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INEPEIMOBA

MeTtonuuHi pekoMeHmarii 3 TuciuIutian «lHo3eMHa MOBa 3a
npodeCiiHUM CIPSMYBaHHIM» 10 CaMOCTIHHOI poOOTH 3100yBa-
4iB nepumoro (0akajaBpChbKOT0) piBHS BHUINOI OCBITH TEXHIYHHX
crerianbHOCTEN YKIAJAEHO BIAMOBIIHO 10 PpoOOYOi HaBYaIbHOI
porpaMu JTUCHMILIIHUA «[HO3eMHa MOBa 3a MpoQeciiHIM CIIpsIMY-
BAaHHSIM» 1 CIIPSIMOBAaHO Ha PO3BUTOK Yy CTYJACHTIB TEXHIYHHUX CIIe-
[iaJdbHOCTEH HABUYOK YMTAHHA 1 MEPEKady HayKOBO-TEXHIYHHX
TEKCTIB, a TAKOXK 30arayeHHs CJIOBHUKOBOIO 3aracy.

3aBIaHHAMU JAMCUUIUIIHU € (OpMyBaHHS HEOOXiTHOT KOMYy-
HIKaTUBHOI CIIPOMOXHOCTI B cdepax mpoQeciiHOro CHiIKyBaHHS
B YCHill 1 MUCHEMOBIN (hopMax; po3yMiHHS Ta MEpeKIiaj] iHIIOMOB-
HUX JDKEPET; YIOCKOHAJIEHHS KOMYHIKaTHBHHUX YMiHb 1 HaBHYOK
BOJIOZIIHHSL 1HO3EMHOIO MOBOIO TPHU CIUIKYBaHHI 3 mpodeciiinol
TEMaTUKH.

Camocriiina pobora crynenra (CPC) € OCHOBHUM BHIOM
3aCBOEHHSI HABYAJIBHOTO Marepially y BUIBHHH BiJ ayJUTOPHUX
3anATh yac. 3mict CPC nucuumninu «IHo3eMHa MoBa 3a npogeciii-
HUM CIIPSIMYBaHHSIM» BU3HAYA€THCS POOOUYOI0 MPOrpamoro 3 Mi€l
JUCLHUIUTIHY, HABYaJIbHO-METOIMYHUMU MaTepiajlaMy, 3aBJaHHIMHU
Ta BKa3iBKaMU BHUKJaJaya BiAMOBIIHO JIO0 3aTBEpPIKEHHUX B yCTa-
HOBJICHOMY TOPS/IKY METOIUYHUX PEKOMEH/IAIIi, 3 METOI0 3aKpiIl-
JIEHHS Ta NMOIIMOIEHHS TEOPeTHUYHUX 3HaHb Ta BMIHb CTYICHTIB,
1 € BAKJIMBUM €TaloM y 3aCBOEHHI HaBUajabHOrO Matepiany. Camo-
CTiliHa po0OOoTa CTY/AEHTIB 3 11€i HaBYaJbHOI JUCIUIUIIHU BKIIOYA€E
PO3BHUTOK 1 BIOCKOHAJIEHHS] HABMYOK CaMOCTIHHO OIpalboBYyBaTH
HaBYAJIbHUI Marepial.



3MicT mifiOpaHUX TEKCTIB OXOIUIIOE IITHUPOKHH CIEKTp TeM,
BKJIIOUAIOYM TEXHIKYy 3BapIOBaHHSA, METAJIM MOPCHKOTO KIIacy,
3aXHCT BiJ KOpO3ii, CHCTEMH BUXJIOIHUX Ta3iB, CYIHOBI JBUTYHH,
KOTJIM, BaJIOBI TEHEPATOPH Ta CYAHOBI efekTpomepesxi. Koxxen pos-
JIUT CYyTPOBOIKY€THCSI BI[PaBaMU JI0 Ta TICIIsl YUTAHHS, 3aBIaHHIMHA
Ha BHpIIIEHHS Mpo0JieM Ta CIIUCKaMM CJiB, L0 JA03BOJISE CTYAEH-
TaM MPAaKTUKYBaTH PO3YMIHHS, 3aKpIIUIIOBATH TEXHIYHY TEPMIHO-
JIOTiIO Ta PO3BUBATU HABUYKH KPUTHUUYHOTO MUCIEHHS B Mpodeciii-
HOMY KOHTEKCTI.

OnparpoByr0YH 11i MaTepianu, CTYJCHTH HE TUIBKU MOKPAIIaTh
CBOI HABMYKW YUTAHHS Ta PO3IMMUPSTH BOKAOYJISAP TEXHIYHOI JIEK-
CHKH, ajie i OTpUMAIOTh MPAKTUYHI 3HAHHS 11010 PEATbHUX CUTY-
ariif Ha 60opty cynHa. Pobora 3 TaHMMK METOIMYHUMHU PEKOMEH 1a-
[ISIMH CIIPUATHME 1HTEHCHU(IKAIT IPOIeCy BUBYCHHS aHTJIIHCHKOT
MOBH NPO(ECIHOro CpsMYBaHHS Ta PO3yMIHHS HayKOBO-TEXHIiu-
HUX TEKCTIB 32 (haxoM.



ITAM’ATKA IJ1d KOPUCTYBAYIB

Kpoxk 1: IlpounTaiite BpaBu nepea YWTaHHSIM. BoHuU migro-
TYIOTb BacC IO CIPUMHATTS TEXHIYHOI JIGKCUKU T4 OCHOBHUX 171€H.

Kpok 2: YBaxHO mpouuTaiTe TEKCT. 3p0o0iTh HOTATKH LIOA0
KIIFOYOBUX TEPMIHIB a00 1/1eH.

Kpoxk 3: BukoHaiiTe BnpaBu Miciisl YNTaHHSI. BOHU BMIIYIOTh
JIEKCUKO-TpaMaTU4HI 3aBJaHHs, MUTAHHSA HA PO3YMiHHS TEKCTY Ta
BIIPaBU Ha BUPILIEHHS MPOOJIEM.

Kpok 4: BuxopucroByiiTe miocapiil, o0 3akpilMTH 3HaHHS
TexHIYHOT Jiekcuku. CrpoOyiiTe BXHMBaTH HOBI CJOBa Yy CBOiX
pEUEHHSX.



I. WELDING

Pre-reading:
1) Where do you think welding is used in everyday life? Write
2-3 examples.
2) Why do you think welding requires special safety rules?

1. THE KEY ELEMENTS IN A WELDING PROCESS

1. Heat Source. Every welding process needs a heat source
strong enough to melt the materials being joined. This heat can
come from an electric arc, a gas flame, or a high-energy beam such
as a laser or electron beam. Each method provides the intense heat
needed to create a molten area where metals can fuse.

2. Filler Material. A filler metal is often added to fill the gap
between the pieces being joined. It melts and blends with the base
metals, strengthening the joint. The filler’s composition is carefully
matched to the materials being welded to ensure a durable bond.

3. Shielding from Contamination. When metal melts,
it reacts easily with oxygen and other gases, which can weaken
the weld. To prevent this, welders use shielding methods such as
shielding gases like argon or carbon dioxide, or flux coatings that
release protective gases and form a layer of slag over the molten
metal.

Basic Terms Every Beginner Should Know. Weld Pool: The
small molten area created by heat where the metals fuse. As it cools,
it forms the weld bead. Weld Bead: The visible line of solidified
metal left after welding. Electrode: The tool that carries current to
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the weld. It may melt into the weld (consumable) or remain intact
(non-consumable). Are: The bright, high-temperature discharge
that generates the heat needed to melt the metal.

How a Weld Is Formed

1.

2.

Preparation: Clean and position the metal pieces to ensure
a tight fit, removing rust, paint, or oil.

Arc Creation: The welder starts the electric arc between
the tool and the metal, producing temperatures that can
reach 6,000 °C (10,800 °F).

Melting and Fusion: The edges of the metal and any filler
material melt together, forming a molten pool.

Protection: Shielding gas or flux protects the molten area
from contamination.

Solidification: As the heat source moves along the joint,
the molten pool cools and hardens into a continuous weld
bead.

Why Welding Matters. Welding builds everything from
cars to skyscrapers, ships, bridges, and pipelines. It is essential
in industries that shape modern life, providing the strength and
permanence required for structures and machines that endure

extreme forces and conditions.
Source: https://artizono.com/what-is-welding-a-complete-beginners-guide

SECROI- I

Post-reading:

Match the terms with their definitions

Weld pool

Filler material

Electrode

Shielding gas

Arc

1. A material added to strengthen the joint by melting
with the base metals.

2. A protective substance used to stop contamination
from oxygen or other gases.
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3. The bright, high-temperature discharge that melts the
metal.

4. The molten area where metals fuse together.

5. A tool that carries current to the weld and may melt or
stay solid.

Choose the correct option (A, B, or C)

. A heat source in welding can be

A) water pressure

B) alaser or an electric arc

C) cold air

Filler material is added to

A) decorate the metal

B) make the weld joint stronger

C) stop the weld from cooling
Shielding is needed because hot metal
A) reacts with gases in the air

B) freezes quickly

C) becomes invisible

The visible line of solid metal after welding is the

A) heat source

B) weld bead

C) arc flame

Before welding, surfaces should be
A) dirty

B) painted

C) clean

Decide if the sentences are True (T) or False (F)
The electrode always melts into the weld.
Shielding gases like argon help protect the molten metal.



3. Welding is used only in making small objects like phones.

4. During welding, the metal edges melt and fuse together.

e

The weld pool becomes solid as it cools.

Put the steps of forming a weld in the correct order
The molten pool cools into a weld bead.

The welder starts the arc and creates intense heat.

The metal is cleaned and positioned.

Filler metal and edges melt and fuse.

Shielding protects the molten area.

moaw»&

5. Vocabulary work. Write down the following words into
your vocabulary.

Learn them by heart.
1) heat source
2) electric arc
3) molten, fuse
4) filler material
5) shielding gas
6) flux
7) slag
8) weld pool
9) weld bead
10) electrode
11) joint

6. Problem-Solving. Read the situation and offer a simple
solution (2-3 sentences).

Situation: A student is welding, but the weld becomes weak
and full of holes. The metal was not cleaned before welding, and
no shielding gas was used.



Questions:

1. What caused the problem?

2. What should the student do to make a stronger weld next
time?

2. THE STEP-BY-STEP WELDING PROCESS

Pre-reading:
1. Answer the questions:
a) What do you think welders must wear to stay safe?
b) Which materials do you think are easier or harder to weld?
Why?

2. Match the terms with their definitions:
1 ventilation
2 electrode
3 porosity
4 penetration
5 distortion
a) melting deeply into the metal for a strong weld
b) holes in the weld caused by contamination
c) fresh air flow to remove fumes
d) tool that carries electric current and may melt into the
weld
e) unwanted change in the shape of metal due to
overheating

THE STEP-BY-STEP WELDING PROCESS
Step 1: Prepare Your Work Area and Safety Gear.
Before welding, ensure your workspace is clean, dry, and free of
flammable materials such as wood, paper, or fuel. Good ventilation
is essential to prevent harmful fume buildup. Wear proper safety
gear, including an auto-darkening welding helmet, flame-resistant

10



gloves, long-sleeved clothing, and sturdy boots, to protect against
sparks, heat, and ultraviolet light.

Step 2: Select the Appropriate Welding Method. Choosing
the right welding process depends on the material, thickness, and
environment.

= MIG Welding (Gas Metal Arc Welding): Easy to learn
and ideal for steel and aluminum; uses a continuous wire feed and
shielding gas.

= Stick Welding (Shielded Metal Arc Welding): Works
well outdoors and on thicker materials; uses a coated electrode that
creates its own shielding gas.

* TIG Welding (Gas Tungsten Arc Welding): Provides
precise control for thin metals but requires more practice and uses
a tungsten electrode.

MIG Welding Process

Step 3: Set Up the Welding Equipment. Connect the ground
clamp securely to the workpiece or worktable. Choose the correct
electrode or wire type for the material and process. Adjust amperage
and voltage according to electrode size and metal thickness. For
MIG or TIG welding, attach the shielding gas cylinder correctly
and set an appropriate flow rate.
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Step 4: Prepare the Metal Pieces. Clean the metal surfaces
thoroughly to remove rust, paint, grease, or dirt using a wire
brush, grinder, or chemical cleaner. Contaminants weaken welds
by causing porosity or poor fusion. Align and clamp the pieces
firmly so the joint stays stable during welding, ensuring tight fit-up
for even bonding.

Step 5: Strike the Arc and Establish the Weld Pool. Start
welding by creating the arc — an intense electrical discharge
between the electrode and the metal surface. In stick welding,
lightly tap the electrode against the metal, then lift it slightly to
maintain the correct gap. The heat forms a small molten area
called the weld pool, where the metal fuses. Keeping a steady arc
produces consistent, strong welds.

Step 6: Lay the Weld Bead. Move the electrode or torch
smoothly along the joint, maintaining a consistent distance from
the surface — typically between 1/4 and 3/4 inch. Use steady,
controlled motions such as small circles or gentle side-to-side
weaving to shape the bead evenly. A uniform bead indicates proper
heat and motion control.

Step 7: Control Heat and Travel Speed. Proper heat and
travel speed are essential for quality welds. Too much heat can
warp thin metal, while too little prevents full penetration. Move
at a steady pace — too fast yields a weak, narrow bead; too slow
causes excess buildup and distortion. Adjust amperage or electrode
distance as needed to maintain balanced heat and smooth progress.

Step 8: Inspect and Finish the Weld. Allow the weld to cool
naturally, then inspect the joint for visible defects such as cracks,
uneven surfaces, or porosity. If necessary, grind out flawed areas
and re-weld them. Remove slag with a hammer or wire brush to
reveal the finished surface and confirm weld integrity.

Step 9: Clean Up and Maintain Equipment. Clean the
workspace, disconnect equipment safely, and store materials
properly to keep everything in good condition. Remove spatter and
residue from tools and metal surfaces, and store electrodes or wires

12



in dry containers to prevent moisture damage. Regular maintenance
ensures safe and reliable performance for future welding projects.
Source: https://artizono.com/what-is-welding-a-complete-beginners-guide

Post-reading:

3. Join the parts of the sentences:

1. MIG welding uses a) to see if the weld has defects

2. TIG welding is good for b) outdoors and thick metals

3. Stick welding works well ¢) thin metals and high precision

4. Good ventilation is needed d) a continuous wire and shielding gas
5. After welding, you must inspect e) to avoid breathing harmful fumes

4. Correct the false statements:

Welders should work near paper and wood.

Stick welding uses a tungsten electrode.

You should move very fast when laying a weld bead.
You should cool the weld with water immediately.
Cleaning the workspace is not important after welding.

5. Rearrange the words to make true sentences:

a)
b)
c)
d)
e)

and metal the surfaces Clean welding before

too heat much distortions metal causes

arc the Strike to welding start

bead weld uniform a control motion good needs
safety gear Wear sparks from protect to yourself

6. Put the letters into order to make words, then write
each correct word in a short sentence of your own:

DOESWGN (type: tool part)

AEBD (type: welding result)

LSAHG (protective layer)
TNEOCTAMNIOI (something harmful)
NTOISLTAID (a problem from heat)
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7. Find the best synonym for the marked words:

a) Welders must inspect the weld after it cools.
check | ignore | paint

b) A uniform bead shows proper heat and motion.
correct | dangerous | careless

c¢) The workspace should be free of flammable items.
full of | without | covered in

d) Some methods require precise control.
inaccurate / exact | random

8. Problem-solving:

A student makes a weld, but it has holes and cracks. There was
paint on the metal, and the travel speed was too fast. What caused
the bad weld?What should the student do differently next time?

9. Welding crossword puzzle:

1| W
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Metal in the form of a thin flexible thread or rod (4)
Gas or smoke produced while welding (5)
Liquefied by intense heat (6)

A face protector used during welding (6)

A dangerous situation that can cause fire (4, 6)
Fresh air flow for a safe workspace (10)

Hand protection (6)



II. SHIPBUILDING MATERIALS AND MAINTENANCE

1. MARINE GRADE METALS

Pre-reading:
1. Answer the questions.

1. What problems do you think metals face in seawater?

2. Why do ships need special materials?

3. Which metals do you already know that are used in
shipbuilding?

4. Do you think lightweight metals are important for
ships? Why or why not?

Marine grade metals are specifically designed alloys that
possess enhanced corrosion resistance and durability in marine
environments. These metals are engineered to withstand
prolonged exposure to saltwater, which can be highly corrosive
and damaging to conventional materials. Common marine grade
metals include marine grade stainless steel, aluminum, copper
alloys, and titanium, each offering unique properties that make
them suitable for various marine applications.

In marine environments, where the forces of saltwater can
quickly corrode and deteriorate materials, the use of specialized
marine grade metals is imperative.

Marine Grade Carbon Steel. Most carbon steels are
unsuitable for marine use due to their vulnerability to oxidation
and rust. However, marine grade carbon steels like AH36, DH36,
and EH36, approved by the American Bureau of Shipping,
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contain elevated levels of manganese and chromium for increased
strength and corrosion resistance.

Marine Grade Alloy Steel. Alloy steels such as MD, ME, MF,
and MG offer the strength of traditional alloy steels with added
corrosion resistance, meeting ABS standards for shipbuilding and
offshore applications.

Marine Grade Stainless Steel. Stainless steel, renowned
for its chromium content aiding corrosion resistance, includes
specific grades suitable for marine settings. Grade 316, with
increased molybdenum content, excels in resisting saltwater-
induced corrosion, while grade 304 remains popular but is less
chlorine-resistant. Higher molybdenum levels enhance corrosion
resistance, making marine grade stainless steel ideal for marine
structures, fasteners, and fittings.

In the realm of marine construction, aluminum emerges as
a prized material for its remarkable blend of strength, durability,
and lightweight characteristics. Widely favored for its high
strength-to-weight ratio, aluminum finds extensive application in
ship structures and specialized structural components.

Similar to carbon and alloy steels, the corrosion resistance
of these aluminum grades is bolstered by the incorporation of
chromium and manganese. These aluminum alloys find use in
structural shipbuilding, offshore structures, boat hulls, docks, and
boat lifts, underscoring their adaptability and reliability in marine
settings.

Marine grade copper offers a robust solution for marine
environments, with specific copper-nickel alloys designed to
withstand the challenges of saltwater conditions. Notable among
these alloys is C70600, which incorporates nickel and manganese
to enhance durability and corrosion resistance.

Copper possesses a unique advantage in its high biofouling
resistance, mitigating damage caused by barnacles and algae
to piping systems. Applications of marine grade copper span
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across marine fittings, fasteners, valves, pumps, water lines, and
desalination equipment, showcasing its versatility and efficacy in
marine engineering applications.

Silicon marine grade bronze alloys are specifically
engineered to offer enhanced durability in marine environments.
These marine grade bronze alloys find extensive use in critical
marine components such as propellers, propeller shafts, pipes, and
marine fasteners, where their superior corrosion resistance and
durability are paramount for long-term performance and reliability
in challenging maritime conditions.

In marine applications, each type of marine metal serves
specific purposes based on its distinct properties:

Marine steel is often employed in structural elements such as
ship hulls, offshore platforms, and marine infrastructure due to its
robustness and endurance. It also finds utility in marine hardware,
fasteners, and fittings.

Marine grade aluminum, prized for its lightweight
composition and resistance to corrosion, is commonly used in
boat construction for hulls, masts, superstructures, and decks. It
also features in marine components like gangways, ladders, and
platforms where weight reduction is a priority.

Copper and its alloys, including brass and bronze, are favored
in marine fittings, propellers, valves, and pumps for their corrosion
and biofouling resistance. These marine grade metals are essential
in marine fasteners, shafts, and underwater equipment.

Bronze alloys are prevalent in marine propellers, propeller
shafts, pipes, and marine fasteners due to their durability and
corrosion resistance. They are also suitable for marine hardware
and components that require protection against saltwater
corrosion.

Source: https://www.zavamarine.com/types-and-applications-of-marine-grade-
metals
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Post-reading exercises:

2. Match the definitions with the correct terms from the

text.

a.
b.
C.

d.
€.

A metal that contains chromium and resists rusting.

A type of steel approved for shipbuilding by ABS.
Metals with added elements to improve strength and
corrosion resistance

Copper-based metals used in propellers and shafts.

A metal known for biofouling resistance.

3. Correct the false sentences.

1.
2.
3.

4.
5.

Marine grade aluminum is very heavy and used only
in underwater pipes.

Grade 304 stainless steel is more resistant to saltwater
than grade 316.

Marine copper has poor resistance to biofouling.
Alloy steels MD—-MG have weak corrosion resistance.
Bronze alloys are not used in propeller shafts.

4. Rearrange the words to make true sentences.

1.
2.

3.
4.
5.

marine / are / alloys / aluminum / lightweight / grade
corrosion / metals / saltwater / marine / against /
protect

contains / 316 / molybdenum / stainless steel / more
used / fittings / copper / marine / in / often / is
strength-to-weight / good / ratio / has / aluminum / a

5. Put the letters into the correct order to form words or
collocations, then use them in your own sentences.

1.

Nk

TELSNSSAEIELT-
PEROPRLEL-
OPECPR-
ORNEZB-
UMINMALU -
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Find the best synonym for the marked word.
Marine metals must be durable in harsh environments.

— QN

a. strong
b. cheap
c. flexible
2. Copper alloys can resist biofouling.
a. avoid
b. fight
c. stop

3. Aluminum is lightweight, which makes it useful in ship
construction.
a. strong
b. not heavy
c. expensive
4. Some steels are unsuitable for marine use.
a. not appropriate
b. very strong
c. highly recommended
5. Bronze is reliable for long-term use in saltwater.

a. safe
b. dependable
c. similar

7. Problem-solving task.
A shipyard is building a new medium-sized patrol vessel. The
engineers must choose materials for three parts:
— the hull,
— the propeller,
— the ladder and deck structures.
Based on what you read:
1. Which material is best for the hull? Why?
2. Which material should be used for the propeller?
Why?
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3. What metal is suitable for ladders and deck structures?
Why?
4. Which materials should they avoid using?

2. SACRIFICIAL ANODES ON SHIPS

Pre-reading:
1. Answer the questions.
Why do you think corrosion is a serious problem for ships?
What materials do you think are most affected by saltwater on
a ship?
How do you think ships can protect their metal parts from rust
and corrosion?

Corrosion is one of the greatest enemies of the ship and its
machinery. It is also the toughest enemy to fight against, for the
people working on the ship.

Iron is one substance which is used in abundance on the ship.
From the main body of the ship to the smallest equipment used
in operations, iron makes its presence felt in almost every type of
equipment used onboard.

Iron is also the most corrosion-prone material when it comes
in contact with air and water. A ship is continuously in contact
with water and moisture-laden winds which makes it highly
susceptible to corrosion. The outer body of the ship (mainly
hull) is continuously in contact with water, making it extremely
vulnerable to corrosion. It is for this reason sacrificial anodes are
used to protect the parent material.

Sacrificial Anodes: Metal strips of top-order metals in the
reactivity series serve as anodes and are installed for cathode
protection. These are called as sacrificial anodes. For example, zinc
can preferably be employed to serve the purpose of a sacrificial
anode for aluminium as well as iron in the process of electrolysis.
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Rudder and propeller of a fish trawler

Sorce: https://www.dreamstime.com/photos-images/sacrificial-anode.html

The anode is divided into two parts namely Anode Insert and
the Anode body. Out of these two, the one which serves as an anode
in the process of electrolysis is termed an anode body, whereas the
other is called as anode insert, which is used to securely fix the
anode to the parent surface by using brackets, bolts or weld.

Parent surface is the surface which is to be protected against
corrosion. In general, we can say that the part of the ship to be
protected against corrosion is called parent surface or cathode,
whereas the more reactive material covering on the ship’s part
which acts as an anode is termed as a sacrificial anode.

How Sacrificial Anodes Work? Sacrificial anodes work on
the principle similar to electrolysis, according to which, if an
anode and a metallic strip are dipped in an electrolytic solution,
anode electron will dissolve and deposit over the metallic strip
and make it a cathode.In the case of a ship, seawater acts as an
electrolyte and transfers the electrons from the anode by oxidizing
it over the steel plate and making a protecting layer. If the metal is
more active it will be easily oxidized and will protect the metallic
compound by making it act as cathode. The anode will corrode
first sacrificing itself for the other compound and it is thus called
sacrificial anode.
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Functions of Sacrificial anode: Important functions of
the sacrificial anode are as follows: 1) They are used to protect
the main hull; ballast tanks and heat exchangers of a ship from
corrosion. 2) Close the bottom of the vessel, storage chests are
provided to cater to storage requirements by the sailor. In these sea
chests too, sacrificial anode protection is provided to save them
from corrosion.

Anode materials: Magnesium (Mg), Aluminium (Al),
Zinc (Zn), Chromium(Cr), Iron(Fe), Nickel(Ni). These metals are
preferred because they are easy and cheap to replace the anodes
rather than complete a large sheet of metal. These anodes are used
in various applications such as:

1) Protecting the ship’s hull. 2) Protecting the ballast tanks
corrosion. 3) Protecting the heat exchangers. 4) Sea Chests

Most Commonly Used Anode Materials: Materials
arranged as per their decreasing reactivity are: Magnesium (Mg);
Aluminium (Al); Zinc (Zn); Chromium (Cr); Iron (Fe) and
Nickel (Ni). The materials which are at the top of this reactivity
series can be used as anodes for the materials which are at
a comparatively lower level.

Frequency of Changing Anodes. Anodes have to be changed
only after they are completely decayed. The frequency for changing
of anodes depends on the application where the anodes have been
used. In case the anodes are attached to the ship’s hull, then they
are to be checked during dry dock which takes place after 2 to
3 years. If the anodes are found completely corroded then anodes
of bigger size should be fitted, for fully corroded means that the
material used was of poor quality or a large amount of material
is required to protect the hull. Generally, sacrificial anodes are
changed at every dry dock. If sacrificial anodes are used for heat
exchangers and it is found during an inspection that the anode left
is only 10 % then also it has to be changed.

Source:  https://www.marineinsight.com/tech/understanding-sacrificial-anodes-
on-ships

23



24

Post-reading Exercises:

2. Put the letters in order to make words, then use them
in the sentences (fill the gap):

1

DAONE -
The corrodes first to protect the
ship's metal parts.

THACDOE -
The is the metal surface that needs
protection.

YTELCREEOT -
Seawater acts as an during the corrosion
process.

SLLUH-
The ship's is constantly exposed to water
and needs protection.

TABLSLA-
Sacrificial anodes protect the tanks from
COrrosion.
INOR-

is one of the most used metals on a ship
but is prone to corrosion.

OCROSRNOI-
Metal gradually reacts with water and oxygen during

3. Find the opposites of the following words from the text:

A S

corroded —
active —
top —

easy —
cheap —



4. Complete the sentences:

1.

(98]

Sacrificial anodes are made of s
, and .

The parent surface is also called the

Anodes have to be changed when they are

Magnesium, aluminum, and zinc are used because

they are and

During dry dock, the hull anodes are checked every
years.

5. Correct the false statements:

1.

2.
3.
4

The hull is protected by the cathode, not the anode.
Zinc cannot be used as a sacrificial anode for iron.
Sacrificial anodes corrode before the parent metal.
Anodes should be changed every month, regardless of
their condition.

Seawater acts as an electrolyte in the corrosion
protection process.

6. Find words in the text which mean:

l.
2.

4.
5.

The main metal surface to be protected —
A metal that corrodes first to protect another —

A chemical solution that conducts electricity —

Fully worn away —
Expensive or hard to replace —

7. Problem-Solving Task

You are a marine engineer responsible for protecting a small
cargo ship from corrosion. The ship has: A steel hull; Aluminium
superstructure; Zinc-coated ballast tanks; Heat exchangers made

of copper
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Tasks:

1. Which parts of the ship need sacrificial anodes, and which
metals would you choose for each? Explain your reasoning.

2. During inspection, you find that the anodes on the hull
are half-corroded and the heat exchanger anodes are 90%
corroded. What actions should you take?

3. Ifthe ship is sailing in particularly warm, salty waters, how
might this affect the frequency of replacing the anodes?

4. Suggest one additional preventive measure (other than
anodes) to reduce corrosion on the ship.

Tip: Use what you learned about parent surfaces, anode

materials, and the reactivity series.



III. MECHANICAL ENGINEERING

1. UNDERSTANDING COMPONENTS AND DESIGN
OF EXHAUST GAS SYSTEM OF MAIN ENGINE ON SHIP

(98]

NhA W=D

Pre-reading:
Answer the questions:
What do you think happens to exhaust gases after they
leave the engine cylinders?
Why is waste heat recovery important on ships?
Which problems can occur if exhaust gas systems are
badly designed?

Match the terms with their definitions:

Exhaust gas boiler

Back pressure

Silencer

Spark arrester

Expansion joint

a) A device used to reduce noise from exhaust gases

b) Resistance created in the exhaust system that affects
turbocharger performance

c) A component that absorbs thermal expansion and
contraction

d) Equipment that uses waste exhaust heat to produce
steam

e) A device that prevents burning particles from leaving
the funnel
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The modern exhaust gas system of marine engines is designed
in such a way that the unused gases coming out of the cylinders are
further directed to turbocharger and exhaust gas boiler to recover
most of the waste energy from the same. To utilize the maximum
energy from the waste gases, the exhaust gas system of marine
engine is provided with the following components

— Exhaust gas pipes

— Exhaust gas boiler

— Silencer

—  Spark arrester

— Expansion joints

o

-

SILENCER (TYP.)

EMERGENCY

ENGINE EXPANSION JOINT (TYP.)

INCINERATOR

AUXILIARY
ENGINE
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Exhaust gas-piping system for marine engine:

The exhaust gas piping system conveys the gas from the outlet
of the turbocharger(s) to the atmosphere. For designing the exhaust
piping system, following important parameters must be observed:
1) The exhaust gas flow rate; 2) Maximum back force from
exhaust piping on turbochargers; 3) Exhaust gas temperature at
turbocharger outlet; 4) Maximum pressure drop within the exhaust
gas system; 5) Maximum noise level at gas outlet to atmosphere;
6) Sufficient axial and lateral elongation ability of expansion joints;
7) Utilization of the heat energy of the exhaust gas.

The Exhaust gas from the cylinder unit is sent to exhaust gas
receiver where the fluctuating pressure generated from different
cylinders are equalized. From here, the gases which are at constant
pressure are sent to turbocharger where waste heat is recovered to
provide additional scavenge air to engine.

The most important thing to consider while designing the
exhaust piping system is the back pressure on the turbocharger.
The back pressure in the exhaust gas system at specified Maximum
Continuous Rating (MCR) of engine depends on the gas velocity,
and it is inversely proportional to the pipe diameter to the 4th power.
It 1s general ship practice to avoid excessive pressure loss within
the exhaust pipes, the exhaust gas velocity is maintained about
35 m/sec to 50 m/sec at specified MCR. The other factors which
affect the gas pressure are the installation of EGB, Spark arrestor
etc. in the path of exhaust gas travel.

At the specified MCR of the engine, the total back pressure in
the exhaust gas system after the turbocharger (as indicated by the
static pressure measured in the piping after the turbocharger) must
not exceed 350 mm WC (0.035 bar). In order to have a back pressure
margin for the final system, it is recommended at the design stage
to initially use a value of about 300 mm WC (0.030 bar).

Exhaust gas boiler. Exhaust gas boiler is considered to be one
of the most efficient waste heat recovery system designed for a ship.
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When the ship’s propulsion plant is running at its rated load, the
auxiliary boiler can be switched off as the EGB can generate the
required steam for various ship’s systems. The exhaust gas passes
an exhaust gas boiler, which is usually placed near the engine top
or in the funnel.

The efficiency of the EGB will be affected by the pressure
loss of the gases across the boiler and the parameters governing
the pressure loss (exhaust gas temperature and flow rate) are
affected by the ambient conditions. The recommended exhaust
pressure loss across the EGB is generally considered as 150 mm
WC at specified MCR. If the exhaust system is not provided with
additional equipment (spark arrester or silencer), the pressure loss
value can be considered little bit higher than the value stated above
(150 mm WC at specified MCR).

Silencer. The engine room plays a major role in high Noise
levels in the accommodation, which is now moderated under
Maritime Labor Convention.

The Exhaust gas piping system are generally close to
accommodation hence the reduction of noise form them is
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important. To get the noise level, it is recorded at a distance
of Im from the exhaust gas pipe outlet edge at an angle of 30°
provided the exhaust gas system of the engine are without EGB
or silencer.

Silencer is used to reduce the noise level in the exhaust
gas manifold and they are generally placed after the EGB. The
Conventional silencers consist of absorptive and reactive chambers.
They are constructed for a gas velocity of 35 m/s and the reactive
chamber is only effective at one frequency. The latest design of
silencer consist of three chambers to overcome the limitation
(of being effective at one frequency)

The three elements are composed of a reactive element for
attenuation of lower frequencies, a resistive element-absorptive
silencer to tackle with higher frequencies, and a combination
element of both reactive and resistive elements. This set up will
reduce the noise effectively without increasing the back pressure
on the turbocharger by tuning the elements to match the engine
over the noise range.

Spark arrester: The low load operation of marine engine
tends to produce partially burnt carbon deposits and soot with
the exhaust gas piping system of engine. As the exhaust gases
produced after combustion are rich with oxygen, these partially
burnt carbon particles are discharged from the exhaust funnel as
highly dangerous spark.

A spark arrester can be fitted in the exhaust piping system to
prevent sparks from the exhaust gas being spread over deckhouse.
It is placed at the end of the exhaust gas system of the engine.

The new design of spark arrester helps the gases to create
rotatory movements by forcing them to pass through fixed
number of angel positioned blades. The heavy carbon particles are
smoothly collected in the designed soot box, which can be cleaned
or drained as required. They can be combined with silencer as one
unit to save space or cost.

31



Expansion joints. The Exhaust gas system of engine
experiences huge temperature variations. It is not possible to
construct the entire exhaust piping system in one single piece
hence; multiple sections are joined to complete the system. When
the engine is standstill, the temperature of the exhaust pipe may
vary from 10 to 40 deg C (depending upon the surrounding
environment or geographical location of the ship) and when the
engine is up and running, the exhaust system temperature crosses
200 deg c. This major temperature variation requires need of joints
to safely absorb the heat-induced expansions and contractions of
pipes and tubing systems.

Source: https://www.marineinsight.com/main-engine/exhaust-gas-system-of-
main-engine-on-ship/

Post-reading:
3. Join the parts of the sentences:

1. Exhaust gas systems are designed
not only to remove gases

a) to prevent sparks and fire hazards.

2. Back pressure depends on gas
velocity

b) equalizes fluctuating pressure from
cylinders.

3. The exhaust gas receiver

¢) to reduce noise near
accommodation areas.

4. Silencers are installed

d) and pipe diameter.

5. Spark arresters are fitted

) but also to recover waste energy.

4. Correct the false statements:
1. Exhaust gases are released directly to the atmosphere
without any energy recovery.
2. High back pressure improves turbocharger efficiency.
3. Exhaust gas velocity is usually kept between 35 and

50 m/s.

4. Silencers always increase back pressure significantly.
5. Expansion joints are used only for mechanical strength.
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5. Rearrange the words to make correct sentences:

1. gas / turbocharger / exhaust / the / drives
boiler / exhaust / steam / generates / gas / the
noise / silencer / reduces / exhaust / the
expansion / absorb / joints / temperature / changes
arrester / sparks / prevents / spark / the

N

6. Find words in the text which mean:
Unused heat energy —

A place where gases are collected —
Resistance to gas flow —
Movement caused by heat —
Burning particles from exhaust —

A S

7. Problem-solving task:
You are designing an exhaust gas system for a ship operating
mainly at low engine load.

1. Which components of the exhaust gas system become
especially important in this case?

2. What problems may occur if back pressure exceeds the
recommended limit?

3. How can noise and fire risks be reduced without increasing
back pressure too much?

Explain your answers using information from the text.

2. TWO-STROKE MARINE ENGINES:
POWERING THE GIANTS OF THE SEA

Pre-reading:
1. Answer the questions:
1. What types of propulsion systems do modern ships use
today?
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2. Why do you think large commercial ships still rely on
diesel engines?

3. What differences do you expect between marine engines
and car engines?

While today’s marine vessels may be powered by a variety of
propulsion systems — including fully electric drives, medium-speed
4-stroke engines, and even hybrid solutions — he vast majority of
the world’s large commercial ships still rely on the brute force of
2-stroke marine diesel engines. These powerplants are designed
to deliver steady, unrelenting power on the open sea. Unlike the
engines in cars or trucks, 2-stroke marine engines are built for
endurance, efficiency, and simplicity. This article breaks down how
they work, which models rule the industry, and how engine choice
varies depending on the type of ship.

How 2-Stroke Marine Engines Work

A 2-stroke marine engine completes its combustion cycle in
just one crankshaft revolution. That means for every turn of the
shaft, there’s one power stroke — giving it a significant edge in
torque and power output over 4-stroke engines, which require two
revolutions for the same cycle.

Unlike 4-stroke engines, which separate intake, compression,
combustion, and exhaust across two crankshaft revolutions,
2-stroke engines combine these stages into a single up-and-down
movement of the piston. This results in: One power stroke per
revolution; higher torque at lower RPMs; Simpler mechanical
design with fewer moving parts.

This streamlined cycle is especially effective for large marine
vessels, where continuous, heavy-duty operation is essential for
long voyages and cargo efficiency. That means for every turn of
the shaft, there’s one power stroke — giving it a significant edge in
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torque and power output over 4-stroke engines, which require two
revolutions for the same cycle.

What Makes Them Unique? Crosshead Design: Keeps
crankcase oil and cylinder oil separate, improving lubrication and
reducing contamination. Uniflow Scavenging: Fresh air enters
from the bottom, exhaust exits at the top. This design improves
airflow and combustion. Turbocharging: More air = more power.
Exhaust-driven turbochargers feed high-pressure air into the
scavenge system.

2-Stroke Marine Engine Construction:
From Bedplate to Exhaust Valve

A 2-stroke marine diesel engine is built like a vertical tower,
and its structural hierarchy from bottom to top is as follows:
1. Bedplate — The foundation of the engine that supports the
crankshaft and absorbs dynamic loads.
2. A-Frame — Mounted above the bedplate, it houses the
crosshead guides and supports the entablature.
3. Entablature — Contains the scavenge air box, cylinder
liners, and cylinder lubrication system.
4. Cylinder Cover — Seals the top of the cylinder and holds
the fuel injector and starting air valve.
5. Exhaust Valve — Located on the cylinder cover, it opens
during the exhaust phase to release combustion gases.
Each of these parts plays a critical role in engine function,
strength, and durability.

Long-Stroke vs Short-Stroke: What’s the Difference?

Marine engines are often described by their stroke-to-bore
ratio. This affects not only engine speed but also how efficiently
power gets transferred to the propeller.
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Long-Stroke Engines (Stroke-to-bore ratio: up to 4:1; Slower
RPM (typically 50-80); Allow larger propellers; Better fuel
economy; Ideal for tankers and bulk carriers.

Short-Stroke Engines (Lower stroke-to-bore ratio; Higher
RPM; Compact build; Often used in container ships where height
clearance is limited; Matching Engine Type to Ship Type).

Tankers & Bulk Carriers. These ships prioritize fuel
efficiency over speed. Most use long-stroke engines with fewer
cylinders (often 6 or 7). They sail slowly but steadily, minimizing
fuel costs over long distances.

Container Ships. Here, speed matters. They tend to use short-
stroke engines with 8 to 12 cylinders. These engines spin faster
and are better suited for tighter engine rooms.

Ro-Ro Ships. Roll-on/roll-off (Ro-Ro) vessels, used for
transporting wheeled cargo like cars, trucks, and trailers, typically
operate on fixed schedules and require engines with quick load
response and consistent fuel economy. These ships often use
medium-speed 2-stroke or electronically controlled long-stroke
engines that balance power with flexibility in varying port schedules
and operating conditions.

Offshore Supply Vessels & Tugs. These specialized workboats
operate in demanding environments — often maneuvering near
offshore rigs, platforms, or harbors. As such, they rely on 2-stroke
marine engines with quick load response, reliable torque at low
speeds, and enhanced maneuverability. Many are equipped with
controllable pitch propellers and shaft generators that benefit from
electronically controlled engine systems.

Cruise Ships. While most large cruise ships today use
medium-speed 4-stroke engines in diesel-electric configurations,
several long-range cruise vessels or hybrid polar expedition ships
now feature advanced 2-stroke marine engines for propulsion,
thanks to their high efficiency and long maintenance intervals.
Environmental compliance and noise reduction are also major
considerations.

36



Naval Vessels. Some auxiliary naval vessels (like fleet oilers,
training ships, or logistics carriers) use 2-stroke marine engines
when endurance and long-range capability are prioritized. These
engines are favored for their low maintenance cycles and ability to
run on multiple fuel types in varied global conditions.

LNG Carriers. LNG carriers increasingly use dual-fuel
engines like ME-GI or X-DF to take advantage of the onboard
cargo as fuel. These engines offer operational flexibility and
significantly lower emissions, especially when running on LNG.
While environmental regulations apply to all vessel types, LNG
carriers are uniquely positioned to comply by using their own
transported fuel as a cleaner-burning energy source.

Source: https://marineprogress.com/2-stroke-marine-engines/

Post-reading exercises:

Match the terms with their definitions:

2-stroke marine engine

Crosshead design

Uniflow scavenging

Long-stroke engine

Short-stroke engine

a) A design where fresh air enters from the bottom and
exhaust leaves at the top

b) An engine that completes a working cycle in one
crankshaft revolution

c) An engine type with slower RPM and better fuel
efficiency

d) A system that separates crankcase oil and cylinder oil

e) An engine type with higher RPM and compact
dimensions

RARE

3. Complete the sentences:
1. A 2-stroke engine produces one for every
crankshaft revolution.
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Crosshead engines improve lubrication by keeping

oils .

Turbochargers increase engine power by supplying

more .

Long-stroke engines are commonly used on
and bulk carriers.

LNG carriers use dual-fuel engines to reduce

4. Correct the false statements:

1.

2.
3.

4.

2-stroke engines require two crankshaft revolutions to
complete a cycle.

Short-stroke engines usually operate at lower RPM.
Crosshead design reduces contamination between
lubrication systems.

Container ships prefer compact engines with higher
speed.

LNG carriers cannot use their cargo as fuel.

5. Rearrange the words to make correct sentences:

1.

2.

W

power / stroke / one / produces / engine / 2-stroke /
per / revolution

scavenging / improves / combustion / uniflow /
efficiency

engines / endurance / marine / for / designed / are
ships / engine / type / on / depends / the / vessel

fuel / economy / engines / better / long-stroke / offer

6. Find words in the text which mean:

l.
2.
3.

Strength produced by an engine —
Continuous operation over long periods —
The bottom supporting structure of the engine



4. The movement of fresh air through the cylinder

5. Ships that carry containers —

7. Problem-solving task:
You are selecting an engine for three different vessels: a bulk
carrier; a container ship; an LNG carrier
For each ship, choose the most suitable engine type and explain
your choice using:
— stroke type
— fuel efficiency
— operational requirements.

3. MARINE BOILERS

Pre-reading:
1. Answer the questions:

1. What do you know about steam and where it is used
on ships?

2. Why do ships need heating systems, especially
tankers?

3. What sources of heat can be found onboard a vessel?

4. Do you think exhaust gases can be reused? How?

2. Match the words with their meanings:

A B
1. Steam a. Heat energy taken from machinery
2. Boiler b. Change of vapour into liquid
3. Exhaust gas c. Hot vapour used for heating or power
4. Heat recovery  d. Equipment that produces steam
5. Condensate e. Hot gases released after combustion
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Boilers generate steam and have been used since the era
of steamships, and are used to date. They utilise the heat index
generated from engines and machinery onboard to produce steam
vapour by boiling water at very high temperatures and pressures,
and this steam is used for various utilities on the vessel that use
heating systems.

M

Source: www.trans-ec.com

For tanker vessels carrying various forms of heavy fuel and
bunker fuels, complex heating systems supply constant heat to
the cargo so that they remain at the desired low viscosity levels
necessary for transfer and distribution.

In colder climates, this steam content is also used for areas like
the sea chest and associated seawater cooling systems, cooling and
heating lines, ballasting systems, freshwater reserves, and so on,
frozen due to very low temperatures.

Moreover, this steam is used for other purposes, such as driving
several pumps, turbines, motors, equipment, and other machinery
dependent on steam. Furthermore, steam is also used for various
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purposes for onboard consumption, like galley, air conditioning
and heater systems, steam geyser systems, and so on.

In the era of steamships, the steam from boilers was essentially
routed, along with these utilities, to main and auxiliary engines
that were powered by constant steam supply, and this was a means
of constant replenishment in addition to the mainstream supply.

The principle used in Boilers. From a technical point of view,
boilers used in ships are based on what is known as the principle of
a waste heat recovery system. Though the terminology may seem
new and pioneering, this simple concept has been used for ages,
right from the era of steamships, as mentioned above. The heat
index extracted from all relevant machinery is tapped to be utilized
in boiling the water, generating steam at a very high-temperature
gradient, which is then circulated suitably.

How do you tap or make use of the heat content? The answer
is simple: the exhaust gases or blow offs from engines and
equipment. All heavy machinery running on a power source, diesel
or electric (steam itself in earlier days) releases hot gases that need
to be expelled.

Hence, these hot gases, having very high temperatures, are
ideal sources of heat that can be further utilized. For all practical
purposes, the main and auxiliary machinery on a vessel are the
main sources of this heat, and hence, the working principle of
marine boilers is also essentially known as the exhaust gas recovery
mechanism.

The heat content, which is a thermodynamic parameter,
extracted from the gases recovered from the exhaust or release
lines, is dependent on the following factors:

*  Flow rate of the gas

*  The density of the gas

» Specific heat (the gas’s inherent physical property)

» Temperature gradients at the outlet

These gases are then made to pass through a bundle of tubes
and piping and made to circulate in the region where there is
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a volume of water to be evaporated. The gases lose heat on the
go, and the temperature decreases significantly in contact with
the water medium. Nonetheless, the average temperatures of the
gas residues remain more than 100 degrees, the boiling point of
water.

From a theoretical point of view, a heat exchange occurs
between the gases and the working water medium in the container
using all three types of heat transfer: conduction, convection, and
radiation.

The heat transfer through the hot surface contact of the tubes
and piping takes care of the conduction, whereas the high energy
of the gases transfers a significant amount of heat in the form
of radiation. Lastly, water is an ideal fluid medium. It also has
a great deal of heat transfer internally within itself continuously
and uniformly, thanks to convection.

The water boils off into steam, which is routed to the points
of consumption. After the steam is consumed, the cooled-off
vapours further convert back into a liquid state, known as the
condensate. The condensate water is used as the replenishment
supply for again the working fluid of the boiler system, and
a feeder pump is often used to fill up the tank of the boiler drum
with the recycled water.

For all practical purposes, the heat is extracted from two the
exhausts of two main sources: the main engine and the auxiliary
engine. When the engines are shut off, additional burners are used
to heat the boilers like an ordinary stove if there is a demand.
Source: https://www.marineinsight.com/tech/working-of-marine-boilers-explained/

Post-reading:
3. Complete the sentences:
1. Marine boilers produce steam by water at high
temperatures.
2. Exhaust gases from engines are used as a source of
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3.

4.

Steam is required to maintain fuel at low for
transfer.
After use, steam turns back into liquid called

4. Correct the false statements:

l.
2.

3.
4.

Marine boilers only work when the ship is in port.
Steam is not used for onboard services like galley or
air conditioning.

Exhaust gases have too low a temperature to be reused.
Condensate water is discharged and never reused.

5. Put the letters in the correct order to make words:

1

2.
3,
4,

RETMAETUEPR
ESASG XESHAUT
TACEDENONS
REYCRE VHOEAT

Then use two of the words in your own sentences.

6. Find words in the text which mean:

1

2.
3.
4.

Change from liquid to vapor
Additional supply

Removal of hot gases

Device that moves liquid into the boiler

7. Problem-solving task:
A ship is operating in cold climate, and both main and auxiliary
engines are stopped. However, steam is still required onboard.

Explain: 1) How the boiler can continue to operate; 2) What
equipment is used; 3) Why this is important for ship safety.
(5-7 sentences)
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8. Mini-presentation:

Prepare a short presentation (4—5 slides) on one of the following
topics:

1 Uses of steam on ships

2 Waste heat recovery in marine boilers

3 Importance of condensate reuse



IV. ELECTRICAL ENGINEERING

1. SHAFT GENERATORS

Pre-reading:

1. Answer the questions:

1)
2)

3)

What is the main challenge for electricity production
on ships?

How does a shaft generator differ from a conventional
genset?

Why were early shaft generators limited in their
performance?

2. Match the terms with their definitions:
1) Shaft generator; 2) Genset; 3) Frequency converter;
4) Permanent magnet

Definitions:
a) Strong magnets used to create a magnetic field without
extra energy.
b) A device that converts mechanical energy from
a ship’s main engine into electricity.
c) A generator set powered by an auxiliary engine.
d) A device that stabilizes the frequency of electricity

regardless of engine speed.

A ship is like a floating city that needs electricity to power
its operations and amenities on board. So how fo generate that
electricity while being mobile? That question has been challenging
the shipping industry for more than 150 years, when exciting new
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technologies were being pioneered at the forefront of the new age
of electricity. Fast forward to today, and the challenges surrounding
the production of electricity on board vessels have been spurred
again. The International Maritime Organization’s new regulations,
among other new protocols, mean ship owners and operators must
find ways to cut emissions and make their vessels more efficient.

Propulsion is one obvious area to look at for improvements,
and the fuels that drive that. Shaft generators also play a key role
in the modern propulsion system and so also require scrutiny.

Everyone can visualize what a propeller shaft looks like and
what it does, but what exactly is a shaft generator and how does it
help to reduce fuel use and cut emissions? We are back to electricity
production again, but these units, hidden inside the hull, are not as
mysterious as they may sound.

Standalone generator sets (gensets) need an external fuel
source in order to operate and produce electricity, and this is
typically done through an auxiliary diesel engine separate from the
ship’s main engine.

Shaft generators cut out the need for gensets and their auxiliary
engines as they connect directly to the propeller shaft and make
electricity by utilizing the propulsion drive already supplied by the
main engine. This is why they are called shaft generators. Gensets
can then be turned off, which saves fuel and cuts emissions.

In addition, utilizing the larger 2-stroke main engine in this
way 1s much more efficient than the 4-stroke engines that typically
power the gensets. Finnish company Yaskawa Environmental
Energy / The Switch has developed a system that it says can cut
fuel use by a further 2 % to 4 % more than conventional shaft
generators.

A Little History
The first shaft generators were developed in the 1960s and took
their place next to the gensets that had been shouldering the job of
producing electricity on board vessels for the previous decades.
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These first shaft generators were a big step forward and reduced
the need to use gensets. But there was still one major drawback —
they were directly connected to both the ship’s propulsion shaft
and the grid, but without a frequency converter in between.

That meant the shaft generator was limited as it could only
cope with a constant speed from the ship’s propulsion drive. When
the ship’s speed would change, the frequency of the electric current
produced would fluctuate, making it unusable. And so the shaft
generator had to be disconnected, making way for the genset to
take over.

This frequency issue was resolved in the 1980s when frequency
converters were introduced. The shaft generator then came into its
own as it could cope with any speed from zero up to the ship’s rated
speed and feed a constant frequency to the ship’s grid.

The conventional shaft generator and frequency converter
combination can be used as the sole generating source of electricity
on board a vessel or as a supplement to the gensets, reducing the
need to burn fuel.

Shaft generators can also be used as a source of power to drive
the propeller at very low speeds, which is useful when entering port
to save on emissions. Plus, the system can be used for occasional
propulsion power boosts of up to 15 % if needed to break through
ice or against strong headwinds.

However, despite these benefits, there are some key areas
where conventional shaft generators fall short. This is where
The Switch permanent magnet shaft generator takes things a step
further, bringing savings that are becoming ever more potent as
curbs on emissions grow tighter.

Conventional shaft generators still require a current to flow in
a rotor winding to create the magnetic field, so there is always
energy loss through heat. This heat loss means lower power
conversion efficiency, resulting in higher fuel consumption in the
main engine.
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Permanent Attraction

The permanent magnet shaft generator uses Neodymium
magnets. This means the magnetic field can be created more simply
and efficiently, without the need for external power supplying
a current to the rotor, and so immediately saving on the amount of
fuel that needs to be used.

The simple mechanism also means there are almost no wearing
parts, increasing reliability. The first permanent magnet shaft
generator was installed by The Switch in 2014 and, with more
than 100 in operation today, not a single failure has occurred, the
company says.

The permanent magnets in these machines are also so strong
the whole unit can be reduced in size, typically weighing up to
30-50 % less than conventional machines.

The permanent magnet shaft generator’s efficiencies are where
the extra 2 % to 4 % reductions in fuel savings come from — over and
above savings seen in conventional shaft generators. This reduction
applies to emissions as well. Over a typical 20 to 25-year lifespan of
a large vessel, these savings can bring a $2 million reduction in fuel
costs and eliminate 5,000 tons of carbon dioxide emissions.

The first generator sparked into life in 1831 to light up inventor
Michael Faraday’s smile. If only he could see how far that attraction
to magnets has come, as the need to cut emissions drives engineers
to deliver exciting new technologies all over again.

Source: https://www.marinelink.com/news/tech-file-shaft-generators-505563

Post-reading:
3. Join the parts of sentences:

Shaft generators connect directly ... |by creating a magnetic field without
requiring a rotor current, saving fuel.

Permanent magnet generators increase | to provide constant-frequency

efficiency ... electricity regardless of ship speed.

Frequency converters allow the to the ship’s propeller shaft,

generator ... producing electricity from the main
engine.
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4. Correct the false statements:
1) Conventional shaft generators can work at any ship
speed without a converter.
2) Permanent magnet generators require a rotor current to
produce a magnetic field.
3) Shaft generators cannot assist with propulsion at low
speeds.

5. Rearrange the words to make sentences:
electricity / ships / produces / shaft generator / on / a / the
magnets / permanent / field / create / a / a / generator / in

6. Put the letters in order to make words and use them in
sentences:
RTOOR
REFCYQUNE
PROSILONPU

7. Find words in the text which mean:
“reduction of fuel use” — ...
“lasting reliability” — ...
“excess heat lost in system” — ...

8. Problem-solving task:

A ship at port can run its auxiliary engines at minimal load or
use a shaft generator. Calculate approximate fuel savings if the main
engine provides 3 MW and the permanent magnet shaft generator
increases efficiency by 3 % compared to conventional generators
over a 24-hour port stay. Explain why permanent magnets reduce
energy loss.
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2. SHIP POWER GRID

Pre-Reading:
1. Before reading the text, answer the questions:
What sources of electrical power are used on board a ship?
What do you think a ship power grid consists of?
Why is reliability especially important for electrical systems
at sea?

2. Read the following words and try to explain their
meaning or guess it from your professional knowledge:

power grid

switchboard

distribution board

load

reliability

protection

fault

overload

3. True or false? Decide whether the statements are true
or false before reading the text:

1) The main switchboard supplies all electrical equipment on
a ship directly.

2) A ship power grid includes both power supply and power
distribution networks.

3) Protection devices are only needed during normal
operation.
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1) Electric Motor

2) Inverter 5) Central Control Desk
3) Engine-generator 6) Battery Converter
1) Switchgear 7) Battery Storage

Overview of ship power grid

The marine power grid is a whole composed of marine cables,
wires and power distribution devices in a certain connection mode.
Just as the blood vessels in the human body transport blood to
various organs, the electrical energy generated by the generator is
transmitted to the various electrical equipment on the ship through
the power grid. The ship power grid includes a power supply network
and a power distribution network. The power supply network refers
to the electrical connection network between the main generator
and the main switchboard, between the emergency generator and
the emergency switchboard, between the main switchboard, and
between the main switchboard and the emergency switchboard
and the shore power box. The power distribution network refers to
the electrical connection network between the main switchboard,
emergency switchboard and electrical equipment. When there are
many electrical equipment on the ship, it is impossible for all the
loads to be directly supplied by the main switchboard. Instead, the
electric energy is distributed from the main switchboard to the load
via the distribution board or distribution box. For the convenience
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of analysis, the network between the main distribution board and
the distribution board and the network directly supplied by the
main distribution board to the load are usually called the primary
network, and the network between the distribution box and the
electrical equipment is called the secondary network.

The basic requirements for ship power grid design are:

(1) The power grid has strong vitality and high reliability. That
is to say, the power grid is required to ensure continuous power
supply to the load within the maximum range when the generator
set and line fail or partially break, and limit the development of the
failure and limit the impact of the failure to the minimum range;
when the power grid is severely damaged, continue to maintain
continuous power supply to the most important equipment.

(2) The grid design should ensure the flexibility of system
operation. That is, the mobility of the grid operation and the
convenience of maintenance, including the mobility of the
operation of the control part, the diversity of the operation scheme,
the standardization of the power interface, the reduction of the type
and specification of the electrical equipment, and the increase of
the unity of the parts. In addition, the design of the power grid
should take into account the need for local refitting and adding new
equipment to the ship in the future, and set up a certain number of
backup power supply branches in certain locations.

In order to ensure the performance of the control functions
determined in the design of the power station, the power grid
design should take corresponding measures:

On the one hand, the status of the control part is guaranteed
from the network facilities: on the other hand, it is guaranteed
to realize the conversion conditions of the control part, that is, it
can be switched from one part to another according to the system
usage requirements, and it can also be switched back to this part
from another part. .

For example, the ship is equipped with two power stations A
and B, which usually requires parallel operation from power station
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A to power station B, and parallel operation from power station
B to power station A. For this reason, both ends of the jumper line
between the two power stations should be equipped with air circuit
breakers that can be closed on power to achieve bidirectional
operation between the two power stations.

(3) Power grid design should strive to improve its technical and
economic indicators. The most economical grid connection scheme
should be selected when designing: strive to reduce intermediate
links and save power distribution appliances; appropriately limit
the reserve section of the cable; on the premise of meeting the
requirements, choose low-priced electrical equipment to reduce the
cost of power grid construction; improve the automation of grid
operation and reduce operation and management personnel; reduce
equipment failure rates, reduce operating losses and maintenance
workloads; rationally allocate loads to maintain efficient grid
operation; control operating power factors to reduce line losses;
improve load equipment operating efficiency.

(4) The grid design should carefully consider the protection
measures of the grid. To measure the success of the design of
a ship’s power grid, it depends not only on its operating conditions
under normal conditions, but more importantly, by observing its
behavior under fault conditions and whether it has the ability to
control faults.

For some important grid parameter abnormalities, an early
warning should be issued before the fault action occurs, so as to
alert the staff on duty and take necessary measures in advance.

The action of protecting electrical appliances should have
a selective function. The selection function includes two points:

The ability to discriminate the point of failure, carry out
regional selection and protection, and reduce the impact of the
failure;

The ability to judge the nature of the fault, such as distinguishing
instantaneous overcurrent, short-term overload, etc., and then
adopting different protective measures.
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The action value of the protective electrical appliance should
be selected very carefully. If the action value is selected too
large, the meaning of safety protection will be lost; if the action
value is selected too low, it will cause unnecessary actions of the
protection appliances and affect the normal operation of the power
grid. Therefore, the power grid design should accurately grasp
the possible range of various parameter changes when the system
fails, and reasonably select the safe range of protection electrical
operation values.

After the power grid fault is eliminated, it is hoped that the
protection equipment at all levels can quickly return to normal, and
the protection equipment that is not often managed by people should
choose the protection equipment with self-recovery function.

The reasonable design of the ship’s power grid is directly
related to the reliability of the power supply of the power system,
so the importance of the power grid is no less than that of the
power station. Without a good power grid, no matter how good
the performance of the power station is, it will not be possible to
play a role. The practice of ship design shows that the selection
of appropriate power supply and distribution methods is of great
significance for improving the design quality of the ship’s power
system and enhancing the vitality of the power grid.

Source: https://electronictestfixtures.com/overview-of-ship-power-grid/

Post-reading:

4. Answer the questions based on the text:

What elements form the marine power grid?

What is the difference between the power supply network and
the power distribution network?

Why are distribution boards and distribution boxes used on
ships?

What is meant by primary and secondary networks?

Why must a ship’s power grid remain operational even after
serious damage?
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5. Decide whether the statements are true or false

according to the text:

a) The emergency generator is connected only to the main

switchboard.

b) Flexibility of grid operation includes ease of maintenance
and future expansion.
c) Protection devices must react the same way to all types of

faults.

d) A higher protection action value always improves system

safety.

6. Match the term with its description:

TERM

1. Selective protection

2. Power factor

3. Primary network

4. Early warning

5. Vitality of the grid

6. Secondary network

7. Emergency switchboard

DESCRIPTION

a) A network that supplies power directly from
the main switchboard to large consumers or to
distribution boards

b) The ability of a system to continue supplying
electricity even when part of it is damaged or
fails

¢) A warning issued before a fault occurs to
allow preventive action

d) A protective principle that isolates only the
faulty section of the grid

e) A parameter that influences line losses and
overall efficiency of power transmission

f) A network that supplies power from
distribution boxes to individual electrical
equipment

g) A control point designed to supply power to
essential equipment during failures
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7. Complete the sentences using information from the
text:

The ship power grid must ensure continuous power supply
even when occurs.

Selective protection helps to limit the of a fault.

Early warning systems allow crew members to take action
before happens.

8. Problem-solving task: Ship power grid under failure
conditions:

You are an electrical engineer on board a container vessel.
The ship is operating in heavy weather, and the following situation
occurs simultaneously: One main generator suddenly trips due to an
internal fault. A distribution board supplying several non-essential
consumers loses power. The emergency generator is available but
has not started yet.

Using the information from the text, analyze the situation
and answer the tasks below.

1. Identify which part of the ship’s power grid is affected
first: the power supply network or the power distribution network.
Explain your reasoning using the definitions from the text.

2. Decide which electrical equipment must continue to receive
power immediately and which equipment can remain disconnected.
Justify your decision based on the basic requirements for ship
power grid design.

3. Explain how the concepts of reliability and vitality of
the power grid apply in this situation. What design features help
prevent a total blackout?

4. Describe how selective protection should operate in this
case. What would happen if the protection settings were chosen
too low or too high?

5. Propose one specific action the engineer on watch should
take before the emergency generator is fully connected to the
emergency switchboard.
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GLOSSARY

THE KEY ELEMENTS IN A WELDING PROCESS

Welding — 3BaproBaHHs

Heat source — mxepeno Teruia

Electric arc — enexTpuyHa ayra

Gas flame — rasose nonym’s

Laser / Electron beam — 51a3zepHuii / eIeKTpOHHUN NPOMIHb
Filler material — mpucaakoBuii Matepian

Base metal — ocHOBHUMI MeTan

Shielding — 3axuct Bix 3a0pyAHEHHS

Shielding gas — 3axucHuil ra3

Flux — ¢uroc

Molten pool / Weld pool — po3mnasieHa BaHHa / 3BaproBajbHa
BaHHA

Weld bead — 3BapHuii mos

Electrode — enexrpon

Consumable electrode — naBkuii €1eKTpoI
Non-consumable electrode — HeraBkuii €n1eKTPOL

Arc — nyra

Melting / Fusion — raBrneHHs / 3TUTTA

Solidification — TBepiHHA, 3aTBEPIHHS

Weld strength — mirHiCTS 3BapHOTO TIBa

THE STEP-BY-STEP WELDING PROCESS

Welding method — meToz 3BaproBaHHs
MIG welding / Gas Metal Arc Welding — MII'-3BaptoBanus /
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JyTOBE 3BapIOBAaHHSI IUIABKUM €JIEKTPOIOM Y CEpEIOBHILI 3aXUCHUX
ras3is

Stick welding / Shielded Metal Arc Welding — nyrose 3BaproBaHHS
MOKPUTHM €JIEKTPOIOM

TIG welding / Gas Tungsten Arc Welding — TII'-3BaproBaHHs
/myroBe 3BapIOBaHHS HEIUIABKUM BOJL(PAMOBUM EJIEKTPOIOM
B CEPEJIOBHIL IHEPTHOTO ra3y

Wire feed — momaua npoty

Shielding gas — 3axucHuil ra3

Tungsten electrode — Bomb(hpamMoBHii e1EKTPOT

Ground clamp — 3azemTIOBaIBHUN 32KUM

Amperage — cuia CTpymy

Voltage — nanpyra

Metal thickness — ToBIIMHA MeTaTy

Work piece — nerainp, 110 3BaprO€ThCS

Contaminants — 3a0pyHEHHs

Porosity — mopucricts

Fusion — 3nurta

Travel speed — mBUIKICTh PyXy €JIeKTpoaa ab0 MajibHUKA

Heat control — koHTpoOJIb TEILIA

Slag — munax

Spatter — Opu3ku meramy

Weld integrity — miticHICTh mBa

Maintenance — 006ciyroByBaHHs

Safety gear — 3axucHe oOnaHaHHS

MARINE GRADE METALS

Marine grade metals — MOpChKi MeTalud CHEIIATBLHOTO
MPU3HAYCHHS

Alloys — crinaBu

Corrosion resistance — CTIHKICTb 10 KOPO3ii

Durability — 10BrosiuHicTh

Saltwater — mopcbka Boia
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Marine grade stainless steel — Mopchka HeprkaBitoua CTab
Aluminium — anfomiHii

Copper alloys — migHi criaBu

Marine grade carbon steel — mopcpka Bymienesa craib
Oxidation — okucneHHs

Rust — ipxa

Manganese — Maprasens

Chromium — xpom

Marine grade alloy steel — Mmopcbkuii JeroBaHuil cTajeBUil CIUIaB
ABS standards / American Bureau of Shipping — cranmaptu
ABS / AMmepukaHchke OIOpO CyTHOTUIABCTBA

Marine grade aluminium — Mopcbkuii anromiHii
Strength-to-weight ratio — criBBiZHOIICHHS MIITHOCTI O Baru
Marine grade copper — MOpchKa Mijb

Copper-nickel alloys — MigHO-HiKeeB1 CIIIaBU

Biofouling resistance — crilikicTh 10 OOpOCTaHHS >XKUBUMHU
opraHizaMamu

Fasteners — kpinuibHi eleMeHTH

Valves — knananu

Pumps — Hacocu

Desalination equipment — onpicHioBaibHE 001 IHAaHHS

Silicon bronze alloys — kpemHi€B1 OpOH30BI CILIaBU

Marine infrastructure — Mmopceka iHGpacTpyKkTypa
Superstructures — HagOy10BU

Gangways — Tpanu

Decks — manyou

SACRIFICIAL ANODES ON SHIPS

Corrosion — xopo3is

Corrosion-prone — cXwibHUN 10 KOpO3ii

Oxidation — oOKuCHEHHS

Rust — ipxa

Moisture-laden air — moBiTpst 3 BUCOKOIO BOJIOTICTIO
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Hull — xopmiyc cynna

Parent surface — ocHOBHa TIOBEpPXHSI
Cathode — xaton

Anode — aHoz

Sacrificial anode — >xepToBHMII aHOJ
Electrolysis — enexrponi3

Electrolyte — enexrpouit

Reactivity series — psi1 akTUBHOCTI (MeTaJiB)
Oxidize — okucHIOBaTUCA

Metal dissolution — po3unHeHHs1 MeTaly
Protective layer — 3axucHuii map

Carbon deposits — Byrenesi BigKiIaaeHHs
Soot — caxa

Decay / decayed — pylinyBaHHs / 3pylHHOBaHUI
Dry dock — cyxuii 1ok

Inspection — orsin

Heat exchanger — TeriooOMiHHUK

Ballast tank — GanactHuil TaHK
Replacement — 3amina

Durability — noBroBiuHicTh

UNDERSTANDING COMPONENTS AND DESIGN
OF EXHAUST GAS SYSTEM OF MAIN ENGINE ON SHIP

Exhaust gas system — crucrema BilIpanibOBaHUX Ta3iB

Exhaust gases — BianmpaipoBaHi razu

Waste heat recovery — yTuiizaiis BiAIpalboBaHOTO TerljIa
Turbocharger — Typ6okommnpecop

Exhaust gas boiler (EGB) — xoten-yTumizatop BianpanboBaHUX T'a3iB
Silencer — rymHuk

Spark arrester — ickporacHUK

Expansion joint — koMIieHCaTOp TEMJIOBOTO PO3IIUPEHHS
Exhaust gas piping — TpyOonpoBia BiAnpanboBaHUX ra3iB

Back pressure — 3B0pOTHHI TUCK
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Maximum Continuous Rating (MCR) — HomiHanbHa Ge3niepepBHa
MOTYKHICTh

Gas velocity — mBuKicTh rasy

Pressure drop — magiHHs THCKY

Noise level — piBeHb 1Iymy

Exhaust gas receiver — KoJeKTOp BilIPallbOBAHUX T'a3iB
Scavenge air — npojyBHE MOBITPs

Auxiliary boiler — nonomi>kHuUI KOTENT

Ambient conditions — yMOBH HaBKOJIMIIHBOIO CEPEIOBUILA
Reactive chamber — peaktuBHa kamepa

Absorptive (resistive) silencer — nmormHanbHMIA (PE3UCTUBHUMN)
DTYITHAK

Low-load operation — po6oTta Ha MajoMy HaBaHTaXCHHI1

Carbon deposits / soot — ByrieneBi BigkIageHHs / caxa

Funnel — numoBa tpy6a

Thermal expansion — TerioBe po3IMPEHHS

Contraction — cTUCKaHHS

Standstill — 3ynunka (aBUryHa)

2-STROKE MARINE ENGINES:
POWERING THE GIANTS OF THE SEA

2-stroke engine — 1BOTaKTHUI JBUTYH

Power stroke — poGouwmii xin

Crankshaft — xoninyacTuii Ban

Torque — KxpyTHUIT MOMEHT

Crosshead design — xpeiitikornHa KOHCTPYKILis
Turbocharger — Typ6oxommnpecop

Bedplate — cranuna

Long-stroke engine — 1oBroxijaHuii IBUTyH
Short-stroke engine — KOpOTKOXiTHHI JBUTYH
Fuel efficiency — eexkTuBHICT, BUKOPHCTAHHS NAJINBA
Emissions — Buknau

LNG carrier — razoso3 3I1I'
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MARINE BOILERS

Boiler — koten

Steam/ vapour — napa

Heat index / heat content — TeruioBuii 3amnac / TerioBa eHepris
Waste heatrecovery system—crcrema yTuii3allii BiimpaibOBaHOTO
Tera

Exhaust gases — BianpaipoBaHi ra3u

Auxiliary engine — 1onoMDKXHHMIA TBUTYH

Main engine — roJloBHUI ABUTYH

Heating system — cuctema migirpisy

Viscosity — B’s3KiCTh

Cargo heating — minirpiB BaHTaxy

Sea chest — kiHrcToH

Ballasting system — GanacTHa cucrema

Freshwater reserves — 3anacu npicHoi Boiu
Thermodynamic parameter — TepMogUHAMIYHUHN TapaMeTp
Flow rate — Burpara

Temperature gradient — TemneparypHuil rpagi€HT

Heat transfer — Tenonepenaua

Convection — KOHBEKIIis

Radiation — TerioBe BUNPOMIHIOBaHHS

Evaporation — BunapoByBaHHs

Condensate — koHeHcar

Feeder pump — xuBUIBHUI HacoC

Boiler drum — 6apaban kotia

Burner — nansHuK

SHAFT GENERATORS

Shaft generator — BanoBHil reHeparop

Genset — reHepaTopHa yCTaHOBKA

Frequency converter — nepeTBoproBad 4aCTOTH
Permanent magnet — nmocTiifHUI MarHiT
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Propeller shaft — rpeGHuit Ba

Auxiliary engine — nonoMiXXHHIA TBUTYH
Rotor — potop

Magnetic field — marniTHe none

Efficiency — edexruBnicTs(KK/I)

Fuel consumption — BuTpatu naausa
Emissions — Bukngu

Power conversion — nepeTBopeHHs eHeprii
Torque — KpyTHUI MOMEHT

Low speed operation — po6oTa Ha HU3BKHX 00epTax
Reliability — naniiinicts

SHIP POWER GRID

Power grid — cucrema enexTponocradyaHHs Cy/iHa

Marine power grid — cyqHOBa eeKTpUYHa Mepexa
Generator — reaeparop

Main generator — roJloBHU TeHEpaTOp

Emergency generator — aBapiiiHuii renepaTop

Electrical equipment — enexrpooOiiaiHaHHs

Power supply network — enexrpomepexa

Power distribution network — po3noinpHa eIeKTpUIHA Mepexa
Main switchboard — ronoBHuU# po3MOAITEHANA TITUT
Emergency switchboard — aBapiiinuii po3noniIbHUN IIUT
Shore power box — Geperose JpKepesio eICKTPOKUBICHHS
Distribution board — po3noaipHU# MUAT

Distribution box — po3noninsHa KopoOka

Primary network — nepBuHHa eleKTpuyHa Mepexa
Secondary network — BTopHHa €JI€KTpUYHA MepeKa

Load — esnexkTpyyHe HaBaHTaXCHHS

Reliability — naniiinicts

Continuous power supply — 6e3nepepBHEe €JIEKTPOIOCTaYaHHS
Fault — aBapisi, HecipaBHICTb

Grid vitality — )xuBy4ICTh €IEKTPUYHOI MEPEXKI
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Maintenance — TexHiuHe 00CIIyTOByBaHHS

Circuit air breaker — aBroMaTHUHUI MOBITPSIHUI BUMUKAY
Power factor — xoedilieHT MOTY>KHOCTI

Line losses — BTparu B JIiHISAX eJeKTponepeaadi

Protective devices — 3aXucHI eneKTpUYHI IPUCTPOI
Selective protection — BUOipKOBHiA 3aXUCT

Overcurrent — NepeBUILIEHHS CTPyMY

Overload — nepeBanTaxeHHs

Early warning — panHe nonepemixkeHHs

Self-recovery function — QyHKIIisI cCaMOBiTHOBJICHHS
Power distribution method — cnioci® po3noauty enexkTpoeHeprii
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