air start valve sgogd‘} pilot signal o$ cylinder |
2320305 overlap § cgodeusonudi 338 overlap oo o)
»es s 8odeadnd§oood00udi 6onimdeneagdiecdi
TDC 00p0503 30800 socuEdlm[Gs sdkeailCzonudi TDC
20305 60,6§2050000:320305 20'00dkod0SIOVERLAP

on type of engine — 2 stroke or 4 strokecdk number of

) _ cylindersonoSeadloSedi time of air start valve opening
Overlap cylinder 320305- eod] g&odledlqE overlap qpsecdi s38e(gpadisc eoo: oo
med 03 6o 808 ahead &

63310503 joBodeuzadkonodi

/

6 cylinders, 360°:6 = 60° Crank Angle
Starting Air (Optimum) = 60° + 20° Overlap
= 80°

1. Positive start from any position, for main
propulsion engine connected to the propeller.
2. Less starting air consumption.

g3dle[gmodfutenidscopdagkodls 30300 Overlap 220305600593k §podecgudeodldlona 358
distributor 03cvp50380l03[ged§§SEAonLSN

Starting air period



oomodeod) starting air 03 TDC eeqpodatgieosonodonuditime lag cdaopSogodadkadiexhaust valve
0g&eCaere:03qdqeudITDC eqpodsacdiaderocoad qo3 TORQUE c3cd half way to BDC sacd:0?
Overlap cosqdlonudidle §:qagudendlicam § distributor cogen inverse cam 8303 cam 35§|[gdad pilot

valve stick [48q€ air start valve g&e$03 6ot 0Esdloncd

den[gppdq¢ pilot air line ( main air start valve ¢onion) o distributor ad6moEonudi Gonsm ogododlon
ceozrpdBeado cogs Q€ distributor 0o GroeoRad drain (pday a3E:dh



333 357 3a2

" |
3as | 3704 294
il it

Al

4%

90611 o8 elon§:ad: adko il distributor
o3 drive 09503 gear, 938 gear o
[g05c8qon0Si $33kAk Bofciodlad
00§53 algpt: 0gEiadkoncdi ABELEYSQE
Hlo3coS[G:gE clondSi

:8eEqudadkol | &dlod oo drain
¢dlodn TDC & NEAR BDC tpsd j cds AIR
START VALVE PILOT LINE DRAIN
20305 ( 3EqErpm 10(ahead)or 11

rpm(astern)[firing rpm c8esl co0dleqpod
q€ valve 117 oes drain
cvSonudiedeoyoilzeojgododl safety
200593) ( start signal §q€ 6 0oq
”6§ 6eocdlondd. )(stop ¢ 00q drain
ocpdeodolons)

[grguSadlodlodseaden TDC
320023203050 60 80§
efgpeza0g05336d05 | adlodn jo
8odelepCiz00305 o m6dlod | cdlodigsdl
o» DISTRIBUTOR o86mmo&anudi( valve 26
”653l0005.)

Sleodo9a003adlqean 0oq o
3§8:c006603 6 o
1Secerocoyadkod:digodldagudesaltd]

e[gpog air start valve on cyl oog&odad



don :8epqudadkol 226ddd | dlod - DRAIN &dlod j edod

eonso 28e(Equdadlal KEY LINE dagption 038083 cuiadkol MARKING

Starting air a[gp& 40l torque o eadlEdlaBosicopdo3mal8:ecdlE308S §g0

80803a00de0:8Eqecbiesnadfg: 32EqiEwdal eantesol 2EqiEBEae[qmE coddqpqlecyendal
9o533ka3e0yP8Equudizntqiiaodkal o§odled § o§adeapgEquudizalqilyded cdlo3 compression

force 03eoP8EQuLdIea2:6503 liner m95upcda5cd sagpagko3zeod§adyslyodeuCquddi
8358 6S50MC  J§)% load & compression pressure = 50 bar cadlod§odh 238103 je bar cadloda3§a3
starting air co005c8eoyPaglGappd§Eadedeod

-338 go o3kadodl sogpeedion§Biespgd[d: mean compression pressure ceo3] compressed air pressure

c005§dlonudiBseod) fly wheel, crankweb, 031803 moving part copq) saCsnsepson 938 compression
pressure 03eoyP3zacnzapdeoiesadlgbolonudi
6S50MC ?z firing timing = ahead 1-5-3-4-2-6-1 astern

1
6 s 38603 0psd 0 o3
CoBndecueuddzad§enad
opsb 9 op o
7 3 8oeotokodleozqdlc8gedd




“STOP SIGNAL: - REGULATING HANDLE AT ECR OR LOCAL (‘Y? STOP POSITION , START POSITION,
g;ooé]:oél:us\a% J th:oé]:oé]: oQoSeoze§é]moS||

Stop signal coso3l3, vit 03 03EuEenjyEedisneszaadkenadSodkilonddi starting, astern running
320905 VIT ;2[4E32653200k50031




117 & 27




MAIN BTRATING| 118 control air valve
bl D near main air start
s valve

23 air from stop handle

OPTION 4 S0
SLON TURNING

[T

FITOI £5 U1 SL0UpP Sigridi

117 = open at stop handle
activate ready for air supply
when start handle was
activated & control air pass
through from valve 26.when
start fuel supply with firing
rpm — 117 will drain air from
distributor

Reversing mechanism of MC engine
328q€ REVERSING 03 MC Engine ¢o cylinder 0ocd:8§ fuel pump drive § roller angularly egodls

cpduaclonudigad roller guide & roller oo ahead or astern position ¢ self locking [g8[Gsesdoocbigsslo?



1.Wormal diagram

Cvylinder press
Bar

CompresLion starts

inside cylind

Blow dpwn

I Exh back press Atmospheric|press line
5 3 (] 30 a0 Crank angle
= Degrees
Exh|Open Scav Open BIDC Scav F:[ose Exh close

control air §co60pdlonudislend 5588 astern to ahead efypE:o3 telegraph 03§odad0de0d cam §

e[opE:Eadespeqodealgpiagkodldindecd salqlecugopdol soqSoye
agpE:adqpAe88ecSied A6z




L~ A~ QA TAAL I',,.QG§0$

Reversing link oc

Seaen from fore

eyl Qo

Exhaust side Manoeuvring side R
5 o3 vent

) ahead or
local
1 valve)

Normal reversing
astern to ahead

The reversing will take place

when the cam is in this position.

Ahead

@ MAN Diesel A/S | 2006/09/09

Reversing :
8c83aEqi€onad:a? e[ypiyScopbeodadodleayon - fuel cam o3 a3uScopSeogaincd o3 reposition
006quodi( MC 22Eq€enzacd] mlgodkadsac3E: roller odapbadnonudn)

e§009(8s Starting air distributor o3 63uScopdeogiEal v05p5 crocgabodlo§esiIe reposition cpSqeuds



fistributor 8303 o> position elgpE:d
fisc o3cppdeodd: pilot air to unit air
starting valve o3e[gpEseosdlonodi

2 STROKE ¢ EXHAUST VALVE 2503050300p903050qpecgilops AHEAD & ASTERN 320305
oefpoecdodezalCa3agldloncdi REPOSITION coboqoecdilop:

b 1 -] AN
Sy iR ﬂ | £y \_E:i

i i OPTIO | H
| ST e
P

)

1-

&1 4vd

LR

EOSECTED T SEALINE
AT €0, LLB Ol | l,ar‘l
SVETER 4D TCE BYSTEM i

3

®
7w | 5TART ALR ' o
L‘EE’I L3518 miT0n 50) ;\5;} }&_{]

i Fd

&
’
]

®

- T

o E%aka{a Hrff
[

ahead

ast

Fuel
pump
roller
position
change



11.

VE0802-0256012

Exhaust valve bottom piece saed groove ¢> 0'ring, 30300 63305 20§qEseqsapdadloigroove ¢ U-Seal

onddliUseal 0260Eocoe 0008080EoB8080dsr060:00l03 60ad §) 8$688[G:q05fg 0000
Q Q Qx 9 e q

1500 bar
1400-1650 | bar

D13-01 Hydraulic pressure, mounting
D13-02 Hydraulic pressure, dismantling

6S50 MC Engine air start cpoq€ socoldlonudsdadiaerocuscdi [GEapaeosadln 0ogfGiwanpaoscdk
MC 328qi€eog¢n Engine ignition - £0335300:600500098 320096qm 000d6dloHS
H8320056qeqpadq€ Beoyqf DISTRIBUTOR o3erosondeu:adkadli aoolgodadki



0000503 DISC DISTRIBUTOR ¢ 03E08en:cd AHEAD §jsqecdq ASTERN codliqacdecdkiodelqm&ad
Bridge control ¢nondlonpSed 328q€ecupdal odleogeondjyded

hydraulic governor 2%:0332Eq|€ &:005000%s hfo $eAlE:00001 0om0Sa viscosity $03985 32EqE hunting
o[9d3 viscosity qpo3ad3 colC:ad hunting [46qEaacgudedsoiladzaqCoppdecd/ LOAD $qE HUNT , LOAD
qPq€ e&a3qEadodi

Hfo $6AlE:03 steam automizing burner 23:58€cdlen automising air o3oo0dzaq§o5:cd

8:005000020% PEAK PRESSURE oplappdcd FUEL RACK gpsi EXH TEMP gpsai PEAK PRESSURE
$esqCodoBedao&adi(individual unit)

VIT Jo33aEqi€en s0cu€dl onadio? VITo3adodlooa5300EqE @38soculdlen ofleoglgbadecdioy$ol
socoaleneailodleogeaagpooadeqpodecs

3BEadlooads AIR FUEL RATIO &0 6c03qE8:8:80305000583(8: arogpqend 90ladB:8:50905q0003

BEadl $60:3103 20605len 0oadi0d EXH GAS ECONOMIZER CIRCULATING 3203050548:650050005:0%
PRESSURE COMPENSATE ( 003 PRESSURE qa=3IC [goe0:d 05:508 )odleag[ydcdl§Ead

Hfo §64lC:0303E3len flame sensor o3 U V adswcdkiphoto cell (selenium photo cell) odsocdk
2063l 008sen 7KG STEAM aBo0uSe0og¢n 3agp:adead:oncdadi

o0m05cd 538 7KG STEAM PRESSUREN? sl 0308826503 REGULATOR (NOZZLE , FLAPPER TYPE)
e[paE3qEanngudediaileagodecd

MC ENGINE EXHAUST VALVE > 32088cd0cdn O RING , U SEAL cogadecd WATCH cden
oéleogo&‘%ogecﬁl

8300500005}, BREATHER PIPE 0009l20030500k02lcd1 0000058 838608 FILTER 8053qEadleogfybadlecd
MC Electronic VIT &$6¢> ENGINE $:038o§$ VIT [g&odkadi8&odkadki

Cascade controller cogen R.S.T 8303 remote set point sdodlodlodelgpodled

DIAPHRAM a%: ACTUATOR Gogen INTEGRAL ( 1) 00§8:036c0p860s0qpecon odlelgpéad

623l050n Geo AUX ENGINE LUB OIL PRESSURE REGULATOR 009 aanaan lube Pressure oS shut down
[§8c% modified cpSadkonuSiancdudlen modified cpS[8o3 vilcdiodlelgg odleoge? modified
Qeilgteatevleeilon



20 208 11

@ zoa) (210 z0s

Set for 5 bar |

AR LAY

N

30000008

{

) o z06

.- ' z1
Set for 10 bar Y @ e

1-MC 328q)€ AIR START VALVE o5 SELF LOCKING NUT o [4$03:gE[g103 soqpsed: [god 0068E03
2[Péeq o mudendodeds

9 [p5
2-GAS CUTTIING [g05 o8 ezalodadqtizani8oncosadieogen REGULATOR eopdén WORK SHOP
CABINET o> VALVE oz cpdBse CUTTING TORCH omes esdlod8qeqn sa0d8oncotieqp

ocdlopigbesonudiodlelqaEfgdSEadi ( 9odgied - FeagzamSndizncndeoyypdil)
DUE TO CUT OFF ACTIVATE ( REGULATOR pressure SETTING gpscg$scy )

3-GAS WELDING ¢ 30059800c08s FLASH BACK ARRESTER o09Q PRESSURE ACTIVATE CUT OFF
PRESSURE 900560310505

0.§) BAR
4-633l05e8qi€ FLASH BACK ARRESTER ceadl PRESSURE ACTIVATE CUT OFF PRESSURE o0056cdlobad
10 BAR

5-ALFA LAVAL ¢ DIVERSION & FULL FLOW FITLER dlo3 CONTINUOUS AUTOMATIC BACK FLUSH FILTER
% BOLL FILTER ¢ CANDLE FILTER Gogdlo3 AUTOMATIC BACKFLUSH FITLER 3200600600pcdkiodlogled



Manual [opp5q€qdlonudi 28mead] alfa laval oo pressure [B6e$000S10pa00055p0380 BACK FLUSH
[g0esa€apbeutonudIFULL FLOW FILTER oo0godcdlol BACKFLUSH podoodsBeogn? DIVERSION FILTER
085[’),@:? DRAIN (\?80305"

boll oo filter saopzae[ypsen pressure oop0500SIfG:eod] apon back flush cpS[Geo3 candle filter o3
B[gpdf3: ST BY odkooudiogon FILTER 9836moc0pSols BACKFLUSH [363cobeoionddi

6-BOILER CIRCULATING PUMP STAND BY PUMP START C\P(SO?D, PRESSRUE senor line
039005030padlkonads

DIFFENTIAL PRESSURE OF PUMP INLET & OUTLET
7-RADIAL TURBINE NOZZLE RING § AXAIL TURBINE NOZZLE RING 9005c303lcdi [oppSodls §038Eecdk
08§ E0loncdi NOZZLE BLADE 3200000EqE AXAIL, 6on:0n0EqE RADAIL

8-8:005000%3: MAJOR OVERHAUL cpbonuSi PISTON [g§adeod] o9 TOOL §op ( PISTON INSERT RING)
$[g$0005 03leodlE woEa3ondes000dIo0Gscopdeadl o3lsocdrRdediodleogodecdi

§$copdodlealC:escdi Sloewrad RING GROVE s0sqe:eqsapdodlecypad

9-8:005 OVERHAUL cpoqE HEAD NUT eogn MAIN BEARING NUT eop 03030503 HYDRAULIC PRESSURE
©83m06qqB:o0cdn 238 HYDRAULIC TOOL PRESSURE GAUGE 0§00 o3l onfudlzodocdi 558 ondadl
9800560310050 0decs

CALIBRATOR, (& SHORE & 1 MASTER PRESSURE GAUGE 0093 0305[ppd

10-8:0050009:> DROOP j §:§ooudi 009 GOVERNOR ¢0§j8qooodi 6500500900 AVR ¢0g§qoodi
358 DROOP J? 06108'](\3"

GOVERNOR n KW( LOAD 3codseadkicagpoodiocdl ), AVR — KVAR, power factor (VOLT )

11-MC Engine VIT fuel injection pump complete set so& [Bgookoocd: SPARE §ooodn saqiedlon
©6mIC:03 fuel pump 0o0d:303gE0n0dI005d 0B wcdi FAlgaso&eny 3390E0EOqLdI

TOP COVER [go51 PLUNGER /BARREL 83000503 PROCEDURE 3203&:00051 G ogj§odlgiodadadqeuds

12-S) 10 P MITSUBISHI PURIFIER & SU 826 ALCAP ALFA LAVAL PURIFIER j §g DISCHARGE
MACHANISIM 2005030Jcd

Mitsubiship purifier - pilot valve o6$ sliding bowl 03200053203/006
Alfa laval SU 826 — SLIDING BOWL o 3300053203000 6c34: 309&20805000

13-000005c ICCP LOG opodl Reference volt 200 mV ecdlobqqé & ICCP o Zinc reference electrode

adsodkaden Silver reference electrode ad:adkadk



ZINC REFERENCE ELECTRODE

oG- thermal overload relay oocd:en trip ampere o oG pRSgE QucdisacgSsaog 03¢
cdl 0dledl€onodondi

MOTOR SERVICE FACTOR, FULL LOAD AMPERE — 1.15 X FLA 00000500051

og)-battery charger oo9wo float charge § equlizing charge j §jdloncboo0dn co0deagi§en aouduily charge

pSucdi

008§ FLOAT CHARGE, oocoonslecdlo EQULIZING CHARGE
oB238qBo0d:038:803qERPMeadiBonndadloncSiffieodfu§ eol:adlonuSiadlelqg $58c8[gbqosicd
BOOSTER, START FUEL LIMIT o5 - dleoge[qmg

0q-MC Engine Gogen air cooler cogao3 scavenge air odequSeogedlogkesalCatlogedol  parts
Bonodcdesl cdn o3ledz35l0n6qodled

WATER MIST CATCHER, LINER CYL LUBRICATION qo5q€ SCUFFING [g60005c8

op-waste heat recovery economizer water tubes coy oddlodecw 206dGORol SFeaite
B:ecVlCqjedBronacbonudiodlelgoEadbioperation  procedure  @ascdadln  @oso00Sed  couSesqpeoy @
¢30Ql05lcdI

S.5.5 364lE:q¢ ABodsnquudergrdeogecdndsnc

SoSaaklgE 328qI€qa[G: o §98ecdloSeCIRCULATING PUMP qSquodi

TURBOCHARGER DRY WATCH cp6[Geq€ SOOT BLOW cp&qecdi

PRESSURE DROP &0l 0onp5(8s WATER WASH cpdqeoSi

19-constant pressure turbocharging system o?  stroke engine $ pulse pressure turbocharging system
o 4 stroke engine | o0 opsdmacqmEcodl engine power 0p3qE onudaaEqon starting air
381eoABguSecdioslelqmEandi( 9odgied - air motor starting ©2d:dh)

CONSTANT PRESSURE T/C SYSTEM a: 2 STROKE cndagobonud

EXHAUST ~ VALVE  g&§§esoodoycdoverlap  Geos§€ij  STROKE oo 20005qpd00005¢0
Ala3eoco€dmndgpiad/ 6 CYL &8 Go8ndBendln593§ onud

Starting air can be supplied from TDC till the opening o f the exhaust valve / exhaust ports, in theory. In
practice, the valve is timed to open a little before TDC, since there is always a period o f ‘lag’, between
the opening o f th e valve, and the actual action o f th e air, which must fill the cylinder first, before its
turning effect is felt on the piston. There is also a period o f overlap, provided, where more than



one cylinder starting air valve is open. This is to give a smoother turning action, and to make sure th
at the engine will start from any position, and in either direction easily. Also the torque acting on the
engine, is minimum around TDC, therefore if there were no overlap, the torque may not be sufficient to

turn the engine, were it to be stopped with

the unitat T D C. However, the torque is maximum around h a If w ay to BDC, hence if overlap were
provided, and the unit in question were at TDC, the other unit, whose starting period overlaps, would be
at a point which would give a higher starting torque, thus making starting easier.

e23l05mOw{appdqE constant pressure turbocharging ¢ exh valve open onegoodoqodleogqeadi Slefgms
starting air overlap o3 Sqpalgreus8Eandd.

Cylinder
pressure
. Impulss tudbocharging
15
ATA, | E xhaust open (Impulse)

Exhaust open (Condant preszure)

Condant pressure
"" turbacharging

SEvenging

Exhauzt dozed Exhaust clozed
[Conaant pressure) (Trmpul =)

Pigton roke
20-SECA compliance boiler so3lodlcdi8:8s 53€dlZotloglecdi
CERTIFICATE §qooodi 338 CERTIFICATE aocd MAKER o Googp 6=alE83E:qn0(Gealqmt:

21-pressure jet burner coge> burner o% supply C\?E)Of\)o burner fuel oil pump Fl fuel pressure oo
eqPioncBicdozaoyedoniodlelqrad

JJ-938 pressure jet burner oo nozzle eoged us gal/hr &dodldlooodn  s3dlodlodelypodlad
kg/hradosleaslodlcdi

US gal/h o> us standard throughput of nozzle ,pressure facture o> 7 bar 03050005

Kg/h sBo3lon CEN standard throughput of nozzle,pressure facture oo 10 bar $0g050005



Throughput = lower calorific value x efficiency x pressure facture

Pressure facture = burner fuel pump pressure/( CEN o@ 10 BAR,US gal o§ 7 bar)
Burner nozzle ¢>q€s3dlquSizsedlE:dedqudeoqonadi

Jo-burner ooadsq) turn down ratio s3o3losledi oil throughput s3odlonadled)
Throughput -s36d 033203&:

Turndown ratio (TAR): of a burner is defined as the ratio:

Maximum fuel throughput

Minimum fuel throughput

JG-4-20 mA signal o analog signal o3k digital signal ol on/off switch input Gogo3 93:3 qo3 AC 220R
LOGO (LOGO 303l plc oogjz0lod) ¢o 338 4-20 mA signal o3 input signal sa6$3 2d:08qadki

4-20mA — analog signal, on/off switch = digital signal

Segro&adieqd

J§-HFO § 9305:80005adk03 ROTARY CAP BURNER 00cd:03 M.G.0 $edlE:qadgd8Ecd
8je0g rotary cup &adla88eudi

26-boiler burner § 8:c0dlo5 yellow flame & blue flame o3loglcdi yellow flame 83q€ QRA od:dki RAR
adscdksn

Yellow flame — hfo & blue flame — gas &1 RAR = YELLOW FLAME, QRA — BLUE FLAME

27-tanker 20codledl¢n designated hotwork area oo sagp:sal{gGonudesqodi 23865qoen hot work co6d
<allclealoblelaRlaut

WORK SHOP..HOT WORK PERMIT

28- o3l0383Ce3l05a3803 00508§:8:000580%:00001 tanker Gogen eBtank coy explosion ofgbezaE
o3logu503 inert gas 326$303103588685l05638 o3 05:8Eadk

oqdli static electricity [g8c8n adloS0300050005



29- o0de8:adm diesel oil day tank o3 welding esdlo3 gas free apSquud oodloneco dock oo cpeogm
[48e33E tank oGaB steam supply codileeod] blower § o058k gas free coSonodn €38l ©$03 procedure
oSk 2203 procedure el o3lalgEcd

@005 STEAM o static electricity [gdc3
30-6550 MC Engine fuel injection pump &0 suction valve codlcloocdi delivery valve coaldledk

of

31-solas regulation 13.4.2 32q saEq€e&: machinery space category A ¢>§ emergency escape trunk &
Doged  2g0edp  000decdlodqecdn  OPEN  DECK  03agodo3  HATCH  oneodl  sacgpisné
:250:ad:0005603l05Gqucdieepadld HATCH codlésenilensobiadiondecdlabdqecs

(®0OMM)

OJ-RISK ASSESSMENT (RA) o risk control copdodsesl PREVENTIVE MEASURE §  MITIGATIVE
MEASURE 3logled)

PREVENTIVE oo odlonoSi MITIGATIVE 0o 200500145
8 Q

00-IMO § RESOLUTION A (1050)(27) 5q ENCLOSE SPACE ENTRY o8 ENCLOSE SPACE § ecocoud
8326905 93 [gpSbqeudn Sidlodleogdissd o 9aden (OEL) s30lodlcdi

It should be noted that the term Occupational Exposure Limit (OEL) includes the Permissible Exposure
Limit (PEL), Maximum Admissible Concentration (MAC) and Threshold Limit Value (TLV) or any other
internationally recognized terms.H2S=0PPM, BENZENCE - <0.5PPM

0G-ENCLOSE SPACE ATOMOSPHERE 03 GAS TESTING cv6q& VENTILATION
GCS](S:@:0?)&(29(\5]:IIQS@:CY%&QGC\S]:II
Q9fGs 00 850

35-MC ENGINE Goge EXHAUST VALVE o1 FUEL PUMP SUCTION VALVE o3¢ 00803 U SEALING RING §
20003 200060YPHE0kQS

Bodie0d

~

36-6S50MC  fuel injection pump § barrel =ed§ top cover [gpones  drain
c8&:00900050dkonudizglodlzaogodcopiadlosled

SUCTION VALVE o U SEAL cdocdn ecdcdagodiqd ocosqpseedeeomnd cdldad VIT ooodadlodlod



37- MC 328qi€ fuel injection pump § plunger o> ppdcd agoddlol high pressure fuel cop fuel injection
valve®o? 000503 ogadogl:adn DELIVERY VALVE o3fgod[Gagodagladk

SUCTION VALVE sac00Sedlodones INJECTOR oBogk
38-MC 22CqE §:0335§§¢0 STOP, START, FUEL ON 003 SIGNAL D 960 9005 SIGNAL ¢osesqecdi
STOP & START

P@-MC 22Eqi€o3 LOCAL EMERGENCY CONTROL on§:q€ AIR DISTRIBUTOR END POSITION VALVE
eog[gdo3 two position, 3 way valve geug6( ahead / astern direction ¢§c0S0do3 valve eop)
0emIC:qE sClocdl

%zoooSu 3555]0% Goqﬁoélso%

40- preferential trip, long time trip(LTD), short time trip(STD), instantenious trip (INST
)o03le0g0aB3005600000k3I903q 0§ SETTING & TIME DELAY GogonuSecdod§oncbadi(oog%-o
SEC)(400%-120 MSEC)(1200%)- preferential tripo3eod] 000% cadlodSadkoncbonodi75% to 110% =203
=808 © 9083 load shad cpSoocdi

In order to prevent the troubles by reverse transmission in such as “Load shift”, reverse power relays
(RPRY) are provided to the generator panel. They are set to 1.5% (12KW)~15% (120KW) of the rated
capacity (800KW), and when the reverse power more than setting value is generated, they open the ACB
and protect generators. Performance time is adjustable on the digital switch. (Now it is set to 80KW and
10sec.)

When the ACB is opened by it, orange indication plate will appear in it. So confirm it and life the reset

knob to reset the plate.If there’s no abnormality, ACB can be closed again

In case of overcurrent, 105%x120% of the rated will current of the generator, the nonessential loads will

tripped after 10 seconds by overcurrent relay (OCR).
Adjusting range has 8 steps of 0.75/0.8/0.85/0.9/0.95/1.00/1.05/1.10 for rated current (1283A).

(This board is set to 1.05.)



CIRCUIT BREAKER
&
PROTECTIVE RELAY SETTING

RATED VOLT AC 480V

RATED CURRRENT 1283A
LONGTIME DELAY 20SEC at 1411A % 120%
TRIP

AIR OVER %I]?]RT TIMEDELAY | 410mSEC at 3208A

CIRCUIT CURRENT

BREAKER |TRIP PREFERENCE TRIP 10SEC at 1347 % 120%
INST TRIP 12.8KA

PROTECTIONRELAY |REVERSEPOWER TRIP | 10SEC at S0KW

When grounding in R phase

Without pushing the ground lamp test button switch, three lamp are of Y connection each other and have
the same brightness.

When pushing the button switch, the terminal connected with the button switch also grounds because of
grounding of R phase, and the lamp of R phase will go off. And the other lamps light more brightly as
interphase voltage is added to the terminals.

In case of no grounding of any phase, three lamps have the same brightness even when pushing the
button switch.

Uvt — under voltade trip /

Go-Thermal overload relay oocd: TRIP [¢88Ec3 maqde0y § godendod§oocdionmed OVERLOAD
[gdodlzadlznnt 1 Sdlodleogcdi

1-OVERLOAD OR Single phase operation

2-mal-adjustment of scale



3-high switching frequency

4-long motor starting time

5-vibration of mounting panel

[giodoqeatq§lgodenyq€ - MAL ADJUSTMENT , HEATER BURNOUT

42-STARTER BOX 0096n0lono503 COMPONENT eoy anodleogadn o6 9eadlod§onodoncdi s38c5¢n
current transformer (CT) § transformer (T) odloglcd

0-Molded case circuit breaker(52),protect from overcurrent & short circuit current
2-magnetic contactor (88) Motor circuit closing device

3-overload relay (51) protect from overload

4-aux relay ( 88x, 30 x, 4x, etc) control circuit switching relay

5-time limit relay (2 T, 10 T, etc) relay operate with time limit

6-keeping relay ( 4c,4t) relay which operation is keep machanically or magnetically
7-power supply indicator lamp- WL- indicator

8-operation indicator lamp — GL-indicator

9-abnormal indicator lamp — RL — indicated abnormal

10-start push button — 3C -

11-stop push button — 30

12-change switch — 43 R — change operation with control circuit

13-fuse — F - protect from short circuit

14-ammeter — A-

15-current transformer — CT- for ammeter

16-tranformer — T —for control voltage step down

43- UVP & UVR :75]035]03/ under voltage protection & undervoltage release /

UVP — Undervoltage protection — when undervoltage — motor circuit auto open, when volt recover —
motor does not start on that condition



UVR — Undervoltage release — motor circuit auto open at undervoltage — when recover voltage — auto
close & start without push start button , normally with starting timer (10T)

44- SAFETY VALVE § pop open action o3o00503qadlcSisimmer point s3odlodlcdi safety valve blow down
Bodlodladioponsd:aBonSaded [ycdn safety valve blow down 00§3:qpqCadligdocdi

The discs used in rapid opening (pop type) safety valves are surrounded by a shroud, disc holder or
huddling chamber which helps to produce the rapid opening characteristic.

® The difference between the set pressure and this reseating pressure is known as the ‘blowdown’,

It is usually specified as a percentage of the set pressure.
® Blowdown = set pressure — reseating pressure

® For compressible fluids, the blowdown is usually less than 10%, For liquids, it can be up to

20%.(e83l0500w[gppdqE 6% §adkonudn)

Safety Factor 45/10=4.4

10.6 bar 6% Maximum Accumulation of pressure with safepy valve open & steam stop valve shut

Safety vake blow down 10.0-9.6 = 0.4 bar
48 bar

Safety wvalve close 9.6 bar

Boiler Pressure

Safety valve capacity to release
stearm must match the steam generation

Simulation of rise i bailer pressure, with main stearn stop valve shut capacity of hoiler Qupner

hurner firing at full capacity, and subsequent aperation of safety valve. P

The boiler pressure is naot to exceed 6% abowve safety valve setting. ‘

Baoiler pressure drops down to 9.6 har, and safety valre closes. )

2 M ain Steam Stop
Wahe Shut Safet'y' Wake
Important Pressures Relating To Boiler Burner Firing
at Full Capacity

and Accumulation of Pressure Test - ﬂ




G§-SCREW COMPRESSOR oo9en DISCHARGE PRESSURE oo $oScoodes:o) rate § olgelgdgt:iod
ooodesoodn [GqE 3qi€o3a005¢05 PRESSURE weqpodel HIGH TEMPERATURE § qOogloncdi
Soszal{gE SUCTION VALVE 9&[&: oonesql 822603 SET PRESSURE epad(B: SUCTION VALVE UNLOAD
[g8qeudi dlodlelgmEed

46 - boiler mounting -Safety valves, Water level indicators, Water level controller

Water level alarms & cut-out assembly, Remote water level transmitter, Main steam outlet valve,
Pressure gauge & Pressure switches, Feed water valves, Burner assembly, Air vent, Water sampling
valve, Manholes, mudholes & peepholes, Bottom blowdown valve, De-foaming (scum) valve, Furnace
drain valve, Soot blowers

Ge-centrifugal pump ooadsqj output qudi rpm qudi torque QudaLdde0ndg§LdYGdH
Output varied with rpm x torque(Slo> OCEAN TANKERS SMS ooi)
GEe-centrifugal pump 0306alE:qEalad 3a090503kn3805edIE:§E:000d

« Centrifugal pump radial thrust - The pump is designed for a radial load on the bearings, and as
long as the pump performs at conditions not too far from the design point, the radial loading is

accommodated. However, if the pump is operated at less than 30% or more than 120% of

design capacity the radial load increases drastically, causing early failure of the bearings. More
importantly, the unbalanced radial load can cause excessive shaft deflection in areas of fine

running clearances, and eccentric loading of mechanical seals, resulting in leakage.

go-centrifugal pump ooad:wn overloading, underloading sdodlodlcdn &:d:edlodlFedlE:03( variable speed
motor ewpod) centrifugal pump ooad:on0S=§§en overload [46[GioocSsoqi$en underload [g6oo05cdN
underload [36q€ 0&enodlgdocdi(dled 0.T SMS o 1 3a[yEdlspdecgadecagop:)

Underload — high back pressure( heat develop at pump) overload — full output at low rpm, back pressure

$03 254 full rpm § Gal:q€ad overload,

§0-03lc3 tanker copd) empty double bottom tank 03eq(goSq€ [§88EqCu§ead:ad gravity §[gpdSdC:cdi
60 03203E:93 Pump overload [go[Gg50a050005

§)-tanker 0o8:q) centrifugal cargo pump ooads upper ball bearing & upper mechanical seal go5ogkodl
claim cp6cdqol  32§§3203E:8 service engineer oo cdljgEeodBs report eqreuiogloncdigi8en - pump
cannot be operated too much oil discharged compare to its speed( rpm ) and discharge pressure.
BfGreqeodlionodn 838c8006(Ge[ydezale cofeagpdal discharge pressure, pump rpm, discharge flow rate

ﬁm&cﬁq%&ecﬁn



Cavitation, pump performance curver NPSH &303 NET PRESSURE SUCTION HEAD s33l c§odloood3qE
CAVITATION [gbro&qgjod
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B Curve A shows the pump capacity, given in terms of flow rate (normally M%/hr), as a function of
the head developed by the pump, given in terms of meters liquid column (mIc). This curve is

called the pump characteristic.
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m Curve B shows the Net Positive Suction Head (NPSH) requirement for the pump as a function of
flow-rate.The NPSH requirement at any flow rate is the positive head of fluid required at the
pump suction over and above the cargo's vapour pressure to prevent cavitation at the impeller.

® 1.Adjust Trim & List to facilitate cargo flow

eased flow

B 2. Pressurising the cargo tank with inert gas in tankers, or vapour in LPG carriers

B 4. Reducing the flow rate by reducing speed or by throttling discharge valve and operating above

NPSH

5.Control cargo temperature to prevent boil off

3. Regular maintenance of pump wear ring



Centrifugal pump 0ocdsq) flow rate & NPSH curve 03 000d033203:q(ecd
§0- RA cpbecdi risk control cogoopdedd risk control cp603 $p5:0068 00 960dled crodleoged

o-elimination, 2-substitution by something less hazardous and risky,3-enclosure ( enclose the hazard in a
way that eliminates or controls the risk), 4-guarding / segregation of people,5-safe system of work that
reduces the risk to an acceptable level, 6- written procedures that are known and understood by those
effected, 7-review the blend of technical and procedural control, 8- adequate supervision,9-identification
of training needs,10-information / instruction ( signs — hand —out) , 11- personal protective equipment (

last resort) — cannot be controlled by any other means.

54-existing risk control 6oy adeadlode|ded codadodecdi 0uScdbd§eopg0docd

1-number of personnel exposed, 2-frequency and duration of exposure to the hazard, 3-effects of failure
of power or water supply, 4-effects of failure of plant and machinery components and safety devices, 5-
exposure to the elements, 6- protection afforded by personal protective equipment and its limitations, 7-
possibility of unsafe acts by person for example — who — a-may not know what the hazards are, b-may
not have the knowledge, physical capacity, or skill to do the work, c-underestimate risks to which they
are exposed, e-underestimate the practically and utility of safe working methods

§9-RA process

1-classify work activities,( plan and unscheduled maintenance, routine work, information about these
activites ) 2-indentify hazards and personnel at risk( is there a source of harm, who could be harmed,
how could harm occur ) , 3-estimate the risk( potential severity of harm, likelihood that harm will occur),
4-identify existing risk controls, 5-decide the tolerability of the risks, 6- prepare risk control action plan, 7-
review adequacy of action plan, 8- ensure RA and controls are effective and up to date( crew feedback,
every 1 year periodic formal reviews, new hazard identified, conditions are changing ( expansion,
contraction or restructuring of activities, relocation of responsibilites, change of methods of working or

pattern of behaviour, occurrence of hazardous event )
56-HOT WORK cp63 PLACE oo9=a0305 standard for hot work sdodlosled

The place or compartment where hot work is proceeding shall be gas freed, Gas free condition means an
atmosphere where the oxygen content is 21% and flammable gas concentration is not more than 1%
LEL.

§QHOT  WORK cpbo3esqpondqd FUEL OIL BUNKER TANK oocd:odl  ooodsoqj§ad  SAFE
[§600050pe08Ecti



Adjacent fuel oil tank may be considered safe if tests give a reading of less than 1% LEL IN Vapour space
of the bunker tank, and no heat transfer through the bulkhead of the bunker tank will be caused by the
hot work. No heat transfer is deemed to occur if hot work is beyond 500 mm from the bulkhead.

58-hotwork ocpbets cvbods cvbesqg safety measure cop

o-cdecdlobo fire extinguishing equipment cogsaadiydsscnlssessacdkdod j-fire watch odkeadk p-
sufficient ventilation & lighting o G-escape route 2005005008t oomLS GoninEieadlCapdodkadk
approved portable flash light cog§ed §- hazard sign cogodkeodk - explosion proof tool & light ad:wads
qQ-gas detection o3 gas §o§ a38Ea3esqeogmes regularly check coSecd

-00603 water line eadlobonesqpedaded 6qoédnt agequlsiSion safpbigl:
4.3 A vV D Tonnes/second

A= AREA OF DAMAGE

D=DEPTH OF DAMAGE BELOW THE WATERLINE

§@-cargo tank o3 hot work cp6quedadqC work area clean cpdquudi sludge, sediment, 003 flammable
vapour emit co68E03 material 6oy ©05qeedi

Interconnecting pipeline co03 water flush codi isolate cpSqeddi

Cargo line 60303 inerted or water filled coSqood

Heating coil o3 steam blow cpdi gas test cobqoodi

Adjacent fuel oil tank o> 1% LEL In vapor space [46[3: bulkhead ones §oo mm oglq€ qooddi
Non inert ship

cvd3esqoneod] gas free & continuously ventilate

Adajcent tank including diagonally position cargo tank eogcr% hot work standard clean and gas free C\PS
(Sloewrod) eqlgpdadk

Slop o3 slop barge o33 (Slowwpod) po Sodlogl non adjacent tank also non diagonally tank o33
26:80500k/ 305603 isolate OOk

For inert ships

c68esqaneod] gas free & continuously ventilate



Adajcent tank including diagonally position cargo tank Gogo§ hot work standard clean and gas free c\?c‘S
HC vapour not more than 1% LEL

(Sloowndd) eqlgpdodk

(Sloowpod) Emptied, purged and HC vapour reduce to less than 2% by volume eqoodeseE purge
cod[g:q€ inert gas [gpdadk

01§03 cargo tank 6ogsamms inert cpd 1 deck opening closed

00058 hot work oo cargo tank bulkhead colSloewrod goo mm 32038800005 other side cargo tank
o3 hot work standard clean & gas free

Hot work cpbesod: inert gas pressure reduce — uncontrolled vent o[gdesalE
958 hot work space o30C03 IG LINE 03 % HC opoopd aqpodeaale PURGE apb [§s ISOLATE apd

Slop o3 slop barge o33 (dlewwpod) po 8odlogl non adjacent tank also non diagonally tank o33
326:30500k/ 30de0y isolate cpSodl 538 SLOPTANK IG MAIN o3 ISOLATE cpd

CARGO TANK DECK AREA

Tank deck ¢ 500 mm sa0p&:ad within tank hot work c8cpbu

cargo tank a3 hot work cpSqeude3qE work area clean cpdqucdi sludge, sediment, o3 flammable
vapour emit co068E03 material Gog ©05qwedi

Interconnecting pipeline o303 water flush oS isolate cpSqeddi
Cargo line 60303 inerted or water filled coSqood
Heating coil 03 steam blow cpdi gas test apdqeedi

The place or compartment where hot work is proceeding shall be gas freed, Gas free condition means an
atmosphere where the oxygen content is 21% and flammable gas concentration is not more than 1%
LEL.

00 MM 820005
Radius 30 meter 320353 cargo tank , slop tank cogo3

Adajcent tank including diagonally position cargo tank Gogo% hot work standard clean and gas free C\PS

HC vapour not more than 1% LEL (3loe0p05) eqlgodadk(Sloewnod)



Emptied, purged and HC vapour reduce to less than 2% by volume eqoode3aE purge cpd@:ql inert gas
ek

oqj$05 cargo tank eogs;crg% inert 0?8 1 deck opening closed
Non IG ship

30 meter adjacent & diagonally positioned cargo tank

Hot work standard clean & gas free ( OR)

Completely fill with water

Slop oo} slop barge o33 (lewupod) po 8odlogl non adjacent tank also non diagonally tank o33
36:30500k/ 305603 isolate SOk

Vapour or vent line to compartment should be ventilate to not more than 1% LEL and isolate
60-mitsubishi MAC 25 B BOILER ¢ WATER WALL TUBES ¢ogo68 FURNACE 33050&qeadionleogandqecd

IMO Resolution A.1050(27) — Revised Recommendations for Entering - Spaces Aboard Ships

AN Enclosed spacnlzIi ! which has any of the following characteristics:

.1. limited openings for entry and exit;
.2. inadequate ventilation; and
.3. is not designed for continuous worker occupancy,

and includes, but is not limited to, cargo spaces, double bottoms, fuel tanks, ballast tanks, cargo pump-
rooms, cargo compressor rooms, cofferdams, chain lockers, void spaces, duct keels, inter-barrier spaces,
boilers, engine crankcases, engine scavenge air receivers, sewage tanks, and adjacent connected spaces.
This list is not exhaustive and a list should be produced on a ship-by-ship basis to identify
spaces.

2.2. Adjacent connected means a normally unventilated spac which is not used for cargo but

which may share the same atmospheric characteristics with the [ZldleS=sisEle= such as, but not limited
to, a cargo S:le= accessway

7 Testing the Atmosphere

7.1. Appropriate testing of the atmosphere of a space should be carried out with properly calibrated
equipment by persons trained in the use of the equipment. The manufacturers’ instructions should be
strictly followed. Testing of the space should be carried out before any person enters the space and at



regular intervals thereafter until all work is completed. Where appropriate, the testing of the space should
be carried out at as many different levels as is necessary to obtain a representative sample of the
atmosphere in the space. In some cases it may be difficult to test the atmosphere throughout the
enclosed space without entering the space (e.g. the bottom landing of a stairway) and this should be
taken into account when assessing the risk to personnel entering the space. The use of flexible hoses or
fixed sampling lines, which reach remote areas within the enclosed space, may allow for safe testing
without having to enter the space.

7.2. For entry purposes, steady readings of all of the following should be obtained:
.1. 21% oxygen by volume by oxygen content meter;

Note:
National requirements may determine the safe atmosphere range.

.2. not more than 1% of lower flammable limit (LFL) on a suitably sensitive combustible gas indicator,
where the preliminary assessment has determined that there is potential for flammable gases or vapours;
and

.3. not more than 50% of the occupational exposure limit (OEL)S2 1M of any toxic vapours and gases.

If these conditions cannot be met, additional ventilation should be applied to the space and re-testing
should be conducted after a suitable interval.

7.3. Any gas testing should be carried out with ventilation to the enclosed space stopped, and after
conditions have stabilized, in order to obtain accurate readings

8 Precautions During Entry
8.1. The atmosphere should be tested frequently whilst the space is occupied and persons should be

instructed to leave the space should there be a deterioration in the conditions.

8.2. Persons entering enclosed spaces should be provided with calibrated and tested multi-gas detectors
that monitor the levels of oxygen, carbon monoxide and other gases as appropriate.

8.3. Ventilation should continue during the period that the space is occupied and during temporary
breaks. Before re-entry after a break, the atmosphere should be re-tested. In the event of failure of the
ventilation system, any persons in the space should leave immediately.

8.4. Particular care should be exhibited when working on pipelines and valves within the space. If
conditions change during the work, increased frequency of testing of the atmosphere should be



performed. Changing conditions that may occur include increasing ambient temperatures, the use of
oxygen-fuel torches, mobile plant, work activities in the enclosed space that could evolve vapours, work
breaks, or if the ship is ballasted or trimmed during the work.

8.5. In the event of an emergency, under no circumstances should the attending crew member enter the
space before help has arrived and the situation has been evaluated to ensure the safety of those entering
the space to undertake rescue operations. Only properly trained and equipped personnel should perform

rescue operations in enclosed spaces

9 Additional Precautions for Entry into a Space where the Atmosphere is Known or Suspected to be Unsafe

9.1. Spaces that have not been tested should be considered unsafe for persons to enter. If the
atmosphere in an enclosed space is suspected or known to be unsafe, the space should only be entered
when no practical alternative exists. Entry should only be made for further testing, essential operation,
safety of life or safety of a ship. The number of persons entering the space should be the minimum
compatible with the work to be performed.

9.2. Suitable breathing apparatus, e.g. of the air-line or self-contained type, should always be worn, and
only personnel trained in its use should be allowed to enter the space. Air-purifying respirators should not
be used as they do not provide a supply of clean air from a source independent of the atmosphere within
the space.

9.3. Persons entering enclosed spaces should be provided with calibrated and tested multi-gas detectors
that monitor the levels of oxygen, carbon monoxide and other gases as appropriate.

9.4. Rescue harnesses should be worn and, unless impractical, lifelines should be used.

9.5. Appropriate protective clothing should be worn, particularly where there is any risk of toxic
substances or chemicals coming into contact with the skin or eyes of those entering the space.

9.6. The advice in paragraph 8.5 concerning emergency rescue operations is particularly relevant in this
context

61-TURBINE 009 STEAM SENTINEL VALVE ooo3lc8on6edlsosledi

EXHAUST PRESSURE ABNORMALLY RAISE q€ 83g0560:00051 STEAM Gogod BLOW UP cp&uoSiBACK
PRESSURE TRIP 2200600006081

62-4 stroke 32Eq€e0g320305 MILLER CYCLE a3odloslcd



¢ miller cycle o3:q€, imep, thermal efficiency & work eogon|gE&dkdlondSi

od3lo30lo3 millercyled

inlet valve early close = 6-7-1-7-2-3-4-5-6

Pressure, P

Inlet valve late close — 6-7-8-7-2-3-4-5-6

Specific Volume, v

SUCTION VALVE 8050332§§0360lc0;B:(0R) 6500508~ expansion stroke o3 suction  stroke
coodgpee=alCapduradl

Go-feed forward control a3odlodledn o3€dl water level control sagjendloncbonudn 558 feed forward
control oo m@mcpSc\P89§oé]c6]:uooé]ooemcﬁ;oﬁsacq&pﬁdﬂaﬂau mﬁmem?aﬁqﬁmossg%%ék\\)u

STEAM PRESSURE 25q&:00k03358lo3/908adlypsoncdi fusadapediadadSiesi

Gc;-6MAK43 - so&qls o> 4 STROKE , IMPULSE T/C SYSTEM @&Seo?g, EXHAUST MANIFOLD on CONSTANT
T/C SYSTEM 353 MANIFOLD 009930looubi 33103 o3l PULSE SYSTEM c3esl cdi

modular pulse converter system for turbocharger o3:00l:oo05

¢)-SCUFFING ado3lodlcd o3lad[gdodlcd

2q€ MEK GEK 1 ¢oqnppd

GE-MAN B&W onelgpodl BORE POLISH j §j:Gooudodn g3glon ofleogedn odlelgmmgfybadlqodlcd

MECHANICAL BORE POLISH, - PISTON o36mn §gecge[qaag CYL LUBRICATION o3qo5eocd BORE POLISH
3603

6§20500§ COLD CORROSION 030%:00305¢050305c3 c8Esn BORE POLISH [3oodl

Gq- WOODWARD GOVERNOR 03: 4 STROKE ENGINE 03¢0 ocoeondlsalqi8ade8qé STARTING AIR
200603l058§ 00dsb6adlodedlEfie cod8iqonudigadlodladcd

START FUEL LIMIT $8csqlySeqpodesilCaedltqad



Ge-(life boat oo 4 stroke engine fuel pump ¢ plunger) & ( 1000 KW/cylinder output éj}o?: MARPOL ANNEX
VI Tier 1- main engine 4 stroke fuel pump ¢ plunger) — helix 565c3aZI8EcdI

328qE[qB:0n HELIX - j 9d
69-boiler flash up ap&qE - vent valve 6300053§§305qucd o3ladcd)

00m0dm J BAR ( 6c0cpdal:c0053qpsie) 80500E000di 22050600609075¢ OXYGEN PITTING ofgdwn

B8

Master boiler o slave boiler $0303[gbgdropuloplyblyd operate cpbonudislave boiler oo master boiler
load 60%ec3lodenoccdi jo% ecdloHerq5000d1005c893q5qd master boiler steam pressure same level
6QPoHe332086073) run 0o0di8eo3] master boiler steam drum pressure o3o36[gpEse0z0303000dN

A.C.C Siganal s303| steam drum pressure dlo31 automatic combustion control signal clo3i SI§ master
boiler o3 start / stop cp&ocSu

Master/slave mode 6q:c3050313, slave boiler start / stop o> master boiler load 6l 00p5[g: coSoo0SH 338
load oo fuel oil pressure edl @oopSoga5005I( 60% load = 10 bar f.o pressure, 20% load = 4 bar fuel oil

pressure )

OeSakl9g boiler pressure 5 0eoypqE ACC Mode vegs§Eod manual §03 8:03:8EodlqpsdloncSi(lon
Sloodlop§codadlen eqe8Edoncbiesiladen SET POINT coglgodkdlonnd)

Slave & A.C.C j 90d:03:3q€ MASTER BOILER LOAD & SLAVE BOILER S.D PRESSURE SET |
90d:ed 00pB[8e START / STOP cvddlonudiqbodlmaeoimaster boiler load quSi MASTER BOILER STEAM

PRESSURE STOP SET POINT 3203&:qdlonudi



[ 1] GENERAL DESCRIPTION OF AUTOMATIC BOILER CONTROL SYSTEM

This system (A.B.C.) is composed of the automatic Eombustion control
system (A.C.C.) and the automatic feed water control system (F.W.R.).

Composition of Control System

MASTER CONTROLLER
— A. C. C. {

ATR FLOW CONTROLLER

F. W. C.—— F.¥.CONTROL

A.B.C e§05 AUTOMATIC BOILER CONTROL SYSTEM oo9¢n A.C.C a§03 AUTOMATIC COMBUSTION

CONTROL qudi F.W.R e303 AUTOMATIC FEED WATER CONTROL SYSTEM AldlondSi
008l A.C.C. 03 MASTER CONTROLLER & AIR FLOW CONTROLLER qQub§gopbsodl:oncdi
A.C.C system o0l

Fuel injection coSo30dlem qub 338 e8320305 combustion air quantity o3 c33>603 steam presssure

030352003 c00de0q3 steam flow rate 6l 9oopd: 03050005 Gutdlonwdi

Mater controller loop — & o3lon master boiler’s steam pressure o% master boiler set pressure set point
$0990lo0udi8:q€opq P+I Operation a3:fd: F.O Flow control signal ( load signal ) o3 cpobeosd: deviation
zero 6qRoH0335030a8§:Cloncd
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Item No.1 No.2 Description Remarks

PARA don doodl ap§codadl § SETTING cogdli

15| Et1 1 1 Event 1 type : Reverse PV Not changeable
17 | Et2 1 1 Event 2 type : Reverse PV Not changeable
19 | Et3

21 | Et4 0 0 Event 4 type : Direct PV Not changeable
23 | Et5 0 0 Event 5 type : Direct PV Not changeable
25 | Et6 0 0 Event 6 type : Direct PV Not changeable
27 | Et7 1 1 Event 7 type : Reverse PV Not changeable
29 | Et8 0 0 Event 8 type : Direct PV Not changeable
SETUP

6 ceé 64 64 All Input range type (4-20mA) Not changeable
7 Cc7 1 1 All Linear input decimal point position Not changeable
8 C8 0 0 All Linear input low limit (0%) Not changeable
9 C9 25 25 All Linear input high limit (100%) Not changeable
16 | C16 LSP setting : 8 LSPs are used. Not changeable
17 | C17 Low limit of SP limit Not changeable
18 | C18 25 25 High limit of SP limit Not changeable
26 | C26 10 10 Control output quantity in READY mode Changeable
42 | C42 10 10 RSW1 assignment: LSP number 1 selection Not changeable
43 | C43 11 11 RSW?2 assignment: LSP number 2 selection Not changeable
44 | C44 12 12 RSW3 assignment: LSP number 4 selection Not changeable
45 | C45 1 1 RSW4 assignment: READY Not changeable
PID

1 P-0 25 25 Proportional band (%) 16K Mode Changeable
2 I-0 70 70 Integral time (sec) " Changeable
3 d-0 0 0 Derivative time (sec) " Changeable
4 oL-0 11 11 Low limit of PID output (2.8kg/cm2) " Changeable
5 | oH-0 52 52 High limit of PID output (14kg/cm2) " Changeable
11 P-1 20 20 Proportional band (%) 6K Mode Changeable
12 I-1 60 60 Integral time (sec) " Changeable
13 d-1 0 0 Derivative time (sec) " Changeable
14 | olL-1 10 10 Low limit of PID output (2.8kg/cm2) " Changeable
15 | oH-1 20 20 High limit of PID output (7.5kg/cm2) " Changeable
21 P-2 100 100 | Proportional band (%) IGS Mode NOT USE
22 I-2 0 0 Integral time (sec) " NOT USE

23 d-2 0 0 Derivative time (sec) " NOT USE

24 | olL-2 Low limit of PID output " NOT USE

25 | oH-2 100 100 | High limit of PID output " NOT USE

41 P-4 25 25 Proportional band (%) Slave startup Changeable




42 I-4 70 70 Integral time (sec) " Changeable
43 d-4 0 0 Derivative time (sec) " Changeable
44 | oL-4 11 11 Low limit of PID output " Changeable
45 | oH-4 50 50 High limit of PID output " Changeable
Item No.1 | No.2 Description Remarks
EV
1 El 13.5 | 13.5 | Master Boiler Start (13.5kg/cm2) Changeable
2 E2 13.5 | 13.5 | Slave Boiler Start (13.5kg/cm2) Changeable
3 E3
4 E4 5.0 5.0 [ ACCIN (5kg/cm2)( Changeable
5 ES 5.5 5.5 | BLR Low Press Alarm (5.5kg/cm2) Changeable
6 E6 14.5 | 14.5 | Slave Boiler Stop (16.5kg/cm2) Not changeable
7 E7 6.5 6.5 | 6K Mode Boiler Start (5.5kg/cm2) Changeable
8 E8 11.0 | 11.0 | Slave Boiler Start Enable (11kg/cm2) Not changeable
Event 1 hysteresis,(START&
STOP=[p:0[g203PRESSURE) Changeable
9 Hys 1 3.4 3.4 | Master Boiler Stop(17.0kg/cm2)
Event 2 hysteresis, Changeable
10 | Hys?2 2.9 2.9 | Slave Boiler Stop(16.6kg/cm2)
11 | Hys3
12 | Hys4 1.0 1.0 | Event 4 hysteresis, Signal off (4.5kg/cm2) Changeable
13 | Hys5 0.0 0.0 | Event 5 hysteresis, Signal off (4.5kg/cm2) Changeable
14 | Hys6 2.0 2.0 | Event 6 hysteresis, Signal off (16.5kg/cm2) Not changeable
Event 7 hysteresis, Changeable
15 | Hys7 1.4 1.4 | 6K Mode Boiler Stop(7.6kg/cm?2) Changeable
16 | Hys8 1.0 1.0 | Event 8 hysteresis, Signal off (10.0kg/cm2) Not changeable
SP
0 SP0O | 15.0 | 15.0 | LSPO value, 16K Mode Changeable
1 SP1| 7.0 7.0 | LSP1 value, 6K Mode Changeable
2 SP2 | 0.0 0.0 | LSP2value, IGS Mode Changeable
4 SP4 | 15.2 | 15.2 | LSP4 value, Slave Boiler Start-up Changeable
SP No.
0 SPO | 0.0 0.0 | LSPO value, 16K Mode Not changeable
1 SP1| 1.0 1.0 [ LSP1 value, 6K Mode Not changeable
2 SP2 | 0.0 0.0 | LSP2value, IGS Mode Not changeable
4 SP4 | 4.0 4.0 [ LSP4 value, Slave Boiler Start-up Not changeable
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‘ Item ‘ No.1 ‘ No.2 Description Remarks
SETUP oo F.O CONTROLLER SETTING cogdl
10 Cc10 64.0 | 64.0 | Input 1 range type (4-20mA) Not changeable
14 C14 1.0 1.0 | Input 2 range type (1-5V) Not changeable
IN

3 INO3[1] | 0.0 0.0 | F.O press, low limit 0% Not changeable

4 | INO4[1] | 25.0 | 25.0 | F.O press, high limit 100% Not changeable

14 | IN14[1] | 5.0 5.0 | Digital filter (sec)

18 | INO3[2] | 0.0 0.0 | Load signal, low limit 0% Not changeable
100. | 100.

19 | INO4[2] 0 0 Load signal, high limit 100% Not changeable

29 | IN14[2] | 1.0 1.0 | Digital filter (sec) Changeable

33 | INO3[3] | 0.0 0.0 | Air flow, low limit 0% Not changeable
100. | 100.

34 | INO4[3] 0 0 Air flow, high limit 100% Not changeable

44 | IN14[3] | 1.0 1.0 | Digital filter (sec) Changeable




PID

1 P-1 45.0 | 45.0 | Proportional band (%) Changeable
2 I-1 80.0 | 80.0 | Integral Time (sec) Changeable
3 d-1 0.0 0.0 | Derivative time (sec) Changeable
4 rL-1 5.0 5.0 | Integral lower limit (sec) Changeable
100. | 100.
5 rH-1 0 0 Integral upper limit (sec) Changeable
p.pArA
1 PPA O3 | 10.0 | 0.0 | Slave boiler load up rate Not changeable
2 PPA 04 | -10.0 | 10.0 | Slave boiler load down rate Changeable
3 PPA 05 | 88.0 | 12.0 | Load signal, high limit Not changeable
4 PPA 06 | 11.0 | 14.0 | Load signal, low limit Changeable
5 PPA Q7 | 11.0 | 16.0 | Load signal set in ready Changeable
6 PPA 13 | 90.0 | 20.0 | PID output high limit Changeable
7 PPA 14 | 30.0 | 24.0 | PID output low limit Changeable
8 PPA 15 | 33.0 | 28.0 | Qil ignition position Changeable
9 PPA 17 45 32 | Slave boiler start limit(11.25kg/cm2, F.O) Changeable
10 | PPA 18 25 36 | Diff. Zone, Slave stop limit (6.25kg/cm2) Changeable
11 | PPA 21 50 40 | Ignition position high limit Not changeable
12 | PPA 22 1 44 | Diff. Zone Not changeable
13 | PPA 23 40 48 | Manual output up rate Changeable
14 | PPA24 | -40 52 | Manual output down rate Changeable
15 | PPA 34 11 56 | Load signal set in ready Changeable
16 | PPA 35 40 56 | Load signal up rate (F.O) Changeable
18 | PPA36 | -55 3.2 | Load signal down rate (F.O) Changeable
18 | PPA 37 55 3.2 | Load signal up rate (Air) Changeable
19 | PPA38 | -50 3.7 | Load signal down rate (Air) Changeable
t.pArA
1 ‘ TPA 01 ‘ 0 ‘ 5 Load signal ACC IN time delay (sec) Changeable
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| Item ‘ No.1 ‘ No.2 Description Remarks

SETUP gloo AIR FLOW CONTROLLER 539030‘3 SETTING




10 C10 64.0 64.0 | Input 1 range type (4-20mA) Not changeable
14 Ci4 0.0 0.0 Input 2 range type (4-20mA) Not changeable
IN
3 | INO3[1] 0.0 0.0 Air flow, low limit 0% Not changeable
4 | INO4[1] | 350.0 350.0 | Air flow, high limit 100% Not changeable
14 | IN14[1] 4.0 4.0 Digital filter (sec) Changeable
18 | INO3[2] 0.0 0.0 F.O flow, low limit 0% Not changeable
19 | INO4[2] | 100.0 100.0 | F.O flow, high limit 100% Not changeable
29 | IN14[2] 1.0 1.0 Digital filter (sec) Changeable
33 | INO3[3] 0.0 0.0 Load signal, low limit 0% Not changeable
34 | INO4[3] | 100.0 100.0 | Load signal, high limit 100% Not changeable
44 | IN14[3] 1.0 1.0 Digital filter (sec) Changeable
PID
1 P-1 125.0 90.0 | Proportional band (%) Changeable
2 I-1 20.0 20.0 | Integral Time (sec) Changeable
3 d-1 0.0 0.0 Derivative time (sec) Changeable
4 rL-1 0.0 0.0 Integral lower limit (sec) Changeable
5 rH-1 100.0 100.0 | Integral upper limit (sec) Changeable
tbL Changeable
TBL 1 : Air/Fuel rate curve Data
1 tL.AO01 0.0 0.0 | F.O quantity(%) point A01 of TBL 1 Changeable
2 tL.A02 10.0 | 10.0 | F.O quantity(%) point A02 of TBL 1 Changeable
3 tL.A03 12.0 12.0 | F.O quantity(%) point A03 of TBL 1 Changeable
4 tL.A04 14.0 | 14.0 | F.O quantity(%) point A04 of TBL 1 Changeable
5 tL.A05 16.0 16.0 | F.O quantity(%) point A05 of TBL 1 Changeable
6 tL.A06 20.0 | 20.0 | F.O quantity(%) point A06 of TBL 1 Changeable
7 tL.A07 24.0 | 24.0 | F.O quantity(%) point AQ7 of TBL 1 Changeable
8 tL.AO8 28.0 | 28.0 | F.O quantity(%) point AO8 of TBL 1 Changeable
9 tL.A09 32 32 | F.O quantity(%) point A09 of TBL 1 Changeable
10 | tL.Al0 36 36 | F.O quantity(%) point A10 of TBL 1 Changeable
11 | tL.Al1 40 40 | F.O quantity(%) point A11 of TBL 1 Changeable
12 | tL.A12 44 44 | F.O quantity(%) point A12 of TBL 1 Changeable
13 | tL.A13 48 48 | F.O quantity(%) point A13 of TBL 1 Changeable
14 | tL.A14 52 52 | F.O quantity(%) point A14 of TBL 1 Changeable
15 | tL.A15 56 56 | F.O quantity(%) point A15 of TBL 1 Changeable
16 | tL.Al6 56 56 | F.O quantity(%) point A16 of TBL 1 Changeable
18 | tL.bO1 3.2 3.2 | Air flow quantity(%) point BO1 Changeable




of TBL 1

Air flow quantity(%) point B02

19 | tL.b02 4.2 3.7 |of TBL1 Changeable

Air flow quantity(%) point B03
20 | tL.b03 53 46 |ofTBL1 Changeable

Air flow quantity(%) point B04
21 | tL.b04 6.8 5.7 |of TBL1 Changeable

Air flow quantity(%) point B05
22 | tL.b05 8.6 7.2 |of TBL1 Changeable

Air flow quantity(%) point BO6of
23 | tL.b06 13.1 114 | TBL1 Changeable

Air flow quantity(%) point BO7of
24 | tL.b07 19.4 15 | TBL1 Changeable

Item No.1 | No.2 Description Remarks

25 | tL.b08 25.4 | 21.4 | Air flow quantity(%) point BO8 of TBL 1 Changeable
26 | tL.b09 32 28.6 | Air flow quantity(%) point B0O9 of TBL 1 Changeable
27 | tL.bl10 40 35.4 | Air flow quantity(%) point B10 of TBL 1 Changeable
28 | tL.bll 46 45.7 | Air flow quantity(%) point B11 of TBL 1 Changeable
29 | tL.b12 52.8 52 | Air flow quantity(%) point B12 of TBL 1 Changeable
30 | tL.b13 59.4 | 59.1 | Air flow quantity(%) point B13 of TBL 1 Changeable
31| tLbil4 65.2 | 65.6 | Air flow quantity(%) point B14 of TBL 1 Changeable
32| tL.bis 72.8 | 71.4 | Air flow quantity(%) point B15 of TBL 1 Changeable
33| tL.bi6 72.8 | 71.4 | Air flow quantity(%) point B16 of TBL 1 Changeable

383560[ oo SETTING ¢op TABLE 6og[qppdqE CASCADE MODE c8§:03 AIR CONTROLLER & F.O
CONTROLLER o 26qiqB:e(qmaCseogquuSiSET POINT cogon o3 R.S.T ¢slo3 REMOTE SET POINT
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) AUTOMATIC FEED ¥ATER CONTROL

(a) F. V. CONTROL LOOP
The steam drum water level is detected and compared with the preset
water level, and two-element control is performed for the control of
the feed water gquantity so as to zero the deviation., and steam flow

signal is supplied as feed-forward signal when load change.

The "P+1” operation is performed in comparison between the above
water level set and the detected water level of the steam drum, and
the operating signal of the feed water control valve is controlled so
as to zero the deviation.

Also, the F.W.C. comprises the functions below.
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N - - - ©20:00 Q3 p+I controller
ONC OEONO, % 1
, J' Aﬁ l Fren B0d:adkdlonudi
| plix rxj_ —_— T
. S N g@% .5:*3.55?1%2 oad change QS steam pressure
<& |\ . 3 feed forward
F 1
] - J—I 265360IE:000560:00051
L= oSodldeeoion controller,
<’><? M/A CONTROL STATION ummer function
ZLEX_ \\ FINAL CONTROL DEVIGE oemrleqlgeé]m(ﬁ"

2 element with feed forward - feed water flow o feed back ©opa3 drum level controller( $38¢neo?) feed

back AdloouS)s209055 steam flow signal | 903 summer cvdad Qo3 output § o30d§odfeed water control
valve 03 control cp&ad feed forward [g6clonudi apen weoAEsodlon feed water flow ©9§3qE drum
pressure 326[(pC:za0d (46608 level 0ocd a3odmdken[yddooud
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Steam demand Qo500q05 0005qE 93Edlpressure cSogEdored 8:3a3:c8 steam generation
BqpeolqudelgmE boiler water level ¢o803 steam bubble copd[aB:adldlonudidlelgad boiler water level oo
0005§adloond Jygpresa0cd cdlyesdonudigddlo? swell effect adesl dloncdi Shink oo 33Ige(gpEsg§cl

338 effect coge[qmg control 03c38050edesalC steam flow, water flow & water level 8303 3 element
0303E:09[8: control cpdiloncdi 63l 65000 drum level ( element) 32[yE steam flow &water flow 003
(g2 element 2 9oBdlaaadegiodkodgddooudiogw [ppSadadqt feed back loop, feed forward loop,

cascade loop eogdlodleogqoloowdi feed water flow controller o inner controller ( secondary controller)



[46(G: level controller oo Outer controller( primary controller) [gdloocSn primary controller ¢o set point oo
A [g0loo0di feed back oo LT oncdla? Level signal [gboloncSiswell effect algmé eq level oocbeog steam
flow 03 summer oScopdadkad dlkoglial steam adl oSG aqB[gpSdlecduprimary controller output qudi

steam flow 326[ypE3a03qudanoutput of

NORMAL
F.W.C
CONTROLLER

summer(3)o3e[gpEseosdlooudizzd summer o3 feed controller 220305 set point 9a[gdde0:clonudi inner
controller 320305 - feed water flow o3 feed back sa[gdco:Clooudi dlefgE feed flow 8aqdigp:ad drum

pressure sa6[E:zacd[gdododadloguddoncd



STEAM DRLM

FRESSURE FLOW TEMPERATURE PRESSURE

PT

i(x) f(x)

FEEDWATER

FLOW  TEMPERATURE

Sy 1 =

PRESSURE AMD

4_1

PRESSU

f{(x)
l—1

>

COM I'-"Eh“".b.'l ON TEMPERATURE

TEMPERATURE ¥
COMPENSATION A
Pl
3 |

COMPENSATION

SET POIMT
A

Pl

66 * +

A Z
Typical three element control system. Fer simadicity, redundant
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(b) DRUM LEVEL STATION

The set point of the drum level is set and displayed. and the process

point is indicated.

The F.¥.Contrel Yalve Open Order is changed over to Auto/Man. with

this change-over displayed, and the manual operation and output display

are performed.
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Table 3.1 Relation between Boiler Operation Mode and Automatic Combustion Control (ACC)

Boiler Operation Mode Tanker Service Mode |IGS Topping-Up Mode Remarks
Master Set Point (15kg/cn’)
Master set point can manually set at MADIC MONITOR
DISPLAY.
L 15 kg/em’ means initial setting in PLC.
Burner Control |Auto Mode Applied Not Applied _r,.PFFFFF”F_;F
Mode Auto Auto Start 12.0 _d__-—HF""__F Steam Pressure
LI Auto Stop 16.3 " [stean Pressure
Fuel oil flow Cold Start Minimum Steam pressure
control Skg/emunder .
Steaming Fuel oil flow will be increase by pre-set steaming up | Steam pr;;;;?;-__
Up rate. Skg/em’ over and
not Auto Run.
Auto Run PID control PID control Auto Rdn
(ACC raises the
minimum burner
load over approx.
23% )

Regulation 4 - pumps, E mains, hydrants and hoses

4.2.2 Capacity of additional lj/i- pumps

. Each for extinguishing which is installed in addition to the required number of pumps should
have a capacity of at least 25 m*/h and should be capable of delivering at least the two jets of water
required in regulation 1I-2/4.5.1.

4.3.1.3 Number and type ofﬁ pumps

. Cargo ships of less than 1,000 gross tonnage should be provided with not less than two power
pumps, one of which should be an independently power driven @



4.3.3.2 Supply and pressure of emergency pumps

. There should be an alternative means consisting of a fixed independently driven emergency M
which should be capable of supplying two jets of water at a minimum pressure of 0.25 N/mm?.
4.3.3.2.1 Capacity of emergency ili- pumps

. The capacity of the emergency should be not less than 40% of the required total capacity of
the E pumps as per regulation 11-2/4.2.1.

4.3.3.2.3 Heating of diesel driven power sources and other means of starting
1. If the room for the diesel driven power source is not heated, the diesel driven power source for the

M should be fitted with electric heating of cooling water or lubricating oil.

2. The other means of starting include those by compressed air, electricity or other sources of stored
energy, hydraulic power or starting cartridges.

4.3.3.2.5 Exception in case of ballast condition

. The ballast condition of a ship on entering or leaving a dry dock need not be considered a service
condition.

4.3.3.2.7 Type of doors in case of an airlock

. In case of an airlock, the door of the machinery space should be of A-60 class standard, the other door
should be at least of steel, both reasonably gastight, self-closing and without any hold back
arrangements.

4.3.3.3 Gapacity of alternative means of providing water for@ fighting

. The alternative means of providing water for E fighting purposes should be a M with a capacity of
at least 25 m>/h for passenger ships and of at least 15 m>/h for cargo ships.

4.3.4.1 Automatic starting of@ pumps and prevention of freezing in pipes

1. Only one of the required pumps needs to be provided with automatic starting.

2. Special attention should be given to the design of the continuously pressurized pipelines for prevention
of freezing in pipes in ships entering areas where low temperatures may exist.

4.3.4.2 Availability of water supply

. Immediate availability of water supply can be achieved either by automatic start of at least one m
M or by remote starting from the navigation bridge of at least one . If the M starts



automatically or if the bottom valve cannot be opened from where the M is remotely started, the
bottom valve should always be kept open.

4.3.4.3 Exception for cargo ships of less than 1,600 gross tonnage

. This requirement may be waived for cargo ships of less than 1,600 gross tonnage if the
starting arrangement in the machinery space is in an easily accessible position.

4.4.2 Pressure for ships less than 1,000 gross tonnage

. A pressure of 0.25 N/mm? should be maintained for ships less than 1,000 gross tonnage.

4.5.1 Location of hydrant in machinery spaces

. At least one hydrant with hose, nozzle and coupling wrench should be provided in machinery spaces of
category A.

4.6.1 Drainage Of@ mains and shutting aﬁ‘ﬂ main branches

. mains should be capable of being drained. Valves should be installed in the main for shutting off
from the weather deck m main branches used for purposes other than fighting.

4.6.3 Arrangements of emergency pumps, seawater inlet, and delivery pipes and sea-chests

1. Not only emergency pumps, but also seawater inlet, and delivery pipes with valves, etc. should
be outside the compartment containing the other m pumps. Only short lengths of and discharge
piping may, however, under certain circumstances, penetrate the machinery spaces if enclosed in
substantial steel casing. In lieu of the steel casing the pipe may be insulated to A-60 class standard.

The pipe should have substantial wall thickness, in no case less than 11 mm, and should be all welded
except for the flanged connection to the sea inlet valve.

The sea-chest with valve and the main part of the piping should be, in general, outside the
machinery spaces. If this arrangement cannot be made, the sea-chest may be fitted in the machinery
spaces on the condition that the valve is remotely controlled from a position near the M, in the same
compartment, and the pipe is as short as practicable.

2. The emergency should be placed so that the main requirements of regulation 1I-2/4.6.3 can
be complied with. The discharge line of the emergency should be provided with isolating valves

placed outside the space.

4.7.1 Length af@ hoses
. hoses should have a length of:



at least 10 m;

not more than 15 m in machinery spaces;

not more than 20 m for other spaces and open decks; and

not more than 25 m for open decks on ships with a maximum breadth in excess of 30 m.

4.7.4.1 Additional hoses and nozzles when carrying dangerous goods

. Ships carrying dangerous goods in accordance with regulation II-2/54 should be provided with 3
additional hoses and 3 additional nozzles (see also interpretations of regulation 1I-2/54.2.1.2).

4.7.4.2 Number of@ hoses in cargo ships of less than 1,000 gross tonnage

. In cargo ships of less than 1,000 gross tonnage, the number of m hoses should be calculated in
accordance with the provisions of regulation II-2/4.7.4.1. However, the number of hoses should in no

case be less than three.

4.8.1 Diameter of nozzles

. Nozzles larger in diameter may be provided if the requirements relating to the provision of water for
fighting purposes are met.
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control air manual valve ces o3& | 932800 §agkooudi oo9on turning gear interlock

Rfgo50ocn

6§20500038: Al036[goda3 air starting ball valve s8oo§:03:(Gs ball valve close position
03035200l:000IF3803E:n03 stop signal cusqE puncture valve o3 activate cp63uvalve 117 o stop signal
8q€ distributor oo Geo drain cp&odlqdfgs start signal cuqE distributor 0> eroeL:oTN3RE
3200§005adkonud 8eo godadkocpan stop signal udl fuel lever s8eogo3 Sa00deqR0de
eqPe50005e30a33|

2CqE§sa3cBodlon

o-distributor ahead / astern on Go:03 order $03058



2-fuel pump timing o> ahead/ astern order §03053

p-air starting ball valve o3¢G3

G-air distributor oo c8g€03 socuEdlod pilot air signal cosd
dleogon 3280 wupchadk

329 manoeuvring lever stop position ¢ valve 117 oo distributor o3 drain cpbodlqS[Be
3200832653200kap00l{Gn 65005(G; air starting ball valve o3 2 POSITION 5 WAY VALVE 27 6500808
eeocozockfG 27 03 POSITION agpt:d ACTIVATE cvbcd0bodl§, BALL VALVE @&o3 POSITION
ePoHQkc8Eudi

TELEGRAPH AHEAD POSITION - 0000050 AHEAD 8p[8so0l: STOP ones 650050061 AHEAD
c0b8q€ local oo §:09loupadql ahead valve 86 ( 2position, 3 way valve) activate [gdocSi

AHEAD VALVE - o6 ones | c8€:3ogkonudiongan 1 —{[[ fuel pump roller o3 ahead / astern
position agpC:e0:03 reversing cylinder 13 o3ogkB:ec0c0:03 1 2- AIR DISTRIBUTOR AIR CYLINDER
AHEAD o3 6qew:03 VALVE 14 036c06003]] ----(0) VALVE 10 03 ACTIVATE cpbodkonodi( g38ecom
fuel run signal c3|Gs 6 sec [opo[Gee drain cpSonudn) 66 madlol 6§70500038:0n AIR DISTRIBUTOR
AHEAD OR ASTERN POSITION o005 POSITION ¢descdadoslodo3 END POSITION VALVE FOR AHEAD
(J) VALVE 55 o30gloouSi DISTRIBUTOR AHEAD POSITION ¢0§c8 VALVE 55 ACTIVATE [3q¢ 338103
[go503 CONTROL AIR SIGNAL oo 0k pq ¢nagkedl&esonudi ( START SIGNAL cdladsedd)

Manoeuvring LEVER START POSITION — START VALVE 90 o3 ACTIVATE coSoodi 0900 cdlo3 6eom
VALVE 37 o3 gCeo:cd 9sEan TELEGRAPH AHEAD od:cn Sk 9q oo control air signal oo s005a3)(3s valve
33 oBagk activate cpSonudi 8eod] Sk pp § turning gear interlock o3fgo5adlo’ control air o o 3&:3(G:
agedaglonud vcoeoncdEsmn distributor 320& manual valve( SloBE: cyl head air start valve o)
00d06:qE305es03)) madlol ecoaB(l) valve 26( distributor supply valve) o>odsog distributor
Bodgeotonudi 30300c8E:mm air start ball valve o3 ¢&o3 signal co:a? (2) &l jq( open valve for air start
ball valve) o3 oglkg&onodi 0ooB0ocdEson salqiCodid$ air distributor disc Qodooqobaopdad distributor
air cylinder 0§2633IE lock cv603 (3)els og( distributor lock valve ) o3 activate cpSoouSi

209 starting air $3oEqEcopdagifg [gdooudi
Ahead rpm 10 or astern rpm 11 apododl3, fuel on signal cdldloood

Fdlcdlodl3, stop signal egpoddloncdi 8eod] 0oq valve on 1 sec safgpoen drain [gddlooud puncture valve
BeEadkodecocddrain (468 sBeogrdlonud

Reversing cylinder coecom 6 sec [20q€ drain [gdclooad

Start signal o5 eqpoda air start ball valve o5dloouSivalve 26 distributor supply air 8o50londSi






< Stop - » | 117 (distributor no drain)

27 ( air start ball valve close)

Puncture valve activate

Control air

——— ————— Turning gear
interlock

€legraph ahead (v/v 86 \

Air distributor air cylinder

Valve 10

v/v 86(telegraph >
ahead)

Fuel injection pump reverse cylinder

/|

Valve 55( !
distributor correct Valve 37( waiting at valve 37)

direction)

\.
\

\

Air from turning gear interlock pass

For activate L valve 33
valve 33

Start position valve 90 - -
Valve 26 (pilot air manual

\_/\ Valve f\b Valve 33 . valve to distributor)
37(activate)

BN
!

\

\

oL — =

\ 4

‘Al Valve 27 ( to open air start
ball valve)

VaTve 14 ( distributor
position lock)

Astern 32090500603 dksdlodeogaglaghcud 220060pEG0RClondN

Valve 86= astern valve 88, valve 10 = astern valve 11,valve 55 = astern valve 56,valve 14=

astern valve 15

32600:805603] 00pcde0g fault finding 32030522800 cdaoeadlndad




#2EqE start order o | erogdadecniescd Compressor start
GoscS 0eopdIgE J | ecogdmncgododl:Bodadkad Open valve
o | Starting air distributor 03agko3 Open valve
o9k30500kcd
G | Control air valve 305adkcd Open valve
Q) Main starting air valve(ball valve) rr? lock | Open lock plate
position $30500kc3
€ | Turning gear og05qea0:cd Turning gear out
qQ | Bridge control odl{g: 3€qiCadiondjgesad | Change control station
© | Plate type distributor 83q¢ Overhaul cp&Sh
FHoleudlow63cdescli odootype
Bqeod piston GooieapcBmdl{gopidl
€ | Anhead or astern saesacdk 0§00s 0003 | Air cylinder 03 a3qC §S199366
55 & 56 <7$ 988(@@99@05335 valve | eecﬂ&oﬂa@ cO1LOCAL
PueIC:cd n&eloped
00 | Distributor timing egpesad No-1 tdc § 03EoE§SAl
00 | Cyl cover cd oo air starting valve Air start valve
0eoilC:cd codl8iweoE:08:03 procedure
3203¢:00
o | Starting ap&a3 control air signal e[pdodeceogadongd
GqPOSeHY [g105Beo00d5m2eqpadd00
0p | Cpp &3q€ pitch zero ogdcd Pitch zero ¢o0k
#2Eqi€ ahead 86 or 88 o power eI Power aqpodadadan
Astern efgp&:cd J | Valve 10 or 11 onesofg: control e[pdodeogonentytiod
©Qdl Air signal ocdlon:
:Eqecuioopd Slow turning JlodudladgSotloes B
odleeSonticsics! J | Air distributor timing c3c$ [b$9$
9 | s0cugdlonndon air start valve ooadids 005200250013
0GmICs
:Eqecuzoopd o | Puncture valve 8005320060005 Stop order c3gpegpPod
dlood Beoggs J | Engine shut down o€escd Shut down cogod
eqpoNqEqdogl 9 | Manoeuvring gear cop 03665 Ease apb
G Manoeuvring gear adjustment ¢z Test bed adjustment %oﬁ
§ | Woodward governor s3qC 08:§§350305 | Booster overhaul
air booster dlooodigddl Addlogesad
G Pre-set speed setting pressure of Pressure 1.6 to 2.0, 6 sec

governor o3§&( start fuel limitcl)

[greadodeayqecdi

32EqI¢ 6oFppda3 speed 030oEadkead)

Firing rpm o3 ahead -10, astern




governor o, s8eogodg§ecgnod 38§ | -11 eadlod§§cBod
secolyosoimdfoichogiad
:EqIEedF0d Aux blower 6copbad Auto ¢oadk
@03 rpm 6o J | Scavenge air limit §Sadkodlens Charge air oc305q€e803
a8dueagresdléardodkal limit
fhodopticd
o | Fuel filter Scbescd Geo:
G Fuel pressure oqe$c oné
§ | 99§ cylinder cog miss fire [gdes Suction valve/puncture valve,

compression pressure,fuel
pump index,fuel injector,exh
v/v







The European standards (BS 6759 and DIN 3320) provide the following definition:

— Safety valve - A valve which automatically, without the assistance of any energy other
than that of the fluid concerned, discharges a certified amount of the fluid so as to
prevent a predetermined safe pressure being exceeded, and which is designed to re-
close and prevent the further flow of fluid after normal pressure conditions of service
have been restored.

DIN, ASME, JIS oodleogen o3leoged.

Safety valve characteristic-Rapid opening or popping

BOILER SAFETY VALVE ¢ RAPID OPENING qe=al¢onuSc8apbodkad ( SHROUD)

Set Pressure: The boiler pressure at which the safety valve begins to lift.
Closing Pressure: The boiler pressure at which the valve closes.
Valve lift: The axial valve disc travel from closed to the open position.

Blowdown: The difference between the opening and the closing pressures.

BLOWDOWN PRESSURE OF SAFETY VALVE - The difference between the set pressure and this
reseating pressure is known as the ‘blowdown’. It is usually specified as a percentage of the set

pressure. For compressible fluids, the blowdown is usually less than 10%

The blowdown rings found on most ASME type safety valves are used to make fine adjustments
to the overpressure and blowdown values of the valves



Safety Factor 45/10=44
g . . .
3 10.6 bar 6% Maximum Accumulation of pressure with safefy walve open & steam stop valve shut
i
| nhar sure 10 bar
o
- Safety vahke blow down 10.0-9.6 = 0.4 bar
2| arbar w
I]°:| Safety valve close 9.5 bay—— ui =
Safety valve capacity to release
stearm must match the steam generation
Sirnulation of rise in boiler pressure, with main steam stop valve shut capacity of boiler tq_u_rn_er
hurner firing at full capacity, and subsequent operation of safety valve. ny
The boiler pressure is nat to exceed 6% above safety valve setting. ‘
Bailer pressure drops down to 9.6 har, and safety vale closes. )
B M ain Steam Stop
Wakee Shut Safet'j" Vale
Important Pressures Relating To Boiler Burmer Firing
and Accumulation of Pressure Test ALl Cepatiy

UpperfLower
Adjusting
Pins

® The lower blowdown ring is also factory set to achieve the appropriate code performance
requirements but under certain circumstances can be altered. When the lower blowdown ring is
adjusted to its top position the huddling chamber volume is such that the valve will pop rapidly,
minimising the overpressure value but correspondingly requiring a greater blowdown before the



valve re-seats. When the lower blowdown ring is adjusted to its lower position there is minimal
restriction in the huddling chamber and a greater overpressure will be required before the valve
is fully open but the blowdown value will be reduced.

{5} Corrosion in the boiler is usually due to oxygen in the feed water, low
alkalinity in the boiler water, failure to vent the beiler when starting
to raise pressure or improper care of the boiler when not in service.

{6) Oxygen pitting iz the most common form of corrosion found in boilers.
[t usually cccurs above the water level in the steam drum but i1 is often
foupd alse in tubes and water drums. The pits are usually covered with
a dull red, scabby oxide under which is a pit with & shiny black surface.

(7) After completing inspections or any repair work in the boiler, be sure
that all tools, bolts, etc., have been removed. Brush out all dirt,
welding spatter and similar material. Wipe up any oil and wash the drums
with a high pressure water hose.

Singapore Maritime Academy

Class 2 & 1 Engineer CoC

Oral Examination for Class 1 and 2

(Marine Engineer Officers) Certificate of Competency

1  Marine Diesel Engines/Marine Steam Plants

e Safe and efficient operation and maintenance of main and auxiliary and control systems

e Detection of machinery malfunction, location of faults and action to be taken to prevent
damage

e Determination of shaft power, analysis and interpretation of information obtained from
monitoring equipment, or by use of equipment on board

e Fail safe devices, safety devices fitted for the prevention of damage

e Temporary and permanent repairs in the event of breakdown

e Periodic examination of the working parts and examinations



Model Questions

Draw and explain VIT (B&W).

(c) VIT fuel pump (FOR MAN B&W)

If an engine operates for long periods at reduced power or speed, the residual heat in the
main components of the combustion chamber will decrease, causing a lower air temperature
after compression. This will lead to an increase in the ignition delay of injected fuel, which will
lead to a fall in the peak pressure and increase in fuel consumption, and may also cause
knocking or ‘rough running’ in the engine, with consequent damage from shock Loads. This

problem can be reduced by the use of variable ignition Timing.

Fuel Pumps for MAN-B&W MC type engines operates on the same principle o f control by a
helix on the plunger, but have further adjustments, which make it possible to vary the
Injection timing during operation o f the engine (V.1.T.). The pump barrel is moved within the
pump casing, with respect to the Plunger, by means o f a VIT rack, which rotates a coarse-
threaded sleeve, attached to the lower end o f the barrel. Movement o f the barrel will alter
the timing o f the start o f injection and thus can be advanced more or less, so as to improve
the specific fuel consumption at part load. The variable ignition timing linkage allows, the

engine governor control to adjust all pumps collectively.



1 EROSION
PLUG

Cover

1 EACASIN
BARREL~f— [ pHCASING

GLUIDE PN
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i Harret)
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PLUNGER E .
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Plunger N BaGiTiD
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To VIT
rack
[ T RACK AND PINION
{ Pl Duanimy )
MNut Holder

5-VIT Signal.

F carmp.

Lower Break Foint

P Ecav

Looad

e =R ~85% 100%

Draw shafting arrangement

How to make out if shaft is misaligned. How to detect misalignment at sea. What can be
done if there is a misalignment?

When there one M/E unit temp high and the T/C surges what will your action be and what
will you look for?



Scavenge air box obcfoﬁ sludge GogGoT flakes of burning or glowing carbon deposit eogoqjc\%

Prolong blow by , slow combustion , scavenge air port ooeaqpo’ blow back (468 (back
pressure at exh system) (nozzle ring 02o[g& pgo MM we coodegp:qoR:r)

dle[qao8 fuel valve 08qE atomization / incorrect type of fuel nozzle, misalignment of fuel jet

0odleogoddh

Affected cyl exh temp ooo5eudi turbocharger surge [gdeudi t/c inlet filter ooes smoke
agededi( surge [§d§$) scavenge air box geodn smoky exh & rpm ogicdlecSi scavenge
drain box mes flame cogogadadloncdonudi

c/case explosion [gdcdlonoSodi dlefgd c/case relief door otwess

speed caqp(AUTO REDUCE ) [GsqEeaEqi€qdn AUX BLOWER STOP,FUEL OIL STOP, LUB OIL
STOP,sa[gp: s0coldl BALL VALVE cogg&eosiFIRE EXTINGUSHING EQUIPMENT o3
On,(steam )

scavenge drain tank & sludge tank [qoas o3ko3gCodn drain tank empty —close valve.drain
tank vent — check air escape or not —if no escape —clean air vent pipe,

One unit temp high just as you leave port. What can be the reason (The answer expected is
that the temp will naturally be high as the ship is manoeuvring).

M/E Manoeuvering diagram — draw and explain.

6S50MC 2a8qi€ea0305
Starting system o3{qppdqc

control air manual valve ces o3& | 932800 §agkoowdi oo9an turning gear interlock

SfgoBoocSi

6§20500038: FAl036[goda3 air starting ball valve s8oo§:03k(8s ball valve close position

03038200l000BIz3803E:n03 stop signal cosq€ puncture valve o activate cpodvalve 117 o stop

signal §q€ distributor o> ecw drain cpSo3lqE[Gs start signal coxq distributor oo croeos3loB3apdd

3200&006akonudi &¢n godadkecpan stop signal u3l fuel lever sBeogo3 20056q0e
Yelolopleplevtselep\ioal

2EqE§s3c8odlon
o-distributor ahead / astern oo Go:a3 order 03053
2-fuel pump timing o> ahead/ astern order 03053

o-air starting ball valve 03¢&3



G-air distributor 0o c3qiEa3 socuCdln? pilot air signal co:d
sleogon 33800 wupdhadk

329 manoeuvring lever stop position ¢ valve 117 oo distributor o3 drain cpSodlqd(Ge
3200832653200kapOdlGi 65005(Gs air starting ball valve o3 2 POSITION 5 WAY VALVE 27
”65$080E 6roeLsodkGI 27 03 POSITION 6[gp&sd ACTIVATE cpbadndodls BALL VALVE g&o3
POSITION eqpo5ogl:addu0di

TELEGRAPH AHEAD POSITION - 000050 AHEAD &p[8so0l: STOP ones 650050081 AHEAD
006§:9€ local oo §:05l60r05qE ahead valve 86 ( 2position, 3 way valve) activate [gdooudn

AHEAD VALVE - o6 ones | c8E:30gkancSiongamn 1 —[[ fuel pump roller o3 ahead / astern
position e[gpCseu:a) reversing cylinder 13 o3ogliB:ec0e0:03 i 2- AIR DISTRIBUTOR AIR CYLINDER
AHEAD o3 6qe0:03 VALVE 14 036c060:03]] ----(0) VALVE 10 03 ACTIVATE cpSodlonodi(
F38ecoon fuel run signal 3l8s 6 sec [qmo[Bee drain coSoowdi) ©6 0oadlo? e5§0050008E:0m AIR
DISTRIBUTOR AHEAD OR ASTERN POSITION 2005 POSITION ¢ndescdadoslodo3 END POSITION
VALVE FOR AHEAD (_j) VALVE 55 c3o3l:00051 DISTRIBUTOR AHEAD POSITION ¢o8c3 VALVE 55
ACTIVATE [48q€ 833103 [go503 CONTROL AIR SIGNAL on Sk pq ¢noghedlesoncdn ( START SIGNAL
cJlodzaad)

Manoeuvring LEVER START POSITION — START VALVE 90 o3 ACTIVATE cpeodi 9900 cdlo aoom
VALVE 37 o3 gCeo:cd 95E00 TELEGRAPH AHEAD od:0n Sk pq oo control air signal oo so05agk{g:
valve 33 o303k activate coSonodi 8eod] Sk pp § turning gear interlock o3[go5adlo’ control air o
a8&:3[8: ogodaglonudi vcoeoncdEsmn distributor 330 manual valve( Slo3€: cyl head air start valve
0% 0d0&:qEB0des07)) cdlal croad(l) valve 26( distributor supply valve) oooosof distributor
BoBgEeoionudi 3030ocdE:on air start ball valve o3 ¢&o3 signal coso3 (2) Sl jq( open valve for air
start ball valve) o3 ole&onodi oooBoadE:an salqiColeds air distributor disc 9odanqadeopdad
distributor air cylinder o§06s3IE lock cpbo3 (3)dk o¢( distributor lock valve ) o3 activate cpSondi

209 starting air $3o8qiEcopSagh(g [gdoou
Ahead rpm 10 or astern rpm 11 apododl3 fuel on signal cdldloood

FHdlcdlodl, stop signal eqpoddloncdi 8eo3] 0oq valve oo 1 sec 3a[qaoen drain [gdloocdi puncture
valve o3g&adko3ecocddrain 468 sdeogedlonud

Reversing cylinder cecom 6 sec [p0q€ drain [gdclonddi

Start signal o5 agpoda air start ball valve 3oddloouSivalve 26 distributor supply air 8o5cloocdu
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DIAGRAM OF MANOEUVR. SYSTEM

K/L/550- TOMC




< Stop - » | 117 (distributor no drain)

27 ( air start ball valve close)

Puncture valve activate

Control air

Turning gear
interlock

€legraph ahead (v/v 86 \

Air distributor air cylinder

Valve 10

v/v 86(telegraph »
ahead)

Fuel injection pump reverse cylinder

Valve 55( !
distributor correct Valve 37( waiting at valve 37)

direction)

/|

\.
\
\

Air from turning gear interlock pass

For activate L valve 33
valve 33 |

Start position valve 90 - ]
Valve 26 (pilot air manual

|

|
W

v

\_/\ Valve ?L\—b Valve 33 .- valve to distributor)
37(activate)

BN
!
!

‘Al Valve 27 ( to open air start
ball valve)

\
326001805603 00pcdeod fault finding 3030532800 '

O?PODGC\SIOSOB VaTve 14 ( distributor
position lock)

Astern 3203050603 dksdlodeogaglagheud sa0pbapddordloncSiValve 86= astern valve 88 , valve
10 = astern valve 11,valve 55 = astern valve 56,valve 14= astern valve 15



:EqE startorder | o | cousadecoiescd Compressor start
GoscS 0copdIqE J | ecogdmncgododl:dodadkad Open valve
o | Starting air distributor o3ogko3 Open valve
o9k30500kd
G | Control air valve 305adkcd Open valve
Q) Main starting air valve(ball valve) o% Open lock plate
lock position $30503kad
Turning gear @@IOSQGoa:o% Turning gear out
Bridge control oolifg: Change control station
:Eqosinrescd
© | Plate type distributor 83q& Overhaul &3l
FHolewdlapddadescdn oboottype
a8qCeod) piston
[ClqeElealop Tt ipatoute!
€ | Ahead or astern socs300k 0S00S Air cylinder o3 c8q
0003 55 & 56 03 5199396 ceailCodled
9880§u:§]?90?0533§ valve | cS1LOCAL (7).$|";E’pp_5P
906mIC:d
o0 | Distributor timing egpescd No-1 tdc § o3EuEq§Al
00 | Cyl cover o air starting valve Air start valve
0emIC:d codlEioeodlE0d:03 procedure
3203¢:00
o | Starting cpSa3 control air signal e[psdodecueogadongd
eqPodesd ElealsEsaliNEateiiele ebtoty
0p | Cpp a3q¢ pitch zero ogdcd Pitch zero g0k
228qi€ ahead o | 86 or 88 o} power 0o Power aqpodcodep
Astern e[yl Valve 10 or 11 ones0[Gs control e[psdodeogonentytiod
©Qd Air signal ecdlons
:Eqfecuioopd o | Slow turning do3udled§Sodlecs [bS4s
odleeSonesiest | | Air distributor timing c3es B
o | soco€lunndon air start valve 0058209:c3081c3!
0000t 0eaICs
:Eqecozoopd o | Puncture valve 8005320060060%8 Stop order o3goegpPad
deod Beoysqs J | Engine shut down oCescd Shut down Gog06
eqPoNqEqdogl 9 | Manoeuvring gear cop oy6es Ease cpd
G Manoeuvring gear adjustment ¢z Test bed adjustment %oé‘)
Q) Woodward governor e@q& Booster overhaul

08s§8320p05 air booster cloocdigidl




Adlogesad

G Pre-set speed setting pressure of Pressure 1.6 to 2.0, 6 sec
governor o3§&( start fuel limitdl) [greadodeayqecd
qQ | 22Eq€ erodnoobo’ speed Firing rpm o3 ahead -10,
o3onadkeod] governor oo astern -11 cadlod§§c3ad
stcogesfafecy) o4h
Jocolgosorsaqfolcbofied
328qCa850005 Aux blower ©copbad Auto ¢oook:
GO3 rpm 6ok J | Scavenge air limit §§odkodlens Charge air oc805qCe803
0880eayesilénndodkal limit
§hodookc
o | Fuel filter 8obescd Geos
G | Fuel pressure ogescd &
§ | soq) cylinder cog miss fire [gdes Suction valve/puncture valve,

compression pressure,fuel
pump index,fuel injector,exh
v/v

e C/S bolt failure — why common in 4 stk engines and not so in 2 stk engines?




The Pielstick engme is fitted with fried centre con rods where
the sphit between the connectng rod and bottom end i at 45°
to the con rod centre Ene. The location of the two pans is by
serrations. Alhough this design prevents the tvpica cyche
stressing expenienced by the bottom end bolts in a comventional
boitom end amangement, the design can lend Esclf to fretting of
the scmatons especally if the boltom end & incomectly
tightened. Mamsfactorers recommend that the serrations on the
botom end are clos=ly exammed and are crack detected every
24000 hows, especially in e upper portion of the con-rod,
where the sresses are normady comeenbrated

One of the causes of burn-out of the crankshaft is inadequate lubrication which ocours when
the inside diameter of bearing housing at the big end of connecting rod deforms and
reduces the bearing clearance, causing burn-out of the crankpin part. The piston inertia
force that occurs in the suction stroke during engine operation acts on the big end of the
connecting rod, the opening on the mating surface of the upper serration increases in size,
the serration wears out due to fretting, the width of the engaging surface decreases, the
bending load due to inertial force increases, the offset in the meshing teeth increases, and
the bolt axial force decreases repeatedly. For this reason, the opening widens further, and
the inside diameter of the bearing housing at the big end of the connecting rod is presumed
to become compressed or deform to an elliptical shape. Generally, the inside diameter at the
big end is measured during maintenance of the connecting rod, defective parts are replaced,
or repair by honing is performed according to the manufacturer's instructions. However,
cases have been reported where such measures have not been adopted. The defective
tightening of the crankpin bolt also affects the bearing clearance.

ME running (out at sea) and suddenly the underpiston space high temp alarm rings and the

engine slows down. When investigated, no problem, all parameters normal. When speed

increased, again same thing happens. Why? The engine is B&W, 8 months old (The answer
might be that the exhaust v/v is opening late due to a faulty non return valve in the
actuator).

Power calculation of engines

Draw the draw card and explain if the pmax low. What various cause should be.

Fuel p/q timing. Draw the diagram and explain preparation precaution and step by step to

check fuel p/q timing.

Pre-planning for performance monitoring.

Explain — power calculation

Crankcase inspection — in details.

Main engine turns on starting air, reaches air cut rpm — but does not fire

:Eqecuioopd o | Puncture valve 8005320060060%8 Stop order o3gRegpPod
dleod Beogs J | Engine shut down o€escd Shut down Goz0®
epodqqdogl o | Manoeuvring gear cog oy6es Ease cpd

G | Manoeuvring gear adjustment ¢o Test bed adjustment %o@




§ | Woodward governor 83q& Booster overhaul
08:§8350305 air booster cloocSigidl
Adlogesad

8 Pre-set speed setting pressure of Pressure 1.6 to 2.0, 6 sec
governor o3qj$( start fuel limitdl) mgprecdlodeoyqedd

qQ | 22Eq Grodeonio’ speed Firing rpm o3 ahead -10,
o3onEadkeod] governor oo astern -11 cadlodq$cd0d

 Beogrodfgdocgpal s

secolgosomhotchogied

Determination of TDC when there is no flywheel marks

Loaded parts of different bearings?

Opening up of main bearing & precautions

Performance sheet of a yanmah generator — evaluate

Oil mist detector — operating principle

Action in case of OMD alarm.

Various buttons, switches of oil mist detector

How to check the generator fuel oil timing.

Performance of G/E data sheet and evaluate.

Explain what is VIT.

Write M/E all safety devices

How to test oil mist detector, overspeed trip, crank are relief door, LO low
pressure trip with the circuit diagram

How to prevent engine from scavenge fire

For exhaust v/v spring air - what are the back up is there

Main bearing survey

Crasshead pin damage what you will do as C/E

Shaft coupling one of the bolt is broken what action you will take
Construction features of holding down bolts

How many ways to find out shaft power including 4 stroke engine
Factors affecting M/E performance

Construction features of 1 con doctor and how it works

For scaverge air temp how to find out dew point

Give the main engine safety features (classify alarms, slowdowns, trips and others)
How can the engine get overloaded? (causes & symptoms)

What are different cards & diagrams? Give purposes for each.
How will you determine fuel pump faulty?

B&W engine timing check? (lead)




e Give reasons for turbocharger surging and actions to be taken as soon as you come to know
at sea? Also describe trouble shooting

e Draw B&W & sulzer fuel pump & explain. Explain VII and range for VIT in B&W and
reasons.

e  Write down all the planning that you will do for unit o'haul tomorrow

e Why is it very important to do power calculation of an engine

e How to ascertain that the liner calibration tool is accurate? What are the important
clearances to be measured during unit o'haul.

e How are crank shafts manufactured. During crank case inspection, what are the things you
will check on the crank shaft? (Looking for Reference marks on the web & journal).

Boilers

e Operation, maintenance, periodic inspections
e Failures and repairs at sea
e Boiler water treatement

e Boiler tube leaking, how you will find out which tube is leaking, even through
their having 1000 tube

e Cross section of boiler in your Ship
e Evaporation rate
e How to test boiler safety devices with circuit diagram

Model Questions

What would be your action.

e How will you check Tube Leakage

e What inspection to be carried out on Boiler water side and smoke side.

e Difference between a safety valve and a relief valve

e If a boiler tube is leaking, what is the conventional method of finding out the leaky tube?



General

(The ship is out at sea and the boiler has “10000s of tubes” and the leaky one is somewhere
in the middle of the tube bank).

Types of boiler tube corrosion

Prepare 4™ Engr for boiler water circ pump survey.

Draw a boiler with all mountings (from your last ship).

T/G interlock and L.O low pressure interlocks, how to test?

Draw safety valve. why drain is kept below the spring. how this drain water is drain from V/V
body. material for V/V body seat, spindle, and others. why V/V body made by cast steel

No water on board. You are 2 weeks away from the nearest port. Will you use sea water in
the boiler? If so what precautions will you take?

BLR safety value setting.

BLR chemical treatment and what chemical to be used and what value should it be.

BLR casing if crack — what to do.

Boiler combustion control

Position of Boiler gauge glass and water level controllers and relationship between settings.
Boiler corrosion.

Why do water treatment.

How to check the boiler tube leakage and procedure on how to plug the tube.

Boiler survey.

Explain preparations for Boiler Survey Safety precautions and procedure & areas

Give onboard Boiler tests and reasons for the test. Scenario: Both P alkalinity and Chloride
content dropping. Give reason? ( tube leakage)

Draw & explain all types of boiler atomisers

Draw & explain boiler feed water system. Draw & explain control system circuit for boiler
feed water controller

You have found lot of water in service tank. What is your action. Your superintendent
insists that you repair the steam coil leakage. How will you go ahead with the repair.
(Looking for draining, isolating the tank and steam caoil, air testing of steam coil to confirm
leakage, enclosed space entry procedure, gas free certificate, ships safety officer, hotwork
permit and inspection tank by classification society surveyor after repair). (Informing Master
Bridge ).

Cascade Tank - Looking for draining (Scumming) and finding the fault. Looking for various
possibilities, how can water enter to settling tank/service tank.

Principles involved with operation of :



a) Pumps, pumping systems

b) Steering gears, stabilizers

c) Thrust block, shafting, stern tubes, propellers, shipside fittings
d) Cargo handling equipment & deck machinery

e) Refrigeration machines, refrigerants, insulation of holds

Model Questions

e Draw steering gear system follow up and non follow up from bridge to steering.

e Explain the emergency operation mode of steering from diagram.

e Steer gear draw N.F.U. system and explain

e What is feed back.

e What is the function of Auxiliary Ram and Cylinder

e What are the steering requirement for tankers.

e Centrifugal pump — draw and explain (with and without diffuser ring).

e Draw and explain vane type steering gear. Explain sealing arrangement of the vanes.

e Plate type coolers — draw gasket sealing arrangement.

e Draw steering gear. single phasing — Regulation. by pass DV/V - Isolating V/V why & how
works

e Draw and explain sewage plant.

e Draw and explain both types of fuel pumps.

e Draw steering gear system including from bridge to rudder and explain principle.How to do
with emergency steering.How to purge air.

e Refrigerant System draw diagram and explain. How to change refrigerant. air in the system.
cold room temp not coming down.

e Steering system in details. Single failure concept. Draw (50%) from transmitted upto
rudder with single failure concept.

e Sluggish action of steering gear

e How to do Air Compressor Survey

e What are the safety devices fitted and how to test them with circuit diagram

e 2nd stage safety v/v lifting why

e Factors affecting volumetric efficiency

e What are the setting pressure of air relief v/v & LO pressure relief v/v.

e Draw a steering gear system with single failure requirements - from wheel house to steering
gear platform including electrical circuit (trasmilter, receiver



e Explain PPt mechanism

e Draw a by pass v/v and how it works

e Draw central cooling system, advantage & disadvantage

e How to protect the cooler from corrosion

e Draw the refrigeration circuit and explain in detail the importance of each equipment, safety
devices, cut outs, etc. Short cycling causes & symptoms, charging of refrigerant -
precautions & procedures. Disadvantage of gas charging?

e Draw hydraulic circuit for deck winch & explain.

e Draw strg gear & explain. Reasons for sluggish movement of rudder

e Steering Gear System (H Ram - 50% Torque) Diagram & its operation, alarm system

e Draw steering gear mechanisem. (Electrohydrolic, with electrical transmitter and receiver)
and explain. Explain the function of by pass valves, shock relief valves, line relief valves and
how they work. (Looking for prevention of hydraulic locking locking by pass valves during
stand still/dead circuit/ship in port).

4
Materials

e Properties, heat treatment & suitability.

Model Questions

e What is forging? Types of crankshafts, their advantages and disadvantages.

e Heat treatment processes. An example for each component on board

e Materials for major components of diesel engine with composition (%)

e Materials for sea water system

e Material of fuel oil high pressure pipe

e What is forging, case hardening, Alloy

e How will you carry out Cast Iron welding to cracked pump base onboard? Give also
precautions?

e Give propeller materials for modern cargo ship including names of alloying materials and the
heat treatments given. Also reason for each alloying material

e Welding material - why more prone to corrosion



e Ship Materials. why mild steel is used. properties of HTS. Diff. between HTS & mild steel.

e heat treatment process. properties of C.Iron. Diff. types of steel and percentage of carbon in
it.

¢ What kind of heat treatment for crankshaft?

e What is corrosion? How may types of corrosion? How corrosion takes place? What is
oxygen pilting? Where in the engine room or what are the areas in engine room where
corrosion can take place (other than deck). (Looking for definition, flow of OH ions and
pitting of anode).

e What is heat treatment? Where it is applied in machineries? What is forging? Why it is
done and its advantages? What is surface hardening? Where it is done? Draw different
types of crank shafts? (Fully, Semi, Forged, Welded).

Lubricating oils

¢ Significance and measurement of viscosity.
e Aspects and prevention of oil deterioration, additives.

Model Questions

e L.O analysis from the chart. What actions do you recommend as a chief engineer.

e Cylinder lub oil property

e Specification of crank case oil

e Crank-case LO contamination. Causes & action

e Steps you will take to keep main Engine Lub. Qil in good condition

e How as 2nd Engineer you will maintain lubricating oil onl your ship? (Looking for care taking
from bunkering, purifying, onboard tests and lab reports with spectrographic analysis).

e You have mentioned previously that malfunction of purifier can also lead to oil
contamination? How it is possible. Draw & explain purifier bowl. Gravity disc, point of oil
entry and exit.



Fuel Oils

e Types, specifications, storage, removal of impurities
e Fuel characteristics and combustion

Model Questions

e If you get a very bad fuel in your last bunker, how will you manage on board.

e What are the Standard ISO 1287 RMH 55 limitations for various FO contents (eg. PS
: Gravity, Viscosity, Flash Point, Carbon Residue, Vanadium aluminium, Water
Content Sulphur Ash) and their effect on engine if exceeding values.

e What is the effect of Low Sulphur fuel on engine.

e What all consideration you will keep in mind before ordering Bunker

e Effect of Pour Point on Handling Fuel.

e How to treat fuel oil. What is the effect about various component.

e How is the purifier to treat the ail.

e List down fuel oil specification and problems encountered with fuel ail.

e Bunker specification. How to remove catalytic fines from fuel.

e HFO service Tank Drain v/v chocked, how to repair it with necessary safety
precaution

e What's viscosity Index?

e You have found a lot of water in fuel oil settling tank. What is your action.



e You have found oil in cascade tank. What is your action.
e What are the connections (fittings) in a settling/service tank. Name them.

Electrotechnology

e AC/DC machines/motors: Construction, operation, maintenance and protective devices
e Elementary electronics

e Electrical measuring instruments

e Transformers, distribution systems, ac/dc shipboard installations

e Protective devices, fuses, circuit breakers, earth lamp. Insulation and insulation testing.

Model Questions

e Draw a switchboard distribution system and explain.

e Regulation for the M.S.B. according to SOLAS

e Explain how the steering motors are fed from the M.S.B.

e Steering gear power in emergency. What are the steering gear motor protection.

e Emergency generator. How it is connected to M.S.B (also the shore connection).

e Duration of transitional batteries

e Duration of Emergency generator power supply.

e 2 generators are running in parallel. One starts to shift load on the other. What can be the
reason.

¢ When an ACB does not close what can the reasons be?

e Star and delta starting arrangement (with aux contacts) — draw and explain.

e Earth Fault lamp. Draw diagram explanation

e Emergency battery supply emerging power supply regulation requirement.

e Blackout. What's cause. What to do. How is the sequence going on.

e Megger testing

e Why star delta connection. Draw the star delta circuit diagram with protection device

e How many ways to find out earth fault

e Electrical - AVR figure & explanation

e Generator - excitation circuit (figure)



e What is a circuit breaker? Explain how it works? Draw arc chute arrangement and arcing
contacts.

e A/E performance analysing

e instruct 3/E, how to check A/E for fault finding

e AVR Draw. problem with AVR/can we run A/E without AVR.

8 Naval Architecture

e Elementary ship construction

e Types of vessels, definition and terminology in ship construction

e Description and functions of major components and materials

e Stresses in ship structure

e Structural strength for cargo and machinery space openings

e Watertight integrity, closing devices, ventilation, air and sounding pipes
e Principles of stability, effects of free surfaces, load line

e Tank filling and pumping arrangements

e Penetration of deck and bulkheads

e Maintenance and protection of hull, corrosion problems and methods of protection
e Stresses of the ship

e Draw aft and arrangement (stern) of ship

o Difference between Balanced & Semi balanced rudders

Model Questions

Load Line

e What as a Chief Engineer to check on Deck.

e What is the height of vent pipe any casualty (M T Brier).

e What is the significance of knowing these rules (any alteration made should be according to
the laid up rules).

e Why machinery and accommodation doors are provided with sill height

e What are the water tight doors and where you will find them onboard

e What is the difference between water tight and weather tight doors any casuality (Herald of
Free Enterprise).

e Prepare for Load Line survey. What do you do?



Types of surveys?

e Mandatory certificates on board.

e Causes of sluggish action of rudder

e Stability free surface effect and how to reduce it.

e Rudder carrier sectional drawing and explain how it work.

e How to check the rudder carrier bearing wear down

e Draw Plimsoll mark and explain load line survey

e Explain difference between weather tight, gas tight and water tight doors

e Mid-crossection of Bulk-carrier. Functions of various strength members. types of floor, where
used, distance. EIR bottom arrangement. sheers stake, stringer, stiffener distance, why,
how. why so many manhole doors in the floor.

e E/Room exhaust funnel arrangement. (Exh. of M/E, A/E, boiler)

9 Fire Fighting

e Methods of and aids for fire prevention, detection and extinction
e Principles of operation, application and maintenance of fire extinguishers, respirators, safety
lamps
e Fixed fire detection and extinguishing arrangements for accommodation, cargo and
machinery spaces
e Precautions against fire or explosion, explosive mixtures
e Dangers of oil leakage
e Sources of ignition, safety devices
e Draw CO2 flooding system & explain
1. Why master v/v open first
2. How you will instruct your 4/E before entering into CO2 room

e What are the fire detectors. Draw all of them
e Which one is the most sensitive one
e Your junior reports to you that exhaust temperature of one unit of Main Engine is high.



What will be your action. (Looking for comparing Local & Remote pyrometer and a possible
cause of scavenge fire).

Model Questions

e (O, Flooding system. Draw a system with a pneumatic operated cylinder not the
one with wire and pulley.

e Draw and explain the High Expansion System

e Comparison between CO, and Foam System advantages and disadvantage of each.

e Draw a smoke type fire detector with circuit.

e Draw all types of fire detectors.

e What is a fire tetrahedron?

e What is a fire door?

e Smoke detector (ionisation, light scattering).

e What inspection and maintenance you do on the fixed CO, system.

e Give one fixed fire fighting equipment arrangement. Draw & Describe. Give
technicalities of foam for this purpose.

e Disadvantages. Paint locker fire fighting arrangement

e Draw 9L CO2 extinguisher

e (02 flooding system/requirement/regulation (figure)

e (CO2 cabinet door circuit)

e Draw & explain all types of fire extinguishers

e What is fire tetrahedron? What is its importance? Draw the tetrahedron and explain
sides.

Safe working practices

e Overhauling machinery

e Safety in workshop

e Handling of repairs of electrical machines and systems
e Protective equipment, lifting tackle

e Entering tanks and void spaces



e Vessels in dock, overhauls at shipyards
e Taking bunkers
e Explain a thorough scavenge space inspection?

Model Questions

e Entry enclosed space procedures

e Atm check ( all level, after stop vent 10 min, if swash bulkhead — take every compartment,
EEBD — take atm sample, check with previous cargo msds, ballast tank — rust — oxygen
deficiency, CO2, Onboard RX 517 —multigas meter -2 set, dragger tube 2 set, personal gas
meter HC,02, H2S, OEL — 50% OF twa,tlv,H2S=0 PPM,Benzene -0.5 ppm,)

e @Gas free, 1%LEL, 21% Oxygen,other toxic gas free,

e Continuous vent, train BA set, life line & harness,resuscitator, attendant person at enterance,
if break time , check the atm again, at least 2 person together except small space such
¢/case , communication, approve light,

e  Which part of the engine room cannot do welding

e Engine room overhead crane testing procedure(load test)

e Tanker hazardous area

e FWD deck store, one of the bracket is broken in oil tanker, with necessary safety precaution
how to repair it

e Between 30 m radius - all tank including diagonal tank to be gas free or reduce to 2%
volume HC and inert. Other tank are keep inert, the space where carry out hotwork must
gas free, 1% LEL & Oxygen 21%, all bulkhead that between 500 mm from hotwork — check
other side of bulkhead and keep as hot work standard. All connection and pipe with connect
with space to be hot work are flush with water or down 2% volume HC and inert, hot work
space to be continuous vent and take measure atm, all sludge and substance with release
inflammable vapor are removed to slop barge or keep in 30 m distance non adjacent tank
and close manhold cover, all ig vent not release ig in uncontrol manner.

e Draw IG system, all safety devices testing

e PV breaker, Deck Seal Draw

e Aftpeak tank enclosed space entry to be made. Describe procedure & planning (if entry
from steering gear room where lot of activity).

e Give planning and safe working practice procedure for Main Switch Board Testing

e Tanker dangerous zones - draw and the kind of apparatus in each zones & why

e CO2 room entry procedure

e CO2 room maintenance

e Hot work permit. can we do hot work in the E/R.



e You are a 2nd Engineer and you have a level guage on bunker tank of your ship. Itis
getting spoiled. Will you wait till it gets completely spoiled or you will try to do something
with it?

Automation and instrumentation

e Fundamentals of automation, instrumentation and control systems
e Periodically unattended machinery, techniques and work practices
e Bridge control

Model Questions

e Draw ACC for boiler.

e ACC = Auto combustion control is part of ABC, Auto boiler control = A.C.C + water level
control

e Purge, air flat down to ignition position, ignitor pump start, spark plug on, flame sensor start
, if ok , open fuel and steam atom, main flame on,

e Explain how level measurement is done on board?

e Bubbler, constant flow controller control the flow 0.5m3/min, tank pressure head is high,
flow will reduce, constant flow controller increase the flow to reach 0.5m3/min, this action
will increase pressure at bubbler air line, sensor detect this pressure and convert to head
height

e Types of protection for heat exchangers

e What is back flushing of a cooler and how is it done?

e Explain the construction of an explosion proof equipment.

e Draw a control circuit of viscotherm

e Draw M/E Jacket cooling water controller including line diagram with flapper, nozzle
mechanism

e How to avoid Jkt water controller hunting during engine manoeuvring and reasons

e Put into service jaket heater and ht cooler . increase the rpm in control manner, proportion
gain keep just below hunting point,

e Control - PID controller, Fig. and operation

e How may types of level gauges. Draw & explain any one of them?



e What are the UMS ship requirements? Have you worked on UMS ships before?

Emergency procedure and equipment

e Grounding

e Damaged propeller

e Failure of steering gear
e Abandon ship

Model Questions

Company ordered master to reach port before sunset , otherwise they will have to wait at anchorage
for 3 to 4 days. So master alter his courage and while running at full RPM, the ship ran aground.
Describe being Chief Engineer, what immediate action to be taken. Briefly about Survey Port State
Control.

e Closing arrangement of E/R dampers and quick closing valves. Explain the working.

e Grounding. What to do. 2/E duty when ship grounded. what is the position of the sounding
cap. why main brg can be damage when grounded.

e Crankshaft deflection after made sure turning gear amp is ok, sounding for all e/r tank,
sounding near ship,don’t use astern power except detail of condition is ensure, upright list, if
need outside power inform to office. Check all tank flooding,

e Rescue from enclosed space

e Inform bridge, st by attendant at enterance, make good for communication, made ready
resuscitator, take harness and life line, if available space enter 2 person with ba set, life
line, make agree signal for life line, continuous vent, & atm check,

e If there is an emergency or critical equipment failure on your joining vessel, how will you
handle it?

e Inform office , e/r change to ums to manned, if ows record in orb, raise mr, if fire detector —
arrange fire watch for this space,

e If new 4/E joins with you how will you instruct about fire fighting (scenario: puri room fire)



Pollution

e Regulations to be observed to prevent pollution of marine environment. Port regulations,
International Regulations — MARPOL 73/78

e Methods and aids to prevent pollution:
Qil filtering equipment, oil content monitor, sewerage treatment plant, incinerator.

Model Questions

e MARPOL annex I Reg.15- Discharge of oil.

Regulation 14 - O filtering equjpment

6.0il filtering equipment referred to in paragraph 1 of this regulation shall be of a design approved
by the Administration and shall be such as will ensure that any oily mixture discharged into the sea
after passing through the system has an oil content not exceeding 15 parts per million. In

considering the design of such equipment, the Administration shall have regard to the specification

see footnote

recommended by the Organization.

7. Oil filtering equipment referred to in paragraph 2 of this regulation shall comply with paragraph 6
of this regulation. In addition, it shall be provided with alarm arrangement to indicate when this level
cannot be maintained. The system shall also be provided with arrangements to ensure that any
discharge of oily mixtures is automatically stopped when the oil content of the effluent exceeds 15
parts per million. In considering the design of such equipment and approvals, the Administration
shall have regard to the specification recommended by the Organization

MARPOL - International Convention for the Prevention of Pollution from Ships - Annex I of MARPOL
73/78 Regulations for the Prevention of Pollution by Oil - Chapter 3 - Requirements for Machinery

Spaces of All Ships - Part C - Control of Operational Discharge of Qil - Regulation 15 - Control of

discharge of oil - A. Discharges outside special areas

A. Discharges outside special areas



2. Any discharge into the sea of oil or oily mixtures from ships of 400 gross tonnage and above
shall be prohibited except when all the following conditions are satisfied:

.1. the ship is proceeding en route;

. SEE INTERPRETATION 28

.2. the oily mixture is processed through an oil filtering equipment meeting the requirements of

regulation 14 of this Annex;

.3. the oil content of the effluent without dilution does not exceed 15 parts per million;
.4. the oily mixture does not originate from cargo pump room bilges on oil tankers; and
.5. the oily mixture, in case of oil tankers, is not mixed with oil cargo residues

B. Discharges in special areas

3. Any discharge into the sea of oil or oily mixtures from ships of 400 gross tonnage and above shall
be prohibited except when all of the following conditions are satisfied:

.1. the ship is proceeding en route;

.2. the oily mixture is processed through an oil filtering equipment meeting the requirements of

regulation 14.7 of this Annex;

.3. the oil content of the effluent without dilution does not exceed 15 parts per million;
.4. the oily mixture does not originate from cargo pump room bilges on oil tankers; and
.5. the oily mixture, in case of oil tankers, is not mixed with oil cargo residues.

4. In respect of the Antarctic area, any discharge into the sea of oil or oily mixtures from any ship
shall be prohibited.

5. Nothing in this regulation shall prohibit a ship on a voyage only part of which is in a special area
from discharging outside a special area in accordance with paragraphs 2 of this regulation.



Discharge of Qil

Oil Record Book

ODM Regulation

Regulations for Tankers to discharge oily mixture
What is marpol 73/78? Annexe 1 — what do you know?

Annex I of MARPOL 73/78

Regulations for the Prevention of Pollution by Qil

Pollution prevention draw diagram O.W.S and explain.

What is the duty for 2/E about bunkering .What to do if the oil spill. What content of sopep.
Oily water separator drawing and explain operation and what is siphon tube purpose. how oil
probe working. oil record book, why we should we make entry when any bilge operation
Explain Marpol annex I and requirement pumping bilges in special area

Annex I - Reg, 4, 9, 10, 16, 20, 26 explain

What are the items recorded in oil record book

Bilge tank retain weekly, sludge tank retain weekly, incinerator burning, evaporate tank
evaporate, dispose to shore or barge of sludge, bilge, transfer bilge - bilge well to bilge
tank,bunker of f.o, lube oil in mts,

Draw oily water separator & explain

How the 15 ppm alarm works

Give all annexes of Marpol 73/78. Describe & list oil discharge regulations for tanker cargo &
engine room oily water mixture.

Give areas & reason for designating an area as special.

Draw IG system and Describe. Give safety features - IG systems alarms, trips, interlocks
Scrubber temp high, flame failure of main burner, flame failure of ignitor, oxygen high alarm,
scrubber level alarm, valve position wrong alarm, cooling chamber water pressure low, deck
pressure low alarm , high alarm, deck sea pressure low alarm,

Scenario: Service tank drain v/v choked actions?

Oily-water separator (diagram). Operation of oil level sensing probe (Electrical Circuit).
Operational procedure.

Annex 1 in detail (oil pollution)

Annex 5 in detail (garbage)

Draw and explain oily water separator. What is the starting procedure? (Looking for Noting
down position from bridge and recording in ORB). What do you understand by MARPOL?



What are the Annexes? Why you take positions when starting oily water separator. Why it
is purged and filled with seawater before starting.
e oil record book, why we should we make entry when any bulge operation

Duties

e Administrative duties: writing of reports, preparing log abstracts, maintaining store
inventories, requisition of consumable stores and spare parts
e Organisation and training of staff for
a) normal duties
b) emergency duties
¢) use of safety equipment

Model Questions

e About ISM

e 2" Engineer Duty.

e C.e duty — advice about tech matter, engine dept training, oversee pms, survey, fo lo
hydraulic oil management,

e How to make junior work safely and how to train newly joined cadet.

e Familiarization,

e You are newly promoted to rank of 2/E and visit office, what are the things you will find out
from office and why?

e After joining the vessel, what are the things you will do, priority wise? And why?

e Fire and safety, check defect items, survey due, pms due,

e In case Second Engineer and other engineers are too busy, how will you find out the
Emergency and safety equipment locations and emergency escape routes? (From LSA, FFA
plans posted near ships office)

e How will you know about condition of LSA, FFA equipments? (Record Books) and other
emergency equipments

e Testlog

e Give the definition of ISM, dates of incorporation of 2 phases, tonnages applicable to diff



ships. Mention different clauses of ISM and SMS and explain
e International safety management
e Explain "Training of Staff" (in accordance with regulations)
e Give certificates & validity (carried onboard)
e Engine room safety equipment survey preparations.
e How will you train your Junior Staff?

Casualties

e Knowledge of casualties (at sea or in port), lessons learnt, methods of prevention
e Understanding and compliance with recommendations laid out in Shipping circulars,
Merchant Shipping Notices

Model Questions

e Discuss a few casualties which you have read about, the lessons learnt and methods of
prevention.

o Differences between M notices and Shipping circulars

e What are the shipping circulars ?. Give Example
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Engine performance observations

1-PMI or indicator measurement, 2-fuel pump index, 3-exh gas temp, 4-exh gas temp before & after

turbocharger, 5-exh pressure turbine outlet= back pressure, 6-exh receiver pressure, 7-turbocharger inlet

temp at inlet filter(not engine room temp), 8-pressure drop across comp inlet filter, 9-scav air cooler

pressure drop, 10-air cooler water inlet and outlet temp, 11- scav receiver pressure, 12-scav air temp,

13-scav air temp before air cooler, 14-scavenge air temp after air cooler, 15-fresh cooling water outlet

temp from main engine Pressure -5-turbine back pressure, 6-exh gas receiver pressure, 8-pressure drop

across turbine air filter, 9-pressure drop across air cooler, 11-scav air pressure

Additional reading -Turbocharger rev, fuel oil pressure, fuel temp before engine, fresh cooling inlet water

temp, barometric pressure, engine rpm, sea water temp

E-mean indicated pressure 9005c80g0508qc31 mean effective pressure §a005c8s0055050GcSn



Mean indicated pressure = area of planimeter/( length of indicator diagram x spring constant)
Mean effective pressure = mean indicated pressure — 1 bar (1bar = mechanical loss)
Q- 2 stroke engine 6oRe> piston ring SCUFFING odle{qmaElgdaqcd

-PISTON RING DESIGN p3c3iPRESSURE & TEMP Distribution sp3eo3)] cyl oil ¢og liner adl¢n
qod03e5PYOd [gdooud

-charge air adeqegeogdead) liner godsolg€ed on cyl oil o3gEde0000dN

-cyl oil o> thermal stability/ detergency/dispersancy oeo3lC:eod) cyl oil cog a6gGgkad
-fuel oil ad¢o catfine cogdlosSeqpsfG: ring & liner [p0:p0603

-liner temp §oo&oslcoodqpsead) cyl oil film oy evaporate [gdaghcd

206oBledl o o3l drill 6opg[8: ooudendlodondlanbonoded

1| 1MONTH Abandon Ship
Rescue Boat Lowered into Water and
2| *1 Month Maneuvered
3| 1MONTH Fire Fighting & Explosion
4| 1MONTH Oil Pollution
5] 1MONTH Rescue Operation Within Enclosed Space
6| 3 MONTH Life Boats Lowered into Water and Maneuvered
71 3 MONTH Steering Gear & Gyro Failure
8| 3 MONTH Main Engine Failure & Black Out
9| 3 MONTH Pirate Attack
10 | 3 MONTH Helicopter Rescue
11| 3 MONTH Toxic Vapour Release
12| 3 MONTH Heavy Weather Damage
13| 6 MONTH Collision
14 [ 6 MONTH Grounding
15| 6 MONTH Flooding
16 | 6 MONTH Search, Rescue & Salvage
17| 6 MONTH Man Overboard & Serious Human Injury
18| 6 MONTH Emergency Towing




| 19 | 6 MONTH | Break Away from Jetty during Cargo Transfer |
*Rescue boats other than life boats, shall be launched each month and maneuvered in the water. In all cases this

requirement shall be completed with at least once every three months

8- combustion (460382 3Eqi€aSan top piston ring el 200deqRad03 pressure o3l mean effective

pressure cdlai mean indicated pressure cdki
mean indicated pressure

23296520538 MAN B&W M.E ENGINE cogen FUEL PUMP PLUNGER Gogen HELIX odleod|ops.838 HELIX odlod
PLUNGER a:03ko3 FUEL PUMP cogd) HELIX a): FUEL PUMP cogaoc3eailCiolsaqiodbeoganadleagcd deadltadcd
o?:aﬂoﬂeé]u

As the timing in the valve-controlled fuel injection pump is not controlled by a helix, the plunger has a
significantly greater sealing length, thereby resulting in a higher volumetric efficiency. Owing to this, the
torque in the camshaft is some 15 per cent lower than in a helix-controlled pump, for the same fuel

injection pressure.

fuel injection without helix pump is far more stable, at very low loads, so that no special measures are

necessary to operate the engine at low loads

No helix plunger fuel pumps are fully cavitation free. In helix-controlled pumps, cavitation has always

been a problem and will remain a problem in the future,

After prolonged operation, jerk type fuel pumps wear on the top edge of plunger and edges of spill ports
and helix due to erosion by high pressure fuel as it spills. This wear would result in Late start of injection

and early end of injection

00-38 ME ENGINE ¢093 FUEL PUMP 6ogo3 HYDRAULIC PISTON G0 cal€:000dn 93lod 32qCad &sde
CAM ZoedlEseodloslodi odleozdealEn3sagoddadad

cam 2 ( profile ) control injection system ¢~ injection pressure ool

0co§ qp 320005 33908 ::[gS $ |8 & inject v & 03, B vwdan B edlg 00pd esdlondd 1 MEP (g€,
D@ qEod & cam op profile § o8 §:05, fuel pump o3 5, q€ Low speed & low load
range$, 6dIC s6503, 224l injection pressure o3l oF soqagkdlooud 1 injector &, automization @&
:Qed 03l injection pressure edloopd esodlelqeaE,  automization process o3l 98 08 adlodled
12cldlond i

Electronic timing ¢o timing edlo3, 3 q& return solenoid valve o3, edledld 05 cuiqoofyd o8 , 38

3§ § 928 6503, low injection pressure o3l penetration &, automization o3 3§ o5 odle[g?e,
complete combustion Q8 , 300 :0loocd 1 3loB, o3logud § , 320305 high injection pressure Q3 , &3,



camop 03 Fpcg§  steep (96 63AIE v & Qo 29d doodd 1dled B cam shaft edlo high torque
2005 6qpod A8 | dlo3 elgeqpod 8, fuel cam shaft ©26odlE vibration damperond 8 | o8 eodlé
108 cdldled idlefgoE, conventional unit pump o3 solenoid valved, a8 § 03 & :eenC 0303l ¥,
:0[ged, @ 03, 36[gone 03 weudlon s dleod, MAN B&W ME 3¢ q) € 008 [goognd), see(yod,

cosdloowd 1ICamshaft control diesel engine &, 23k$pd 30> 03,  camshaft-less control §,
eqpodcdaddloncbifuel injection pump &, plunger o3 hydraulic pistonoocg 05 03, hydraulic oil3,
AIC :0lonwd i(injection pressure 600 — 1000 bar ¢adlod 0o 05 GosdlodS i) o

11-reverse osmosis s3odlodladi osmosis sdadleadlodled
" Reverse Osmosis”, is the reverse o f the natural process called “Osmosis".

The principal - When two solutions of different concentration are separated by a semi-permeable
membrane, the less concentrated solution will flow towards the more concentrated solution side of the
membrane. In a sea-water application the natural, osmosis, would be towards the saltier
solutiono€coudeqzeqied eq J §go? semipermeable membrane $o3kookq eqjoadl vEvudSequndod
aglkc880dn glo3 osmosis a3l oo

8oodleusgdieoganagudad elyeuoqecdoniaoty
1-MC engine coggn 0368%s piston ring o3 CPR RING osadkonudi Slododiadqailol saofjpeogmadleagad
J-328) 4 STROKE ENGINE @op) EXHAUST VALVE DIAM oo INLET VALVE DIAM co056:20:0005103l03cd)

-VIT ENGINE ¢> UPPER BREAK POINT & LOWER BREAK POINT cnonuSeadlod8ad UPPER BREAK
POINT o 99lc8odkqodlad

G-oblique type connecting rod Gog?z bearing bore copon ﬁ’zsfl’z: shank type connecting rod bore 0080008
ovality [g888qpzonuSi o3lefgpaEdi

§-32EqE performance 0pq€ a303 data eoRi(podli- fuel pump index —etc) nodleogcdi

E-mean indicated pressure 9005c80g05c8qc31 mean effective pressure §005c8s00550508cdi

7-00603led ¢ o3l drill cogdonodcdionudecdlobondlendobapbonodabizsd drill eogionda005(8s solas
o005 chapter 0005 code 03¢nagkgrqecioosadled ¢neqponudwzaEasBode el [yodkad

8- combustion [§6033>§$ 22EqiEadan top piston ring edl cocHeqpado3 pressure o3l mean effective

pressure cdl:i mean indicated pressure cdki

£-329652053&: MAN B&W M.E ENGINE eogen FUEL PUMP PLUNGER Gogen HELIX odleodlop:.938 HELIX
©dlo3 PLUNGER 28:00ko3 FUEL PUMP Gogdj- HELIX ads FUEL PUMP
60R00053603IE:033agj0560ma3leogcdi GemilE:add adadlodled



00-838 ME ENGINE ¢093 FUEL PUMP cogo3 HYDRAULIC PISTON G0 cal€:000dn 99lod 32qCad &sde
CAM ZoedlEeadlosladi odleogdeailE:o3sagoddadad

11-reverse osmosis 8303lo3lcSn

o J-0€coudeq3eqgcd 6q J §jz0 semi-permeable membrane §o3kadkql eqfjeradl v€coudequada?
agkc88e0digs8 c0odlogdod ododleslcdi

4 stroke engine [goo§03ad)

Blow kick co603s04l Crankshaft ocopdql

turning gear ofgodqea0icd

starting air pressure $6508 ceog3nodkd0dadkad

soco3lunnd o starting valve oy6escd

air distributor jam [gdescd

starting air solenoid eeoAlE:cd

inlet& exhaust valve tappet §§odlens{Gs"negative” valve clearance [gdescd

external starting automation >8c500kad ( =agjeaCqi€eogenlub oil pump , gear oil pump vedE:qE air
kick oqdlops)

4 stroke engine cd 2 stroke engine o3 automatic valve Glooodoocbistart button $6qC pilot air

009 338o3kadgEeoonudi)=dd button qiodad pilot air vagkql ( manual §:3 Slooobooudn)

Crankshaft copbeog engine fire olgdqé
-automatic shut-down device o3 reset ecp&qeoo:q&

-AlognonLoad limit o3oodkgiadkql

Overspeed trip device oofgodadkqé

Alosnendo) Starting fuel limiter §§odlonzesql

olosneozadkol Starting booster sakogiesq

Governor oil pressure 936308 power piston sakogesqt

olosni injection pump copa: linkage eogeeadlEgé

oodjfuel control rack cog jam [g[GkeBocgodeusqt

Fuel pump stop cylinder 6oy a3q603 3a6530dkoybesql

injection system o3 vent ocpbadkq ( mixing tank ¢ vent cock §oocbooudn)
isolate valve Godadkqén quick closing valve 305adkqt

fuel pump § injector [opasen injection pipe cogeaydadlqli( fuel leakage alarm cdlooobclonudn)
Fuel filter cog8o5e$qE 1 3 way cock cppdadkodlanesql

Tank valve 6op8a503kqé

Booster , supply pump eedl€:odkqli

:EqE warmingoco:3e80338:q8

Bodeqdlesql



Safety shut down cogo&s(Gs [4$ reset ecodadkql

Engine Fires Irregularly

oodj Injection pump control rack cog §§adkodleniesql
Fuel injection pump eog overhaul coSGy$sotodlunesql
Injection pump oeo3lEsqé

Injection valve cogoeail€:q€ nozzle holes copdobesql
Piston ringseogog|c too low compression pressure [gdq

Engine Speed Not Stable( speed co8q&)
Governor adjustment ¢s(&: too low compensation [gbesalE§§ockqé

Fuel feed pressure 229&:565q8

sBodeqilesql (Injection pump vapor lock [gdesql)

Loading automation (eg. Controllable pitch propeller)ooSomeo:a) signal ¢o:esqE
Engine unit 35§ idle ¢22000600p0qE( fuel pump helix 08650:0kesqC)

ologni injection pump [roslinkageeoy clearance gpzesql

Fuel feed pressure a36qp:cd injection pump 32038: friction o€esq

Vibration damper ( fuel pump cam shaft ¢>00600k03) weo3lE:qE

Fuel pump 0099 spring ojgesqc

Engine knock a509056$qE

Big end bearing clearance o936¢pesql

valve springs or injection pump tappet spring cogo§jiesqe
inlet or outlet valveeogaagEenaszaadks, jam [gdesql
valve clearances 936¢psq

one or more cylinder cog overload [ydesqc

injection pump or valve tappet guide block quéc;.mS

low ignition quality fuel c3cdecdlod03 320eqa320:0E
injection timing §§odlensesql

Dark Exhaust Gases (8:8:565qC)
* Late injection [g8esq€ (wrongly set camshaft drive)

* Insufficient charge of air pressure:

- Air intake clogged.

- Turbocharger compressor dirty.

- Charge air cooler clogged on air side.

- Turbocharger turbine badly fouled.

- injection valve pressure too low [gdesq&



- nozzleeoy carbon deposit mdesqlineedle oy6esqE
- exhaust gas back pressure a3[g4GesqC
-heavy oil  low load @clE:cd poor combustion [46q&

Engine Exhaust Gas Blue-whitish

Excessive lubricating oil consumption [gbes0005u

Gas blow by past piston rings (blow pass [g9e$qC)

oil scraper rings ofjzodl (a3) worn cylinder liners [gdesqE

exh& inlet valve guide / seal cogegpEesql

compression rings 630565q¢

Compression rings cogondodlentesql.

Ring scuffing [gde$qE

Low ambient temp ¢o2aCqiE84(8s low load §3a(qma(gdiedE:esqE(Blue-whitish)
exhaust boiler o3 turbocharger oeswater leakage [g6qE(Gray-whitish).
Bodeqalgé

Charge air manifold o3 condensate water eogqc;:m&

Low ambient temp a[qao& exh gas condensation [46q&

Cyl head equlesql

Unit 33l Exhaust gas temperature [gEe$qE
Engine badly overload [36$E€anuSi(injection pump rack positiona3edfqrpSd)
Charge air temperature too high:

Charge air cooler clogged on water side or dirty on air side.

Water temperature to air cooler too high, water quantity $e§oooSu

Engine room temperature 0o$000553936[gEes0005

cylinder head inlet or exhaustdkeog ¢ Excessive deposits cbesql
Exhaust pipe pressure after turbine a36[4&e$qE( back pressure gpsesql )

Exhaust gas temperature of one cylinder above normal

exhaust gas thermometer vco3IC:qE

fuel injector setting ¢2:e5qC

fuel pump timing e§n0doe$qE

cylinder head 20905 exhaust bellow 030603 clamp egpEescd exhaust gas o¥e$3qE

Exhaust valve 6cilCes3qE ( ecdlEadmandeanlyt opg s36edadtieondesad
[grr3a0d:6030l0005000500001 valve spindle padled tappet clearance §cdloooboouSi Compression
pressure ogicdlecdi dead slow ecdlod53edlEqE hissing sound [opo:qooc5000S)

Faulty injection valve:

opening pressure much too low / sticking of nozzle needle when open / broken spring /nozzle cracked /
Late injection/Dripping



Fuel supply insufficient (filter blocked).
Injection pump faulty, fuel rack sticking in high position.

Exhaust gas temp cogonadegonad:o36alesql
Too low fuel feed pressure, too small flow through injection pumps.
Exhaust pipe or turbine nozzle ring partly clogged.

8- and 16-cylinder engines coge> turbocharger §2:00 cylinders | C\Pm 120 degree Celsius
eadlodoglonodonddi

Lubricating Oil Pressure Lacking Or Too Low

pressure gauge godes00 gauge 63o3ka3305 Sodesodl

sump oil level 22q&:56503]

Lubricating oil pressure control valve ga0p6ecpbodli oq6es0al
lubricating oil filter Three-way cock o3escppdadkodl
lubricating oil suction pipe connection choge(?orﬂ.

Lubricating oil cog diesel oil, low viscosity 83605 cqoes0d)
Engine 3acdonLubricating oil pipes eogeqp&@oé]

oogjjoacdepqlany pegeocdoqedegod

Water In Lubricating Oil
oil cooler tube cop leak [gdes03l

cooler liner O-ring weoIE:00l
lubricating oil separatorde§sacpbecptodl

Engine Stops

Shortage of fuel a8[go5ogkqé

Over speed trip device ?83q6q¢

Automatic stop device o> 83q5qE(lub oil low pressure shut down o20[gS)
governor or governor drive eeal:qé

Does Not Stop Even Stop s3q6c800q6qé
Injection pump control rack eop§cdkodlenies( adpoeeqpad)

Propeller shaft o> 0qdeo0:cd

Overspeed 9508 eadla3e3qbodleodlCouqdal

injection pump control rack §§adkodlenesql
(6Q6qEaB8n3E:8051)(a2EqiEeo0:qE fuel valve ogkc38c8E4(g05)
Turbocharger air suction o3 3odi



Interlocks are provided so that the engine can be started or reversed only when certain conditions

have been fulfilled.

a) Turning gear Interlock. This device prevents the engine from being started if th e Turning gear is

engaged. The Turning gear is provided for turning the engine.

¢ ) Starting Air Distributor in end position. This prevents starting from taking place if the shifting o f the

Distributor has not been completed.

d) Main Lub. oil pressure, Piston cooling pressure, Jacket water pressure, and important parameters

must be above Llie lequiied minimum.

e ) Auxiliary Blower Interlock. The Auxiliary Blower is provided in case o f Constant pressure
turbocharging. This ensures sufficient air during low speed running, which is essential for proper

combustion.

f) Air Spring pressure Interlock. In case o f the present generation o f engines using Exhaust
valves shut by Air Springs, the Air Spring pressure must always be maintained, else the exhaust valve

may not close while running
" Reverse O sm osis”, is the reverse o f the natural process called “Osmosis".

The principal - When two solutions of different concentration are separated by a semi-permeable
membrane, the less concentrated solution will flow towards the more concentrated solution side of the

membrane. In a sea-water application the natural, osmosis, would be towards the saltier solution

Electro-pneumatic valve positioner 009 nozzle , flapper 0090300&33klgE position eelgpqopudens

BcBfgodes0sfG:ql position [gS$§§qecdigi8a3q$qC flapper o3 nozzle §0:6adk( 20 MA God:
N80 cogro3eod actuator o3oglodeco pressure opquudi 33c80ra3esqen nozzle block

35603608050l

M.C Engine &> rpm o3 proximity switch a34{8: Nabtesco o005a30p050703!

Turning gear 3280535603203055 - 009 aclloSdoncditen key address = 194

Qadlo’ 005q 008823 speed order oRlfgpiood 50003 ABS:cd

The controller serves to compare the rotating speed commanded, with actual engine speed detected by

the use of proximity switch, execute the PID calculation for the deviation to control the actuator




connected to the fuel pump, and further to adjust the amount of fuel supplied to the engine so that the

deviation in speed can be eliminated

.Ratio of pcomp relative to p scav — 35.2

Fuel limiter - The equipment = governor is incorporated with four types of fuel limiters for prevention of
engine over-load and stalling.

0. MAX. LIMITER

J- TORQUE LIMITER
9. SCAVEN. LIMITER
G. MIN. LIMITER
Start-up

When the start signal is entered, the F.O. rack is fixed to the start-up set point until actual engine
rotating speed exceeds the setting rotating speed.

Since it is not influenced by the actual rotating speed rise rate, etc., it is possible to secure the sure and
stabilized start-up.The set point comes in 2 levels (LOW, HIGH), each of which is selective, depending on
ON/OFF of START DASH HIGH LEVEL signal.

When the START DASH HIGH LEVEL signal is turned on, the scavenging pressure limiter

is invalidated. Meanwhile, to cope with maneuvering handles without the speed boost function a starting,
it is possible to use an engine speed signal set by the governor control unit not that supplied from the
maneuvering handle for a specific period of time after when a starting signal is entered and the
changeover from air-running to fuel-running is completed with the control position in position 2. (This is
an optional function.)

Stopping

The actuator is set to the fuel shut-off position.

The operating conditions are as follows;

1. When setting speed is less than 5rpm (changeable).
2. When normal stop signal (STOP) is turned on.

3. When emergency stop signal (GOVERNOR SHUT DOWN) is turned on.



1-NORMAL mode (c?ga%o@:e@[‘gp mode, normal mode oo?ob(fo rpm control,gain low control,OSP Control 9
93looudn)

This is a normal control mode in which the control is executed in accordance with the

following sub-control mode, depending on operation condition.

a) RPM control

b) GAIN-LOW control

c) OSP control

Executes control so that the deviation of order speed and engine speed is within specified value all time.

Decreases control sensitivity automatically, when the fluctuation of engine speed deviation remains within

a specified value for preset time, to minimize F.O. rack fluctuation, and execute quantitative F.O. control.

Prevents over-speed by automatically control increasing control sensitivity when engine speed exceeds
preset value due to sudden load fluctuation under stormy weather. This OSP control is operated

automatically under all modes
7.9.2 HIGH GAIN mode(qoa3popadiqCoadionud)

The actuator operating upper limit is reduced to a preset value and the control sensitivity is also
increased.

This mode is effective to control the fluctuation in rotation during racing.
This mode is selected by pressing the HIGH GAIN push button on the front panel.
7.9.3 TEST mode(saEqi€qdea|ypé:adqonod)

It is possible to confirm the control function/performance by simulating the engine operation condition

with the simulation setting speed.
(MIMIC SPEED ORDER) and the simulation engine speed (MIMIC REVOLUTION) without practically.
This test mode is selected by setting value of parameter in the control unit.

(The setting value of the simulation setting speed and simulation engine speed are changed by tenkey in

the control unit.)

Bear in mind that the operation mode is unable to be changed over to this mode unless the engine is
stopping.



Load depend lubrication - When the engine speed order value changes more than a specified
value in a short time, a contact signal will be outputted to the lubricating oil controller to increase the

amount of lubricating oil to cylinders.
Always monitoring the variation of speed order value, the governor will close the contact signal for a
specified time when the speed order value changes at a rate of change exceeding a specified value

(POSr) within a specified time (Tr).

TEN- .
KEY | USE | PASS .
il s DESCRIPTION UNIT “ﬂ% RANGE -

225 | LUBRI | APPLY | COMMAND ROTATING SPEED CHANGE RATE DETECT VALUE (POSr)

228 | LUBRI | APPLY | COMMAND ROTATING SPEED CHANGE DETE: -

227 | LUBRI | APPLY | LOW-PASS FILTER TIME CONSTANT FATECEIECT TME (1) - 1o nzs e

228 | LUBRI § APPLY | COMPARISON VALUE (SELECT COEFFICIENT OF ") soc F] 1-]00 e

229 | LUBRI | APPLY | COEFFICIENT OF "s" (AT TIME OF OVER Tkey(228]) - o |

230 | LUBRI | APPLY | LUBRICATION TIMER (BASIC) R oe

231 | LUBRI | APPLY | LUBRICATION TIMER — N

232 | LUBRI | APPLY | GAIN FOR VALUE (POS/) - e e 5

g LUBRI | APPLY | LUBRICATION CANCEL TWIER e 0‘53 3'23 h
VIT | APPLY

4 OUTPUT VIT SIGNAL AT VIT CANGEL mA_| 00 [200 ] 40

viT APPLY | IPmax | Maximism nenss: s in mulinedas

Corrosion 030005c82a¢je3adkgecdn 0005cadlagedjopdi

What is corrosion?

An undesired degradation of materials by reaction with surrounding media through chemical or
electrochemical reaction.oobo§:o€ase(geae$00960 chemical or electrochemical reaction s3kjg& material

60R 6cdcdlz20603 degradation o305ekeagpoke [gb[gt:
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Fig.1.} Environments in corrosion

Types of corrosion

Type

Characteristic

example

1-uniform ( or almost uniform)

Galvanic cell

All areas of the metal corrode
at the same (or similar) rate

0p§p8p8pappodkagiod

Oxidation and tarnishing;
active dissolution in acids;
anodic oxidation and
passivity; chemical and
electrochemical polishing;
atmospheric and immersed
corrosion in certain cases

2. Localised

& P,
BIMETALLIC CORROSION

Certain areas of the metal
surface corrode at higher
rates than others due to
‘heterogeneities’ (difference
phase) in the

metal, the environment or in
the geometry of the
structure as a whole. Attack
can range from being

Crevice(narrow opening)
corrosion; filiform (biology
thread)

corrosion; deposit attack;
bimetallic corrosion;
intergranular(pass to another
form) corrosion;

weld decay




slightly localised to pitting

Ozygen starved area covered L
3 By depositis ancdic # Local Corrosion

A Potential differences

n areas on the
sama matal
7 Results from variatior
In saygen content

F
High aygen area is cathodic

/3

Highly localised attack at
specific areas resulting in
small pits that penetrate into
the metal and may lead to
perforation

Pitting of passive metals such
as the stainless steels,
aluminium alloys, etc., in

the presence of specific ions,
e.g. Cl- ions

4, Selective dissolution (alloy
oo most active [gbo3 metal

oBeqsokagkodlqje)

One component of a alloy
(usually the most active) is
selectively removed from an
alloy

Dezincification;
dealuminification;
graphitisation

5. Conjoint action of
corrosion and a
mechanical factor(
erosion,cavitation o33
mechanical attack

@:Gdﬂeocﬁcﬂﬂfm:)

Localise attack or fracture due
to the synergistic action

of a mechanical factor and
corrosion

Erosion - corrosion, fretting
corrosion, impingement
attack, cavitation damage;
stress corrosion cracking,
hydrogen cracking,
corrosion fatigue

med o edludlqgpiadqliaolagod

o-Chemical - odlza6[geaes0ecdad metal Qudieroqudieqqed o 9ad3qE corrosion [gdodlos chemical

corrosion (3]:73|§:§::1°)Gq|:oocﬁoé]:crﬂ||

STEEL + AIR + WATER -> RUST

2Fe +02 + 2H20 ->Fe(OH)2

224 chemical 6o3[gdo3 Fuel oBAlo3 sodium § vanadium o38>§jE86d1E:803 (363l EUTECTIC COMPOUND

% HOT CORROSION [§6@000u

J-Metal 009036003 atomospheric sa6gEa65$60:3qE corrosion [gdodlo? atmospheric corrosion

c3esl doncdielectron cozegodagad(Be dkagkodlqporous rust c3adeqpesdlodon eaalnde8qiEEo30adkm

anode, 32y€ e=alodbedqiEedolesqsnion cathode [g8(8: corrosion [gbcloncSu




Air (0,) A heri p Ashland . _ ) -
Wate (10) Mneaphen corosion = Localized Iron Corrosion Or Pitting

eel (Fe

- 2H,0 + 0,+ de.-> 40H.

Water Oxygen Liquid Phase Porous Tubsrcleof
0, Corrosion Products

High 0, U o) High O,
. y

Protective

2Fe..+ 40H.-> 2Fe(OH). 2Fe(0OH), + H,0 + ¥:0,.-> 2Fe(OH), Coating

o] n starved area covered o |
wﬁr deposit is anodic + Local Corrosion Solid Phase |-
7 Potential differences
between areas on the
same metal
7 Results from variation
in oxygen content

b

High oxygen area is cathodic

<y B
E—
Drew Marine Dlvlslun‘?f“;:s"

0-3a§js00po3 metal J 9 [opo: corrosion [ydodlod galvanic corrosion c8esl Gloowdi
Air (0z)

i Water ('.‘2.0) GALVANIC SERIES IN SEAWATER
Steel EEei Copper (Cu) 2H.0 + 0.+ 4e.-> 40H. Noble Graphite

Gold
\ Fe, Fe, \ A

Galvanic corrosion

Stainless steel (passive)
re E Bronze
Anode  Cathode s

Millscale
S —
Brass

Stainless steel (active)
Iron (Steel)

Aluminium
—y Zinc
— Ignoble Magneslum
2Fe.+ 40H.-> 2Fe(OH). 2Fe(OH), + H,0 + :0,.-> 2Fe(OH),

80005Qude0Ra3 METAL 903 0€c0udeqad s005a30560:3qE 2286lo5edlodol METAL (anode) 0oes
2066l05edloho3 METAL (cathode) s808 aq68:go58:00Sgddloncdizi8 28dl05edlo’ metal oo
:08l05edlod metal 88 26qcda: 358 cathode cdl Qkpdesen[gddoduSigadl CORRODE [gbodldlodi
G-Acidic environment a[go&gbdlol CORROSION 1PH el oopbooudi Ferrous metals cogon organic
acids $603]036[Gs corrosion elgdlgpclona

a8q€eogen combustion product sulphur oo below dew point ¢oLiner Gog03 cold corrosion
[gdeodloncdi

COLD CORROSION CLOVER LEAFING formra)




A% Corrosion in an acidic environment
Acidic solution (H.)
W

2H.+ 2. Hod

Cathode  Anode Cathode

/

Carbonic Acid Attack

§)-Caustic corrosion — high pressure boiler cogena3[gdoocddlonudi 6qod caustic soda dloCegesadal
E-Sodium chloride 4% weight Glo 0€couSeqaden corrosion rate sagpsad:od)
CORROSION OF STEEL IN SODIUM CHLORIDE SOLUTIONS

7

1

Relative corrosion rate

o
el

4 5 10 15 20 2% 30
Concentration of sodium chloride, weight%

Weight-% of sodium chloride in sea water is..... 41!l
Sea water is an ideal solution to fascilitate corrosion

7-Bimetallic Corrosion

Bimetallic corrosion o3l ©0pa3 metal 2 §go305da503s00500kadlgblybuelectrolyte
00903{qm:8[Gods0056503l03[gd[yd [ydSEdonudicorrosion o3aAlogudd 338 metal 2 903 insulated
0050051680:09050217300ERSISlwewr0S more noble metal o3 fastener
[gdgpasdsoodeoqdecdizsdadbimetallic corrosion [gd8Ea3esqpeoganead]

1. Welded areas as the weld is different from the parent material.2 .Inlets and outlets to the tank
and on the ship’s side.3. Valves as the are composed o f different metals.4. Aluminum
superstructure on the steel decks, steel lifting hooks in aluminum lifeboats, aluminum portholes in the
steel bulkheads.5. Bow and stem propeller area

8-Stress corrosion — stress 3l corrosion 2 96AlE:0305805e|elopaEdli(0cow protective film breakdown,
30300 - pitting, 0203wd - stress corrosion crack )

9- impingement attack



00053 protective coating cogaglaghdql S38esqpudl

ANODE

:[g003050:dqdloncdizadadoddkee|qEgbed adlo 3a§Go? [god8:03 3295 ¢ Local turbulence effect 3

corrosion effect c3l&{Gs impingement corrosion o3[gbeodlonuSizagpisal{yE waterline

e5qe[gdood000Scdaddlonudiglod eaqpgd design 0555 cwE8EAonLdI

Oxygen Corrosion

¢ Occurs in any
part of steam
generating
system

¢ Readily
recognized by
sharp-edged
pits

Increasing temperature| | T

increases corrosion
rate 7.5

5.0
Corrosion rate,
mm per year penetration
25
"2
Oxygen, ppm &‘5

Erosion —erosion(abrasion c§cdesl dooud) § corrosion eoeordlonaiErosion o corrosion o3 chemical
$05:3 ©0p0dI3 purely mechanical §p5:503l03050kcloncdislend erosion oo protective coating

60R0Be05eni80503320305 corrosion s005[gdadldloncd

Uneven general corrosion

Even local corrosion

Uneven local corrosion

Wide pits

Medwum pits

Narrow pits

Exposed surface
{shaded areas not

c

Cracking

Section through
exposed surface
falong centre line)

arroded)

Fig. 1.44 Different types of corrosion (after Greene and Fomana“’)



The term used to describe a coating or substance that protects
steel, preventing it to corrode. In general an anti-corrosive can
work through 3 different principles.

Corrosion o3 o3logud[gcs

Barrier effect

Inhibitor effect

Galvanic effect

Barrier effect 0o603] 20608ler32038gp:0dloneod] Geosopodadladedl

(ononudmajgEendlongnadiypo3zacden metallic coatingapdosladdldloocSimetal spray, electroplating, zinc

coating, aluminium coating ecdleogddloncd)

BARRIER EFFECT

Leafing pigments Film thickness

Inhibitor effect ooeo?] corrosion [gdeogEo3vodosioyCeogndendepiodladlgddooud 32§ boiler water
chemical cogon Promotes formation of protective magnetite o3[gbeocd 558 Passive oxide film oo
corrosive condensate and base metal [0z barrier 02933658 5005Clodd

Steel onindustrial atmospheresndlodjgggbGiopodeoso’ rust
o 90058k BodekejelgbezalCodloguden:§Eal Protective
barrier 2655 ©q60op58E03
B05ekdqo3lgddoouSiCoppergnaladiy[Gemndeso’ elgp:d
green patina( bronchantite, CuSO, - 3Cu(OH))oe03] copper
o3 dodo§sogones adso isolate cpdologudeocd
s00o5G:adodekes[gbeodlolonadielgmé 9fEadloden magnetite
layer 0op5[g8€03 vobo§toqesalé chemical
GoR50503:09qdloocd

S

n,

MagseRrs gpers SRt
$00609qa inhibitor method
B35



204 chemical cogon Oxygen Scavenger 6og3a6$3 63al05a8q1Ea3eudanieusdlondd

ood) chemical cogon Contributes to Condensate pH Neutralization cpbeo:cd
2050003050k0|0303logude0sClonddi

| p—
|Ashland . Ashland. i

Corrosion Rate Is Low
In Alkaline Conditions

== Effect Of pH On The Rate Of Corrosion

58

General Wastage o Pitting Attack - | Increased

Effect of High el
(s} ontent

xygen C 45

Rate of 15 T
Corrosive "

Action Average Metal Loss

mmperyear ¢

Isolated Pilting
Recommended Alkalinity
dilute alkalin:e filmn

Theoretical ""*s._
Corrosion l
Rate

Low *e b
5 6 ¥ 3 g 10 H 12 13 14 |
pHScale  News puNesat o casic “ O
P!
e
Drew Marine mvlslu@

pH scale 10-11 oo pitting e[gdezalorlogebodka? Inhibitor effect codsodesqpalod

- At Atmspheric Pressu c%&c\ﬂegg feed tank water
temperature [g&oo&[g:
Ozglglep:f;tr;t:m 08’5](7“38(”80%00?)@03(3]
0005

4 21 66 88 110
Temperature in Degrees Centigrade

Corrosive wear-This is caused by acid formation, but
by improved design (Load controlled Cooling)
andespecially by the introduction o f specially
developed alkaline cylinder lubricants, wear is now

well within acceptable limits

Engine cooling system 20603 egalabengodl:al chemical cogoncd salq€ogsmetal qodsofgCedl
esosmaglecudgdbed eofd: o3logudeoad inhibitor oc3Aldlonedu



Tuble 17.1 General guide 1o the effectiveness of various inhibitors in the near-neutral pH range

Fakibvitor

Aferal Chromares Mitrites Benzoales Boraies Phosphates Silicates Tanninx

Mild sieel Effective  Efective Effective EfMective Efective Reasonably Reasonably
effective effectiive

Cast iron E Mective Effective Ineffective Variable Effective Reasonably Reasonably
efMective effective

Zinc and EfMective Ineffective Ineffective EfMective — Reasonably Reasonably

zinc alloys efleciive effective

Copper Effective Partially Partially Effective FEflective Reasonably Reasonably

and copper cifective effective efMective effective

alloys

Alu- Efective Partially Farmially Variable Vanable Reasonably Reasonably

miniwm cfective effective effective cifective

and alu-

AR

alloys

Lead-tin — Aggressive Effective — - Reasonably Reasonably

soldered effective cifective

joinits

The Sacrificial Anode System(Galvanic effect)

What is cathodic protection.

Cathodic protection 8303l odlagudeoigal METAL o3 s3conboogs eog SUPPLY cpdadldadiodlcdadedeod)
2288lo560l0503 METAL oo METAL 3598 ¢op 92[gEa3ogodaghad METAL DISSOLUTION
Bo3log058[gdlonuding68:0n 2a8mes30038:607] 0om0Sadadl agBin mjgulaoudeqmes
2065l03050005038:5q€ METAL eogogadglodladodkads§Ewndli

anode o3 zinc, aluminium o r magnesium 03338000103 metal §ap6adkdlonuSiopen 28000 less noval
metal 26536503220305 anode 32653 ship structure o3 electron flow coS[Ge
HoAz0p0560:dlon0digleod large ship 6o3320305607] 20g0cde0:03 current m3eod reduced dead
weight [gdcdloloncBifgeod] [oB:cl:ol area 320305936 effective olgdapeod] impressed current system
a5:q0londdi

Impressed current cathode protection systems

(lead or platinised titanium) 4603 8350503 206Slo30S00pS below the waterline ¢noo&adl(d:
ea3l036dod cB8:6503 control equipment 06520050058G38  qo8:cagrdloncd

832603 agqddzodlanm coeolodudcopdesoizaesaacdkioCaoudeqmpgiooeadl
speedioosleoged oop5dloned

Corrosion Metal / Environment Reactions Edited by L.L. Shreir, PhD, CChem, FRIC, FIM,
FICorrT, FIMF, OBE , R.A. Jarman, MSc, PhD, CEng, MIEE, FIW G.T. Burstein, MSc, PhD,




771 OC POWER SOURCE

—- |- IMPRESSED
RENT

S __CORROSION CURRENT
: STOP FLOWING
FLOW OF CORROSION CURRENT SUPPRESSED BY PROTECTIVE
CURRENT DISCHARGED FROM IMPRESSED GURRENT STSTEM Figure 320: No protection at all

Figure 324 Impressed current system
® Blowdown = set pressure — reseating pressure

Safety valve and safety relief valve

Europe ¢ safety valve celcog USA ¢o Safety relief valve esl dlooodn e§no5[g: USA Safety relief valve
@9l 03 safety valve oo Europe 320332q full lift type safety valve [gdesdlooodn

USA ASME / ANSI PTC25.3 standards 22qa8q8

Relief valve - A pressure relief device actuated by inlet static pressure having a gradual lift generally

proportional to the increase in pressure over opening pressure.

Safety relief valve - A pressure relief valve characterised by rapid opening or pop action, or by opening in
proportion to the increase in pressure over the opening pressure, depending on the application, and
which may be used either for liquid or compressible fluid.

® The European standards (BS 6759 and DIN 3320) 32qadq¢

Safety valve - A valve which automatically, without the assistance of any energy other than that of the
fluid concerned, discharges a certified amount of the fluid so as to prevent a predetermined safe pressure
being exceeded, and which is designed to re-close and prevent the further flow of fluid after normal

pressure conditions of service have been restored.

Full lift type safety valve s3qCaeo?) set pressure co€ema3 blowdown a30l§8qea{gdilonddi
Set pressure o603 633050008 Ed:03§ S Cloocdi

Intended State of Operation Adjusting Method

Turn the adjusting screw clockwise (When viewed

To raise the set pressure ) )
from above) and tighten it up.

Tum the adjusting screw counterclockwise to

To lower the set pressure )
loosen it.




4.4 Adjustment of Blow Down
(1) Adjustment by upper ring

[Beeo3) full lift safety valve cogo? shop eog§eoscdodeod closing pressure oo piping 6ogd) capacity &

resistance ¢l oopbescd SBIEdlenandBiq cobgSqendlad

Upper/Lower
Adjusting
Pins

The main adjusting device used for
adjustment of the closing pressure is the
upper ring provided at the bottom part of the
guide. This upper ring imparts(communicate )
a lifting force to disc after the disc has been
popped up. To make the adjustment. first
remove the lock bolt provided at the side
wall of the valve body, through this screw
hole, insert the adjusting rod as shown in
Fig.5 and or rod like a screw-driver and turn
the teeth provided along the external
circumference of the upper ring by using it.
where upon the upper ring will be moved
vertically

medeae[gpooad  upper adjusting ring oo closing pressuren’ §§93 [gbdlonud §§eu5e3 oooe lock
bolt o3 g5 S38zaedodadmes cuiadko’ adjusting rod copdd: 30500 teeth o3 cvd[B: upper ring o3
200839109600005n blowdown o3eagpgiEql( edleddobeoqEql) upper ring o3saedl oog[B:

eg005080deogEqE (blowdown gpseogiEql)upper ring o3esdlodqdh

To adjust reseating pressure

Intended state of operation Method of adjustment

To raise the closing pressure

pressure adjust needle.

Peeping through the screw hole, rotate the upper ring
with the adjust. Rod to the right by 0.5 turn to move it
upward. Or throttle the opening area of the back

To lower the closing pressure

pressure adjust needle.

Peeping through the screw hole. rotate the upper ring
with the adjust. Rod to the left by 0.5 turn to move it
down. Or enlarge the opening area of the back




® Blowdown = set pressure — reseating pressure

® Simmer pressure = start to leak pressure

Adjust the simmer

4.5 Adjustment of Simmer
[f the simmer 15 100 large, raise
the lower ring one norch at a
time. To accomplish this, cut che

seal wire. remove the lock bolo

insert an adjustng cod into rhis
BRCD Qi
bolt hole and turn the notches on UPPER RiNG
the outer circumference of the

lower ring to clock wise using the

above rod. If so. the lower ring
moves upward by serew. Refer to
Fig.5. The following table shows
the limits of number of the
adjusting notches for lower ring
vertical movement from upward Fig.5
end surface of nozzle seat.

For the standard set position of lower ring, please refer to Item 4.5.

60 e[goocd simmer 236gpsesqE( pop cpdodlgmesql) - lower ring o3
medl [g&eoqdecSiblowdown qpeadloladdecdi

When the lower blowdown ring is adjusted to its top position- valve will pop rapidly, minimising the

overpressure value but correspondingly requiring a greater blowdown before the valve re-seats.



Upper lower Upper | lower |..
SLType | Limit of | Limitof [ No.% | ST Type | Limit of | Limitof o
Orifice | Adj. Adj. .y Orifice |Adj.  |Adj. | o8 ¢
Letter Noteh Motch Tu Letter Mote MNoteh | Ty i
No. No. i No. No. |
D~F 3 36 36 F2 3 28 28 |
G 2 28 28 G2 3 33 | |
H | as 33 Hz2 3 30 0
J 3 30 30 J2 3 28 38
K 3 38 38 L1 4 42 42
L 4 42 432 M 4 32 32
M 4 32 3z M3 i aT a7
N 4 36 36 P2 4 40 i 40
P 4 40 40 Q2 4 48 48
Q 5 52 52 Q3 5 52 52
R 5 46 48 R 5 48 46
T 5 45 46 T 5 46 46
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Disassembly Procedure

(1) Disassembly for Overhall

SLILTIE~ 3
ST~
(4 ¥ alll Tin,
SPINDLE LOCK U7 ﬁth'""‘“‘!-[-ifl :
LIFTING WASHER |
FOAK LEVER L.

EASIMG LEVER PIN
EASING LEVER —0u

201 5C8EW LOCK

Ml S| ] f_\
ADMUETING SCREW —3—7 !
IFFPER SPAMNG i } !
WASHR = T | b
(T L | :ﬂ
YOKE A |

SPANG

LOWER SPAING
WASHER

ADJUST NEEMRE

11
1)

I
[

ing

URPER LOCK
BOLT

DS HOLDER

LFPER ML T f

DSk ——-—-*""455:
LGWER LAC I

EJL

LEWES RinG

ql'\T'.‘.:l EE-‘-r
InnY ‘_,._.-—"""—,‘—F |

Culd

(DlUnlock or remove the seal, pull out the
split pin and the fork lever pin to remove
the fork lever. Then, locsen the ser screw,
and remove the cap.

(@ Remeve spindle lock nut. lifting washer
and adjusting serew. [n this time, take
records or put matching marks on the
adjusting screw to  [acilitate the
reassembly

(DRemove the spring cover. Remove the nut
that ¢onnects the yoke with the body, and
lift up the bleck composed of the yoke,
upper spring washer, spring and lower
spring washer. Be careful not to bend the
spindle in this lifting up process Make
matching marks in the axal line on both
flange yoke and body, and then pull out the
spindle.

@ Pull out the dise from the guide. Fay
special attention this time not to cause
damage ta the disc and nozzle seat surface.

B Remove the upper and lower [ock holt.
Then put the matching marks on the ring
or record the number of notches moved, te
facilitate the reassembly.

How to Record

#Llpper ring *

Record the number of notches moved by
turning the upper ring upwards (L.

¥ise viewed from outler side of valve)
until it resches the dead end.

*Lower ring *

Record the number of notshes moved by
turning the lower ring upwards (ie
clockavise viewsd from ourlet side of valve)
until it reaches the dead end.

BPull our upward the block consisting of the
guide and upper and lewer ring. Thus the
disassembling is complered.



pgpping Whan the poping pressure is low, turn the spring adjusting boit
clockwisa. When the pressure is  high, wm the bolt

PEssure counterclockwiza. After adjustment, always bock the bolt with the
lock nut. When a simmer is present raisa the lower fng(push the
natches o the right) by ona noich at a time. (Mever set the lower
ring in contact with the valve disc.)

Blowdown

(1) When the blowdown ks a littla(2 to 3% jonger then the desired
value: Rase upper ring [Push the notches to the right)by 3 1o
5 notches at a time.

{2) When it is longer than the value of case (1):slightly close the
backpressura cock 1o 2 1o 3% longer than the desired value.
than raise the upper ring by 3 to to 5 notches at a time.

(3) When it is too short
Lower the upper ring(push the notches o the laft) by 3o 5
natches al a tima.

(2} Adjustmeat by Adjust Needle
Salery walves 5L & 5J are eguiped
with an adjust needle shown in Fig.4 R
as an auxtliary for adjustment of T
closing pressure. Back pressure on
the back side of the dize = ndjosred
by wvarying tbe opening area of the
adjust needls and this back pressure
controls the closing pressure of the

safety walves. The closing pressure

raised wp by means of closing the

adjust needle and lowered by means Fig.4

of opening, but neber totally close.

Moreover, it is recommended not to connect a pipe to a discharge opening aof

adjust needle. Even if connect to it, only elbow and a pipe (shooter than 50 cm),

Adjust MNeedle Standard Position, Normal Dimensions of Screw Threads for
Adjust Needle Opening.

:|oRCadleogen closing pressure ( reseating pressure ) 030gudegudopcng&d adjusting needle
aBo3ldlonc50loncdi 838 needle § disc back side oo back pressuread onokG: closing pressure
3§ looudiadjusting needle 03805603q¢€ closing pressure [g&adldle8Geadn
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Air circuit breaker saa[qo&:

Arconve
Splitter Plates

A ——

Bus-bar
Isolating Plug
Fixed cm;: Linkad To
Operating
e Machanism
Alternator
Isolating Plug
- ==} ;Fllxible Copper Braid

2-1 Current Transformer Secondary Equivalent Method

A small test current equivalent to the secondary current of the current transformer (CT) is applied to the

OCR test terminals (see Fig. 1) to check the over current tripping characteristics.

ACB OCR Test terminal o3 o mA § current cosfg test cpbooudi UVT o3cd c832603 Rated voltage
GO:CIS]:Q@(.XS“



ACB

Switch a-contact K i
o0—ao - O
21 ()
AC Source . OCHR Test Terminals
o > ]
varible CT 38/50mA

Auto-transformer

Fig. 1l1. Test current source.

Table 3. Ratio of Built-in Current Transformers.

ACB Type-_.ftateé"c':;r;;ratnr Curt&nt,_ffﬁ-ﬁ CT Ratio (A/A)

LB - dn - AL.8 31.5/0.05
N5 € N = 8  63/0.05
AME-3 K- = Ip. £ 135 " 125/0.05
128 =< Ig < 250 250/0.05
AME-4 250 < Ip < 400  400/0.05
AME-6 NS = Ip = 530 ~ T §30/0.05
AME-8 500 < Io < BOO 1000/0.05
AME-10 800 =< Ip <1000 1000005

1) Open the disconnecting switch (this is not necessary when the generator and load are not adversely

affected by OCR tests).
2) When the ACB under test is fitted with a UVT, supply the rated voltage to the UVT.

Test current oooSecdlodedodlogadsods - rated current of the ACB under test =231 A (rated generator
current) [483q€ LTD current setting is 1.15 times [46c8 saedon Table 3 2203E:a3qE CT ratio of
250/0.05 [96qSlecd

The time-delay is 20 seconds at 120% of 1.15 times 231 A [g6c8 CT secondary equivalent test current

corresponding to this overcurrent value meoél

Test Current = 231 x 0.05/250 x 1.15 x 1.2 = 0.0638 A $06:qQ¢[gdSlondd



9) OCR test terminals kB § B' [0z $300 short cpbodkdlonoSi 538 short wire o3fgo5(G: test current o3

Terminal B’ § L o3eogeqdecSiccogge ACB o3 CLOSE cpddi(UVT o3 ddlecogqé Manual lever 3 close
c5cd close ofgddlopsn) [Geq€ test current 0.0638 A o3eoeGe ACB tripping time o3 0053l LTD 3q€ 20

+/- 3 Sec [gdqdlecdi eadodkqgenan ACB Trip [gd[gdgi: test current o3 turn off coSoli [B:odl3, KB & B o}
SHORT WIRE [4§s0050l The STD and instantaneous tripping characteristics can be similarly tested.

ACB mcx‘?:cfé:né]eogo@ecﬁ

MAIN CONTACT ASSEMBLY o308(g€:

ACB Contact tips 6oR03 0des0:03209l oxidation & sulfuration efEdesqE o8:36d3ucontact close
[90§§9r0p03lop egpodaicdiuudiosesied odleogadal apabudd contact surface [pd:esql
eodl 0odzageosdegpdll original thickness coo’ 1/3 less [§93qE moving & stationary contact
0050:033008030l stationary contact mounting screw coglg$ayodh

VT cBobfgts

UVT 030322603 voltage coslg: Handle § operate cpd[g: close cpdloppSdl [G:q€ trip cpdloppdl

UVT Coil o3 coil resistance o3&:{qppddh GesakigE 590 +/- 59 ohms §ooodonudigddloond3esq
Sloewpod no continuity s3qE33006c33l terminal screw cogaBaddl

TMC ( motor operator ) 0308(gC:

(L] Wheel
{2) Charging lever

(3) Limit switech
(L81/L82)

{4) Limit switch (L53)
(5) Closing spring

(6) Damper spring

(7) Latch lever

(8) Latch spring

(3) Latch release

Fig. l4. Motor operator mechanism, partial.



TMC o3 Control power cogGs ACB o3 Operate cpS[qppSdli TMC mounting screw cogoddlicdoddl
00q€adeddl sliding surface o3 approve grease Ol:0kapoddl

Arc chutes

arc chute o3l ACB 3200032glen[gd03 arc o3 Extingush cpd(@s  high level of energy o3 absorb cobdlonodn
ARC CHUTE 0e03l€:qE ACB qoSendli ARC CHUTE desqEed:qadzisseqiqBiotlon oqod8:03qudi filter
60R080553qudIese0R03 God] vacuum cleaner $00500050ll
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Circuit breaker / switch-disconnector

Arc chute
MXF2 opening release or .
MM undervoltage release M=/ opening release
e gl Terminal block for the ONIOFF
Brmina e
thie control auxiliaries indication contacts
2 Blocks of 4 additional OF
Terminal block fo "OMN/OFF" contacts or EF combined
ﬂ':.arr:;;hnl unit arruj “connectediclosed” contacts
the SDE contact{s)
Block of 4 OF "ON/OFF
indication contacts
Carrying grip %F chosing release
PF “ready o closs®
contact
o Operating-mechanism
charging handie
SDES? “fault4rip® B ging
de Tﬂi:hrt MCH gear motor for
H;?esat - electrical charging of
the operating mechanism
SDEM “fault-trip”
indication contact
i : Closing pushbutton
Control unit Opening pushbutton
Operation cownter

BPFE electrical closing pushbutton

Locking by padlocks

Keylocking kit



Masterpact NT/NW
Maintenance guide

Troubleshooting and solutions

Problem
circuit breaker cannot be closed lacally or
remaotely

Probable causes

W circuit breaker padiocked or keylocked in
the "open" position

m circuit breaker interlocked mechanically in
a source changeaver system

m circuit breaker not completely connected

m the reset button signalling a fault trip has
not been reset

m stored energy mechanism not charged

B MX opening shunt release permanently
supplied with power

m MN undervoltage release not supplied
with power

m XF closing release continuously supplied
with power, but circuit breaker not "ready to
close” (XF not wired in series with PF
contact)

= permanent trip order in the presence of a
Micrologic P or H control unit with minimum
voltage and minimum frequency protection
in Trip mode and the control unit powered

Solutions
0O disable the locking fonction

o check the position of the other circuit
breaker in the changeaver system

O meodify the situation to release the interlock
O terminate racking in {connecticn) of the
circuit breaker

O clear the fault

o push the reset button on the front of the
circuit breaker

o charge the mechanism manually

o if itis equipped with a an MCH gear motor,
check the supply of power to the motor. if the
problem persists,replace the gear motor
(MCH)

O there is an opening order.

Determine the origin of the order. The order
must be cancelled before the circuit breaker
can be closed

O there is an opening order.

Determine the origin of the order.

O check the voltage and the supply circuit
(U>0.85 Un). Ifthe problem persists, replace
the release

O cut the supply of power to the XF closing
release, then send the closing order again via
the XF, but only if the circuit breaker is "ready
to close”

0O disable these protection functions on the
Micrologic P or H control unit

circuit breaker cannot be closed remotely but
can be opened locally using the closing
pushbutton

m closing order not executed by the XF
closing release

O check the voltage and the supply circuit
(0.85 - 1.1 Un). If the problem persists,
replace the XF release

unexpected tripping without activation of the
reset button signalling a fault trip

® MN undervaltage release supply voltage
too low

m load-shedding order sent to the MX
opening release by another device

= unnecessary opening order from the MX
opening release

O check the voltage and the supply circuit
(U >0.85 Un)

0 check the overall load on the distribution
systam

o if necessary, modify the settings of devices
in the installation

O determine the origin of the order

unexpected tripping with activation of the
reset button signalling a fault trip

a fault is present:

m overload

m earth fault

m short-circuit detected by the control unit

0O determine and clear the causes of the
faultthe fault

O check the condition of the circuit breaker
before putting it back into service

instantaneous opening after each attempt to
close the circuit breaker with activation of the
reset button signalling a fault trip

m thermal memory

m transient overcurrent when closing

m closing on a short-circuit

O see the user manual of the control unit
O press the reset button

O meodify the distribution system or the
control-unit settings

O check the condition of the circuit breaker
before putting it back into service

O press the reset button

o clear the fault

O check the condition of the circuit breaker
before putting it back into service

0 press the reset button




Masterpact NT/NW
Maintenance guide

Troubleshooting and solutions

Problem

circuit breaker cannot be opened remotely,
but can be opened locally

Probable causes :
m opening order not executed by the MX
opening release

m opening order not executed by the MN
undervoltage release

Solutions

O check the voltage and the supply circuit
{0.7-1.1Un).

If the problem persists, replace the MX
release

o drop in voltage insufficient or residual
voltage (> 0.35 Un) across the terminals of
the undervoltage release. If the problem
persists, replace the MN release

circuit breaker cannot be opened locally

m operating mechanism malfunction or
welded contacts

o contact a Schneider service centre

circuit breaker cannot be reset locally but not
remotely

m insufficient supply voltage for the MCH
gear motor

O check the voltage and the supply circuit
{0.7-1.1 Un).

If the problem persists, replace the MCH
release

nuisance tripping of the circuit breaker with
activation of the reset button signalling a fault
trip

m reset button not pushed-in completely

0 push the reset button in completely

impossible to insert the crank in connected,
test or disconnected position

m a padlock or keylock is present on the
chassis or a door interlock is present

O disable the locking function

limpossible to turn the crank

m the reset button has not been pressed

O press the reset button

circuit breaker cannot be removed from
chassis

| circuit breaker not in disconnected
position

m the rails are not completely out

O turn the crank until the circuit breaker is in
disconnected position and the reset button
out

o pull the rails all the way out

circuit breaker cannot be connected (racked
in)

m chassis/circuit breaker mismatch
protection

m the safely shutters are locked

u the disconnecting-contact clusters are
incorrectly positioned

m chassis locked in disconnected position
m the reset button has not been pressed,
preventing rotation of the crank

m the circuit breaker has not been
sufficiently inserted in the chassis

O check that the chassis corresponds with
the circuit breaker

0 remove the lock(s)

O reposition the clusters

O disable the chassis locking function
O press the reset button

O insert the circuit breaker completely so that
it is engaged in the racking mechanism

circuit breaker cannot be locked in
disconnected position

m the circuit breaker is not in the right
position
m the cranck is still in the chassis

O check the circuit breaker position by
making sure the resett button is out
O remove the crank and store it

circuit breaker cannot be locked in
connected, test or disconnected position

m check that locking in any position is
enabled

m the circuit breaker is not in the right
position

m the cranck is still in the chassis

O contact a Schneider service centre

O check the circuit breaker position by
making sure the rese button is out
o0 remove the crank and store it

the crank cannot be inserted to connect or
disconnected the circuit breaker

m the rails are not completely in

O push the rails all the way in

the right-hand rail (chassis alone) or the
circuit breaker cannot be drawn out

m the crank is still in the chassis

O remove the crank and store it




ACB Close c06c80qq€ - reset co6c8eqodli trip oEesodli ON position ¢oecd§:00k8Easl

trip mechanism latch 03080l UVT Voltage eqpodesosl UVT coil open or short [gdesosl UVT Controller
0emIC:odli oodleagadqead UVT (OR) UVT Controller o3c3dliMotor operator , TMC
©6oaIC:03led33006050l

Trip o[g8qC - over current trip device ©coAIC:03 Slowwpod CT secondary coil open
[gdesodlocdleoglgbonoddonudigloeupodql UVT on Trip force sacdsaeadlnodecoodeudod loewrod
UVT ¢ Residual magnetism og§e503l Sloewrod SHT coil 03:3q€ SHT coil open [gbe503] i Slooupcd
SHT control switch oeo3lC:odloodleag|gboocddloncdi

Internal Structure
... * Motor charging type

@ E) () Stored energy type
1 Owercurrent trip device (Sofid-stats)
11 4 2 Arc chules
o 3 lsolating contacts of control circuits
i) 4 Line-side main circuit terminals
5 Draw-out moulded base
& Load-side main circuit tarminals
7 lsolating contacts of main clrouits
1 & Fixed arcing contacts
o % Moving arcing contacts
(F} (=] 10 Fixed main contacts
A 5) 11 Moving maln contacts
18 2 A 12 Closing mechanism
! 13 Trip bar
14 Inst. trip devices {lor marine use)
18 CT (for overcurrent trip device)
) . 16 Charging motor
0 9 17 Closing latch release
18 Closing spring
"‘@ 19 Charging handle
20 Cuick-close/Slow-close selactor lever
21 Auxiliary switches

304 generator cogen stator winding co30303E:c0:0AlAldloncdn lmely€ generator protection 830305 CT &
VT cogones Current & voltage o3 sense cobelonodi



OCRT - Over Current Inverse Time relay function s3o3loo Over current odlangpseco

[4$[eSlgodqecuados cosotlongpia’ saefgdoopdesdlndodkadgddlonud

NPS - Negative Phase Sequence relay oo stator currents Q amount of unbalance
aB303&:09gdAon0dn $36adlod NPS 00§03:03l 8:005q Stator & rotor temp o sagpeaBionodeocd NPS

current setting o3 0.2 x rated generator current edlo5o0l:ono5dlonudn

DIFF - each end of a stator phase winding o current copq differential 0303&:0dgddlooudn 338
current cogoglfgpegodon stator winding internal fault ( short circuit coil turn or earth fault ) o3jgdloocS
0.1 x rated generator current codlodadkonoSAlonedi

OV/UV - Under Voltage and Over Voltage functions eogrr‘ﬁ Sense C\?SOQ relays eog?; Setting
¢0Rm0.8 X rated voltage (UVT) and 1.2 x rated voltage(OV) ecdloGonoddlonudn time delay = 2 Sec
6cdl05§on05Clondd

UF/OF- Under and Over Frequency settings cogon 6o Hz 32030568 58 Hz and 62 Hz
e3loda0kon0dAlonLSI

RP - parallel cdl€:o3cpbadlo3 Generators Gogen reverse power protection dqdleodi

§-09% & 0.§) - 9 sec §8§02050loocdi

RATED VOLT AC 480V
RATED CURRRENT 1283A
LONG TIME DELAY ) IO
iy 20SECat 1411A ¥ 120%
AIR OVER ?&c;m TIMEDELAY | 400 SEC at 3208A
CIRCUIT | CURRENT
BREAKER |TRIP PREFERENCE TRIP 10SEC at 1347 % 120%
INST TRIP 12.8KA

PROTECTION RELAY REVERSE POWER TRIP | 10SEC at 80KW




Caractéristiques électriques / Electrical characteristics

Nombre de polaa.fumbers : COUIorQ

3 3 3
Version E 4 4 4
Courant assigné / Rated current In (A)40°C 1000 2000 4000
Tensi ignée d'isclement / Rafed ftag ui (V) 1000
Tenue assignée de tenue aux chocs [ Rated impulse withstand voltag Uimp (kV) 12
Tension assignée d'emplol / Rated operational voitage Ue (V) 500/900
Type de disjoncteur N H N H N H
Pouvoir de coupure ultime L/R=5ms leu(kA) VCC 500 |85 100 B85 100 B85 100
Ultimate breaking capacity 750 |- 85 - 85 = B85
9800 |- B85 = B85 - B5
L/R=15ms 500 |35 85 a5 B85 35 B85
750 |- 50 - 50 - 50
900 |- 35 - a5 - as
UR=30ms 500 (25 [50 |25 |50  [25  [50
750 |- 50 - 50 = 50
900 |- 25 - 25 - 25
Pouvoir assigné de coupure de service / Service breaking capacity Ies (% lou) |100%
Pouvoir assigné de de service / Service meking capecity lem (% lcu) 100 %
Courant de courte durée /Short-time withstand lew 15 50 |85 |50 [es |50 85
Catégorie d'utilisation / Utilisation category B
Temps de coupure / Breaking time ms 30a/r075
! g time ms <70
C n selon IEC 60664-1/ FPollution degree as per /EC 60664-1 4
Durabilits sF/O)  Mécanigue / M avec / with \ance 20000
Durability (C/O cycles) sans / without malr 10000
Electrique / £/ sans / mai VCC 500 (8500  [s000  [2000
9800 |- 2000 - 2000 - 1000
C diialres / Auxiliary 1 - - - - - -
Déclencheurs voltmétrique / Voltage rel MX dé shunt/ MX shunt = - - - - -
MN minimum de tension / MN undervoltage - - - - - -
Type HA HA HA
Pouvolr def de service | Rated g lem (KA) 85 85 85
Courant de courte durée admissible / Rated short-time withstand current lew 1s (kA) 85 B85 a5
R /G Débrochable / Drawout 3P PAR/RC Horiz. - - - - - -
4P PAR/RC Vert. = ] - - ] -
Fixe / Fixed 3r PAR/RC Horz. = - - - - -
4P PAR/RC Vert. L - - - = -
-25°Ca/ o +70°C
-35°Ca/fo+70°C

Déclencheurs

Protection contre les courts-circuits par unité de contrdle Micrologic 1.0 DC
Les disjoncteurs Masterpact NW & courant continu utilisent des unités de contrdle
Micrologic 1.0. Ce type de protection interchangeable a seuil instantané, associée a
des capteurs électromagnétiques, est réglable sur site. Les disjoncteurs peuvent étre
associés a trois versions de capteurs (voir tableau ci-aprés), définies par leur réglage.
Principe de réglage

Les réglages sont accessibles depuis la face avant, porte de tableau ouverte.

m Le réglage se fait par I'entrée (pdle plus) et la sortie (p&le moins).

m La plage comporte 11 positions a 5 crans préférentiels marqués A, B, C, D, E.

m Les valeurs de réglages des 2 capteurs doivent &tre identiques.

Trip units

Protection against short-circuits by the Micrologic 1.0 DC control unit
Masterpact NW DC circuit breakers use Micrologic 1.0 DC control units. These
interchangeable units with instantaneous thresholds, operating with electromagnetic
sensors, can be adjusted on sile.

The circuit breakers can be used with three versions of sensors (see table below)
defined by their setting range.

Adjustments

Settings may be accessed from the front, with the switchboard door open.

m Setltings are made for the input (+ pole) and the output (- pole).

m The setting range comprises eleven positions, plus five preferential settings marked
A B C DandE.

m The settings for the two corresponding sensors must be identical.




1-cpp system 009> clutch 08[Gse pitch control 03 hydraulic oil eqpobezaIE0588dadlkcdn

J-0¢& normal current - In =1000 Amp cadlod§ ACB ooadsd) specification ¢ Short time withstand (Icw
75kA 1s) a3[Gsdloncdn gaglodlodelgposlad

3-33[y€ spare room o30o ACB 320080000:0% MANUAL HANDLE & CHARGE cod[g: CLOSE cpbloppdq ACB
CLOSE [g6dlocdkionlcdedu

G-corrosion ofgdesaE o3loguSo3s00: 000S5b9Gcd oAleogcd
§-33[g€ 2093lo atmosphere & 230 @lqp:c0a58(Gs 93lcd corrosion dladelgg qEdB:03056kagudqoslad

E-031Eadl 90603 chemical coges Magnetite , Good metal passivation s3(Gs
g%zoooﬁmo&s?;é]ﬁﬁeh)oékﬁu

7-ACB 000 draw out ©cpbeCailenqEapbqecdi

o-reverse power trip ¢>o3lc3 time delay adkodledn

@-bus tie breaker ¢> UVT doknodloded

00-052060305{200059qE 6805e{d Ge01warCd8EE:C adeqEglodleso3nndabadk

11-MC engine cylinder head ¢> 83q& b0 relief valve 02600kG: (s29@0d] indicator cock
§02c0lonbadkonud) opening pressure = Pmax + 40% 6adlodg$3E:adkon0dio0mmed 32EqIEad Siecdlod
pressure [g€00053qC =38 valve Goozeooser:n cdadecdlodecdlad relief cp68EJecdkionpo8Eql
m@o@ésé relief Q&%&Gs'ﬂgwgoélzcﬂlzuéls@@§§é:m 3l

o J-MC Engine $igo: 338 relief valve g&ecdlobesile oadcdkeado fault pressure ofgdesal
00dcdaslogudadkad

op-wartsila sulzer engine cogon super slow speed colc:q€adlocoboqpecdeog MC Engine cogon slide
fuel valve a[gp&:006§E:00051 383 slide valve efgpEiondoqpondod 328590:6dIE:§E03 load

[Spleniovicleu ealab!

oG- safety relief valve full lift type cogen simmer odeagpgCqadlodqi§qocd

0g)-6§00538: turbocharger cogenddodkol integrated burst protection arrangement  s3o3lodlcd
ol-354)| turbocharger cogen turbine side ¢ turbine outlet diffuser CloooSigSslodleacgndonbadlolad
0q- turbocharger internal bearing type cogen rotor shaft diameter o3 o3lc8q§Ea0eadlnd eooadkodlcd

oe-mc engine 5 cylinder 5560MC § 6 cylinder Glo3 6S60MC 32EqiE exhaust valve hydraulic actuating
gear hydraulic cylinder 0opbeadlob¢odloglodn o3laded



o@- OROS Piston , large bore MC engine copq exhaust valve hydraulic actuating gear ¢o o3lo safety

valve 0060000

20-soot blow steam line o> 7K100A VALVE oocd:eeailC:adcdqi€onudi store 9§:05¢n CAST IRON VALVE
Qudn CAST STEEL §006adko3 VALVE Qb j §p 0oudionuduilaBodsecdiosladed

21- electro pneumatic valve positioner 039 nozzle block [§o5[Beg$006qEa0u5ed setting [g§§Socdi

Electro-pneumatic valve positioner 0o nozzle , flapper 0090300833k(gE position eelpE:qonudeos

aBcBfgodes0sfG:qC position [gS$§§qucdizi8adq$q flapper o3 nozzle $2:006adk( 20 MA cosBs
N80 cogro3eod actuator o3ogl:adeeo pressure opqeodi 330800365 qPe> nozzle block

B$6031608050M

JJ-M.C Engine &> rpm o3 proximity switch 238 Nabtesco o005a309050oc31

Turning gear 328053269300305§ - 00q Gadlod§oncditen key address = 194

Jo-qolal o305q 00§33 speed order olfgpond 0005c8 03§:cd

The controller serves to compare the rotating speed commanded, with actual engine speed detected by

the use of proximity switch, execute the PID calculation for the deviation to control the actuator

connected to the fuel pump, and further to adjust the amount of fuel supplied to the engine so that the

deviation in speed can be eliminated

.Ratio of pcomp relative to p scav — 35.2

JG-Fuel limiter - The equipment = governor is incorporated with four types of fuel limiters for prevention
of engine over-load and stalling. Nabtesco ¢ G gdlonuSodn S3dlodleoged

o. MAX. LIMITER
J- TORQUE LIMITER
Q- SCAVEN. LIMITER
G. MIN. LIMITER

25-209€ MC Engine @ogod:an pilot air manual valve oes distributor o30gka3 eeocdEsopoien valve 26
0§c distributor o3on reversing disc & distributor disc 2 9 seize [48[g: 3EqC8:0qa3 [goosn
[§6ec0doncdigadlodled [gboslcdn €38 valve 26 veoAE:cd 3006c30qpedqe [godaood(Bs cock oo9d
300k:0305qE g8 Ecdi

Mc engine starting air line o> valve 26 godagkooodi spare oo §:: 30 bar $§Ea3 cock 0o900p50E
Qeadkiqonuded 38 dkk |5 oo olzaogedaopdadkodlad



26-MC Engine ¢> main engine aux blower 2 a$:§03320300 000d:qoHogkqE og§000d:055 manoeuvring
cvdcdqadkiturbocharger compressor 320905600 air cooler,water mist catcher o3[goS[g: receiver
aBeqpodoncSiaux blower saagodaneadl air cooler / water mist catcher o3qod(Gs receiver odeqpadosladk

aux blower inlet cooon 2005030
27- slide fuel valve afgp&:o0603l3 93lad low load cdl:adqadlcdn

ME/ME-C engines are equipped with slide fuel valves as standard. The injection pressure is independent
of the engine load and creates an optimised injection on all load levels and, accordingly, makes

cylindercut out less relevant for securing stable running conditions at very low loads.
28-MC Engine og¢) NOx emission oo low load ¢n3qpscdln high load ¢adqpscdl
29-MC engine eop exhaust valve spindle o3co:03 sealing system o00058G:Gcdn odleogedi

00-MC engine @0y air starting valve leak [3dq€ main air starting line ad hot leak gas

eogeoemalConuSadapbadladi

31-PLC $0050005c3 Set & Reset FLIP FLOP a803lodlod 9005 FUNCTION eosagpsat:od:onceadi
ocp08[Brocmese (preset time aqpode) on odl on delay,s38c8o30cnese OFF o€ OFF DELAY
09-RETENTIVE ON DELAY &303lo3lc3i(RETENTIVE = ABLE TO RETAIN)

On delay timer o> accumulate time o> preset time §eopeo0:cd power off c8a5q¢ accumulate time o3
a5p00p0c305000dn retentive on delay timer oo power off o5 accumulate time 03 9dpoePEIBEPOS3
6500800005

34- 3 term controller & 3 element controller o3loglcd:

0§)- exhaust valve spring air pressure (G.§) bar) acdloSen slow down [gdoo0Si o3led slow down function
copodliosladisad pressure oo slow down ofgdqEadlgdSEcd

36-PLC 6og¢nad:a3 XIC ( examine if close ) § aqidodoodco&ieog¢nad:al NC (normally close)zopadk
580353 XIO (examine if open ) § NO(Normally open)§oaadki

37-Inductive proximity sensor § Capacitive proximity sensor odloglcdi oo0dwilon Metal og033
FleoilCieoills detect apd§Eo0adionudullon non metallic object o3 detect (OSES

38-4-20 mA input signal §edlC:e$03 PID System 009¢o 0 mA input signal o€ adlq€ PID System
05cd0r§[gSendcoladl

39-4-20 mA 03 0-10 V coo53308:qpi{gponudigsdlodlelgmEad.

Go-pulse width modulation(PWM) a3e500500§z0005c3esl [qpcditime proportioning control



41- 500 watt § heater coil 009cd08a54G: temp JgSeogiéol famfgrgéiféeogéol omecvé §
0850008 200508 CONTROL jraSesl EEcdn

G.J- hydraulic MOTOR 009254G: 0800908 003 ( 20695] eogposeod WINDLASS 098 ) hydraulic
system oopen - GoPOS(©)esops 6el:03 HANDLE 903 33653300k cogposfgsecypooyagkesslé
20508 B6cokad) ANCHOR o 69admes ecoadeqpascilfi$en hydraulic motor 6d] 20056900503 oS
efgpsagkonoSizzdmeiSen cagpeoyatkas elpéoiofsaodbasal(e) SEesaltonusaSBsackadn

However, the ME/ME-C engine also offersopportunities for implementing other operating modes than the
economy mode described briefly above. The most common alternative operating mode installed on the
ME/ME-C engines is the so-called emission mode, where the NOBxBemission cycle value is lowered by
10% to 25% by special adjustment of engineparameters mainly in the high load area (75% and 100%)

The SFOC gain in the low and part-load area will be 1-2 g/kWh compared to the obtainable reference
economy mode, and the SFOC increase in the high and full-load area will also be 1-2 g/kWh when
compared to the obtainable reference economy mode. The engine will, however, be able to operate in

the reference economy mode by pushing a button on the ME engine control panel.

Engine Load | Exh. boiler by-pass | Slide valves Cylinder cut out
> 40% No Recommended No
Not necessary
20 - 40% Yes Yes No
< 20% Yes Yes Yes*
“Only at extreme low load (less than 40% MCR-rpm). This is mainly relevant for tankers during so-called

lightering service, or low load leaving/entering harbour of container ships.

TBO 8303 Time between overhaul o3 MAN B&W s35083[3:0kodl 20993 SIOMC-C/ME-C 32EqiCaogen 9
000 R.H( § $6)2208qadl[§cadaddlonudn

Sodqodloncd 03 6mlCigScvo3 DESIGN saa0deoge|gpm]gdilonudissjgopeoncoscodfG: DESIGN o
[4GonCasadd & & DESIGN cde(ipqeneogmeod)

- OROS combustion chamber with high topland piston

- Cylinder liner with optimised liner wall temperature

- Alu-coated piston rings, Controlled Pressure Relieve (CPR) top ring
- Alpha Lubricator in ACC mode(0.19 g/bhphXS%)

- Exhaust valve: Nimonic spindles and W-seat bottom piece

- Slide fuel valves



¢0R0[gddlonud

Exhaust valve: Nimonic spindles and W-seat bottom piece

013 Lifting ey bolt
025 Screw
037 Lifing st@achment
049 Gasket
050 Orificie
D62 Gashket
o7 il edinder
D26 Stud
092 | Mut
108 Safety strap
131 iz
133 Screw
145 Lock washer
1649 Air eydinder
170 Plug screw
182 Gasket
104 Ball cock
204 | Sorew
216 “whlwe housing
225 Coer
244 Gashet
265 Screw
27T e =pindle
i) Flange
zan Gasket
300 Stop screw
32 0-ring
324 |'whlve seat
336 Q-ring
361 Pi=ton ring
373 Guide ring
385 Sealing ring
3497 Gasket
07 0-ring
419 Satfety valwe
20 Dz
432 Sorew
444 | Lock washer
456 Piston , complete
468 | Piston
431 Sealing ring
515 Damper piston
527 Piston
530 Spring
40 Dizc, please state height 12 or 15 mn
&6 -ring
576 2-ring
sa8 Flange
G611 Sealing ring
G623 Sorew
G35 Flange
Gy Liner for spindle guide
659 Spindle guide
672 Gasket
G2 Plug screm
GOG Gashket
FOG Flange
71g Sorew
3 Cooling water connection
43 O-ring
TET Cup point screm
778 | Pin
T80 | Guide
¥4I [ Union nut
802 | Secrewed connection
814 | Gashet
26 | O-ring
838 | Spring
51 | Spring retainer
863 | Spring pin




The exhaust valves is used for o- expelling the burnt gases from the engine cylinder. j-seal gases on
compression and combustion periods-§o05[8: opw3l combustion chamber & component 0o9[gdclod
o) 209E32805 :§03 208eodl03 turbocharging dsdoneads(BeelypCieudgtyl =2EqEq compression
pressure o3[g&onEgEa combustion cqadlo’ g&:eaEecgn’ 332008 E[REs(poudl - T/C constant pressure
system > exhaust valve gE§§03 65205a0058E08) 0303 pEEEAoDLdI

MC sa€qiEeocoslancd:olesq cylinder cover coy central bore ¢oExhaust valve eogondadkdlooud
exhaust valve housing o3 hydraulic nut 4 a%:5 03058 gas tight [gdesalCanbodkdlondd

Valve housing § exchangeable bottom piece o3l valve spindle o3¢3 hardened cpbadko’ conical seat

AldloooSiz38 valve spindle 320305 spindle guide 0o 38 [gio5 026 o8 q Joocdi saezR:60:03 6qon valve

housing  e=alodfgb:nolfs  meedlonogodoll  cylinder cover § cooling water outlet pipe 3
cAlE:ogldlonudigi8esqp cooling water flow o3 control cwod orifice plate o3 copdadkdlooudn valve

housing & cooling space 6320§0E:6q:0068 0des0:qEeEoppd3 cover ooedllondi

Valve spindle o> Nimonic type [48[g: bottom piece o hardened heat resistant steel [gdCloocSi

Exhaust valve air cylinder 220305 sealing cobodkadesqadgodoosiesqal Valve spindle & stem esqred

(wear resistance mixture of metal carbide and super alloy) o3 HVOF Process & 3205k:00€0dkdloncdi

Valve spindle ¢ lower part ¢ spindle 03 copbodaacg05 vane wheel 0o6adkdlooudi

Exhaust valve  008330060000000068  lifting/rotation  check  rod  oBhydraulic  cylinder
aBSeonbodkiloncdiSpindle 2a6d8E:¢n o- air piston( exhaust valveo3 [g$805%u)spindle ¢ conical ring
$06:00kGlooddl - hydraulic piston (exhaust valve &3 piston ring 2 9§ damping arrangement
Aldlonud)eogondadkdlonudizad hydraulic piston o3 cam shaft col ¢o06adko3 exhaust cam onedlCieo:al
valve actuator gear mdco:o3 hydraulic pressure § acting coSdloooSiopening oil pressure oo 060
odkecdlodg[Besafety valve oo poo  odk§Sadkdooudn (ME saEqeneod] FIVA §)Valve housing
aB86e0onbedko] air cylinder oo exhaust valve [3$3058 odlo§uadloncdiHydraulic cylinder ooeod) air piston

;60 00den stud & nut eopd oobodkdloncdiSealing air arrangement o3 air cylinderoobadko3  spindle

65qezal0d80:0000a0kdoudIopon exhaust gas $seei$eop running surface odeoCesalé Pneumatic

system o3drecgenesilC odlopudeusdloncdi air cylinder oo oil mist dlodecoon sealing ring o3
2005006:905600lon0di F.W.E ¢ sealing air auto cut off [g6dloocdi




Exhaust valve eoTcro § Load cogon-o-Thermal load on valve head. j-Tensile stress on the stem.p-Friction
with guide on stem.g-Hammering effect on the valve seat. §-Erosion of hot and cold gases on valve
head.

Material -For exhaust valves; o-The material should retain its greatest strength at high temperature. J-
The material should retain its properties after repeated heating to working temperature and cooling in air,
i.e. there should be no tendency to air harden.p-Critical temperature should be above 800°C.¢-There
should be no tendency to scaling at high temperatures.)-Steel should be resistance to hot and cold
corrosion attack.5-Must be easily forged and machined.q-Be capable of consistent and reliable heat

treatment.

soqjexhaust valve 6ogen stem seal [qpolg98

COL eslo3 Control oil leve design cp&odkclooud




To extend frequency of overhauled —

TBO 038390§8c060dkoleonodlonndaé

Component Realistic
potential
Piston rings 12-16,000 16,000 24,000 32,000
Piston crown 12-16,000 16,000 24,000 32,000
Piston crown, 24,000 24,000 24,000 32,000
rechroming
Exhaust valve, spindle
and hottom piece 16,000 16,000 16,000 32,000
Fuel valve 8,000 (nozzle) | 8,000 (nozzle) | 8,000 (nozzle) | 8,000 (nozzle)
8,000 16,000 16,000 16,000
(spindle guide) | (spindle guids) | (spindle guide) | (spincle guids)
Fuel pump 16,000 32,000 32,000
Fusl pressure booster 48,000 48,000

o- Sealing air o> exhaust gas & 320/$6030303l0z0500001

J-air cylinder oo oil mist Cloecoms sealing ring 03 2005008:qp5e00005i( [G:eod] new sealing air system
on exhaust valve air spring ces cozadi Oil mist apdlad spindle c3oddke3adlopdonudi)

Oil sealing 03:q€ 8086a3eqpadadloloncSi

Damped closing

Modified exhaust spindle guide sealing air
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G- w seat type exhaust valve bottom piece 63a%:00kcd 2065006:905cdloncdi

The W-seat Type Exhaust Valve Bottom Piece has been composed of two narrow concentric contact

areas.

The effect of this structure is that carbon particles trapped between the valve spindle seat and the
bottom piece seat will be crushed at valve closing process and squeezed out at valve opening process.
Consequently, since the generation of dent marks are eliminated considerably, the valve seat is kept
clean and long overhaul interval of the exhaust valve can be achieved.(valve spindle seat & bottom piece

seat [qp:cdlopdo3 carbon deposit cogon valve 32805¢086gdq[B: o3k{yS3a9Een 32[gCad 0psi00addqad
exhaust valve 2065006:03[gE&onEdonudn)
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G-orifice copd[g: optimize cooling water system a3:00kc3 valve housing temp o3 cold corrosion [46§Ea3
temp soed ¢088:05:8E0ndI
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qQ-cold corrosion  [§®8Eeqqp:o3  spindle  guide boss  souzesRdEqOEIGSPOOdOEED
madldoneoiodkonudidaadks§eilti([Geod] gas duct o3 high velocity sprayed diamalloy 1005 coating

th the high temperature level; a

st iron spindle guide bushing is
cessary.

cpodlanadn) - Long Spindle guide o> grey cast iron §
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High spindle guide

©-Valve spindle oo Nimonic type ( Duraspindle 03c303:8Eloo0Sn)[gd[Gs bottom piece oo hardened heat
resistant steel §co5akonudi

W-saat for exhaust valve

Nimonic valve after 25,500 ho

DuraSpindle after 33,500 hours



e-Exhaust valve air cylinder 820305 sealing coSoCka3esqOB(god0sesqa3 Valve spindle § stem
e$Pe> (wear resistance mixture of metal carbide and super alloy) 091’ HVOF Process $
30231008kl S

Deposition of Tungsten Carbide (WC) in -~

Piston Ring Groove by HVOF man

: _ Piston ring groove o3 HVOF
) Process § 3203k00&0
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o0-valve seat ¢o recess chamber clod 2005006:033g056000001 MC engine exhaust valve seat coged
recess chamber 8303 algpEsdlonudi apan scavenge air 3 compression stroke voaecied

o&sopadkonudi F38ecom valve seat 2005006:038000600000I

G8 Clearance

42 ~98MC/-C 1.0 mm
Recess outer rim 26, 36MC 0.5 mm
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00- slide fuel valve o3 03:c3 exhaust valve ¢> soot cdodleaqpeecnudidqo3sspdsodcdengpeoondd

Conventional Fuel Valve Slide Fuel Valve

Conventional Fuel Valve Slide Fuel Valve

6334 hours 6334 hours

6334 hours

e Conventional = =g= = MiniSas ——g—=Slide

Bottom Seat

0 J-03k=a805¢n damping [gdesaléanbodkad impact load odeaqpeococdi

0p-OROS combustion chamber with high topland piston o3o%:00kcd exhaust valve $qo3 temp
o3eaqpeeonddi



oG- small & medium bore engine cogq exhaust valve bottom piece easloded: 0'ring o3 special Teflon seal

with spring back up (U-seal) §cp6c0kcloncdi (equdoslodlogeda)
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Today, an alarm indicates when the air pressure drops to 5.5 bar. However, with the introduction of the
new slow-down function, the engine load is, as an extra precaution, lowered automatically if the air

pressure drops below 4.5 bar.

The reason for the introduction of this extra precaution is the recognition of the damage that may occur
if the air spring pressure to close the exhaust valve becomes too low at high engine loads. The exhaust
valve spindle may then reach the mechanical end-stop in the fully open position while, at the same time,
the exhaust valve actuator produces max. hydraulic pressure. The slow-down function in connection with
the safety relief valve will prevent major damage to the camshaft and the exhaust valve.

General design of starting and manoeuvring air systems for adequate air supply

Two cases of malfunctioning of exhaust gas valves on large two-stroke engines that were not fitted with

the above-mentioned safety valve and pressure switch have been reported recently. In both cases, the



air spring pressure to close the exhaust valves had become too low, due to operational reasons, and the
valve spindles reached the mechanical end-stop in the fully open position while, at the same time, the
exhaust actuator produced max. hydraulic pressure. This led to the cams slipping from their positions and

to the exhaust valve air pistons becoming damaged.

Oros 0doooE320305 exhaust valve

Sealing ol dosage unit

Quick acting safety valve with
“stay open function”

Disc spring
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NGS5, 38 01

265 204 SEE"HQ ﬁﬂg
27 216 | Sealing ring
228 | Spindle guide
253 Disc spring
300 265 Flange

277 Screw
289 | Sealing ring
300 | O-ring

During the starting sequence in ASTERN direction, the exhaust valve will start to open while the cylinder
is still being supplied with starting air. The puncture valve B will delay opening of the exhaust valve until
the starting air sequence has finished

lve On 4—cylinder reversible engines as well as on 5—cylinder reversible

50MC engines a puncture valve may be mounted on the exhaust valve

P P Alia mravanto tha avhanet yalua fram

JENEPY PR o TI whivmoy  dbaim ar ».
cdAlldgalin. UG sldallitily, o valve RITVCIibe LTS TAlldUuol vaive HJin

opening during the first part of the actuator piston’ s upward stroke.
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open ar the same time, thus ensuring a safe start

00m05c cylinder 4 or 5 cd:30lo3 MC ealqi€eopq starting co6o3 overlap oo 308 £:900503 33[gdon
ologudad astern §: 033a§$ actuator piston upward stroke o hydraulic actuating gear hydraulic
cylinder ¢200603k03 puncture valve oo g&eosadkad exhaust valve 805G air starting overlap 03qeocd

§:qagudagl:Slondd




The engine is provided with electrically-driven blowers. The suction side of blowers is
connected to the scavenge air space after the air cooler.
Between the air cooler and the scavenge air receiver, non-return-valves are fitted which

e aux Imr\l blowers ennnl\/ the air.

i

The auxiliary blowers will start operating before the engine is started and will ensure
sufficient scavenge air pressure to obtain a safe start.

During operatlon of the engine, the auxiliary biowers wili start automaticaity
engine load is reduced to about 30-40% and they will continue operating

again exceeds approximately 40-50%.

each time th
until the loa

Q@

In cases where one of the auxiliary blowers is out of service, the other auxiliary blower will
automatically compensate without any manual readjustment of the valves, thus avoiding
any engine load reduction. ‘ ‘

CPR ring G§005a: 30006 (exhaust valve $603036080Edlop:)

0ld design CPR ring



Milled Passage

359 alu coated CPR Ring pack 0060003008 =EqiEe CPR Ring oo CL groove copolodla& TBO
? gp ) qQIeeozke? g g 0301k

03J020SH(CPR 0070503 32E:8: piston ring cogon cut cpdSodkaiesqpan pressure relieve co6oo0Sn) 9
CPR ring ong3dlo3805adkeod] CL groove dkogliql liner & ring [po: contact pressure cogonoS[Gsadhensive
wear (988 liner & ring 3dkadlonudi port on plane (POP) 8303 CPR Ring design 206¢ 3a6dl qods0[ySen
milled passage eoosdleod ring dkqé milled passage oo J release cobeo:d contact pressure

oB3cdo0eadlod0d5:00k§EAS liner dkodlono3logudonod

MAN Diesel has decided to omit the so-called safety valve on allnew engines delivered from 1 January
2007, as all engines of the MAN B&W design already have a built-in safety function with regard to
excessive combustion pressure. Many years ago, all classification societies of IACS (International
Associations of Classification Societies) introduced rules that required safety valves with the combustion
chambers. The classification societies requested that the opening pressure be adjusted to approximate
pmax + 40%.

In order to fulfil this class rule, MAN Diesel A/S developed safety valves that were design approved,
pressure tested and certified by the individual classification society. even though MAN Diesel was aware
that for reasons of design and space limitations, the opening area in the safety valve would be
insufficient to relieve the cylinder pressure fast enough.

A safety valve complying with this requirement requires an opening area in the size of the exhaust valve
opening area, which is impractical. As a consequence, MAN Diesel initiated a dialogue with the class
societies in the forum of IACS/CIMAC, with a view to omit such valves. MAN Diesel has argued that the
function of the safety valve is insufficient, and that too high a cylinder pressure is actually limited solely
by the cylinder cover lifting.

IACS and the majority of the class societies have accepted our point of view and, subsequently, the text
in the TIACS Unified Rules has been changed. Therefore iACS and the major classification societies have

now adjusted their rules so that a safety valve or a warning device is no longer required.



Despite the fact that the majority and major classification societies have approved the above change - a
dialogue is still ongoing with a few class societies regarding their final approval. Therefore, owners and
operators of MAN B&W two-stroke engines should obtain acceptance from the relevant class society prior

to initiating the above modification.

Once approval has been obtained - the necessary parts described above can be ordered from MAN Diesel
or the relevant engine builder.

Questions or comments regarding this EL should be directed to our Dept.

MAN Diesel has decided to omit the so-called safety valve on all new engines delivered from 1 January
2007, as all engines of the MAN B&W design already have a built-in safety function with regard to
excessive combustion pressure.

The cylinder pressure is controlled as a part of routine maintenance, and in the event that the cylinder
pressure exceeds the design limit, the elasticity in the cylinder cover studs will allow the cylinder cover to
lift, thereby ensuring relief of the high pressure gas. The safety valve used so far will not, in any case, be
able to cater for such a situation.

Thus, the safety valve on engines in service can be omitted, pending the simple modification described in
the following as well as approval from the relevant classification society

Rir Starting * substitute the valve with a plug in accordance with EN47AR22
Valve + add a jacketed packing ring in accordance with EN14B2230.

oA

#4—— Gtarting Air

i
Vo [ e—— CoolingWater
from Liner

(a) Purpose



Cylinder relief valve is fitted in each cylinder to protect the
cylinder against the excessive internal pressure that is higher than the
maximum fire pressure in the cylinder. In the case of excessive pressure
in the cylinder, it can relief to the direction in such a way as to be

harmless to personnel.
Pressure Setting

The blow off pressure can be adjusted by turmning the cap nut or
adjustable nut after slacken the lock nut. It is between the valve housing

and the guide.

The blow off pressure should be adjusted 20 to 30 % above the

normal working pressure.

The recommendations are to be considered as overall guidelines based on engine performance including

the exhaust gas boiler in general. In case permanent low-load operation of the engine is required, the

exhaust gas boiler manufacturer should be
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consulted for advice, as well.

Low-load operation with MC/MC-C engines With the introduction of slide fuel valves, engine conditions for

service at low loads for long term operation have been significantly improved.

With slide valves, satisfactory continuous running conditions can be obtained down to 50-60% of MCR
rpm (10-20% engine load) without making any changes on the engine itself, but obeying certain

procedures in this range below 40%.

The engine load can be reduced to 40% without taking any particular precautions in the systems and
procedures. At any load above 40%, the auxiliary blower has generally switched off, and the exhaust gas

has a velocity which is sufficient for
transporting soot away during normal operation and soot blasting.
Measures to improve the fuel valve performance at low load:

1) Introduction of slide valves (i.e. fuel valve atomizers with no sac volume). Slide valves are our
standard today and can be installed as retrofit on MC/MC-C engines in service. In the slide valve, the sac

volume is omitted and the combustion is improved during all load steps.

2) Cylinder cut-out system- The cylinder cut-out system, to be used at rpm’s below 40% of MCR rpm,
allows the engine to operate with only half of the cylinders, resulting in increased load on the operating
cylinders with improved operating conditions for the fuel system as a result and, thereby, ensuring stable
running conditions down to 20-25% of nominal rpm. The speed limits for the actual plant should be

evaluated by MAN Diesel on a case-to-case basis

Furthermore, in some special cases, it can be relevant to introduce auxiliary blowers with increased
capacity in order to reach a higher load before they switch off. In such case, the auxiliary blowers are
running permanently at relatively high part loads in

accordance with the increased setting point for “cut out”

To avoid continuous start/stop of the auxiliary blowers, the permanent low-load operation should be set

to a level outside cut in/cut out of the auxiliary blowers.

The MC/MC-C engines can be operated below 20% load without special measures for improvement of
slow steaming conditions for short periods (12-24 hours). However, it is recommended to increase the
engine load above 75% load for approx. one hour every 12 hours in order to increase the velocity of the

gas and there by clean the gas ways.



In relation to the expected increased depositing of soot in the internal parts of the engine and
turbocharger, special attention should be given to turbocharger cleaning, which should be carried out

more frequent than stated in the instruction for normal operation.

Optimisation of the part load service conditions by turbocharger re-matching and change of fuel nozzles

will change the IMO NOXx certification and require a new IMO certification of the engine.

If the desired ship speed is at very low loads (i.e. below 20% load), turbocharger matching has only

marginal influence on the engine performance, and only marginal improvements can be obtained by re-

matching.
Engine Load | Exh. boiler by-pass | Slide valves Cylinder cut out
> 40% No Recommended No
Not necessary
20 — 40% Yes Yes No
< 20% Yes Yes Yes*

“Only at extreme low load (less than 40% MCR-rpm). This is mainly relevant for tankers during so-called
lightering service, or low load leaving/entering harbour of container ships.

Starting Air Valve
Non-Retum Valve in Starting Air Pipe
Starting Air Distributor

L-MC Engines

Dear Sirs,

We have recently experienced cases on the above engine types where leaking starting air valves have resulted in
consequential damage in starting air distributors of the rotary type because of malfunctioning of the non-retum valve
owing to dirt and other foreign partides. Ref. Ag. 1.

The sequence of the mishaps has been as follows:

Leaking starting air valves have resulted in excess exhaust gas pressure in the main starting air pipe after the main starting
valve. The venting hole pos. 1, in the starting air pipe, has not been able to release the gas pressure, which has passed the
non-fundioning non-retum valve pos. 2, and entered the space pos. 3 in the starting air distributor. This has caused the
reversing disc and the distributor disc to be permanently pressed together with consequential abrasive wear, eventually giving
starting difficulties.

Pressure buitt-up in the main starting air line during running can easily be felt by hand at the venting pipe pos. 1. In case this
pipe is blowing, feel-over the starting air pipes to each oylinder. If none of these are heated, the leak must be in the main- or
slow tumning valves.

In order to avoid manoeuwring difficulties, we strongly recommend that precautions are taken in the following places: 1)
starting air valves. 2) non-retum valve, 3) starting air distributor.



Re. 1: Starting air valves

Inappropriate tightening of the starting valve can cause the starting valve to leak. To improve the certainty of uniform
tightening and thereby uniform surface pressure on the contadt face of the cylinder cover, we recommend to modify the
starting valve by mounting a new top cover (pos. 1) and a distance tube (pos. 2) as shown in Fig. 3. These
components can be purchased from us or one of our licensees.

The advantage of the new top cover is that the force from the bolts is centrally applied through the starting valve
housing to the contact face against the. oylinder cover. The studs are to be stepwise aoss-tightened. Make sure that the two
lifting nuts (pos. 3) beneath the flange do not touch the flange (see Ag. 3).

We strongly advise against the permanent use of copper padking rings at the contad: face against the ¢ylinder cover. In ase of
leaking between starting valve housing and cyl. cover, the surfaces should be
overhauled by means of the supplied tools.

Re 2: Non-return valve

We have in several cases, with very short intervals, experienced that the non-retum valve has been damaged by foreign
partides coming with the starting air passing the main starting air valve. In one case a piece of welding wire blodked the valve
in the open position. In order to prevent future problems, we recommend very careful deaning of the starting air system.

Re 3: Starting air distributor

As an extra safety precaution, we recommend to introduce a protedtion valve corresponding to pos. 4 in Fg. 2. This valve will be
introduced in our drawings for new engines.

The pilot air to the protedtion valve is to be connedted to the box with pneumatic valves in such a way that it is only
activated during stop and start of the engine. See the endosed diagram of the maneouwring system, drawing No. 1382074~
0, in which the pipe shouid be conneded to outlet 9 in box 1. These components can be purchased from us or one of our
licensees

1-cpp system 009w clutch o8[8ge pitch control o3 hydraulic oil eqpE5esAETE3BEAkSN
Sequence valve $0o6adkdlooodn

pressure control of hydraulic actions so that one function cannot be exerted until the pressure of
another function has reached a predetermined value. When performing in such a manner, the valve is

called a sequence valve
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Open cpS[Bse draw out oS

o-reverse power trip ¢2o3lcd time delay odko3lcSn

Load shift
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11-MC engine cylinder head ¢ 32qC o) relief valve 02600kG: (329607 indicator cock
§72c0londadkonud) opening pressure = Pmax + 40% 6adlodq$3E:adlon0dio0mmed :2EqIEcd sieadlad
pressure [g€00053qC 38 valve Goozeoosec:n cdadecdlodecdad relief cp68Edecdkionpd8Eql
oofgpspds3, relief cp68EesalEandodkadgladss8spdion odladi

ocpb8EaliThe cylinder pressure is controlled as a part of routine maintenance, and in the event that the



cylinder pressure exceeds the design limit, the elasticity in the cylinder cover studs will allow the
cylinder cover to lift, thereby ensuring relief of the high pressure gas. The safety valve used so
far will not, in any case, be able to cater for such a situation.

o J-MC Engine $god: 338 relief valve g&ecdlobesile ocdcdkeado) fault pressure ofgdesal
0dcdalogudadkad

Fuel cosodl3, starting air [gobeoslob
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BmesaalgEadyEogadecddop

o6-go4)| turbocharger coRen> turbine side ¢o turbine outlet diffuser doooSigidlodleaogodondadlodladi
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Spring air pressure o303 exh valve mech stop eqpodqj$ hydraulic actuating gear 0>e8a068q€ cam slip [g
[ eplonlenie V)]
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JJ-M.C Engine &> rpm o3 proximity switch 238 Nabtesco o005c3090505c31

Turning gear 32805326Q3003055 - 6s50Mc &8 00q acdloddoouditen key address = 194

Jo-qdlal 3059 00§33 speed order olfgpond 900508 03§:cd

The controller serves to compare the rotating speed commanded, with actual engine speed detected by

the use of proximity switch, execute the PID calculation for the deviation to control the actuator

connected to the fuel pump, and further to adjust the amount of fuel supplied to the engine so that the

deviation in speed can be eliminated

JG-Fuel limiter - The equipment = governor is incorporated with four types of fuel limiters for prevention

of engine over-load and stalling. Nabtesco ¢ G gdlonuSodn S3dlodleoged
0. MAX. LIMITER

J: TORQUE LIMITER

Q- SCAVEN. LIMITER

G. MIN. LIMITER
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Air start valve ocdc3 exh gas cop starting distributor o3 [g$cd|g: seize [§6c8 558 valve 26
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27- slide fuel valve afgp&:o603l3 o3lad low load Gdl:adqadledn

ME/ME-C engines are equipped with slide fuel valves as standard. The injection pressure is independent
of the engine load and creates an optimised injection on all load levels and, accordingly, makes cylinder

cut out less relevant for securing stable running conditions at very low loads.
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Low load
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20-MC engine coy air starting valve leak [98(28 main air starting line o3 hot leak gas

eogeotemalConudadapbadkadi

Non return valve 0600kdoodi

31-PLC $0050005c3 Set & Reset FLIP FLOP a803lodlod 9205 FUNCTION ¢03agpsa:0d:00053i
Alarm circuit 6o¢28:000500001 alarm cl[gs reset [g§cpo3u

32-ON DELAY , OFF DELAY &30dlodlcdn

ocp68[Gracmese on o3l on delay,g38c8o39cnese OFF Q& OFF DELAY

0p-RETENTIVE ON DELAY &303lo3lcdi(RETENTIVE = ABLE TO RETAIN)

On delay o dldl off [46qC preset time = 0 oofgSen retentive on delay &3 AA off (g[8t [4§ on qEeg0ded:
Qo33 sagson [ySon
34- 3 term controller & 3 element controller o3loglcd:

PID oo 3 TERM,

WATER, STEAM, LEVEL 020[g& Element 3 903 sense cpoq€ 3 element



0g- exhaust valve spring air pressure (G.§) bar) cadlod¢n slow down [gbooodi 93lad slow down function

copdocloladisad pressure oo slow down ofgdqEadgdSEcdI
Exh valve qioi cam slip (g

36-PLC coR¢nad:a3 XIC ( examine if close ) § aqi6o0odcubie0p¢099:03 NC (normally close)§opadki
580393 XIO (examine if open ) § NO(Normally open)§oaadki

©oIXIC 8303l PLC Scan 0dgj§¢> close 6ogqé 09adews03 instruction 3203€:0061 XI0 83qE 0da3m§$
open 6ot opaeu:0} instruction 2203E: output o on &3qE on wodi NO ool aqdedlgoded:ad ON
002050l ON cogiEq€ CR 0o0d:0066qeudi

37-Inductive proximity sensor & Capacitive proximity sensor odloglcdi 9o050ilon Metal Gog033
FleoilCieodlls detect apdEaocdronudulon non metallic object o3 detect (OSEDS

Capacitive proximity sensors will sense metal objects as well as nonmetallic materials such as paper,
glass, liquids, and cloth. They typically have a short sensing range of about 1 inch, regardless of the type
of material being sensed

Capactive proximity sensor oo non metallic object cogo? detect ap&8&n inductive proximity sensor oo
metal detect 3sakeolEa

00~ pwm 0091 000% duty cycle s8o3lodloBelgpolcdn

39-SCADA & DCS 23laglcdi

Go-network 005200508 Topology sdodlodlad

Go-maker 0oRa3 plc j g profieldBUS NETWORK o5cdl§o5qE adleogapbqocdi

GP-00505:0065$QR205M [4$0365$03 SENSOR 603. ACTUATOR 60R03 CABLE 00eqpCiads cd0dag05(3s
monitor & CONTROL co&a3(g8Edlecdki

GG-4-20 mA input signal §edl:es03 PID System oo9en 0 mA input signal o€ cdlg€ PID System
n205cdor§[gSendcoladl

G§)-4-20 MA 03 0-10 V coo53zaadiqpsoponcdisislodlelqm&ad.
6-pulse width modulation(PWM) c3e500500§:005c3e4l [pcdi

47- 500 watt § heater coil 0o9ada3254G: temp Jo§eogéol [omlgresifécoqiol eanccusys §
F0e5 88200008 200508 CONTROL djraSes]SE0

48- hydraulic MOTOR 009354G: 0§00908 003 ( 20625] eogpaseod WINDLASS oo9a ) hydraulic system
00961 - GOOS(0)es0ps culc:03 HANDLE center position 3363200ken cogpodfysecypenypkesalé



200508 8sackad) ANCHOR 00 69cdmnes ecocdeqpascilgiSen hydraulic motor 60l 20056900503 oo
GlgpézapkoncSisadmsfisen eagpooyagka’ elgpéoiossaoséniodad(e) SEesalEonaSalbécckadn

49-MEPC 76(40) 22qooo5adko? incinerator oo9wn diesel burner qudi sludge burner QoS 9dlooodi
00053 diesel burner o3 auto ¢>00k3qE 0053a§8en cut off [gdcdn

§0-03lc3 INCINERATOR refractory material 03 low cement/high alumina quality $cp6qo3ledi

§o-Pressure jet burner ad: boiler cogen burner j 93loo050o0Bio3lad burner 2 9adkqodladi
§-nozzle , flapper a3z controller o>9e> nozzle 8odaglqCadlgdecdi
5p-ethernet switch 3 ethernet hub 95050ABeaAIE:BI0005 Network oadscdi

§G-000005c8 ooredoo GSM Phone card ( Internet 03:3) o3 wireless router ¢>005(Gs 8360> computer 6og
home network §o5a3dqpq€ 3538 network 0303l network c3esl o1 g3c800upo5o3 wireless router oda cat
5 [958 s005gE€qEan05c8s005qucd

5¢)- crossover cabel § Ethernet cable oéloé]cﬂ mcﬁcﬁlo%oocﬁegp(fo o{):@:aocr%ogof)cﬁu

Generally speaking, a crossover cable is constructed by reversing (or crossing over) the order of the wires
inside so that it can connect two computers directly. A crossover cable looks almost exactly like a regular
Ethernet cable (a straight-through cable), so make sure you have a crossover cable before following
these steps.

§Q-0200053 sludge Gogo? evaporating tank ¢ evaporate 0603 32§83[G: cqor$esalE evaporate
03 00848 incinerator ¢ 8:3q¢ oAl[gdSED

MEPC 76(40) 32qapodo0ko3 incinerator Automatic sludge control logic a3odlolonodonudi dlefgpag min
amount of diesel 320320338 max amount of sludge o3 ecdlEeo§Eonudi combustion chamber temp o3
©§)0'C320005¢038:00:8E000d 6q3agpeBdo3 sludge o3 eadlEeoqEBacdadsammpdypiqp:cdad
8au530n§88edli

00~ pwm 009¢ 000% duty cycle sdodlodlaelyrodlcd

1 cycle ¢ off [gdodleeodldlipod - joo watt heater 83qE oo watt salgpdeoecdi

39-SCADA & DCS 23agled

SCADA &3q€a0o3)] dlo3 PLC cogudl 9e& Control function adleons data
eaRopqeudicdoocdadsieoyptiqeudiqadlol data eogo? report co6§EqeudiBo? report ocdcd326qE



excel sheet c3§:a3a0p503058Equudiegnod(G: host computer § HMI software o003 command 3203E:
field device cogododSeoqpEiquedi 238 PLC 6ogonda Data cogon host computer s8eqoabiloncdizss
host computer ¢> install coSo3ka3 SCADA/HMI software 633209:q)8s plc cogononsos field device Gog03
edlEsEdonudi8eod] PLC cogon Standalone ©upoda3 Multitask or management PLC
60p[y6qdecdiBenonganodadlqem host computer o3l HMI [gdoglieod real time control process
a30p603lewpadali( host computer oooo8lonbpé:adsiotlownoddh PLC onadl real time control coSodldl
plc odlo38603] host computer 0o9oopds3 field device cogoBeacdlC:8Ea )338a03] SCADA host computer
$0003E000: data Gog03 Googp document cpE8EwLSH alarm logger oo agudongl record AESELLSI
setting cogodcopds host computer meso0§:000960:8EY ddsbodoycontrol apd8Eeudi measurement
60R033qE3 00de0Ren measurement tooleay( engine indicator o) Fagkosoqecdeadlod sensor/plc
oodleagmadlol data cogmesonsimeasurement co68Ea3 mechanical limitation
aB3oopdagndoqecdeadolon:( pudl - 4 stroke engine power card o mechanical indicator

3opBeleBitdop)

Go-network 005200508 Topology adodlodlad

network 0o9ad¢> device Gogadlondodkal Gded ¢onoS[Gs (333103 topology cdesl Gloowdn) Flgpsadicloncdi
Network 029¢} topology o> _j §jz93§Clonci star topology, bus topology quSed(8s
§oliononoScpbediaBiadiodlon bus topology dli

Go-maker ©ona3 plc j §jg profieldBUS NETWORK o3cdl§o5qE aleogapdqocdi
Profieldbus protocol elgp&se0:c3 MODULE ondeozqdlecdi

GP-00505:aB6$Z5M [4$0365$03 SENSOR 603. ACTUATOR Gog03 CABLE oneqpEiads c80dag05(Ge
monitor & CONTROL cp&ad[gd8Edlecdk

qQBlooodi DEVICE NET oo g WIRE 3l CABLE §80053looodn SIEMEN a3qE 57200 §320005320905 AS
interface master module copSc3a5(8: ooslonpbdladlo? 2 core cable $a305c305¢Ala31 1/0 Input/output

[§3se0z0c8c03)Clog

GG-4-20 mA input signal §cdlC:es03 PID System oopen 0 mA input signal o€ cdlg€ PID System
05c807§[gSe0Scoad)

WIRE BREAK ALARM G0:08600di

G§-4-20 mA 03 0-10 V co053saad:qpsloponcdigisiodlelqEed.



G-JO MA o f[’)c;o:e():oél:%&mof)u noise eogo% 3 immuse @ﬁoooSn.
G6-pulse width modulation(PWM) 63e§20500§j:9005c368l [pedi

47- 500 watt § heater coil 0o9pad03254G: temp fgbeogiéol lamfgreéifecogéol eanccosé &
08800108 200508 CONTROL jraSesl S

time proportioning control

48- hydraulic MOTOR 009254G: 0800908 @03 ( 20695] ogpos0ol WINDLASS 009l ) hydraulic system
009en - GOPOS(0)esops culé:o3 HANDLE center position 33653200k eogpodfgsecypenygkesals
200508 B6cokad) ANCHOR o 6Qadmes Gcoadeqpascilfi$en hydraulic motor 6d] 20056900503 ofon
elgp&sagkonoSizddmeiSen cagpeoyatkas elpéoiossaodbasal(e) SEeaaltonusaSBsadkadn

Counterbalance valve, load sensing control

49-MEPC 76(40) 22qooo5adko? incinerator oo9en diesel burner qudi sludge burner QoS | 9clooodi
00muSc diesel burner o3 auto ¢odk3qE coud=ag$en cut off [gdcd

650°C Start sludge burner.(6go'C aqpode sludge burner osacpEapGeudi)(Baod

burner §03cp6e0dn)

640°C Temperature decrease to this level stop sludge burner and

increase sludge program counter with 2.(66o'C 83q€ sludge burner QeuSn)

800°C - Alarm level for low combustion chamber temperature.(combustion chamber temp §&a{qmEs
alarm)

850°C Temperature allowing burning sludge alone.(sludge burneroo9adediE:gElgionudn)

§0-03lc3 INCINERATOR refractory material o3 low cement/high alumina quality $c06qo3lcdi

Dioxin 6oy flue gas oSeqpedlesalé combustion chamber oo .6 8odleaogé: flue gas o3
0§10'C apode=alE shock cool cpbeusquodi(dlelqrad refractory material cogo? low
cement/high alumina quality §jz § cpSqooud F3ETM3:ded oqops slag resistant and
having very good thermal shock resistance cogdqeon)

§o-Pressure jet burner a: boiler coged burner j 9loooSoo0diodlad burner 2 padkqodledi

Pressure jet burner cogo3l turn down ratio $eo2] low load , high load 820305 low fire, high fire 320305

burner 2 9adkqooodi low load a3q¢ ooadsonpSahigh load c3qiEqE | cdapsdloncdi
§)J-nozzle , flapper ad: controller co9w> nozzle 8odoglqCodlgdecdi
Actuator 6360036c0000050802lc0058 gpirdladgecdi

5p-ethernet switch § ethernet hub :noSchlc‘l’)c;ch]&c\‘mm& Network ¢2a%:c3|



Switch ondeoilCsdlooudn Ethernet network ¢od:Sloncdi

§G-000005c3 ooredoo GSM Phone card ( Internet 23:3) o3 wireless router ¢ood[g: 33600 computer cog
home network §jc503gapqC =58 network 0303l network c3esl cd1 F3c800up0da’ wireless router o§cd cat
5[5 2005gIEqEn05a88005qucd

Wirless network, ethernet hub or Ethernet switch §[Gssoc5qiEso0di op§lgeal | d:adql reverse s005
5¢)- crossover cabel § Ethernet cable o3loglodi oo0S0sloBanudesqoen adBeeoadagudadi
Crossover cable — reverse,

Generally speaking, a crossover cable is constructed by reversing (or crossing over) the order of the wires
inside so that it can connect two computers directly. A crossover cable looks almost exactly like a regular
Ethernet cable (a straight-through cable), so make sure you have a crossover cable before following
these steps.

To reduce stress concentration, dimension from trailing edge of vanes to ring edge is extended at
nozzle -ring gas outlet side.

Co- nozzle ring odlo3 turbocharger §odki
Bo-turbocharger turbine side cleaning & wet cleaning ¢>  §gdoocSigidlodleogcdi

G J-turbocharger bearing ¢> semi floating journal bearing cﬁm&@a’g:cﬁl anti friction bearing
sBodloneodlodladionuSenad:cdifull float journal bearing sdosloneasloslcd

Go-turbocharger bearing Gogc50& 63208 00da3edgodecdi

Bg-turbocharger wet cleaning co6c3326l boost pressure (charge air pressure ) o3 0.p bar

:39000306]:%&(3]000&@3:5]05](‘%(\5

Gg- turbocharger inboard bearing type ¢> semi floating journal bearing o@oﬂ bearing casing oacp
sgqgﬁtﬁooéoélzdcﬁl:um(ﬁo?emfioé]zcﬁn

C6-turbocharger cogen heat shield c3o00Sesqoenon600kadH o3lcdondadkodlcd
67-turbocharger 0o9¢0 turbine side diffuser & compressor side diffuser ologlod

68- 2 stage air ejector ¢ condenser ooes vacuum condenser o3[g$303 condensate return line steam

separator 305a9k:qEadlgdecd

Ce-hydraulically operate fuel injector 009> needle lift cnodlcdsaeqsaPiodlcdn ve§qEadlgd8Ed



70- NO x tier 11T o3 [4o5853 4 STROKE ENGINE eogenturbocharger cogd) BOOST RATIO (PRESSURE
RATIO) [4&8c8onudedancbigislodlelopatad

71-turbocharger turbine side water wash e§0$0c6q€ IHI RH 133 o3lodqpapeoy FLOATING BEARING
qod8:oncbocSigidlodlelqrEfybaadlcd

72-1957 CIMAC Congess in Zuerich, Switzerland o0 s20005(g803 miller process o8 809 6905 4 stroke
engine 6o ad:dli 20:qEadlzaaEgcdi
Qp-ice class ship & :Gs trade ship j §g § propulsion main engine cogadlogloocdedi

QG- late combustion eogu after burning ogi CCAI gpzcd [g8cdlo’ COMBUSTION cogudl engine adl
thermal load o3 design limit coo58gpseoonudigsdlodlelgmEad

75-3096520538: heavy oil $641E:03 4 stroke engine 33603l gpiqps piston ring 3 03&:Ala3 3 ring pack
033200:qpscdljoponodiodlelgpaEadi

76-MC 22Cqi€eog MANOEUVRING co6§$ 2aCqi€qdookads scavenge air TEMP on 2alqfediCiesod:
scavenge air TEMP co053[g&onodancdigislodlefqaatadi

77- heating steam oo9wn steam trap 0006s(PEP006AGk0CBIOAZ0R050060kadlc3Isteam trap &
water hammer g00505¢Gadk

78-0000050 dual diesel cycle engine ¢o fuel injection start timing c@leosq€ NOx ooodecdl Fagkecdki

79- viscosity 700 cst & hfo $66lE:03 4 stroke engine § 8@u536dIE:03 4 stroke saEq€anudual oo inlet
valve 8o50dleolooSooEad

80- 4 stroke engine Gogen inlet valve 8oSo3zaq$eogu3l 20 ABDC, 10°ABDC, 5°ABDC, ooofy&
BGp§pod{qpoocdiotlcde38cdaaddigdesgpodlcd
©0- UNIFLOW SCAVENGE 2 STROKE ENGINE ¢> MILLER PROCESS 29:c3qadki

82-MC Engine 6og¢n aux blower o> odlodqpapeanton ecoup(Gs air cooler o3ogodod
38qEa830005133803pbadkad odlsaojrmslgodeozqadlcdi

©p-4 stroke engine coged piston pin or‘§ Piston boss bearing & connecting rod small end bearing

eoRen00pd(Gs circlip $0&:03kolod oocdades B

©G-cummin KTA 19 Engine eog?z fuel pump ones fuel valve o%og'lo?) fuel pipe cogen double wall pipe
ondoqecdopmadlelgmEad

©g)-2 stroke engine & 4 stroke engine 505u3lon Pmax Sgpionodadiodlefqraéadi

o6- 2 stroke engine ¢ thermal efficiency oo limit §od§onuSedodleogan limit apdodkodlcds



88-output [9650?05. 2stroke engine exh temp oo 4stroke engine exh temp

coodgonudigddlodladcdigiadseodzntqity thermal efficiency ol oouSc8o0056qp0dedcd!
©@-mc engine ¢ over critical running & under critical running a3o3loola3IQPT a3odlonea3lodlcd
90-MC Engine VIT System > upper break point, lower break point s3(8sdoocSiziglodlcdodlqodledi

91-4 stroke engine & 2 stroke engine coged a0udwilon mep (mean effective pressure ) & Pmax

Bqpeon0dcdiodlelqmEad:

92-dual diesel cycle thermal efficiency cfoé]o?q cut off ratio, constant volume pressure ratio

0%3:@0’5]00’](\3||$Qg05@803|| qp:q&o:'ﬂh@cﬁu

92-NOx 68320305 4 stroke engine Gogen Compression ratio o30oEadligedlzdcdapdagé cut off
ratio & constant volume pressure ratio 6dl o3lza0jz0056PASSI

93-6§0053C: 4 stroke diesel engine Goge> compression ratio o>&[B: injection pressure o3dl
og[gponudigidlodlelgmEadicut off

£G-VIBRATION 32§j:§:033203¢n 9005 VIBRATION Gogan 2aEqi€adodndd0daddndenll: oo0d
VIBRATION Gogan SHIP STRUCTURE 63303805c0cdi

8- CENTRIFUGAL PUMP IMPELLER & SHAFT 2203030503 a508kon$: | 9[qoosodk(Bs
copS0dlm[gon§ionesqponpbien copdoll @b qdagkandSigislodlelqraEadi

96- steam atomizing hfo burner 00906] air fuel ratio o% hfo pressure & combustion air pressure

35 adkoooBionmmudad 338 burner 03 mgo e[ypE:adqt odlecgelypEieuiqendiodlelqatadi

2958 COMBUSTION AIR PRESSURE & 0303ko3 HFO PRESSURE o3eaqpeo:qeodi MGO oo S.G 33

6§005(8s ATOMIZING STEAM 320 ATOMIZING AIR o3e|gpEsadsonConudisag) STEAM ATOMIZING
BURNER Gogon STEAM & HFO LINE [o0:¢5 INSULATION coSeadkad MGO o3 HEATING
cozo0cd[gdesc88eud

3. started automatically upon failure of the electrical supply from the main source of electrical power
and shall be automatically connected to the emergency switchboard; those services referred to in
paragraph 4 shall then be transferred automatically to the emergency generating set. The
automatic starting system and the characteristic of the prime mover shall be such as to permit the
emergency generator to carry its full rated load as quickly as is safe and practicable, subject to a
maximum of 45 s; unless a second independent means of starting the emergency generating set is
provided, the single source of stored energy shall be protected to preclude its complete depletion
by the automatic starting system



000- EMERGENCY SWITCH BOARD > ENGINE ROOM FAN 00cd: & BREAKER Glooo5000Si 33lodlzaogodad

Tier III

5.1. Subject to regulation 3 of this Annex, the operation of a marine diesel engine that is installed on a
ship constructed on or after 1 January 2016:

.1. is prohibited except when the emission of nitrogen oxides (calculated as the total weighted emission
of NO,) from the engine is within the following limits, where n = rated engine speed (crankshaft
revolutions per minute):

.1.1. 3.4 g/kWh when n is less than 130 rpm;
.1.2.9 - n®2 g/kWh when n is 130 or more but less than 2,000 rpm; and

.1.3. 2.0 g/kWh when n is 2,000 rpm or more;

The New MAN B&W 48/60B Engine —The Allure of Power by Horst W. Koehler, MAN B&W Diesel

Introduction

The current basic state -of-the-art family of MAN B&W'’s large medium -speed diesel e ngines consists of
four sizes L 58/64, L/V 48/60, L 40/54 and L/V 3 2/40, launched b etween 1985 and 1995. This engine
family covers an output range from 2880 kW (6L 32/40) to 18,900 kW (18V 48/60). Within the last few
years, this portfolio has been supplemented by the V 40/50, the smaller engine sizes L 16/24 and L
27/38, and, fi nally, the new L 21/31 (2002/03). All engines are fully heavy fuel oil compatible and have
been opti mised for both high fuel economy and lowest exhaust gas emissions. It goes without saying
that they all meet the IMO emission limits by engine-internal measures, i.e. without need to have any
external equipment.

MAN B&W decided to retain the main dimensions, bore and stroke, of the 48/60 and with it many proven

engine subgroups, whilst modifying and changing a variety of other key engine components.

In order to illustrate the relationship of the new engine to its immediate predecessor, it is named 48/60B
(Fig. 3). Its rating is set at 1200 kW per cylinder at 500 and 514 rpm, respectively (Fig. 4). This is equal
to an increase of 14% over the current nominal ou t put of the 48/60 engine



Apart from the higher cylinder output, a number of further important design targets were defined for the
48/60B, among others

* Increase in engine efficiency (corresponding to fuel savings and, correspondingly, a lower carbon
dioxide emission)

* Environmental friendliness in respect of other pollutants, such as smoke a nd nitrogen oxides

* Reduction in engine width and, consequently, in centre- to-centre distance in order to reduce the gear
size (double engine -single shaft propulsion) and/or total engine width for compact multi -engine

arrangements

* Improvement of the operational and component reliability
* Increased ease of maintenance

* Improved robustness and simplicity

* Reduction in weight-to -power ratio (particular attention was given to obtaining lower weights for all

engine components)

* Reduction of manufacturing costs by applying improved design features and a lower number of engine

components and parts.

These are quite ambitious goals, especially considering the trade-off effects involved, for i nstance the
trade-off (exchange between )between higher power density, simplicity of the engine and ease of
maintenance, or the trade-off between increased thermal engine efficiency and lower NOx and smoke

emi ssions

1. Adoption of a “slight” Miller process to lower combustion temperature levels, and, with them, NOx
emission. This process, first publicly presented in 1957 d uring the CIMAC Congess in Zuerich,
Switzerland, is based on an earlier closing of the inlet valves. The original intention of the Miller process
was to limit thermal and mechanical engine loadings, which rise sharply with increasing power density of
the engines. The Miller process is also a well -known tool for e n gine designers to reduce fuel
consumption rates, provided an appropriate matching of the turbocharger is possible. Compared with the
normal working process, the Miller process requires high -efficiency, high -pressure exhaust -gas
turbochargers, because otherwise the e f fect on engine operation would be just the opposite.

2. Increase in injection intensity for lower soot production and therefore lower smoke emissions,
especially at partload. Unfortunately,this measure has a negative effect on NOx emission. In order to
neutralise the increase in NOx emission, the injection can be retarded, although this leads to a higher fuel



co n sumption rate and increased particle emission. Another effect of the delayed i n jection is a lower

firing pressure.

3. To neutralise the fuel consumption disadvantage resulting from step (2), it is necessary to take
advantage of the firing pressure potential of the engine. Therefore a higher compression ratio has been
ch osen for the 48/6 0B.

4. Use of the considerably increased efficiency level of the newly designed MAN B&W TCA-type
turbocharger so that the resultant fuel savings from steps (1) to (3) exceeded the fuel losses involved in
(1) to (3).

The slightly increased compression ratio of the 48/60B has another beneficial effect: it improves the
ignition behaviour of lowest -quality heavy fuel oils. The 48/60B can ther efore safely o perate wi th HFO
up to a viscosity of 700 cSt/50°C and runs on fuels up to, and inclu ding, the CIMAC H55/K55
specifications.

The firing pressure of the 48/60B was increased to a maximum of 200 bar. This, in co nnection with other
measures such as modified injection (the injection pressure was i ncreased from 1300 bar for the 48/60
to 1600 bar) and a further i mproved gas exchange process, resulted in a process very close to the ideal

constant -pressure combu stion.

The higher firing pressure was possible without risking the operational safety of the e ngine: to have the
same safety margins as the 48/60 in spite of a higher mechanical loading, better materials were used

and/or components strengthened

As the low speed main engines are directly coupled to the propeller, the engine has to follow the
propeller performance, i.e. also in heavy running propeller situations. For this type of operation, there is
normally enough margin in the load area between line 6 and the normal torque/speed limitation line 4,
see Fig. 2.04.01. To the left of line 4 in torque rich operation, the engine will lack air from the
turbocharger to the combustion process, i.e. the heat load limits may be exceeded and bearing loads
might also become too high.

For some special ships and operating conditions, it would be an advantage when occasionally needed to
be able to operate the propeller/main engine as much as possible to the left of line 6, but inside the
torque/speed limit, line 4.

Such cases could be for:
« ships sailing in areas with very heavy weather

» ships operating in ice



« ships with two fixed pitch propellers/two main engines, where one propeller/one engine is declutched

for one or the other reason
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Hydrocarbons can be burnt under a wide range of conditions. To burn them efficiently with the lowest
possible emissions, in particular of NOx, Wartsila developed a Low NOx combustion process which
reduces the NOx level by up to 25-35 % without compromising on thermal efficiency. Low NOx
combustion is based on:

_An high compression ratio that therefore gives an higher combustion air temperature at the start of
injection, which drastically reduces the ignition delay

_ A late start of injection and shorter injection duration to place combustion at the optimal point of the
cycle with respect to efficiency

. Improved fuel atomization and matching of combustion space with fuel sprays to facilitate air and fuel
mixing

_An early inlet valve closing (Miller timing)
Further reduction of NOx is achievable by Direct Water Injection. NOx can be reduced up to 5 g/kWh of
NOx . Direct Water Injection does not adversely affect the power output and it can be switched on and
off at any time without affecting the engine operation. A Selective Catalytic Reduction (SCR) system can
be installed to further reduce the NOx level
Piston and piston rings
For years, the outstanding piston concept for highly rated heavy fuel engines has been a rigid composite
piston with a steel crown and nodular cast-iron skirt. More than twenty years of experience has fine-
tuned the concept. When it comes to reliability, there is no real alternative today for modern engines with
high cylinder pressures and combustion temperatures. Wartsila-patented skirt lubrication is applied to
minimize frictional losses and ensure appropriate lubrication of both piston rings and the piston skirt.
In Wartsila’s three-ring concept each ring has a specific task. They are dimensioned and profiled for
consistent performance throughout their operating lives. To avoid carbon deposits in the ring grooves of



a heavy fuel engine, the pressure balance above and below each ring is crucial. Experience has shown
that this effect is most likely achieved with a three-ring pack. Finally, it is well known that most frictional
losses in a reciprocating combustion engine originate from the rings. Thus a three-ring pack is the
obvious choice in this respect, too. The piston ring package and ring grooves are optimized for long
lifetime by special wear-resistant coating and groove treatment.

Fig. 1.2 -4 0Oil flow connecting rod

Oil flow connecting rod

Via a "cross-over" (15) in the crankshaft the oil flows from the main bearing journal to the crankpin journal and
big end bearings.

Via large size holes the oil flows into a circumferential groove (16), see fig. 1.2 - 4, in the bearing cap and partly
in the upper part of the connecting rod big end. The ail is conducted through a vertical drilling in the connecting
rod up to the gudgeon pin bearing (17).
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Qil is discharged into 4 vertical drillings in the piston skirt (20), see fig. 1.2 —6 . Atthe end
of the vertical drilings the lubricating oil flow is restricted by orifices (19) to control the quantity of
ail for piston crown cooling.

Four horizontal spray holes take care of lubrication of liner, piston skirt and piston rings
during engine operation. The flows are restricted by orifices (18). The excess of
lubricating oil on the liner is scraped off by a scraper ring and drained via a groove, below
the scraper ring, through holes in piston skirt down into the crank case.

After passing the restrictions in top of the piston skirt the lubricating ail enters the outer
space (21) of the piston crown. The outer space is separated from the center space by
a rim in which two horizontal grooves at certain height. Due to these grooves the
outer crown space is always partly filled with oil.

During the up and down stroke of the piston the lubricating ail is shaken and increased in
speed, intensively cooling the piston crown. The displaced oil flows to the center
section (22) of the piston crown. A second shaker action takes place cooling the center of
the crown. After cooling down the piston the lubricating oil flows to the engine sump.

governor

Reports from the field repeatedly show that operating faults frequently result from the following causes:

N O o1 A W N -

. Dirty injection pump fuel linkage

. Excessive play in the bearings of the fuel control shaft

. Sluggish fuel control shaft

. Worn ball joint heads

. Excessive play between the governor output shaft and the fuel control shaft

. Excessive play between the fuel pump control shaft or speed control output shaft and teletransmitter
. Engine lubricating oil in the speed governor due to a faulty shaft seal (mechanical speed governors or

mechanically operated actuators only).

8. Failure to comply with the intervals for changing the governor oil

9. Failure to comply with the required intervals for maintaining the governor (only with mechanical speed

governors or mechanically driven actuators)
10. Faulty connectors and/or cables
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Q.261 Concerning diesel propelled vessel the astern power is provided for continuous operation astern
Ans. (b) at 70% of ahead rpm at the rated speed.

Most of the diesel engines are designed from the point of view of running ahead. The fuel pump timing, the exhaust valve timing and
the distribution of the weight of the rotating parts is made in such a way that there is a balance in ahead direction. Hence the best
possible efficiency of the engine as far as fuel is concerned is in the ahead direction due to proper timing for the exhaust and fuel
valve. At the same time, there is minimum torsional vibration because of dynamic balancing which is taken care off at the design
stage from the point of view of ahead running. If the engine is runned at astern direction, the combustion efficiency reduces. At the
same time, because of unbalanced forces, there will be more amount of vibration. Due to profile of the ship and the efficiency of the
propeller, for the same rpm, the power required for running astern is always more than that of what is required for running ahead. If
the engine is runned at 100% rated rpm in the astern direction it may be excessively overloaded. Hence it is always provided to give
astern power at 70% of ahead rpm at the rated speed

Q.655 Visual inspection of fuel injector valve removed during overhaul shows heat discoloration of lower end of the valve.
This is indicative of

Ans. (a) valve leakage.

Fuel injector valve is a non-return valve and it seals the nozzle against the high temperature and high-pressure gases. When the
fuel injector needle valve is leaking, high temperature gases from the cylinder will enter the nozzle because of which the nozzle will
get overheated and it will get discolored.
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Steam atomizing burner — hfo to mgo change over

3268000005 SECA ¢005:8 00obadko3 STEAM ATOMIZING BURNER ¢og08 MGO elgpEsadqé
a38[gaosnedeod only hfo 93:80005a0kqe [googndSEAloncSi

[yoosneoz0den fuel oil temp limit switch oocSjgaosnonedlodi

e500(Gseod}3ae0dl gpgp: steam atomizing burner lance cogan fuel line oo sajg€an i steam line oo
32000 vdadkdlonudi [g:03¢n insulation edonoddlopadlelad 958 lance ¢rooE mgo
oB306020003(y0[8e vapourize i overheat [gdoooSdloocSizdled nozzle tip ¢ Grecgi8058EAloncdi

6§20500900 Mgo S.G o HFO S.G con53eo3] BURNER ¢ndo3 OIL PRESSURE [§E:0nqEeodle MGO
VOLUME o Jqp:cd OVERFIRE [363600: §lonudizd8eod] 030503Ecdlq burner specification o3
0QdaB[appdalionanudSad pressure & 0qdes [gadkql oqBodqdlecdisd§Sadkoilzed s83eogEesad
8:8:030500ldlecdn gled cooaBeonali overfire a803 Sseodlodontube Goga3onddr50danoddlonud
[Beeod] furnace temp $o$0005800053lon0dn &803 cagpdl mgo 6ogadE:ad v eqpad(Bi hfo
o§eod]onadqt atomizing steam 326k atomizing air o3efypE:05:h GeS3dkE atomizing air / atomizing
steam pressure 03l §.§) 93kecdlo5Gor05doddN

dleod 6500538: seca 03qp5pR8:0005 burner cogen pressure control burner w0533 volume control
BURNER 603 [3d0n050loncdn gladqE 288[goognegdlops

Boilers cogen mgo algpEsadql [4doncd03 [yaogneogon sacpsoofyC steam atomizing hfo burner
6oRea3qE o-Formation of sludge  j- Seepage of fuel from pipe flanges (flange cogecda38803l) o-
Loss of flame and/or no ignition due to overfeeding of MGO ( mgo oo cocopS3yp:ad overfeeding
[§903l)G-Pulsating combustion ( combustion hunt [g6o3l) §-MGO burner flame will be harder to detect (
254 flame detector cop detect 068 flame failure [g6o3l) eodleag(gdocdiloocd *

Heat value - 8@u5q heat value oo hfo heat value c0053gp:dlonudi s3dlefqg grey smoke agodqé air /
fuel ratio o3[y$q§20EAoDBIMGO flame w3l exhaust gas temperature dqp:8EcloncSiMonitoring &Sl

N
-

High gas temperature in MGO mode resulted in

outside shell deformation and cracking.( limit the
boiler load for safe operation to 75% of HFO

capacity) q§% load coo53eod:qeaeailCsad:dli

Viscosity - 8ao5q) viscosity oo 38608 0po3:8803 viscosity 886q€ fuel pump cogqe58:§Edoncdi dlefopag
heater bypass cp6qEaodiglooupad heating valve 3053l



Density - 3a05q density oo hfo co053c8 burner o3og:03 amount of (lighter) fuel

83000538 donudislelgmg ignition problems or increased smoke emission [46§Edonudidlelqmg
volume calculation o3[g$o3050l

Lubricating properties - 8auSan hfo cood lubricating properties §63looudi hydrodynamic lubrication o3l
Sommerfeld number 6 ©oop5cd So = f (v) x k 80600500:5 sagjo§eoz05:8E0a0:8E0dG:e0r] hfo
ah03Cadlenyq fuel circulating pump coguileodlodeagpadbeobodlypsdlonudn Savdadcd
Fadeodlodeagpodeopbesql 20 §ond(8s viscosity oqoal 0§ wear & tear [gdonoddodudioomedonead]
boiler Qda3mq$ 0§qdesq€ 260AE:e8:Al3Ie5005(G: mechanical seal ©wp0503 magnetic coupling pump
60oR0300:00k03 0&60R0%: $EQESeMIE:Clondd

Fuel pipe tracing - 8cu503:q€ TRACING LINE HEATING 03805adkd

MGO 2%:3q¢€ furnace post-purge cpdadendeoiqdlecdiesnodfBe o§eacod gpigpon G.g Cst
220305[303l03 0qi@0dqdlecdi

Pressure jet burner cogon small boiler coged 8208:qpid: mdo, mgo, hfo 20305
cgudagudepmeyp:adeSadlgpiclonddi
Throughput = lower calorific value x efficiency x pressure facture

Pressure facture = burner fuel pump pressure/( CEN e§ 10 BAR,US gal s§ 7 bar)

60 6eo0s00:3qe0qEe0d)] lower calorific value afgo& heat 300058Edloncdn Sleog viscosity 8608
nozzle o3 fuel input 3gp:adlcd smoke emission dqpzadl§Elooud

Rotary cup burner - 8eo3l€eogen MDO, MGO, HFO $e[gpEiedladaddjyoosnedonoddlona smoke free
[388 c320cd fuel amount ( pressure) o3§&co:Clizacaali[3:qE larger burner s3qfeod] suitable heat
shield vo206w:3qC burner cup ¢> coke deposit Goga6ood3looud ( 8awd§ heat radiation oo
8&8:00053¢p:cd rotary cup ad¢n too high temperature of the fuel elqe€ coke coglyddlodldl) sad)
burner sequence eoged pilot flame o[gdqE lock down [gbesalE cwoOkeod sa§jen pilot flame ofgdcd
sequence 800593ke3aIcapSadkoncdAlonwdn Sled easier evaporation of lighter fuels el safe ofgdolops

step 6 [ FLrnane PUPse M conon sequence 83q€ co3lCsdlonudn pilot
steg 7 [ Ignition FO Check ] . _

step 8 [ __Ignitlon Air Check | pump start, igniter start, pilot burner d.o
step 9 | PLlOt Pump_start ]| valve open [46c0d pilot flame oeogq€ main
stepio [Pilot Burner Igniter Spark || fovalve egSeoidloy

stepll | Pilot Burner SV Open |

fstepi2 “lame Daternte

istep1a [ FO v/V Open ]

Et gpld | Ignition Seg. |



Steam atomizing burner - do&33k(gE 338 burner coRd burn fuel viscosity o og-po Cst
eadlod§Alonodionnuded pressure alone control burner ¢oRo? low viscosity fuel 8acSeoyagé overfire
[§80n050loncBivolumatric control &3qE [gaogneddlonar pressure control 88 s8eogrodanadelgpieosdi
8aod3 continuous operation co63q¢ atomizing air o3e[ypE:od:h burner traditional lance ¢oged steam
o 8audo? :060:0003[gbesc30l 0om0Sad evaporation [§®3c3 ignition burner voo3 ignite
[§8$ECloncdi e5o05Bburner 03003 atomizing steam oo constant pressure steam [463qC low load ¢
unstable combustion [g®o053loo0S

6§20538:  Steam atomized burner lance ogen atomization (compressed air and steam) edl oopS[G:
burner lance design afgp&:dloncdiBacd5edlE:d internal volume o3 absolute minium qes3lE
8&E:e03k00053l000510000058 steam o3 atomizing media 33{gd 8auSe83a03050%:0056) lance 03¢0
steam piping o} preheating ofgde=3IC insulate cpSilooudifeeo3] Post purge sequence o3
SaodaBadiqaopindoopdeuqdecdisladqlend steam atomizing § mgo 2d:8Edloowdi

Flame supervision - 35§ 93|Ccdleogen flame scanner o3 oopaopbionboobdlonwdi ignition burner
32030560l00050lonug3dl§jzed ignition burner 320305 flame scanner 0o9c0G066L:0EACC0N Siemens
(Landis&Gyr) RAR7(obs), RAR8(obs), RAR9, QRC,Hamworthy Smartscan 121, SAACKE FLS09-UV, SAACKE
FLS07(obs), SAACKE FLS08(obs), Volcano/MHI ,SI"-type 0odleogan mgo elgpezadiadsacpdapddlonddi
Siemens (Landis&Gyr) QRB, SAACKE FLS09-IR, Volcano ,cds"-type 6ogadql Sacdelgp:q adeqdlops

Steam atomizing burner, concentric lance, with volumetric
flow control. Stable minimum load on MGO/Steam

atomizing. ( stable flame sdo3leon:ndcd)

Flame eye-flame eye cogo? air register &8 peep hole ¢200602050loo0Si10p0n  burner flame
condition o3 electric signal safgbefgpE:eosdlonddilight of the flame oo photoconductive cell, cds o3
c3l§pd03ze8l ( cds = cadomiumsulfide s3c3 semiconductoron§jclod) opdy electric
resistancesaqpolooadi intensity of light gpseco 9dejeaqpecoda’ (10 K-ohm or 500 ohm for the
intensity of light of 10 or 1,000 lux)

Flame detector relay-flame eye ¢ silicon type transistor d[g: flame eye o>cdlo3 signal § relay
332006000doo0diflame eye 98¢ §o0 03cepGi00054PiqEIPELEdopflame eye oo
8:odeadlodpdi8ad 000 Brd338:000583qC flame detector relay 0263ecdi



HAMWORTHY COMBUSTION DF 455 burner ( mgo a[yp&0:q fuel feed
00§3:e03[q$§§00ER: air atomizing elgpE:adzoo&iloncd)

12/05/2004 'Y' JET ATOMISER CALIBRATION Graph No GP0D12
_STEAM atomised H2H/5 (5.5 bar.g) REF:- PMPO0117
T MCR HFO pressure 12.98 bar.g MCR STEAM flow 46.93 kg/hr
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m:6d 00qbon steam atomizing hfo pressure control Y jet atomizer 330305 0qdfyddlooddi



KBSD Burner oo hfo or mgo o3 steam automizing a3: volume control burner [g9dloooSi AALBORG
SUNROD MISSION™ OL Atomiser- The KBSD burner ¢ atomizer o3l Y-jet design [g&cloocSiseca
3203050005003 insulation aogimin oil amount cogi8&E:c06adkad  oil 03 steam or air § atomize
068Elonudn oil pressure vl atomisation qualityo3ad$:03e5qena806saeqseddopodladcdedeod)
volume control Y jet atomizer [46c8 oil flow regulation oo flow measurement §03$:AloocSiglelopo&ad
atomisation quality oo burner turn down range ooecqpo%( pressure between 2 and 20 bar)
005865 0lonudi(zaedl oo DF 455 0qd ¢ &8 Pressure adl 0opd(Gs hfo flow rate
elopEiesdonodn)dlelqEad excess air ratio 03 1.1 (at full load )i minimum load ¢ 1.27

eadloda3[gEonCoqpaddlonudi ail capacity 03 number and bore of discharge ports in the atomise
ed 03053lonudi

M APE Do “‘---gq% load » airl.3, 90%

NO.2 BOILER AIR CHART HdosleogqdledSipressure

2000 8B
2500 4
2000 -
150.0
100.0
50.0

0.0

SEEERGES

BURNER LOAD [%]

[—m=AIR FEOW [mmaAq] |

AIR FLOW
EXH. GAS TEMF.

Steam atomizing hfo burner 009 c332603 pressure setting cqPo5c38:03:091Q0qE burner oSoq§a3 hfo
60oRm206(gE qondenodlogudolzaess purge codudqdlonwdn sidlefqrad extinguish sequence ¢ burner
purge Alolooodi

Step 1 Extinguish Sequence Start - Burner extinguish sequence is started by automatic or manal start
request. During extinguish sequence. this indication is reversed.

Step 2 Fuel QOil Valve Close - Fuel oil valve is closed.

Step 3 Pilot Pump Start - Pilot pump start.

Step 4 Pilot Burner Igniter Spark - Pilot burner igniter spark start.

Step 5 Pilot Burner Solenoid Valve Open - Pilot burner solenoid valve open.

Step 6- Burner Purge Sequence- After pilot burner successfully ignited. burner purge valves are opend
for 30 secondes to remove remaining fuel oil in burner sprayer.If pilot burner does not ignited, this
sequence is jumped

Step 7 After Furnace Purge Sequence - After Furnace purge is carried out.



Step 8 After Furnace Purge Condition-Following furnace purge conditions must be confirmed.Forced

draft fan running, Furnace purge air flow (>150mm Aq)

If these conditions does not established, extinguish sequence will be held at this condition, and this
indication keept blinking. And 5 minuts later after furnace purge will finish even if these condition is not

confirmed.When all furnace puge conditions are confirmed, this indication is reversed.

After furnace purge timer is activated.
Step 9 After Furnace Purge Finish-After specified time for after furnace puge is confirmed, this
indication is reversed.

Step 10 Extinguish Sequence Completed Extinguish sequence is completed

Mitsubishi MAC 30 M- M500 oi€cdl - Diesel oil and steam atomizing condition
Basically, MHI(@&@Q:ﬁé’z company) do not recommend this operation condition due to safety
reason.Because, in case of diesel oil and atomizing air, the use of steam atomizing causes the oil spray
quantity to increase (approx. 20 percent), resulting in an unstable combustion.If necessary to operate this
condition, watching at the boiler side must not be neglected by operator. And the fuel oil and air ratio
must be sufficiently adjusted.
Atomizing air 320k atomizing steam a%:3qC 0% 6cdlob oil spray quantity qpzadled unstable combustion

[§0$EAlocdifuel & air ratio & sBeagpeagEqdlecd




