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Foreword

Dear Learners,

This book is intended to serve as a ready reference for learners of
vocational higher secondary schools. It offers suggested guidelines
for the transaction of the concepts highlighted in the course content.
It is expected that the learners achieve significant learning outcomes
at the end of the course as envisaged in the curriculum if it is followed
propetly.

In the context of the Right- based approach, quality education has to
be ensured for all learners. The learner community of Vocational Higher
Secondary Education in Kerala should be empowered by providing
them with the best education that strengthens their competences to
become innovative entrepreneurs who contribute to the knowledge
society. The change of course names, modular approach adopted for
the organisation of course content, work-based pedagogy and the
outcome focused assessment approach paved the way for achieving
the vision of Vocational Higher Secondary Education in Kerala. The
revised curriculum helps to equip the learners with multiple skills
matching technological advancements and to produce skilled
workforce for meeting the demands of the emerging industries and
service sectors with national and global orientation. The revised
curriculum attempts to enhance knowledge, skills and attitudes by
giving higher priority and space for the learners to make discussions
in small groups, and activities requiring hands-on experience.

The SCERT appreciates the hard work and sincere co-operation of
the contributors of this book that includes subject experts, industrialists
and the teachers of Vocational Higher Secondary Schools. The
development of this reference book has been a joint venture of the
State Council of Educational Research and Training (SCERT) and
the Directorate of Vocational Higher Secondary Education.

The SCERT welcomes constructive criticism and creative suggestions
for the improvement of the book.

With regards,

Dr. P. A. Fathima

Director

SCERT, Kerala
]
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ABOUT THE COURSE

'Marine Technol ogy' has great rel evance among the different vocational courses.
India being a country with avast coastline of about 8000 Km, fishing, water
trangportation and allied industries play animportant role, in providing employment
toamajority of the coastal population and also in sustaining the economy with
foreign exchange, earned from the export of variousfisheries products.

Among themaritimestatusof India, lateral holdsaremarkablepositioninfisheries
sector. The coast of Keralaconstitutes approximately 10 percent of Indiastotal
coadtline. Thiscoastline of 590 km and the Exclusive Economic Zone (EEZ) extends
up to 200 nautical milesfar beyond the continental shelf, which coversan areaof
2,18,536 sq km, providing opportunitiesfor agesin traditional fishingininshore
waters. Keraahasalarge number of boats, shipsand vesselsand thus provides
job opportunitiesfor lakhs.

The course 'Marine Technology' enablesaVHS student to acquire the skill todo
maintenance, different serviceworks, fault finding and rectificationin different On
board and In board engines. He may work as atechnician/supervisor in marine
workshopsor plants, or he can start aservice centre of hisown.

Thistwo year course has4 modules. After thecompletion of first modulehegetsa
skill certificatein'Basic MarineWork shop practice'.

The second moduledea swith servicing of out board motorsand after completion
hewill get aSkill certificateas' Out Board Motor Servicing'.

Thethird moduleisabout servicing of Marine diesel enginesand earnsaskill
certificatein'MarineDiesdl EngineServicing'.

Thelast moduleisabout marine equipmentsand navigationd aids. Thecertificate
issued will beaskill certificatein'Marinevesse equipment servicing', Welding
and NDT".

Major Skills (With Sub Skills)
1. The ability to do Marine Diesel Engine Servicing
a) Decarbonization
b) Injector Testingand Servicing
c) Fault Diagnosisand Rectification
d) Identificationof PipeLines
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2. Marine Equipment Servicing, Welding And Non-destructive Testing
a) Maintenanceof Auxiliary Machines
b) Handling of Deck Equipments
c) Handlingof NavigationAids
d) Vaiouswdding Techniques
e) Anayssof weldingdefects
f) Magor NDT Techniques

SYLLABUS
Module-3
Unit 3.1- Introduction to Marine Diesel Engine (20 - Period)

Diesdl engine Cycle- Diesdl engine description - working of 2 - strokeand 4 Stroke
Cl engines. - Differencesbetween Sl & Cl engines

Unit 3.2- Marine Low Speed Engine Construction (60 - Periods)

Categorization of Marineengines- Low, medium & High Speed engines- Necessity
of Main & Auxiliary enginesin Ships& Vessels- Advantages of 2 - strokelow
gpeed engineasManenginein Marine Ships& Vessals.- Heavy vessd diesdl engine
congtruction

Unit 3.3- Marine Diesel Engines Systems (140 - Periods)

Fuel system - electronicinjector - Starting system- Air starting system - Cooling
system - Lubrication system - Air intakeand Exhaust systems- Transmission System
- Steering system governor, decompression mechanism, blow past mechanism.

Unit 3.4- Marine Diesel Engines: Maintenance and Trouble Shooting
(60 - Periods)

Daily maintenance- Periodic maintenance- Preventive maintenance- Break down
maintenance - Fault diagnosisand rectification - Propeller efficiency low - Smoke
colour -Blue, White and Black - Cavitationsin propeller - Enginetemperaturehigh
- Low mileage- Detonation insidethe engine - Decarburization - Valve Clearance

O
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adjustment - Cylinder piston clearance- Compression pressure checking low/ high
- Crank caseexplosion - Oil mist detection - Engineoil quality checking - Visud,
Viscosity, water, microbia degradation

Unit 3.5- Gauges and Meters (40 - Periods)

Different gauges and meters used in marine engines - Pressure gauge, temperature
gauge, tachometer - Different gauges and metersused in marineengines-Ammeter,
flow meter, pyrometer, Inclinometer, gauge glass, hour meter

Unit 3.6- Vessel and Vessel Terminology (20 - Periods)
Vessdl terminology - Engineroom layout - Colour lightsand code used in ships
Module- 4

Unit 4.1 - Marine Auxiliary Machines (60 - Period)

Auxiliary Machines-Pumps(Centrifuga pump, reci procating pump, Gear pump and
Hand Pump) -Compressor (Reciprocating compressor Singlestage, Multi-stage,
Centrifugal compressor) - AC Generator - Power take off (Mechanical, Electrical
and Hydraulic)

Unit 4.2- Deck Equipments and Fishing Accessories (40 - Periods)

Deck Equipments and fishing Accessories- Mechanical Trawl winch, fishing
Accessories- LineHauler, Power block (open and closed) - Net drum-Gallows-
Mast -Derrick and pulleys

Unit 4.3 - Navigation Aids (20 - Periods)

Navigation aids- GPS, Gyroscope, AlS, VHF Radio, RADAR, Ultrasonic devices
(Fathometer, SONAR, Fishfinder), M agnetic compass and Gyro compass

Unit 4.4 - Life Saving Equipments (10 - Periods)
Life- saving Equipments- Liferaft, Lifebuoy, Life Jacket and Life Boat
Unit 4.5- Welding and Welding Defects (110 - Periods)

Welding M ethods - Fus onwelding, Pressurewe ding and Thermo chemica welding
- GasWelding (Oxy-Acetylene), Arc Welding Methods- SMAW,GMAW/MIG,
GTAWI/TIG and Submerged arc welding - Different welding positions-Flat,

>
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Horizontad, vertica and Overhead - Under water welding and itstwo typessuch as
Wet (Meta Arc)and Dry ( Flux cored arc) - Welding defects- Lack of penetration,
Lack of fusion, Porosity, Slag inclusion, undercut, Overlays, Cracking, Blowholes,
Burn through, Excessive penetration, spatter and arc strike

Unit 4.6 Non-Destructive Tests (Periods-100)

Types of weld tests - destructive and non destructive - Different types of non -
destructivetesting - visua inspection, liquid penetrant test, magnetic particletest,
radiographic test and ultrasonic test
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Overview of the Module 3
Marine Diesel Engine Servicing

A coursein marinetechnology isincomplete without heavy diesel engine/ ship
engineservicing. Inthismodulethelearner acquirestheskillsfor servicing multi -
cylinder diesel engine, itsdifferent systems, maintenance works and trouble
shooting. Hegets familiar with different gaugesand metersfound ontheengine/
control room/ bridge. Hea so getsafair ideaabout vessel terminol ogy, engine
room layout and the colour codesused in Marinevessels.

Unit - 1

INTRODUCTION TO MARINE DIESEL ENGINE
Anintroductiontodiesd enginebeginswithdiesd cycle Thediesd cycleisexplained
on the basis of P-V diagram and T-S diagram. This gives aclear picture of the
processestaking placein adiesel cycle. Thereafter the working of two- stroke
marinediesd engineand four - strokediesel enginesare detailed and acomparison
between spark ignition (S.I.) engineand compressionignition (C.1.) engineisdone.
Learning Outcomes
»  Describes thermodynamic cyclebehind theworking of diesel engines.
»  Explainsworking of 2 - stroke& 4 - stroke Cl engines.
» Differentiatesbetween Sl & Cl engines.
Detailing of the Concepts
3.1.1 Diesel Engine Cycle
A diesd engineg'sworkingisbased ondiesal cycle. It consistsof four processes.

TEe wrwma perey

41—

Magnetic Flux
| . ___*‘.---"""_pln Lgags of Yoke

Crack Magnetic Flux
Indication In Fart
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Process 1-2

VolumedecreasesfromV 1to V2, Pressureincreasesfrom P1to P2, Temperature
alsoincreases T1to T2 and Entropy isconstant S1=S2, it isadiabatic processand
work isinput into the system. So process 1-2 is adiabatic work input process.
Process 2-3

VolumeincreasesfromV2toV 3, Temperatureincreasesfrom T2to T3, Entropy
asoincreasesfrom S2 to S3 and Pressure remains constant P2 = P3, it isaconstant
pressure process and heat isinput into the system. So it isaconstant pressure heat
addition process.

Process 3-4

Pressure decreases form P3 to P4, Temperature also decreases from T3 to T4,
Volume increases from V3 to V4, and entropy remains constant S3=$4, itisa
adiabatic processand work isoutput from thesystem. Soit isadiabatic work output
process.

Process 4-1

Pressure decreasesfrom P4 to P1, Temperature decreasesform T4to T1, Entropy
decreasesfrom $4to S1 and Volume remains constant V4=V 1 and hesat rejection
fromthesystem. Soit isconstant volume heat rejection process.

3.1.2 Diesel Engine Description

4 - stroke Compression Ignition (Cl) engineworks as same asthe 4 - Stroke S
engine. Only differencein spiteof spark plug hereitisfud injector. But inthe case of
2 - stroke Cl engine herethe pressurised air isentered into the cylinder (abovethe
piston), no transfer port, only inlet port and exhaust valve

Exhaust
% Gases

INTAKE COMPRESSION EXHAUST

Flg 32 FIRST STROKE SECOND STROKE

3.1.2.1 Working of 2 - stroke Marine Diesel Engine

2 - strokeinternal combustion engines are more simple mechanically than four-
stroke engines, but more complex in thermodynamic and aerodynami ¢ processes,
accordingto SAE (Society of Automative Engineers) definitions. Ina2-strokeengine,
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thefour "processes’ of internal combustion enginetheory (intake, compression,
ignition, exhaust) occur in onerevol ution, 360 mechanical degrees, whereasina4-
stroke enginethese occur intwo completerevol utions, 720 mechanica degrees. In
a2-gtrokeengine, morethan onefunction occursat any giventimeduring theengings
operdtion.

Intake beginswhen the piston isnear the bottom dead center. Airisadmitted to
thecylinder through portsinthecylinder wal (therearenointakevalves). All
2-stroke Diesd enginesrequireartificial aspiration to operate, and will either
useamechanically driven blower or aturbo-compressor to chargethe cylinder
withair. Intheearly phaseof intake, theair chargeisa so used to force out any
remaining combustion gasesfrom the preseeding power stroke, aprocessre-
ferred to as scavenging.

Asthe piston rises, the intake charge of air is compressed. Near top dead
centre, fuel isinjected, resulting in combustion dueto the charge's extremely
high pressure and the heat created by compression, which drivesthe piston
downward. Asthe piston movesdownward inthecylinder, it will reach apoint
wheretheexhaust port isopened to expel the high-pressure combustion gas-
ses. However, most current 2-stroke diesel engines use top-mounted poppet
vavesand uniflow scavenging. Continued downward movement of the piston
will exposetheair intake portsinthe cylinder wall, and the cycle will start

agan.

3.1.2.2 Working of 4-Stroke Marine Diesel Engine

A 4-grokeengineisaninterna combustion (IC) engineinwhich the piston completes
four separate strokeswhileturning the crankshaft twice. A strokerefersto thefull
travel of thepiston aongthecylinder, in either direction. Thefour separate strokes
aretermed:

Intake: Thisstroke of the piston beginsat top dead centre(T.D.C.) and ends

at bottom dead centre (B.D.C.). Inthisstroke theintake valve must beinthe
open position whilethe piston pullsair into the cylinder by producing vaccum
pressureinto the cylinder through itsdownward motion.

Fig 3.3
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 Compression: Thisstrokebeginsat B.D.C, or just at the end of the suction
stroke, andendsat T.D.C. Inthisstrokethe piston compressestheair in prepa:
ration for ignition during the power stroke (below). Both theintake and ex-
haust valvesare closed during thisstage.

*  Combustion: Whilethepigtonisat T.D.C. (theend of the compression stroke)
theinjector spraysdiesdl into thecombustion chamber. Theriseintemperature
of theair caused by itscompression resultsin instantaneous burning of diesel
withinanexplosion. Thiscauses heat to release resulting in the generation of
expanding forcesknown as power. Piston movesfromTDCto BDC.

*  Exhaust: Duringtheexhaust stroke, the piston onceagainreturnsfrom B.D.C.
to T.D.C. whilethe exhaust val veisopen. Thisaction expel sthe spent air-fuel
mixturethroughtheexhaust vave.

3.1.3 Differences between SI & CI Engines

(Sl No Sl Cl )
1 Otto Cycle Diesdl Cycle
2 Spark plug, Ignition system | Injector, Injection pump
3 Lessinitid cost Highinitid cost
4 Highrunning cost Lessrunning cost
5 Less power High Power
6 Low weight Highweght

Detailing of Practicals

1. Identify and categorize the SI & C | engines parts.

Mix the Sl & CI engine parts and placed on theworkshop floor. Teacher asked
studentsto identify and categorizethe Sl & Cl engine parts.

Assessment Activities

* Classtest * How chart preparation
* Identification of engineparts e Assgnment
e  Saminar e Quiz - Collection

TE Questions

1) Identify theCl enginethermodynamic cycle. ( Otto, diesd, auto, dud, Carnot)

2) Explaintheworking of 2 - stroke diesel enginewith neat sketch

3) Arrangeand categoriesthefollowing IC enginepartsunder Sl and Cl engine
Piston, diesdl injector, inlet valve, fly whedl, spark plug, carburettor, injection
pump, exhaust valve, turbo charger.

&
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Unit - 2
MARINE LOW-SPEED ENGINE CONSTRUCTION

Beforeone should goin detail about marinediesel engines, heshould know about
the categorization of diesd enginesinto high speed engines, medium speed engines,
low speed enginesand their differentiation criteria. Eventually thetopicleadsto the
useof low gpeed enginesasMain enginesand 4 - Stroke enginesasauxiliary engines.
Thispavesway to therel evance of thetopi c-advantages of two strokeenginesover
four stroke engines as main engines onboard ship. The parts of two stroke diesel
engines such asexhaust vave, piston and piston rod, crosshead, piston rings, fuel
injector, fuel pump, turbocharger, fuel cam etc. arecovered in detail.

Learning Outcomes
»  Categorization of marineenginessuch aslow, medium & high speed
*  Describetheneedsof main & auxiliary enginesisships& vessels

*  Describe the advantages of 2 - stroke low speed engine as main enginein
marineships& vessds.

* ldentify heavy vessal diesel engine parts such asexhaust valve, piston rod,
crosshead, piston rings, fuel injection pump, no transfer port, air induction by
turbo charger, direct drive, two setsof fuel camsfor reversingtheenginerota:
tion.

Detailing of the Concepts
3.2.1 Categorization of diesel engines

Withinthediesel engineindustry, enginesare often categorized by their rotational
speedsintothreeunofficia groups:

1. High-speed engines(> 1,000 rpm),

2. Medium-speed engines(300-1,000 rpm), and

3. Low-speed engines(< 300 rpm).

High-speed engines

High-speed (approximatdy 1,000 rpm and greater) enginesare used to power trucks
(lorries), buses, tractors, cars, yachts, compressors, pumps and small electrical

generators. Now adaysmost high-gpeed engineshavedirect injection. Many modern
engines, particularly in on-highway applications, have commonrail direct injection,
whichiscleaner burning.

&



Reference Book |}

Medium-speed engines

Medium-speed enginesareused inlarge d ectrica generators, ship propulsion and
mechanica drive applicationssuch aslarge compressorsor pumps. Medium speed
diesd enginesoperateon either diesd fud or heavy fud oil by direct injectioninthe
same manner aslow-speed engines.

Enginesusedin el ectrica generatorsrun at approximately 300 to 1000rpm and are
optimized to run at aset synchronous speed depending on the generation frequency
(50/60hertz) and providearapid responseto load changes. Typical synchronous
speeds for modern medium-speed engines are 500/514 rpm (50/60Hz), 600 rpm
(both 50 and 60HZz), 720/750rpm, and 900/1000rpm.

Low-speed engines

Also knownasdow-speed, or traditionally oil engines, thelargest diesd enginesare
primarily used to power ships, dthough thereareafew land-based power generation
unitsaswell. These extremey large two-stroke engines have power outputsup to
approximately 85 MW (114,000 HP), operatein therange from approximately 60
to 200rpm and are up to 15m (50ft) tall, and can weigh over 2,000 short tons
(1,800t). They typically usedirect injection running on chesp low-grade heavy fud,
also known asbunker C fuel, which requires heating in the ship for tanking and
beforeinjection dueto thefud'shigh viscosity.

Large and medium marine engines are started with compressed air directly applied
tothepistons.

3.2.2 Main & Auxiliary Engines in Ships

Mainor propulsion engines are used to turn the ship's propel ler and movethe ship
through thewater.
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Main engine

They typically burndiesdl oil or heavy fuel oil, and may be ableto switch between
thetwo. In shipsmostly 2-stroke diesdl enginesareused asmain engines. 4-stroke
diesal enginesarealso used asmain enginesin smaller vessals, but thisrequiresa
bigger reduction gear box.

Auxiliary engine

Auxiliary engineisnormally a4 stroke
enginewhichiscoupled with agenerator
to produceel ectricity. Therewill be2 or
3auxiliary enginesinaship, at least two
will be present.

3.2.3. Advantages of 2 - stroke low
speed engine as main engine

1. Nogear box required

2. Lessnumber of moving partswhen compared to 4 strokeengine

3. Lowquality fuel canbeburned

4. Producehigh power compared to 4 stroke engines

3.2.4 Heavy Vessel Diesel Engine Construction

Exhaust valve

Exhaust vavesopeninwardsinto the cylinder, sothat thegaspressureinthecylinder
will ensurepositiveclosing.

Two - stroke cross-head engines have asingle exhaust valve mountedin the centre
of the cylinder head. The opening and closing of thevalveiscontrolled by acam
mounted on the camshaft. On ol der enginesthe cam follower liftsapushrod, which
operatesarocker arm and opensthevalve.

Modern two - stroke cross-head engineshave ahydraulically operated air sprung
exhaust valve. Thecam operatesahydraulic pump instead of apushrod. Oil (from
theengine Lube Oil system) displaced by the pump operatesapistonin the exhaust
vavewnhich pushesthevalveopen.

Instead of mechanical springs, thevalvehasan"air spring”. Air at 7 bar isledviaa
non return valve to the underside of apiston attached tothevave spindle. Asthe
valve opens, the air underneath the piston is compressed. The expansion of this
compressed air, whenthe hydraulic pressureisrdieved, assstsintheclosing of the

vave
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Hydraulically Operated Exhaust Valve

Exhaust valve with pushrod and tappet

Fig 3.6 Fig 3.7

Theairissuppliedwithasmal amount of oil for lubrication purposes. Airisasoled
downtheexhaust valveguide. Thiskegpstheguide cool and lubricated, and prevents
the exhaust gasleaking up theguide. Excess oil which collects at the bottom of the
air spring cylinder isdrained to acollecting tank.

To prevent the possibility of anair lock, the hydraulic system hasasmall leak off at
thetop of theexhaust vavehydraulic cylinder. Oil ismade up viaanonreturnvave.
Ardief vaveisdsofitted. A damping arrangement ontop of thepistonintheexhaust
valvepreventshammering of thevalvesesting.

Thevalve spindleisfitted with awinged valverotator. Thekinetic energy inthe
exhaust gasrotatesthevaveasmall amount asit passes. Thiskegpsthevaveat an
even temperature and hel psto reduce the build up of depositsonthevalve seat.

When thevavesare overhauled, thevavesand seatsare not | apped together. Instead
specid grinding equipment isused to grind the seat and spindletothe correct angles.

Piston and Piston Rod

The Piston comprisesof two pieces; the crown and the skirt. Thecrownissubject
to the high temperaturesin the combustion space and the surfaceisliableto be
eroded /burnt away. For thisreason themateria from which thecrownismademust
be ableto maintain its strength and resist corrosion at high temperatures. Steel,
alloyed with chromium and molybdenum isused, and some pistonshaveaspecid
aloy welded onto the hottest part of the crowntotry and reducethe erosion caused
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by theburning fuel. Thecrown also carriesthe4 or 5 piston ring grooveswhich may
bechromeplated. The cast iron skirt actsasaguidewithinthe cylinder liner. Itis
only ashort skirt on engineswith an exhaust valve (known as uni-flow scavenged
engines), asunlikeatrunk piston engine, no sidethrust istransmitted to theliner
(that'sthejob of the cross-head guides).

A forged stedl piston rodisbolted to the underside of the piston. The other end of
the piston rod is attached to the cross-head pin. Pistons are cooled either using
water or the crankcase oil. Water has abetter cooling effect than ail, but thereisa
risk of leakage of water into the crankcase.

Piston

Piston rings

Platferm aparating cylinder
frem crank case

Crosshead, crosshead
bearing [recipracating}

- Connecting rod

Crank pin, bottom end
bearing |rotatory
motion) Tournal, journal bearing
# |rotatory motion}

Web

Fig 3.8

Modern engineshaveoil cooled pistons. The pistonrodisutilized to carry theoil to
and from the piston. Therodishollow, and hasatube running up its centre. This
givesan annular space which, withthe centra bore, alowsasupply and return.
Pistonrings

Piston ring is an important part of the engine Yet the rings tend to be neglected
because they are aconsumabl e item. Often they can be found in the corner of a
storeroom covered in dirt and rust, and in severe cases they have been painted.
Piston ringsshould be kept inadry placeand stored flat. A light coating of protective
[ubricant will prevent them from rusting. If they are covered, makesurethey are
checked regularly to ensurethey arein satisfactory condition.

Thefunctionsof pistonringsare;
*  Provideasedl tothe combustion chamber to prevent gasesand combustion
products passing the piston.

&
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*  Control thelubricatingail.
*  Conduct heat away fromthe pistontotheliner.

b4

) TOP RING
AXIAL O GROOVE CLEARANCE
«—— 2ND RING

I
/»\;‘..- «—— SIDE RING h / II /

EXPANDING RING

'y

—

) | SIDERING  Back Clearance BUTT CLEARANCE

20mm ==X o .
[.79in) {E’C‘-‘::- Flg 3.9

Typesof Piston Rings
Compressionring- Providesagassed.
»  Scraper or Oil Control ring- Digtributesoil onthecylinder liner preventingthe

oil passing upwardsinto the combustion chamber. Theseringsarenormally
found ontrunk piston engines.

Thepiston ring sitsin amachined groove, located such that thering operatesat an
acceptabletemperature. If theringswerefitted too high, thehigh temperaturewould
rapidly burn off theoil and theringswould seizeintheir grooves. Thepistonring
must befreeto moveinitsgroove, therefore, aclearanceisrequired. Ring clearances
areshowninthefigureabove.

Effect of Clearances

GrooveClearance

»  Allowspressureto build up behindthering

* Allowsail toflow into thegroove

»  Allowspressureto build up behindthering

Thismay a so betermed gap clearance and isrequired to accommodate thering
expansion asit heatsup.

Too small Groove Clearance

* Ringwill gickinthegroove. Thiswill resultin poor seding and possible blow
by whichwill burn away the oil and cause scuffing. Insufficient gas pressure
behind theringwill affect sedling.

Too large Groove Clearance
*  Ringflutter and possiblebreakage
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Too small Butt Clearance

*  Asthering expandsthebutt will cometogether. Thiswill exert alargeradial
pressureontheliner, breaking downthe oil film and increasing scuffing wesr.
Ring seizuremay occur.

Too large Butt Clearance

*  Excessivegasleskage
Thepigtonringsoperatein ahostileenvironment. Theload isfluctuating and at
top dead centretherings are at their slowest speed and highest temperature.
Therings must withstand corrosive combustion products. Piston rings must
therefore have hightensile strength to resist breakage, combined with good
anti-corrosive properties. Ringsmust al so maintain tension at |lower combus-
tion pressuresand be compatiblewiththeliner material.

Cross-head

The2 - strokediesdl cross-head engineworks on exactly the same principleand
cycle asthe 2 stroke diesel trunk piston engine. The piston rod is bolted to the
piston and passesthrough astuffing box mounted in the digphragm plate. To ensure
that the cross-head reciprocatesin aignment with the pistoninthe cylinder, guide
shoes are attached either side of the cross-head pin. These shoesare lined with
white metal, abearing material and they reci procate against the cross-head guides,
which arebolted to the frame of the engine. The cross-head guidesarelocated in
between each cylinder. Cross-head design alowsenginesto be built with very long
strokes - which meansthe engine can burn agreater quantity of fuel/strokeand
develop more power. Themost powerful diesel enginesintheworld aretwo stroke
cross-head engines.

Thefunction of thefud injection systemisto providetheright amount of fud at the
right moment and in asuitable condition for the combustion process.

Thefuel il injection system for adiesel engine

Fig 3.10
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Theinjection of thefuel isachieved by thelocation of cams on acamshaft. This
camshaft rotates at engine speed for atwo-stroke engineand at half engine speed
for afour-strokeengine. Therearetwo bas ¢ systemsin use, each of which employs
acombination of mechanica and hydraulic operations. Themost common systemis
the jerk pump; the other isthe common rail.

A typica fud injector isshowninFigure. It hastwo basi c parts, thenozzleand the
nozzle holder or body. The high-pressurefuel entersand travelsdown apassagein
thebody and theninto apassageinthenozzle, ending finaly in achamber surrounding
theneedlevave.

Theneedlevalveisheld closed on amitred seat by anintermediate spindleand a
spring intheinjector body. The spring pressure, and hence theinjector opening
pressure, can be set by acompress on nut which actson the spring. Thenozzleand
injector body are manufactured asamatching pair and are accurately ground to give
agood oil sedl. Thetwo arejoined by anozzle nut.

Theneedlevavewill openwhenthefue pressureacting ontheneedlevavetapered
face exertsasufficient force to overcomethe spring compression. Thefuel then
flowsintoalower chamber and isforced out through aseriesof tiny holes. Thesmadll
holesaresized and arranged to atomi ze, or break thefuel into tiny drops, al of the
fud oil, whichwill then readily burn. Oncetheinjector pump or timing val ve cuts of f
the high pressurefuel supply the needlevalvewill shut quickly under the spring
compressionforce.

All slow-speed two-stroke engines and many medium-speed four stroke engines
are now operated almost continuously on heavy fuel. A fuel circulating systemis
thereforenecessary and thisisusudly arranged withinthefud injector. Duringinjection
the high-pressurefuel will open thecirculation valvefor injection to take place.
When theengineisstopped thefuel booster pump suppliesfuel and thecirculation
valvedirectsaround theinjector bodly.

Older enginedesgnsmay havefud injectorswhich arecirculated with cooling water.
Fuel Injection Pump

Fuel Injection Puﬁ{p
Fig 3.11
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Fuel hasto beinjectedintotheengineat ahigh pressure so that it atomizes correctly.
I njection takes place over ashort period of timeand this period of timemust be
accurately controlled; lateor early injectionwill lead to alack of power and damage
totheengine. Becausethetiming of injectioniscrucid, camsmounted on thecamshaft,
whichisdriven by the crankshaft are used to operatethefuel pumps, oneof which
isprovidedfor each cylinder.

Asthecamrotatesit operatesaspring loaded ram (or plunger) which movesup and
downinacylinder (or barrel). Asthe plunger movesup the barrel, the pressure of
thefud inthebarrd abovetheplunger risesvery quickly. Thehigh pressurefud then
opensthefud vave (injector) and issprayed into thecylinder intiny dropletsknown
asatomization. It isimportant to notethat theinjection only takesplacewhen the
plunger ismoving up thecam dope.

Thisistheprinciple behind the operation of thefuel pump. Oncestarted, theengine
would over speed. A processwhich will infinitely vary the amount of fuel injected
into the engine can be controlled by agovernor.

Two different methodsareused. Inthefirst, theplunger hasahedix machinedintoit
which alsoformsavertical grooveand an annular groove at the base of the helix.
The plunger reciprocatesin abarrel, located in the pump body which has spill ports,
connected to the suction side of the pump, drilled so that they are abovethetop of
the plunger when the cam ison the basecircle. The plunger iskeyedto asleeve
which hasagearwhee! (pinion) machined intoit. The pinion mesheswith arack
which can rotate the plunger relative to the barrel. Therack is connected to the
enginegovernor.

Vertical groove  Annular groove  Intake port
\ \

Port closing Port openi

Bottom dead Port closing Port opening 1
center (start of delivery) {end of delivery) istart of delivery) lend of delivary)

Maximum delivery Partial delivery

Fig 3.12
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Astheplunger movesupwardsinthebarrd, injectionwill commenceoncetheplunger
has closed off the spill portsand the pressure builds up. Assoon asthe helix or scrall
passesthe spill portsthe pressure above the plunger will immediately drop, even
though the plunger isstill moving upwards. It should therefore be evident that the
amount of fuel injected into the cylinder isdependent on the position of the helix
relativetothespill port. Whenthevertica grooveislined up withthespill port, then
no injection will take placeand theenginewill stop.

Air induction by turbo charger

About 35% of thetotal

heat energy inthefuel is c°=_=

wasted to the exhaust i THBIG i
gases TheTurbocharger  compressor — | e e
usessomeof thisenergy  ammem _ 7{4_ Qee
(about 7% of the total Ailey Alloy St il
energy or 20% of the ,, ~»

waste heat) to drive a  inlet i Nozzles
snglewhed turbine. The Ity
turbine is fixed to the Boarings P

same shaft as a rotary
compressor whed. Airis Fig 3.13

or
White Metal

drawn in, compressed, Wolufe-outing
and compression raises Aoy

thetemperatureof theair, it iscooled down to reduceitsvolume. It isthen delivered
totheenginecylindersviatheair manifold or scavengeair receiver.

The speed of theturbocharger is variable depending on the engine load. At full
power the turbocharger may berotating at speeds of 10000RPM.

Direct Drive
STERN TUBE
THRUST
PROPELLER S
S BLOCK THRUST | 771
SHAFT INTERMEDIATE
) SHAFTl
- = e
e —
AFTERMOST  |NTERMEDIATE H—
BEARING BEARINGS JOURNAL s |
BEARING
INBOARD SEAL SN
DIRECT DRIVE Fig 3.14
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Detailing of Practicals

1. Dismantlingand assembling of boat diesel engineand identification of
parts such as exhaust valve, piston rod, cross head, separate fuel
injection.pump for each cylinder, notransfer port, air induction by tur-
bochar ger, direct drive, two set of fuel camsfor reversing the engine
rotation

» Afterremoving al thefuel supply lines, dectrica connection from battery
andlubeoil lines.

* Removethecylinder cover.

* Markthecylinder fromflywhed end by using chak.

* Removethefud injector.

* Removethecylinder head stud nutsand dismantle the cylinder head.

* Removethecylinder block window nutsand then removeit.

* Removetheconnecting rod big end nuts, big end cap from crank shaft.

* Removethepiston, crosshead (if present), connecting rod assembly.

e Thenidentify and study the diesdl engine parts such asexhaust vave, pis-
ton rod, cross head, minimum 4 piston ringsonly, separatefuel injection
pump for each cylinder, no transfer port, air induction by turbo charger,
direct drive, two set of fuel camsfor reversing theenginerotation.

* Assamblethediesd engineinthereverseorder of dismantling.

* Dismantleand assemblethefud injection pump.

» Afterremovingthefud supply linesfrom servicetank and fuel injector

* Removethefud injection pump fixing nutsfromtheengine.

* Thenremovetheinjection pump and placed on thework table.

» Dismantletheinjection pump delivery pipeand removethenuts.

&
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» Dismantletheddivery vavespring, ddivery vave.

» Dismantletherack from the pump.

» Dismantlecamfollower, spring, plunger etc.

* Dismantlethepinion, deeveetc.

* Thenidentify dl thepartslike, deivery spring, delivery vave, inlet port, aill
port, barrdl, plunger, plunger groove, rack, pinion, camfollower, deevedc.

» After studyingitsworking, assemblethe pump inthereverseorder of dis-
mantling.

2 Dismantling and assembling of fuel injector

» Afterremovingthefuel supply linesfrom servicetank and fuel injector,
removetheinjector fixing nuts.

* Removetheinjector from theengineand placed on awork table.

» Dismantletheinjector cap nut, removelock nut, adjusting screw, valve
Spring oneby one.

* Removenozzle body nut and separateinjector body and nozzle.
* Dismantlevadvewithvaverod.

* |dentify dl the partssuch ascap nut, lock nut, adjusting screw, vave spring,
inlet passage, lesk off passage, nozzlevave, nozzlebody, vaverod, nozzle
etc.

» After studying itsworking assembletheinjector inthereverse order of
dismantling.
3 Assemblingof piston ringsin thepiston
* Remove pistonfromthecylinder.
*  Separate piston from connecting rod.
»  Spread piston ringsgently by using piston ring extractor, so that they can
beremoved or fitted over the piston crown
» Themarking 'top' must be upper most.
* Pigtonringsmust befitted so that the gapsin theringsare off set.
Assessment Activities
1 Classtest 2.Assignment 3. Groupdiscusson 4. Seminar
TE Questions
1 Differentiatelow, mediumand high speed engines
2 Listadvantagesof 2- stroke marinediesd enginesover 4 - strokeengines
3 What isthepurposeof an auxiliary and main engine onboard ship?
4  Fromthegivenfigureidentify and mark thefollowing 2 - strokemarinediesdl
engineparts.
Exhaust vave, pistonrod, crosshead, piston rings, fue injection pump, turbo charger,
direct drive, cams.




Bl MARINE TECHNOLOGY

Unit - 3
MARINE DIESEL ENGINES SYSTEMS

Thisunit dea swith the different types of systems onboard shipsand boats. The
systemsmainly consgsof fue system, starting air system, cooling system, lubrication
system, air intake and exhaust system, propul sion system, transmission system,
steering system. Thefuel system coversthetypesof fuel oilsonboard shipand a
detailed study of fuel il linein shipsand boats. Thetopicssuch asinjector testing
and sarvicing, fuel injection pump diesdl governor etc. areincluded. Starting system
and itsclassficationslikemanual, eectric and air starting systems, blow past, de-
compression mechanismsare detailed. A detailed study about indirect seawater
cooling systemisincluded in cooling system. Lubrication, itsimportanceand the
lubeail systemwithlinediagram givesaclear view about thelubrication of engines,
machinery, sterntube, etc. air intake and exhaust system deal swiththeengineair
intakeand exhaust linesaswell asmachinery includedinit, therole of turbocharger
anditslubrication. Thetransmission system cover topicsliketransmission onboard
ships, gearboxessuch asepi-cydic, differentia, hydraulic gearboxesused. Propdler,
itsnomenclatureand itstypesaredetailed in propuls on system. The manoeuvrability
of thevessdl and the steering gear arrangements are covered in steering system.

Detailing cf The Concepts
3.3.1. Fuel system - Fuels used in marine engines

MarineDiesd Oil (MDO) isatypeof fuel oil andisablend of gasoil and heavy fuel
oil, withlessgasoil thanintermediatefud oil usedinthemaritimefidd. MarineDiesd
Oil isasocaled DistillateMarine Diesel. MDO iswidely used by medium speed
and medium/high speed marinediesel engines. Itisalso used inthelarger slow
gpeed and medium speed propulsion enginewhich normaly burnresidud fud, those
fuel sresulting from acatal ytic cracking/visbreaking refinery, duetoitslower price
compared to morerefined fuel

3.3.2 Fuel system in fishing boats
Fuel supply system in marinediesel engineismade of thefoll owing components:
1. Diesd tank or reservoir:

Whenever you supply fuel toamarinediesel engine, itisstored inthediesel
tank. Diesel tank temporarily storesdiesd that isto be suppliedtotheengine.

2. Low pressurepump:
It pumpsthediesd at alow pressureto thefud injection pump through afilter.

&
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3. Filter:

Beforediesd issupplied to an engine, it must befiltered to remove any unwanted
impurities. Filter isused for this purpose.

4. Fuel injection pump:

Thisisthemost important component of thefuel injection system. Fuel injection

pump pressurizesthefuel totherequired level and injectsit correctly at theend of
the compression stroke, during each cycle of operation of theengine.

5. Fuel injectors:

Injectorsare devicesused toinject thefuel tothecylinder. Indiesel engine, when
fuel isinjected, itisautomaticaly atomized

) R e ____,;"'i-'usj_
Flg 3.16 ~-~"FUEL SHUTDownN FILTER
PUMP  yvaLvE

3.3.3 Fud system in Shipsand Vessels
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3.3.5 Electronic injector

Common Rail

Pressure Sensor \ 201 to 135MPa)

P = (=1 = Loy=
i o iz B ) | | | ‘i
e || Injectors
LU fmmYstto 100mmYsy)
Supply Pump / 7 L] [ L]
< Fiter /| '

! 1. Fuel Tank’ ECU |

_ N L | (mj) -

Flg318 1:::::::::::::: R —

= Ao | = ECU

A vacuum-powered fuel pressureregulator at theend of thefuel rail ensuresthat
thefuel pressureintherail remainsconstant relativeto theintake pressure. Fuel
injectorsare connected to therail, but their valvesremain closed until the ECU
(Engine Control Unit) decidesto send fuel into thecylinders.

Usudly, theinjectorshavetwo pins. Onepinisconnected to the battery through the
ignition relay and the other pin goesto the ECU. The ECU sendsapulsingground
totheinjector, which closesthedircuit, providing theinjector'ssolenoid with current.
Themagnet ontop of the plunger isattracted to the solenoid'smagneticfield, opening
thevave. Sincethereishigh pressureintherail, opening thevave sendsfud at a
high vel ocity throughtheinjector's spray tip. Theduration that thevalveisopenand
consequently theamount of fuel sent into the cylinder depends onthe pulsewidth
(i.e. how long the ECU sendsthe ground signd to theinjector).

Electromac Fuel Injector
Fig 3.19
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When the plunger rises, it opensavaveand theinjector sendsfuel throughthe spray
tip and into elther theintake manifold, just upstream of theintakevalve, or directly
intothecylinder. Theformer systemiscalled multiport fud injectionandthelatter is
directinjection.

3.3.6 Starting systems

Manual starting

Hand or manual starting system is the one in which the crankshaft is rotated
mechanically by manpower. Hand or manua starting sysem may befurther classified
asstarting by pulling rope, kick starting and starting by using lever. Ropeiswound
on theflywhedl which when pulled rotatesthe crank shaft and theengineisstarted.
The handle method of hand startingiscommonly appliedin marineengines. This
systemisused for small enginesupto 60 HP. Before starting the decompression
lever of theengineisput inthe ON position which keegpsthe exhaust valvein open
conditionaways.

Electric starting

Thismethod isadopted in engines having power up to 200HP. Here the external
forcerequired to rotate the crank shaft is supplied by an electric motor. Diagram
bel ow showsthe schematic arrangement of dectrica sartingsystem. Thecomponents
of this system are a starting motor connected with bendix and starter pinion, a
dynamo, abattery, cut out, switch etc. when the switch is pushed on the current
from battery flowsto the motor and rotatesit. At the same timethe current also
flowsto thebendix and pushesit up so that the starter pinionwill becomemesh with
theflywhed androtatesit, hencetheengineisstarted. When theenginegetssufficient
speed the bendix pull back the starter piniontoitsoriginal position. Astheengine
working thedynamo connected to it through belt drive produces DC current and it
flowsto the battery through the cut out. The cut out protecting the battery from over
charging.

BATTERY

W

naatee (8)

Fipwhesl

len?#é

4

Fig 3.20
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Bendix drive

A Bendix driveisatypeof engagement mechanism used in starter motorsof interna
combustion engines. Thedevicedlowsthe pinion gear of the starter motor to engage
or disengagetheflywhed of theengineautomaticaly when the starter is powered or
when theenginefires, respectively. Itisnamed after itsinventor, Vincent Hugo Bendix.

Banary L‘Sﬂ:_'

Flungar

Shift lewver

Diive
B panion

e

[ ® J|
Fig 3.21 X
Comimutaior Crvarmanming
chutch
Brimhes Armature p—

Operation

TheBendix system placesthe starter drivepiniononahelicd drivespring. Whenthe
gtarter motor beginsto turn, theinertiaof thedrive pinion assembly causesittowind
the spring forcing the length of the spring to change and engage with thering gear.
When the engine starts, back drive from thering gear causesthedrive pinionto
exceed therotation speed of the starter, at which point thedrive pinionisforced
back and out of mesh with thering gear.

Air Starting System

Large Marine Diesdl Enginesare started using high pressure compressed air. Inthe
air distribution starting system, main component isthe starting air tank or air bottle.
Normally the starting air insidethetank isstored at 30 kg/cn?. Thepressurerdlief
valveisprovided on thetank to enablerelease of excesspressureinsidethetank.
Thecompressed air isadmitted onthetop of thecylinder inwhichthepistonisin
just after TDC position. This compressed air pushesthe piston down and givesa
starting torque on the crank shaft. Shaft isthusrotated. When the shaft rotatesthe
air present in someof the cylinderswill gets compressed to provide atemperature
sufficient enough toignitethefuel. The schematic diagram of adistributer typeair

starting system for afour cylinder engineisgiven below.
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Heretheair from the bottle goesto the quick opening and closing val veand from the
valve, oneconnectionisgiventothedistributer and amainlineof airisconnected to
thevalvesonthetop of each cylinder. Thisvalvesare operated by air lines(pilot air
lines) coming from the distributer. When thevave on the cylinder isopened by the
ar comingthroughthepilotar line, themainair linesuppliestheair required to push
down the piston of the respective cylinder. Thedistributer is operated by the cams
which arearranged according to thefiring order.

3.3.7 Cooling system
Indirect sea water cooling

Although thereisan abundance of free seawater available, marinediesd enginesdo
not useit directly to keep the hottest parts of the engine cool. Thisisbecause of the
corrosion which would be caused in the cooling water spaces, and the saltswhich
would be deposited on the cooling surfacesinterfering with the heat flow.

Instead, thewater circulated around theengineisfresh water (or better still, distilled
water) whichisthenitself cooled using seawater. Thisfresh water istreated with
chemicalsto keepit dightly alkaline (to prevent corrosion) and to prevent scale
formation. Of course, if distilled water, which some ships can makefrom seawater
using evaporators, isused then thereisareduced risk of scaleformation.

The cooling water pump which may beenginedriven or beaseparateelectrically
driven pump pushesthewater around the circuit. After passing through theengine,
whereit removesthe heat from the cylinder liners, cylinder heads, exhaust valves
and sometimestheturbochargers, it is cooled by seawater and then returnsto the
engine. Thetemperatureof the cooling water isclosely controlled usingathreeway
control vave. If thewater isall owed to get too cold thenit will causetherma shocking
which may lead to component failureand will aso alow water and acidsto condense
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onthecylinder boreswashing away thelubricating film and causing corrosion. If it
getstoo hot thenit will not removethe heat effectively causing excessivewear and
thereisagreater danger of scaleformation. For thisreason the cooling water outlet
temperature is usually maintained at about 78-82°C. Because it is at a higher
temperaturethan thecooling water used for other purposes(known asthe LT cooling),
thewater for cooling the engineisknown asthe HT (High Temperature) cooling
water.

Cooling can be achieved by using adedicated cooler or by mixingin someof the
water fromtheLT cooling circuit. The LT cooling water isthen cooled inthe sea
water coolers. Thetemperatureiscontrolled using cascade control which monitors
both theinlet and outlet temperaturesfrom theengine. Thisalowsafast responseto
any changein temperature dueto achangein engineload.

Tomakeup for any leaksinthe system thereisaheader tank, which automatically
makesup any deficiency. Ventsfrom the system arealso led to thisheader tank to
dlow for any expansoninthesystemandtoget rid of any air (if youarefamiliar with
adomestic centrd heating system then you will seethesimilarities). The header tank
isrdatively small, and usudly placed highintheengineroom. Itisddiberately made
to bemanually replenished, and isfitted withalow level darm. Thisisso that any
major leak would be noticed immediately. Under normal conditions, thetank is
checked once per watch, and if it needstopping up, then the amount logged.
Thesystemwill also contain aheater which isto keep the cooling water hot when
theengineisstopped, or to allow thetemperature to beraised to asuitablelevel
prior to starting.

Some shipsuseacentra cooling system,
whereby the same cooling water is
circulated through themain engine(s) and
thedternator engines. Thissystem hasthe
advantagewhereby theengineswhich are
stopped are kept warm ready for
immediate starting by the engineswhich
arerunning.

A freshwater generator (FWG) whichis
used to produce fresh water from sea
water isalso incorporated.

Fresh water cooling systems

Fig 3.23
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A draintank hasbeenincluded. Thisisfor whentheengineisdrained down for
mai ntenance purposes. Because of the quantitiesof water involved and thechemica
treatment, itisnot economically viableor environmentally responsibleto dump the
treated water overboard each time. Thisway thewater can bere used

3.3.8 Lubrication system (in ships)

Forced lubrication system

Lubricating oil for amarinediesel engineachievestwo objectives:. it must cool and
lubricate. Theail istakenfromthedraintank usudly underneaththeengineby agear
type pump. It iscooled, filtered and supplied to theengineviathe il inlet pipeor
inlet rail at apressure of about 4bar. On amedium speed 4-stroke enginetheoil is
supplied to themain bearingsthrough drillingsin the engineframeto the crankshaft
main bearings. Drillingsin the crankshaft then taketheail to the crankpin or bottom
end bearings. Theoil isthen led up the connecting rod to the piston or gudgeon pin
and from thereto the piston cooling before returning to the crankcase.

Oil isasosuppliedtolubricatetherocker gear operating theinlet and exhaust valves,
and to the camshaft and camshaft drive. Theoil then drainsfrom the crankcaseinto
thedraintank or sump. Theoil inthedraintank isbeing constantly circulated through
acentrifugd purifier. Thisisto

removeany water and products

of combustion and any foreign
particleswhich may be present -
intheail. - e Emamae
The cylinder liner must be e N
lubricated as well. Thisis so mm.d | I SR

therewill beafilmof oil between Filter
thepistonringsandtheliner and Fig 3.34 TR

also sothat any acid produced

by combustion of thefuel isneutralized by the oil and doesnot cause corrosion.
Someof thislubricationwill besupplied by so caled " splash lubrication” whichisthe
oil splashed up into theliner by therotating crankshaft. However larger medium
speed marinediesd enginesal so use separate pumpsto supply oil under pressureto
thecylinder liner. Theail isled through drillingsonto theliner surfacewheregrooves
distributeit circumferentialy around theliner, and the piston rings spread it up and
downthesurfaceof theliner.

&
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On atwo stroke crosshead enginelubricating oil is supplied to the main bearings
and camshaft and camshaft drive. A separate supply isledviaaswingingarmor a
telescopic pipeto the crosshead where some of it isdiverted to cool the piston
(travelling up and back through the pistonrod), whilst someisusedto lubricatethe
crosshead and guides, and therest led down adrillingin the connecting rod to the
bottom end or crankpin bearing. Oil isalso used to operate the hydraulic exhaust
valves.

On some engines, theoil supply to the crosshead bearing isboosted in pressureto
about 12bar by asecond set of pumps. Thisoil isa so used to operatethe hydraulic
reversing gear for theengine.

Thecylinder linerson atwo stroke engine are | ubricated using separateinjection
pumpswhichuseadifferent specification of oil. Theoil whichisledtodrillingsinthe
liner isableto ded withtheacids produced by the burning of high sulphur fuels.

Grading of Lubricating Oil

Themain function of lubricating oil isto reduce wear on moving parts; they also
clean, inhibit corrosion, improve sealing, and cool the engine by carrying heat avay
from moving parts.

The Society of Automotive Engineers (SAE) hasestablished anumericd codesystem
for grading motor oilsaccording to their viscosity characteristics. SAE viscosity
gradingsincludethefollowing, fromlow to high viscosty: 0, 5, 10, 15, 20, 25, 30,
40, 50 or 60. The numbers O,

5, 10, 15 and 25 are suffixed

withtheletter W, designating ~ ENngine Oil Classification

they are"winter" (not "weight™)

or cold-start viscosity, at lower SAE ﬂ'ﬂ

temperature. Oils can be ‘ e SO
separated into multigrade oils
andmonogradeails Multigrade ~ sae xxW yy
oils must fulfil two viscosity

Warm Grade

- Multigrade Lubricant
Ex, : Transmigsion Syn FE 75W-90

sAE XXW .. SAE yy —p  Monograde Lubricant

specifications, their viscosity e . utia  10W
graje Cons- SS Of tWO numm‘s’ ! ! | Tﬁ:: .J;J."gher the number , the more viscous is the lubricant
e.g. 10W-40: 10W referstothe Fig 3.25

low-temperature viscosity
("Winter"), 40 refersto the high-temperature viscosity (" Summer™).Currently, most

automotiveengineoilsaremultigradeoils, whileoilsfor restricted usage.
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3.3.9 Air intake and Exhaust systems

Turbo charger

Theturbocharger cong stsof asinglestageimpul seturbine connected to acentrifugd
impeller viaashaft.

Theturbineisdriven by theengineexhaust gas, which entersviathegasinlet casng.
The gas expands through anozzle ring where the pressure energy of the gasis
converted to kinetic energy. Thishigh vel ocity gasisdirected onto theturbineblades
whereit drivestheturbinewheel, and thusthe compressor at high speeds (10000 -
15000 rpm). Theexhaust gasthen passesthrough the outl et casing to the exhaust
uptakes.

Ontheair sideair isdrawn in through filters, and enters the compressor wheel

axidlywhereitisaccelerated to highvelocity. Theair exitstheimpeller radialy and
passesthrough adiffuser, wheresomeof thekinetic energy getsconverted to pressure
energy. Theair passesto the vol ute casing where afurther energy conversion takes
place. Theair iscool ed before passing to the engineinlet manifold or scavengeair
receive.
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3.3.10 Transmission system

Thediesal engineisatypeof internal combustion enginewhichignitesthefuel by
injectingit into hot, high-pressureair inacombustion chamber. Incommonwith al
internal combustion enginesthe diesdl engine operates with afixed sequence of
events, which may be achieved either in four strokes or two, astroke being the
trave of the piston betweenitsextremepoints. Each strokeisaccomplishedin half
arevolution of the crankshaft.

Where the shaft speed of a medium-speed diesel engine is not suitable for its
application, e.g. wherealow speed drivefor apropeller isrequired, agearbox must
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be provided. Between the engineand gearbox it isusual to fit someform of flexible
coupling todampen out vibrations. Thereisaso often aneed for aclutch to disconnect
theenginefrom the gearbox.

Epi-cyclic Reverse Gear

Inthistype, the drum whichis supported by the driving shaft by meansof roller
bearing carries planet whedls. Thereareinner and outer planet wheelsinthedrum.
The outer whedl sare meshed with sun wheel s provided to grip thedrum during the
reversedirection. Thedrum faceismade asamalepart of aconeclutch. Thedriven
shaft carriesthe male portion of theconeclutch. Theconical diding pieceisusedto
engagethe coneclutch for theforward direction.

When the control lever ismoved to the ahead position, the male coneis engaged
with thefemal e cone. So that the complete unit of the system isrotated along with
theenginedirection, when the control lever ismoved to the stern position, the brake
bandisholdinthedrum. Now the drumisstationary. So the power istransmitted
fromthedrivingto driven shaft through the gear whedl .

If thesunwhed rotatesin clockwisedirection, theinner planet whed rotatesinthe
anti clockwisedirection; hencethe
outer planet wheel rotates in
clockwise direction making the . e ——
driven shaft to rotate in an anti ML - 0 MR
clockwise direction. Thus the e e
directionischanged. Duringthe |~ .o o0
neutral position the drumisfree | - E
from brake band. So that it is| ™ - ==l
rotatingaongwiththeenging and | " |
duetotheload and frictioninthe - e - P
propeller the drum is kept BRAKE BAND '

Stationary. Fig 3.27

EPICYCLIC REVERSE GEAR

OUTER PLANET GEAR

DRIVING SHAFT

CONICAL
SLIDER

Differential Gear box

In thistype engine output shaft and the driven shaft arefitted with bevel gearsin
between the bevel gears anumber of star wheels are provided. The star wheel
spindlesareheld by means of two roller bearings. On the other side of the hollow
drum thefemal e portion of thecone clutchisfitted. The maleportion of theconeis
provided around the hollow drum so asto have agrip with the operating lever.

<
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Fig 3.28 e

JIFFERENTIAL GEAR BOX

When thereverse gear operatingis put in the ahead position, the male portion of
coneclutch engageswith thefema e portion of thedrum. So thecomplete unit rotates
inthedirection of the enginesasasolid massdueto the arrangement of the bevel
gears. When thereverse gear operating handleis engaged in stern position, the
brake band, gripsthe hollow drum and makesit isstationary. At the sametimethe
star whed rotatesthe driven shaft bevel gear and thusthe output shaft. So the output
shaft isrotated in the opposite direction of theenginerotation.

During the neutral positionthe cone clutchwill bein the disengaged position and
brake band will beloose over the drum. Now the bevel gear fitted inthedriven shaft
isstationary dueto theload on the propeller. So the hollow drumisrotating along
with the engine shaft bevel gear inthedirection of therotation of theengine.

Reverse and Reduction Gear box

Reduction gear box consistsof a E—
hollow shaft, solid shaft, clutch |x/
m b .-q ¢

~—GEAR SHIFTER

HOLLOW SHAFT

assembly, propeller shaft, idle E.::;m_
gear, spur gears etc. b N || |l

: Flms ameo
Theclutch assembly isattached 1 |
withtheflywhed anditconsists | v #»e= . P —oie cean
of friction plates and pressure Jep——
plates. When the gear lever is | rressune riare RN .
moved to ahead position, the — i_w‘“"‘“
friction plate engages with the
flywheel. Then the solid shaft

CLUTCH

REDUCTION AND REVERSE GEAR BOX

Fig 3.29
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rotatesand thepropdl | er shaft rotatesin the direction of engineshaft. Whenthelever
iIsmoved to astern position, thefriction plate engageswith the clutch assembly. Then
the hollow shaft rotatesa ong with theenginedirection. Even though the hollow shaft
gear rotatesin samedirection of the engine shaft, the propeller shaft rotatesinthe
oppositedirection. Whileintheneutrd position, thetwofriction platesarefreefrom
the pressureplates.

Hydraulic Gear Box

(1) and (2) aremulti-plate hydraulic clutch. Clutch ismounted on the ahead shafts
with gear (4) ontheinput sideand (5) on the output side. Theinput shaft houses
gear (3), theclutch (2) and gear (6). Thisshaft dso actsasreverseshaft. The output
shaft issituated down bel ow theinput shaft. The output shaft issituated down bel ow
theinput shaft. The output shaft houses gear (7) whichisaso the output gear. The
gear pumpisusedto direct theflow asper the clutches. Direction control vaveis
used to direct theflow as per therequirement. A pressureregul ation valve used to
maintain the constant pressurein the system. The working pressure of the clutch
may beabout 10- 15 K g/cn? and theworking oil pressurefor thegear box lubrication
isapproximately 2 Kg/cn?,

Working principle

When the clutch (1) ie. Ahead clutch is
engaged, the power istransmitted fromthe
driving shaft to driven shaft through the gear
wheels 3,4,5 and 7. When the clutch is
engaged, the direction of the driving shaft
and driven shaft issame. Whentheclutch
(2) ie, astern clutch isengaged, the power
istransmitted fromthedriving shaft todriven
shaft through thedriving shaft and driven
shaft ischanged. Thedriven shaftisrotating
inanti clockwisedirection. Thusreverse
directionisobtained. Fig 3.30

Intheneutral position both the clutches are disengaged to then power will not be
transmitted from driving shaft to driven shaft.

Transmission System in ships

Reversngisdonein many ways. Inshipsusing 2 strokediesd enginesfor propulsion
the propeller rotation can be reversed by using variable pitch propdller, reversing
theengine.

&
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The engine rotation can be reversed by engaging another set of cams which
momentarily changesthefiring order of theengine, hencewhen gartingairisadmitted
tothecvlinder theenainecranksinreversedirection andisfired upwith fuel.

STERN TUBE

PROPELLER THRUST o
TAIL BLocK THRUST | 77
INTERMEDIATE
SHAFT 1 (. T

.....

F-rmioi]

AFTERMOST  |NTERMEDIATE Py
BEARING BEARINGS JOURNAL i o

BEARING
INBOARD SEAL MAIN ENGINE
DIRECT DRIVE Fig 331

3.3.11 Propulsion System

A propdller transmits power by converting rotationa motion into thrust. A pressure
differenceisproduced between theforward and rear surfaces of theairfoil-shaped
blade, and afluid (such asair or water) isaccel erated behind the blade. A marine
propeller of thistypeissometimes colloquidly known asascrew propeller or screw.

Propeller nomenclature

Fixed pitch

A propdller transmits power by converting rotational motion into thrust. A pressure
differenceisproduced between theforward and rear surfaces of the airfoil-shaped
blade, and afluid (such asair or water) isaccel erated behind the blade. A marine
propeller of thistypeissometimes colloquidly known asascrew propeller or screw.

Thepropeller consstsof abosswith several bladesof helicoida form attached toit.
Whenrotated it 'screws or thrustsitsway through thewater by giving momentumto
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the column of water passing throughit. Thethrust istransmitted d ong the shaftingto
thethrust block and finaly to the ship'sstructure. A solidfixed-pitch propelleris
shown in Figure above. Although usually described asfixed, the pitch doesvary
withincreasing radiusfrom theboss. The pitch a any point isfixed, however, and
for calculation purposesamean or averagevaueisused.

A propeller which turns clockwisewhen viewed from aft isconsi dered right-handed
and most single-screw ships haveright-handed propellers. A twin-screw ship will
usualy have aright-handed starboard propeller and al eft-handed port propeller.

Variable Pitch Propeller (Controllable-Pitch Propeller)

A controllable-pitch propeller (CPP) or variable-pitch propellerisatypeof propdler
with bladesthat can berotated around their long axisto changethe blade pitch.
Reversible propellersthose wherethe pitch can be set to negativevaluescan a so
create reversethrust for braking or going backwards without the need to changethe

direction of shaft revolution.

n
‘Il ROTATOR
|I.
SLOT PITCH ROD

HUB

e

PROPELLER SHAFT

ROTOR BLOCK

Fig 3.33

PROPELLER LEAF VARIABLE PITCH PROPELLER

Voith Schneider propeller

The Voith Schneider propeller (VSP), also known as a cycloidal drive, is a
gpecialized marine propulson system (MPS). It ishighly maneuverable, being able
to changethedirection of itsthrust dmost ingtantaneoudly. It iswidely used ontugs
andferries.

3.3.12 Steering system used in boats and ships

Every ocean going cargo ship need to be provided with amain steering gear and an
auxiliary steering gear unlessthemain steering gear comprisestwo or moreidentical
power units. Themain steering gear isto be capabl e of turning therudder over from
35° on one side to 35° on the other side with the ship at its deepest draft and
running ahead at maximum service speed, and under the same conditionsfrom 35°
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on either sideto 30° on the other sidein not morethan 28 seconds. It isto be power
operated where necessary to meet the above conditionsand wherethe stock diameter
exceeds 120mm.

Theauxiliary steering gear isto be capabl e of putting therudder over 15° on one
sideto 15° onthe other sidein not more than 60 secondswith theship at itsdeegpest
draft and running ahead at half the maximum service speed or 7 knotswhichever is
greater. Power operated auxiliary steering gear isrequired if necessary to meet the
forgoing requirement or wheretherudder stock diameter exceeds 230 mm.

Steering gear control for power operated main and auxiliary steering gearsisfrom
thebridge and steering gear compartment, the auxiliary steering gear control being
independent of themain steering gear control (but not duplication of thewhee! or
seeringlever

Steering gear on ocean-going shipsisgeneraly of theeectro-hydraulic type. The
steering gear providesamovement of therudder in responseto asignal fromthe
bridge. The total system may be considered made up of three parts, control
equipment, a power unit and a transmission to the rudder stock. The control
equipment conveysasignal of desired rudder anglefrom the bridge and activates
the power unit and transmission system until the desired angleisreached. The power
unit providestheforce, when required and withimmediate effect, to movetherudder
tothedesired angle. The transmission system, the steering gear, isthe meansby
which themovement of the rudder isaccomplished.

Steering gears can be arranged with hydraulic control equipment known as a
'telemeter’, or with electrical control equipment. The power unit may inturn be
hydraulic or eectricaly operated. Each of theseunitswill beconsideredinturn, with

oA ocan Fig 3.34
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the hydraulic unit pump being considered first. A pumpisrequiredinthe hydraulic
systemwhich canimmediately pump fluid in order to provideahydraulic forcethat
will move the rudder. Instant response does not allow time for the pump to be
switched on and thereforeaconstantly running pump isrequired which pumpsfluid
only when required. A variabledelivery pump providesthisfacility.

Generdly, work should not be done on steering gear when ashipisunder way. If it
isnecessary to work on steering gear when thevessel isat sea, the ship should be
stopped and suitabl e stepstaken to immobilizetherudder by closingthevaveson
the hydraulic cylindersor by other appropriateand effective means.

3.3.13 Important mechanisms in a diesel engine
3.3.13.1Governor

Diesel Engine Speed Governor

The speed control mentioned aboveisachieved with thehel p of agovernor and we
will study about thisdevice here. | would just liketo clarify one confusion herethat
themainrole of the governor isnot to increase or decrease the speed which can be
doneviafuel control system (similar to an accelerator on your car) but oncethe
speed of the engine has been set, thejob of the governor isto maintain that speed
despitethevariationsinload. In other wordsthe governor control sthe speed variation
and keepsthe speed within restrained limitsdespitethese variations.

Thevariations could arisefrom several factors such as say rough weather. A ship
rolling and pitchingin heavy weather may temporarily comein such positionthat its
propellerisliterally out of water and without the governor the speed of theengine
could shoot up to such an extent that it could damagethe engineitsalf.

Governorsarealsofitted in auxiliary diesel engineson the ship used for power
generation, and their function remainsthe samein thissituation aswell. The power
delivered by the alternator needsto be constant despiteload variationsand this
dependsto agreat degree on the speed at which the prime mover of the generator
diesdl engineisrotating Sncethedternator isgettingitsmovement from that engine
only. Hencetherole of thegovernor isequally important inthiscaseaswell.

3.3.13.2 Decompression mechanism

The compressionratio of diesel engineisso high suchthat ahugetorqueisrequired
to crank the engine. In smaller manual starting enginesadecompression lever is
provided. While cranking this engine the decompression lever is pushed into
decompression positionwhich inturn opensthe exhaust vave, thereby alowing the
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air to escapefrom the cylinder by which it ismade easy to crank for the worker.
After ataining therequired normal engine momentum the decompressionvaveis
closed and eventually engine starts and runs on fuel. Now engine develops
compression and ignition temperatureand whenfue isinjected itisstarted.

3.3.13.3 Blow past mechanism

Blow past vaveisprovided on cylinder head of each unit of amainengine. If an
engineiskept shut down for along period, there can be unwanted dust or carbon
depositsand waste particlesinside the cylinder. So before starting the engine, the
blow past valvesof dl unitsare opened and compressed air isfed into cylinders, this
compressed air will go through blow past valveclearing al smaler waste particles
or carbon deposit presentinthecylinder .

Blow past valvesare kept opened whileturning the crankshaft using turning gear for
inspection or overhauling purpose. Here blow past valve actsasadecompression
valveasitdlow theair inthe cylinder to escape while compression stroke.

Detailing of Practicals

B Handson experienceon injector servicing

With nozzletester theinjector istested and calibrated as per theworking pres-
sureof theinjection system. The nozzletester isonekind of hand operated
pressure pump which consistsof afuel pump fromwhichthefud isfedtothe
injector. The pump isoperated manualy by means of ahand lever. A pressure
gaugeisconnected to the pressure pipewhichisprovided with ashut-off coke.
Anair-vent screw isprovided to releasetheair from thetester and theinjector
at thebeginning of thetest.

Whenthehand lever isoperated, pressureof fuel increasesing dethe pump, and the
high pressure pipe thereby reaches the
injector and the pressure gauge showsthe
actud injection pressure. Thepressurecan
be adjusted by the nozzle pressure
adjusting screw provided at thetop of the | ™
injector. After obtaining the desired
pressurethe adjusting screw islocked by
meansof locknut. !
Thetoo high pressureindicatesthat the |
nozzleissaized up, thevaveissticking or
the openingisblocked with dirt. Thetoo
low nozzle pressureindicatesthat the nozzle spring isbroken.

PRESSURE GAUGE

FUEL CONTAINER =—u_
CHECK VALVE

INJECTOR TESTING MACHINE

Fig 3.35
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Nozze tests

Seat tightness- For thistest open the check valve and operate the hand lever so
that apressure about 10 atmosphere should beread on the pressure gauge. This
pressure must be bel ow the opening pressure of the nozzle. Under this condition
these should not be any fudl blob onthetip of thenozzle.

Pressure Testing - For thistest operate the hand lever slowly downwards and
notethe highest pressure built beforethe nozzle valve opens. If thispressureisnot
correct then correct it withthe hel p of adjusting screw and finally lock with locknut.
Toincreasethe pressure, movethe adjusting screw of theinjector inwardsand to
decreasethe pressure, moveit outwards.

Spray test - For thisoperatethe hand lever quickly at therate of about 100 strokes
per minute. Under this condition atomized spray should occur fromal holesat the
samequantity. Visud inspectionisenough. A cylindrical glassbowl to beattached to
thenozzletip areafor thispurpose.

Care To Be taken that The Fuel Spray Should Not Make Any Contact With
Your Body. Use Goggles For Eye Protection.

L eak off test or Back leakagetest - For thistest clamp the injector, open the
check valve and operate the hand lever. Set the nozzle opening pressureto about
160 atmosphereswith the hel p of adjustment screw. Now operate the hand lever
quick so that an enough pressuremay be build uto openthenozzlevalve. Release
the hand lever and note the time taken for the pressure to fall from 150 to 100
atmospheres. This time period should be about 6 second for anozzle of good
condition. Under thistest check all the conditionsand joint of theinjector, there
should not be any |eakage of thefue.

B Handson experienceon injection pump servicing
Setting of fuel injection pump
It should deliver fuel in equa quantity and at equa interva, failingwhichthe

engineshdl runwithjerksandjolts. The pump should becdibrated and phased,
on aproper test bench.
Calibration
M easurement of quantity of fuel, delivered by each e ement of aninjection pump at
afixed control setting and adjusting these settings, so asto deliver equa quantitiesof
fue per stroke of each plunger to al cylindersisknown ascdibration.
Adjustment isusually made by changing therelative positions of control deeve of
each pump element. Clockwise movement of control sleeve increases and
anticlockwisedecreasesthe quantity of fuel delivered, on aright hand driven pump

andviceversa
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Phasing

Thetesting and adjustment of aninjection pumpfor theaccuracy of itsfiring -interval

isknown asphasing

In phasing, theexact firing or critical point isspotted whereinjection startsat the

closure of spill port, at the beginning of upward stroke of the plunger. For thisthe

pumpisinstaled on atest bench; fud line connectionsaremade and air isbled out
from the supply system and pump after that proceed asgiven below:-

» Deachddiveryvaveholder.

* Removeonly valveand placeit safely away in atray containing someclear
died ail.

*  Replaceddivery vaveholder aloneandturnonfuel.

*  Movethecontrol rod to maximum ddivery position.

*  Rotatethe pump shaft inthedirection of rotation, until the plunger isat the
bottom of itsstroke and that thefuel flowsfredly through thedelivery valve
orifice. Further rotation of the pump shall diminish fud flow whichwill finaly
cease asportsare closed. Thispoint of port closure, whichisthe beginning of
effective part of pumping stroke, istheexact firing point.

*  Markthe'firing point' at the graduated disc of thetest bench.

*  Repeat the above process on the other elements of the pump, oneby one, in
the sequenceof firing order.

*  Rotatingthecamshaft through therequired anglei.e. 360' /number of eements,
and seethat the point of port-closure coincides. Thetappet should beadjusted
for correct phasing. Decreasethelength of tappet if firingisearly and increase
iflate

»  Ftback theddivery valveand makeafinal check. Thedeivery vavesshould
not bemixed up, astheseare not interchangeabl e. Tappet clearance (freelift)
at theend of plunger stroke should a so be checked up. (normal clearanceis
0.3mm)

B Handson experienceon manual starting systems

Hand or manud starting system isoneinwhich the crankshaftisrotated mechanicaly
by manpower. Hand or manua starting system may befurther classfied asstarting
by pulling rope, kick starting and starting by using lever.

Ropeiswound on the flywheel which when pulled rotatesthe crank shaft and the
engineisstarted. Thismethodisusedin OBMS.

Thehandle method of hand startingiscommonly applied inmarinediesel engines.
Thissystemisused for small enginesupto 60 HP,
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Before starting the decompression lever of the engineisput in the ON position
which keegpstheexhaust vavein open condition dways. Thenthelever isplaced on
therotating handle/ flywhed . Rotatethelever inthedirection of enginerotation after
attaining the starting speed cl ose the decompression lever andimmediately remove
therotating lever form the engine. Otherwisethelever damagethe operator, others
and machineriesetc.

B Heat exchanger servicing.

*  Dismantlethehead.

»  Driveout tubebundliefromshell.

*  Cleantubebundlewith brushand fud.

*  Inspect the soldered connections.

*  Renewall gasketsand'o' rings (seals).

* Réfittinginreversesequence.

B Dismantlingand assembling of turbo charger.

*  Fromtheturbocharger dismantleall hose piecesand intake bends.

*  Dismantletheail pipe.

*  Unscrew thefixing screwsfrom the exhaust bend and take away the turbo-
charger.

*  Beforedismantlingturbo charger gpply markson thecompressor casing, bearing
housing and turbine casing.

»  Clamptheturbocharger completeat theturbinecasing flangeinabenchvicein
theupward direction.

*  Loosenthenut from the clamp and screw back to the threaded bolt end.

»  Liftthebody group with compressor casing and keep it onthework bench.

*  Clampthebody group at the hub pin of theturbinewhed inavice.

*  Cleantheturbineblades.

*  Réfittinginreverse sequence

B Dismantling and assembling of fishing boat transmission system epi-
cyclic

*  Removetheflywhed housing nuts

*  Removethegear shifter

*  Removethegear box cover nuts and then the cover

*  Dismantlethebakebands
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Dismantlethemoleconewith driving shaft ,conica dider assembly
Thenremovetheconical dider

Dismantlethemoleconefrom driving shaft

Then dismantlethe spur gear

Dismantlethe 2 outer planet gearsand 2 inner planet gears
Dismantlethe sun gear from thedriven shaft.

Identify the parts asshowninthefigureand studying itsworking
Then assemblethe gear box inthereverseorder of dismantling

Dismantling and assembling of fishing boat transmission system differ-
ential.

Removetheflywhed housing nuts

Removethegear shifter

Removethe gear box cover nutsand then the cover
Dismantlethebake bands

Dismantlethemoleconewith driving shaft ,conica dider assembly
Thenremovetheconical dider

Dismantlethemoleconefrom driving shaft

Then dismantlethe bevel gear from driving shaft

Dismantlethe2 star gears

Dismantlethe bevel gear from thedriven shaft.

Identify the partsas showninthefigureand studyingitsworking.
Then assembl ethegear box inthereverseorder of dismantling.

Dismantling and assembling of fishing boat transmission system re-
verseand reduction

Removetheflywhed housing nuts

Removethegear shifter

Removethe gear box cover nutsand then the covers.
Removethe clutch assembly nutsfrom flywhedl and dismantlethis.
Dismantlethehollow shaft gears, solid shaft gears.

Remove hollow and solid shafts.
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Identify the partsand studying itsworking.
Assemblethe gear box inthereverse sequence.

Assessment Activities

Classroom test
Assgnment
Flow chart
Seminar

Group discussion

Portfolio

Activity log, chartsand seminar report on propul sion system used in ships.
Practical Activity log - indirect seawater cooling system

Practica Activity log-fud system and lubrication system usedin ships
Practical Activity log - typesof propeller

Practical Activity log - typesof starting system

Chart preparation on propeller nomenclature.

Chart preparation on stern tube assembly

Chart preparation onfud injector.

TE Questions

A WN PR

0 N o o

What arethetypes of fuelsused on board ships?
What istheroleof fud injector infuel system?
Explanbendix garting system

Which starting method isusedin ships?

a) Air b) electric ) manua
What isthe use of aturbocharger?

List thedifferent typesof gearboxes?
Explaintheroleof sterntube

Explain briefly about steering system
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Unit - 4

MARINE DIESEL ENGINES MAINTENANCE
AND TROUBLE SHOOTING

Maintenanceisthemost critica jobinaship. Mantenanceincludesdaily, periodic,
preventive and breakdown maintenances. In addition thisunit goesin detail about
fault diagnosisand rectification. Thereasons and rectification methodsfor blue,
black and white smoke, cavitation, engine temperature high/low, low mileage,
detonation, compression pressure high and low, etc. are covered in detall.
Mai ntenance proceduresfor decarburization, valve clearance adjustment, cylinder
piston clearance, etc. are discussed. In addition adetailed study about crankcase
explosion, oil mist detector and lubrication oil quality checkingarea sodiscussedin
thisunit

Detailing of The Concepts
3.4.1 Maintenance

Maintenanceisanimportant and essentia thing for any machinefor itsproper working
and efficient performance. Maintenanceis aset of compulsory operationscarried
out to keep the engine safeand good serviceabl e condition. It includesinspection,
testing, removal, replacement, repair, etc. Improper maintenancewill causethe
following effect ontheengineor machine.

. Higher fuel consumption

. higher lubricatingoil consumption
. Higher operational cost

. Reducelifeof themachinery

. Leadsto sudden break down

. Leadsto accidents

MAINTENANCE

|
| |

Preventive Maintanance Corrective Maintenance Breakdown Maintenance
Periodic Maintenance Predictive Maintenance
|Time Based Maintenance-TBM) (Condition Based Maintenance-CBM)
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Typesof Maintenance
1. Break down maintenance

It meansthat people usualy wait for an equipment tofail and thenrepair it. Sucha
thing could be used when the equi pment failure does not significantly affect the
operation or production or generate any significant lossother thanrepair cost. Bresk
down maintenancewill betime consuming and expensive.

2. Preventive Maintenance

Itisthe'Stitchintime savesride daily maintenance (cleaning, ingpection, oilingand
re-tightening ), designed to retain the healthy condition of equipment and prevent
failurethrough the prevention of deterioration, periodicinspection or equipment
condition diagnosis, to measure deterioration. It isfurther divided into periodic
mai ntenanceand predi ctive maintenance. Jugt likehuman lifeisextended by preventive
medicine, the equipment service life can be prolonged by doing preventive
mai ntenance.

2(a). Periodic Maintenance ( Time based maintenance - TBM)

Timebased maintenance consists of periodicaly inspecting, servicing and cleaning
equi pment and replacing partsto prevent sudden failure and process problems.
2(b). Predictive Maintenance (Condition based maintenance - CBM)

Thisisamethod in whichthe servicelifeof animportant part ispredicted based on
inspection or diagnosis, in order to usethe partsto thelimit of their servicelife.
Compared to periodic maintenance, predictive maintenanceis condition based
maintenance. It manages trend values, by measuring and analyzing data about
deterioration and employsasurveillance system, designed to monitor conditions
through an on-linesystem.

3. Corrective Maintenance

It improves equipment and its components so that preventive maintenance can be
carried out reliably. Equi pment with designwesknessmust beredesigned toimprove
reliability or improving maintainability.

3.4.2 Guidelines for scheduled maintenance

Daily Maintenance

Daily maintenancein ship isdone by watch keeping officer or engineer on duty.
They arelisted below. These observationsareto be entered in thelog book.

. Check the colour of smoke coming out of thefunnel.

e Check theair compressor outlet pressure
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Observetheair compressor for any unwanted noiseor vibrations.
Check theair bottle pressure

Openthedrain cock of theair bottleto removewater content inside
Check theboiler gaugeglasslevel

Check thefeed to the boiler and control thefeed if necessary
Notethefud oil flow meter reading

Check thelube oil pumpinlet and outlet pressure

Check thefud oil pumpinlet and outlet pressure

Check thejacket cooling water pumpinlet and outlet pressure
Check thejacket cooling water inlet and outlet temperature

Check the seawater pumpinlet and outl et pressure

Check theseawater inlet and outlet temperature

Check themain enginelubeail inlet pressure

Check themain enginecylinder lubrication ail level inthesight glass provided

Ensureturbo charger lubrication, observe splashing lube il inthesight glass
provided

Check the heat exchanger inlet and outl et temperature

Check theinlet manifold pressure and temperature

Check theauxiliary engine'sunit temperaturethat areworking at that instant
Noteoil purifier pressure, temperaturereadingsand rpm.

Notevoltmeter, ammeter readingsfrom electrica control panel

Check sterntubelubricationand sterntubelubeoil gravity tank level

Maintenance Chart
After 50 hours

Inspect and clean, adjust or replacefue lines.
Check thegear oil level

Manual greasing or oiling of parts.

Check the battery and starter connection.
Removewater it foundinfuel system




Bl MARINE TECHNOLOGY

After 100 hours

*  Cleanfud andlubricatingoil filter

*  Inspect thev-belt for tightness

*  Ingpecttheignitiontiming

After 250 hours

*  Replacement of enginelubricatingail.

*  Testtheinjector for proper spray and pressure.
After 500 hours

*  Replacement of enginelubricatingoil

*  Testtheinjector for proper spray and pressure
*  Adjustthevauetappet clearance.

After 1000 hours

* Cleantheairfilter.

*  Inspectionof tightnessof cylinder head bolt and connecting rod bolt.
*  Cleaning of beat exchangers

*  Cleaningand grinding of exhaust valve.

*  Cleaning of valvetappet clearance.

After 3000 hours

»  De-carbonisation or top over hauling

*  Cleaningof exhaust system.

*  Inspection of thrust bearings.

Inspection after 6000 hrs.

*  Mgoroverhauling

3.4.3 Break down maintenance

If due care and consideration are not given to preventive maintenance, theengine
may break down during the course of its operation. The maintenancewhichis
carried out after the engine breakdown is called breakdown maintenance. The
breakdown maintenancewill betime consuming and expensive.

&
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3.4.4 Fault diagnosis and rectification
3.4.4.1 Propeller- maintenance

When ashipisindry dock the opportunity should betaken to thoroughly examine
the propeller, and any repairs necessary should be carried out by skilled dockyard
geff.

A careful examination should be made around the blade edgesfor signs of cracks.
Even the smallest of cracks should not beignored asthey act to increase stresses
locally and can result intheloss of abladeif the propeller receivesasharp blow.
Edge cracks should be wel ded up with suitable el ectrodes.

Bent blades, particularly at thetips, should receive attention as soon aspossible.
Except for dight deformation the application of heat will berequired. Thismust be
followed by more general heating in order to stressrelieve the area around the
repair.

Surface roughness caused by slight pitting can belightly ground out and the area
polished. M ore serious damage should be made good by wel ding and subsequent
heat treatment. A temporary repair for deep pits or holes could be done with a
suitableregnfiller.

3.4.5 Smoke colour

3.4.5.1 Blue
Component Cause Action )
Combusti on c_)f lubeoil | Check for the leaky piston
inddetheengine ringsand changetherings.
Engineail Check . for imp.roper
assembling of lube oil ring
and fix them properly.

Too much ail in the
exhaust egne
trubocharger, cylinder | Oil  separator  of

heed, pistonrings, crankcase breather |Replace
cylinder liner contaminated.

DrainengineQil

Faculty Replace/ragpar

&
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Component Cause Action
Engne Not at operating Run up to operating
temperature. temperature.
fud system Waterinfuel. Check fuel system
or fud filter
Laeignition Dranfud filter, Adjust
theinjectiontiming
Inter cooler Lesking Repair
3.4.8.3 Black
[ Component Cause Action )
Airsupply Airfilter clogged Check and service
intakesystem
Fud injection Injector faulty Replace
equi pment
Insufficientair for Check and service
combustion intakesystem
Morefuel presentwhen| Check fud injector and fuel
comparedtoairinthe pump
combustion chamber
for combustion
Engine Overload Reduceload

3.4.6 Cavitation in propeller

Cavitation, theforming and bursting of vapour-filled cavitiesor bubbles, can occur
asaresult of pressurevariationson the back of apropeller blade. Theresultsarea
loss of thrust, erosion of the blade surface, vibrationsin the after body of the ship
and noise. Itisusualy limited to high-speed heavily loaded propellersandisnot a
problem under normal operating conditionswith awell designed propeller

&
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3.4.7 Engine temperature high

Component Cause Action
Vavetran faulty vavetiming Adjustthevavetiming
Engne faulty injectiontiming Adjust theinjectiontiming
Lesslubeoil inthe Fillthecrank caseoil tothe
crank case appropriatelevel
Wrong gradeail Usethe correct grade oil
Cooling system Faultythermostat ~ Clgan/Adjust thethermostat

3.4.9 Engine knocking

[ Component Cause Action
Fuel system fud injection Adjust theinjectiontiming
tooearly timing
Very highinjectionpressure| Adjust theinjector tothe
correct pressure

Sticking of needlevave Servicel replace

Quantity of fuel injection Readjust thefud pump

excessve
Fud oil iscontaminated Check thefud/ rectify the
withwater defect
Coolingsystem | Improper cooling Check thecooling system

|

3.4.10 Engine rotates but not continue to run

Component Cause Action
Coaling system Over cooled Preheat theengine
Fud system Shortage of fuel Fill thefud intheservicetank
Airinthefud sysem | Bleedouttheair from
\ thefuel system
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3.4.10 Engine rotates but no ignition takes place

([ Component Cause Action )
Fud system Nofue inthefud tank Fll thefud
AirInthefud line Bleed out theair from
thefue system
Clogging of filter Cleanthefilter
Worn/brokeninjection Repair the pump
plunger
Wronginjectiontiming Correct thetiming
Engine Poor compression pressure | Servicetheengine
3.4.11 Engine does not rotate
[ Component Cause Action
Faulty wiring Check and rectify
Troubleinbrushand Check the commutator
Starting system | commutator and replace
electricd Battery not charged Rechargethe battery
Insufficient airintheair bottle | Rechargeair bottle
Faulty air sartingvave Servicel replace
Chockedfilterintheair Cleanthefilter
gatingline
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3.4.12 Engine stops suddenly

([ Component Cause Action )

Nofue inthetue system Check the servicetank
Fuel system andfill thefue

Cloggingfud filter Cleanthefilter

Engine Timing gear teethloose Check and rectify
or broken

Check and replacethe
defect bearing
Check the

[ubricating system
and rectify the defect
Main or connecting rod Check thelube pump for
bearing seizer

proper functioning

Check thecooling system
for blockage

Check the cooling pump
Sei zer of piston Check andrectify the piston
kirt clearance
Check andrectify the
[ubricating system
Check andrepair lubrication
oil pump

. J

3.4.13 Crank case explosion

Early detection of over-heating and theimmediate stopping or owing down of the
main (or auxiliary) engine, ascircumstancespermit, will avoid conditionswhich might
form an explosiveatmospherein the crankcase.

Oil mist detectors and / or bearing temperature monitors are fitted to engine
crankcasesto detect any build-up of apotentially explosiveoil mist. All alarms
from oil mist detectors and bearing temperature monitors, (no matter how suspect
theinstrument may be), areto betreated asan emergency situation and theengine
stopped.

Themost likdly causeof suchanadarmwill bean overheating bearing, but could d so
be caused by the possibility of heavily leaking piston ringsand/ or pistonrod stuffing
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boxes. Great care must be taken if the main engine has been stopped due to a
positiveaarmfrom an oil mist detector or bearing monitor. Under no circumstances
should anyone approach the engine or open acrankcase door until sufficient time
has been allowed for cooling and mist dispersal.

3.4.14 Oil mist detector

The presenceof an oil mistinthecrankcaseistheresult of oil vaporization caused
by ahot spot. Explosive conditionscan result if abuild-up of oil mistisalowed. The
oil migt detector usesphotoel ectric cdllsto measuresmall increasesinoil mist dengty.
A motor driven fan continuously draws samples of crankcase oil mist through a
measuring tube. An increased meter reading and darmwill result if any crankcase
sampl e contains excessive mist when compared to either clean air or the other
crankcase compartments. Therotary valvewhich drawsthe sample then stopsto
indicate the suspect crankcase. The comparator model tests one crankcase mist
sampleagaing dl theothersand onceacycleagainst cleanair. Thelevel model tests
each crankcasein turn against areferencetube sealed with cleanair. The comparator
model isused for cross-head type engines and the level model for trunk piston
engines.

3.4.15 Engine oil quality checking

A number of smpleail conditiontestsmay be carried out on board ship with portable
equipment. A flash point test will warn of possiblefuel oil contamination. Color
titration test canindicatelossin dkalinity. A variety of viscogty testsareavailable.
Water present can be detected, but special equipment isrequiredif actud percentage
areto bemeasured. Inspection of thesludge/ water dischargeat thepurifier will give
agood indication of condition. Inblotter teststhe dow migration of adrop of oil on
blotting paper will indicatethe oxidation, carbon present and dispersive properties
when compared with similar dropsof fresh oil.

Microbial degradation of oil

Thisisthe possibleinfection of an oil system by micro - organisms. Theseliveby
consuming hydrocarbons in the base oil together with nitrogen, sulphur, and
phosphorousfrom additives. If water ispresent, they will multiply inthewarm agitated
conditionsinthe oil system. Contamination may occur from cooling water leaks,
condensation inhumid climates, or accidental entry of dirt and water during overhaul.
Infection by micro- organismswill formacidsand morewater depl eting the additives.
Thiswill cause corrosion and wear of metal surfacesand will create dudgeand

&
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dimethat chokeail filters. Theoil may be proneto emulsfication and saponification.

Testsfor microbia infection make
useof aspecial gel whichiseither
dippedintheoil or hasoil poured
over it and is the incubated to
develop agrowth or culture. The
appearance of thiscultureisthen
compared visualy with astandard
colored chart, to indicate the
degree of contaminationif any. If
theoil doesnot wet thegd, it may
be necessary to mix samplewitha
smdl quantity of serilewater.

< e
Water Content Testing Flash Point Testine

Fig 3.36

Detailing of Practicals

B Onhand experienceof Decarburization in boats.

»  Placethecylinder head onthework table.

»  Carryout visua ingpection of the cylinder head and mountings.

*  Dismantled| themountings.

*  Removecarbon, oil and dudgefrom the cylinder head and mountings

*  Inspect cylinder head for any cracksvisudly.

* Inspect dl thevalvesfor any scratches, bends, dentsand pitting.

*  Inspect vavespring for bends, springiness, and freelength.

*  Inspect vaveguidesfor pitting and scratch marks, check bushesfor intactness.

»  Dismantlerocker assembling, bushes, lubrication holesand tappet adjusting
screws.

B Handson experienceon engineValve Clear anceadjustment.

*  Findout theexact clearancerequired for intake and exhaust valvefrom the
Enginemaker's Servicemanual.

*  Bringtherespectiveunit to TDC at fuel injection position by turning thefly
whedl. TDC and cylinder number ismarked onthefly whedl

*  Atthispostion bothintakeand exhaust val veswill be closed.
*  Checktheclearanceusingfeder gauge.

B Adjustment of tappet Clearance

*  Keeptheunit TDC at fuel injection position.
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*  Loosenthelock nut of thetappet adjusting screw ontherocker arm.

*  Turntheadjusting screw using screw driver.

*  Check theclearance using feeler gaugeand adjust.

* Holdthescrew at the same position and tightened thelock nut.

*  Check theclearanceand confirm.

B Handson experienceon enginecylinder - piston clear ancechecking by
using feeler gauge

Calibration Of Piston And Piston Rings

»  Inspect piston crownfor cracksand dents.

*  Removepistonrings.

*  Cleanpistonring grooves.

*  Measureheight and depth of pistonring grooves.

e Comparethisdatawith Enginemaker'sCdibration chart.

*  Measurebuitt clearance (piston ring end gap)
a) Clean therespectivecylinder liner.

b) Insert piston ring horizontally intheliner top area(where maximum
liner wear can be occurred).

C) Measurethering gap using feder gauge.
Compareall thisdataas per Engine maker's Servicemanua and carry out servicing
or renewd of partsaccordingly.

[ Pistonringfromtop Grooveheight Groovedepth ]

Pistonring End gap mm

Topring
Secondring
Thirdring
Qilring

J/

B Handson experienceon engine Compression pressurechecking low/
high

*  Unscrew bleedlineand fuel delivery line

*  Removeinjector
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Unscrew thegtarting air connection deevenut and removegartingair linefrom
connection

Provide adapter instead of injector

Connect the compression tester to the adapter

Run out thechart using thetransport lever, clamp chart in theholder and push
chart holder back into recorder

Turnengine 3-5turnswhilst cold. Check al cylinders.

Handson experience on Engineoil quality checking - Water Content
test, pH Test, Viscosity Test, Spot test, Flash point test, Water Crackle
test

1. Water Content test

5ml of sampleistakeninsidedigital water content meter mixed with 15ml of
reagent containing paraffin or toluene. Beforeclosing thelid of thedigital meter,
aseal ed sachet containing calcium Hydrideiskept and container closed tight.
Themeter isshaken by hand and the pressurerise dueto the chemical reaction
inthetest container isshown aswater percentageinthedigital display.

2. pH Test

Itisdone by using apH paper which changes colour oncein contact with oil
and itisthen compared with standard values. Thistest determinesthereserve
akdinity of theoil sample.

3. Viscosity Test

Thistest isperformed by using aFlow stick inwhich two paths are provided
for flow of oil sideby side. Inonepath fresh oil isfilled and in other side path
used sampleoil isfilled. Now theflow gtick istilted allowing oil on both paths
flowinginthedirection of thetilt dueto gravity. A finish pointisprovided aong
with reference pointsaong theflow stick and the position of used oil ischecked
when fresh oil reachesthefinish point. Thismethod showsthe contamination of
lubeoil whichmay beduetodiesd oil, heavy oil or dudgeresultinginchangein
viscogty.

4. Spot test

Inthistest adrop of lube il isput onthe blotter paper and it isthendried for
few hours. The dry spot isthen compared with the standard spot available
which determinestheinsol uble componentsinlubeoil.

5. Flash point test

Thisisperformed by using Pensky Martin closed cup apparatuswhich deter-
minesthetemperatureat which thevapour will flash up whenan externd ignit-
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ablesourceisprovided. Asper theregulation, thisapparatusgeneraly carried
on passenger ships.

6. Water Crackle test
Itisanother method of determiningwater presenceinthelubeoil wheretheail

sampledropsare heated in an auminium container over aflame. If water is
present crackling soundwill come.

Assessment Activities
e Classroomtest

e Assgnment

*  Howchart

s Seminar

e Groupdiscussion

Portfolio

» Adctivitylog, chartsand seminar report on types of maintenanceand itsimpor-
tance

chartsand seminar report on oil mist detector
Practica Activity log - decarburization

Practical Activity log- val ve clearance adjustment
Chart preparation- daily maintenance

o Chart preparation- lubeoil quality checking

TE Questions

*  Explaintheimportance of maintenance

Explain cavitationin propeller anditsremedy

What isthereason for blue smoke emission from engine?
How oil mist detector prevents crank case explosion?
Explaindifferent typesof lubeoil tests
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UNIT - S
GAUGES AND METERS

Theunit ongaugesand metersissmdl but vital. Theneed and applicationsof different
gaugesand metersarediscussed under thistitle. The devicesliketemperaturegauge,
pressure gauge, tachometer, inclinometer, anmeter, flow meter, gauge glass, hour
meter aredetailed.

Detailing of The Concepts
3.5.1 Gauges

A gaugeor gage, in scienceand engineering, isadevice used to make measurements
or in order to display certain information, liketime. A wide variety of toolsexist
which serve such functions, ranging from simple pieces of material against which
sizes can be measured to complex pieces of machinery. Depending on usage, a
gauge can be described as"adevicefor measuring aphysica quantity™.

All gauges can bedividedinto four maintypes, independent of their actua use.

1. Andogueinstrument meter with analoguedisplay ("needles’). Until thelater
decadesthe most common basictype.

2. Digital instrument meter with anal ogue display. A screen that showsan "ana-
logue meter”, commonly used in modern aircraft cockpits, and some hospita
equipment etc.

3. Digitd insrument meter with digita display. Only numbersareshown at adigi-
tal display.

4. Anaogueinstrument meter with digital display. Only numbersaredisplayed,
but through amechanical or electro-mechanical display (today very rare but
hasexisted for clocks, certain Doppler metersand informational screensat all
kindsof stationsand airports)

3.5.1.1 Bimetal temperature gauge

Bimetd temperature gauges operatewith ameasuring systemintheformof ahelica
or spira tube. The measuring system cons stsof two sheetswith different expansion
coefficients, which areinsgparably joined. Themechanica deformationof thebimeta
gtripsinto the tube shapes mentioned aboveresultsin arotationa movement, caused
by temperature changes. If oneend of thebimeta measuring systemisfirmly damped,
theother end will rotatethe pointer shaft. Bimeta temperaturegaugesareavailable
withascalerangeof -70 ... +600 °C.
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3.5.1.2 Gas-actuated temperature gauge

With agas-actuated temperature gauge the stem, the capillary and the Bourdon
tube arejoined together into oneunit. Theinstrument isfilled withinert gas. If the
temperature changes, theinternal pressure a so changes. The pointer ismoved by
the action of the pressure viaameasuring tube. To compensate for the ambient
temperature, abimeta € ement ismounted between themovement and themeasuring
tube. Gas-actuated temperature gauges are avail able with scal eranges between -
200 ... +700 °C

Fig 3.37 aﬁ i

Pressure Connection >!
3.5.1.3 Bourdon Tube pressure gauge

The Bourdon tube pressure gauge uses the principle that aflattened tubetendsto
graighten or regainitscircular formin cross-section when pressurized. It consists of
ahollow bourden tube that is fastened at one end and free at the other. The ail

pressureis applied to the curved tube through an oil linefrom the enginewhich
causesthetubeto straighten out. Thismovement istransmitted to aneedleby linkage
and gearsfrom theend of thetube. Theneedlemovesacrossthefaceof dail indicating
theoil pressure.

3.5.1.4 Gauge Glass (sight glass)

A sight glassor water gaugeisatransparent tube through which the operator of a
tank or boiler can observetheleve of liquid contained within. Simple sight glasses
may bejust aplastic or glasstube connected to the bottom of thetank at one end
and thetop of thetank at the other. Theleve of liquidinthesight glasswill bethe
sameastheleve of liquidinthetank. Today, however, sophisticated float switches
have replaced sight glassesin many such applications.

3.5.2 Meters

3.5.2.1 Tachometer

A tachometer (revol ution-counter, tach, rev-counter, RPM gauge) isan instrument
measuring therotation speed of ashaft or disk, asinamotor or other machine. The
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deviceusualy displaystherevol utions per minute (RPM) onacalibrated analogue
did, but digita displaysareincreasingly common.
3.5.2.2 Ammeter

Anammeter isameasuring instrument used to measure the current in acircuit.
Electric currentsaremeasured in amperes(A), hencethename. Instrumentsused to
measure smdl ler currents, in themilli ampere or microampererange, aredesignated
asmilli ammetersor microammeters.

3.5.2.3 Flow measurement

How measurementisthequantification of bulk fluid movement. How can bemeasured
inavariety of ways. Positive-displacement flow metersaccumul ate afixed volume
of fluid and then count the number of timesthevolumeisfilled to measureflow.
Other flow measurement methodsrely on forces produced by theflowing streamas
it overcomesaknown condriction, toindirectly ca culateflow. How may bemeasured
by measuring thevel ocity of fluid over aknown area.

3.5.2.4 Inclinometer

Aninclinometer or clinometer isaninstrument for measuring anglesof dope(or tilt),
€levation or depression of an object with respect to gravity. Itisalso known asatilt
meter, tiltindicator, dopeaert, dopegauge, gradient meter, gradiometer, level gauge,
level meter, declinometer, and pitch & roll indicator. Clinometersmeasurebothinclines
(positive slopes, as seen by an observer |ooking upwards) and declines (negative
slopes, as seen by an observer looking
downward) using three different units of

measure: degrees, percent, and topo. %y

3.5.2.5 Engine-Hour Meter .
A devicethat recordstheoperatingtimeof an  simetal remperature Gaue Gauge Glass
engine, machine, or mechanism; itisusedto '
monitor and log theservicelifeof theengine.

ol
F 250

Falll]

Themain componentsof an engine-hour meter
are an indicator of the engine's operating
conditions, which records such data as the
Speed of rotation of shafts, thetemperature of
exhaust gases, or thetorque; atimer; and a
recorder, usually amechanical counter with
digital drums. Electric clocks, or Flow Meter inclinometer

Fig 3.38

GAUGES & METERS
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semiconductor or magnetic devicesdriven by constant-frequency quartz or other
master oscillator, may be used astimersfor aircraft engines. Thesimpler enginesof
tractorsand harvestershaveindicatorsthat are driven mechanically by theengine
shaft through areduction gear. In this case, the hours of operation are determined
from thenumber of revolutionsof theengine. Self-winding spring driven clocksare
also used astimersfor such engines.
Detailing Of Practicals
» Dismantlingand assembling of bour den tube Pressur e gauge.

* Disconnect inlet lineand removethe gaugefrom engine and placed on

thework table.

* Removeglasscover and needle or pointer.

* |dentify eliptical tubeand rack and pinion.

* Refit theneedleon pinionwithout dial.

* Allow theair enter inside the bourden tubewith high pressure.

« Notethe deflection on the needle and shape changing of bourden tube.

* Re- assemblethe gauge and re-fit into enginein reverse order of dismantling

Assessement Activities

e Classroomtest

e Assgnment
Howchart

e  Saminar

* Groupdiscusson
PORTFOLIO

» Activitylog, chartsand seminar report on bourdon tube pressure gauge
e chartsand seminar report on different types of gauges

»  Practica Activitylog- Bourdon pressuregauge

TE QUESTIONS

1 Explaintheworking of bourdon tube pressure gauge, with aneat sketch
2 Whatistheuseof temperaturegauge, list the namesof any two?
3 Whichdeviceisused to measureanglesof dope?
a) Tachometer b) ammeter C) inclinometer
4  What istheuse of agaugeglass?
5 If apersonwantsto measurethequantity of fluid passing through apipe, which

devicehewill use?
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UNIT - 6
VESSEL AND VESSEL TERMINOLOGY

Thisunit dealswiththetermsused in maritimeindustry. A few termsfromtheglossary
which are used most frequently are introduced here. A detailed explanation on
navigationlights, ballasting and de b lasting, pipelinecolour codeand engineroom
layout arediscussedin detall.

Detailing Of The Concepts

3.6.1 VESSEL TERMINOLOGY

3.6.1.1 Ahead

Theforward motion of ashipistermed as ahead.

3.6.1.2 Astern

Thebackward motion of ashipistermed asastern.
3.6.1.3 Bow

Thebow istheforward part of the hull of aship or boat, the point that isusua ly most
forward when thevessdl isunderway. Thebow isdesigned to reducetheresi stance
of the hull cutting through water and should betall enough to prevent water from
easily washing over thetop of it. Theforward part of the bow, usualy ontheship's
centreling, iscalled thestem. Traditionally, the stem wasan upright timber or metal
bar intowhich side planksor plateswerejoined.

- PORT SIDE

PFORT QUARTER PORT BEAM PORT BOW

!

[ g T
BTERN AFT g__g L o AMIDSHIPS — - = é = _FDRWAHD BOw
ik E :
T i _Z
gL:';‘?_gaﬂD HT_ARR()AHH g'la:.VRBOARD
STARBOARD SIDE -
Fig 3.39

3.6.1.4 Stern

Thesternisthe back or aft-most part of aship or boat, technically defined asthe
areabuilt up over the sternpost. The stern lies opposite of the bow, the foremost
part of aship. Origindly, theterm only referred to theaft port section of the ship, but
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eventually cameto refer to the entire back of avessel. The stern end of ashipis
indicated withawhitenavigationlight at night.

3.6.1.5 Port And Starboard

Port and starboard are nautica termsfor left and right, respectively. Port isthel eft-
hand side of or directionfrom avessd, facing forward. Starboard istheright-hand
sde, facingforward.

3.6.1.6 Bridge

Thebridgeof ashipistheroom or platform fromwhich the ship can be commanded.
When aship isunderway the bridgeis manned by an OOW (officer of thewatch)
aded usudly by an AB (able seaman) acting aslookout. During critical manoeuvres
the captain will be onthebridge supported, perhaps, by an OOW asan extraset of
hands, anAB on thewhed and sometimesapilot if required.

3.6.1.7 Gangway

Fig 3.41

Deballasting
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Balasting or de-ballasting isaprocess by which seawater istakenin and out of the
shipwhentheshipisat theport or at the sea. The seawater carried by theshipis
known asballast water. Ballast or bl last water isseawater carried by avessd inits
ballast tanksto ensureitstrim, stability and structural integrity. Ballast tanksare
constructed in shipswith piping system and high capacity ballast pumpsto carry out
the operation.

When no cargoiscarried by the ship, thelater becomeslight in weight, which can
affect itsstability. For thisreason, ballast water istaken in dedicated tanksinthe
shiptostabilizeit. Tanksarefilled with ballast water with the hel p of high capacity
ballast pumpsand this processisknown as B lasting.

However, whentheshipisfilled with cargo, the stahility of the shipismaintained by
theweight of the cargo itself and thusthereisno requirement of ballast water. The
process of taking out ballast water from the ballast tanksto makethem empty is
known asde-ballasting.

3.6.3Engineroom layout

ENGINE ROOM LAYOUT

JEWV: JACKET COOLING WATER Fig 3.42
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3.6.4 Colour lights and code used in ships
3.6.4.1 Marine Navigation Lights

To avoid collisions, vessels mount navigation lightsthat permit other vesselsto
determinethetypeand relative angleof avessdl, and thusdecideif thereisadanger
of collison. Ingenerd sailing vesselsarerequired to carry agreen light that shines
from dead ahead to 2 points (22Y%°) abaft the beam on the starboard side (theright
sidefrom the perspective of someone on board facing forward), ared light from
dead ahead to two points abaft the beam on the port side (Ieft side) and awhitelight
that shinesfrom astern to two points abaft the beam on both sides. Power driven
vessdls, inadditionto theselights, must carry either oneor two (depending onlength)
whitemasthead lightsthat shinefrom ahead to two points abaft the beam on both
sides. If two masthead lightsare carried then the after one must be higher than the
forward one.

Fig 3.43

Inaddition tored, whiteand green running lights, acombination of red, whiteand
green Mast Lightsplaced on amast higher than al therunninglights, and viewable
from all directions, may be used to indicate the type of craft or the serviceitis

performing.

Fig 3.44
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»  Shipsat anchor display oneor twowhiteanchor lights (depending onthevessd's
length) that can be seen from all directions. If two lightsare shown then the
forward light ishigher than theaft one.

* Boatsclassed as"smdl" arenot compelled to carry navigation lightsand may
make use of ahandheld torch.

3.6.4.2 Color codes for ships pipe line
Color Codes For Pipelines..!

Lubricating Qil
Fuel Qil |——
Diesel OIl ==
Steam
Compressed Air
Sea Water
Fresh Water
Fire Main line

Fig 3.45
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3.6.5 Types of ships

Passenger ship

Passenger ships also known as cruise vessels are used for luxury tours and sea
voyages carrying passengers, aswell astheir belongings.

Container ship

Container ships are meant to carry cargoes that are contained in containers.
Containersare handled either by cranes on ship or that are present on ports.

Bulk carrier

Bulk carriersare shipswhich carry cargoesin bulk, which meansthose cargoes
which are not packed in any form. Theseincludeiron ore, rice, sulphur etc. these
cargoesareloaded into big cargo holdsthrough conveyor belts. Thesecargo holds
havelarge hatch doors, which in turn protect the cargo.

Tanker

Tanker vessel sareused to ship crudeoil or petroleum products, edibleoils, apple
juiceetc. Thesevesselshave only onethird portion of it abovethe sea.

LPG carrier
Thesevessdsareexclusively used to carry liquid petroleum gas.

Car carrier
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Car carriersare used to ship carsfrom one country to the other inlarge numbers.
Carsenter through aramp that can be retracted whilein voyage.

Chemical tanker

Chemical tankersareusedto carry highly concentrated chemicals, polymersetc.

= \-n--- :
Chemical Tanker

Barge _ Project Vessel I:e B
Fig 3.46  TYPES OF SHIPS

Theworkersin thisship must undergo achemica tanker familiarization coursebefore
joiningthevessd.

Barge
Bargesareused to carry cargoesor fuel for ships. Bargesusually pliesnear coastal

%
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Project vessel

Project vessel sare meant to complete aparticular project. These shipswill have
machinery and equipment that are required to complete thework or assist during
the project.

Dredger vessel

Dredgersare used to dredge or increase the depth of shipschannel. Dredgers suck
mud through large pipesfrom thefloor of the ocean thereby clearing seachannel
and makesenough depth.

Assessment Activities
e Classroomtest

Assgnment

*  How chart

s Seminx

e Groupdiscussion
PORTFOLIO

e Adctivitylogand seminar report on vessd terminology

»  chartsand seminar report on navigation lightsusedin ships

*  Chart preparation on engineroom layout

TE QUESTIONS

»  Explannavigationlightsused onboard ship

»  Ligtanyfour piping system and their colour code used onboard ship
*  Nameany fivetypesof ships.

Extended Activities

List of Practicals

e Identify and categorizethe SI & C1 enginesparts.

*  Dismantling and assembling of boat diesel engineand Identification of parts
such asexhaust valve, piston rod, cross head, minimum 4 piston ringsonly,
separatefud injection pump for each cylinder, notransfer port, air induction by
turbo charger, direct drive, two set of fuel camsfor reversingtheenginerota
tion.

*  Dismantling and assembling of fue injection pump.
e Digmantlingand assembling of fuel injector
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Assembling of pigtonringsinthe piston

Hands- on experienceoninjector servicing

Hands- on experience oninjection pump servicing

Handson experienceonmanua starting systems

Dismantling and assembling of Bendix starting system

Heat exchanger servicing

Dismantling and assembling of turbo charger

Dismantling and assembling of fishing boat transmission system epi - cyclic
Dismantling and assembling of fishing boat transmisson sysem differentid.

Dismantling and assembling of fishing boat transmission system reverseand
reduction.

Onhand experienceof lubeoil changing.
On hand experience of Decarburizationin boats.
Hands- on experience on engine Valve Clearance adjustment.

Hands- on experience on engine Cylinder piston clearance checking by using
feder gauge

Cdibration of pistonand pistonrings
Hands - on experience on engine Compressi on pressure checking low/ high

Hands- on experienceon Engineoil quality checking - Water Content test, pH
Test, Viscosity Test, Spot test, Flash point test, Water Crackletest

Dismantling and assembling of bourden tube Pressure gauge.
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OVERVIEW OF THE MODULE

Module 4 - Marine Equipment Servicing,
Welding and Non Destructive Testing

Thefind moduleisnamed asmarineequipment servicing, wel ding and non destructive
test. The condition of an engineisassessed by reading on different meters. Inthis
modulethelearner isfamiliarized with each and every meter and gaugesfoundin
most of the marinevessels. Heisa so introduced to deck equipments, navigation
aids, auxiliary machinesand life saving equipments. Heisal so skilled to service
deck equipmentslikewinches, centrifugal pump, reciprocating pumps, Compressors
etc. Welding and NDT in this module empowers the learner to explore job
opportunitiesin corresponding area.

UNIT - 1
MARINE AUXILIARY MACHINES

All machinery excluding main enginein ashipsengineroom comesunder thetopic
marineauxiliary machinery. Thisincludes pumps, compressor, A.C. Generator, €tc.
The study of pumps comprisesof theworking and operation of centrifugal pump,
reciprocating pump, gear pump, hand pump. The need of acompressor onboard
ship and types of compressor used areexplained in detail. Theroleof AC generator
and itsworking isalso covered. In addition different typesof power takeoff and
batteries onboard are a so discussed.

Detailing of The Concepts
4.1.1 Pump
4.1.1.1 Centrifugal pump

A pumpisamachine usedtoraiseliquidsfrom alow point to ahigh point. Ina
centrifugd pump liquid entersthe centre or eye of theimpeller and flowsradidly out
between the vanes, itsvel ocity beingincreased by theimpeller rotation. A diffuser or
voluteisthen used to convert most of thekinetic energy intheliquidinto pressure.

I DELIVERY
ASING

IMPELLER F“

- SUCTION
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4.1.1.2 Reciprocating pump

If themechanica energy isconverted into hydraulic energy by suckingtheliquidinto
acylinder inwhichapistonisreciprocating, which exertsthethrust ontheliquid and
increasesitshydraulic energy isknown asreci procating pump. A reci procating pump
isapogtive plunger pump. Itisoften used whererdatively smdl quantity of liquidis
to behandled and whereddivery pressureisquitelarge. Reciprocating pump cons s
of following parts.

Single acting reciprocating pump:-

A singleacting reciprocating pump, which conssts of apistonwhich movesforwards
and backwardsin aclosefitting cylinder. Themovement of the pistonisobtained by
connecting the piston rod to crank by means of a connecting rod. Thecrank is
rotated by meansof an electric motor. Suction and ddlivery pipeswith suctionvalve
and delivery nonreturn valves are connected to the cylinder. Suction valvealows
water from suction pipeto thecylinder which delivery valve allowswater from

cylinder toddivery pipe.

GGNNEG TIONG ROD

DELIYERY VALVE
PISTON ROD
hd ’J PISTON / CRANK
—— -
—
hs
SUCTI VALVE

BUTTION PIPE

- -
= = SUMP LEVEL

CYLINDER
RECIPROCATING PUMP

Fig 4.2
Therotation of the crank brings about an outward and inward movement of the
pistoninthecylinder. During thesuction strokethe pistonismoving towardsright in
the cylinder, thismovement of piston causesvaccum inthecylinder. The pressure of
theatmosphere acting on the sump water surfaceforcesthewater upinthesuction
pipe. Theforced water opensthe suction valve and the water entersthe cylinder.
The piston fromitsextremeright position startsmoving towards|eft in the cylinder.
Themovement of the piston towards | eft increasesthe pressure of theliquid inside
the cylinder morethan atmospheric pressure. Hence suction valveclosesand ddlivery
valveopens. Theliquidisforcedinto thedelivery pipeandisraised to arequired

height.
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For onerevolution of the crank, the quantity of water raised up inthedeivery pipe
isequd tothe stroke volumeinthecylinder inthesingleacting pump and twicethis
volumein thedoubl e acting pump.

Double-acting reciprocating pump

InaDouble-acting reci procating pump, each stroke of the piston carries out both
thefunctions, suction aswell asdelivery. Thusit requirestwo suctions pipesand
two delivery pipesfor double-acting pump. When thereisasuction stroke on one
sideof thepiston, thereisat the sametimeaddivery stroke on the other side of the
piston. Thusfor one completerevolution of the crank therearetwo ddivery strokes
and water isddlivered to the pipes by the pump during thesetwo delivery strokes.

i R
Sucton
Pipes

Fig 4.3
Pistion Cylinder

DOUBLE ACTING PUMP

4.1.1.3 Gear pump

These gear pumpsarerotary displacement or rotary positive displacement pumps.
Two toothed whedl sshown mesh together and areaclosefitincasing. Initialy the
air or gasistrapped between each pair of consecutiveteeth and the sameisdragged
alongthecasingfrom suction to dischargesidetill no moreair isleft onthe suction
side. Liquid from thetank will thusrise up into suction line under atmospheric
pressure, subsequently thisliquid will now betrapped between each pair of two
consecutiveteeth and dragged d ong the casinginto the discharge s deand pumping

of liquidwill commence. Discharge
Driven Gear 'T’ ) iver Gear
ST R
No ¥, ¢ ey FReliefvalve
Casing Y e |
3 L
T | 'h“:.&""
Suction o £
Fig 4.4 [ 1

GEAR PUMP
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Theworking principlejust explained iswhat makesthe pump asef priming pump.
Further if liquidlevel onsuctionsdeisat ahigher level, theliquid will flow into the
suctionsideonitsown at first instant itself.

Usually the gear pumps are el ectric motor driven through achain or whed drive.
Control of flow rateis achieved by abypassvalve or controlling speed of prime
mover. A number of such pumpsin series can be used to devel op high pressure.
Such pumps areefficient and smooth running.

Applications

Gear pumpsare used for dutiesasalube oil pump, boiler fuel oil pump, fuel oil
transfer pump, main enginedriven lubeoil pump. Asamain enginedriven lubeail
pump it will have aset of suction and dischargevaveto givesamesdedischargeat
all timesirrespective of ahead or astern movement of themainengine.

4.1.1.4 Hand pumps

Hand pumpsare manually operated pumps; they use human power and mechanical
advantageto movefluidsor air from oneplaceto another. They arewidely usedin
every country intheworld for avariety of industrial, marine, irrigation and leisure
activities. Therearemany different typesof hand pump available, mainly operating
on apiston, digphragm or rotary vane principlewith acheck valveon theentry and
exit portsto the chamber operating in opposing directions. Most hand pumpshave
plungersor reciprocating pistons, and are positive di splacement.

4.1.2 Compressor

Compressor isonesuch devicewhichisused for severa purposeson aship.Asthe
main aim of the compressor, asthe name suggests, isto compressair or any fluidin
order toreduceitsvolume. Some of themain applications of compressorsaremain
air compressor, deck air compressor, AC compressor and refrigeration compressor.
Air Compressor produces pressurized air by decreasingthevolumeof airandin
turnincreasingitspressure. Different typesof air compressorsare used according
totheusage

Uses of Air Compressor on Ship

On board a ship, compressed air is used for several purposes. On the basis of
application, different air compressorsare kept for aparticular usage. Normally, air
compressorson board shipsare:

main air Compressor

topping up compressor

deck air compressor

*  Emergency air compressor

N
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Main air compressor

Mainair compressor isused for supplying high pressurized air for starting of main
and auxiliary engines. The pressurized air generated by theair compressor isstored
inair storage bottle. These are high capacity compressorsand theair pressure that
isrequired from these compressorsto start themain engineis 30 bars.

Control airisaso supplied fromair bottle through apressurereducingvaveanda
control air filter. Normally they aretwicein number and can be morethan that for
redundancy.

Topping up compressor
Topping up compressor takes up thelead to cover up for theleakagein the system.

Thismeansthat as soon astheair pressurein the system goes below aparticular
level, thetopping up compressor replenished the systemwith pressurized air.

Deck air compressor

Deck air compressor isused for deck useand as service air compressor and might
haveaseparate serviceair bottlefor the same. These arelower capacity pressure
compressorsas pressurerequired for serviceair isin betweentherangeof 6to 8
bar.

Emergency air compressor

Emergency air compressor isused for starting auxiliary engine at thetime of an
emergency or when themain air compressor hasfailed for fillingup themainair
receiver. Thistype of compressor can be motor driven or enginedriven. If motor
driven, it should be supplied from emergency source of power.

4.1.2.1 Single stage Reciprocating Air Compressor:

Insinglestage reciprocating air compressor the entire compressioniscarried out in
asinglecylinder. If the compressionisaffected in oneend of the piston & cylinder
thenitisknown assingleacting & if thecompressionisaffected in both ends of
piston & cylinder then it isknown as double acting reciprocating air CoOmpressor.

Theopening & closing of smplecheck vave (plate or spring vave) isdepend upon
differencein pressure, if mechanicaly operated valvesareused for suction & discharge
thenther functioningiscontrolled by cams.

Theweight of air inthecylinder will bezerowhen thepistonisat top dead centre, if
we neglect clearance volume. When piston starts moving downwards, the pressure
inddethecylinder fallsbe ow atmospheric pressure& suctionvave/inlet vave opens.
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SUCTION STROKL CUMFRLETION FINOUSL
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PESTOH AT TOP .
DEAD CENTER PISTON AT BOTIOM Fig 4.5
DEAD CENTER

Theair isdrawninto thecylinder through suctionfilter element. Thisoperationis
known assuction stroke.

When piston moves upwards, compressestheair in cylinder & inlet valve closes
when pressure reachesto atmospheric pressure. Further compression follows as
the piston movestowardsthetop of itsstrokeuntil, when the pressurein the cylinder
exceedsthat inthereceiver. Thisiscompression stroke of compressor. At theend
of thisstrokedischarge/delivery valveopens & air isddiveredtoreceiver.

Two - stage air compressor

On the suction stroke

*  Firgt-stagepiston, air at atmospheric pressure entersthe cylinder through the
inlet filter and valvelocated intheairhead.

»  Second stagepiston, thiscooled air entersthe second stage Cylinder through
theinletvave.

On the compression stroke of the:

*  Firststagepiston, theair iscompressed to anintermediate pressureand dis-
charged throughthevaveintoacommon manifold.

*  Fromthemanifold, theair passesthrough theintercool er tubeswherethe heat
of first stage compressionisremoved by the action of thefan passing cool air
over theintercool er tubes.

»  Second stage piston compressestheair to thefina discharge pressureand

forcesit out through thevalveinto thereceiver or system.
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Intercooler Outlet
Inlet —>
—»!
First Stage Second Stage
(LowPressure) (Higher Pressure)
Multi Stage Compressor IEE Flg 4.6

4.1.2.2 Centrifugal compressor

Inacentrifugal compressor, energy istransferred from aset of rotating impeller
bladestothegas. Thedesignation"centrifugd" impliesthat thegasflowisradid, and
theenergy transfer is caused from achangein the centrifugal forcesactingonthe
gas. Centrifugal compressorsddiver high flow capacity per unit of installed space
and weight, have good reliability, and require significantly less maintenance than
reci procating compressors. However, the performance characteristic of centrifugal
compressors is more easily affected by changes in gas conditions than is the
performance of reci procating compressors

Very large(i.e., high-volume) flow compressors may operate at speedsaslow as
3,000 rpm. Conversely, low-volume flow compressors may operate at speedsup
to 30,000 rpm. Power requirement isrelated to mass flow, head, and efficiency.
Depending onthe particular application, centrifugal compressor powers canrange
from aslow as 500 hp (400 kW) to more than 50,000 hp (40 MW).

4.1.3 AC generator

In DC generator, the conductorsarerotated in astationary magnetic field and current
flow inthesamedirection. But inAC generator, themagnetic fieldisrotated and the
conductorsremain stationary. The current flowsfirst on onedirection and thenin
other alternately. The same el ectricity generating effect isproduced if thereverse
occurs, that is, thefield coilsrotateand thearmatureis stationary. Thisisinfact the
arrangement adopted for Irge, heavy duty aternators.

Thefield current supply in older machinescomesfrom alow-voltagedirect current
generator or exciter on the sameshaft asthe dternator. M odern machines, however,
areeither saticaly excited or the high speed brushlesstype. Theexciter isrequired
to operateto counter the effects of power f tor for agiven load.
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The construction of an aternator can be seen infigure above. Therotor housesthe
poleswhich providethefidd current, and theseareusudly of thesdient or projecting-
poletype. Slip ringsand fan are al so mounted on therotor shaft, whichisdriven by
the auxiliary engine. The stator core surrounds the rotor and supportsthethree
phasewindings. Hesat isproduced in the variouswindings and must be removed by
cooling. Theshaft fan drivesair awater-cooled heat exchanger.

In addition to auxiliary engine driven alternator a ship may have ashaft driven
dternator. Inthisarrangement adriveistaken from themain engineor thepropel ler
shaft and useto rotate the alternator.

A hydraulic pump and gear box arrangement may be used to provide aconstant
speed drive, or dternator output may befed to astatic frequency converter. Inthe
static frequency converter the ac output isfirst rectified into dc voltage and the
inverted back into athree phase ac voltage. A feedback systemin oscillator inverter
produces aconstant output ac voltage and frequency.

4.1.3.1 Electrical system used in ships

Ana.c. distribution systemis provided from the main switchboard whichisitself
supplied by thedternators (Figure below). Thevoltageat the switchboard isusually
440 volts, but on somelargeingtallationsit may beashigh as 3300 volts. Power is
supplied through circuit breakersto larger auxiliariesat the high voltage. Smaller
equipment may be supplied viafusesor miniaturecircuit breakers. Lower voltage
suppliesused, for instance, for lighting at 220 volts, are supplied by step down
transformersin thedistribution network.




Reference Book |}

emerpency
From shore supply oy
G
Step down transfarmer Ractifier Hi“
Emergency Dh'lm
wpply
5‘5.“‘“' J . .- Interlocked
5 q
e ® —;—n—lr
Lighting Power é Power L
Ioads loads Towds loads
Turbo  Diesel Diesel
|
Fig 4.8
4.1.4 Power take off

Fishing vessd sare equi pped with anumber of fishing accessorieslikewinch, gurdies,
linehauler, etc. To operate such accessoriespower isrequired. In somevessels
therewill be an additional enginecalled auxiliary enginefor thispurpose. In some
other vessdl sthisisachieved by taking power from the main engineby using some
arrangements. Thismethod is called power take off.

Power take off arethreetypesMechanical, Electrica and Hydraulic power take of f

4.1.4.1 Mechanical power takeoff

Inmechanica power takeoff, driveistaken from the extens on shaft attached to the
forward side of themain engine and supported by suitable bearings. A counter shaft
from thewinch led along the lower edge of the beam and supported by suitable

bearingsfrom thesebeams

Fig 4.9

MECHANICAL MOWER TAKEOFF
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Thiscounter shaft iscoupled to the engine shaft by pulleys. A power takeoff clutch
provided at the end of the engine and is used to transmit the power asand when
required. Themain disadvantages are noisy operation and very difficult to engage
and disengage.

4.1.4.2 Electrical Power takeoff

Inelectrical power takeoff the power generated in theengineisfirst converted into
€lectricd energy by usng agenerator coupledtotheengine. Thiselectrica energy is

again convertedinto mechanica energy by usingan dectric motor. A reduction gearbox
isprovided between the dectric motor and winch for changing the speed and torque.

/l—:l,ﬂf“;ﬂl. WIRE
I y"l-‘-\‘ﬂ
AR [] GEAR | wanven
BOX
COUPLING
MAIN ENGINE :f_ GENERATOR
Flg 4.10 ELECTRIC POWER TAKEONF

4.1.4.3 Hydraulic Power takeoff

In hydraulic power takeoff the main engineof the ship drivesthe hydraulic pump,
through asuitable speed up arrangement. It consists of ahydraulic pump, oil tank,
control valve, servo motor, and reduction gear box.

CONTROL Fert
/ 'E LEV, HYDRAULIC GEAR BOX WINCH
VALVE LEVER MOTOR E -
PRESSURE GALGE CONTROL VALVE
O TANK
RELIEF VALVE - -
— o __
MAIN 1 = =
ENGINE ruMr [__

. HYDRAULIC POWER TAKEOFF
Fig 4.11

Themain engineiscoupled with hydraulic pump through aclutch. Hydraulic pump
pressurizetheoil and it supply to theservo motor through control vave. Thedirection
of rotation of servo motor can be change by ahand lever attached with the control




Reference Book |}

valve. A reduction gearbox is provided between the servo motor and winch for
changing the speed and torque.

4.1.5 Batteries for ships machinery spaces

Thebattery isaconvenient meansof storing eectricity. Itisused on many shipsas
aninstantly available emergency supply. It may a so be used on aregular basisto
providealow-voltaged.c. supply to certain equipment. To provide these services
the gppropriates zeand typeof battery must be used and should beregularly serviced.
Two main types of battery are used on board ship: thelead acid and the alkaline
type, together with various circuitsand control gear.

4.1.5.1 Lead-acid battery

Thelead - acid battery is made up of aseriesof cells. Onecell consistsof alead
peroxide positive plateand alead negative plate both immersed in adilute sulphuric
acid solution. Thesulphuric acidisknown asthe 'dectrolyte'. A wirejoining these
two plateswill have apotential or voltage devel oped acrossit and acurrent will
flow. Thisvoltageisabout 2.2V initidly with asteady va ue of about 2V. A grouping
of six separate cells connected inserieswill giveal2V battery.

4.1.5.2 Alkaline battery

Thebasic cdl of thedkaline battery consistsof anicke hydroxidepostive plateand
acadmium and iron negative plateimmersed in asol ution of potassium hydroxide.
Thecdll voltageisabout 1.4V. A grouping of fivecellsisusual to give about seven
volts.

Inthecharged conditionthepositive plateisnickel hydroxideand the negativeplate
cadmium. During discharge oxygen istransferred from one plateto the other without
affecting the specific gravity of the potassium hydroxide solution. Thenegeative plate
becomes cadmium oxide and the positive plateisless oxidised nickel hydroxide.
Charging the battery returnsthe oxygen tothe positive plate.

Detailing of Practicals

B Dismantlingand assembling of Centrifugal pump.
*  Stopand safdyisolatethe pump.

»  Disconnect theddivery pipeand suction pipe.

*  Removethefoundation bolts.

*  Thenhoist thepump from itsfoundation.
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*  Dismantlecasng.

*  Unscrew theimpeller nut and take out theimpel ler by careful tapping of soft
hammer or useapuller. Take out and securetheimpeller key.

*  Loosenthegland nut and take out gland packing. In case of mechanica sedl,
safely removeit. Thenidentify al thepartslikeimpellers, eye, shapeetc. casing
anditsshape, ddivering lineand valve, suction line, foot valveetc.

*  Identify theparts- Volute casing, Impeller, Key, Impeller nut & lock washer,
Wear rings, Gland & gland packing, Foot valveand Priming plug.

»  After studyingitsworking, then assemblethe pumpin thereverse order of
dismantling

B Dismantlingand assembling of Reciprocating pump.

Beforedismantling the pump,

* Releasepressurefromair vessd

*  Removesuctionand delivery pipes

*  Removethehead nutsand dismantlethe head

e Check thevalves, piston and seal

*  Identifiesthe pump parts such aspiston, piston rod, connecting rod, suction
and ddlivery pipesand valves

»  After study itsworking assemblethe pumpin thereverse sequence

B Dismantlingand assembling of Gear pump.

*  Dismantlethesuctionand ddiverylines

*  Removethefixing nut and removethe pump

*  Placed ontheworktable

»  Unscrew thecasing boltsand removethecasing
Dismantlethe gear whedlsand check it

*  ldentifythepartssuch asddivery port, suction port, driver whed, driven whed,
casing, relief valve, by passlineetc

e Studyitsworkingand assembleinthereverseorder of dismantling
B Dismantlingand assembling of Hand Pump.
*  Removethehead nutsand dismantlethe plunger with connecting rod and head
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Removethe plunger from connectingrod end
Check the plunger washer
Removethesuction nonreturnvave

Check thenonreturnvalve

Identify the pump parts such as plunger, washer, connecting rod, non return
valve, suction pipeand handle.

After studying itsworking assemblethe pumpinthe reverse sequence

Dismantling and assembling of Reciprocating compressor (Singlestage
and Multistage).

Disconnect the el ectric connection

Removetheair filter and suctionline.

Dismantletheddivery lineand moisture/ail trap.

Then removethecylinder head stud's nuts using the socket spanne.
Dismantlethebelt from theprimemover.

Remove piston and the connecting rod.

Dismantletheconnecting rod, cylinder block, crank shaft.

Andidentify al the partsalongwith air bottle, inter cooler, after cooler etc.

After theidentification of partsand studying itsworking, then assembled|
thepart inreverse order of dismantling.

B Dismantlingand assembling of Centrifugal compressor.

Dismantlecasing

Unscrew theimpeller nut and take out theimpeller by careful tapping of soft
hammer or useapuller. Take out and securetheimpeller key.

Thenidentify dl thepartslikeimpellers, eye, shapeetc. casng andits shape,
ddiveringlineand vave, suctionline, air filter etc.

After studying itsworking, then assemblethe pumpin thereverse order of
dismantling
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Assessment Activities

Classroom test
Assgnment
Flow chart
Seminar
Groupdiscusson

Portfolio

Activity log and seminar report on AC generator
chartsand seminar report on centrifugal pump

Chart preparation reci procating pump

Practica Activity log- centrifugd pump

Practica Activity log- hand pump

Chart preparation on different types of power take off

TE Questions

What isthe need of an AC generator onboard ship?
List any two types of rotary pumps used onboard ship?
Explain hydraulic power take off with aneat sketch.
Which equipment isused to pressurizeair?

a) Centrifugd pump b) Centrifugal compressor

¢) AC generator
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UNIT - 2
DECK EQUPMENTS AND FISHING ACCESSORIES

Fishing accessories and deck equipment covers the machinery which are used
exclusvdy for fishing purposes. These machinery includesmechanicd trawl winch,
line hauler, power block, gurdy, galows, pulleysetc.

Detailing Of The Concepts
4.2.1 Deck Equipments and fishing Accessories-
Winches may beoneof thefirst machinery fitted onfishing vessels, when fishing

vessdl sweremechanised. Therearedifferent typesof winchesto suitetrawl fishery,
purse-seining, deep seaanchoring etc.

Trawl winches can be single drum, two drum on one shaft, two or moredrumson
pardld shafts. Also they may bemechanicdly driven, hydraulicaly or eectricdriven
winches.

Mechanicdly driventrawl winchesarecommonin small fishing boats. Power from
themain engineistaken by chaindriveor pulley belt drive. A power takeoff unitis
used to take power from themain engine. The construction of thewinchisby welded
and bolted sections of sufficient strength which enableit to withstand shocks or
load. Itisfixed onthedeck by nutsor boltsavoid yielding under heavy strains. A
mechanically driven winch consists of bed plate, warp head, warp drum, brake
operating wheel, wormwheedl housing etc.

Thebed plateisasolid plate and the baseis perfectly flat for strength and solid
fastening. Theworm reduction gear box isasemi sted casting. Thewormiscut right
or left hand according to the rotation needed. The main shaft is attached to the
wormwheel andissuspended inroller bearings. Thetwo warp drumsarekeyed to
themain shaft. Oil sealsarefitted to thewormwhee housing to prevent leakage of
oil. Thegear ratios are selected as per thework. Clutchesand brakes are provided
to stop thewinch. Mechanica wincheshavemorefrictiona lossand occupiesmore
space. But hydraulicwinchismore efficient. It issameasthat of hydraulic power
takeoff unit. The hydraulic winchesare provided with hydraulic motor. Thedirection
control valve available on thewinch directsthe flow to the motor so that motor
rotatesin clockwiseor anti clockwise. The hydraulic power required for the motor
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isfed from the hydraulic pump. The hydraulic pumpisfitted on theforward side of
theengine.

4 .2.1.2 Gurdy

Gurdy isagear handling equipment used ontrollersfor haulingtroll lines. They are
usadingill nettersa so. Therearemechanical, eectrica and hydraulicgurdies. The
figure shows mechanically operated gurdy with acapstan. It hasareduction gear
box withwormwhed, vertica shaft, V deevepulley and acapstan. Thecongtruction
of thegurdy isby welded or bolted plates. Itisrigidly fixed on the deck by means of
nuts and bolts. The vertical shaft is pressed and keyed to the worm wheel. The
capstan and theV sheave pulley arekeyed to the main shaft. An operating lever is
provided on the deck to engage power to the gurdy.

Gurdiesusedinsmall linehaulersto haul troll lines. They haveredsonit. Instead of
just being pulled through asin alinehauler gurdieswound thelineson.

4.2.1.3 Line Hauler

Linehauler isthe deck equipment used onlong liners. Tunalinersare commonly
electrically driven. Line haulershavethreemain parts|) lower part- consisting of
driving mechanism- driving shaft, two gearsfor changing speed etc. ii) Middle part
- gpeed governing mechanism and clutchiii) Upper part - Pulley mechanism.
Theupper part consstsof three pullieswhichwind thelinesautomatically. Themain
pulley isthedriving pulley. Pressure pulley pressesthelinesto themain pulley while
theguidepulley guidesthelinestothedriving pulley.

Thelower part of thelinehauler containsoil whichisautomaticaly fed totheworking
parts. Thewholebody of thelinehauler ismade of cast sted and pulliesare out of
gun metal to prevent wear of lines. Rubber coated pulliesarealsoused. T h e
linehauler isfirmly fastened by nut and boltsto the deck. Thebed plateisastrong
structurewhich isfastened to the deck.

4.2.1.4 Net drums

In bigger trawlersand gill netters, the size of the netsarelarge, so more manual
labour isrequired to handlethem. Also the netsare likely to sag while handling.
Thesedifficultiesare overcome by providing anet drum. Thenet iscompl etely

wound on thedrum during handling.
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4.2.1.5 Power blocks

A power block wasused in purse- sein vesselsat thetime of introducing. Now they
areusadinal vessdsincluding smdl fishing boats. They aremultipurposesuch asi)
leading ropeto convenient positionii) leading ropeto lowering point asintrawlers
iii) for lifting heavy loads.

A smplepulley doesn't provide mechanica advantage. But it can changethedirection
of theforceinto aconvenient direction. Also now adaysmotorized power blocks
hel psto handleleadswith least manual effort.

The construction of the power block isshown. Blocksarefitted in wooden or metal
casewith one or more sheaves. The pulley is mounted on ashaft. The shaft may
drivewith hydraulic or el ectric power.

The hydraulic motor is mounted on the side of the pulley cover. The shaft of the
motor isconnected to the pulley shaft through gears. Thus speed of the pulley can
be controlled. The sheaveisdesigned with optimum. V groove so that net can be
handled easily. Rubber coatingisgiven on the sheaveto give smoothfriction. The
power blocksaretwo types open typeand closed type. The power blocksare held
on an eevated position such asfrom the end of aboom, craneetc.

4.2.1.6 Gill net hauler

Gill net haulersareused for haulingthegill net especidly onbigger vessdls. They are
operated with the help of hydraulic power. These haulers are a so provided with
rubber grooved rollersfor hauling the netswith moregrip and lessdamage. Invessels
performing combined gill nettingandlinefishingtherearelonglinecumgill net haulers.

4.2.1.7 Purse-seine winch and Triplex rollers

Purse-seine operation mainly needs purse-seinewinch. Power blocks areemployed
to haul the nets. Triplex rollersare another method for passing net to thewinch and
fromtheretobin. It consists of threeparalé rollerswithindependent shaft. The
rollersare hydraulically operated.
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Detailing Of Practicals

e Dismantling and assembling of Mechanica Trawl winch.
*  Removewarp head both sides.

*  Removewarp drum both sides.

*  Removethedrain plug of gear housing and draintheail.
*  Removethehousingand dismantlethegears.
Detailing of Practicals

e Dismantling and assembling of Mechanica Trawl winch.
*  Removewarp head both sides.

*  Removewarp drum both sides.

»  Removethedrainplugof gear housnganddraintheail.
*  Removethehousingand dismantlethegears.

*  Identify and study the partsthen greasing the gears and reassemblein there-
verseorder of dismantling.

Assessment Activities
e Classroomtest

e Assgnment

*  Fowchart

e Semina

e Groupdiscussion
Portfolio

o Adctivitylogand seminar report on winches

»  chartsand seminar report on fishing accessories

»  Practica Activitylog- winch

*  Chart preparation on deck equipments

TE Questions

*  Whatisapower block, explainitsuse?

* Listanythreefishingaccessories

»  Draw anesat sketch and mark theimportant parts of atrawl winch and explain

theworking?
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UNIT - 3
NAVIGATION AIDS

Besdesengineside, thedeck department playsan equd rolein navigeationaswell as
manoeuvering. Thisisaccomplished by alot of navigation equi pment, which assist
the officer for asafe and efficient journey. The unit coversadetail ed study and use
of automaticidentification system (AlS), SONAR, RADAR, €tc.

Detailing of the Concepts
4.3.1 Navigation Aids
4.3.1.1 Global Positioning System (GPS)

TheGlobd Positioning System (GPS) isasatel lite-based navigation system made
up of anetwork of 24 satellitesplaced into orbit by the U.S. Department of Defense.
GPSwasorigindly intended for military gpplications, but inthe 1980s, thegovernment
madethe system avail ablefor civilian use. GPSworksin any weather conditions,
anywherein theworld, 24 hours aday. There are no subscription fees or setup
chargesto use GPS.

How it works

GPSsatellitescircletheearth twiceaday in avery precise orbit and transmit signa
information to earth. GPS receiverstakethisinformation and usetril ateration to
caculatethe user'sexact location. Essentially, the GPSreceiver comparesthetime
asignd wastranamitted by asatellitewith thetimeit wasreceived. Thetimedifference
tellsthe GPSrecaver how far away the satelliteis. Now, with distance measurements
from afew moresatellites, therecelver can determinethe user'sposition and display
it ontheunit'selectronic map.

A GPSreceiver must belocked ontothesignal of at least 3 satellitesto calculatea
2-D position (latitudeand longitude) and track movement. With four or moresatellites
inview, therece ver can determinethe user's 3-D position (latitude, longitudeand
atitude). Oncethe user's position has been determined, the GPS unit can calculate
other information, such asspeed, bearing, track, trip distance, distanceto destination,
sunriseand sunset timeand more.

4.3.1.2 AlS

TheAutomatic Identification System (AlS) isan automatic tracking system used on
shipsand by vessdl traffic services (VTS) for identifying and locating vessel s by
electronicaly exchanging datawith other nearby ships, AlSbasegtations, and satdllites.
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When satellitesare used to detect AIS signaturesthen theterm Satellite-AIS (S
AlS) isused. AlSinformation supplements marineradar, which continuesto bethe
primary method of collision avoidancefor water transport.

Information provided by AlS equipment, such asuniqueidentification, position,
course, and speed, can bedisplayed onascreen.. AlSisintended to assist avessel's
watch standing officersand allow maritimeauthoritiesto track and monitor vessel
movements. AlSintegratesastandardized VHF transcel ver withapodtioning system
suchasaGPS or LORAN-C receiver, with other electronic navigation sensors,
such asagyrocompassor rate of turnindicator. Vessal sfitted withAlStransceivers
can betracked by AlS base stations|ocated al ong coast lines or, when out of range
of terrestria networks, through agrowing number of satellitesthat arefitted with
specid AlSreceiverswhich are cgpabl eof deconflicting alargenumber of Sgnatures.

4.3.1.3 VHF Radio

MarineVHF radio refersto theradio frequency range between 156.0 and 162.025
MHz, inclusive. Intheofficid languageof thelnternationa Telecommunication Union
the band iscalled the V HF maritime mobile band.

Marineradio equipment isingtaled on dl large shipsand most seagoing smdll craft.
Itisalso used, with dightly different regulation, on riversand lakes. Itisused for a
widevariety of purposes, including summoning rescue services and communicating
with harbours, locks, bridges and marinas, and operatesin thevery high frequency
(VHF) range, between 156 and 162.025 MHz. Althoughit iswiddy usedfor collison
avoidance, itsusefor that purposeis contentious and isstrongly discouraged by
somecountries, includingthe UK.

4.3.1.4 RADAR

Marineradarsare X band or Sband radarsto provide bearing and distance of ships
and land targetsin vicinity from own ship (radar scanner) for collisonavoidanceand
navigation at sea.

Radar isavita component for safety at seaand near the shore. Captainsneed to be
ableto maneuver their shipswithinfeet in theworst of conditionsand to beableto
navigate"blind". Thismeansinsdeadark roomwith novisbility they needto safely
navigate their way through watersin theworst of weather. Radarsarerarely used
aoneinamarinesetting. Incommercia ships, they areintegrated into afull system
of marineinstrumentsincluding chart plotters, sonar, two-way radio communication
devices, and emergency locators (SART).
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Theintegration of thesedevicesisvery important asit becomesquitedistracting to
look at several different screens. Therefore, displays can often overlay charting,
radar, sonar into asingle system. Thisgivesthe cgptain unprecedented insrumentation
to maneuver the ship. With digital backbones, these devices haveadvanced greatly
inthelast years. For example, the newer oneshave 3D displaysthat allow youto
seeabove, below and al around the ship, including overlaysof satelliteimaging. In
port or in harbour, shore-based vessel traffic service radar systems are used to
monitor and regul ate ship movementsin busy waters.

4.3.1.5 ECHO SOUNDER

Echo sounding is a type of SONAR used to determine the depth of water by
transmitting sound pulsesinto water. Thetimeinterva between emissionand return
of apulseisrecorded, whichisused to determinethe depth of water along with the
gpeed of soundinwater at thetime. Thisinformationisthentypically usedfor navigation
purposesor inorder to obtain depthsfor charting purposes. Echo sounding canaso
refer to hydro acoustic "echo sounders' defined as active sound in water (sonar)
used to study fish. Hydro acoustic assessments havetraditional ly employed mobile
surveysfrom boatsto evaluate fish biomassand spatial distributions. Conversely,
fixed-location techniquesuse stati onary transducersto monitor passingfish.

4.3.1.6 SONAR

Sonar (originaly anacronym for Sound Navigation And Ranging) isatechniquethat
uses sound propagation (usudly underwater, asin submarine navigation) to navigate,
communicate with or detect objects on or under the surface of thewater, such as
other vessels. Two types of technology share the name " sonar: passive sonar is
essentidly listening for the sound made by vessel's; active sonar isemitting pul sesof
soundsand listening for echoes. Sonar may be used asameansof acoustic location
and of measurement of the echo characteristicsof "targets' inthewater.

4.3.1.7 Fish finder

A fishfinder isan instrument used to | ocate fish underwater by detecting reflected
pulses of sound energy, asin sonar. A modern fish finder displays measurements of
reflected sound on agraphical display, dlowingan operator tointerpret information
tolocate schoolsof fish, underwater debris, and the bottom of body of water. Fish
finder instruments are used both by sport and commercia fishermen. Modern
electronicsalowsahigh degree of integration between thefishfinder sysem, marine
radar, compass and GPS navigation systems.

4.3.1.8 Magnetic compass

The magnetic compassisthemast familiar compasstype. It functionsasapointer to
"magnetic north", theloca magnetic meridian, becausethe magnetized needleat its
heart alignsitself with the horizontal component of the Earth'smagneticfield. The
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GYRO COMPASS FISH FINDER

magnetic field exertsatorque on the needle, pulling oneend or pole of theneedle
approximately toward the Earth's North magnetic pol e, and pulling the other toward
the South magnetic pole. The needleismounted on alow-friction pivot point, in
better compassesajewel bearing, soit can turn easily. When thecompassisheld
level, the needleturnsuntil, after afew secondsto allow oscillationsto dieout, it
settlesintoitsequilibrium orientation.

Innavigation, directionson mapsareusualy expressed with referenceto geographica
or truenorth, thedirection toward the Geographical North Pole, therotation axisof
the Earth. Depending on wherethe compassis|ocated on the surface of the Earth
the angle between true north and magnetic north, called magnetic declination can
vary widely with geographic location. Thelocal magnetic declinationisgivenon
most maps, to allow the map to be oriented with acompass parallel to true north.
The Earth's magnetic fields are constantly changing which is referred to as
geomagnetic secular variation. The effect of this means a map with the latest
declination information should be used. Some magnetic compassesinclude means
to manually compensate for the magnetic declination, so that the compass shows
truedirections.
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4.3.1.9 Gyro compass

A gyrocompassisatypeof non-magnetic compasswhichisbased on afast-spinning
disc and rotation of the Earth (or another planetary body if used elsewhereinthe
universe) to automatically find geographical direction. Although oneimportant
component of agyrocompass is agyroscope, these are not the same devices; a
gyrocompassishuiltto usetheeffect of gyroscopic precesson, whichisadistinctive
agpect of thegenerd gyroscopic effect. Gyrocompassesarewiddy used for navigation
on ships, becausethey have two significant advantages over magnetic compasses.

» theyfindtruenorth asdetermined by Earth'srotation, whichisdifferent from,
and navigationdly more useful than, magnetic north, and

» theyareunaffected by ferromagnetic materids, such asship'ssted hull, which
changethemagneticfidd

Detailing of Practicals

*  ldentification of navigationaidscommonly used in vessels GPS, Gyroscope,
AlS, VHF Radio, RADAR, Ultrasonic devices ( Fadho meter, SONAR, Fish
finder), Magnetic compass and Gyro compass.

Duringthe OJT or fidd visitinamarinevessd or ships students canidentifiesthe

navigation aids commonly used in vessels GPS, Gyroscope, AlS, VHF Radio,

RADAR, Ultra sonic devices ( Fadho meter, SONAR, Fish finder), Magnetic

compass and Gyro compass.

Assessment Activities

*  Classroomtest

«  Assgnment

*  Fowchart

e Semina

e Groupdiscussion
Portfolio

e Seminarreport onAIS

*  chartsand seminar report on navigation aids

»  seminar ondifferent typesof compasses

TE Questions

*  Explainecho sounder and fish finder used onboard ship

*  Whatisthefull-formof AIS, explain briefly theuseof AlS.
*  Writeshort noteson RADAR and SONAR
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UNIT - 4
LIFE SAVING EQUIPMENTS

Onboard ship, themost importanceisgivenfor the safety of the crew. Lifesaving
appliancesareaidsor gppliancesrequired in an emergency. Lifesaving appliances
suchaslifeboat, liferaft, lifebuoy, lifejacket arediscussed in detail.

Detailing Of The Concepts
4.4.1 LIFE SAVING EQUIPMENTS
4.4.1.1 Life raft

A liferaftisasmall inflatable boat carried for emergency evacuationinthe
event of adisaster aboard aship. Inflatableliferafts mgy be equipped with auto-
inflation (carbon dioxideor nitrogen) canistersor mechani é%ﬁp%mps Aquick rlease
and pressure rel ease mechanism is fitted on ships so that the canister or pump
automatically inflatestheliferaft, and theliferaft breaksfree of thesinking vessdl.
Commercid arcraft area so required to carry auto-inflating liferaftsin case of an
emergency water landing; offshoreoil platformsa so haveliferafts.

4.4.1.2 Lifebuoy

Alifebuoy isalife- saving buoy designed to bethrown to apersonin thewater, to
provide buoyancy and prevent drowning. Some modern lifebuoysarefitted with
one or more seawater-activated lights, to aid rescue a night.

Thelifebuoy isusudly ring-or horseshoe-shaped and hasaconnectinglinealowing
the casudlty to be pulled to therescuer in aboat. They are carried by shipsand are
also located beside bodies of water that have the depth or potential to drown
someone.

4.4.1.3 Life jacket

A lifejacket isapieceof equipment designed to assist awearer to keep afloat in
water. Thewearer may beeither consciousor unconscious. Lifejacketsareavailable
indifferent 5 zesto accommodate variationsin body weight. Designsdiffer depending
onwearing convenienceand level of protection..

4.4.1.4 Lifeboat

Generaly each merchant ship hasonelifeboat fitted on the port sdeand oneonthe
starboard side, so that alifeboat isalwaysavailableevenif theshipislisting to one
side. Ship-launched lifeboatsarelowered from davitson aship'sdeck, and arehard
tosink innormal circumstances. The cover servesas protection from sun, wind and
rain, can be used to collect rainwater, and is normally made of areflective or
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fluorescent materid that ishighly visible. Lifeboatshave oars, flaresand mirrorsfor
signding, first aid supplies, and food and water for severa days. Somelifeboatsare
more capably equipped to permit self-rescue, with supplies such asaradio, an
engineand sall, heater, navigationd equipment, solar water dills, rainwater catchments

andfishing equipment.

Life Raft

Lifebuecy Life pachet
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Detailing Of Practicals

Identification of Liferaft, Lifebouy, Life Jacket and Life Boat.

Liferaft, Lifebouy, Life Jacket and Life Boat areidentified duringthe OJT or Field
vistinamarinevess.

Assessment Activities

Classroom test
Assgnment
Flow chart
Seminar

Group discusson

Portfolio

chartsand seminar report on lifesaving appliances

TE Questions

Differentiate between liferaft and life boat
Listall lifesaving appliances onboard ship and explain any two
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UNIT - S
WELDING AND WELDING DEFECTS

Riveting of metal plateswaswidely used in construction of ships. Theintroduction
of welding brought drastic changein construction of ship. New welding technologies
ensured highly water tight joints and more strength. Thedifferent typesof welding
methods are plastic welding (Resistance, Gas, Thermit and Forging) and Fusion
welding (Arc, Gasand Thermit). Thetopics Under water welding and itstwo types
such asWet (Metal Arc)and Dry( Flux cored arc), different typesof arc Welding
Methods- Metal Arc, MIG TIG and Submerged arc welding, GasWelding (Oxy-
Acetylene) etc. arediscussed in detall. Thewe ding defects such asundercut, porosity,
dagindusion, goatter and arc strikewhich may occur whiledoingwel ding arecovered.

Detailing of the Concepts
4.5.1 WELDING
Importance and Basic Concept of Welding

We dingisafabrication processthat joinsmaterids, usualy meta sor thermoplastics,
by causing coa escence. Thisisoften doneby melting thework piecesand adding a
filler materid toformapool of molten materia (thewe d pool) that coolsto become
agtrongjoint, with pressure sometimesused in conjunction with heet, or by itsdlf, to
producetheweld.

Weldingisusedinevery industry largeor small, asaprinciplemeansof fabrication
and repairing meta product. The processisefficient, economical and dependable.
Thisistheonly processwhich hasbeen tried in the space and finds applicationsfor
fabricating productsin air, underwater and in space

Welding istheleast expensive process and widely used now adaysin fabrication.
Welding jointsdifferent metal swith the hel p of anumber of processesinwhich heat
issupplied either eectrically or by mean of agastorch. Different welding processes
are used in the manufacturing of Auto mobilesbodies, structura work, tanks, and
generd machinerepair work. Intheindustries, weldingisused inrefineriesand pipe
linefabrication. It may be called asecondary manufacturing process

Classification of welding processes:

Thereare about 35 different welding and brazing process and several soldering
methods, in use by theindustry today. A ssmple and logical way isto satisfy the
welding processes according to the sources of energy used for achieving
coalescence. Thewelding processes can thusbebroadly classified as;
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(a) Fusionwelding
(b) Pressurewelding
(c¢) Thermo chemical welding
(@ Fusonweding
1. Gas flame welding
m  Oxy-acetyleneweding
m  hydrogenweding
2. Electric arc welding
m  Shidded Metal Arc Welding (SMAW)
m  GasMetd ArcWelding (GMAW)/Meta Inert GasWelding (MI1G)
m  GasTungstenArcWelding (GTAW)/Tungsten Inert Gas(TIG) Welding
m  Submerged Arc Welding
m  PlasmaArcWelding
3. Radiant energy welding
m  ElectronBeamWeding
m Laser BeanWedding
Thefollowing processesfall under solid state (cold) welding
(b) Pressure welding
Electric resistance welding
n Spot Welding
m SeamWedding
m ProjectionWelding
] Resistance Butt Welding
m HashWeding
m PercussonWeding
n Electro-dagWeding
Friction Welding
Ultrasonic Welding
Explosive Welding
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Forgeand Diffusive Welding
(c) Thermo chemical welding
n ThermitWelding
n AtomicHydrogen Welding

Out of the above welding processes carbon arc and atomic hydrogen welding are
not commonly usedinindustriesthesedays.

4.5.1.1 Gas Welding

Itisfusion welding processthat joinsthe metal by using heat of combustion of a
strong gasflame. Theintense heat rai sesthe temperature of ends, meltsand fuses
together theedges of the plateto bewelded. Filler metal may be added the plateto
flowing molten to fill the cavity between the plates. Different oxy-acetylene
combinations are used to produce different types heating flames. Oxy-acetylene
weldingisthemaost commonly used gaswel ding process. Thisprocessisexplaned
indetail inthefollowing paragraphs.

Oxy-Acetylene Welding

Oxy-Acetylene, commonly known as Oxy-fuel, is one of the oldest welding
processes, thoughinrecent years, it hasbecomelesspopular inindustrid gpplications

PRESSURE REGULATORS

- QXYGEN
CYUNDER

70 FUEL GAS CYUNDER

Fig 4.15

However, itisstill widdy used for avariety of applications. Oxy-fud equipmentis
versatile, lendingitself to welding, brazing, braze-welding, silver soldering, meta

heating (for bending and forming) and oxy-fud cutting.
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Acetylene gas in

Welding torch

Primary combustion
Oxygengasin

Gas Shielding
/ Metal droplet
Direction of welding ¢
Fig 4.16 Base metal

4.5.1.2 Shielded Metal Arc Welding (SMAW)

Filler rod

Shielded metal arc welding isone of theworld'smost popular wel ding processes,
accounting for over haf of al weldingin somecountries. Because of itsversatility
and smplicity, it isparticularly dominant inthe maintenanceand repair industry, and
isheavily used inthe construction of stedl structuresand inindustria fabrication.

— |
Retumn cabie == shielded Metal Arc Welding
Shielded Metal Arc Welding(SMAW) Equipment 3 (SMAW) Process

Fig 4.17

Shielded metd arc welding (SMAW), aso known asManual Metal Arc Welding
(MMA or MMAW), flux shielded arc welding or informally asstick welding, isa
manual arc welding processthat usesaconsumabled ectrode covered with aflux to
lay theweld. An electric current, intheform of either alternating current or direct
current from awel ding power supply, isused to form an electric arc between the
electrode and the metals to be joined. The work piece and the electrode melts
formingtheweld pool that coolstoform ajoint. Asthewedislaid, theflux coating
of the el ectrode disintegrates, giving off vapoursthat serve asashielding gasand

providing alayer of slag, both of which protect theweld areafrom atmospheric
contamination
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Thechoice of electrodefor SMAW dependson anumber of factors, including the
weld materia, welding position and the desired weld properties. Theelectrodeis
coated in ametal mixture called flux, which gives off gasesasit decomposesto
prevent weld contamination, introduces de-oxidisersto purify theweld, causesweld
protecting dagtoform, improvesthearc stability, and providesdloying e ementsto
improvetheweld quaity. Thecomposition of theelectrode coreisgeneraly similar
and sometimesidentical to that of thebase materid.

Principles of SMAW

Shielded Metal Arc Welding (SMAW) isaprocesswhich meltsandjoins metal sby
heating them with an arc between acoated meta electrodeand thework piece. The
eectrodeouter coating, cdled flux, assgtsincreating thearc and providestheshidding
gasand slag covering to protect theweld from contamination. The electrode core
providesmost of theweldfiller metd.

When the el ectrodeis moved a ong thework piece at the correct speed the metal
depositsinauniform layer called abead. power sources.

The power inawelding circuit ismeasured in voltage and current. Thevoltage
(Volts) isgoverned by the arclength between the e ectrode and thework pieceand
isinfluenced by dectrode diameter. Current isamore practical measure of the power
inaweld circuit and ismeasured in amperes (Amps). Theamperageneeded towed
depends on el ectrode diameter, the size and thickness of the piecesto bewelded,
and the position of thewelding. Generally, asmaller e ectrode and lower amperage
isneeded to weld asmall piecethan alarge pieceof the samethickness. Thinmetds
requirelesscurrent than thick metals, and asmall € ectroderequireslessamperage
thanalargeone.

Itispreferableto weld onwork intheflat or horizonta position. However, when
forcedtoweldinvertical or overhead positionsitishel pful toreducetheamperage
from that used when welding horizontally. Best welding results are achieved by
mai ntaining ashort arc, moving the electrode at auniform speed, and feeding the
electrode downward at aconstant speed asit melts.

4.5.1.3 Gas Metal Arc Welding (GMAW)/Metal Inert Gas Welding (MIG)

Gasmeta arcwelding (GMAW), sometimesreferred to by itssubtypes metal inert
gas(MIG) welding or metal active gas (MAG)welding, isawelding processin
which an el ectric arc forms between a consumabl e wire el ectrode and the work
piece metd (s), which heatsthework piecemetal (s), causing themtomelt and join.
Alongwiththewiredectrode, ashiel ding gasfeedsthrough thewelding gun, which
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shieldsthe processfrom contaminantsin theair. The process can be semi-automatic
or automatic. A constant voltage, direct current power sourceismost commonly
used with GM AW, but constant current systems, aswell asaternating current, can
beused. Therearefour primary methodsof metd transfer in GMAW, cdled globular,
short-circuiting, spray, and pul sed-spray, each of which hasdistinct propertiesand
corresponding advantagesand limitations

LN - ~ 1 Constant Voltage (CV)
1 Welding Power Source

Contactor Control/Power Cord
Weid Cable To Feeder
Ground Cable To Workplece
Workpeece
Weiding Gun
Constant Speed Wire Feeder
Electrode Wire

) rd o7 Guitce
Flg 4.18 4 S 10 Shielding Gas Cylinder

6 GMAW EQUIPMENT

- BT T I TR

To perform gasmeta arc welding, thebas ¢ necessary equipment isawelding gun,
awirefeed unit, awelding power supply, awelding e ectrodewire, and ashielding
gassupply. The GMAW welding gun hasanumber of key parts-acontrol switch, a
contact tip, apower cable, agasnozzle, an electrode conduit and liner, and agas
hose. The control switch, or trigger, when pressed by the operator, initiatesthewire
feed, e ectric power, and the shielding gasflow, causing an el ectric arcto be struck.

Solid wire Shielding ges
wlectrode 1

Currant conductor

Direction of T?avel’

Wire guide and
Soliditied contact tip

wwalcd rmatal

Gas nozzile

Shieiding gas

Molten wald

GMAW Process Diagram mem!
Fig 4.19
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The contact tip, normally made of copper and sometimes chemically treated to
reduce spatter, isconnected to thewel ding power sourcethrough the power cable
and transmitsthe el ectrical energy to the electrodewhiledirecting it totheweld
area. It must befirmly secured and properly sized, sinceit must allow theelectrode
to passwhile maintaining electrica contact. Ontheway to the contact tip, thewire
isprotected and guided by thed ectrodeconduit and liner, which he p prevent buckling
and maintain an uninterrupted wirefeed. Thegasnozzledirectsthe shielding gas
evenly intothewelding zone.

GasMetd ArcWeding (GMAW) isawel ding processwhichjoinsmeta sby heating
themeta sto their melting point with an e ectric arc. Thearcisbetween acontinuous,
consumabl e e ectrodewire and the metal being welded. Thearcisshielded from
contaminantsintheatmosphereby ashielding gas.

GMAW can be done in three different ways:

a)  Semi-automatic Welding - equipment controlsonly theelectrode wirefeed-
ing. Movement of welding guniscontrolled by hand. Thismay becalled hand-
heldwelding.

b) MachineWdding- usesagunthat isconnected to amanipulator of somekind

(not hand-held). An operator hasto constantly set and adjust controlsthat
movethemanipulator.

c) Automatic Welding - uses equipment which weldswithout the constant ad-
justing of controlsby awelder or operator. On some equipment, automatic
sensing devicescontrol the correct gun aignmentinaweldjoint.

Basic equipment for atypica GMAW semi-automatic set up:
a) Weding Power Source- provideswelding power.

b) WireFeeders (Constant Speed And Voltage-Sensing) - controls supply of
wiretowelding gun.

Constant Speed Feeder - Used only with aconstant voltage (CV) power source.
Thistype of feeder hasacontrol cablethat will connect to the power source. The
control cable suppliespower to thefeeder and alowsthe capability of remotevoltage
control with certain power source/feeder combinations. Thewirefeed speed (WFS)
isset onthefeeder and will alwaysbe constant for agiven preset value.

Voltage-Sensaing Feeder - Can beused with either acongtant voltage (CV) or congtant
current (CC) - direct current (DC) power source. Thistype of feeder ispowered
off of the arc voltage and does not have a control cord. When set to (CV), the
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feeder issimilar to aconstant speed feeder. When set to (CC), thewirefeed speed
dependson

thevoltage present. Thefeeder changesthewirefeed speed asthe voltage changes.
A voltage sensing feeder does not havethe capability of remote voltage control.

c) Supply of ElectrodeWire.
d) Welding Gun- ddiverselectrodewireand shielding gastotheweld puddie
e) Shidding GasCylinder - providesasupply of shiedding gastothearc.

4.5.1.4 Gas Tungsten Arc Welding(GTAW)/
Tungsten Inert Gas(TIG) Welding

Gastungsten arc welding (GTAW), dso known astungsteninert gas(T1G) welding,
isanarc welding processthat usesanon-consumabl e tungsten el ectrodeto produce
theweld. Theweld areais protected from atmospheric contamination by aninert
shielding gas (argon or helium), and afiller metal isnormally used, though some
welds, known asauto genouswelds, do not requireit. A constant-current welding
power supply producesel ectrical energy, whichisconducted acrossthearcthrough
acolumnof highly ionized gasand meta vapoursknown asaplasma.

GTAW ismost commonly used to weld thin sections of stainlesssteel and non-
ferrousmetal ssuch asa uminum, magnesium, and copper dloys. Theprocessgrants
the operator greater control over thewe d than competing processessuch asshielded
metal arc welding and gas meta arc welding, allowing for stronger, higher quality
welds. However, GTAW iscomparatively more complex and difficult to master,
and furthermore, itissignificantly dower than maost other welding techniques.

GTAW EQUIPMENT

Theequipment required for thegastungsten arc wel ding operationincludesawelding
torch utilizing anon-consumabl e tungsten el ectrode, a constant-current welding
power supply, and ashielding gas source.
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4.5.1.5 Submerged Arc Welding (SAW)

Submerged arcwelding (SAW) isacommon arc welding process. SAW isnormally
operated in theautomatic or mechanized mode, however, semi-automatic (hand-
held) SAW gunswith pressurized or gravity flux feed delivery are available. The
processisnormdly limited to theflat or horizonta-fillet wel ding positions (although
horizontal groove position welds have been donewith aspecia arrangement to
support theflux).

It feedsflux andfiller meta to thewe dingjoint. Thegranulated flux shieldsand thus
protects molten weld from atmaospheric contamination. Theflux cleansweld meta
and can modify itschemica composition aso. Theflux isgranul ated to adefinite
sze. It may be of fused, bonded or mechanicaly mixed type. Theflux may cons st of
fluorides of calcium and oxides of calcium, magnesium, silicon, aluminum and
manganese. Alloying elements may be added as per requirements. Substances
evolving largeamount of gases during welding are never mixed with theflux. Flux
with fineand coarse particle sizesarerecommended for welding heavier and smaller
thicknessrespectively.

Theflux startsdepositing on thejoint to bewel ded. Sincetheflux when coldisnon-
conductor of electricity, thearc may bestruck either by touching the electrodewith
thejob or by placing sted wool between el ectrode and job before switching onthe
welding current or by using ahigh frequency unit. Inal casesthearcisstruck under
acover of flux. Hux otherwiseisaninsulator but onceit meltsdueto hest of thearc,
it becomeshighly conductive and hencethe current flow ismaintained between the
electrode and thework piecethrough themoltenflux. Theupper portion of theflux,
in contact with atmosphere, whichisvisibleremainsgranular (unchanged) and can
bereused. Thelower, melted flux becomesdag, whichiswastematerial and must
beremoved after welding.

Advantages

*  Highdepositionrates (over 45kg/h (1001b/h) have been reported).

*  Highoperating factorsin mechanized applications.

e Deepwdd penetration.

*  Soundweldsarereadily made (with good processdesign and control).

»  Highspeed welding of thin sheet steelsup to 5 m/min (16ft/min) ispossible.
*  Minima weldingfumeor arclightisemitted.




Reference Book |}

»  Practicaly no edge preparationis necessary depending on joint configuration
and required penetration.

*  Theprocessissuitablefor both indoor and outdoor works.

*  Wedsproduced are sound, uniform, ductile, corrosion resistant and havegood
impact vaue.

*  Singlepassweldscan be madeinthick plateswith normal equipment.

Limitations

* Limitedtoferrous(sted or stainlesssteel s) and some nickel-based dloys.

*  Normallylimited tothe 1F, 1G, and 2F positions.

*  Normdlylimitedtolong straight seamsor rotated pipesor vessels.

*  Requiresrdatively troublesomeflux handling systems.

*  Hux and dagresidue can present ahedth and safety concern.

*  Requiresinter-passand post weld dag removal.

4.5.2 Underwater welding (Hyperbaric welding)

Hyperbaric welding is the process of welding at elevated pressures, normally

underwater. Hyperbaric welding can either take placewet in thewater itself or dry

inddeaspecialy congtructed positive pressureencl osure and henceadry environment.

Itispredominantly referredto as™ hyperbaricwe ding” when usedinadry environment,

and"underwater welding" wheninawet environment. The gpplicationsof hyperbaric

welding arediverse-it is often used to repair ships, offshore oil platforms, and
pipelines. Stedl isthemost common material welded.

Theadvantagesof underwater welding arelargely of an economic nature, because

underwater-wel ding for marine maintenance and repair jobs bypassesthe need to
pull the structure out of the seaand saves val uabletime and dry docking costs.

4.5.2 .1 Dry welding

Dry hyperbaric welding involvestheweld being performed at raised pressureina
chamber filled with agas mixture seal ed around the structure being welded. Most
arc welding processes such as Shielded Metal Arc Welding (SMAW), Flux-cored
arcwelding (FCAW), Gastungsten arc welding (GTAW), Gas metal arc welding
(GMAW),PlasmaArc Welding (PAW) could be operated at hyperbaric pressures,
but al suffer asthe pressureincreases. Gastungsten arc weldingismost commonly
used.
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4.5.2 .2 Wet welding

Wet underwater wel ding directly exposesthediver and €l ectrodeto thewater and
surrounding €l ements. Diversusualy usearound 300-400 ampsof direct current to
power their e ectrode, and they weld using varied formsof arcwelding. Thispractice
commonly usesavariation of shielded metal arc welding, employing awaterproof
electrode. Other processesthat areused includeflux-cored arc welding and friction
welding. Ineach of these cases, thewe ding power supply isconnected tothewelding
equipment through cablesand hoses. Theprocessisgeneraly limitedtolow carbon
equivaent stedl's, especialy at greater depths, because of hydrogen-caused cracking.
4.5.3 Welding Positions

Thereare4 main welding positionsfor the deposition of material asshowninthe
illustration bel ow.

a) Flat, b) Horizontal, c¢) Verticaland, d) Overhead

Flat Horizontasl Vertical Owverhead

Fig 4.21

Welding Positions

4.5.4 Weld Defects and Their Causes
Lack of Penetration

Lack of penetration isthefailureof thefiller metal to penetrateinto thejoint. Itis
caused by:

a Incorrect edge penetration.

b) Incorrect welding technique.

C) Inadequate de-dagging.
Lack of Fusion
Lack of fusionisthefailure of thefiller metal to fusewith the parent metal. It is
caused by:

a Insufficient hegt.

&
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b) Toofastatravel.

C) Incorrect welding technique.
Porosity
Porosity isagroup of small holesthroughout theweld metal. It iscaused by the
trapping of gasduring thewel ding process, dueto chemica sinthemeta, dampness,
or too rapid cooling of theweld.
Slag Inclusion
Slaginclusionistheentrapment of dag or other impuritiesintheweld. Itiscaused
by thedagfrom previousrunsnot being cleaned away, or insufficient cleaning and
preparation of the base metal beforewel ding commences.
Undercut
Undercutsaregrooves or dotsaong the edges of theweld caused by:

a Toofast atravel.

b) Too great aheat build-up.

C) Bad welding technique
Overlays
Overlaysconsist of metd that hasflowed on to the parent meta without fusingwith
it. Thedefect iscaused by:

a Insufficient heet.

b) Contamination of the surface of the parent metal.

C) Bad weldingtechnique.
Cracking
Crackingistheformation of crackseither intheweld meta or the parent metd. Itis
caused by:

a Bad welding technique.

b) Unsuitable parent metalsused intheweld.

Blowholes
Blowholesarelarge holesintheweld caused by:
a Gasbeing trapped, dueto moisture
b) Contamination of either thefiller or parent metals.
Burn Through
Burn throughisthe collapse of theweld pool dueto:
a Poor edge preparation.
b) Too great aheat concentration.

&2
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Excessive Penetration
Excessive penetration iswheretheweld metal protrudesthrough theroot of the

weld. Itiscaused by:
a) Too big aheat concentration.

a) Toodow atravel.

Lack of Penstration

Poroaity Shag Inclusicn

Ursidercut

tracking Flowholes

.r' :_-;r' J j‘:"""x I‘. ; .]
l':x."'}_;\\ - a { " I :

Burn Throasgh

Fxcesaive Penetration

Spaller

Fig 4.22

&



Reference Book |}

WELDING SYMBOLS
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DETAILING OF PRACTICALS
Handson experienceon Shielded Metal Arc Welding (SMAW).
Preparation of thebaseplate

*  Prepare2piecesof 100 mm X 50mm X6 mm metal flat.

*  Bevd theeach piecesasshowninfigure.

»  For accuratewelding tack apiece of meta at both end of thework.
* Placethework onaflat surface.

*  Clamptheearth cable on thework piece.

*  FilltheV groovethroughwelding.

*  Removethetack welded piecesfrom both sidesand filed.

*  Removethedag spattershby using chipping hammer.
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*  Cleantheweld areaby wire brush.

Fig 4.24

» ldentification of welding defects such asunder cut, porosity, spatter, arc
strike, excessive penetration, cracking, blow holes.

Facilitator supply the defect numbered welded joint and asked studentsto

identify the defects.
Assessment Activities
e Assgnment
*  How chart
s Seminar
* Groupdiscusson
PORTFOLIO

*  Chart preparation and seminar on different types of arc welding processes
*  Practicd Activity logon vertical weldingin butt joint

»  Practica Activity log on preparation of 'v' grooveinwork piece

*  Chart preparation and seminar on different weld defects

TE Questions

1 explainTungsteninert gaswelding processwith aneat sketch

2  briefly explainany threewed defects

3 listtheadvantagesand disadvantagesof submerged arc welding
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UNIT - 6
NON - DESTRUCTIVE TESTING

Asapart of ingpection and certification alot of testsaredoneonweldjoints. These
testsinclude destructive and non-destructive tests. The different types of non-
destructivetesting suchasvisud inspection, liquid penetrationtest, magnetic particle
test, radiographictest and ultrasonictest areexplainedin detail in thisunit.

Detailing of the Concepts
4.6.1 Weld Testing

Methods of weld testing and analysisare used to assurethe quality and correctness
of theweld after itiscompleted. Thisterm generdly referstotesting and analysis
focused onthequdity and strength of theweld, but may refer to technologica actions
to check for the presence, position and extent of welds. These aredivided into
destructive and non-destructive methods.

4.6.2 Types of Non Destructive Testing

Common Non Destructive Testsare Visua Testing (VT), Penetrant Testing (PT),
Magnetic-particle Testing (M T),Ultrasonic Testing (UT) and Radiographic Testing
(RT)

4.6.2.1 Visual Testing (VT)

Visual inspectionisone of the most common and most powerful means of non-
destructivetesting. Visua testing requires adequateillumination of thetest surface
and proper eye-gght of thetester. To bemost effectivevisud ingpection doeshowever,
merit gpecia attention becauseit requirestraining (knowledge of product and process,
anticipated service conditions, acceptance criteria, record keeping, for example)
and it hasits own range of equipment and instrumentation. Itisalso afact that all
defectsfound by other NDT methods ultimately must be substanti ated by visual
inspection. VT can beclassified asDirect visud testing, Remotevisud testingand
Tranducent visud testing. Themost commonNDT methodsM T and PT areindeed
samply scientific waysof enhancing theindicationto makeit morevisible. Oftenthe
equipment neededissimplefor interna inspection, light lens systems such asbore
scopes allow remote surfacesto be examined.

4.6.2.2 Penetrant Testing (PT)

Liquid penetrant (PT) also referred as dye penetrant is an inexpensive Non-
destructivetesting techniquewnhich can be performed by qudified certified inspectors.
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(PT) isused to detect casting, forging and welding surface defectssuch ashairline
cracks, surface porosity, leaksin new products, and fatigue crack on in-service
components.

DPT isbased upon capillary action, where surface tension fluid low penetratesinto
clean and dry surface-breaking discontinuities. Penetrant may be applied to thetest
component by dipping, spraying, or brushing. After adequate penetration time has
been allowed, the excess penetrant isremoved and adevel oper is applied. The
developer helpsto draw penetrant out of the flaw so that aninvisibleindication
becomesvisibleto theinspector

4.6.2.2.1 Inspection steps

J y a 4

Precleaning Apply penetrant Remove excess Develop and
Penetrant mspect

Fig 4.25
Thetest surfaceis cleaned to removeany dirt, paint, oil, grease or any loose scale
that could elther keep penetrant out of adefect, or causeirrelevant or faseindications.
Cleaning methods may include solvents, dkaline cleaning steps, vapor degreasing,
or mediablasting. The end goal of thisstep isaclean surface whereany defects
present are open to the surface, dry, and free of contamination.

b. Application of Penetrant:

Thepenetrant isthen applied to the surface of theitem beingtested. The penetrant
isdlowed"dwdl time" to soak into any flaws (generdly 5to 30 minutes). Thedwell
timemainly depends upon the penetrant being used, material being tested and the
sizeof flawssought. Asexpected, smaller flawsrequirealonger penetrationtime.

c. Excess Penetrant Removal:

The excess penetrant isthen removed from the surface. Theremova methodis
controlled by thetypeof penetrant used. If excess penetrant isnot properly removed,
oncethedeve operisapplied, it may leave abackground in the devel oped areathat
can mask indicationsor defects. In addition, thismay a so producefaseindications
severdy hindering your ability to doaproper ingpection. Also, theremovd of excessve
penetrant isdonetowardsonedirection either vertically or horizontally asthe case
may be.

d. Application of Developer:

After excess penetrant has been removed, awhite devel oper isapplied tothesample.
Several developer typesareavailable, including: dry powder, water-suspendable,

b
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and water-sol uble. Choiceof devel oper isgoverned by penetrant compatibility (one
can't usewater-sol ubl e or -suspendabl e devel oper with water-washabl e penetrant),
and by inspection conditions. When using dry powder, the samplemust bedried
prior to application, while soluble and suspendable devel opersare applied with the
part still wet from the previous step.. Devel oper should form asemi-transparent,
even coating on the surface.

The devel oper draws penetrant from defects out onto the surfacetoformavisible
indication, commonly known asbleed-out. Any areasthat bleed out canindicatethe
location, orientation and possible types of defects on the surface. Interpreting the
resultsand characterizing defectsfrom theindi cationsfound may requiresometraining
and/or experience.

e. Inspection:

Theinspector will usevisiblelight with adequateintensity (100 foot-candlesor 1100
lux istypical) for visible dye penetrant. Inspection of thetest surface should take
placeafter 10- to 30-minute devel opment time, dependsof product kind. Thistime
delay allowstheblotting action to occur. Theinspector may observethe samplefor
indication formation when using visible dye. It isa so good practiceto observe
indicationsasthey form becausethe characteristics of thebleed out areasignificant
part of interpretation characterization of flaws.

f. Post Cleaning:

Thetest surfaceisoften cleaned after inspection and recording of defects, especialy
if post-inspection coating processes are schedul ed.

4.6.2.3 Magnetic Particle Testing (MT)

Magnetic Particle Testing isanon-destructivetesting (NDT) processfor detecting
surfaceand dightly subsurface discontinuitiesin ferromagnetic materids, and some
of their alloys. The process putsamagnetic field into the part. The piece can be
magneti zed by direct or indirect magnetization. Direct magnetization occurswhen
thed ectric current is passed through the test object and amagneticfiddisformedin
thematerid. Indirect magneti zation occurswhen no e ectric current ispassed through
thetest object, but amagnetic fieldisapplied from an outside source. Themagnetic
linesof forceare perpendicul ar to thedirection of thed ectric current, whichmay be
ether aternating current (AC) or someform of direct current (DC) (rectified AC).

The presence of asurface or subsurface discontinuity in thematerial allowsthe
magneticflux toleak, Sncear cannot support asmuch magneticfield per unit volume
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asmetds. Ferrous particlesare then applied to the part. The particlesmay bedry or
inawet sugpension. If anareaof flux leakageispresent, the particleswill beattracted
tothisarea. The particleswill build up at the area of leakage and form what is
known asanindication. Theindication canthen be evaluated to determinewhat itis,
what may have caused it, and what action should betaken, if any

Thefirst step in amagneti ¢ parti cleinspectionisto magnetize the component that is

to beinspected. If any defectson or near the surface are present, the defectswill
create aleakagefield. After the component has been magnetized, iron particles,
either inadry or wet suspended form, are applied to the surface of the magnetized
part. The particleswill beattracted and cluster at theflux leakagefields, thusforming
avisbleindication that theinspector can detect.

Current Carryin
Wire rying

. Magnetic Flux
H 4-"""_"'-.In Legs of Yoke

Fig 4.26

—— Ic;'l?ig:tim IMna :reihc Flux

Today, most of the equipment used to createthe magneticfield used in MPI isbased
on electromagnetism. That is, usingan eectrical current to producethe magnetic
field. An e ectromagnetic yokeisavery common piece of equipment that isused to
establishamagneticfield. Itisbasicaly made by wrapping an e ectrica coil around
apieceof soft ferromagnetic sted. A switchisincludedintheéeectrica circuit sothat
thecurrent and, therefore, the magnetic field can beturned on and off. They can be
powered with aternating current from awall socket or by direct current from a
battery pack. Thistype of magnet generatesavery strong magneticfieldinalocal
areawherethe poles of the magnet touch the part being inspected.

4.6.2.4 Ultrasonic Testing (UT)
TheUltrasonic Test i nspection system consistsof severa functiona units, such as
the pulser/receiver, transducer, and display devices. A pul ser/receiver isan eectronic

devicethat can produce high voltage electrical pulses. Driven by the pulser, the
transducer generates high frequency ultrasonic energy. Thesound energy isintroduced
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and propagates through the materials in the form of waves. When thereis a
discontinuity (suchasacrack) inthewave path, part of the energy will bereflected
back from theflaw surface. Thereflected wavesignd istransformedinto andectrica
signa by thetransducer and isdisplayed on ascreen. Inthe goplet bel ow, thereflected
signa strengthisdisplayed versusthetimefrom signal generation to when aecho
wasreceived. Signd travel time can bedirectly rel ated to the distancethat the signal
traveled. Fromthesignal, information about thereflector location, Size, orientation
and other features can sometimes be gained.
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4.6.2.5 Radiographic Testing(RT)

Radiographic Testingisanondestructivetesting (NDT) method of ingpecting materids
for hidden flawsby using theability of short wavel ength el ectromagnetic radiation
(high energy photons) to penetrate variousmaterias. Either an X-ray machineor a
radioactive source, likelr-192, Co-60, or inrarer cases Cs-137 areused inaX-
ray computed tomography machine asasource of photons.

Thebeam of radiation must bedirected to themiddle of thesection under examination
and must benormal to the materid surfaceat that point, except in specid techniques
whereknown defectsare best revealed by adifferent alignment of thebeam. The
length of weld under examination for each exposure shal be such that thethickness
of thematerid at the diagnogtic extremities, measured inthedirection of theincident
beam, does not exceed the actual thickness at that point by more than 6%. The
specimento beinspected i splaced between the source of radiation and thedetecting
device, usudly thefilminalight tight holder or cassette, and theradiaionisalowed
to penetrate the part for the required length of timeto be adequately recorded.

Theresult isatwo-dimensional projection of the part onto thefilm, producing a
latent image of varying densitiesaccording to theamount of radiation reaching each
area. Itisknown asaradio graph, asdistinct from aphotograph produced by light.
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Becausefilmiscumulativein itsresponse (the exposureincreasing asit absorbs
moreradiation), rel atively week radiation can be detected by prolonging theexposure
until thefilm canrecord animagethat will bevisibleafter deve opment. Theradiograph
isexamined asanegative, without printing asapositive asin photography. Thisis
because, in printing, someof thedetail isadwayslost and no useful purposeisserved.

Before commencing aradiographic examination, it isalwaysadvisableto examine
the component with one'sown eyes, to eliminate any possibleexternal defects. If
the surface of aweld istoo irregular, it may be desirable to grind it to obtain a
smooth finish, but thisislikely to belimited to those casesin which the surface
irregularities (which will bevisibleontheradio graph) may make detectinginterna
defectsdifficult.
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Detailing Of Practicals
* Handson experienceon Visual I nspection test.

Facilitator supply the defect numbered wel ded joint and asked studentsto identify
the defects.

*  Handsonexperienceonliquid penetrationtest.
* Inspectionsteps
a. Pre-cleaning:

Thetest surfaceiscleaned to remove any dirt, paint, oil, grease or any loose scale
that could elther keep penetrant out of adefect, or causeirrelevant or falseindications.
Cleaning methods may include sol vents, dkaline cleaning steps, vapor degreasing,
or mediablasting. The end goal of thisstep isaclean surface whereany defects

present are opento the surface, dry, and free of contamination.
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b. Application of Penetrant:

The penetrant isthen applied to the surface of theitem being tested. The penetrant
isdlowed"dwell time" to soak into any flaws (generadly 5to 30 minutes). Thedwell
timemainly depends upon the penetrant being used, material being tested and the
szeof flawssought. Asexpected, smaller flawsrequirealonger penetrationtime.

c. Excess Penetrant Removal:

The excess penetrant isthen removed from the surface. Theremova methodis
controlled by thetypeof penetrant used. If excess penetrant isnot properly removed,
oncethedeve operisapplied, it may leave abackground in the devel oped areathat
can mask indicationsor defects. In addition, thismay a so producefaseindications
severdy hindering your ability to doaproper ingpection. Also, theremovd of excessve
penetrant isdonetowardsonedirection either vertically or horizontally asthe case
may be.

d. Application of Developer:

After excess penetrant has been removed, awhite devel oper isapplied to thesample.
Several developer typesareavailable, including: dry powder, water-suspendable,
and water-sol uble. Choiceof devel oper isgoverned by penetrant compatibility (one
can't usewater-sol ubl e or -suspendabl e devel oper with water-washabl e penetrant),
and by inspection conditions. When using dry powder, the samplemust bedried
prior to application, while soluble and suspendabl e devel opers are applied with the
part still wet from the previous step.. Devel oper should form asemi-transparent,
even coating on the surface.

Thedevel oper drawspenetrant from defects out onto the surfacetoformavisible
indication, commonly known asbleed-out. Any areasthat bleed out canindicatethe
location, orientation and possible types of defects on the surface. Interpreting the
resultsand characterizing defectsfrom theindi cationsfound may requiresometraining
and/or experience.

e. Inspection:

Theinspector will usevisiblelight with adequateintensity (100 foot-candlesor 1100
lux istypical) for visible dye penetrant. Inspection of thetest surface should take
placeafter 10- to 30-minute devel opment time, depends of product kind. Thistime
delay allowstheblotting action to occur. Theinspector may observethe samplefor
indication formation when using visible dye. It isa so good practiceto observe
indicationsasthey form becausethe characteristics of thebleed out areasignificant
part of interpretation characterization of flaws.

&
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f. Post Cleaning:

Thetest surfaceisoften cleaned after inspection and recording of defects, especidly
if post-ingpection coating processes are schedul ed.

B Handson experienceon magnetic particletest.

Thismethod invol vesthe magneti sation of an areato beexamined and theapplication
of ferromagnetic particlesto the surface. Theparticlesgather at areasof magnetic
flux leakageand formindi cations characteristic of thetypeof discontinuity detected.

Maximum sengitivity isachieved whenlinear discontinuitiesareoriented perpendicular
tothelinesof flux.

TheA C electromagnetic yoke techniqueisrestricted to the detection of surface
bresking discontinuities.

Assessment Activities

. Assgnment

. Flow chart

. Seminar

. Groupdiscusson
PORTFOLIO

. Chart preparation and seminar on non destructivetests

. Practical Activity log on Penetrant Testing

TE Questions

1 Advantagesand disadvantages of magnetic particletesting
Writethe procedure of penetrant testing

What isthe principle of radiographictesting?

What istheprinciple of penetrant testing?

a b~ W N

What istheprincipleof ultrasonictesting?
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LIST OF PRACTICALS
Dismantling and assembling of Centrifuga pump.
Dismantling and assembling of Reci procating pump.
Dismantling and assembling of Gear pump.
Dismantling and assembling of Hand Pump.

Dismantling and assembling of Reciprocating compressor (Single stage and
Multistage).

Dismantling and assembling of Centrifuga compressor.
Dismantling and assembling of Mechanica Trawl winch.

Identification of navigation aidscommonly used in vessels GPS, Gyroscope,
AlS, VHF Radio, RADAR, Ultrasonic devices (Fadho meter, SONAR, Fish
finder), Magnetic compassand Gyro compass.

Identification of Liferaft, Lifebouy, Life Jacket and Life Boat.
Hands on experience on Shielded Metal Arc Welding (SMAW).

Identification of welding defects such asundercut, porosity, spatter, arc strike,
excessive penetration, cracking, blow holes

Hands on experienceon Visuad Inspectiontest.
Handson experienceon liquid penetration test.
Hands on experience on magnetic particletest
Hands on experience on radiographic film ingpection.
Hands on experience on ultrasonic test.
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