Steam or CO, fire fighting line
(d) Scavenge trunk thermometer
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1q . [.-90(l.
7){\/ 3. SCAVENGE FIRE
A el |

e oor Scavenge Fire oouSa8{gdeclarnomncd

52800 meom; Fire triangle [gocoleooisagndeoy [gpddagn:addli (o) caonlonmeess
8es03 Cylinder Ol socotslggiEzad qod Un burnt Fuel Oil seom€ogesod oqdescd
econ€onedqud o Scavenge Trunk od¢o oolgpdsgpdsd qpiconedd () esacbedqieoy
do a3 ecomeon Scavenge Trunkaden s8aooopSimng[G: 00z (p) B:eanEelgdy:d
adeannda) sap§aeu§éor Heat Source/Hot spot saes o Combustion Chamber
Bones Blow pass [gdoono3éieomadeog Ssgaeogedh StUffing Box ¢es ewpoded
Frictionones Heat agobow ooobomoncopd: [g68EadencogaEionder Crankcase
Explosion [§6c8 538065 32068 Eamoncopds saefogpionds oli

/o pnScavenge Fire [§6q€ omcooganmecgiycds
Scavenge 3 Exhaust temperature eagonodecionadapap surgingfgdecdiqodongod

28qon3§8 caqpoyognioncbonudi Scavenge drain cock g&logpbedeod salqiéqjye
o8[o9p5 9 8:84g|e0p3 sparksogodaonomecpg&€onudi T/C air filterooescopbs &:9: |
Coleplavptislealer] "
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L;ﬁScaM-}nge Fire[gbq¢ oocﬁ{-?g eeonEgodecdi
Scavenge Fire [§6¢§:938 005§§cgpoodi [§66503095603 a8[godeudi 9§,
0008482803 Geuied 8imecononmnsaSonmaaded Bésognioncddoncdidleod
8:ccnE0)zncs3000:00 [Rreniesondedqieon 28q18958 B332600031c8§ wodi
Bridge and C/E o%me@a&:@os@:m&q&qaq&cﬁggecﬁu
28qqSB:B:qS: Turning Gear copdl Eqi8adappdeoidh 3agg§B: 32EqE
528053288005 distortion [gboxi Seizure [g6omeoz0? 07088863258 81000503
058005008 0003000568 qE0pd: 05:qB: 818610005008 AloncS1 8000505 0560 fropd:
cuopue{gé 8:um g - 09 8580 9o BE:ogr:ecn§dloncdi
8qéoes§Sen ondSsaclopEelonsy Scavenge space doors eoo? egéedlops
8:008[8: cofG: comcdent§tor 520905[g8 A0S cpeogoncogt: Relief doors ecgg
cgodoniepnegootdonadidieooffiodesnod 28qBoncopdiesaiogrdfioy 050050 e6
B0y opbimany§ svesaseozendep:(d: 20§ E:eqpnddiBiago0 Cylinder liner,
Piston rod, stuffing box O%O% c"ecfgras'ao%&:e?p%l qjo%gsﬁfl qui2iclepalen agos@&:%gé’]@é&n
005091820 ©20E Googpodeeo:dli
386 00§ 92003[gIeogEiloncdi 005e8epopsda? 28[go503sasl Maker instruction
203E: 68008l gpreoonsigs Fuel Pumposengos Plunger o3 2p§ Prive Cam
sogobogn: 63t 0e80502[gbdloncdi Fuel Pump inlet valve 805c3a5c00be803

F0IIPEOICOR cr%sgp&é]u

e
oci Scavenge Fire o[gdes»d 50050} [Boaomagebecdi

(o) Engine overhauling and Maintenance o3 go§cpdecds

() sacn:o0fgt Liners 3 Rings eop03 200590b000:03 clearances limits 320380
§escooodi :

(p) 2000803 cdercSemmt coseddiadequate cylinder lubrication

(c) Fuel valve dripping o[gdes=o€ ogéadecss

(9) Scavenge Trunko} o co§qE:esapdecds

(6) Scavenge drain eoogp cpbecds
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4. EXHAUST VALVE

g1 Main Engine exhaust valve eopsecpbc06603&gdl
wéqéecdsudancomnteogen Cam o> push rod o3op8:0005 push rod oo
rocker arm §,0080005g8:0300050p8 20080051 89 qi058, 006 0059§03 Rocker
arme,,oofgP:00595:0088808:000(G: SPrings §,opfesindeofoy€om Exhaust

Valve rocker

Hydraulic
Tappet piston
clearance

Adr spring

Push-rod I
Follower !

i ., o,
> Cooling
/from
< cylinder

COVET

Exhaust valve

Exhaust valve amshaft

Exhaust valve with pushrod and tappet Hydraulically operated exhaust valve (Sulzer)
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valveodesmabends eosud gEeovcdi Cam ancopbeseonn Cam base sxodeqpodoisaslon
Exhaust valve oo Spring eeo:§ [g§005e0di

856005 :8qe0gercon; Hydraulic Exhaust valve o3 ssodigooogpicosff[g8docs
Hydraulic oil pressure § Exhaust valve o gecSiAir spring pressure 3 Exhaust
valve om[g§8obudhi

oG1 Exhaust/Inlet Valves eogen spring s6edeca§oomomefompéod
Spring 0o89cc8: qodB:o3eslenvalve v Combustion chamberode} oqaga:8€ dloodi
5090080002602 F38[ga0s00? omgodeotdloncdi Valveorn Spring s20:3[g§60503sedly
Bouncing effect [s6do0u5i 0op803 008§ $69006000:03900305 s38en03800503
omaRedeoidlonadi

oqu Tappet clearance comsgqoeloiécdi
Valve stem o863 rocker arm ssfogpien§o? [oqpscgodeeopreacosos Tappet

clearances e caldloncBizaqtadoon§§iewnd:sles iy 20§ 80z0lgpe§cloocdi
conlisSesdmnds :048[g6amomaelopt Valve stem oocopbsqpbegoddloncdizaslo?
[Blo8og0580000:(8: 32EqiE qbesg§¢> Maker coodyodooniol Tappet clearance
qesnES[Bs conseoigdloncde

oo Tappet clearance spdiq&om(gdecdi gpigEomigdecd
Tappet clearance spS:q€ valve oneen(§sgEechi Valve timing vo$eomnopu
8oBquudmncsm2000: 9o 08053 opb{ybes§tonudi Compression ojcd§odeowudi
ongjean :EqiEccSecaiecgyn Valve comad(@: Piston, Valve, Push rod, Cam
00322805528E:60308 qodBieo Edlonudi
Tappet clearance qp:qf valve ooegnoboqBigEecdi Valve timing vp§eoxpopu Valve
stemo363 rocker arm §odecbodseadogodaoneudiesd 3a805eagE:sd9 qodBinguducd
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pe1 Exhaust valve oo6[o3p€ copS8 c82a8aocsi
Valve 3 valve seat 26l éé‘ﬂl‘ﬂ 9§:m:ﬁ|§5@o§ 3 g&:m:ﬁeaqpsﬁé:cso(‘él Valve
seat edleoonbesay deposit eozol vodgpiod§Easndad valve q.20034g8 03
:Do%cao&:(céﬂé@') GD%l :?30305 mé%dﬁmaﬂmo&l

gon Exhaust valve conqoizee|opeiqigpiod esd[gdl

8q€en () upsdonbown over load 2005035[gbescd)
Poor combustion [s6esc8)

® Tappet §&oxep§crenzod oo eoogpudodad (o3)starvation of closing air
[g8escd

® 20632190766 (PEBGu§033R0R05 oo 3apagE el

®  sBucomt:ozacga Vanadium, Sodium eogdlaus@s Hot corrosion [58c3

®  v2fenqbo) cogieadjisaeniod ehlecation]

gon Exhaust valve oadq8fgdconono’iod cooparmeoRa’ elgplgd

®  2005a3Cepupsden Bodemmnds oofgpeopsbe0g000’ Sgdesens

e Indicator cards upqé Low Compression Pressure and Low Peak Pressure
coglgesecd

® opsbododerumodspliqEaondanadin compamiopdonaSisleod Scavenge Air
pressure & Super charge air pressure o3fo3a8Bs oa:e[3p8fgBomcoerosaod

$p5:08 [gBomncon: eBom Slepe8&dloncSi

GJvME all unit Exhaust temperature oooSegomomalozpéeds
® Scavenge Air Temperature/Sea water temperature [4Gescd
00§ 33056 ognzep cobselogpEieopen poBuodeeff: 8o5edescd
Cam shaft position ¢:e5{8: Incomplete combustion or after burning [g6escd
Fuel Cam / Exhaust valve Cam co3 g§zonio qpsescd;
o8 3aqpSevcog: weont:cd /Bad fuel
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o  contenadodfedepenadecnciesmntosanntqyrditad /inadequate purification
e Overload [gbescd

cor ME only one unit Exhaust Temperature [g&es02 oooefopéedi

BH3usbunScavenge Fire [gdescd:

Exhaust valve ecde3 (28) ceontad)

Faulty fuel valve & fuel pump

Blow pass

Wrong adjustment of timing / Cam damaged

o1 Hydraulic Exhaust Valve cogen[g€§E03 copboobesad :a805eapE:ec ofdlopn Beon
Valve copSocop § ¢8805(gE:§ed0? 20800bed odesoidloocd
Exhaust Valve eogen Indicatoroodeenbeonidlooubi Exhaust Valve copSoosfgeagedy
coodegm0do0>eot:§ed obesoiqlayzdl Indicatoro? Pneumatic piston o8coxeochod
JlonuSi coodeamaiondendlgbeso? Indicator o [6305(8: Valve ¢&fgts God[ges
066507003 88EdloncSr Indicator § Pneumatic piston §o8e503 esepooponpd
Pneumatic piston §,q0359[G8¢> go 8odeso? saq¢lgcpboonidloncdi Indicator §,
0005680050005008:900 QGETJE xcSop: o%q&m ocopddlon: |oocﬁe:mcﬁmrﬁaoﬁ @80008
@Bmommmmé GEPS cdes oocﬁ o$q8 o mémo?)o% 08.$8c31cncﬁu ’/r
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5. FUEL & FUEL SYSTEM

e Flash Point 30200003
The lowest temperature at which an oil forms an inflammable mixture with ar.
Flash 2 Boil o3 cqpon0503320305 gE4gdled encheBoendio’ ¢tfB: 5o8:008[030568
Beg coveon §686 §6§65 0o0des0m03 [4Eqdla88wwdi s34l Flash [gdesond
20qp500690% 098 326p5ee0deep05033208 33060:80gEER sngadrBisaqpimes
:6g 3[gde[gpE:01088 00S F58l03 comp Boil o8 28sogfon:dl

661 SOLAS =aq Flash Point oocSeconcboo058603 sdsaqjpanentecyad cocohedlen wode
0000269203 2005905 0ol

Flash Point 60°C c00585039808 saodiolgqdiop

G APl s8oxnomocsi

American Petroleum Institute — A trade association which has produced many
specifications and procedures which have become accepted almost as standards
by the petroleum industry.
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gon Cetane number sdoxooocd :
A measure of the ignition quality of a fuel relates to the time delay between
injection and combustion. The higher the number the better the ignition quality.
600280083 8:000088803g5iqp5e8 8810703 553008100890 990> 236 qEG303

080§:03E:0805§§3 o80[B:8: cconbodesad§d opiodefoRoa§ogr§dsonSobesdloocSi
$0lodfgéeco 5:@@5$80§g536p§ [g8ecodcn

e Pour Point e3oxomcds

This is the lowest temperature at which an oil will barely flow. 8250480053,
G330H03 GEPOIONE 88U 8:508:%39@.%8@03939:" |

goi Cloud Pointedomomedi
The temperature at which waxes form in a fuel. This can lead to pipe or filter
blockage. 83o¢§§eepboni econfensBaden seornt: ofigbediconcoudi defopsi
dodeogi sBodeogen 8odaduenglgbecloamneodEonudi

go1 CCR (Conradson Carbon Residue)s3oxoomocds

CCR 00§8:qpiq Ssoc0o3oq§esdecd omapddrommni 8:810905038 SiqpiocS

oL CCAl e@mmcﬁu

Calculated Carbon Aromacity Index: It is a number used to determine the ignition
quality of residual fuel. This figure, which should lie between the limits of 800
and 870 give a guide to the burnability of the fuel and its ignition characteristics.
The higher the number, the longer the ignition delay.

eaontonadeogd S:eantEEa3gdiapSad eubgodesepenadiod dd&iomEionbedl 09g,
2§8:00000 £ 0q0 [03p:2§100¢ s Slon 0pg e on 68 EodmaebeagEsd BreconEogbin
BEeprooyarn o005 pR8(ggIe50dedh 03§:0an§:0088: gprecoeco ieanEd
[3glorpg$qpiecoacoad
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gon After burning sGosoooocdi

After burning s802 econBenaBon samnoagibip e5:cd (a8) ego0doqed Expansion
Stroke 05 2208 con8ered condrundecmntayéiesomadesioloncd

gg1 After burning oooee3pElgbeomocss

After burning (8o eamcbdlzagiedecgelogEa
Incorrect fuel pump timing, Faulty fuel injector, Heavy fuel oil temperature too
low, Lack of scavenge air or Poor compression.

g After burning efo3p€ omeopg§Ea0css

After burning efo3p8 esodesblgdl[gacosapiogiecggdec
Loss in power, Exhaust gas temperature high, Black smoke, Burning exhaust
valve, Fouling exhaust system, Fouling turbocharger, Possible fire in the uptakes,
High cylinder temperature and Difficulty in liner lubrication.

G Ignition Delay

Start of Injection soco8dlod0d coonéened oonofsogtiozzed$ § Start of Ignition
860080098 0008810008 D= [o3pien [p3gfoPpd§ delay time §dloood s38lo?
Ignition Delay c8esldlonoSi soco€slodespadornas econtoradon 8a86002:(8:

2088586503 600 mes Biacn€oy} 3e2603 20903 qupd [e3gfogro3megEAl

g1 983005000503 8§§635: Guiding Fuel Ol Specification ode{gofgdl

Guiding specification (Maximum Values
Density at 15°C Kglem? 991*
Kinematic viscosity
at 100°C cSt 55
at50°C cSt 700

Marine Engineering Questions and Answers (Main Engine)



Fuel & Fuel System

25

Flash point °C > 60

Pour point °C 30

Carbon residue % (m/m) 22
Ash %(m/m) 0.15
Total sediment after ageing %(m/m) 0.10
Water % (viv) 1.0

Sulphur % (m/m) 5.0

Vanadium ma/kg 600

Aluminium + Silicon Mg/Kg 80

Equal to ISO 8217/CIMAC H35

o1 MARPOL Annex VI ¢odloto3 econéonadl 0o5000503 226056000 PYDIR|OD

tﬂ&@é]u

Marpol Annex VI ¢aecor8ead3 005200503 on§aoodsjodecg§idlosudiccocopods iy
Air Pollution o3 02003058 s20205[580loncbi oeoiedlgnaacsi{gjoy econtensdeoyen
5030860 0835$: (4.5% mass/mass) coodeecypadlopu {SECAArea: SOX Emission
Control Area} c8a005005000:03686pa0gen 32084 gpudeconteredeneon a0
Ao83sS: 8505: qAlwnS (1.5% m/m) cocdecoypadlog egaca) 82005005g050005

c‘:)@: m&@&ag):é:@é]n

MARPOL Annex VI o 19May2005 ¢ Enforced [g6dloooSi The revised Annex VI

oncomp 1July20104 Enter into force [g8dlod&ucSi

eelciopplelonlipn) ofgpmgdesnmes SECA c308wuda3¢€ [030oE[G: coonEonad
e[gp8:03:qd 02051 80008 loCpgpdi03 cconConaBe|gpEiadiaimncyod ogengpo?

Cylinder oil o3copSse(gosad: qileonioncdi

g1 Special Area under MARPOL Annex VI (SECA) eogo} elgafgdls
Baltic Sea, North Sea- North European Water.
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Eon Self Closing Valves eoga3 oouSesepeogen 0o6so8omad omeloxpEondent qomnad

Self Closing Valves eoga Settling Tank & Service Tank eogg dumping valve &
drain valve gooo6e0€eafidloncdiaoeonmonp8BSesomwundSdiRalling, Pitching
[36650205 2003 Vibration oncopbi§esdeaoioncSi s38anc[gmesseayelops vareogum
©60250090 9§01 2200056507 32653200216 elgpEeogriomndfpolgbesnt
omopud8Eezntaddl

Gar Quick Closing Valves eo308 oouSesepeogenonbomnedi omelopéondeomadi

Quick Closing Valves cogo$8§:s8q8iqseqomastasiafemaisSetting tank
§ Service Tank eogizagiea LO Tank eogi FO D.B Tank's transfer pump suction
30§03 ¢36pe0Rp006808eng§ilonudi apodad esepan 8odc8qa0c3 Remote Control
§320050065 Sodadqeaatopdidedaonidoncbicoeatnecdesisogtidiectod 29len
20qC32[g8 0058 Eeemntad Bodao:gqomd

260:006506050399] (3 3 [G:8050mdjs§a0cdi Pneumatic Pressure Control
$605020d:c0pb:§dloncSiondGEs 05 32:08:03 80588820905 a35:9|0036sepod9eD
onbgonbeo:onpd: cox§idloncSi E/R CO, fire fighting control box, Emergency stop
switches eopcopb: 00503 Emergency Control Station eofg8dloneSy

€1 F.O Settling Tank oooefospSaon:§iegooocd

F.O Settling Tank con:§eomnon e8eogo’ :2$p500€[G: §000503qee>E 0010003l
coeon(Fisaqpipen F.O Settling Tank $8c3:98A0o0Si F.O D.B tank Splt S olelonlep
Transfer Pump £ F.O Settling Tanks8c8en8aoiqdloneSi o§a3goSiespoiooneod
e8e0g0m6yes005 B capadamgomenniancad F.O Settling Tank esEaleptilolealent Soutes
5860500520058 665 e3208 0B Gravity Separation Seco:o) Sludge & Wateros
cs05908:225p508 0g0: ome MBEBesmndelgoes 20036605g005gpad058
Bop0o0:0mdll [Fiwa:0d Sludgeeops eqeaypipo’ oodepsBelgdeony Settling tank
onaBodaRopld: o§oti o§eliomng F.O Service Tank of oo€evesqod Purifier/
Separator §zaedlencopbs Overload [§80x03 omaguSeoidloncSi Purifier/Separator
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B [go5Bs 0§oeor sa[36copdiengpagriomnedi coeoneozedlen 8p5g05q0h?
sosucopSed Transfer 0§ Settling Tank o3 s8elgpt:ez098:005558 neB0p Separator
o>s309f8: Service Tank 0% ox8egonodfogdloncdn sag§on Settling Tank No.1 o3
8cs80[gpEi008ei Separator oo eegon ooonoy Settling Tank No.2 SpYelepioe! ot

Service Tank o3 BonEqeadli

GonMain Engine Fuel Ol System o3 ¢o3{8: g&:{geo:dh

_ TE 4 o
_#_ g*f Hr o

HEAVY
HEAVY
oIL oIL DIESES t . COOLER
SERVICE SERVICE ?FI\;K L |
A TANK Y Y
=3

4= =1
3 ¥ ’ i e
(! 11 T TR T
! : ? T r b TANKS
1’; FROM T L | s (|
VISCOSITY H.0. TANKS ! CENTRIFUGES
REGULATOR i
CONTROL
,
: FUEL PUMPS VALVE

{ e e

: FILTER
{ < e L=}

Fuel oil system

G Fuel Pump §esonégodgodecgarelplgd |
Fuel Pump §ee008g05q03e0300 (o) Fuel Valve g §a0305 c§=a60) Pressure
qeang[géoneoionud () 28q83Load edgooabB:cdeataono? contonsBowanad
metering oS%:qISGo:ET)_OODSu
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g1 Main Engine ¢a05:03 Fuel Pump Type oo0Bg8jéoocsn

(o) Helix control pump
() Valve control pump
() Common rail system high pressure pump

GEx Helix control pump o3 ooc5=aéqi€ecgen saaddgecagiloocs

MAN, B&W, Mitsubishi ojeao8:dloocSi Main Engine sagpigumBo§aadfizseniad
2%{or0l0ocbn Generator Engines saqpipoancopbs Bo§madjiseeniod adfodoncSi

Baqu Valve control pump o3 9005 8§:358qi€Main Engine eogen sao34{gieca§dloocds
SULZER s28qi€en 0d:dlonudi

Eor Common rail system high pressure pump oooc5aEqi8eogen ad:dloocds
B&W engines- ME series & SULZER engines- RTflex series coganadidloncSs joop
950650058800 0onEaradigiemomeopgdlonudi G.E eoeoxy Cummings engines
GoRen 3203glomeapgdloncd

Ger Helix control pump sscobapddeaelogpt:al gEfgeo:dh

Fuel pump body oo92EqE§,0305copdenadEamionudi Barrel oo Fuel pump body
oBen§[B Barrel o005guded o3en Plunger oco§ap§eseod condesanndonodeotadg:
22096096051 360l0005 § 220905 Cam ot mnopsiontecdi[gEsotd sscgad viaden
006808000:0) 00§56, 39023 [g§0E:005n codcudorian eplapticiealiely) BleSlevtetetell
6§20500 503 EEV203 8B 0H(G: 6qG:0m cqod 9&a3E:090081 cggodeomn
00503805 80p8:08054E calpodaBones @ajgEadogadonudiSaseomonep:ddiocoSqp
6320050380C:03328] 2005q0u5e5 92§03 sBotedlodones sBeog vro§qpesecilonodo?
eiSlaeplEléuT[Slabtelelcplcel op epleplepicala fevicaletél Eals CHlenllcplclploploleiguatloateiclonton
oelrﬁgp% 08$so?05905n
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\

7

WM%II%
B AT
?’Illli/fm H m

Plunger

End of fuel
delivery

Start of fuel
delivery

Fuel pump control

meo0:Bode[plgead
0cEqp 63200566pa5e503 2§90 2005905cS ¢§0d Boedlod mes 880t

conecSi oco§qpd, :edlon0den Beag§esecdi s copdesomelopt vcogap
263103000500003398] 9p3260] 72§03 sBeogrBog§iecd 8uodi Sleod vaosqpon
s808cdln503 80580805 armad§oge s8ecgum agodedlodedod8058(g: Pressure
020562[58Ao0051 3808 0co§qpe 90056050 y§edod adlod 036008 T3EE0R
Start of Injection o8 2005¢08dlonuS1 vLEqPD s0e5000503ee8] 08§ §¢>
oco§qpeadios Helixz 0o05qc5eden§ch s8oéedlndd oopdogndlonediocodqpaecdien
ogodedosdodesoradaogom Helix oB[gad8s s8ofedlodada? [g§aot:ogniogancd
Pressure copbeqodeioqogaionciFuel valve's spring pressureofeonp(@: gt $€onsa:
o§eonopueocobdodnd(gqedenimonbeot sdo§iagieuiesomgdogrec cpleieetsl Yop
End of Injection (or) End of Fuel Delivery a3ooc5¢cbdloncS

M.E old model & G.E cozyo Start of Injection ox deoodhiesfgpzadapu omefopad
8607 300360508 b (g|gedu§a ocdeogbun esepeaeo BEoon1000500051 98,
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326$32002: 30§633(4¢ e[gp:cdg ofjops Plunger c8&m sBoedlobaB 85803 Start
of Injection (or) Start of Fuel Delivery ogoau

End of Injection oneonp efgpéscdeseodiEngine Load edlboaaSR: Fuel Pump Control
rodo enenzwcdizad Contol rod oo ocosqpad copbeocncdioco§qp copSogniodzacgod
op3ae0lengod Helix § 0005quScbeding o s8oedloho3d saes3a00m: ooaopS:
elgp€:cdagm:0005 End of Injection voocoph: cenfgls eso050q(gE: [gBecSi 328qEad
60303 aBuenancopd: $pd:gCs gpsgt: [§6edlomneSi

qon Valve Control Pump s2006006603 g&:qdh
opencopd: Fuel Pump Body 03¢a0005qudcd Barrel §eodi Barrel saaden oco§ap §eod

v ocosqpecupbicnidelppéarcdonndecdino§Semielont eamodgieotciPlunger &
Barrel sa0p60p6o3o06omanomonm Helix typessacponditi caontenedeudoiventna?
oB:qoodeseperconnzdloncdiEnd of Injection/Delivery oo s26q€ Load ooc5edelopt:

Spill ischarge
valve ; - A
~{ Suction
&aﬁgf Fvalve
2 F
\/L . :‘3_ -'; 'Eu i_; h é
\.9636 L‘Jl:.u“;gpu-_—i ;.‘g' .:::‘ i B Push rods
o

follower

Sulzer valve-controlled fuel pump
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ofgp8: Same crank angle ¢ofep:clocdn Fixed edli Start of Injection/Delivery
oneonefgpticdesecSi Suction Valve 8oSoxeeqt Start of Injection cenwoSiSuction
Valve 8c8omesncdoqef Timing copb: egocdoqecdi s38egpt:cdgo} Eccentric &,
messcoelgpticdeulga q§eo§orod Old Sulzer engine eogy> Suction Valve
330005 Spill Valve odlon 6s20588: New Model Sulzer Engine (VIT engine)
ogeneo Spill Valve ddotaoodoncd

qor Common Rail System o3 q8sfgdh v—7

egroncopd: p8u8ieaprbos60? o?z'é‘g‘orn)ﬂmcf)u e500508:eqpodogudagioncdieny jooo
95653088:0 0520005009000, Joop 25808:038¢n eqpopodadad(giespabronfghooudi
Bopioneon; Fuel Valve § 29982280503 Mechanical 5$05:008:5000[s 2900607
Electronic sp8:c08:3c85:q|600051 BBeeomnsoononcd aB02:00050000005c8 e300
cofgpraobons38edafegen Exhaust Valves & Fuel Pumps Operation 520303c832603
Camshaft odeosponar High Pressure Fuel Pump o600 econéomadeogn?

=
. i.:£’3k:’,?;¢@¢bf£’///’
D 1 i 5’5’?%/%%75///4
Yy okl
o il Wﬁ:ﬁﬁjﬁ

3
'*'.fﬁf,/j i /,/ 7
i
1

i

e i ’*// -

i
i /)
f,

- /)
g
/ Iﬂ 7

.../ff /;; / | j
' 1 pil | "} if ﬁ.r'flr iﬂgﬂf ".'r:m[ﬁ‘f"" / ‘
10 %’%ﬁ,f’ o1 ?j;{/, /

.
; g i )
T ) i f/ﬁ i "’qﬁ/

e U 1{’/:‘-%3 i /

Low Speed Engine, SULZER RTflex Common-rail system
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Fuel stop valve

High pressure . /
supply pump e 7 7]
Pressure
sCnsor

Throttle valve

{
s
Electronic Lr, ITl

[ToooooD
e RVYVOVY

. Injector
Crank angle
top dead centre

Common rail injection system arranged for a VI16-cylinder high speed engine

2 il

High Speed Engine, MTU Common-rail system

Bamzlgao: [§: oasdammind:gadcol 8888 Common Rail s803 deosconzonudi
#5833744¢ a8aogm 0psdodtiendos Fuel Valves copd cBeneepadesoncd Fuel
Valves eogmBobeseor; s8eogmn socoésladoéad eqoniedh Computer oxes Firing
Order saq :acppdoqesd socotdledo’ Signal Gevseonye Fuel Valve oogSeods
sBon 2005a3Eepupsds, Combustion Chamber adodeepadeodi sacfgsaocomaonep:
oo Starting Air System Zopdlonodn :2Eqi€ oopbesmnndagennd) 8&E:edloonpd[d:
25p0:3gp: R[grpecpeon§doncdiElectronic Control Fuel Injection Timing cliogg,
0006 F2:0008)0500 SBE2:G 200500000051 6§00500D oM LIPE§INHAEE(IE0}
SOLAS Annex VI -Air pollution requirement cogd 0305p8e320E aEqiGeogancgaol
Exhaust s2e0€03 805800 S[Ge{gpde0pSie0i§Convdald sdilonud

q i Delivery Valve e3o202c31 e

ME old model cops GE sseondgqpiqpien on6e0Co? Helix control pump
010803 92805 228 E:0089[gdSlon0d sacgdE0Econsomdl Non return
02:00600000p5:6e00Egod dlonwdi apdodogniaisesienDischarge Pipe oooden
BameaqpogniesnSaopd: caongeddlonudn g5 elopé [giedeniwn §o3 Needle o}
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Unloading collar =g

Delivery valves (a) volume unloading (b) direct pressure unloading
Positive seating coogpeacd€oyeecnc [gaeSo§cdgacopt: Cavitation [§8oxa?
coqpspd: codooodi i, seat § wing [o3p:cd¢o annular ring oodggdlosoSi opon
Piston sosomndseacpboodffs 0:8c5cd0b§§endischarge line ¢odios apcopSop sharp
increase [gdeodlonddi

Lagh gead AL .

qo1 Puncture Valve 8302002051 sl Ped L 3) o N v
B&W engine new model cog,Fuel Pump 23§03 o:00650li opon o§dseedlzagien
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Discharge

Spring-loaded %
suction valve

Timing and P[Rﬁ.(’_d %
spill port Pump
barrel 0(5’731{,
7 TR
elix x 5 {J,,h' T
Rack fi
R Inlet O'"’“Qk d

injection i
timing (VIT) ¥

MAN-B & W fuel pump with variable ignition timing

Marine Engineering Questions and Answers (Main Engine)



Fuel & Fuel System 35

02890 00§ qPaB one5pm cppBlBisaessaconie[gpticuid 6520500090 2205quddN?
medeanadlgéa §65E: apiff: saeseaconelgpieo:digbooudi

Valve Control Pump ¢ Start of Injection oo gcoononpbion elgp&:cd§€Bsazon Suction
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Fixed [§6es000di VIT Fuel Pump ¢neoxp End of Injection defgpé:cd8esane Spill
Valve copd 80500001

Common rail system e»eoo; Timing Control o3 Fuel Pump ¢ncoommweopodon Fuel
Valve §aag820805 confgEaesnodoggliiaodooon Computerized Electronic Control
[38AonuSiz38e0mp Start of Injectionesp End of Injection o3dl cdaocde[got:cdeor
VIT system [g6dlooodu

qG1 VIT engines cogdaantoogodbonomcdn V1

e Improve Thermal Efficiency
e |owers Fuel Consumption

qqu B&W K98 MC engines Fuel Valve Testing saefogp&:qgdh

Main Engine 8§:228qiGeopa[gqedoniotsd Fuel Valve Testingod cuiqf 9eoogpddd
qseqomeadqtecyn [glederedoa} elgleg ejgpleionecy [opiesael #pdiop
6031 0058&E:60900 600d3F056[PE:dE5$071 VOpONED:E0R §esomadaBesnt
a005505(8s 00&[g Boddloncd
Engine Maker’s Instruction Manual qpzo3soblogdeopds coboncded odabop§sdeor
Fuel Valve Checking
1. Pressure testing pump
If an air supply of 10 bar is not available, working air of seven bar can be
used. Use only hydraulic oil with a viscosity of between 7 and 10cSt at 50°C.
For operation of the pressure testing pump, see the supplier's instructions.
Note that the high-pressure pump should be periodically checked in accordance
with the supplier’s instructions.

2. Spring housing

Marine Engineering Questions and Answers (Main Engine)



Win Aung

To ensure that overtightening has not taken place, check the locking /indicating
pin has not bent or broken off.

. Setting-up the fuel valve

Place the fuel valve in the test rig and secure it with the spring housing and
nuts. Tighten the nuts until the top face of the pressure disc is flush with
the top face of the spring housing. Mount the oil pipe between the pressure
testing pump and the fuel valve.

. Pressure testing procedure

The subsequent items must be followed in the sequence stted. ltems 5,7,8
and 9 are each divided into the following four sub- items.
A. Objective B. Procedure C. Acceptance criteria D. Cause of fault.

. Flushing and jet control

A. Objective — To remove air in the system and check the fuel jet.

B. Procedure — The control handle must be in the OPEN position. Slowly
increase the working pressure until straight jets of oil are ejected from
the nozzle holes (no atomization).

C. Acceptance criteria — There is to be a continuous jet of oil through all of
the nozzles.

D. Cause of fault — Dirt in the nozzles holes. The nozzle is not mounted
correctly.

. Atomization test

Testing of the atomization of the fuel valve is not considered necessary, as
the capacity of the fuel pump on the engine is substantially larger than the
capacity of the pressure testing pump.

. Opening pressure

A. Objective - To check the opening pressure

B. Procedure — The control handle is to be in the OPEN position. Increase
the ol pressure until a continuous oil flow can be observed through the
nozzle holes.

Acceptance criteria — Check the opening pressure on the pressure gauge.
Cause of fault — If the opening pressure is higher than specified, the
cause may be that wrong type of spring is used- replace the spring on
the thrust spindle, if necessary, replace the complete thrust spindle. If
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the opening pressure is lower than specified, the cause may be that the
spring has sagged - replace the spring, or add a special thin disc.

Note : If a spring or a disc has been changed, the pressure testing procedure
of the fuel valve must be repeated from step 4.
8. Sealing test and sliding functions

A.

B.

Objective — To check the needle valve seat for tightness and the slide for
correct closing.

Procedure — The control handle must be in the OPEN position. Slowly
increase the oil pressure to about 50bar below the opening pressure.
Maintain the built up pressure by moving the control handle into the
CLOSED position. Repeat the procedure two or three times.
Acceptance criteria - Oil must not flow from the nozzle holes. The pressure
drops relatively slowly to about 15bar, after which it drops quickly to 0
(the slide is pressed against the conical seat and opens for circulation
oil).

Note: Oil flows out of the leak oil outlet when the fuel valve is full of oil.
D. Cause of fault

D1 Sealing Test

I oil flow out of the nozzle holes, the cause is either,

o Defective spindle guide at needle seat, or a sticking spindle. Examine
and /or replace the spindle guide.

® Too quick pressure drop : the clearances of the movable parts, both
of the spindle guide and of the non-return valve, are too large, or the
seat between the thrust piece/spindle in the spindle guide or thrust
piece/valve slide in the non-return valve are damaged. Examine and/
or replace both the spindle guide and non-return valve.

D2 Sliding function

The pressure drops relatively slowly to about 15bar, after which it drops

quickly to O (the slide is pressed against the conical seat and opens

for circulation oil). If a quick pressure drop from 15 to 0 bar cannot be

registered:

@ The valve slide is sticking; or
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o The vent hole in the thrust piece is blocked.
If so, disassemble and examine the spindle guide, replace if necessary.

9. Pressure test, O-ring sealings

A. Objective — To ensure that the leak oil (circulating oil) remains in the
closed system.

B. Procedure — The control handle is to be in the OPEN position.

C. Acceptance criteria — Close the leak oil outlet with a gasket and plug
screw. Increase the working pressure to about 100 bar. Move the control
handle to the CLOSED position. The built up pressure of about 100 bar
should be maintained.

D. Cause of fault — If oil leaks out at the union nut, the O-ring inside the fuel

valve head is defective, and must be replaced.
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6. INDICATOR CARDS

eo Indicator Cards omefogpEopeomocd
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e Indicator Diagrams opoa? qEsgdh
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K/L-MC Engines:

S-MC Engines:

For this type of engine it has been necessary to delay the point of ignition to 2-3° after TDC,
in order to keep the pressure rise, P.qm, - P Within the specified 35 bar, while stifl maintaining
‘optimum combustion and thereby low SFOC.

Due to this delay in ignition, the draw diagram will often show two pressure peaks,
as shown in the figure below. .

equ Power Diagram melopEiq&ilgal

8 Diagram opo3=edlyn Indicator drumgMovementas Piston movements Inphase
[58esqdloudi Diagramsaop€:en§ios e§oonan 58 cyclessogbion Brelpados Workdone
o3 030dendgjolonddi
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ooon Light Spring Diagram
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ATMOSPHERIC LINE N SCAVENGE
OPENS

Light spring diagram

[96edles 0l Beaniypind 3209058 [Flglonudi 238 [gbodeogen vews ol saefgmeseoy
[46c56C 038EAloncdi

oo i Faulty Indicator Diagrams gpsod qEsgol
B&W - MC engine Instruction Manual ¢eomobscbesigoondgfgbiloocdi
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51
MAN Faulty Indicator Diagrams Plate 70617-40
E8WW
== ====- gorrect diagram
measured diagram
,'”1
i\
t \
i
v \
}
\
\
A\
Fig. 1. Vibrations in drive. Fig. 2. Length of cord too long.

Fig. 3. Length of cord too short, Fig. 4. Friction in indicator piston.
B.D.C.-part missing. Draw-diagram also affected. This fault gives a

e
Fig. 5. Spring too weak. Indicator piston Fig. 6. Indicator cock leaking.
strikes top end of cylinder. Atmospheric line untrue.
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oopi Informations from Indicator Diagrams gpzo3 g&gcl

Win Aung

B&W K98 MC engine Instruction Manual comabgodesgoogigddoncdi

Fig. 1:
Fuel injection too late.

- Fuel pressure too low.
Defective fuel valve(s).
Defective fuel pump suction valve
or shoclk absorber.
- Exceptionally poor fuel
(bad ignition properties)
Fuel pump lead too little.

(see also the text)

p_low, butp  normal
max waimg

Fig. 2 -
Fuel injection too early.

VIT index wrong.
Fuel pump lead too large.

Prma: Digh ,but p .., normal

Fig. 3: B
Leakages, increased cyl.
volume, or fouling.

- Piston ring blow-by.

- Exhaust valve seal leakage.

- Piston crown bumt.
Low scavenge pressure,
fouling of exhaust and/or
air system.

both p., and p ., are low
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Indicator Cards
SULZER RTA 84 Engine Insturction Manual ¢ coxobscbesbigeonidoncdi

Interpretation of indicator diagrams and corresponding engine adjustments

S f T e Diagram showing correct cylinder pressure and nor-

| Compression Pressure e ) mally timed ignition point (start of injection).
PN For reference values on compression and maximum fir-
X . ing pressures for corresponding load and speed please re-
\\ fer to the trial reports and performance curves.
S
957863 :
—————— e e S Rk Maximum firing pressure foo high at correct compres-
_____ — e e ] sion pressure,
! \\ Ignition (start of injection) too early for the fuel type in
I \ use:
! N — The correction of the ignition pressure must be carried
I N out by adjusting the FOS to "minus” (see sheet
L
t o 5803/1).

A correction at the FQS may only be effected if all oylin-
ders show the same pressure deviation.

Maximum firing pressure too low at correct compres-
sion pressure,

Poor combustion — check the fuel injection nozzles — or

ignition (start of injection) too late for the fuel type in

use:

— The correction of the ignition pressure must be carried
out by adjusting the FOS to "plus” (see sheet 5803/1).

— Nozzle tip with trumpets.

Compression and maximum firlng pressure too low.

Possible causes:
~ Effective load lower than assumed.
- Exhaust valve leaking.

~ Charge air pressure {00 low:
Clean the turbocharger air filter and air cooler
(exhaust gas pressure from turbocharger outlet too

high).

Compression pressure {oo high.

Possible causes;

— Engine overloaded,

Mifer

Diesel
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oo Planimeter  Diagram Area o3&:00¢03¢&:{gdh
OenfgoonsodenodE: Indicator &, saesea002:03 esepgoh
Expansion Line colonsagobonbeondi Diagramsssossacadaifi o3:opmicimslen
0000>F :ed00d 0303mjqesnE§dllondi 00cdmes 3252:3038: 038:03

Remaovable
Roller  hinge

Tracer cenlre. == =i |

Indicator diagram ™

=0 armprrnd

Fasten by drawing pins

et et e e ey

208160 008807 6go3 $5:00 Besdleon ABEBeesideodn 3a008:eep adecn0de
§dleon 03E:0mp 32053590: 03030703 0058Ee3E 0336368 wEBw: a3ifG: 0o8o
©602:0) 0ol

=o033a0: 008 8:0098 [epssasgodomindicator diagram§ e§omfgddloscSi

20038 - 00§ &80m8 Bogpa? 3 fodeso:di BF:omieornodend BE{G:obdl
powd 32 |08038020§03 00pqH:00d9eR[G: FE:{35eE vcv§-Bomed ¢ oongs:
0E0380mgeecd cd
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oogy Indicated Horse Power o563 qésgol
B&W -MC engines Instruction Manual oS¢esiigoon:o 03050 ogobspdeal gdgdecSi

Gh%,\l ~1( w oS

The mean indicated pressure. pi A G
pi=A/LxCs (bar)
A (mm?) = area of the indicator diagram as found by planimetering

0§80 Fepadqoonor diagram de§ooo

L (mm) = length of the indicator diagram (= atmospheric line).
diagram &§sacqps
C (mm/bar) = spring constant ( = vertical movement of the indicator

stylus(mm) for a 1bar pressure rise in the cylinder.)
008§ §03§:600 008 8:

The mean effective pressure, pe

pe = pi —k1 (bar)

k1 = the mean friction loss

The mean friction loss has proved to be practically independent of the engine
load. By experience, k1 has been found to be approx. 1 bar.

k1q6sqig0demnieloqng edigin00§3: 020 328 qiEq codieecntesqdd 0§5 cuodaonddlop

pe §d 320305 pi Bonesklo $05qdlend sacogealodypseaq k1§ 0088:0:1 bar
0§:0q/C¢§ Aloncdi

The cylinder constant , k2
k1 is determined by the dimension of the engine, and the unit in which the power

is wanted. k1§,0083:006000 22Eq1E§,3203€:320003 AldloB 000SursbsdgEonad
B0p360 9ooobdlooedy

For power in KW:  k2=1,30900xD x S

For power in BHP: k2=1,77968 x D x S

D (m) = cylinder diameter  soco€dleisaqiC:
S (m) = piston stroke 0do0onEel 00705
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For Example:

Engine type For Power in KW k2 Foe Power in BHP k2
L 50MC 0.5301 0.7208

S 50MC 0.6250 0.8498

S 50MC-C 0.6545 0.8899

S 60MC 1.0801 1.4685

S 9OMC-T 3.3802 . 4.5958

K 98MC-C 3.0172 4.1022

The indicated engine power, Pi
Pi=kxnxpi  n=engine speed (rpm)

The effective engine power, Pe

Pe =k xnxpe (KWorbhp)  n=engine speed (rpm)

N = 0o8856mo03E:c0p5005600 28qtel ood0odag

Due to the friction in the thrust bearing, the shaft power is approx. 1% less than
the effective engine power.

2006 oncSomefogblgbedieangodgsmelops q0ASl00p5 :EqEeliznnon>0d
Adlooad o7, 081078 spdso0pdi
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7. STARTING & REVERSING

ool ooeotnecgedivnsaadiger Engine Starting System oouSséj§dlaocsi

(a) Manual Crank
cood5ppSomdicodeadop§ion qpomieogal com050d § cppdomgjeci ddspbio;
28q€ecuieopd:dzacgadadidondSionsotnediyoSmall life boat engines §:odesep
o 6oR8E3oncdI

(b) Electric Starter Motor
nodood Battery oo oqiéeddldlo?og[§: eoncdSomesSomStarter motor oo
0800681 agenagrogniBodecoieay Pinion §G: s28qi§:03eedl 0cd:Giegior
egrogoiBoSecoieag Pinion o §o5e005(8: cppdeleatqié Engine ojcopdeediondd
coeotnedlon Life boat engine, Small Generator engine, Emergency Generator
engine ¢o303 $:03esepy2 cop SEAloocd

(c) Hydraulic Starter Motor
cwod§odos Hand pump o s203(g B SBodefgpcodsd hydraulic oil o3 8saodys
o38aB Pressure vessel ¢rpooncdaboloocdi 8edg¢ vfodelgprodedeoyo?
0g05c80dqBaBeagon WBadefEprodeusdornadeepadanBiee’omn} copdeedoncS
#3800p5005003 6038:8: 6808 cepadeoom 3aEqiEa’ fiati{ybolooud 206oME0D
Emergency generator cogen oo6s0Econ:omeapEcloncd
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(d) Spring Action Starter Motor
805800 §9§0d0050:0) 206I2000ep:03 Fee[gdcoidlonud gieoE:io) 0uds
(99005) 6B cwb[g: 0o8s000:dlonSizaqE §qEadeadl aduobaB[gpdedn’ dlonubi
25805005 6g[: 990205 bR LB EaqEa} §:0mdl sosotnedlen Emergency
generator engine eogen oodso€aonion cozfEdlancdi

(e) Air Starting
Main Engines & Generator Engines eogo3 $:qpen 03:3lonSi saadsgpied:
3260R635qP:60:0500l Aol 303 3EqIEe0pn? 80563 &:0dadloncSi

ooqu Engine eopadindicator cocks 805Gz 00§$E800n Tunring gear copdeo o83 Air
kick (Air starting) codeom;¢ &:000020[g6c8 S
Diesel Engines cogux compression ignition engine [gbeodi 8236[gE:5603 coown
canEead03 8:6000CEE) 320507 ceped3nddloocdi Turning Gear $oopioyses

6003 [gbHgp5:gE:0 89860)820305 BEe00330§ Readli 338300 §E g 3eoop0dedqE
22€q €02 22§,30% of the normal rated speed 3255:00:8c8dloncdi H8molg§ s S

680300aS: Al kick coBeao0g8EdlocSi

ooer Main Engine Air Starting System eosseqgcd:o3 928052288:qpi3 System sacobaodd
BdsEandoy qEslgeuzcl
(1) Air storage reservoir or starting air bottle — 8s::{g8ecoa? BecxntiBeorn
ecosd: ( J)odscloopdi gioamsopdoqodeon Air Compressor gpie8a36euiconean
83m34¢ coogp: Compressed Al o3 326qiC§:8Eq§ 830305 gEiecosigpancys
a3eapotoon: 20pdi
(2) Automatic Valve - Engine Control o3 Starting Position s3con:c8c5eaxnzssl
&2 0020000 I03meqpedy B crosdimnogtad ceood socubslomws Cylinder
Coverog€ 00690 conz coon Starting Air Valves qp:eda8 eepodSeooopdi
(3) Starting Air Distributor — sboo:sdocod[gjom Air distributorsscz&sen
3&sacopons Pilot valves gp:§ilooodioomponteaseonien: Starting air valveoodaps
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220905 §Es00p0: 008 0g: §dlonudi opodum 0ES Cam (8) cr8éqpradien
»6agedopdgdloocdt Cam shaft copSoodeedl voopd[§s 88:eamnvn:
odad:dom Firing order s203¢€: 3a00p507 32006 apSdlencd 83006006)
8EsecoponsomControl air o aoobe8Eep Starting air valve e8a3c0:8(8:
3801 03 gEeoclonodi el 320305 8324E crueogu socudlEncgtia’
oCeepodogdloncdi

(4) Starting Air Valve - socoSslons&038sen 00mpon8igs oo 0obadiadddloncSi
ceuz30nan0) Bzdgecy (30 bar) oo Starting Control sscpbapdodsasl
2903 a803 eepadaaff: socelzaccotd sasoéooanesaacoiyndesilonddi
onsgpiom Oe83a03E: 8 Bobes(G: Air distributor o Control air or Pilot air
29030803 Firing order s203¢: eepadaongan g&alonddi
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Operating .‘
Piston

Closing
Spring.

Balance
Piston

Air Start Valve

SLOW SPEED LARGE MAIN ENGINE STARTING SYSTEM

Non return valve Automatic Starling Valye

2 571 h\ i j ”) G
% Tl ‘
1t ' | 30 Bar
Ei I ;Fﬁl "(’j'r’,'e‘ﬁ"' T 1 Adr Supply
Flame Trap A i

13

Starting Air
Distributor

o e :
37 & | - -
W\
& op Starting Air Valves eapopseBf swnbiogol ocScgodiscdr |/
X soic3i3 8853 Al starting rail oaes 5380g568,00008 8103 so0S000i03 32§01

507280077008 85900590 mpags Overheat [g8esomelogpéa8§Edlonudn oo
scda3eacg0 Combustion chamber o3¢§o3 Hot gases eogon oniaflgodfg:aBé:cdo?
epodescd saecd Overheat [g8es0xdh
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5 osll
Aot

soon Starting Al Valves ea3oxcd Enginesbeonio oocScBspbig s3osmbodidtad

Air distributor o3og0:03 ceocdEsq Isolating valve 3605wt Starting control o3
Start sseseaconcofs Air manifold o303 ecoespabeoscdi Indicator cock o3eéfE:
ecoogadanfgl:§ed obuudicroagodanod opsbdeomontiasemie: onhopiagaBancdi
TG [gjodoo:cl

Start saessaco:e0:002:03320305 8smnigEaecoum air manifold or starting ralil
Dodeepodesecdi cgnod: apsbodtss starting air valves eogaBoopbieepodes(B:
200088105088 maené esecdi Air distributor § s20€ isolating valve of
85008 odome[ogpé c0dupsda’ ¢ control air wogseonpons Firing order
0opd0qes0) orsdoopbscontrol air vqeonpopudeon oxvd starting air valve ¢ p&osp
saelogpSiedonu Indicator cock g&aabaEopb:ecoogaduronqopieroogadamnonnd
Bqf 80rs84 starting air valve ocdc§sd0m a88Ecloocdi

58qm[Be0g opsdypiisatqoiecgyneon TDC eepodesol upsdecgalobiom
8[8: o3oqidlonad Turning Gear cppd[Gs sacppdon) 06:030:90E dloncbi vdeoaEmn
200080560 6820050E:03 GepodesIzgEen Ports cogmaopbiteseudiLeakage
0Nme05505:005 98qE ©a38Ecma0g05dl

ooonAir Starting Valve ecdomefogpomn|gd§Ecd
Air Starting Valve ocdomelo3p¢ Starting air line explosion [gdee§calorcdn

oo i Starting Air Valves leakages [géqo3sacloptigp:o qédgd
o2:00[g8[g8805qeudmon opfenodecoin$en Sllggish Action605cd (o§) umsaacdt Valve
seat oo 0086503320305 oo :[GpSedod§Ead Leakages [gboooddlonudi
Sluggish Action [geon00 0130038 9§03 0dooat (a3) valve spindle guide o>
coBuoSesad[gbonoddlonudi Overhauled cpdf@:slo oo gbomadqEeo Clearances
Hlablctebaleplab TH5leealee]
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oopi Reversing sdoonomcd

20eatnzadqleoyizaap:aolgé Main Engine eogom cfgréagécopsadqodsadimoniecy
qp:dlonodi Reversible Engine odesldlonodi 53803 3266 elgp8{g§fg§copbedeeaant
[gepbew(gé:ad reversing adesltloocdi

§2:00p50905e30E egrqal 2060t 3EqE5 2060 aB egagp: coec 0507030565805
s003coa:donudizatqiEaopdel §omopbecdioosoim segqed agadsangod v§omm
§9§0005053003E:00p8§cdw0dadqE 1 32EqIEE, copSucdymnop: so§rondodesacde:
copdo05uud (Clockwise)nooeohsaesonioncbodeggionudadet o§omm §o8roodos
e[gpég§ s203€: (Anti Clockwise or Counter Clockwise) copd8c8=abecSiz>8aadlen
3:EqE08 $0§ 0050 6[pEeys 2203¢: copducdeoeigbdlosS

sqeoon Four stroke main engine gpiwoeony Gear box ddloooSi ss8qiéasucseq
6§ 0§omdg0cdeqe(ptodedlyr copbuodesadiiad sagpgeriad Reduction gear
box o eslecagcloncd

538 Gear box eogen copSocSgendiird eagpgevscocdio§omgdo’elpgilgs [aScopSeod
copB:Bopoonidoncdisa€qéoelgpeg§igoopd@ecdeondiBurneomnadéan eantgod
coidlonudieede00507:328qIE 5 020e000580330pbapEGF0pcloruSI e oBnd Zaesl
medlmaeaqt aeongeqoiogqé Ahead oedl (G :2e50050% agoiqS Astern
ogesldlonodi Buneomadd cogen Astern og:dsaogo’ Reversing Gear ddooeSu

oogi Engine ¢[gp&:(§[g§copbdsacgad ooudsbgj0SefgpSicdentquadi
(1) Fuel Timing efgpéseozquod
(2) Exhaust Valve Timing e[gp&:c0:qeed
(3) Starting Air Valve Timing e[gp&:cotqead

oogu Reversing System ooé9o% ogoobopqéslgeo:dls
Reversing system osbeogmeon 326qi¢oopbesnnndopi0opbeemnatoesbisodos
5905e0p ¢0laondG: oglupigeopdi§ Edlonvdi sleod saeilunesdgoon:al saq0S (o)
Slepleplcleppicratioeiiabiostleloeplelyles pItEad)
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B&W MC engine § Reversing system o3 ceencden qEscoigoonsdlanud 558¢o
63005 205[gé:on Manoeuvring Console o ocdod[ogqesaEdh

Telegraph o3 AHEAD eo:c3056€ ccomn (ye)Double non-return valve o3
eepodeonecdi (0o) 3/2 way valve o3{goboecti Starting air distributor §Air cylinder
oBpo0cB[geinodBragadon Pistono? oodaagSindop§iecdiAir distributor oo Ahead
Cam edleneepadagoiwcd

(00) megedeR03eC0u [g)gedad v§nada3opbiognucdi (@) Ball valve o3go5ies
Fuel pump reversing mechanism &(op) Air cylinder o5 s30Ew0d 3aad¢n§o3 Piston

Pull rod to fuel pumps

Regulating hand wheel for
emergency running

#= | Pulltod lo governor 55
(R REVERSING (&)
A[ARY

= Regulating shaft

AHEAD

f\sm?.n‘;g
— =
I

Emergency Console

&) §
STARTING AR r —l
I

i

LISTRIBLIOR

MIN
START ELEL
<TOP MAX AHE: LB Th ’
-2 4 ‘- i & !
= d / THE .;': e o, Sty 'y
{ - o @ +
Iy I
ASTERN \ ; ¥ \r | #
Q iEAD L~8. l AN i I
- iR " & : ¥ L- _____ ._(J e
] S e i
Manoeuvring Console T i, S S o

Pos. | Oty. Deseription | Pos. | Ofy. Description

7| 1 |Magnet switch 30 [ 1 | Doubls non-retum valve
8 1| Magnet switch 50 1_ | Double non-return valve
g | 1 |esivalve | 65 | 1 | 3/2-way-valvg

10 | 1 |3/2-wayvaive | 56 | 1 | 3/2-wayvalve

1] 1 |32-wayvalve 57 | 1 | Aircylinder

13 | 1 | Airoylindsr 62 | 1 | Throttle non-retum vaive
14| 1 |3/2-way valve 70_| 1_|Telegraph

15 | 1 |3/2-wayvale | 105 | 1 | 5/2-way valve

L 29 | 1 |Double nonrefumvalve |

Marine Engineering Questions and Answers (Main Engine)



Win Aung

B anudeagfs oBop&iff: Fuel cam edlenga’ Fuel pump g Roller o3 Ahead Position
B0 0388 conzcB0decd

Starting Air Timing copse[gp&:[gsg Fuel Timing copdie[gpéss Exhaust Valve
Timing dog§eononcdi 8os6¢> Exhaust Valve Timing ssop05 Exhaust valve

cam position efg&:3 oc8opu Exhaust valve cam design o3 reversing sao305
8o8og0dq0d[G: Symmetrical shape, special design [gjrodeoiconzonudi sa€qiéom
AHEAD direction s303€:c0p50056¢e0E:5€ §E[G[g8looSi

:90en[goon:anocd AHEAD eunéiesepones ASTERN e[gpéiadosasiTelegraph of
Positione[go&sqolecdi Telegraph o3 ASTERN cosc305qE acomn (po)Double non-
return valve o3 cepodaecSi(0o) 3/2 way valve o3[godecdn Starting air distributor
§Air cylinder o3oouSo005[gd:nold: opaden Piston o3 pooseg:adopdiendi Air
distributor oo Astern Cam edlenespodagasecdi

(90) 02090500TRECOLM [gguded v§IPMBOFrRd:a:wud Fuel pump reversing
mechanism & (op) Air cylinder o3 030€w0b 3305¢0§ 03 Piston o ponaagssa? opssfd:
Fuel cam edlen§os Fuel pump §Roller o Astern Position e803 0p§:8 con:adobecdi
Starting Air Timing copbse|[gp&:(3eg Fuel Timing copdeafgpEs@Be(d [§8cd s2Eqi€a?
ASTERN direction 2038 copbood eenéssE8E[G[g8dloncdi
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2061 SLOW TURNING aﬁm:oodin

Manoeuvring omco3a08: 328 qBeBa0:§§ 858(p0) cood cogPogaioimadln satqitod
m505:00:008005[5p5:{gpSec0: cppSeeozes bl Combustion Chamber c5¢o
mepSecgeepod esf2a8qEqod8iglgBedRERGE: 03 0m0z05§(girpdeoaiay o5bjgbdloncd

ooqu Crash stop or Crash manoeuvring e$oo00? gédgd

206oHm 2§83 eqodewdiesodyn saesed Emergency reversing [gopbo,o?
ol ooodi

m8q€aeniesa) Bodgodadodonudi Engine rpmopreversing v6c8q03 Beeronddi
BzgSenlevero3reversing direction efgp:cdoddorodizngs Ahead ofsocdcopdesos
oboon8ecgasediStarting Air eo:03dlonuSi a8qdcopBocdesgas brake codedod(E:
[G5[5595e2208 60805023 BiqEeorn ¢e§eacdE:zadqlal Astern direction §
een:ad qdldy

oo Manoeuvring cobesodyn Automatic Valve ooganpbocgdop: 0oonpbucd

28qBedloopdfB:spSiodiacoeyazigeieus Method of emergency control for the
automatic valve ooeomp 20605038:eo8§doncSicoggeateogpeon ssd miesepyd
00055 copbedaanon:d: (valve wheel) oobeoteoron: donudiooeobneeanbonn’o) :aelofe:
58q880m oobeuncdmesd BB meqedspbicndia} [BBioot caanoo:agdoch

oo Starting & Reversing Mechanism ¢§c3 interlocks and blocking devices o3
20€ 200508 §2:0005 loocdi
of:iS0meBmes 1S {aEGcopSrlapremoenos sopamminticofiety EqBah
08:c8 qeaand e[gp8igsropSadqesmt mbeotoonieniol oodugpdigp: [g8SloocSu
Starting interlocks cogum 0982282208 sequencesecy offiog)t: 92Eqio} eeuicd
wqeamtaybaonidloncSiReversing ¢acopb: reversing mechanism and gears eogs,
e[gp8:cdp saBmmodeBieqC: starting air valve oS ecoueepadesant cpbooBeatqito?
wrong direction ecopbesmnt ox:aBiomnagodooniclonadi
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326 8¢E:edlygopbf: 0po3a? oopbesonndeondeogaopbialgrioadloneSiBlocking
devices eogux mechanical, pneumatic, electrical or hydraulic devices eog
[58§E€0looudi pown se530[gpaqE ordjposoineogenblocking devices o3 telegraph
geoodoondlonudisadqiéodAhead order cozoonzoysaslonAsternewntiodug@Edon:
o@snop Astern order cozcon:o3sesien Ahead coicdeq8Edon oodjosbon Fly wheel

o3 turning gear o36:000: o3zedl 32CqEa? §sc8uq§Edlona

o jorAir Starting Line ¢ooodeolena§ios safety divices eogolelglgdh

Flame Trap

Non return Valve

Starting air line drain valve

Spring loaded safety valve or bursting cap
Slow turning valve or arrangement
Turning gear interlock

Reversing interlock o3gé[o3dloncSu

0 Jo1 0005098503 338 q€ervieoy 32§:q00503 s26(o3r8:q€:qpiod cagies:dl
coeotedenlife boat engineg Emergency air compressor Engine o3wx manually
started engines eoglgdoocSdlonudi
22§190050m (J) §E:§Aloncbi (o) Fuel systemenigdoziganosngff: ( j) o> Compression
(603 [gonosalgdlonady

Fuel system - Air in the fuel system, Dirty fuel filter, water in fuel, blocked
gauzes in the fuel tank air pipe.

Compression — Cylinder head valves leakages, sticking of piston rings,
maladjustment of decompression lever.

mo00dmodenpsaq Life boat engines cogenmaeogqqp:dloocdi §:eq3
o€coodeqeoy o s30demBodadespadesomdidli H8eqeogelop valves and
piston rings cogen [4o00§000056omc0p8dgBEE Ao
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8. CYLINDER LINER, CYLINDER HEAD

ot Linereﬁmmcﬁuﬂ&ﬁnﬂu

Liner § 32038:¢0 6cood 8036[g:68008q05dlonudi canonadiecy saeqpa?
&seonéedoda3[gumanpbs Liner saopEsencaontgoddondbiLiner oxcombustion
chamber §828053236: 00695 dloncdy

o _jo100p56800050edle0o05(8: Liner coobsdqj:§dloocss
Wet Liner & Dry Liner a3[8s () gjs§dlooon Cooling water or jacket water § Liner
BoddodaBeogesal Wet Liner adesl[gn odod§odadecggedion:ogpien Cyliner block §,
oogooon:§es0ncdadq€ Dry Liner cdesldloocbicosobeamaneynadio; Main Engines
eopdLiner eogum Wet Linereoglgddloncy

o g1 Flame or Fire ring s3oooooocds

Flame or Fire ring o3 Cylinder linersseoldEenondsoecsgfd: Combustion chamber §
£805308:0009(gb0lonudi ceontenedypidiecntedadaiaisaden [gbedorlgEeneam
220 §8 omcylinder lineredlon 2005e6pod0203 0303058 320305(gd Ao
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Liner §zacolBEsen saqjE recess [grodoondf gEsmacptsanfire ring o3 eqpSegpSeco:
copdoon:iloned (loosely fits) sa<fiC recess esanodesieseporn BbadioboonEas:

3[4Co0: cepoducdeseps sedecasmngesqiledSifire ring o [gEenoimodielops
burning and scaling o[g88&a3 Alloy steel 3 [gieoboon:dloncSi

o jgn Liner seal ring o> 0¥8&¢ [§64€ ego0de0cbizaogjison’ omeoy qp:[§68Eaocd!

Two stroke engines oogjgn 038G0[gbaC s38equm scavenge air §zaondlog(Ge
cylinder wall cdleepod§ogo:dlucti breaking down the lubricating oil film[géeodlooSs
piston 3 liner sacdlensapagSeoverheat (gdeodlecd

Trunk type engines ¢oeomp 038600003 equ eqpedl seqpdeseag: o3 08805 038:
eodl ooodi 3aEqiEaSagodo3ead bearing pocketeog bearing oil grooves cogoden
$303 e qpad BBrnequ M3eged B eqpegesmElgapdoon:a’ Pin, Journal eogd,
qo5$2(GEen 24¢ scvsep pittinglgdeococd oncBomeEeogen corrosion [gdedl[B:
98500258203 Qi[9S codlonod cegeapeBespagriodeaoynd oaahoBumsedlodenin
[§8edl[8: cqpedd seapdeneagio? d[B:qo5B:0lsbeodEleon:ondS (degradation of
lubricating oil) «

o JGiLiner eog ¢nfgdeclo’ gsionigmadjiaaenigp:a’ g &fgd

Normal friction wear - goSoBaSpefopé [gBedloonean g&ione (005 528059:88:
G0R8.4/05$9[4E [P36:00631 e qPed cuidpencseaco: adloopSdlacpdi )

Abrasive wear - gS:qeelopé [gbedleoneam gfionis (ccontorsdl egpadl eco
200§20p5030p¢ wedei30600 [gEuvugabigpr wrelope s Iepyp: Aoo[gEielops
[g6eclAloogdn)

Corrosive wear - adeqrondgla 3a050d00gC:dj:od03e a0 enode[gpE:cdpelopé
[g6cclooneom g§tonzg

o Jqi Liner g$zm:? qazqméme@)&qﬁsqpscﬁe@g@ﬂu

e Misalignment of piston or distortion of liner
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0boonEaacdEuers(gln cBEso cBoes(ye:
e Unsuitable material of Liner, Piston & Rings.
cBEsoi 08 s&oboonEe:blgrpdepagé reetsttob Il fovatententicrls| ieelopties)

od2000gCs
e Incorrect clearances of piston rings

oSoqu&zBaﬁ@oxgo%s@agasaeosqpswé 2009605 q[odgpiER0pC: g
e Improper grade of cylinder oil ( Low viscosity or Low alkalinity)
socobdadEelcogbosteaniodencd doty 326§32000: 000990bgIrP00d $Ge5(gl:
e Incorrect cylinder wall temperature
s0c08d(08) 383 o qzaqdfap: 95oo§ gr0B851a0riEugal:
e Contamination of cylinder ol
Soquistelle et lepter m@assaqacﬂosespegsélo&a@@&
e Scavenge air temperature too low
oomi08EqE0: (9)) 28qa808eomaerus 320§ §80s{ac:
e |mproper fuel & Incomplete combustion
vao§ecgPeomedeadjimeenio? gt Siecntedodayy mlgedzeo ofgdedl [g¢:
e Use of low sulphur fuel and high TBN cylinder oil
soncoendobesodieaneantersdst cordenod dofegsdgéeon socoldlsd s
ealout RS
e Engine overload
26qtad 200500508 332:0005 G[G: a0dgeodC(gs:
e |mproper running in
2288200803 :208:0[g8 oy et condiepog8aodeamndpgp: vp§m§(gt:

o jer Liner wear pattermn o38soeig$io0igo6 3qEgdl
08008 098 0060080021699 08563816 TOp fing cicd€snma0p8: 32[5Eep:03 ogrieoon
52005e56p00pd 09E50(B) soc08dlmo0g8: gSieniamagpradigaoodisaldip§ienigaopd
63709200598 08160000 §pdsogriecolgdoogdi Bepogt Inlet port, Exhaust port
qpiaa§iopl gfeonrg[ghapr coolgdoopds
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Water
guide
o Jjacket
cooling I Lubricator
B et H
e uills
==Level of top -
! piston ring \Mfier
1 ouide
[ ring
f Water
' space
1
1 [r—
) Water {7
I
|
I

Scavé.;;gc {

ports = 1 C
Scavenge :’
t space

Cylinder liner wear pattern :
S LG Y, S G o ﬁ

Cylinder liner for two-stroke engine (Sulzer)
o @ 390008G&B&G§epogﬁg$:msgme@o§mqp:e@:@5q&wdﬁn
® Top ring cisacoodop gas pressure sagéed:{gb[gs:
® moadeseplqd[ge: (hottest region)
® ofa:5¢ 304§ 3o[gEesi{gdesoopdaa005 eqpaBeaagasiscy 209§ ClogsgCs
(98) qod8soz0d(gC:
®  :a8desepaacapadozt vdooadel:d 20pd qobonged contepelgpEicdenafst:
®  m0d0beoPE 9§:00:903 5988e0S mlged: csepgbesfgs: - oSelos [§6AosS:

& o v 7, R "f’f’l”'lll’l”m

opoi Ports esepondadencopdiomalopéusionielaadioocs
Exhaust port o3[go5(G: hot gases eoglgodognidlonn agodmn eqpedecgo’ bum
out canBagié: co§edl coudi Inlet port o3(go5(8s scavenge air eogo&amndlonuSi
opoodeocopb: eqeg saspSigeagpidl dlooodiopaBmeopbegpaBeogad suSepip Wash
off [gopddoncSiszesepeogonddoden cqpedadeancdespdicd osonialgtadondS
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opaiLiner g$zm:@s;§é=ec‘l‘)=|§8@m6 08$3058:qué saqo%epm%ees@cﬂu

saqjpmaoieomtig§ean cofenyhean TBN §oopd s0co€glggiEscd 0303:qepd
g$:02:903 88Eqpdeeacs Vanadium, Chromium, Titanium sse§eoss cogigp:a?
38 oogDop g8 ghonfiosoosadsaccf capoSamonfaBa o5 S oo
03¢ onqdteacgRdsapoonigls (chrome plated)

88 8iecnediodozg comntieseoqs (Complete combustion) econ8ened 58
0050005(G: 208eqfieomntiglean e8aBod gl sBamn 20§oeod0sdonmgrodigss
o36il 320§ B 2005005 g0558308 J5508§:088:000g84 cconboned 6032005
oP€ul p§mngeant §EoongE:Fuel timingigiquSea:Fuel valve o3copbrosbonoy
0bes0: 08530860 [iooodg: Fuel valve maintenance

Acid dew pointand Condensation of acid o3sfs6edleoq$ Jacket water temperature
0 C00560RE6 532000130 08eyH0Rd :HHS 3[gCad:0pEBEs00nige:
socoésl=gi8: cylinder oil cosdpoB sacofecqPed: mesanconiogd oB§:088:000:gx

op j1Liner Crack @Eaeoeansae@ézq&epso%ew‘jﬁé]i

Thermal stress: due to rapid warming up or cooling down of jacket temperature
2EqER} vewdEsd 0o[goddgodegs: 2o qsoneogts (o) 32Eqi€ qd[Gees00d
oo[gp5:{gpS: [gE:30632:8[gE:[gj0pSqdlepdi 8:0308 €lySgo [grepdgéselops
[PFre:00p932E qE e 009|328 0532081 pi3003E: (pown) BEsnopt thermal stress
[58e 0120051 GE2e(o3pg B850 3ac503¢[gBe0fE oo

Insufficient cooling

26 CeentisCosodmont sresdy ©09ean0dg] [§8Slaopd

Over tightening of cylinder cover nuts

20c088l0dE5008 0be0epag8 ooiorbe apoopdooodapragfat:

Effect of scavenge fire

Scavenge fire [gbedlsfge:eiesrodeondoemsh 8 snazmansfas:
Misalignment of liner and piston, excessive worn out

38505¢ 0doooEaa[o: 320GE:0805 Fas(gea gSiontaqpingSi(ge:
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Improper fitting of linerc3€soodondsotepogt cieqPedalat:

Design fault or material fault&&&:oo4g6s (a3) sogjom: eeomEge:

Loosen tie bolt or foundation chocks cause the hoop stress on liner

Tie bolt & foundation chock gp: egpEesoopdaaognd cBEsnop€ hoop stress
[gedl[ge:

Very high injection viscosity

Fuel valve gcombustion chambersacgé:afoaonean fuel viscosity [gEapsdge:

0pPI weo%aem&sec?oé Liner Crackgéog€ «p5a8 a88&dlaocss

Jacket water system op¢ pressure 8sansefpE:adogpiopbio§ ccod esfBeair in
the system ogogpeqgbesoood00bi 320§Ec05: A3aSonadamedi
Scavenge drain g€adodag€ eqegadaonepdi Indicator cock gEadabagEaopbs
660905 0n8E200i

2005e8EepunsdogEoverload [gdesepdiexhaust temp & jacket temp ooodesepd
expansion tank op¢ foaming [gdepd

9059051 385003000008 !IEHE FEP: GOgPEEAl

0pG1c3EsneapeEnt oéo@ [PBooComagobepdspd

maker cosconeoontorque wrench or hydraulic tightening tools o33 saodsgjgepd
Jacket cooling water o3 cozoo:6000 320§$ 90p8: §$05c88:038:0001005
2Eqeel 20881 Bmigpia0:09:03 600qPodee0:f: (0§ 3205C: (gdesanC cBSconipd
c38sng§ionipaopd sagitici 0.l o§ioqCeepadagit (o) 0005wodgioboond coqpage
dﬁ@éu

ME warming up & warming down coogpgicobepdi

ope Liner & piston ring sacg§sacgjonigelopé egoode00dozomeogigbgcadi

Two stroke engineecogenblow pass [48[8: scavenge fire [gdcoleo§Edloncd
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e Four stroke engine cogen blow pass [g®[Gs crankcase explosion [gdeileo§e
Sloned
® 385060900 :0R8[gE c8E5003(ECs 0BooETR[gEH c3C505E vdoot seizure

[56[g¢:
®  0p5d0obegtiBonogadoyddluopoizecge’ engine power unblance [g8[ge:

®  onBgpqpacnqésturbocharger surging [géedlfe:

o6 Liner g&:on:poBEiombo’ gE(gal
080008 B00[B: 33[r3:enig [y od§:086:p[g0pdeaslodcs c8E5003 03E:omqilog
038100 6§20p 00§ 8:qpicB podooiconigilpbicoatea|o3osE§CiupBlG: e soaigsiong
268206503 2203[§058E 000303 6§9E03E:07000p5 00§ 825 Evpds §E:09D§E oo
58qoopdeannndoge cuiaoonpd gSiensgan§oocbeed wear limitsaogs: §odicopb:
060z Qdlopdi

N-E

f
_ Scavenge _,

Template

Gauging a cylinder liner

o o3&:omepogt Template or Measuring gauge s€ Inside micrometer o3esadq)

olaogbi
e Longitudinal direction to engine axis s:036: 336q,$& mae5005 Fore & Aft

or%&omqébéu
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e Transversal direction to engine axis c§co§fgod32038: 0005 £¢ poo Port &
Starboard o3&:0006dlepd

RE:0m6§opdonsdigpicndStas opBeomesepyqpiog safFood: 03Eqdupi
0o&:a8[gbe0qf maedoddesmntemplate or measuring gauge o3o:qg8:[gbloogdi
2260l09gP:00pd §:03gPE0pd 3060l6E:0pE 968058056wrn500:dloopdi
c8Esnq05$0[gEe 08632038 3a008[gdesAlon VdOMEES 32006 CvEESPd
q05$2[gE maesm2000:03 ABJndeudeoqs ooB[g R GE:aB wuSep:dli

opqu Liner g&:en:e ongaoodgodqpiad elgplgoh
cuoopuqEst cB8snmgt:diameter of liner gl o7, vpaoodecdiloopbisadlgaaéypiozt
0.7, §oopdi Engine Instruction manual o3ec5g[g8:0005 saeomE:adigboloogh

open Cylinder Cover or Cylinder Head soonomocds
290 885003 ma6dlondaonidlonudi combustion chamber §sedBEdgbilondd

opei Cylinder Head ¢nonbsoEoonio) safety devices eogelglgol

e [ndicator cock

Cylinder head safety valve/ relief valve
Safety cap

Flame trap

Thermometer

ocon Cylinder head overhaul cobo3926l oxoeogedocs

Combustion space qedg0[gEa? crack, burning [gbegd eoogplogpdgodeso:dli
Jacket cooling space of Head 32036z p06005605e3e5[gE:qegodeso:dl

Gasket mcﬁ&e@qua%o@ﬁé@@m&:g@.ﬁﬁuﬁoﬁem:&u
Cooling water O’ rings gp:oB 08608 c8z260gq i€l
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e Distortion dqodeseqpi§ediecoqpogeddi
o  modelopSinadanua§don dye penetrant gCod:dli Hydraulic test (7bar) goopbs

209584 R[gEa u38G[gC:Gegioddl
e Pocket & apertures gp:o? coogpoo§q & 83260008 3ac8Ep8eamtonteo:dh

oo Cylinder head safety valve/ relief valve s3oxomocds

socuEslzaog8ien 3a0p§8503) B30:q:02003 0200058 30305[gbClonwdi socodleacyEs
008 320060906503 850:0005 Jo- 907, §r0o36E S38uipEfR: 803 cgpaegoidooddi

N ] 2
[N
NI
de 1] 1R
v £k
. )
tttttttttttt s v YR
-""‘-._‘:: v i
R
s i A
’~.':.i!‘
[ 1N
Ny RN
i ] 1y
1 1
& R
] 1
LN
i AN
,,,,,,,,, NLL TN asipsrmrns
N .
\:» ../
H
[
vvvvv
i ;
1
_—1
Tt
4 41
¥
¥

1

Cylrdes refied valve

oG 1 Manoeuvring period ¢ ceg8o3son: safety valve gGomomelopéads

Incomplete combustion (remaining fuel in combustion chamber)
Fuel valve dribbling

Incorrect timing of fuel pump

Fuel lever moved too far

Incorrect governor setting
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oG o1 20eoewtiesed eeadodivn: safety valve g&omomelopéadi

e |[ncorrect fuel pump timing

e Safety valve seat worn out or foreign subjects on valve seat

e Safety valve spring broken

e Incorrect camshaft timing, chaing breakage or governor fault in heavy sea

oG Safety valve eenéiesobyéq€omarbocsi

e [nform bridge & reduce engine speed

e Cut out fuel to concerned unit

e Rotate the safety valve's spindle until leakage stops
9099051 90059865 0gC 329E90665620p55E GenBoBi: 03 B

oggiHeavy fuel oil op:0332Eqi€ cogeaogad oprecd Cylinder oil odegrqoSef 0033290560303
220[g8[Gs 6g:encdI

To minimize frictional wear and lubricate pistons and liners

To sustain good viscosity even at highest temperature

To form effective gas sealing in conjunction with rings

To burn cleanly without any deposits as possible to prevent RZD. Its sludge

should be soft and removed without difficulty.

e To provide adequate alkalinity and neutralize effectively the corrosive effects
of poor fuels. (TBN 70-80)

e To provide adequate spreadibility to distribute oil in cylinder.

e Detergency/Dispersancy properties.

e QOxidation stability

e Corrosion resistance
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ogGn Cylinder Lubricators gpiaacfogp: saoqjdiqésfgd

spcomenesdgoonion HANS JENSEN socoslogoneanom [g6dloocSn B&W
MC egines sagjjgrodsdlooobi Mechanical Lubricator [g8dloooSi s2€qi€ Camshaft

9000808c0pb00de 330 ADdI

P04 = a float valve P10 = double pressure valve
P05 = level glass P11 = double suction valve
P06 = pump block P12 = pump piston

P07 = container P13 = cam shaft

P08 = non-return valve P20 = ball
P09 = ball control glass
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Electronic control
Cylinderiubricator

prassure sensor

pump

ngo oi:%\ ;

cylinder oll inle

pressure

sefvo oif return b
iy~ accumulator

solenoid vaive g W) suLzer RTHiex
:0005665(qol920p5 SULZER saéqi€opEaandifgieannlubricator ooba[g8dloooSi
=056 6l 8603 Gw GE05Cl 320388 A0S

Pressurized system oil § Lubricator o8 sscobcobeodlonudi Electronically
controlled solenoid valve of saapdgidloooSi B&W new model engines cogencopss
sac0050logb3s080po3 Alpha cylinder lubrication system s8om03efgpd:cd
32054{g|0000m 68 coggdlondd

Electronically Controlled Flexible Timing of Lube Oil Injection

]

Lubs ol distribution Lube ol distribution into Lube ol distribution
above piston to plston ring packet to below piston 1o
lubricate upper part of lubricate piston rings lubticate lower part of
liner finer I

ogqu Clover leaf pattern sdoxomcdi

socotslsgE:ad cylinder oil oo uill 028s0€conto3egepd socubalznog8:ial o8 dooddi
203 60:03656pe 9950548z 98coH8ESrcSi

quill 3eosodesepen eqPadspbioisnogad g§iontaqp(d: quill3 &:desepancon eqped
CHEEI0503 20905 Y§1039505500001 3dlelompé quill eogdomp: BEsq0dso[gEwn
0800003 63IE805 g&tonzpditecy [§bedloonomadeddloncdi
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Cylinder

Clover leave
Wear

0il TBN oBseedlengonobdloncdi

ogen Cylinder liner ¢o e8c0é:elo3p8: grooves omeacg05 conigooacd

Cylinder liner o> grooves eoglgiapbeeseonioisaogod socobdegBom quill §eoiodesep
opcopds[g§seapadficlooudi clover leaf pattern g&:oniodio? eagpadloncdi

Working Principle

u New lubricator pump

% Electronically controlled timing with full
flexibility of timing point

m Electronically controlled feed rate

u Qil distribution by a series of compact jets,
no atomization, no loss of oil in scavenge air

m Precise dosage even for low feed rates

w Reliable oil quills (simple non return valves)

u Control of lubricating system fully integrated
in RT-flex control system WECS 9520
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Seud e520508:32Eqi€qpieneony socoalndEsney grooves sogudleondlop uill oes
8e0:0306 elgpéiognidlonodi il jets sae$3 socolalsgo? o§:cdoddlonudizaconddloen
eehlgoondlonud

ercl Bleed test sdoooooocSs

s0co8dlonsBondasiad overhaul cpdopsasies lubricator quill cogees socotslsgic:
60 08 32038:09058[gE:§0§) quill cog 805 w805 0&:00608ee0:0:00% 6dldlosudi

ogoi Cylinder lubrication gpsqEomlgdgad

e Ring grooves eogpodocbecd Ring zone deposites cogqpiwcd
Ring eogoggeodoncd
Sealing effect g5euS blow by [§68E0ned
Scavenge space pobuodeuSiscavenge fire (88 Ssoopbeo8Eonud
Combustion process o3copd: a890dp§ionud
Exhaust 3 turbocharging system eogen copdepodooducd

ogon Cylinder lubrication $Eom[gé§Ecd20cdu
o 38503 qf: ey gSionipqpiocd
®  GsepoRodfRsagng§ormRoged microseizure [gd§Eonud
®  w00SBypicgd 8503 oboonEeogyn (PR ¢o>BipecglgdgEond

o) i Cylinder liner 0o8c: 303 28320003 sa[o3bé: E:[gc
380 ofg|0dat eanigodqepdaagiodyp: Before liner removing
e Immobilization permit request to port authority and inform head office
206o96gaP: 9056eE:EEEE: efopadomo’ ocbelEep sBbmbind0odly g&eomss

005188 §eqbacopd: saclopeoprgeud
e \/essel in upright position aseo503 oopdecdesesnd conguoed
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e Lifting gear and special tools checked and ready to use. saodsgecdi [
00600005 0076093 3209038006003 0BG eoB 200Y{( 32908 208[gE s

e Allspares are checked and prepare to use ready. c3sa6wod oodsa8ogpdieoy
88 [BlooEepegoondBs 3a0di{g8sasnt 2oggEoogued

e E/R personnels grouped for assigned jobs, such as , cylinder head group
and Crankcae group, etc. oode§s05008:60303 33693(8: 220060208603
qloon:0051 powd 0|03 2EABE: 800ESlEEE8I coge? cofEiembdmes

Engine room
—-crane

Lifting plate
i, _ securely bolted
to piston crown

= |  Gland
housing

Protecting
sleeve

Changing a piston

76epE0E3[g 053 330§ 20(5¢ el
380 [godes0d Removing the liner

Marine Engineering Questions and Answers (Main Engine)

Drain Cooling water from cylinder jacket
All lubricator quills removed from liner.
Cylinder cover, piston and stuffing box removed as per instruction book.
Cover the piston rod stuffing box seating with special cover.

Liner calibration should be taken if it is to be reused.

Position of liner properly marked on the engine frame.

Cooling water connections to cylinder head removed.

Liner withdrawing tools attached to liner as per instruction manual.
Liner is drawn out carefully and slowly by means of overhead crane.

81



82

Win Aung

Jacking nuts

Changing a cylinder liner

a38s0[g§onbe0€[gE: Refitting

Old liner to be cleaned thoroughly, if you want to reuse. Using a grind machine,
remove the wear ridges at the top and bottom of the cylinder liner (where
the piston rings reverse direction), so that a smooth transition is formed.

Landing surface of quills checked for damage and carbon deposits on oil
holes should be cleaned.

Rubber seal rings’ grooves cleaned with care.

Inside jacket surface cleaned and painted with anti corrosive paint.

If you want to change new liner, jt must be measured and cleaned before
fitting.

New liner is to be lowered down into position without sealing rings to ensure
correct size. If it is satisfied, liner can be fitted in position with seal rings.

Apply a little lubricating oil on the seal rings and coat the joint surfaces with
permatex or a similar sealing compound.

Rubber sealing rings should grip firmly around liner.

In case of new liner, new piston rings must be used.

Air bleed should be done from cylinder lubrication system.

All running in procedures to be carried out as per maker’s instruction.
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9, PISTON, PISTON RINGS, STUFFING BOX

ogion Function of Piston o3efgofgdh

Combustion chamber § 32805928E:006992[g6ca00Eg05AloneS1 Combustion
chamberenfgdedaono; ddlod obeonteeps piston rod op§sadonE:eeps connecting
rod eondeog ;§E:qd crankshaft o3 deorB: copduodeodlondi

ogign Two stroke engine & four stroke engine pistons dgpzo? esSfgdh

-

Tipppert ateffed uy st of FCTER eapine,

: _& rx =
Bt fring pock assenbly MG i MU enginss
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ogg1 08oo8qpeiodE3E: (piston crown) o se<jE concave (o3) sa¢: conVex [gapboonion
omafopéad
08002EB868E:¢0550[gE B [gEa8 flatewnoda3 concave or convex[girpooonioyzaoged
combustion pressure o3 self support [gédloacSifatigue stresso3conSiecgpgidloncd

og@i Four stroke engines coggn 0600oEee05¢E:03 spdigp5:3qpbo:os (trunk)
3eslod :28053238:020020220905c01

090 €10ss head 3o8esontgabdlonudiag§sodontiaqpiiangularity eloxpélgdedionnas
op&ssaz thrust o3 socoldledEsn 0803 geodlonudi

ogq1 oofjodocEeoyen vdoonooduadcopdod sd|imrenieonol g|egtindy
00p9002:020502051 720036 sleB) 97209055

ogo% wear rings or rubbing bands c8esldloocSi gpieacgatgé bronze alloy
[58[B: Heavy fuel a3:c3sa8qéaogenao; steel or special cast iron ap:oooddoncdi

203006908qa3qp5q0Se|05 $0§Clodcdi (o) godgaaispdiod qodslgEodsy

safgboopSeoioondg: () 9es03 0beorEf et c0nsge0n 0 ¥ $o8 3200000503
q09$9(GE FeaBezant omogodeuzonigt: 03lgddloudi

oge1 00003 soco€lorpign §o3 [ogpiegodeangreacoiond Bigp:a? elgplyd
Diametrical clearances between piston and cylinder liner
Crosshead type engine

(a) Two stroke cycle engine

Piston clearance in cylinder bore = 0.2% of cylinder bore

(b) Four stroke cycle engine

Piston clearance in cylinder bore = 0.1% of cylinder bore

Note: These figures may be increased when wear rings are fitted.
Trunk piston engines

(a) Cast iron piston

Piston clearance in cylinder bore= 0.4-0.5% of cylinder bore (upper part)
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=0.1-0.125% of cylinder bore (skirt top)
= 0.075 %of cylinder bore (skirt bottom)
(b) Aluminium alloy piston
Piston clearance in cylinder bore = 0.8-1% of cylinder bore (upper part)
=0.3-0.375% of cylinder bore (skirt top)
= 0.15 %of cylinder bore (skirt bottom)

creoles 9(95@6] £0q|05320005¢P2000 32EqE saqp:c[)ogé Cleplolopleplclovs chﬁsacocﬁqp:

[986loopbi 00§8: o3lgrspep0pd 3aEqiEqpicops §8EClongbi wpSadulsbeo engine
builder's recommendations qp:o? saccosconeandgodqfecads

091 0600oEB6GE: 32055 ccolagidiege: sacloRpEigp:o? elgpfgdh
060008 ABE6GE:[gbea§ 03 3a05e(oPErumgpieorne?iys (0305 Yoo §[gE[:
63200960665 [§0002 03 32905609030 0o699e(oPE[GE A5
® Unsuitable material voogeaqbeon sogaimaqjpanenieaaddgjoondgs
® Excessive scale on cooling space saesasdosbeqqpsogriaopd esepqpiod
35058qpr coboghpqpicgdosfl:
e Cavitation erosion oecnEqobsnlgEopaadCqpslsbarlgss
High coolant temperature saesssdosd eqeisaog§gées(at:
High water content in fuel cconEensBeaoptieqilotosssgpies(gt:
Poor atomization s3esp§ecosqpigbeaznesntgodepogt sanispdies(gl:
Local impingement [gjquSenze 680005 eeponbeal sa§onbianespod cBofes(gs:
Late and incomplete combustion s3cosgg§esocdoglsgsEecontonad sa0n8ad:
conCogBanats

oo 05omS08655390338(@]5=§|§§:mé0%909§10m8 Géoﬁemﬁacﬁoéo% qSsgoh

620050lEag05qP:0d 0de 0l

® contonadosd Fuel system
Fuel timing, Fuel oil temperature, Purification of Fuel oil, Type of fuel ail,

Maintenance of fuel valve and fuel pump according to maker instruction
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o§8oobseeéaes(gé: Overload

Overload or overtorque during bad weather
se3:e0:00p0086c8eepadoedg: Lowering of cooling effect

Cooling passages, deposit under piston crown, cooling medium is maintained
in order or not

coocudospdiesgt: Lack of air

dirty scavenge air system and exhaust gas system

olson Piston seizures @Smésm@o&qpaﬁ C R

Blocked coolant supply to piston
05003833(38:::éoqsﬁa%og::mémqé@ﬁm&:@@ﬁs&&ﬁe@@&
Faulty fuel valve

[§80509: comEsgn 2cpGend[gE:

Faulty fuel timing

conCna860:3200) 03E6E vases[gts

Ring damage

0d0008qE:d qodSgEs

Inadequate Cylinder lubrication

00l Esnaamz eqpadeudoobuwmmundeamadgss

o6 i Piston overhaul cp8fg:ego05 pressure test [gieedoos q8:gdl

06002803 [§[05(3: 303E:3[gE 20§qEieqE coogPaR&li Bmabean 3q8:6gpio’
Bl Feneumad [grodiesnod iobegnrod $6qp:ad osbonog 2008005 8go:
2205E: 008503l 06EENS vcvodentiedladcdqf: vdomEeepss e8cdE:ypio
88020053208 8[gpddl '

coogp[giepboosean test flange o3 vdooEeqpSes 069080l Bodelgrcnd
0§00680EGie$205 cog)diufodelgprodugdepo? [gedigpSiqCigEdisanb cvdesod
§20p08320:0005 0.6 90 AB(]) pR§lePE002:0005 8e0:B [§EoESh 3aeBil8mi0pE
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00dsbagooox piston crown & piston skirt, piston skirt & piston rod sseoo3qp:e
a803[gE:§e8 odobeso:ol
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oGorwater cooled and oil cooled piston 055696 [gpesnqEdep:od cedlgoh

Oil cooled piston

Water cooled piston

More oil required for cooling sys:,
costly

No cost of water

Low specific heat, heat transfer low

High specifice heat, heat transfer
high

No risk of contamination, same oil

Risk of water contamination in LO
Sys.

No extra pump and pipes required

Extra pump and pipes required

Carbon deposits at high temperature

No chance of deposit if water
treatment keep in order

No hardness scale formation in the
Sys.

Hardness scale may occur.

0661 08o0oEENGI03 [gjodoonsod 0p520p5228055288:qp:03 0Bee0ipdspds

Piston crown

0650008B63E:09E GrnCap|bin§ef 220503088 consdypist qS:dsqEyps
9&:00:93265320003gP:07 0G0l

Piston rings & grooves

0500oEE:8qp:08 2005e3Eep §E:d3ae|CqpizacyEscopdB: 0005905 [opingdd
S0ZPHE0sgP: 00050900g|052e0pE: fudocopdienmts g6 $€ qC:deaeCo3zens
0269q8:861 gS00103365 32002103 ORI 0dGS0

Piston skirt & side wall

0doooEemmnnde[gdtist s§qpiogtgdedescond g§ionmmaseaconiad copdieomts
:oec0E ogindododcopdieontiodeso:dl

Cooling passages

0800oE22078:36:8 saee:905032600 ogprapobielopCiypiont srspdeasdyp
Jeqp:§e§ SodedesEE:fof obeso:d cdenbo00d 20§qEieqEapoali

Locking arrangements
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n

2)

3)

4)

6)

7

89

080008863E:5€ c320053Es 0BoEEENBGEssE vBooOEGEREY [opsg
2:9005qps WBodefEood sdgpshydraulic nuts, O rings deisnefgeacs s gEicdope
ondenloonzeoms locking arrangementgp:o [o30bqodeso:dl

" Dismount the small covers on the
scavenge air boxes, and clean the
openings.

When the pision has been turhed
‘below the level of the scavenge
air ports, inspect the cylinder liner
walls and the piston crown,

A tiltable mirror fixed to a tele-

scoplic rod can be used as jllus-

trated. . :

Use a powaerful light source for
_ inspection.

In order to inspect a larger area of
the cylinder liner and piston, it is
expedient to enter the scavenge
‘air recelver and make observa-
tions from the '‘exhaust side".
This should be done every time
the sludge is cleaned out from the
scavenge air receiver and box.

While the piston is passing the
scavenge air port, examine the
piston crown, the rings, and the
skirt.

in order to be able to correctly ob-
serve the running surfaces of the
piston rings, clean them with a
rag.

Check the free movement and the

- tension of the piston rings, by
pressing them with a wooden
stick.

When the piston has been turned
upwards past the scavenge air
ports, inspect the piston rod.

Note down the results on Plate
70702,

ANARANY

q

g

AL, h .

R,

RN

R

PR
@ 3
SN
A o

7
AR o

fi

]

4

7

¢

5

R,
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Symboi_| Condition of inspected part

e | Satisfactory = Carbon
C Carbon Deposit B‘"‘”B\\ _
BU Burning ——
LO - | Leakage Oil B 4

| LW | Leakage Water i

. Satisfactory (no deposits)
LC | Light carbon deposit
"EC. | Excessive carbon deposit
PC | Thick carbon deposit wom bright
.| by rubbing against cyl. liner
- | Intact '

.:}'. ri.-a;i:t;&:,..

e C— [y ey g

mz | Micro Seizures in spots (local)
MZ ' | Micro Ssizures, alf over

'MAZ | Micro Seizures still active

OZ | Old (nearly recovered) MZ
WR | Wear ridges near bottom :
CO | Corrosion : }

BO Broken, ogpost&a ring gap -‘
BN | Broken, nearring gap
SP | Broken'in several pieces it
M Entirely missing .
COL | Collapsed ' : R
o | Loose } il
SL Sluggish in groove ¢ '
8T Sticking ; /
B | Black runining surface, overall ; /]
(B) Black running surface, partly : / '
L Clean, smooth J . //
S | Vertical scratches _ é
: (abrasive (particles) ) ;

5

]

i

o'k

&

CcL Clover-leaf wear

T/B__| Rings sharp-edged Top/Bot : Lo
. Oil film normal !
(o} Too much ail !
D Too dry 1
DD | Verydry '
| BO | Blackoil .

- l . 1 * -
A dot (e) always means that the inspected condition is satisfactory, e.g. small deposits, no
leakage, no breakages, no sticking, clean smooth surface, normal oil film, etc. Huwaver, ihra
shall be recorded in order to show that the condlbon has been noted,
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o6g 38501 0BooE §E 0BEE qE:dyP:eizacgIIes0d VeHgE: 2Edm0aE:
0pdad 06 e0tdloocdi

B&W eninge instruction manual op€ cebgoonseam sp5icudindesanodoné

oo€[goonsdlaspd eg0550 o 03¢ A0 $a3 oSl

Engine frame &l camshaft g€ §eoon Inspection covers o3 ¢&[B b eoigEgbiloogdi

e Piston o3 BDC $E228:00:03 qGse5005 liner cisse[gsaes $E piston crown
26[g20650 06680:ClaodI

® aSqladturning gear [gGappd[d: pistons copd scavenge ports [goSesod piston
rings, the ring lands, piston skirts 6303 e&eeo:dlaopdi Piston rings egaap:88[ge:4ed
[g§ 00§ 320:8 0§0B 20booniegpEiond|gE BopsBrod:§Eclaopd

®  358qam: TDC ooodaBgcppbep pistons copb scavenge ports o3 [gobBesnod
piston rod $€ c3E05§e320053E:0% 06ee0:§ EAoobi

05620160R890d4P:0R 004|D§2 RO 0RCEEHGEoD:0p53203E: 9od oAl

o661 Piston rings odoc&qé:d opédaepd segiodgpiadq g

o0§SopSizdeepd ( Spring Action) .

06078 oqeSaopd e0§o00b 58 sp5iepd (Low coefficient of expansion)
[4en:e000 320§ $E8320:03 $8Eqpb§qepS (High temp & press resistance)
9800003 contagn $8Eqpbdaepd (Good wear resistance)

o6 Piston rings odeon&q:d ogjpeooncdaopdsaefogpEiqligpiad g&:qdh
Rings & ring grooves [o30:€ clearances spSies(gc:

Cylinder lubrication cpeconadoedass

Ring gap spbsesgés

38sn gfsonio gpes[gts

Piston ring grooves § &:6 5203¢ gqod$o[gE gS:omspgpics[ges
0boon€sE socoalndEsnjogn: diametrical clearances qpicpSes[gé:
Deposits gpacgss[: ring grooves saopéspoboucbes(gt:
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Ring grooves sa038:6€:600p5 pobBsecopd8E[gE:

Floulclelob clctovptenleaticatd CealopRopteatont B BICE

comEsgn 0068080 ogep&I[HE:

Piston s503€:0E$ alignments ¢oses(gé:

Fuel timing op€ after burning [goes(gés

Radius at top and bottom of exhaust and scavenge ports in cylinder liner
inadequate.

Wear on the port bars relative to cylinder liner working surface.

obo1 0d00EE:d offies0p503 0503288 Edoocd

soeotneenéiesod sodmd stethoscope g€ 520503 sosecondfogpdlge:
Compression card valo309(5¢:
coeodngdoonop inspection holes o3¢éB:qE:bo3si spring action od oé:ogpd[ae:

o6e1 206966500 0800898 0EEEW 330§ E[gE B sxrbecd

Bridge & Chief Engineer o3 saclogp€iompidloodizaéqiéropbucdseagpgdocd
9o500805q80dadnd(gE:om seizure of piston [gbeo§Edonub

032260918 2005e3Eepupsd o 8BlgoddlecSivbecoanedlen aondeeprbes0y =ap0?
eopRqgEdgblonci

(5686 € 32EqICa3 [5p5H{spSiqiC: 30q S erqpeolGe qd oo dlonuSi

q6[B¢[3s q€: turning gear copddli 32EqiEa cppddl GesoogEeepadaopdaacd

ez A

0o 0dooE IopEeed MejoFpEigSiqpiad elgrlgcl

Inadequate circulation of coolant
Excessive deposits in jacket
Late injection or faulty fuel valve
Poor combustion
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Insufficient air

Water in fuel amount is hight
Faulty piston rings

Cylinder liner distortion
Piston misalignment

Unit over load

93

oqaneqefopé: acdmntqiecyen adiecadicoor 0800oEq:b B ffrmaen: 00858 §cd

(o) 0do0nE3c3Es0loqrian gas leakage ofgdesné 020090503 0B E:S Gogad
compression rings or pressure ring c3esldlonuSigpieaneodgs Ramsbottom
type op opieafdlonudilgodB:go square or rectangular googro§ B s0p8:38:03
hammered cobconzdlonuSi

(a)
(b)
(c)
(d)
(e)
(f)
(g)
(h)
()
6)]

-%] (n §

Various types of piston ring.
Square section iron piston ring.
Rectangular section piston ring.
Wedge-shaped psiton ring (sometimes referred to as a Keystone section ring).
Rectangular section piston ring with inside bevel,
Rectangular section piston ring with elliptlcal or barrel-shaped working face.
Chromium-plated barrel-shaped piston ring with plating on working face.
Piston ring with copper or bronze insert to give rapid bedding-in.
Piston ring with chromium plating on working face and lands.
Rectangular section piston ring with chromium-plated working face.
Piston-ring grooves showing various methods of feaving a fillet at the hottom of the

ring groove. The bottom sketch shows a groove for a wedge-shaped piston ring.
Note. Chromium-plated pistons rings are fitted only in the top piston-ring groove.
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() B€50008609p0d 2e60ln0dI Gemndon0de0ad cdoddlesa) Lubricating oil §,

on? 08803 p828¢gia[gognieemnt apbod vdoonielsbeoga’ oil control ring
or scraper ring c3esldloocSy

(p) socubligsnosiondeagpaden socoldlel|C:pddgig g ognieemnt cvda3 vdooE
q:6e0303 oil spreading ring c@esldlonud
sejeoon medium speed or high speed saCq€eogyn adi03 0beonEet:d cogum

@05(?)8:(}99@1:&&3%@0000% 0240552 RP9? G6d[goondlonc

oq J108000Eg €607 993095503 0uESl8E 508 20ga10005 GRE A LA
coon0q20gEe(gpaaE 0BoonEaEite0R8, 20ga|000:um 9§ 8500005 Gundlonudi
F9le[o3pE 0doonEqEsd § 000500630, Gqddlonvdi [gE:qodmaess hardened or
chromium plated liner saqfsnonzeogeneom 85000 gE:600053wadlondd

CIRCUMFERENTIAL
OR BUTT CLEARANCE

CIRCULAR CAM TUANED
RING RING

{\\N/\\&_jg_—;

NINGQUERCETION = = 5 TEmes ke

GAS \ P BUTT
nasssuns/j-: i
s /I// :;; ; | | g
'f"' ; E —f < SCARFED
é:\ b elehRance Ti@
//////// g
E o e bAP
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0qo1 228qI€ sjoneumc overhaul 6q€ 0bocnEqE:d sE0052005(G: 03000
:0g0d6PI03 6ol
(o) q€:beiizaorjod (Width of ring)
() 9f:6cizacn(Height of ring)
(0) §8:6 0056 ( Ring Gap)
() §€:098(Ring to grooves)

oqq Piston rod stuffing box ooosacgodonbeononcde
Scavenge space § Crankcase o3 88depiconso} diaphragm [ogpscdeong piston rod
o0 3200090005 egM0He0E{gdesclonudi
(1) Scavenge space odonecoeoy Crankcase ooodecepadesmnt

(2) Crankcase 3o =:Eqi€865 croeop Scavenge space oodesepadesné Piston
rod stuffing bOXmm:aS:%&:@o:eo:&mcﬁu

oqg Piston rod stuffing box go3esd[gd

PISTON ROD STUFFING BOX

oqBi Piston rod stuffing box o3[sio5@:ebesoepozEedesoiqupd esepyp:a} esdlgdl
Upper most scraper ring and sealing rings
(a) Vertical clearance between sealing ring section and groove.
(b) Clearance at ring ends (scraper rings)
(c) Total clearance (scraper rings)
(d) Clearance at ring ends (sealing rings)
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(e) Total clearance ( sealing rings)

Lower most scraper rings
(a) Vertical clearance between scraper ring and groove.

(b) Clearance at ring ends

(c) Total clearance.
As a general guide, it is recommended depending on the overhauling intervals
and one's own experience — to replace sealing rings and scraper rings when
the specified clearance values have changed by more than 50%.
Spring
Check the length of the springs at different loads. Adjust the loads to achieve
the lengths stated in Data. If the loads necessary are outside the limits stated
in Data, the spring must be discarded.
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10. CAM SHAFT, CRANKSHAFT

oqqu»&dq6 Cam shaft sgoanomocd
m&&ﬂam 00%5:518 Crankshaft E]‘méo(ﬁ(ﬂmzn%o}?@s?méucﬁq&mcﬁu
2830 copSucdg 03 Mm§E:qdmes mEbqéadeepodeant gears (o) Chain

Exhaust valve
Cam

Indicator

Fuel pump
Cam

MAN- B&W MC Engines
CAMSHAFT

qP:002690E8[8squgtloncdi 366 edlenanogpicams §olonddi gEsodoneom
:Ecocdonmnedinlet valve cam s38eamoniants exhaust valve camifgjgudo§onéé
fuel pump cam o8[g8dl 0ooSi @aEcocben:nEd oo TWo stroke engines cogen
03206600 odldlop:
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oqe1 n§é:qb Crankshaft sdomomadi

b0t conesmndonndent:agaap:e (reciprocating motion) o> Crosshead o3{goSE:
Connecting rod o3eepodoneSi egoaSes: Crankshaft o3eepaSconff: Crankshaft o
00dc0Rb copbeamegagpse Rotating motion 2[98 e[gpEie0i00051

B&W MC Engines
CRANKSHAFT

oqEI m«%&:ﬂa m@emrﬁ(}mo&?&ﬂpﬁcﬂmcﬁu

0056800059 () Gdclonud
(1) Solid forged crankshaft - m%&:ﬂf)mﬁﬁmi):oﬁ Q%O%@:Qogé:mzmoqﬁl:ﬂu
:28q€=acd ClevticloplEpteblid)eateR]]

(2) Fullybuilt crankshaft - oo§€:5q22805e28E:a03fg803 (pins, webs, journals) eoe’
Bfgp:8[ge00f5: 02§ Ceq00080(g8es28 shrinkfits spS:3 02080E000:02[gHAlon0d
(3) Semi built crankshaft - Crank throws § journals o3 o3:gs8[Gico5[8:
§E:q600dglgbesant journals esepen shrinkfits 508:53006 s08oonzom [g6CloncSi

oeon Shrinkfits Selopptepplabl

Crank Web cogensaedod§donchi s3medinsdsaqéion aacdod g6copduod Crank pin
§zag/E:0005c05dlonudi Crank Web o sageo:a@oSdosuSipeon gamnondSi ndod
3600588580005 3206(o3pE oqpSenadlonsSi Crank pin 2580005 oqScnesnd
360G 938 33§ §¢n Crank pin o copdcdaSdlondSi g §oqogniadesasien Crank
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webosCrank pin oS pp8fR 8[e3beed:con:a0cd[gagotdlooudiz38de:0obe0to0}
Shrinkfits c3esloloncds

oeoi Crankshaft Deflection oooelegp&ugqomcdieaged omaeogodesor [gEeotangaoad

Crankshafto-§6:q58,93538zaqdcs 068qp: theoretical shaft axis ooes condeogeniesa
08800 0005600005 cogeResd 880703 BGeaczod Crankshaft Deflection vpeoadl

00 Ji Crankshaft Deflection oo05sa§§enopqeacdi

dvSaeesmaconzaadqt Crankshaft Deflectiono} oobsb00B[0360pa0Edonudidleod
s0eam camnEordomdjsmain bearing c3edo3c3 sadldjiyreon qodg:opangdoscdi
main bearing c3c305e€ §9§ (000)[opewniBiodsasl cobg: Crankshaft Deflection

(leq(.;! é:@(.f)ll

0001 2D05IYYPOGOPND Crankshaft Deflection saedlen ogan 20056epade §oloocd

00eoinadeSoopds 38q8dumadaocomielgplsy temporary deformation of the hull

and /or engine ssessaconix Crankshaft Deflection § o2§8:aedlyn 3280 [ogan

2ocbeepo’ donuSiHull & engine temporary deformation ssedlyfagemonoieapodesdy

coReteetepluenleplclonp)

e Loaded condition of the ship — aoeoMedlvnms coEooniozaesaaco:

e Engine cold or at service temperature — sa8qmesaiesarnn §o§3a0p60p003
e ediesonc:

e Differing air/water temperature — ccol soem:dosbeq oEcouSeq 0383004$
c03u 20656aI0B0[EPiR§e$ 0N

e Strong sunshine — c5088[g8:e520000: 003 3a9/05e 0§
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oo Crankshaft Deflectionopsod g€4gdh

Crankshaft Deflection gauge or Dial gauge o3 Crank webs eogdfospsen denfgoontoncd
copdfE: Crankwebs coplompion 320g08360:03 0B3E:000l006b1 02§8:9603 copdedoSoread]

: CRANK. AT T.D,C;

8
MITSUBISHI-SULZER

38 [ogpemaosacomn GE’.}E:C\BG@&U)&H Crank webs Gog[ﬁxmsaogomeoscm
ndaooed §eoiogagioned sdoma Crankshaff deflection gauge o3eoSE8se
oSqé]oooSu e@:&dﬁg spd:ecugd Crankshaft 8326532000207 Gooo&ecm\% ©05qOlecS

Crankshaft deilection Jouge Megzuring gsint

/‘—-—"\
15 6 3
5 )
% [ 8ot | \l\ i __l_‘
e T e e 3
. / (AR E R - S ol N
Clenrgace i [ ;,} J o
VAR b
Ao Cleorente L\-i__j 7 '\:"_./
[ Ditferrence Ac=aTDC-aB0OC | o
Lmml i
L] ]
D& : : Zou
|| i |
0.5 —
Inpdaissible volves
0.e

Ja-L{tavastigotion required)
!

[ )

aolin retotion 1o g]

o b=l o o

Sirpke of werkleg fiston o pme—

MITSUBISHI-SULZER
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03&:00000p0 32820900 030uS03E:0000803 Crank § e s2ac00:03 BDC e803 8:0005(8:
oppdooa:dli Dial gauge of Connecting rod §eo8:ed: 326532000150 006c8q038208
cppbooo:diifg:q€ Dial gauge o pretension slightly sp5:s05: pp80oa: Beo 0088053l
B¢ Dial gauge o3 Zero setting cobcfoddlissed oppbea Crankshaftodcnpbesodyn
290005 §oye5o3 39653 32000:008903 e6paddqE Dial gauge|gioSoqB: qo58:88dlonuS
Crankshaft o AHEAD oo05038:00p5[8: turning gear § copSdli [Biqf denfgoon:od
90° before TDC, at TDC, 90° after TDC and before BDC oo3esep cogenqfor
00§ 8:00309 905 Bp05000: A 0 E:000uM 9§ §iqt e§005ed: voScion§ o nearly
zero [g§espo’ 0o€donudippedie: (§)egepen §o3 03E:0mfB0n§8:e0z08 9oboonigduudi
Connecting rod $e$03920305 BDC ¢§0300§8:03 cB05§050q8clon: 308103
$8e5epopfBi Sigoo§diadunqdecdi TDC ¢§o300$8:q05 BDC ¢o§c30088:050%

| 1 4,
B s i R S
[ | ¥ { 3 |
§ I b 4
1 [ ; 1
|
l— J ! i
=5 o ol (= bt
i ; ‘
\: b B
Normally ebiainable for Reallg it i
a new or recantly recommended pormissible
Typa ovarhauled engine ¥
mm mm mim
i
1 2 1 2 1 2
S46MC-C 023 0.46 0.62 .68 0.93 093
KSOMC 0.2 0.25 0.24 0.38 0.51 .51
LSOMC 017 0,34 0.45 0.51 0.688 0.68
S50MC 023 0.46 0.61 062 0.82 0.82
SS0MC-C 0,23 0.47 0.62 0.70 0.64 0.94
KEOMC 0,156 0.31 0.44 048 0.62 082
LBOMC 0,20 0.40 0.54 081 0.81 0.81
SEC0MGC 0.27 0.55 0.73 0.82 1.10 140
SB0MC-C 0.26 0.56 0.78 0.84 113 1.43
KyoMC 0.18 0.37 0.42 a.55 0.74 0.74
L7OMC 0.24 0.48 0.63 071 085 0.95
STOMC 0.32 0.64 0.85 0,86 1.28 1.28
ST0MC-C 033 0.66 0.88 0.99 132 1.32
LEDMC 0.z7 0.5 0.72 0.81 1.08 1.08
SHO0MC 0.56 0.73 0.87 110 148 1.46
KaoMC-C 022 0.44 0.58 Q.66 0,88 0.68
LaoMC 0.30 0.60 0.81 0.92 1.22 122
KSOMC 0.25 0.80 0.67 0.75 1.00 1.00
KaoMC-C 0.20 0.41 0.54 0.61 0,82 0.82
S0OMC-T 0.35 0,72 0.85 1.08 1.45 145
KIBMC-C 020 0.41 0.54 .61 0.81 0.81

1. Nermal for all crank throws.

2. Permissible for the foramost crank throw, when the crankshafl fore end Is provided with
a lorsional vibration damper, tuning wheel or direclly coupled to a generator rotor,
Permissible for the afimost crank throw, when the crankshaft aft end is provided with a
flexible coupling. p
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[BpesorqodonedlucSizaBon§Biom Crankshaftooboodeopbodzed§véies o3 e agngponss:
[§8Ao00Si ([]a) 538 00§&0m maEqi€onpbesonodopmn cuzoon:o’ :a[¢Eee:gt(go?
oo§8:maximum permissible limits o3¢>§qdlecdi egjeden 000 9o eoggEd oS 0
SULZER - RTA=:Eqi€ eogmaog05 a005w0beon:o} Crankshaft Deflection maximum
limits eogoBa00500Sewdigoontdoncsi Vertical line oo [ a0 o3cSen(gg: Horizontal
line oo 328q83,Stroke of working piston o3 o3cSexdgidloncSia3edsatacg Working
stroke ooo8[Bzo00: [[a ancopbs 03E:0m[GiaEquudi 8300055898, ape0d5um 0gboden
o00d saegza000: FaNge odeepabesad(eipdawalgddoncdn §E:updecormgéesnt
B&W - MC engines:Crankshaft Deflection: [1a 0088 00050054105 cogodopb
0240559 000 ¢ GsHg GusBoBlonS

oogu Crankshaft Deflection opfGseso05qeo0cd 2290532000560l 0058 05006
8005000gEPD
BE:[Becd o05q05(Beq 03 02§ §:00 Maker's maximum limits BeoPesdgeon
832603 obesoigi [G8e0Egqpiaondrond eemdgodedlecdi 2005¢05g)05 00§8:000
coyPeood[gornsneazmpows - deflective main bearing, engine support altered
due to hull deformation, loose holding down bolts, defective shaft line bearing,ect
B[g68Ecloncd

0061 §81e0b 0desorg Crankcase Inspection apdq€ ameozodeso:oocd

® cgpaBizeesaacon: Condition of lub oil o odeen:dli et cconéorsdicepesn
c5[58:§¢8§ Fuel oil and Water contamination 1235053256 qpeogpie3pdal Sludger

e Dry sump se038: 20ggjza0m5 qpifedodesosd

e Connecting rod bearing’s end play o3e&es0:dli eqpagSsagi€opdiweomtsol
[38es0qEcopbroeomt:dli

e Main bearing, Connecting bearing, Lubricating oil pipes sao§eac ecdogpdigpiopt
ondeo8aonzaopd Locking arrangements saiad:o? 0deso:ligoo 9ea03E:gooG oS
dqodesaq (98) duxBegpigodesaqt saaddlondogad:o’ £600:805 gCodeso:dl
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Crankcase 3003€: 3200p8) 20goizacepelpiesgtadl 0069958 0503058
022652009 2epdil §edodeso:dl

008 {rdadaepd 00dea805:aGE:qp:godes(gti cqplas(gticagpest:dedodeso:di
pown - op§sobontieqpddqp: Connecting rod bolts, Lubricating oil pipes
Crosshead type engines gp:op€ crosshead $€ oc5oooSese000 328055208 :¢p
Piston rod, Piston rod stuffing box c3c3copS:obeec:di

Trunk type engines gp:og€ Liner sisacfgeacsiJacket water sealssoclgeacsqp:
BopSsedeeosdi

Chain, spocket teeth, lubricating jet o3sisacgesegodcopSiobeso:dli
Crankcase relief doors ispring & seals 0303cupSiobeen:dli Crankcase relief
doors u38&e§e§odcopd :aqSengE 08:200d

Turning gear cppd[8: Crankcase saogc:§cpdepicopSoucbearn onesdod=ndtyp:
99§ 22038 copdoodgl: §efiopdapig §of sp0pE:copS{aindqedeso:dh Tunring
gear motor's ampere o3copds 0o§ee03E:§edeorlogoddl

Lubricating oil pump eogogieerts:005228055288:qpad eqped curdasaesaacon:
Beopd0desodl

Main bearing clearances o3 sacgoSonapodtiomgeeoa engine types gpiogé
o38:0modesoig|gaddli

Crankshaft Deflection upq§sad§oqoqi€ (a8) ope§eBsabag€ copbo38:omobeso:di

ooqu Crankcase ¢»oobsotoonio) Safety Devices coza3 efgp[gdn

Breather pipe

Crankcase relief doors

Oil mist detector

Main bearing high temperature alarm
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11. ENGINE PREPARATION, EMERGENCY &
DIFFICULTIES

ooer Main Engine Warming Up / Warming Down co8oo05e3020020320305¢31
206950 B88m8:0 HE8mEqrdeE 8§:32EqE Main engineod vadssdeo
qooomqdloncdiafopesand New Voyage[g§ogoSecSedq€ omieatqibypreentioncd
g1059i8:0058:(8: comrdogodomd] eapdedlopa eade0zan [g&:eomEaqypsoncd
0050956038, co00pS0edmmcopd: [P3ieiecoco? SNleaoeaticleptaficrlento Tz B1c
qodsolaCeogendi oo oplepg qpdloncd Thermal stress [§8edleondloncdiThermal
stress c[o3pé coggipoie0g 33205 qEdBingudclonudiss8{gbeta? egpElo3dgtadoneodn
oogo5elen :28qiEqe0qs T [5pSgpdigt: oxéeuqdl onoSi LO system pump, LO
purifier, Jacket water pump sso§aopSodaBewnéicurgdoncd S:oodaaqt generator
engines cogon 203 Jacket water system ooopl: 85:32Eqi€ maine engines o
oofgp5espS:3 gegiooneamtapbdondSiElectric heaterg s>geoiomdjreopbsg oo LO
purifier o3eeo:o3=ed ME sump cdooeqpedo? 3o epe0:00cdi 20§otoud Breon
ME sump o303 [g§QeosdloncdigiBeon eqpaddiga08i§ o oofgpSgebi onodaondoncdi
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38803 LO system pump ona30p[B: 00582805823E:6030308 copiucdeodd=nozad
copb: warming up [gdeodlondd

2803315 2065500 98608503 9305eepoi[gi039e4l8§:326qiE main engine o3edcodeod
Lubricating oil pump, Jacket water pump eogoBeocSeen:cos(d: so§easpdcoSlope
538 0§60303 6qom0d warming down cdesldloocdi

00503 0356800050900 35803 308> ABS:coniczaoged oodwg oo} clearances
60303 copd: g§walgbilonudi 3acB4selgpae e Warming up cpdlgEsen qpbgudqed( )
9§0loncd

(o) To prevent thermal stress ( ) To prevent wear and tear easy to starto3[gécloooSu
(c0eobnaeo0ier0se0pw0 85132EqE o Four stroke engine o548: sBoncopd: High Speed
diesel or Marine dieselod:c3sEqaacaniecnzeoy oo warming up cod8ecdclon:i
coeomaop{3G: Heavy Fuel Oil a3 olroudadeneentiesoisaslat seacepi onbegoio?
) grah a8l manoeuvring period eodlzeadigod ealiEecgeneon s86mdeapadaopds
warming down ecpdeompdlops safgons: Warming apdoonsqdlonedi)

oo Steering and Control Tests3ooo00cdu

20600E5Be0gadgret 2060503 DudpemEesEecd Go3ta3oss (Steering
System) comEiocomntgudizatqtd 0odo00d0) ddS:q 00 osbeay(Engine Controls):
ot (Bridge) s 0n5038:q1605:(Engine Control Room) o¥saloip: eonogudeiod8:q)de
os6(Communication & Control System)eog comEsecomnts odesos 06300602003
caldlonodi

S&C TestecnbatenPropeller clear [gbo[gd Bridge o3eomé:qiochizntqésomncddsds
0050§: 0§008: 088:8:00 coB[3eS[8: Propeller clear [gdoooSad ao§omom
sddgodomdlsecpdqdli Engine controls cogedispereatqia? fsqolonodi Reversible
engines eogen 38q€aopdel osom propeller copddlooudi v§omaadaagnien
BBmdion capceSecnieny §esdes veondoeolybad Accident [8§Eoxg Propeller
clear [g8¢[g603 Bridge o3eom&sf: omo§ay) saepdion [3pdqedesodl:e ECR o}
selopifopiomndjgdootdoocdi
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e500500900Bridge o’ 5083 ECR ¢2§03$0§ 0303 $0§0305qclecdionsobonbegoion
god=$ manoeuvring period ¢o 006omgecdenadigpiond§sadin cagpeicgrieets
onudiesnadadewnd:oncd eomaeoga’d Manoeuvring record book or bell book c8eslos
9050&:008or3rbenucbedlonudigodoimslg§oddecdqdioncdicoeshgmanoeuvring
period e accident [§6368 2005e88ep ooepigeaBridge &ECRen§o3 bell book eogad
08qdlonudi8z0p05 mqEen§ododdl e300 w 05 8omgadagtidliSosgecesqal
2doqi€ c38:00deogpE:000569E [gEcgadal
e Steering System
Steeringops® () 9§clonudi 0psdedeBancyad Steering motor &pumpadsfgo:
§dloncu
Steering test ocpdet W3odelgpcodesd hydraulic system oo saoddgoiedom
2005938ep BEBgPsen 2005005000503 v §o§ogeddh 3zaEagElgpd
008028 03odelgnrd a8udBgp§efcdodcdobeso:cimechanical links gp:
[gio5es[gt: eqpes(gl: §of [3p8q @bcs0:dh sseotaéydogE Steering
oB08:0066§ 32808 208[gdalompE: 0§4(4E (oB) Public Address (PA) os8(s¢ Bridge
oBaaejoxpCilopdh
Steering test cobo3zaslen 4305 (0) 0psde? 32qE0&:0l cebom3aE80m [o3pddl
$u83203¢: %qcﬂeoSu Steering hydraulic rams 03§ egogpaeomcopSides §qolecd
Gop§op 0pgerodophenddegaqpigdi:§bangl [4beidepd
06:0338len poed 9065900500° (POrt 10°)100050005 jg° (port 25°)100050005
sedz(Hard port) sacopboopbonpd (Midship)i pooooob jo°(starboard 20°),
oononob sasds(Hard starboard): sacopSoopbonp (Midship) sao§oofgé esepér
coon&80d 206§ csep b esapag cppdd Bridge ¢ cuioopb 80§ 5¢ Steering Gear
038 codeop[g€esq00p9808 03 Brrp8egqolecd
Beeqi€ 0p$8(0) 3 0B 0psd( ) TPeertidinnd:ad (o) o( J) o saegpteen Steering
gear alarm unit ¢ soo3eoz03logr:qolocdionodeudinds 3000 CVEQELd uoi'x‘jamﬁ
qodgEg[gEa

0ps0( ) [§06:000epopEaopds s@ooo%og&eo%@om Ga0 056(0) @ ognoooooé
2832052 32038:69008g0dqalgddlondd
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Broqi€ 0ps6(0) $E 0s8 (1) 58900188 opewniff: 3200050803 E:06:2064N
2060oMEj 320005082036: 058000 0s:0bpegoB0psS( J)op: 8fCsobewnt{l:
028[036 000 08:0005dancdiecpbaoEdlinpsdondeqi:Bum Steering gear Bewntisd
8805:§qdlocdi §8fE0diimacg0d smspbioiupsdon 8[:c8056502003 0aB8E
522160708:53095800 08 SBEYEBS Yf TopsbodsseqeedielpEiewntioisadly
2006000 eS:88: 320056098 ESloocdi
808100800 09560069g E:Bum :0pbeonEieonEpb§Ee: §uddoocdi Steering
alarm unit com8eeomS:od:andomndlonadi Bridge 3 Steering gear room §,
so0Ha305 eqgosd communication system comtieontiodiondomaopdildoncd
32600:8056qH{gq 02000 e osdome 9008g050@E0g3m:505:0000000%
[GEeogesq3[gddlonudi

e Communication and control system between Bridge & ECR
Bridge 3 ECR 0% s0050305003:03 0005c8¢§: 058605 1Public Address System
(PA) 905 com:qdlecd o&:o0degpedqdlecdiesoad: Telegraph of 05:qleudi
Bridge oncusad signals § ECR ¢oqod signals cpgdlecdn Telegraph ¢odloy

signals eogoeon
Stand By Engine SBE / Dead Slow Ahead / Slow Ahead / Half Ahead / Full

Ahead / Stop / Dead Slow Astern / Slow Astern / Half Astern / Full Astern
Ring Full Away RFA : o3g8doocdi
20605p[03eR8 20900 ecovpss (Air Whistle) 038203 coveoids comEucomnt:
05:qJlocdi 206oMcudbeogen (Electric Horn) 22284{gjomcopd:§EEdondd

e Engine Controls
2a8qi€um Warming up coéff:ooo{gbeecSiad=sdor system pumpseogeeat:(Gs
[§6qecn
88:3:8q8a3Turning gear copddectn Indicator cocks eogeédlocSiCylinder
lubrication cof§: Turning gearcppSdlecd cppdosadgen Tuming gear motor
g, 926800 oBop8:e880§03ddigpiesqt goesd oo mzeEqéona?
o00o€:83h Indicator cocks eogaden 0m09050000033pddl 88 B eqo ogedangs

omoS§oyzeEqit §0maB 0008 @Al 00§ 3036:08q8 6r038:ieaq]d cgodaoqdlecdi
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g:didesan0dE:esqC Turning gear [gob[d: Air kickcoddl(Air kick vapbe€ air
starting system o3 draincp&3eeqdlad:) [G:ogE Indicator cocks gp:ad[g&8a5al
m8qi€ad eBeuisAhead directionsacd:8:diealqiE§dlocdions§§oBbegpidicosg
oend&Bg$eddl Reversing system o3 Astern ofefop s oo Gsesnod Astern
3038:8:0h 328qESsqJoudi 005§§ BOeypidleogi oond§:(Gige ool Reversing
system o8 Ahead 28[gSe[ypE:dli clgps[Giesn0d Ahead direction sac3E:§:li
[3895[8: :9s0E 208 zp65 320008 Standby eoconsdl 8a8qiE8concdypion 005808
05:00003 co€[r3clonudi v§clooudi dleod Reversing system s2cp6cp6ecpto?
Alod:0060mgbcdi Ahead 0odg050§:8:Standby eusomdjzo’ Reversible engines

60R6Pe5qOl

ool aﬁaoémméoogcﬁgma 0059§:00¢0 oooeog@&ao&qac{ia?[)om m@ézqﬁ:ﬂ&@&n

026605600003[B8: ogiEcona? Flash up cpboon:deodi DO & FO service tanks
eogodadaslgdonteci DO & FO settling tanks copo3eopbsadigslgpdeciadadtadego’
moco: i 03€aBeamodelgones 25599505 6660303 cwrodqodesodecdiF uel
systemc3&:xo8o Filters/strainers cogodesosefogpoon: eodigpadpopedidk§EonaSedad
00398:05608 03 6g, AP EDD 0gE5ieaR03 GoogpPyjRdegaEaonidec
§§a0505:c08mc3¢neonp Maine engine warming up codoonsdeodiAir starting
system s20905 cosdieogadncopd: ccosajgodigoboondlecd

02650820360 (1 hour notice) cusdonodisa8saslenSteering and control testopbdecdn
3=06q€ generator enging c5oo5006 0o8adio00§:00sducdi 006 obnembeagred
[Beop0d s3omiqomnapbaacged Mooring hydraulic system ofiop§edlodsadieondodd
Hatch cover hydraulic systemodisacobeobesal mdsseop Hydraulic/Hydro-electric
CI’BI’]ESO% 035‘;(%1 G(‘I}PO%@(%AHC?‘IOI’ heaving up 8’3030&6]6](30:(03 (?)C\?)S’QSODOS&ODLSH

oeor :&qi€ad Engine Control Room (ECR) ooes$:cdeqqg ooudongsecdi

Emergency Control ooes&sclocd
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s8qqbesopEmergency Controlepé:quad 52820503 B&W engines instruction

manual SpleES Gmcﬁ:%ogewsgomsé]oocﬁu

Emergency Cr.'n_trol. Connection to Regulating Shait

e s )

]

]

Emergency Control

A)
B)
C)
D)
E)

2.

Pull rod connection from governor.

Stop indicator.

Emergency control indicator.

Blocking arm **Normal control™position.

Hollow shaft connected to regulating
handwheel on emergency console.

Shaft connected to regulating arms
on fuel pumps.

Keys and keyways.

Plate connected 1o regulating handwhesl.
Plate connected to governor.

Plate connected to regulating shaft.

Impact handwheel. Changing from Normal
fo Emergency Confrol, see Plate 70302,

m

§

e R S WS

Normal Control
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Change-over from Normal fo Emergency MAN

For changing-over to ‘Emergency Controf' with running engine, see ltem 8.4 .
‘Emergency Control from Engine Side’.

;5

Check that valve (105), which is the *‘telegraph handle” of the emergency control
system, is in the required position. Note that reversing to a new direction is only
possible when STOP valve (102) is activated.

. Turn the handle ‘A’ anti-clockwise to free the regulating handwheel ‘B'.
. Put the blocking arm in emergency position.

. Tum handwheel ‘B’ to move the innermost lever of the change-over mechanism

'C' to a position where the impact handwheel 'P’ is able to enter the tapered siots
in both levers. Quickly, turn the impact handwheel ‘P’ anti-clockwise. This causes
disconnection of the governor and connection of the regulating handwheel ‘B’ to
the fuel pumps. -

. Change position of valve (100) from Normal to Emergency. Now air supply is led

{o the valves of the manoeuvring system for emergency running.

. Ready for start, Start is described in ltem 8.4 ‘Emergency Control from Engine

Side’.

Note; Always keep the threads of the change-over mechanism well lubricated,
to ensure a quick changing-over. $

Marine Engineering Questions and Answers (Main Engine)

Win Aung



Engine Preparation, Emergency & Difficulties 111

op rAir kick ecodeeaéqiéad Tuming gear copdff:=s[Gonss cppdeomnomaacgabedi

2EqEc8E5003 22EqI€x0580303(G: ceeog 0doorEBEEAlEE: cepades&Edloncdi
Fuel Valve Faulty [g6[G: sBeogcopbs0deont cd6edlun eepadesdEdonadiAir kicko?
&:c0603050053qE Water hammer effect [g6[: 00532805528E:607 [BelBiwnswn:
o380z 8 €000 6520500850500 0BEOES AFE SO EEPELITES cDBugEi
R$$05008: 0cSomgli 8§:0005076€ 30§03 00dugpdieozum egpegpeyey,
copSesqdlecdi melogpt: cédidjielort cqpegge§on: godaBode gpiesooddi
006650005 aBomdja€ 0082000080503 220305 §ad:azm§EdlonudiTurning gear
3 22E8qi€aB cppbesoden Indicator cocks o3gooniaisncned socuéslndEsnad
eqeepade56C¢[a3|onEa88EdloncdiTurning gear copies of eoTurning gear's
motor §z268uo0 Ampere o (3808058 Gescondypiesqt ondesepep ¢oOver
load [yes[Geadomn0? [0302E[B:088 Edlonud [03sen: 03 qodBiodftelgdeso [Bjond
0700088 dlonudi

0098 2€qi€qoa8abodon Combustion chamber cdenoy§esdos burnt gasses

6oR0B00pd: oS c80d(Bomslgdagaiclonad
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o1 328q§:0005 0§:0p: 9300pGeecd ame0peloPE[gEE
B&W engines & Instruction manual ¢resdlgoonsos Starting Difficulties eogod
6320096 60009§0500E[Geon:Cloncdi

Starting Difficulties

Difficulty Point Possible Cause Remedy
Engine fails to turn on 1 Pressure in starting air Start the comprassors.
starling air after START order receiver too low. Check that they are working
has been given : properly.

2 Valve on starting air re- Open the valve.
celver closed.

3 Valve to starting air distri- Open the valve.
putor closed.

4 No pressure in the control Check the pressure (nor-
air system. mally 7 bar). If too low,

change over to the other
reducing valve and clean
the filter.

5 Main starting valve (ball Lift locking plate to working
valve) locked in closed position.
position.

6 Main starting valve (ball Release the turning gear
valve) does not function locking device.
owing fo activated turning
gear locking device.

T Control selectors are Correct the setiing.
wrongly set.

8 The starting air distributor Lubricate and make the
has not activated its end shaft movable so that the
stop valve, distributor moves easily.

Check and adjust the air
cylinder and end stop
valves.

9 Pistons in starting air distri- | Lubricate and make the
butor sticking. pistons movable. Overhaul

the starting air distributor.
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(or unevenly) on starting
air

16

engine adjusted too low.

Difficulty Point Possible Cause Remedy

10 | Distributor wrongly ad- Check the timing marks,

justed. see Vol. ll, Maintenance,
proc. 907-2.
Alternatively, with engine
piston 1 in TDC, check that
the starting air distributor
piston for cyl. 1 is lifted to
the same height (within a
tolerance of about 0.2 mm)
by, respectively, the AHEAD
and ASTERN cam of the
starting air distributor.

11 | Sticking control valve for Qverhaul the control valve
starting air distributor. slide.

12 | Starting air vaives in cyl- Pressure-test the valves.
inder covers defective. Replace or overhaul defec-

tive valves, see also
Chapter 703, ltem 7,
‘Operations AFTER arrival
in port.

13 | Control air signal for start- Find out where the signal
ing does not reach the has been stopped and
engine. correct the fault.

13A | Propeller blades are not on | Set pitch to zero position.
zero-pitch (CPP-plants).
Engine does nof reverse 14 | Coil of solenoid valve for See the 'Bridge Control’
when order is given. the desired direction of instruction book.
) rotation does not receive
voltage. .
15 | Control air signal for the By loosening one copper
' desired direction of rotation | pipe at a time on the sig-
does not reach the engine. | nal’s route through the
system, find the defective
valve or pipe which stops
the signal.
Repair or replace the valve.
Engine turns too slowly ‘Slow-turning’ (option) of Set the *slow-turning’ ad-

justment screw so that the
engine turns as slowly as
possible without faltering.
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Difficulty

Point

" Possible Cause

Remedy

Engine turns on starting
air but stops, after re-
ceiving order to run on
fuel.

17

18

19

20

21

22

- 28

24

25

‘Slow-turning' (option) is not
cancelled (automatic
control).

Faulty timing of starting air
distributor.

Defective starting valves in
cylinder covers.

Puricture valves not de-
aerated.

Shut-down of engine.

Sluggishness in the ma-

noeuvring gear.

Faulty adjustment of ma-

noeuvring gear.

Governor air booster
(Woodward) does not sup-
ply oil pressure to the
governor during the starting
air period. (Woodward
govemnor only).

The pre-set speed setting
pressure to the governor
(Woodward), is set too low,
or for too short a period.

See the ‘Bridge Control’
instructions. ‘

Check the timing, see also
point 10.

Pressure-test the valves for
leakages, see also Chapter
703, ltem 7, 'Operations
AFTER arrival in port’.
Replace or overhaul the
defective valves.

Find the cause of the stop-
order and correct the fault.

Check pressure and tem-
perature.
Reset 'shut-down’.

Lubricate the manoeuvring
gear. Ensure that the fuel
pumps, rod connections
and bearings are movable.
See Chapter 702, ltem 9.

Check the rod connections.
Check that the fuel pump
index corresponds to ‘Ad-
justment on testbed, see
under Chapter 701.

See the Governor instruc-
tions.

The pressure shall be set
between 1.6 and 2.0 bar,
and maintained for about 6
seconds.
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Difficulty

Point

Possible Cause

Remedy

Engine turns on fuel, but
runs unevenly (unstable)
and will not pick-up rpm.

26

27

28

29

Engine runs too long on
starting air, so the governor.
has time to regulate the
pump index downwards,
before running starts on fuel
oil.

Fault in governor.

Auxiliary blowers not func-
tioning.

Scavenge air limit set at too
high or too low level.

Automatic running:
Adjust the starting level,
see Plates 70305 and
70311,

Manual running:;
Shorten the starting air
period.

Vi
Check that the governor
functions with the correct oil
pressure.

Check that the limiting
functions in the governor
are adjusted correctly,

Deflection at the starting
moment shall be about 6 on
the terminal lever scale.

For further fault-finding, see
the Govemnor instructions.

See the Governor Instruc-
tion book.

See also 'Difficulties during
Running’, Point 28, further
on in this Chapter.

Start auxiliary blowers.

Check level of scavenge air
limiter.

Check the scavenge air
pressure and the exhaust
gas pressure at the actual
load. Compare the pres-
sures with shop or seatrial
observations.
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Difficulty Point Possible Cause _ Remedy
30 | Fuelfilter blocked. Clean the filter,
31 | Too low fuel pressure. Increase the pressure.

32 | One or more cylinders not | Check suction valve and
firing. puncture valve in fuel pump.

Check individual index, if no
index, check the rod
connections and the safety
shut-down system. i

If fault not found, change
fuel valves.
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Running Difficulties .

Difficulty Point Possible Cause Remedy
Exhaust temperature rises 1 Increased scavenge air See Chapter 706:
3 a) all cyl. temperature owing to in- The section entitled
*) adequate air cooler func- ‘Evaluation of Records”,
tion. point 3, 'Air Cooler -~
Synopsis”. .
2 Fouled air and gas pas- Clean the turbine by means
sages. of dry cleaning/water wash-
ing.
Clean the blowers and air
coolers, see Chapter 706
‘Cleaning of Turbochargers
and Alr Coolers.
Check the back pressure in
the exhaust gas system just
after the T/C turbine side. *)
3 Inadequate fuel oil cleaning, | See Chapta:; 705 ‘Fuel &
or altered combustion Fuel Treatment'. *)
characteristics of fuel.
4 Wrong position of camshaft | Check p .-
(Maladjusted or defective Check camshaft with pin
chain drive), gauge.
Check chain tension.
b) single cyl. 5 Daféc(ive fuel valves, or ¥}
fuel nozzles.
6 Leaking exhaust valve Replace or overhaul the
valve. *)
7 | Blow-by In combustion *)
chamber.
8 Wrongly adjusted, or slip- Check the fuel pump lead.
ped, fuel cam.
Exhaust temperature 9 Falling scavenge air tem- Check that the seawater
decreases. perafure. system thermostat valve is
a) all eyl. functioning correctly.

Marine Engineering Questions and Answers (Main Engine) -




118

Win Aung

Difficulty

Point

Possible Cause

Remedy

b) single cyl.

Engine r/min decrease

10

11

12

13

14

15

16
17

17a

Air/gas/steam in fuel
system.

Defective fuel pump suction
valve.

Fuel pump plunger or

‘puncture valve sticking or
| leaking.

Re\?ersible roller guide in
wrong position (reversible
engines).

Exhaust valve sticking in
open position.

Oil pressure before fuel
pumps too low.

Air/gas/steam in the fuel oil.

Defective fuel valve(s) or
fuel pump(s).

Fuel index limited by torque/
scavenge air limiters in the
govemor due to abnormal
engine load.

Check the fuel oil supply
and circulating pump pres-
sures. Check the function of
the de-aerating valve.
Check the suction side of
the supply pumps for air
leakages. Check the fuel oil
preheater for steam leak-
ages. '

Repair the suction valve.

Replace the fuel pump or
the puncture valve.

Check the roller guide
mechanism for seized
bearings, roller guide,
roughened rollers or cam
ete, )
In case of seizure being
observed, check the cam
shaft lub. oll filter as well as
the by-pass filter for
possible damage.

Replace the exhaust valve,

Raise the supply and cir-
culating pump pressures fo
the normal level.

See point 10.

Replace and overhaul the
defective valve(s) and

pump(s).

See Chapter 706 'Observa-
tions during Operation’,
Item 2.1 'Operating Range
Load Diagram’.
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Difficuity Point |  Possible Cause Remedy =
18 | One (or more) reversible See point 13.
roller guides in'wrong posi- ;
tion (reversible engines).
19 | Water in fuel oil. Drain off the water and/or
: clean the fuel more effect-
ively.

20 | Fire in scavenge air box. See Chapter 704.

21 | Slow-down or shut-down. Check pressuré and tem-
perature levels. If these are
in order, check for faults in
the slow-down equipment.

22 | Combustion characteristics | When changing from one

of fuel oil. fuel ol type to another,
alterations can appear in
the r/min, at the same pump
index.

23 | Fouling of hull, See Chapter 708, 'Obser-

Sailing in shallow water. vations during Operation’,
Iitem 2.1, 'Operating Range
Load Diagram’.

Smoky exhaust 24 | Turbocharger revolutions do | Some smoke development
not correspond with engine | during acceleration is
r/min. normal; no measures called

for. ;

Heavy smoke during
acceleration: Fault in
governor limiters setting.

25 | Air supply not sufficient, See reference quoted under
point 1.

Check engine room ventila-
tion.

26 | Defective fuel valves (incl. See point 5, and Chapter

nozzles). : 706, Appendix 2
' (incl. Plate 70618).
27 | Fire in scavenge air box. See Cﬁapter 704,

28 | Governor failure/erratic See Item 4.2, 'Supplement-

reguiation. - ary Comments.
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