LESSON 1

Diesel engines

The majority of ships around the world continue to be powered exclusively by diesel engines.
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The predominance of diesel engines has come from improved engine efficiencies and designs
compared to other forms of propulsion such as steam or gas turbines.
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Many combinations and configurations of diesel engine power plant exist. All provide the
energy to do the work of moving the ship using diesel engines.
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Slow speed diesel engines {&HELEMHHL

Slow speed diesel engines are large, especially tall, and heavy and operate on the two-stroke
cycle.
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These are the largest diesel engines ever built. Engine powers up to 100 000kw are available
from a single engine.
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They are tall to allow for long strokes which improve engine efficiency .the large physical
allow for long strokes which improve engine efficiencyl.
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The large physical size of the engine and components leads to slow rotational speed with
speeds up to 300rpm considered to be slow.
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For equivalent power output, the two-stroke diesel engine is significantly lighter than its
comparable four-stroke relative.
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This is most apparent for large power requirements where the two-stroke engine produces

much more power for the same weight.
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Large, slow speed, two-stroke marine diesel engines offer the advantages of:
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1. Burning poorer quality, cheaper fuel ¥ABSZ )R . A BRI

2. Providing large power from a single, less complicated machine comprising fewer individual
cylinders and moving parts — M JUANRSLVSEL RIS S R AL« R 4 REE 4
LR BE TR ORI 2R .

3. Having a low rotational speed allowing them to be directly coupled to the propeller and
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removing the need for transmission machinery such as clutches and gearboxes etc, [ml4% %
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4. Being reversible and thus eliminating the need for reversing gear or controllable pitch
propellers.

Merchant ships driven by slow speed diesel engine will usually have a single large main engine

directly coupled to a single fixed pitch propeller. The thrust forces from the propeller will be

transferred to the hull of the ship through a thrust bearing built into a thrust block, the thrust block
may be built as part of the slow speed engine, and this system is supported by diesel generators
providing the ship’s electrical power.
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Medium speed, four —stroke diesel engines F3E PUFFRSEH AL
Medium speed engines operate in speed ranges from 300 to 900 rpm. The majority of

medium speed engines operate on the four-stroke cycle.
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They are most common as the propulsion engines in smaller ships, ro-ro and passenger ships.

They are used widely as the electrical power generation engines in most merchant cargo ships.
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Four-stroke engines have more moving parts, are more complex and produce less power for

equivalent weight compared to two-stroke slow speed engines. Medium speed engines do,

however, offer several advantages which make them attractive for marine applications.
VRS A B L B3, EmR R, R RCEEmYHE AR K

EERHPTIRED. R, PlEEMIHE — SRR L ERRRA.

1. The engines are compact----they are not long or high, this allows them to fit in engine rooms
with low head space such as those in ro-ro ships. Fitted under the vehicle deck. ‘Efi1A£
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2. Medium speed engines use less oil than slow speed engines. F1# ML ELAR ML T4 1

3. Recent developments have produced medium speed engines capable of burning low quality
heavy fuel oi |3 4F- K [ % Ji A3 8 - s AL BE 0% MR F IR SO R

4. Engines of considerable power, to 25,000kw and more, have been developed, allowing a
large power system to be achieved with compact engines and engine room. This makes them
suitable for passenger ship applications where the smaller the space provided for engines and
machinery the more space is available for paying passengers. 25,000kw £ 2= 5 K Zh 2 (1)
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Most medium-speed diesel engines are non-reversible meaning that a controllable pitch propeller
is usually employed to cater for astern thrust.
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Propulsion system compared to an equivalent ship with a matched slow speed propulsion system
operating at optimum conditions, when used as the primary source of power for propulsion



applications medium-speed engines can be used in a number of configurations.
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Single propulsion engine B EHLHEBE

A ship’s propeller operates most efficiently at low rotational speed especially in the case of
the large diameter propellers used in cargo ships.
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The slow speed two-stroke engine can be directly coupled to the propeller as the maximum
efficiency of each can be matched at a suitable rotational speed.
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In the case of the medium speed engine the output speed of the engine must be reduced to
one more suitable for the propeller.
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This is done using a reduction gearbox. To reduce the load on the engine during starting it is
necessary to uncouple the propeller shaft from the drive shaft. This is done via a clutch which is
often incorporated as part of the gearbox. The output shaft of gearbox then drives the controllable
pitch propeller.
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The output shaft of the engine is coupled to the gearbox. The output shaft of the gearbox
drives the CPP through a clutch arrangement.
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The oil supply to and from the propeller is fed into the propeller shaft through an oil
distribution box. This box is attached to a collar running on a section of the propeller shafting,
thrust forces maybe accommodated in a separate thrust block and bearing.
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Many gearbox designs incorporate the clutch, thrust bearings and CPP oil distribution box
into the same casing as the reduction gears, this design has the following advantages.
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1. The engine transmission package uses components that are known to be compatible and have
been proven to work together reliably. i F %20 BG4 — ke TAEM ENES) R S8, &34
REP I e I H TR 52
2. The cost and complexity of installation is less than if separate, standalone components were
to be used. 5&-H - EEMAE FHAHLL, RS LE IR K3 E TS 28R UK.
3. The entire installation is smaller in size, especially length, than the separate units 3&4~4% &
FST8U, SEHR K E LI B R BT MR 2 .



4. Negotiations and correspondence etc are simplified as only one supplier need be dealt with.
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Multiple propulsion engines £ XHLiEsh

Larger vessels and ships using medium-speed engines usually use two or more engines to
provide power to the propeller. Multiple engine installations can have several configurations. The
first two arrangements discussed in this section have engines driving a propeller through a
transmission gearing system. Other propulsion arrangements using multiple engines are possible.
A number of these possibilities are discussed later in the section.

A8 P A SETL A R A ARE A I 65 53 58 2 ) TN LR IR B AR LB 7, 2 6 1
BUAT LA 2 R0 B D7 e MR B 7 RS EX — Bt AT e, 38—, Prfa Bhlsd — A%
HHARENIE e . 55—, L & EHRHER AT B R TR . — RV ATRETEAEIX
—B R .

Single propeller shaft with geared drive B#HIXz)

Multiple engines can be arranged to drive a single propeller. This is usually done by using a
multiple input reduction gear. All the engines are arranged around the gearbox, each engine is
connected to the gearbox through a clutch allowing multiple stages of power output to the
propeller. A single output from the gearbox drives the propeller through a thrust bearing and CPP
oil distribution collar, if fitted.
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Multiple propeller shafts £ &i3K%)

Some vessels are propelled by more than one propeller, for example some ferries, passenger
ships, special purpose ships, offshore vessels and ro-ro vessels etc. The majority of multiple
propeller applications are smaller vessels requiring added manoeuvrability. This is not always the
case as some very large ships have been built with two propellers. These large ships have had two
propellers directly coupled to slow speed engines. This effectively produces a ship with two
engine rooms, one for each engine. In smaller vessels the engine configurations are usually
extensions of the single or multiple engines, single shaft arrangements mentioned above.
Medium-or high—speed engines are usually used in these cases. In vessels such as catamarans with
propeller drives
Two examples, the first of a catamaran, the second a twin screw ship.
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High-speed diesel engines &Ll

The most common diesel engine throughout the world is the high-speed engine. The majority of
these engines operate on the four-stroke cycle but a significant proportion utilize the two-stroke
cycle. These engines have running speeds over 1000rpm and are ideally suited to driving

,bne drive system is mounted on each of the hulls. This creates two engine rooms.
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land-based vehicles such as busses and trucks. the application of high-speed diesel engines as
propulsion engines at sea id limited to smaller vessels such as tugs ,ferries and barges etc. they are
regularly used for electrical power generation in support of a medium-speed propulsion engine, on
larger ships their use is limited to emergency power generation to small applications such as diesel
driven emergency pumps and compressors.
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The acceptance of high-speed engines in ships has grown in recent years with the development
of larger horsepower engines, this has been assisted by co-operation between traditional
medium-and slow-speed engine manufacturers with high-speed engine manufacturers, these
manufacturers have begun to produce engines capable of supplying power in ranges that formerly
fell between those of medium-and high —speed engines.
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The propulsion layouts used with high-speed engines parallel those mentioned above for

medium-speed engines.

The diesel-electric propulsion system described above for medium-speed engines is equally
applicable to high-speed engines. The scale of system and applicability will be reduced.
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LESSON 2

Working Principle Of Diesel Engines
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FOUR STROKE CYCLE DIESEL ENGINESIYMFE8EmHL

The events of each of the four stroke cycle diesel engine are suction, compression, expansion
and exhaust. SN PRSI L RATRR OB IR S, R4, IEIKAIHES.  Starting with the piston
at the top of the cylinder, the induction stroke is performed as the piston moves down. W <ATFE
BRI TG N fxe e 5 R ZE T AT528 . During this stroke the inlet valve remains open and
a charge of air is drawn into the cylinder. FEIXMTREH, PERIWIGLITT, [F)N 36 H 2= S
A ET The piston then returns to the top of' the cylinder whilst both inlet and exhaust valves
remain closed and the charge of air is compressed. 4R JE#EHES R G5 T, 35 S63R B4 S B A
Tt o, 39 2558 4 . The compression raises the temperature of the air and as the piston
reaches the end of this stroke, a controlled amount of fuel is injected into the cylinder in the form
of a fine spray. T IESTHE T RE, HERELITREMNA S, —EHERRINLSE
AT 3 BB 5. On coming into contact with the hot air the fuel ignites causing a rapid
rise in pressure which drives the piston downwards on the expansion stroke.ifi it 5 #4213



i, BAMSHAR, SRASELN R I RE T &, RS FEAE KA AR I N A2, As the piston
reaches the bottom of the cylinder for the second time the exhaust valve is opened and during the
upward and fourth stroke the hot spent gases are expelled through it.Fifi %5 ¥i% %€ 58 — /RIE FIAE <L
WA A, HESRBAT I, AR i 76 28 EAT WHEURBHE

If the charge of air entering the cylinder during the induction stroke is drawn in by the piston
movement only without being assisted in any way, then the engine is said to be naturally aspirated.
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The power of any diesel engine is determined by the amount of fuel that can be burnt in each
cylinder per cycle and the speed at which it can be run. 4] £& 3 ML) Th 240 2 38 i B AN IE R
NSRRI F R B A F I8 3 E 1k 52« The rotational speed is limited by the forces arising
from the inertia of the moving parts.ifi iEF4# FE 2 Fiz s 2t J1BR %o In the case of a
naturally aspirated engine the amount of fuel that can be burnt is limited by the mass of air drawn
into the cylinder during the induction stroke. %} EH RIS SEHMPLKSE, 2 58RI 252
B SATRER N BB A S BRI . Diesel fuel requires about 14.5 times its own mass of
air for complete combustion. 527l K42 H B & FE 14 557 S EA e LI 7E AR
The time available for combustion in the diesel cycle is very short; if only the chemically correct
amount of air were provided, the fuel would not have time to burn completely and, in practice,
almost twice this quantity is found to be necessary £ELEHHLIEIR o, BRGEFRSL (1 I [R] R4 4 8
n AR RS S, A ABRIM AT I RIBEAT 56 2 Rbe, FESKBRIEIR 2, W5
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The cylinder can be charged with a greater mass of air by supplying it under pressure. The air
is pressurized in a compressor, sometimes termed a blower, and fed to the induction manifold of
the engine. The process is called pressure charging or supercharging. <HL A LAZE—E 5 I R 78
ARETFR FRAERSH CHNFAENABLD g, REHLS SIS aE .
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In some special cases the compressor is driven mechanically from the engine crankshaft. 7
HEAFRI R &, R AN S ALt # >k s B . More usually, some of the
energy present in the exhaust gas is utilized by passing it through a turbine which is directly
coupled to a centrifugal compressor. The compressor and turbine together form a free running unit,
separate from the engine, known as a turbocharger. 58 & WA &R HHES o fe &, 1k3m
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The pressure of the air in the inlet manifold to the cylinders of a turbocharged engine is
termed the boost pressure. %6 14 15 S8 ML AU HL A9 3E S S0 B R ST FR NS B R 7. In engines
having a high boost pressure the air leaving the compressor is hot and it is beneficial and
sometime, necessary to cool it as this assists in increasing the mass of air filling the cylinders and
in keeping the internal parts of the engine cool. The air is cooled by passing it through an
intercooler. 7E /3G HSEMBLH, B RSN SR 2 SO SR U2 A R, (B B 24
T A EE B TR RGN S5, A BT A SR N R IC R 38 H 2SN vA 4
A LB =S I 28 S, The quantity of air provided by turbocharger is so great that the
amount of fuel that can be burnt in each cylinder per cycle (and hence the power) is not limited on
this account but by the temperature which the exhaust valves, cylinder heads and pistons can
withstand. B TR 4E 3 H 83 (0 2 B R R, Bt BUSE/MEIA T RGLR bl & Gt 2%
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TWO STROKE CYCLE DIESEL ENGINES 25l
Two stroke cycle diesel engines take several forms. —#FESIMALE LFEEH .

One form has a valve in the cylinder head through which the exhaust gases leave the
cylinder and ports around the lower part of the cylinder through which the air enters.—Ff 45 #J2
FEARGLR B2 el R, 7B R I L — B g = [k R 0.

At the bottom dead centre the exhaust valve and the inlet ports are both open at the same time.
The pressure of the air in the inlet manifold is arranged to be higher than the pressure in the
exhaust manifold so that on entering the cylinder it sweeps out the exhaust gases and fills the
cylinder with a fresh charge. This process of displacing the spent gases in the cylinder by the
incoming air is termed scavenging. 7t T~ 1f &, HES RS RFEINFFE . S8BT 5ED
RTHARSE Ry, XPEh o USRS, AR RS XA U N K
SRR AR

As the piston rises it cuts off the inlet ports and the exhaust valve is arranged to close at the
same time. Compression of the charge of air takes place and fuel is injected into the hot
compressed air as top dead centre is approached. Combustion occurs and the piston is driven
downwards on the expansion stroke. B G2 FAT, A DG, FRHAS BB CH, I
A% ST A o ARG FERRL EAL S, PRSI ER AR 2, RAREE, TR,
IRZhE%E 4T . Towards the end of this stroke the exhaust valve is opened allowing the exhaust
gases to escape and the pressure in the cylinder fall below that of the air manifold. Shortly
afterwards, as the inlet ports are opened by the downward moving piston, the scavenging air enters
and displaces the remaining exhaust gas in preparation for the next cycle 7K AT FEE1T 45 7R
W, HEBRATIT, JFHGHR, NS E IR RBEE LT AAUE, BEE TR
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Another form of two stroke cycle engines is known as the opposed piston type. In operation it is
very similar to the type just described, the chief difference being that the exhaust gases leave the
cylinder via ports controlled by the upper piston instead of through a valve. —yh 2L 5 —
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The two pistons may have the same length of stroke or the piston controlling the exhaust
ports may have a shorter stroke than the one controlling the inlet ports. ™% ZE45 4 &) 1947 72
KR, B B I HE D 1 775 28 b AR )5 247 #2545 . Power is obtained from both pistons
and a variety of mechanisms is available to connect them together . il it J5 /NiG 2£12 5h 528,
ZRH T EM&ER:. The two most commonly used are separate crankshafts geared
together and side connecting rods for the upper piston operated from extra cranks formed on the
single crankshaft. &z A H A RALR R SR FE L IR il 300 28 (0 A4 I ZE — A it il ) 200
AR . The piston controlling the exhaust ports is usually given a few degrees lead over the
piston controlling the inlet ports in order to allow the cylinder pressure to blow down before the
scavenge air enters. i ZEFS Hil IFHES D FF 5 A B2 LU s ZEF I I3 S D IR D VRERT, T =
RSB ENSELZ BT, R ASELE 3T HES .

In the two stroke engines described so far the scavenging is carried out from one end of the
cylinder to the other. This is termed uniflow scavenging. 2| H #i A k3tid () —phF2L8m L=,
JE MAELH— ST Bh B 58— sz, XRr AFRNE RIS Another arrangement appears



where inlet and exhaust ports are both at the same end of the cylinder. The path taken by the
scavenging air leads to the term "loop scavenge" being used to describe this form of two stroke
cycle engine. The events of the cycle are exactly the same as for the other forms. 5 —Flifi & 3
FEBEHFT ARSI R 3R, XRS5 RS I R S PO I R A TS
WHLE IR FE A e S5 HLAE ] . The loop scavenge engine is mechanically simpler than
the other types but because one piston controls both inlet and exhaust ports, it is usually necessary
to provide light, quick-acting non-return valves in the inlet port to prevent backflow of exhaust gas
before the cylinder has blown down to a pressure lower than that in the scavenge air manifold. [=]
RS E e S U USSR TR 58, (R Oy — Mg S it HE = O, s e R E
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All two stroke cycle diesel engines require the scavenge air to be at a pressure above that in
the exhaust manifold and a scavenge blower is necessary to provide this slightly pressurized air.
B B i RS R R SRR T HFR S E R 7, AR E— MR — & &
J1f%%5,. Scavenge blowers may be reciprocating air pumps driven directly from the crankshaft
or running gear, or roots blowers or centrifugal compressors driven indirectly from the crankshaft
by chain drives or gearing. S XMLATEERERANTSE, HEhFsSEE YA IS, W
TR A TRWLEES O R, 38 I 4 ) B A S B R ML A1 K30 . The volume of air
displaced by tile scavenge air blower is a little in excess of the swept volume of the cylinders in
order to ensure that scavenging is complete.y 7 SRUEFHSMIR, HEATBANUE i) 2 44
BRI T RELI SRR
Two stroke cycle engines can be turbocharged in the same way as four stroke cycle engines.
In most cases a scavenge blower, mechanically driven, is retained to assist the turbocharger. —#f
TR SN DY AR ST AL R I e 8 e A A o ZE S BT, MU IR I SRR R
FEE PrBh iR Fe K % T.4F. The flow of air may all pass through the compressor of the
turbocharger and then through the scavenge blower in series, or part of it may pass through the
compressor and part through the scavenge blower in parallel. AT i sh 2 S ARG ik 1
%%E’JE AL RS BB R, BRE RS AE AL B ek
SPLFFECRIF SR L. In the latter case the size of the blower required is smaller but it has to be
capable of dealing with the full boost pressure ratio. Crosshead type engines sometimes use the
undersides of their pistons as scavenge blowers to assist a turbocharged cycleft & —F{& i, B
FEM RN BN, AR AURAE2 I R L o 5= Sk sUSE LA I 4 P 28 (9 IS T AR
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LESSON 3
Engine Construction | $&/HHL55H#

Traditional Engine Structure f&4E58MHLZEH

A traditional engine structure arrangement comprises a cylinder block which accommodates
the cylinder liners, the block differs in design depending on whether the engine is of in-line or Vee
form. The block has spaces to accommodate camshaft drive arrangements (chain or gear), a
housing for the camshaft and doors allowing access to the crankcase. The block is a single casting



to ensure rigidity. Cast iron is the usual material. Supporting the cylinder block is the bedplate
with its main bearing housings and mounting feet, which connect to the ship's structure. In some
cases tie rods are employed to maintain the main bearing housings and engine block in
compression. The steel tie rods pass from the upper part of the cylinder block to the lower face of
the bedplate below the main bearing housing. Smaller engines often have no tie rods as the
structural section thickness is great enough to keep tensile stresses reasonable during peak
pressure periods. With a casting there is a minimum section thickness requirement to ensure that
the molten metal flows readily to all parts and this thickness is often greater than that dictated by
actual stress considerations. Accurate alignment between bedplate and cylinder block is essential
to effective stress transmission and engine operation.
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Modern Cast Monoblock Structure HiAR# k841t 4544

Engines designed during the 1990s generally employ a cast monoblock form of construction
with the cylinder block and bedplate forming a single cast iron structure. This nodular iron casting
provides considerable rigidity due to its single-piece design and construction. In some engines
additional strengthening can be provided by long tie rods extending from the lower face of the
main bearing to the upper part of the structure. Tie rods are also employed between the upper face
of the cylinder head and the lower face of the intermediate frame structure to ensure that
combustion loads are transmitted from the cylinder head to the engine frame structure. The use of
tie rods does not imply a weakness in design and is an effective use of a strengthening mechanism
where it is needed. A rigid structure is necessary in order to preserve alignment of all engine parts,
particularly the crankshaft and camshaft, and to minimize problems related to vibration of the
structure. Some engines (e.g. Wartsila VVasa 38) have the air inlet manifold as an integrated part of
the engine block while many water and oil channels are cast-in or machined as part of the engine
structure. Such features make for easier maintenance, improved accessibility and a reduction in
the number of engine parts.
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With monoblock structures, a sub-frame is required to act as the engine sump. This sub-frame,
which bolts directly to the lower face of the engine structure, takes no load and can be
manufactured from welded plate. Lubricating oil suction pipes and strainers are arranged within
the sump.
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Main Bearings FHi&

Main bearing support housings are cast as part of traditional bedplate arrangements, and these
combine adequate rigidity for the crankshaft with relative ease of bearing adjustment.
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Bearing replacement requires lifting the bearing cap, which is held from above with studs and
nuts.
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Although this type of arrangement can, in theory, be incorporated within a monoblock
engine structure, it is not used. An underslung main bearing support system is preferred. Nodular
cast-iron bearing caps are held from below by means of two hydraulically tensioned studs.

RO b AT R B R R o S AR AN AR S R — 1k, (B SEBR R AN X R
— R R A TR S RS, BRERFE TR AR B R PSS 7K B AR I T [ 5

These bearing caps are guided laterally into the engine block at the top and bottom and the
hydraulic jacks are often permanently fitted to allow for ease of maintenance. Hydraulically
tensioned horizontal side studs support the main bearing caps and with the vertical studs and
lateral guide arrangements provide a very rigid main bearing support for the crankshaft.

TR a5 T _EEA T AR S ARG, D T 7 (B YR PR IR W 2 e ] U
T AKSPAT B AR TR BR3P -l 5, P b0 b i g AU e U ER, s it
HI RS HE T —MERHIE R S 4

Main bearings for medium speed engines currently in use are of the thin shell type. Fi%#L
i {3 7 O A 24K . Similar bearing shells are employed for bottom end bearings. )& &5 4
AR AU EL - This type of bearing essentially consists of a thin steel backing shell with
a layer, or layers, of bearing material cast, flashed or deposited on the rubbing surface. IXFfiZ&%!
Rl BU A b A AN A 58 Y 3R R RILRE (1) 3R T b PRV B TIE — Z B2 E IR R . This
type of bearing is prefinished and does not require scraping to fit; indeed no scraping is possible
due to the thin layer of bearing material present. IXFSERffhA X T ERHME, ATFELZ
REFR, SERR b TR AR WA L B AT S #5540 HE . Over the years bearing materials
have changed to meet the operating conditions. 244 T & TAE&M:, HAM BT TA
1B 1t 2533k - Early arrangements simply had a layer of white metal on the steel backing shell but this
gave way to the multi-layer bearing with a layer of lead-bronze or copper between the steel and
white metal in order to improve adhesion. -3 % BL H A f8] B (R 7E AN SE N R EIE — 2 A
e, (BRXFHIET VLN BRI AL T4, £ B AN LR AN 5 A & Sz 7 50
T EEE e AR S &R R KRG % 7. This layer also provided an emergency bearing
surface. #INAIX—ZHIRME T — A~ B 27K - The use of overlay material provides a degree
of protection against corrosion, while a thin layer of nickel prevents the lead in the overlay from



migrating into the lead-bronze layer 7 #%A1RlGEME X R IRt —E R IR, B )20
B RES B 1L 4R 1717542 3T F2 . The backs of the steel shells may have a soft layer which is
designed to prevent corrosion. 44 55t AT LA — 2 8A kBT 1L B . During the 1990s a
number of engine builders returned to bi-metal bearings which employ a layer of aluminium-tin on
the steel backing shell. 7£ 20 52Fr 90 44X, —LeS8uAL) SCMH A F= A0+ 52 3R n— /= 25
A SIS B A& .. Others employ a multiple layer bearing with a tin-antimony rubbing
surface over a copper-lead layer on the steel backing shell. 53 §h— &)~ SRR FEZEAN A 75 4 BB 1K)
W& &E2 L X0 T — 2R RS 886 & 44 7= % 2§l L . Bearing technology continues to
change to meet the demands of higher loads but problems of lubricants contaminated by water and
residual fuels must also be overcome. FiA AT & & A L T8 KAMINFEE, HELEH
0 IR T AR T SR e T v G )
Crankshaft

Crankshafts for medium speed engines are solid forgings from a single alloy steel ingot.
SHMLAC) A A ) — B A S AR S4BT A - Solid forging avoids stress problems, which would
result from the presence of shrink fits, and ensures even stress transmission between journals,
webs and pins. SR T RICAEEC A5 SR G N7 R0 R, 3660 T B, ol R A A
N F18E . There are very rigorous Classification Society rules governing the dimensioning of
crankshafts, based on a combination of theory and experience. J&-T Fig IS B2 M 45 &, Mt
SR AE TN % i e R ST A TR RS K . Current designs make considerable use of computer
finite element analysis which allows a wide range of loadings, dimensions and cylinder firing
orders to be analysed before any manufacture takes place. BLZE [ ¥t FI A 1+ SEHLA BR 7T 40 #r
ik, TEATATAEF= 20T, X KA FE AN R R SE AR L A T 85347 43
A crankshaft must be able to transmit the torque developed during operation. % 2 Zii i % %13
SEh ML T AE R B = A 9F4E . This torque imposes stresses on the crankshaft journals. 45
7 b2 =B 15 . Pins are subject to direct stresses from the connecting rods, which
impose bending and shear stresses. IR H K Z WAL R F7, XAy iliiids B2
185177, Webs bend due to this loading but they also have a tendency to twist. FHF3X 4™ fuf
Wi 2= R 2l , R e — M R34 . Crankshafts will bend under load as each
cylinder unit section acts like a simply supported beam, with the main bearings acting as the
supports. AR — /M PSRRI SE, ARG SO, XA E A — AR AR
s IPEH Rt &7~ ih, Loadings vary with time making the analysis of stresses a complex
matter, further complicated by the presence of oil holes through journals, webs and pins. 1 fiif i i
B (AR A SL AT B 43 AT ARG 2 %, it otV R A B4 e 8 AL R 0 4 4 1 AR 15 S8 I &2
S

The firing order of an engine is primarily chosen to reduce engine torque fluctuations and
minimize vibration. XJ T B A BB A EARIRS), KBIWL A JKINF FEFIREE . Any
final solution must be something of a compromise as other factors have to be considered including
exhaust arrangements, bending loads on the crankshaft and torsional vibration. 1T £ 2% J7 S #f
Je— ATk, BRSNS il b S G R R 2 A A PR R R S R
Reciprocating masses-the pistons, connecting rods, webs and crankpins induce vertical forces
which can result in vibration. fE5IZZNJfE, WIHEE. EF. MR GRS SRR E Y
m_ER S, TS EES). Reducing the mass of these components through the use of lighter
materials and removal of all unnecessary materials will help to minimize vibration but will not
eliminate the problem. @i F 424 JE Al 2 BRAN L ZE A4 I 2 B IX SR - (R i, ki



PRzl (HARLIERRIX A M. Most medium speed engine crankshafts are machined all over in
order to reduce excess weight. &y 7 LR Z RIVER, FEHLN AT EEAEAR.  They are
provided with adequate fillets at all changes of section in order to avoid stress raisers which could
give rise to Fatigue. >y 7 By 1L S HIE BN 357, TEATATRERR TR 1 o b #m b 2 %
I8 #, Changes in section occur between journal and webs, crankpins and webs, and at oil
holes. IS — ™ A= T B a5URT A ZE R AL o A AN AR 4 FEE F Ak B — 25 i AL AL - In many
cases balance weights are fitted to some or all of the webs, these are designed to oppose the
vibration induced by the reciprocating masses. —E15WL T, 274 B AR AR L e 250 E,
TR F R E A A2 5 B A 93RS . The solution is only partial as a rotary mass will not
only induce vertical forces to oppose the reciprocating masses but it will also induce variable
sideways forces, causing transverse vibration. R &4l 8 78 Y RIF R, X AN S ERER
Tt BRI FEAE S R, s AR IR A ), SRR RSN . The size and positioning
of balance weights are carefully arranged by the designer and should not be changed. Bt 2 ] K/
2 e B T B O F AT AR, I AR
Connecting Rod  #4F

Connecting rods are forged from alloy steel and machined all over. AT & & 440 8BS I
AT Z4Hl. The basic connecting rod requires a provision for attaching it to the crankpin, at the
bottom or large end bearing, and to the piston at the gudgeon pin, the top or small end bearing. #x
B QAR RS SO AR AL, 5 AU E e B B L, 75 o ) i R Ak
AL S A E B G % F. The small end generally consists of a bush
inserted in a hole bored in the top of the connecting rod. FEFF/NIEH AL FL A 223 — A,
The bush may be a simple bronze affair but some engines, particularly a high powered unit, have
white metal lined, or tri-metal, bushes. #1%/&/M 5315404, (H 2 — L8 Sl plL & R Z
HINLEL, S ERENIEA A &4, 8305 8 =4 44/ £ . Lubrication for the top end bearing
comes from the crankshaft via the bottom end and a hole drilled in the connecting rod. %% 4T T3
ity e AT T RIS A B S A IR i AEAT R BSFLBE ). This passageway is also
used to conduct cooling oil to the piston. X~ th F Sk i 2E5ii% 4 #13H . Because of the
high loadings on the small end bearings and the absence of complete rotary motion, an adequate
supply of lubricant is essential at all times. K>/l & i) s =5, JF B /b 58 400 Bl iz 30,
It CAALEATART B 46% i) /D it 326 A2 8% O il 2 3B 2L A . Stepped small end bearings are used
to provide a large bearing surface on which the piston force may act via the gudgeon pin. FE5#x
HRSRAUE R MR BRI, 7EIE )R TEIE B AL BN

The large end bearing of connecting rod can present certain maintenance problems. JEFF K
s 7R 2 L DL4E S (R % 190 8. The traditional fixed centre connecting rod has the upper part
of the large end housing forged as part of the rod, which means that the lower part of the
connecting rod is wide in order to accommodate the bearing shell and securing bolts. %4t 1) [&] &
Hho S RS Y 2380 e IR RS AE — 2 Y, R IR AT R (K R 2840 2 TP
B, T LA LA [E 844 . In order to remove the piston, with the connecting rod still
attached, the bottom part of the connecting rod must be no wider than the cylinder bore through
which it will be lifted. Jy 7 BEWSAEEFTAIRERIVIBLL T MG 2E, AR AR LI E RN
K, IXBES ZE AT LLIE I #1 & H K . Modern engines employ large diameter crank pins in order
to provide large area bearings and low bearing loads. FAXSEIM LR FH K B A% 0 #h AR 85 R $2 43t
KA, PR A& S0y figmr . A fixed centre connecting rod design would not be suitable.
Alternative arrangements are available.[# & ORI THEAZ— AN EEHEH TR



Bearing shells for large end bearings are similar to main bearing shells but are provided with
large oil holes in a central channel. FE il FLAT -l (1% BULAH AL, E 2 AE bl il
KT AIfE4s . These allow oil to flow from holes in the crankpin, through the bearing, to
passageways in the large end and then up the hole in the connecting rod. 33 ¥ W k538 it i
A I L SR AT K R % ) E ) AT A IR % . Tags on the bearing halves
mate with location points in the housings ensure correct alignment. % 50 _E (45T F4 & R L 1
RS, RIFIERRENL. As with main bearings the thin shells rely on the accuracy of the
bore machined in the large end to preserve a true circular shape. AT K LB IN T, Xt
F- 7 ) b BUAR 5 [ PR PR AR R /B . Correct tightening of the large end bolts is, therefore,
essential. [KI L, K Ui i 2 A 11 LA 5 [ 10 R TR EE 11

The articulated connecting rod arrangement has a single large end bearing block to which
both connecting rods are attached. == fIZEFFROEFF (R HIEAT) A — A K il
&M, FERIEFERMAMA L. The master rod is connected rigidly by means of a palm end,
while the slave rod is attached by an articulated arrangement, such as a pin and bush. 3= AT i
PPy i T O T B A A L, RIBZEAT I8 I — M AT B BN BBl R A L. This is
necessary because the motions of both pistons, and of their connecting rods and large ends, differ
as the crank rotates. 4 1%l %% (R, B399 /NE 28 EATTRIEFTRI K 1 1832 AN IE] 1,
P LAIX Rh 5528 ). The articulated large end arrangement has cylinder centre in line
across the engine and both pistons may be removed without touching the large end bearing. %%
KRR (EEEF R , EHS DR O IE R —Fm b, BHAEZEH] LATE
ANEEM R St i A RS 0 R HR

LESSON 4
Engine Construction I1

PISTONS AND PISTON RINGS &£, &3

Pistons for medium speed engines must be capable of withstanding the gas loads experienced
during peak firing periods without any appreciable leakage. 3 LEIHALKI i Z8 4 20 BE W5 7K 52 i
R BRI BT AR R R F e, R HLEAT R IMUE L. As a result the sealing arrangements
provided by the piston rings must be effective, even though lubrication at the top of the cylinder
may be marginal. BME&VRELMTHENEM MR, I EAMLIUL B BIR, Unlike
crosshead engines most medium speed engines rely on splash lubrication from the crankcase,
which must be controlled by scraper rings located on the piston crown or on the skirt. A&+
SRS, V2 o SR AT R I, T R T 2 S i ZE AR R i
FRok#EHil. A skirt is necessary on two stroke cycle engines in order to seal the ports when the
piston is at the top of its stroke. —phFESEIMHLL B A T 24, 24i% ZE AT TATFE T30 A 4
KA D, Inafour stroke engine, the skirt also guides the piston into the cylinder, countering
the side thrusts caused by the angularity of the connecting rod.7& PU & S, 16 SER 2 IR AT
SRR, IF HAR S T IR A A .

A piston assembly consists essentially of the piston crown, the skirt, a gudgeon pin and a
number of piston rings. & %E 1) £ A AATVEZE L L TEIEA L THIEAH A —LEVEFEER . The crown
is subject to the highest combustion pressure and thermal load. % Z€ Sk /& S #RBEFT = AE 11 T iR



i, It may also suffer from impingement by the combustion flame if the atomiser spray is
defective. WIRFZABBOIRZENE, EREZRZ KA ME. Piston crowns are of the dished
type to provide a combustion chamber between the piston crown and the cylinder head. 3% %€k &
I, 5T R TR EE . To give the desired combustion, the shape of the bowl formed
in the crown depends on many factors, including the choice of atomiser spray. ELAFHIRAKER R
B TR Z R E, WL AT R A 28 11E$E . The flat rim of the piston surrounding
the dished combustion chamber generally contains cut-out sections to prevent the piston from
hitting the inlet and exhaust valves. i % 1 [V171 TS ) [ 2 T i 3 2543 11470 P >R g 1k 33k
SR TES B35 %E. The piston crown is generally made from high quality, deformation resistant
forged steel and contains internal cooling surfaces and [the provision for a number of piston rings].
T ZE SR R BT R LR AR TR RO BB A i 1, e PN A 74 20 s ], AR 22 3500 ZE 3R (R
The crown may taper slightly in order to allow for thermal expansion while in service. 3%k 7]
DI BIMASHERE, LAOERIL TR (#4 K . During operation the upper part of the crown
becomes hotter than the lower part so it will expand more. /& TAERS, y%2Ek L2t R4,
AT AR K 922 . Tapering allows a narrow clearance between piston and liner to be maintained.
TXANHE B A A3 75 FEFN G 2 (A ORIF— AN /NI TRT B

A piston skirt guides the piston in the cylinder, minimising the tipping of the piston which
causes high contact pressures at upper and lower parts of the piston/skirt assembly and disturbs
gas sealing of the rings. #2485 FIGEIEVRGLHIZLT, B IG MR, BiRlE5)RIGE
FOAN N FRLELAT P AR v i s DA AR SERR (1) B 4t . The piston skirt is subject to lower
thermal and mechanical loads than the crown and can be made from materials of lower strength.
T ZERE T 52 (0 B AT AT ST G707 8 G 8 S AIG, AT LA BE AT BHEAE . It is subject to
greater rubbing against the liner, however, and should have a lower coefficient of friction. 7% &4
SR ETE 2 18] BE R B, B T 0 FH EE 2 R B A48, Nodular cast-iron is often used for piston

skirts due to its low coefficient of friction and ability to be readily cast into a fairly complex shape.

BRERE R I AR R BRI, I HLAES AR 5 i s AR, i DA R Y BR S Bk ) 1
W FERE . Aluminium is also used for piston skirts. Its low density is an advantage in terms of
inertia forces, although it has a higher coefficient of thermal expansion than nodular cast iron. %5
W22 R HIVETE ZERE, BAR T LUER B ER I AR RECK, B2 BT & 2% BEARAR Tk
1614 77, At low loads an aluminium skirt will give increased cylinder clearance compared with
one of nodular iron, so the piston axis will differ slightly from the cylinder axis. -5 EREB452k 1%
FERRAREL, B ZE AR AL AR A AT I OVRL AN BRI, o LA 28 A 2 2 R i P8 7 L 2
At reduced loads an aluminium skirt will therefore not provide as stable a platform for the piston
rings as a nodular iron skirt. 77 FEARET, SaMH0E ZE4E A 2 (G Bk BT ZEME R 0iG ZE A4
ff— R4 . The skirt does not need to be perfectly cylindrical, as long as it is shaped to
assist the formation of an effective lubricant film between piston and liner. % ZE4E A 04 B0 T %,
—N AR EIAEAR, R B RS 7 TS SEFNR BB TR AN B T i 5k 7T A . Some
skirts taper slightly from bottom to top while others are of oval section, with the minor axis
parallel to the axis of the gudgeon pin.—L&y%H FERE 2> MR ] BB —/MERE, — Lo G i RIRE
AT, AT AR A AT R TR B 2R

In most engines the top three rings are classed as compression rings, although the upper ring
takes most of the gas loading. KZ HSeMibLH & LRI =18 7E 2630 2 R 4638 (“3F) Ring
materials should be compatible with the liner material in order to avoid scuffing as the rings rub
over the liner surface. 7% ZE¥ MR N %5V ELEMMRARE B, 8 G iG ZE I EL LB R
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T i 4% . Rings must retain their initial spring at operational temperatures and pressures,
resist thermal cracking and maintain their mechanical strength. &€ 2 ZI7E TAE K S AR
TERFFRIGE BB, A H RSO R FEVLMGRSE . 1deally they should have some self
lubricating properties. AR 1B HL T, BTN 1ZAE — &M HIEERHE.  Cast iron is an ideal
material but for modern conditions alloying elements such as manganese, chromium and
molybdenum are employed to improve mechanical strength, heat resistance and self-lubrication.
Yot —MEARROA R, IR AT — S S0 R AR . R ANEE DN BB 2 vh B RS S L
SRAE . AR B EERE T
Cylinder Liners &fiLE

Cylinder liners are centrifugally cast from nodular or close grained cast iron to obtain good
mechanical strength and wear resistance. J<HL% T FER 845 2k ol & an sk sk B0 00638, 2
K15 B AT ML 5 FE AN B . A rigid liner bore which is free of distortion is ideal and, with
the provision of good lubrication, provides optimum running conditions for the piston and piston
rings. BEARMELLN, WAH RIGAIEN, 1&EANE IR TAE T RAEXM, —ANIMERITER
ANEAFFEI,  Liners fit into the cylinder block, but for many highly rated engines the cylinder
block does not always house the water jacket which is instead provided by means of a separate
unit mounted above the block. VAHIE LHIEVRHIMA [, (HE—L KIhZ 1 4L MLV ELE A L
R KA, MR AR b2 — /ML A BT, Such an arrangement
provides cooling just where it is required, at the upper part of the cylinder liner, and also avoids
the risk of cooling water leaking into the crankcase or of oil from the crankcase gaining entry to
the cooling water system. XA /A EAG L7 E1 TIRELE R &S, &% T ¥ &1 7K kIRt dhh 46
gt e AR AR T EE N VA H R fGRK . The liner is located within this jacket unit and sealing
rings are provided to prevent water leakage. /XHI BN T /KERIPNEE, 2% E BB kKT,
The jacket unit sits on the cylinder block and is held in place by the cylinder head.7K & % 257515
Gfk L, FIREL S EL.  Although such jackets may not be shrink fits with the liner they should
be neat fits and add strength to the upper part of the liner under working conditions /R & /K & 7K
B2 AR EZSE, BRI S REF, MEEAT TEXMT, KERMIZNAEE
RN —E " /7. Individual jackets ensure low cylinder liner distortion and prevent any one
cylinder causing distortion of neighbouring cylinders. 51 /K £ A LB AR, Bk
HEZHEHPMA . The liners must be a neat fit in the cylinder block to prevent
distortion. XL 20 E R i i 23 £V G E BB B4 ¥ . For two stroke engines it is
essential that the correct angular position is obtained, so exhaust and air inlet ports are aligned
with their respective passages. —WFESSIHLIR FIEEAT BRI LM, BAEEHES O IEL
5 e HEIE R —4k. Sealing rings are still provided between the liner and the cylinder
block, even though there may be no water jacket in the block, to prevent oil leaking into the
cylinder block section. RIFRETHAR LA /KE, ERILEMRTKHRER HHE, Bt
HIRMERE RN . Where the cylinder block provides a water jacket for the cylinder liner,
sealing rings are required at the lower part of the liner. XFHEHL T, IREARBAE N T IKELER
IKEE, B 2 ARV LR T #5. Some sealing arrangement is also needed in the liner above
the jacket. 7F47%8 B th 75 B & — 24554}, Itis usual to provide a telltale between the two lower
sealing rings, so that water leaking past the upper seal ring or oil leaking past the lower ring may
be readily detected. & 7£ PHEERH B L HIJER T — MEa#, I BAA S KM b1 % 3
PR YR B Il DA T )2 4 PR DTS AT DA B Mk SR . An allternative to having a jacket
around the upper part of the liner is to have a solid upper section liner of the desired thickness for



strength, and to provide some sort of cooling, usually bore cooling.—F 48 5122 H SR L E
M) B TKE, W REALAE. , BN LR, RALEW MR, Mnf it —Lk
W,

CYLINDER HEAD {&fil#%

The cylinder head must effectively close the upper part of the cylinder and provide space for
air inlet and exhaust valves, a fuel injector and a number of other fittings such as air start valve,
relief valve and indicator cock. VLG 4 2T RO A VAL L35, b HE = SR T Mo 2%
EFAl— e B AN BB e RAR D% T S f k2238 250, In Vee type engines it
is usual to fit air start valves to one bank of cylinders only. 7EVHINL L, 8% RAE—FiK G L%
&5 52K . The head must resist mechanical stress due to peak firing pressure and must also
be cooled to maintain strength. T 35 06 e % A 524 K K J1 7= R HOHLBERE F7, 28174 K LA
LREFGEEE . As with cylinder liners, cooling can present problems related to thermal stress and an
effective system of coolant circulation is needed. 75T 74 H1 R BEA7-7E 8 77 1] #iAlthough
many cylinder heads still employ cored-out cooling spaces, some engines (e.g. Sulzer 'Z' range)
make use of bore cooling systems. SR ZIRHL#E K 2 W AR A1, (H—Le58ihbL

(s FRIRFZRF)D KA FLA 0175 3 n some cases combined bore and cavity cooling is used,
with the bores located at the lower face closest to the combustion chamber where the cooling
effect is critical. —2Eiffix, LA XA AR ARG R, B FLAEVREL R B0 T R 5
WRIEE, 1X A EIBURIR 8 . This lower face is known as the ‘flame plate'. 3 [ — B AR 1

“J&H”  The cylinder head sits on the top of the liner and holds it in place. YX{HLFAL TIRHFLE
L, JERE EIREEA number of hydraulically tightened studs are usually employed to hold the
head onto the cylinder block.— &g I B hgvRe i 5 FH SR B IR BT 75 8 58 VR ET 44 L Cooling
water flows from the cylinder liner to the cylinder head either directly, with self sealing
connections, or by means of connecting pipes. VR GiLE R GL 252 7155 & ECR FEEE 5,
W H7K B3 MR T B YR T 5 Water outlet flow is fro m the top of the head to a common
flow pipe. ¥&17K WIREL R &R H 3B — AN AL E % . Some form of air vent arrangement is
usually provided at the water outlet pipe to ensure removal of air from the coolant passageways
following overhaul FE¥4 £17K H &8 H 225 —Sepr AR B, FILARIE G A 207 2% h IR RS
.  For most engines each unit, cylinder liner jacket and head, can be isolated from the coolant
circulating system so it is only necessary to drain the unit being overhauled. %} K2 #2421,
TRELE  FKEFNREL G & BT T AR IR thos7 R, BT AR B0 R AB IR 5 22 50
7%%. The cylinder head also connects to the air inlet and exhaust trunkings, passageways are cast
into the cylinder head to permit the flow of combustion air and exhaust gas.i< il 3 1% )25,
ANCHHERA, XU@EESIEIEVR AL b, RVPHEE S SN S .

LESSON 5

Lubricating Oil Of Today IR4HiE ¥

The fuel of today contains more sulphur and slow burning components such as asphaltenes
than before. B4~ B LL LLRT &5 56 2 FIBRANAS 2 BRI R 4 nii 75 » The aromaticity of



fuels has increased. JAVH HE 175 & AL GG M. Engine design has changed, aimed towards
reduced operating costs. A4 T BRI AT A, SN THIECE T . The output per cylinder,
the engine pressures and temperatures, have increased in order to make it possible to burn less, but
heavier fuel. ANV ELH H 1 J AR BEZRIG N T, SRR DIRBE R /> . 22143 . The lube
oil consumption is reduced. JiE¥ VI AW AFEEHS N T . To hold back on the investment cost there
is a trend towards smaller sump volumes. N T BRI BL A, A — AN w2 K EiE
#.

These changes increase the stress on and the amount of contaminants in the lube o0il.iX £ 548
0T R AR S S8R . Further, as effects of the increased use of heavy fuel the
classification societies indicate bearing problems with focus on the lubricating oils. 3F— ik,
P BT i H B R DT ARk e A8 FH 880 R s, 2 ) — 6 1 0 = AR TR 2 I il . The lube
oils today have been developed to meet the increased demands. {431 i A 1 38 N A i 1
INEIESR, A TR KKK JE. Higher sulphur content in the fuel oil has been counteracted by a
higher TBN. & BRAE R A7 A S B 558 v R 3y R AL R PE =40 . In order to keep the
engine clean and avoid agglomeration of sludge particles, more detergent and dispersant additives
are used. Ay T LREFAEL N (T I, G0 VR T RURL 45 Moo A T B 22 A5 v TR AT 43 BT . The
trend towards reduce manning in the engine room less man-hours for adjusting, cleaning and
repair of the equipment. >y 7 FEAKHLAE R AN R 7, A%, JEEAME R4 I LI 2/

The increased contaminants in the lube oils must be efficiently removed by cleaning
equipment with a constantly high separation performance. Ji ¥ i BN )75 G ZiU 8 i
—ANFaE R B M 454 RS R . The detergent and dispersant properties of the lube oil
make separation a difficult task. Vi A 77 23 BGR] ARZE AL A5 T 9l 2 B R ME . These
additives keep the particles small or even break them up. X L8 N7 () 777515 45 5k 56 /N L 2=
{E BRI . Removal of water is also made difficult due to the increased dispersant properties.
T EE B N, SRR K thARTS A ME. In extreme cases it is even possible that the lube oil
picks up water from the water seal of a purifier if the oil and water are brought into turbulent
content with each other. 7E—SEHR R HL T, JEME AT B2 A HL IR K 3K ik, i
AR I R Z VR A fE—k2 . Another complicating factor is that some of the additives e.g.
over-base detergents, are more or less sensitive to contact with water and will deplete and form
deposits themselves. 73 4h—885 JL R A2 — S INF, 40 s B 3 v 0 ) P30 0 Ak 42zl L
BEUR, B8 IWRE R RITIE. Combustion by-products in the lube oil also increase due to
the changed properties of the fuel oil. VM4 A4S (bt 2 S 0 T i R BE B = i 38
Separated sludge is stickier, which makes it difficult to discharge from self-cleaning centrifugal
separators. 73 B H >R IR RSB IY), 2\ B IEVE 2> B LI BR B b Y v AR R 2

Conventional cleaning plants are based on purifier type separators. 144t (iG55 & 23T
AL ge 7 AL. During operation, cleaned oil and separated water continuously discharged. 7£
IEEERE R R, FEE AN 43 B ORI KGR ZEHE 2K« An interface is formed in the bowl between
the water and the oil. {£ 7K R 2 18] 75 43 55 5] PN S8 Jle— NIl K 4» ST .- This interface position
is affected by several factors, such as density, viscosity, temperature and flow rate.JX 44> 51 1)
P BERTILABEER, W M. R,

To achieve the best possible separator, the interface must be located between the outer edge
of the top disc and the disc stack. >y 1 3RAF 5505 1 43 B AR, 4 ST 20U T 36 B R A 2N
Sy B fE4L 2 18], |If the interface enters the disc stack, the oil to be cleaned will pass only through
the lower part of the disk stack, since the upper part is blocked with water. 415 4 5 i i\ 43 9
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£, ENEEAHA AN B TS, RS 7K. Thus, separation is inefficient
because only part of the disc stack is being used. Should the interface move outside the top disc
the oil will escape through the water outlet. K 5> B RURALF, X RFARFH > o Bi A
A . To obtain a correct interface the purifier must be fitted with a correct gravity disc. ¥ 7
SRAS IER 53 FEHT, 2 I L 20 22 3% TE R 1Y 5 7734 . A too large gravity disc may cause a broken
water seal and oil losses. —/NA KB L B 2SR /K 3 &E I . A too small gravity disc
contributes to poor separation efficiency and carries over of water into the clean oil outlet.—/> &
NI BER R S H B, B E K.

During separation, the basic problem in treating lube oil in purifiers is the gravity disc. 74>
B v i R P, ) R B 3R R B - The interface position will move into the disc stack
if the temperature increases or if the flow rate, density or viscosity decrease. i 5 T+ = 2 i
BB KRS, B A #2511 42 54, Should the interface enter the disc stack water
will escape with the cleaned oil into the oil outlet. W5/ B N8 F, K SIS
1 #i7K The interface position will move towards the periphery if the temperature decreases or if
the flow rate, density or viscosity increase. UIFEERFICECE R E. B KET &, 285A
2 1A 4 2R 5. Should the interface reach the outside of the top disc a broken water seal
will occur, with consequent oil loss checking and fitting the gravity disc is a time-consuming and
unpleasant task. 415R4 FHE 7R MBS, IAKI SR, Mo, MAEgRE
JIFRSE—ANFERT 9% 110 1% . Since the correct gravity disc is defined as the largest disc that does
not cause a broken water seal, it can be a frustrating trial-and-error process. 1EHfIFIEE 1302 —
ANATEIR K 35 B ORI, 4% IR 1) 3 B0 & — /N RIST i85 1 A2 - Alarm for broken water
seals can be frequent. £ ¥ 2 UK B BRI E,  Consequently, the gravity disc selected mot to
be big enough and there is a risk that the oil is not adequately cleaned. [X 5 PR R Tk K
K, ERBE—AMAEETE 2 F L . Oil losses are reduced by addition of displacement
water to the separator bow! prior to a sludge discharge. (HEVE ) B nJ LU fEHEE R F2 2 /1A
S BIRRATAMIE N — 28 B KA B0 % This pushes the interface into the disc stack, and
increases the volume of water in the bowl.iX s 43 FLTH [A) 23 25 5% P SR 31, 4 B4/ P33 7K PR
3m.  Sludge that has not settled in the sludge space will enter the disc stack, and deposits might
be formed on the discs. /% EJRE ZS WYL F R AV BRI E 8, HUA vl RefE o= 5 A
EUUE K.

With a total discharge type purifier large oil losses occur on sludge discharge. 4= /3
Wl EHEE R g K Z . The entire contents of the separator bowl are emptied,
including not only sludge and separated water but also the oil between the water layer and the
centre of the bowl. B4~ IR N2 25 1K, AMUEFEIREF 73 3 SR 1 /K B A48 K 2= A 43 5
Fhr 2 [ . 1t is impossible to have full displacement of the oil in the bowl without water
escaping with the cleaned oil, hence the oil loss with total discharge. AN AR — HK M
O RS, S sr BN BRI B st 25, P DAAHESUE LR Bl . With a
partial discharge type purifier there are virtually no oil losses. SZFx L3543 HERR 43Tl ATLAS 2
il The bowl is opened for a shorter period of time, in this type to permit only sludge and water to

be discharged. 7 B AT R ARFLAIIN ], X702 5 1) 7L R e v RO A K o

LESSON 7
Sea Water System /KR4S



Problems are often encountered in sea water systems due to corrosion and erosion
phenomena. /&P AIR Il S 4K RS IGIR 2 /8. These problems arise due to the
inherent aggressive chemical nature of sea water or due to the abrasive nature of solids carried in
the water causing erosion, or even blockage of passage ways by large agglomerations of biological
material, seaweed, shell fish, etc. 33Xt [l # (¥ H B2 FF-¥7K DI 7E B 40 24432 bk Bl i /K
51T B0 S T R P ] T3 S ) b, B o — SR B — SRR ) i B DR AR B A T 2
System features that require special consideration in view of the above factors are discussed and
may be categorized as follows. X} LA s iR I ¥ 8 25 & Guie M2 R TRE 5 18, 7T 432500
T
Sea water strainers ¥EKidyERE

An incorrect choice of mesh size for the main sea water strainers will frequently give rise to
problems of either choking or allowing the passage of excessively large particles into the ship's
system. VKIS I FLIUAR 1 1B BEAS IERf 2 40 S 800 HH I, B R 3 2E B0 2 LEARR IR
HURE BB, HEARAN R S

In performing its designed function the sea water strainer will obviously collect material at a
rate depending on the degree of contamination of the salt water surrounding the ship. %1 #it+2h
A8, ME7KUE AR RN A A A0 A K TS e B2, Bh— 5 B A ol v K h AR AR )
Jii, The cleaning of filters must be part of a regular routine and not a chore resorted to when
problems occur. 7K i & 1T ¥ 26 Zi i — T FIUME R AR, AS G102 24 o] R Az B 7RI B T
€. The frequency of cleaning can only be determined in relation to a particular ship and its duty,
but even when a routine is established abnormal conditions may well result in the need for more
frequent cleaning. JiVi I ALELAR (K TAE X RE o M AT, RIVEE 5 — M5, — ik
ANIEH B S G 1 75 SN R A
Distribution pipework 43Hoe i

In many cases a single pump is used to supply a number of auxiliary sets and in this case
distribution pipework will be used, possibly in the form of a ring main, to supply the various
auxiliary sets. fEARZAEI T, —ERMARGRZHIRERS, XNSHADLER 5
T RESR NI ) AL 45 2% b Bl 4% - The danger points here are sudden changes in section or
direction where erosion damage may occur, and at any necking down of the pipe, for example
where the furthermost engine is taken from the main supply rail, where agglomerations of weed,
etc. may well occur. 7F— L& TH B 7 ) SRR U F G G sl tH DR DR, 708 B ) 0 4
IR G SR, Wnom AU F LA K 5] L 4b . At every opportunity
inspection and attention should be given to these specific areas. A& /F A& 2 B, S %34 X
LERFRR I X 35
Galvanic corrosion Fa.3 /B

It must always be recognized that any two dissimilar material immersed in a high
conductivity electrolyte, i.e. sea water, forms a galvanic cell. AZAIRE], FE4a]FIFPA AL H
JRRAE S AR AR R (i) #2 T B . Such a cell will result in rapid attack
of the less noble material (anode) transferring material in the form of neutral salts to the more
noble cathode. JX Ff ) J At S RS MEALRL (BEAD ok 2 28, Bl SR e S s
TR . This principle is used to advantage where, for example, zinc rods are used
sacrificially to protect heat exchanger headers, or even the ship’s hull itself.iX /™ 5L A] DL 205



F AR B R R AT S e i, B R DR A

In some cases, manufacturers deliberately incorporate less noble materials in order to ensure that
the more critical areas are preferentially protected. —285 LT, £/ SR & — (RIS M
Ak, DU 75 B i 2 2 ) [X SRk B 25 fR-97 . A good example is where copper nickel heat exchanger
tubes benefit from the proximity of iron pipework or headers.— /MR- A5 AR 4R AT o g
M A B 5575 2R3, It is important that the effect of such protection is not
excessive to the extent that the life of the sacrificial end is uneconomic. 2 B {1 X FE IR AR 37 2L
RARER I FEEH R N e, X AETE.  Where dissimilar metals are used
some relief may be given by insulating the dissimilar metals by gaskets and bolt sleeves. Xl A4
fBA46x 8 T AIE I Ao R B R A P P G R 2 SR W T, A3 e AT J5E F T B 59k %% - The next step
is perhaps to coat the inside surfaces of the less noble element with epoxy paint or nylon. #% Tk
] B AR RS P A FH R S AR k% Je e it K . However, the process carries two dangers
in that the protection given to the remainder of the circuit is lost, and the smallest defect in the
coating is immediately the focus of intensive local attack-the smallest pin-hole in the coating will
lead to rapid penetration. 28T, XA ERRMATHERH MG, — H B IR REL
TEORY 2 AR/ IR s 22 3r R s 20 R i A v 2 vh, R4 2 BRI LR AR SRk sl
% . In these circumstances, therefore, the safest answer is to install sacrificial anodes. iXF{& i,
B 2 A IO 2 22 B R B . 1t should be noted that efficient electrical contact must be made
between the anode and the element it is required to protect, as in this case an active cell is required
to be formed. 75 BV R A2 7E FEAR AN Or 37 B9 S At 2 0] A5 RO HOE R, IX A AR A B0 R
R TE R T -

Sea water pump ¥KZR

The most frequent problems with salt water pumps are erosion or cavitation damage to the
impeller, corrosion to internals and damage or wear to the rotating seal element.## /K % i 5 % K
A R T R P R e R s A I D et % T A R e A O HR R R B A
Heat exchanger headers #Z #2545 3%

The headers of heat exchangers form a natural collecting point for all kinds of debris passing
through the salt water system, due to the reduction in flow velocity which occurs within them. #
A F i i AT LU AC— A B AR A, W& Fldid g /K R LIRS 1 This in turn leads to
blockage of the lower tubes by sand, weed, etc. and can also lead to increased local velocities at
the inlets to the tubes causing curing| of the tube ends due to turbulence. X FERE 585 T #4538 %
REBRVE TR MRS, BRI TN TR0, o R e A
Heat exchanger #3Z#58

Heat exchanger tubes are frequently attacked by sea water because of turbulence within the
tubes causing pitting and eventual leakage. BT/ P4 &R /K (R, PSR 8 T4 23
HEK Rk, 2% 7 B Rk S i E it . Alternatively, a build-up of corrosion products may
cause a local turbulence, leading to eventual local pitting. B2, HIUE S BURHmR, &
J BB 4 BE. A general build-up of deposits resulting a loss of fthermal efficiency and leads
in turn to overheating problems. H I —ANEEMPIE, B RERACREIC, 35S 80d #
i % . Regular cleaning will extend the life of heat exchanger tubes considerably. 52 7% # 2 A1 24
FRJE KIS 2R 1) 5 o

It is not possible, for the operator to control the corrosive nature of sea water but the two
main subsidiary causes, flow velocity and entrained solids are within the control of the operator to
a greater or lesser extent. X -J-—/M A 2 AN ] REFE MK AR B e, AFR: 5 AN IR LA,
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AT A5 AT (10 [F 4%  12  #2 VF  42 1l £ — %€ Y L A - Al the above potential trouble spots are in
some way or another contributed to by either excessive flow, or entrained solids, and care in
maintaining the sea water strainers in an effective condition and in maintaining the sea water flow
at the designed figure will pay dividends in reducing replacement cost and maintenance work
throughout the life of the machinery. T LA B8 7E 108 A — @ FE T 002 IR it ao o sl 465
HHE AR 2 BT T, AT AR KIS S B0E RCTARIRES, SRERERAE BCTHUE T A
Fo 20 B AR S A B AL, 1o 8 I R R R AR 8B 4B R 9% . | t should be emphasised
that the results of excessive flow in particular can be dramatic, a 30 to 40 percent excess of flow
may well decrease the life of heat exchanger tubes by a factor of 10,5 1% 58 ()& It H AL B E
2 AR SRR, TR THE30-400030 5 4 3555 I 6 4 FH 75y & PR 1A%

LESSON 8
Maintenance Procedures
For Reciprocating Air Compressors

T BN BIET

Since marine compressors are encountered in several forms of two major groups, comments
on maintenance will be made by following the passage of air and oil through each form of
machine. K it U AEHL 0 P REAL, LRI RAEAE, PreMEEMIERt, 23
YLK R T B HEAT A
Air FilterZsS 383

Although there are many types of air filters, it is unusual to find either the cell type or the oil
bath type units in marine service, and certainly the automatic viscous--impingement intake air
filters are only for use on very large land installations. B4R ¥ 2R A H 2988, HAELEM
FHuE SR, SERI e s UE SR AR WL, 2998 B B ok s g A s R AE R ALY
Fiti - B A 2{E . The dry type of filter, as used on marine compressors, has a filtering media
of either felted cloth or paper, the latter usually being slightly oil coated. £t FH & 4@ #L A% 1
Fkds, A ZRAT AR I B, B E A BRI, This type of filter is
quite satisfactory although its strength is sometimes suspect on higher speed machines. &4 F i
ERISR AL R LA NRBE, (E X F B S AR L E RO 2 AR H 2 Nl . The most
widely used type of filter is the viscous impingement type filter, usually of cylindrical design and
the filtering media usually being woven copper wire or nylon strands, which are, when cleaned,
dipped in oil and allowed to drain before fitting. & A) 72 i F () 8% R AL i i s B ) e 2%, 18
WBLE BB AE R, T A I e 2 o PR B 2R BB T AR AR, E 2 I S R
] LR B ik 2 i E . The oil coating then traps the dirt quite satisfactorily, since the
atmosphere for the marine compressor is usually fairly clean. F T & 4 B R B K< AR
T, BESS AT LA NG B B F (=585 . This type of filter is also quite acceptable for oil
free machines, if the unit is being used for control air. & 40 JE i ¥ 4 T P2 A fa il <, X Fh)E
AFeMIB A4 NilER .  First stage failures have, on occasions, been caused by some of
the copper wire being teased loose and the pulsating air flow bending the strands backwards and
forwards until a strand has broken free and lodged awkwardly in either a valve or piston clearance.
BN — L ERN RO 22 25 5 RS — B R R, ks R E B L2 1 5 75 ith B 3 AR



T, AEw fERS B SR AEAE IR BT ZE A T R AL - In general, the nylon strand is much more resilient in
this respect @i ¥, Je RARTEIX J5 T &E R B  Itis essential that the filter is kept-in a clean
condition so that the air pressure drop across the filter is kept to an absolute minimum, and the
engineer in charge of the compressors should accept as his responsibility the blanking off of the
air inlet before any painting takes place, as should this area be painted it will cause too great a
pressure drop. PRUEJERHEE L IEH SR, A 2SS UERRIIE J 2 RIEAE — /N0 (1)
WME, ST AL L R L AURIE ST, FERIMER AT, AR, R
AKX SRR RS, 25— ANE KIS /1%, This point is well worth inspecting after any
painting in the compressor vicinity. 7E 75 SR A WL TR SE MR 2 5, XA XA 1A 4 s
&

First Stage Valves—Z <. &

All modern marine compressors use automatic valves which operate on low pressure
differential BT A5 (1 BRAC AR F HE 4B LR F A 2245 I 0 E 31 . 1t is usual for the suction
valve to have a lower spring pressure than the delivery valve and it is, therefore, most important
that whenever a valve is stripped for cleaning and/or maintenance, the parts are put back correctly
and even if springs look similar, that no interchange between suction and delivery valves is made.
ST REARR UL, R R R T HER, AR A AT R I AT R RS v A
FE T IERA e SR A A S, BV S D )  EESRAH AL, B AS BRI R R AT HE SR AT
H . When selecting spare springs or plates from the Spares Inventory, care must be taken that
the right part is selected. >4 M\ & {11 55 L0 £64 A SR BRI BRI, 200 RO IR (5044
The valve is the heart of the machine and, since it operates once every revolution, the valve
movements are extremely frequent and, because of this, the valve lifts are kept extremely low to
reduce impact forces. tH T-HLAS &R IR LI, RAFER LA, JF HalERRIER &, FrbliE
PERALASHIZ L e B, IREPETHEE O AR 2 08 FOR I b /3. The spring assembly
design is very critical to ensure correct valve action. 2Bt 5 i1 {5 5 733 44AIF 1 1 IE R sh 7 3k
WIREE. It is extremely important, therefore, that the valve design is not altered in any way
without contacting the compressor manufacturer. R H:3F 5 35 f) 2 76 B0 B 28 B 45 L A3 7
FITEOLR, BB RE M 7 2028 » Valve failure will occur due to wear and fatigue, and
is a function of the compressor design; therefore, if failures occur from this facet on a frequent
basis, it is almost certainly due to the wrong machine selection, or if on a lubricated machine, to
insufficient oil carry over. Naturally, if the compressor is overheating wear and fatigue will occur.
B ) B IRRE 35, S0l e R, XREGENLI IR Z R HI B mEx A2
TH bR AR B, LT T DA 2 A2 T AL AR DO B 5| R I BE B a2 — AN hiEiEALEs, Bt
FEETE A LSRR . R EaEPS Ry, BRI H AR A .

Failures will also occur due to the presence of foreign particles. If these are of a solid nature
they are, normally, quite readily detected, since they will also usually affect other running parts.
However, if in liquid form, this liquid is either being drawn into the machine or, in the case of
non-oil free machines, is caused by excessive oil coming past worn pistons and rings. 1 T 72 7£ 4+
SRIGRTRY, W RAEMEE . BIENT B BAMER, EWHENIRESHRM, F i
WL B B R (R AR AR TR AP, XM R RS LS A, B0 T
TCIALERRUL, & BT I 2 1R A R A ZE RIS ZE 3R

Carbon deposits from the oil also cause valve wear and breakages, and it is, therefore,
important that the compression chambers and oil usage are carefully examined. Fii=2E (AR
45 D 1 1) BE AR R IR, TR ISt e 4 = R B (AT IS B AR H EE 2. On all non-oil free




machines some carboning of valves will usually take place but, providing the valves are not-found
excessively carbonned when maintenance is carried out to the manufacturer's recommendations,
the problem can be accepted as normal. 7&fT FITCHMBLES H, @ thaRE RN, (H2
2 IR T A BT YR, R _E A2 2 AR, XA AR AT LA IEH - It s usual
for the suction valve to be relatively free from carbon except on its bore contact side, where the
carbon deposits should be fairly low, but the delivery valve will usually carbon up on both its
inner and outer surfaces, since the air stream through the valve is hot and contaminated by the
lubricating oils, except, of course, on oil free machines. il X TSI, B 7 A/ G0
DB AL, ARG B, (R H TR TE N R R A R, FAZES
W) SRR BRI R B BEETE TS S, AT LA B S

Valves should be removed, dismantled and inspected at frequent intervals, as recommended
by the compressor manufacturer. ¥ T 4 il i& i (0 HESE , WRAF 2050 B B4R IR, SR ) AR 7
Depending on the condition of the valves, the intervals between inspections can be reduced or
extended, providing worn parts can be replaced before failure. AR¥E <R KI T/ERE L, H 2 FE
A DAARHR B I, CRUEBEA 3B 7E S AT A3 B ¥R e . In the event of a broken valve being
found, all the parts should be located, otherwise they might cause damage to other parts of the
machine. Ail valve parts should be carefully and thoroughly cleaned with a cleansing fluid, using
a soft brush. Sharp edged tools and wire brushes should never be used to clean valve seats and
plates. i R ILIRAFREAR, BT AORB R 3R 43 (0 B A 20, 75 W] BE 51 ML A8 1R H e
IR o BITAT 0 1R A2 0 43 00 2504 200 AU IR PR FH T4 BRI A RT3t o SR T LAk 22l A
e F T IR EE AN R A 7 % . Ally parts which are worn, damaged or cracked must be replaced.
Valve plates which are worn on one side should never be turned over and used. Ar G fl#, SR
B A RLU A A 0 e o — (A (0 IR A AN e T3S A - To ensure good sealing between
valve seat and plate, each part should be lightly lapped, separately, on a smooth flat surface. AT
PRALE A0 5% R 3 F) 85 3, FE DG~ RE K R 10 L, A5 S R A T B 1 o After valves have
been reassembled, check by using a small piece of wood that the plates are free to move and will
fully open. fERR/FERTHEEL G, WU —/NRAR A A WAL 5 AL H 1S3 IR e 2 TT .
Valves are usually seated in the cylinder either by metal to metal contact or using a gasket. A47%
ESH MR R SRS & mfai g H T — %8 . The former should be lapped
together if there are signs of dents, nicks or scratches, to provide a leak-proof joint. & 417 7 JE,
ZRBLE I G, W W ZUTE — R B R RIE S UK. In the case of gaskets it is
best to fit new parts each time valves are inspected. #lt £ fl K 58 545 Uk onT IR AR 2 i) 22 3 3
flIocfF. When replacing the valves in the cylinder, special care should be taken to ensure that the
suction and delivery valves are installed in their respective ports and that the correct clearance is
maintained between the valves and pistons. 24 5 # <R _- {0 AR, A 2000 B ARIE R SR HES,
W23 H R0 L, FRORFRIRAIG 28 2 A ERRIRER.
First Stage Intercooler—Z% 43¢

Intercoolers usually cause very little problem providing the water side of the tubes is kept
free of fouling. UIAEE KMEA GG, A FASBEE A HIFAB. On the air side, if
the machine is correctly cooled and there have been no excessive temperatures caused by valve
failures, etc. it should be relatively clean with only oil smear present. 7£45 M, 1R uNHL2e4k 1E
TRV AD, AN 2> B T o A e 5 10 R 5 e i v O TRLREE v 28 BEORAE AR W v 9 R e
HIL. If excessive temperatures have been present, it will often be found that the delivery valve,
although showing signs of heat, is relatively free from carbon, but the cooler inlet is heavily



carboned on its immediate entrance. B H Bl R B, EARFF A LG, (2 AR
SRULAEHE SR AL B AR, AR TESEIT YA S 25 Db 7 A7 ™ E ARk . This carbon will
sometimes also affect the relief valve, so carboning in this area is a defect that must be treated
very seriously and the cooling of the machine investigated. 5 i BB 2 520 %2451/,  Fif LAIX
AR FRR A — N BRBE, AR AL, IR ENLER A I8 . The function of the
intercooler is to reduce the air temperature to as low a figure as possible before proceeding to the
next stage, and in doing this it brings the air below its dew point and condensate is collected at the
outlet end of the cooler. H174# DL RAEZ N T — L2 BT E 1l FEFE S — > 2 951K
HIBUE, 8 7RI, B RAERE A UN S, MK R DUREEAEA J0 & 0 13
It is extremely important that this condensate is kept drained from the machine, preferably by an
automatic drain; alternatively by a partially opened drain valve. %455 % /2 fRUEAL 28 P BEK
BRIFIR, BRI B ER: — BT IR T A KBk R . The seating of a drain
valve which is partially open will quickly be damaged by wire drawing and cause maintenance
problems. Manual blow down at frequent intervals, say every half to one hour, is not normally
possible under present day operating conditions. B 43 FF J 1) J5Uik 1] 18 J82 2 £ F 4@ 22 R Do
BRI BB I . 2% FAHGE, et/ 2]—/ ek, 78 H AT H % TS T 2
AT AR RZ I o

Second Stage Valves ~Z< ¥

The configuration of these valves is identical to the first stage valves, except they are usually
smaller, since the air is reduced in volume due to it having been compressed in the first stage, and
also the scantlings are usually heavier since the stage pressure to be withstood is higher. [ 7 &
PHEINCASE, IX SR RSN AN — G SRR AR R, RS AR B — SRR 2 JE AR FR 2 Tk
/I, T B R T 5 RS2 1 R B P 9 i R 388 %5 JE HE . Maiintenance should be carried out
in a similar manner, and at the same intervals as the first stage valves. 4Ef& ] LA LA— 205 1@ AH 7]
HI4EAE 7 AN LEAE B BEIEAT
After Cooler and Fusible Plug)5 %2 2381 5 15 &

The comments on the intercooler are applicable to the after cooler, but since the pressures are
higher and usually the inlet temperatures are also higher, the cleanliness of this cooler is more
critical from a safety point of view. X H7A %8 KRB PEH T /A, (LML AW A
KE, BT ARSI Bt R, SRR AEEE A0 1t should be noted,
however, that this cooler has absolutely no bearing on the compressor performance since its action
takes place after all work has been done on the air, and its function is to bring the delivery
temperature to a reasonable figure and, in doing so, remove condensate from the air. #R T Z07E
BJE A A B PR AR AT S, RO e R AR AR R AEX 2 ST A M e )R
I e ThRe 2 HE R R — NS B EUE, XA, AR K .

Although all marine compressors usually have a fusible plug fitted immediately on the outlet
of the after cooler to meet Classification Society regulations, this fusible plug does not contribute
to machine safety in any way whatever, but only to the safety of the system after the machine's
outlet. LR T B AR LIE & 23 75 J5 v AN 48 (1t 1 B B2 22 34T 5 J 2 R0 /S M B4 R
BB, AR T XL 2 A PR 75 TS T B, R IEAHLLL S ) R GE 22 4l
M. This can readily be seen by looking at the following calculations, which compare a machine
running normally with a machine running with an abnormal outlet temperature from the cylinder,
the temperature is still below the fusible point of the fusible plug at the after cooler outlet, due to
the natural phenomenon of greater heat removal with the greater airtemperature differential



between the cooling water and the air temperature. iXANAT LAfRZE 2 (@ T I HENT 5, b
BN ERIZH LA — AN SELH RS E R RS L8, BT EA SR = SREZ
[ BRI 2, 7T OB BRI B ARILR, LSRR A SMIC TR G A 20 38 H
- VA FEIE s, For example, the excessive air temperature could be caused by a badly seated
valve, allowing recirculation to take place into the cylinder. /Mg T3¢ 15, i 5 102 S IR EE 7] RE
SR RE S| AL, RS EH R R

LESSON 9

TURBOCHARGER SYSTEMS r#mEs s

Turbocharging is a method by which energy in the cylinder exhaust gas is used to provide air
for combustion. &% 3% & 2% A VR FLHES B B8 BRI PR 4L 25 <. Four stroke cycle
engines may operate in a normally aspirated mode, which means that the suction stroke of the
piston draws air into the cylinder and so no pressurized air supply is necessary. PUHfESE KL AT
PLE SR, B S ST R G S E A R BRI N, A DA ES7 25K . A two stroke
cycle engine requires air to be supplied at a pressure above atmospheric and so some means of
providing that pressurized supply is necessary. FFESSIMALTE Eim FRRE SIS, Kb
A — et 0 St S 7. A four stroke cycle engine can, therefore, operate
without a pressurized combustion air supply but a two stroke cycle engine cannot. [Flt— & U
FESSHMLIA 0 BT DUE R AR, HE — & P28 HLAI AT - However, the operation
of a pressure charged four-stoke engine under non-pressure charged, or normally aspirated
conditions, is not advised as it is likely to result in severe fouling and possible thermal damage.#4
MM, — &8 5P RS AL TR T WA B R 8 B AR RS AR, X SE™E
() IR TN NEA WAL 77 8
Turbocharger WRFHEESE

A turbocharger consists of two parts, the gas side which comprises the turbine and the air
side which comprises the rotary compressor.— Mg 838 H 85 P30 2 4R, PR SN 38 P il
SN R e % i SBL - Turbine disc and compressor impeller are mounted on the same shaft. i ¢
FEAE A4 5 % £ [7— MR 4d1_E . For smaller units the rotor, which comprises two sections of
shaft and a turbine disc, may be a single forging. S /NU# 4%, HEET I FIAN LR 43 SR iR
A mr ABE A — 14, For larger units the turbine disc is separate and the sections of shaft are
attached by bolted flanges. X} T KB HLIG, WACHLE N, WBITiR 5k 2 MAAEE.
Bearings support the rotor at its ends and the cast iron casing is water cooled. fliZ&7E % T 1 ¥ i
THE, ARSI . At the compressor end the casing is of aluminum alloy and is
uncooled. AL 452240 & & HI7ERIFEK % 30 . Some engines may be fitted with what
are known as 'uncooled" turbochargers.— L& 585 il 7 g B Fl AR A 2 U RIR 3 R 25 . These are
compact units with a bearing at the centre of the shaft, with the turbine disc and compressor
impeller located at opposite ends of the rotor.iX LE 7Y (i3 5 4% & B M 4k by, AR AL T 3hiK
R, RSN E LIRS 23 AL T T R i
Turbocharger Arrangement



Although the design of turbochargers may differ the fundamental principles are the same for
all models. JS8& &G RSB HAS ], A0R%F T A7 = 3 A S B A ZAH [F] 19 o 1t s the
principles which will be considered here, together with the arrangements as they relate to medium
speed engines. VKGRI R A5 10 TAEJREE, DL P Ig NG R 2 10 2 HEAT E .

A turbine consists of a single row of rotating blades mounted on a disc. —Mg%¢ B — B [ &
RS A E B A BT 41k, Gas is directed onto the moving blades by an annular
arrangement of nozzle blades. B WIMER AN E, R EEB R L. Moving
blades fit axially into the disc using inverted fir-tree roots, or similar.Jig#% B F DL AZ BEAR T
AR, S 235 e iR i . Blade design, both moving and fixed, is critical to
performance and varies according to the type of turbine system. JGit & # 5 Frifs & [l iE H
HR L A% AR AR W R G0 (1 28 Bk R B OE M2 . Although the pulse system of
turbocharging has been very popular for medium speed engines, and remains so, constant pressure
systems are often employed where high powered engines are used for propulsion purposes. /R
Jhicr b 1 e 4% L4 - ol Seih L, ERIMEan, 58 U R R G A T HAE— 1
FFHERE B MK ThZ 48 HL_E . V type engines normally have separate turbochargers for each
bank of cylinders.\/ 2! S il 4 — FU VRG50S FH — A3 R 4%

Turbocharger, Pulse System Bk#pi8E RS

The pulse system makes use of the high pressure kinetic and thermal energy in the exhaust
gas when the exhaust commences, and the timing of the exhaust is critical to turbocharger
performance. Jikih 4 i 22 G0 FIHE ST A6 I RS e RS BE R EEE , HESOTT 8 I [ 4
TR 2% 1M RS % K2 . Early opening of the exhaust was often employed as a means of
obtaining sufficient exhaust gas energy. £ | F HE S RI 32 0T 3 18 775 R 3RA5 2 9 [ HESUfg
. This system has proved popular as it enables the turbocharger to supply sufficient air for good
combustion at all loads. iXFf RERZYG, EAESMHL G T, HaERA L=,
FRIERGE BT . The pulse system employs relatively small bore pipes connecting the cylinders to
the turbocharger, to avoid a loss of gas energy in the exhaust piping. ki £ Z¢fd F A XHECAH
B EBIRELANGG A, 8 HEE T e R4 2% « Exhaust gas flows from each cylinder
for about 120< to avoid interference between pulses, groups of three cylinders are generally
connected to particular sections of turbocharger nozzle. &/MAHKLE S KHEB K Z1HE4:120 9t
WA, O T Rk 2 AR AR, B =AML R AL R B R S B — AR X
1. This implies a multiple inlet arrangement for the turbine. XEtiEES — G L 28A L4k
KT, A six-cylinder engine would require two turbocharger entries and a nine-cylinder engine,
three entries, or two turbochargers. — & 7NELEIMALEA PG E& T E, — & LRl
Bog =R OB SRS . Pulse systems are ideally suited to engines where frequent
and large changes in load take place, such as those used for electrical generation, but their exhaust
gas piping systems can become complex particularly for engines with a large number of cylinders.
i U8 He 28 Gt 22 2 3 G R/ B Sl L U A, B AE R B B (HEE
MIFHFS RETRERFE A, JRHEVRE A H IR 2 5L Turbine and nozzle blades must
be designed to cope efficiently with the wide range of gas pressures which exist over a cycle,
which implies relatively thick blade sections with well rounded entry nosesif %6 I [ i %
ZBETHRENS A ROMUIE R AN HE SO AR A HE SR T I B R, It SR iy FA AT A A5
I HEEELF I EIE =0
Turbocharger, Constant Pressure SystemiE ¥ E R4

The constant pressure turbocharging system has all cylinders supplying exhaust gas to a large



volume manifold, which then directs the gas to the turbocharger nozzle ring. & & & R 440 %
AL RS ERHE S — SR RS S, AR5 B0 R S LRI R . Pulse or kinetic energy
is not required, so exhaust can commence later in the piston stroke achieving a slight increase in
cylinder power. A7 2R Bk BEFIBNAE, BT LAVE ZEATRE A HEUR] ARG — ROFAR, IXFER]
DU RFAMA B DY A AT L5325 . Exhaust gas in the manifold is maintained at a relatively
steady pressure, at any particular engine load, and so the turbine and nozzle blades can be
designed to suit steady conditions. 7EAEFRFERISEMAL GG T, HE RSB R IR YERE—
A FHXIFRE R ST, A DL EE AN (¥ i 1 m] LU TE BOE & A2 € THLHIJZIR . Blade sections
tend to be thinner and have sharper noses than for pulse blading. A%+ F kit R4, EERS
I 1028 T 105 ) T e T L3 /< 11 L e — 28, Constant pressure systems do not react as quickly
to sudden load changes, but they are more efficient and have a relatively simple exhaust pipe
arrangement. ;€ & 5 G000 T RAZ AT B SORIAVR, ER e AT i HLAHE VB A B T B
Turbocharger Compressor J&%#:1% M 22 i FE 5L

The turbocharger turbine drives a rotary compressor which consists of an impeller and volute
casing. A IR S IR AL IR AN — A A AT ST LR W L. Aiir enters the impeller at its
centre or 'eye’; rotation of the impeller imparts a high velocity to the air which then moves
outwards into the stationary diffuser and volute casing. Z MO “HR” #ENESHLH 4,
A IR R MR i a2 R — MR R, AR 2SR BN — N F LB S ds Al e
This casing has a steadily increasing cross sectional area and is like an inverted nozzle wrapped
around the impeller. WaFCAT — AW IR TIIAR , A5 — A S v ¥ 5 M SR A2 e 1) 4k
#l. The volute converts velocity energy into pressure energy, just as a nozzle converts pressure
energy into velocity energy, and the air leaves the compressor casing at a relatively low velocity
but at increased pressure. WAL REFEAL NIE J1RE, B — NWIMEICIE S RE L NI
e, AL A AR PR3 R AR 5 s (0 B T R SML5E 44 . The impeller is basically a
disc with a number of radial vanes which reduce in depth from the eye to the periphery. H-#¢2&—
AN — 2 AR i R AL, R R R AN O i [ L 2k k. The rotor assembly,
comprising turbine, shaft and impeller, is a balanced set but the impeller can be removed from the
rotor. LM B HE . BRI AR B — AP AT RS, IR DA T B3R R oK. The
impeller fits onto the rotor using a splined connection. M4BT AL H#ERFI# T E. In order to
preserve balance the impeller is made so it will only fit onto the rotor in a particular position,
usually by having one of the splines larger than the rest. Jy T fRIE-F-i, H-46HI1E % R GE 21
TR EME b, B RPN Tk —2, A suction filter is provided
before the eye of the impeller to remove dust and oil particles which could build up on the
impeller, volute and cooler, reducing performance. M4 FFC N FLZ R 23— AN IESS, F
KR EIRARIMBURL, ARANFM SR S A8 L WRSE A S 2088 FIRER, BRARIY R 280tk
fE. The filter acts as a silencer but insulating felt on the suction manifold also reduces noise.J 2%
A LMEARA—ANE S, (HRR AR N B 4 2 BB n] DL
Intercooling HHa)¥&-&1 8%

Air cooling is achieved by means of one or more intercoolers located between the impeller
outlet and the air manifold, which runs the length of the engine. 23412 iE i — A Z ANz
T O MR FE Z AR ARSI, EMENAKE—FE. These coolers are
comprised of a number of finned tubes through which cooling water flows, the air flowing over
the fins. &3 — L @A W8 T WEVKEE NRE), 2R . The use
of fins increases the effective heat transfer surface area and allows a reduction in the physical



external dimensions of the cooler. ¥ /v (\{s F 3G I 176 RUL AR, RVFA ZISPIEAMNE R
s} B&AIX. Provision must be made for thermal expansion of the tubes, generally by employing
U-tubes which have in-built compensation for thermal expansion. % Zi3R {44 B BB IK 4 ],
iz F N B U M2 VK . Water inlet and outlet headers are then provided on the same side of
the cooler making for more accessible pipe connections. ¥&#17K 13 H 1713 75 Wi HE A E1 2811
[E—M, fHEEEREZ Y. In some cases water separators are fitted in order to remove any
water drop which might form during cooling of the combustion air.—$&45 5 £ 2 3 5K 8%
KB AE 2 A HE R A AR UK . Water entering the cylinder can remove the oil film
from the cylinder liner but this is more of a problem with two stroke cycle engines, where the air
enters through ports in the lower part of the liner rather than valves in the cylinder head./K i3k X\ 75
HLE IRV ES ERI L, XA 1) RRAE — pP RS B Dy, L, AR
TR B ERBE N IR, T2 AL T S E i NIRRT
Turbochargers Matching to Engine #4815 /E 5215 sy L ) UL g

Highly rated high powered engines used for propulsion must be capable of meeting a wide
range of loads. % T3 i A S IIAL ISR A D ek WL 25T B8 1 A2 474 FAY KV B AR AL
However, cylinder conditions must be kept within certain limits in terms of maximum pressure
and temperature. #ATA, iR KK BRI &, VLA AR S A b SRR E— € 1
PR . In many cases turbochargers are matched to the engine so that they produce nominal full
output at about 85 per cent of engine power. TEIRZ 1ML T, WwFeHY K25 EVAHILED, K
2 A, %R A SE AL Eh 2 985%. At higher loads the engine produces too much
exhaust gas energy for the turbine. 7ERFifi T, S IRFEHILHE T IE 2 MRS ER. A
waste gate is fitted in the exhaust manifold to the turbine so that some of the exhaust gas can be
directed to the uptake rather than passing through the turbine. FEIBAEIREEHL AR S s 2%
LZREAFFEENR, X R T L EESE A A AL L. Similarly an air waste
gate may be fitted to the air supply manifold to release excess combustion air pressure. 23Ul AT
DAFE S 23 2 R SR, B ROBE S e 125 U 77 - Turbochargers fitted to engines
have to deal with wide load ranges and they cannot be efficient at all loads. SEHIHLKI1Y & 2% 14
ARe TAET &M AT, ABRENARAER AR &0 T AR RENAE. At high loads
too much combustion air may be supplied, which can have an adverse effect on the engine. £
Sy, ArRe SR AL 2 R, B A X SE AR . The use of
exhaust gas and air waste gates enables the turbocharger(s) to provide high charge air pressures at
low powers. JiSANZS 55 @ AR B4 FH B 08 A 1 e 4 UG ) T 28 1) SRI A LER L s ok
A& 77, This improves fuel consumption, produces a reduction in thermal loadings and allows for
better response to load changes.iX i3 7 #ATH IALE, FRAR T #00qis, B2 T S fr AR AL IR 87
Engines running at variable speed may be fitted with a charge air bypass which effectively puts
some of the charge air into the exhaust gas trunk under certain operating conditions.Z%# T.f i
SEMLAT RE L S ROFE R E, SR E A LIEX G TR — S REAH RS E .
The use of the charge air bypass permits the matching of valve overlap and turbocharger for best
specific fuel oil consumption (SFOC) when the by-pass is closed and avoids the risk of
turbocharger surging at lower powers when the bypass is open. {i FH #7255 5538 o V< IR 5
BFFE I R AIUCAS, DAORIE M 558G IR, A RIS RS S5 T HFR, Bk
PEEMR 1 fE 4R . Depending on the engine design and operating conditions a charge air waste
gate, exhaust waste gate and charge air bypass may be fitted. All devices are operated
automatically by the engine's control system.j3E 55 B4R « & < 55 84 AR A 5 25 < 55 8 14K
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LESSON 10

ENGINE GOVERNOR
S LR E S

A governor maintains the engine speed at the desired value no matter how much load is
applied. AE BT A LB ANAT AR AL, R 4% AR5 DR o SR ML IO el AE — DT B 1t
achieves this by adjustment of the fuel pump racks. A DA I BRI Z2 14 26 RS2 . Any
change in load will produce a change in engine speed, which will cause the governor to initiate a
fuel change. FAREEATAR UK 277 A — AN SR L AR AL, AT 51 76 1 3k 2 T S MR 4
#, The governor is said to be speed sensing as a speed change has to take place before the
governor can react to adjust the fuel setting. 13 54 A A& TR EE IR, IR A B A0 R AR A0 1
T A R E MU [ N2 R . The simple mechanical governor employs rotating weights
which move outward as the speed increases and inward as the speed reduces; this movement,
acting through a system of linkages, can be used to regulate the fuel rack. X7 fij 5 LRI
WESRAH CE, S ER ey, REFSMED), EERAE, KEF NS XMiEE)
IR Eh s B R VE T, T LU T4 #8400 14 4% . Rather than having the rotating weights directly
move the fuel linkage, hydraulic governors employ a servo system so the rotating weights only
need to move a pilot valve in the hydraulic line. i [ 2% KM RS, ol CERFER
FREE B AR, AL CEEEEMIEEEE . This makes the governor more
responsive. Governors of this type require a speed change to take place in order that they may
initiate fuel rack adjustment. This is known as speed droop and there is a definite speed for each
load therefore the governor cannot control to a single speed. X FEiL 5 2% /s B B N R . AT
SEEI O RAI AT S5 (D YR RE X SR [ R R e S A AN AR A, IR T . A
A — M E IR, KR A AR R R — I . A modification to the governor
hydraulic system introduces a facility known as compensation which allows for further fuel
adjustment after the main adjustment has taken place due to speed droop. &E %% [ R G B
SR —MMERE, AT BT SR F R AR, RVFIE— DI
#, Compensation restores the speed to its original desired value so the engine can operate at the
same speed under all loads. Such a governor is said to be isochronous as the engine operates at a
single speed. However, the governor is still speed sensing and so is not ideal for all applications.
AL B P B SR A, XS RT DAE A SR 3 AR TR . R DS
HUESE NI ks, BrCliX i s g0\ AR R . (EJE R E AR b AT B i, Pir DAAS
FEXT T PR S A2 BAR Y
Speed Sensing Governor i B 2 N HE 88

Where the engine drives an alternator any speed change results in a change in supply
frequency. Large changes in electrical supply frequency can have an adverse effect on sensitive
electronic equipment connected to that supply. S&iHALIKEN A3 A& BEHL A (] 33 3 AR Ak oK S
B AR (A, o A AR K PR AR A o 0 3 Y BB T R — N IR
Where electrical generation is involved it is possible to monitor the electrical load and use this as a
means for actuating the governor response, rather than simply taking rotational speed as the



control signal 7 75 % f 7 (25 R 0 5 5t o) DA 328 WL AR, A AR S i A T e o 82 1) — A
FB, MR R R B AE RIS 5. Such governors are known as load sensing. It
is extremely difficult to make a mechanical governor load sensing, even with a hydraulic system,
but an electronic governor can take account of the electrical load applied to the engine and so can
be considered 'speed sensing". X Ffi i 28 FR A S BB o AU R 28 1) B 3R LR AN TR 3
Y, RS R R Ay, fE 2 o U s RE NS 25 18 R B S LK H 0 3, B AgROA
Electronic GovernorH ¥ i 5%

Electronic governors essentially comprise two parts, the digital control unit and the hydraulic
actuator, which are interlinked but it is useful to consider them separately. F, -1 35 8% 45 W6 AN A
DRIPIER HE TR R OT R R BT & B R EAH R R AL TR AR R
B o
Electronic Governor Controller B T 2245451 5%

The digital control may be considered as a 'black box' in which signals are processed to
produce a control signal which is sent to the actuator. 73§ m A & —A “ 255”7, 18

AR RSS2 B A — AN IG5 % BIPAT A - The controller may be programmed
in order to set points and parameters. The controller is a sensitive piece of electronic equipment
and should not be mounted on the engine or in areas where it will be exposed to vibration,
humidity or high temperatures. >y 7 e f il SR G 240, 7T LA Ebldegnfe . a2 —
MNMBURHE T B %, ARE ARSI B B8 THR3D, Wi s mil i X 4k . It should
be ventilated in order to keep it cool and should be shielded from high-voltage or high-current
devices which will cause electromagnetic interference. Jy 7 SRAIESE Hl 2544 H b AR FRE K, I
FERRG S5 R R E ESCK B2 E . Similar restrictions apply to the location of
signal cables. Speed signals are taken from two speed transducers, one on each side of the flexible
coupling which attaches the engine to the load. [FIFEABRSIEH T A 2B B . EEES
TR AN B AR AR R AR, 2SR AEIE BRI LAT S8 1) B SR R A 45 W5 00 . Failure of one
transducer produces a minor alarm but allows continued operation with an electronic over speed
value may be programmed into the controller in which case detection of over speed will cause the
engine to be shut off. —ANE AL AR IR =R — AN/ IR EE R VPR F IR A I 4k k18
A7 o R EHUE AT AR A SE R N, — A ZE (S St < RSS2 If the load
is provided by an electrical machine the output from that machine provides a signal for load
sharing. Should this transducer fail the load on the engine will be determined by the position of the
governor actuator output. fE4n sk i FEL AR B 2 IR Bh, AP A AR & SR MR E S Fk
GAFAC . 7 AL R R SR B 5 300 b AT S5 A L IRZS TR < The controller
can also receive signals from other transducers including the engine's air inlet pressure, which
allows the fuel to be limited when starting. After processing input signals in accordance with
programmed requirements an output signal will be sent to the governor actuator. 37 i % t fig M H:
R RS ERE T, OISR EERETT, RS R Bk R d A ) i & . 7EXT S
MNE SRR PP EORAN I 2 )5, F 5 Sk B AT 4%

Electronic Governor Actuator B TR B 28 34T 28

The actuator is a hydraulic device which moves the fuel linkage in response to a signal from
the digital controller. The operating mechanism is contained within an oil filled casing. F/17T %%/
ARG E, T CAKSDIREAT, Xk B TR S S SR SR XA AR
BT MBI 4. Oil pressure is provided by a servomotor pump driven by a shaft



connected to the engine camshaft. At the heart of the actuator is the torque motor beam, which is
balanced when the engine is operating at the desired speed i1 /& /1 B —/Ma Ik B Eh 3R 3R 4, &
S AR ST L A B R R RIS . PUT SRR AN TR SIAAT, il S L AR
AN BEBE T 5P .
a. Consider a load increase. 71 % 4 n it
The controller increases current to the torque motor which, in turn, causes the centre adjust end
of the torque motor beam to be lowered. Oil flow through the nozzle is reduced, which increases
pressure on the top of the pilot valve plunger. fzill 2% 238 A5 A M, AR5
JIHE Ty I 5 A B R A1 o 228 3o A PR VRO B ARG DT 3 WA 8 T ) i 7 i3« Thiis
moves downward, uncovering the port which allows pressure oil to the lower face of the power
piston, which in turn moves upwards, rotating the terminal shaft thereby increasing the fuel to
the engine. A1:ZE [ TR HT IO, ALK i 3 s S8 0 i, AR 2 ik gE
w ReRN, e, LR TSR B . As the terminal shaft rotates the torque
motor beam is pulled upwards by increased tension in the feedback spring, increasing the
clearance between the centers adjust and the nozzle it # & i ek, WiL IR BTk /71
B0, %R Sk AP A b, 190 A AN (K] B . Leakage past the nozzle increases,
reducing the pressure on the upper face of the pilot valve plunger and allowing the pilot valve to
move upwards. £ IR BN, PR T SR Lm0 A, Tk i b
#3). This cuts off further oil to the power piston, and movement of the fuel control linkage
ceases. Balance is restored to the torque motor beam with downward force from the feedback
spring being matched by upwards force from oil leakage from the nozzle. iX#t&xit— 5 bl
BN PG ZEMR, I H R IR S 5 k. AR SR 18] R 1) ) 5 MR 5]
AT ) ) A UC R, B S0 SIA R & P4 - The engine then operates at an increased
fuel setting which matches the new load requirement at the set speed R & S&MiHLEE TAELE—
AR G RE N B, TEROERE T 53 SR AR UL .
b. Consider a load reduction. 7 # sk /> i
A decrease in load produces a reduction in current acting on the torque motor, which tends to
turn the beam in an anti-clockwise direction about the torque motor pivot, resulting in an
increased clearance between the centre adjust and the nozzle. a2 ibAF F7E 150 Bik
RS, SR SE D)4 Bk SR BT 0 3, 3R L A 2 ]
(BB 0K . Pressure reduces on the upper face of the pilot valve plunger and the pilot valve
moves upwards, allowing the lower face of the power piston to connect with the geromotor
pump suction. 7ESFEZE Fui T E 2K, SR _EBS), 1k J5E ER NS
fa B BN W N 3% . The power piston moves downwards, rotating the terminal shaft
which reduces fuel to the engine and tension in the feedback spring.zi /735 %[0 N85, Jeks
Zeviifll, AT REARSE AL AL SR> [ 5B SE5K 7). The centre adjust end of the torque
motor beam is forced down, thereby reducing clearance between the centre adjust and the
nozzle. /34 Bk M E AL 32 1) T, PR 7 5 A i FImE s 2 [A] (1TRJBR . Leakage
past the nozzle reduces pressure on the upper face of the pilot valve increases and the pilot
valve moves upwards, shutting off the connection between the lower face of the power piston
and pump suction. The engine now operates with reduced load and reduced fuel, but at the
same original speed. £ Mg 1)t Rk /D>, E T IR B T B R D T, HESD R IR b
5y, MBI T i SR RN D HER . X RS AT PAPEAR S FHE I
LR, (HRRIE R A NERE R —



Engine Over speed TripS&ihblighEss g

An over speed trip is required to ensure the fuel supply will be removed from an engine
should its speed exceed a predetermined value. {BUNSMHLEGR R T Hide i e E, 4T
— AN AT SE T ML IR A £t 45 1l DIHT . Any over speed device requires manual resetting.
It should not be able to automatically reset after speed is reduced as the reason for over speeding
may still exist and the engine will race again. {1 #8# % B 475 BT E g . ALl
NG, —EARE B, BB R KSR AT REAEAE, Seih LA 2 S i
Over speeding results if the engine load is suddenly removed by, for example, failure of a clutch
or fracture of an alternator drive shaft. Z$8AMF Rk, fBRUN1ES& 2% 5 8mlE & B LK Sh b
2, SEMALI R S s A, A RS L . Itis unusual for over speeding to occur due
to governor failure as fuel linkages are normally arranged so that failure in any part of the
governor system results in fuel being shut off. b T~ 1fH 2% 2 30T 51 2 FE = A IE# 1, N
— B RGUEAHR 2, 4 3 80E T A B AR S AT DI . Some engines are
fitted with two independent over speed devices, an electro-pneumatic device with a tripping speed
set about 15 percent above the nominal speed and a mechanical device set to about 18 per cent
above nominal speed.— e8I 2R P MM HEESE B, — AN AR, BhiE SR EEIE
HIREM15% L, E, —MULMEE B, W R IE R HE 18%LL 1. The electro-pneumatic device,
as fitted to Wartsila engines, has spring loaded pneumatic cylinders at each fuel pump, and when
tripping occur each fuel pump rack is moved to the 'no-fuel' position. 5T 2235 75 FL45 4 G2 AL
A B R, AR IR A N I UL, Bk R A, AR AR Ak
WeksEh 3| “15i” 78 .  During normal operation the spring force keeps the operating end of the
rod clear of the pin at the end of the fuel rack, which can therefore be moved to any fuel position.
FEIEH TR, B ) R UEFS BT R A S 50 A AR 4T 2% PR A I £ T e, SRR 1A 2%
WA AR A Sh BT 3 1AL B . Should over speed occur a solenoid valve is actuated which
allows air into the cylinder to act on the piston, moving it against the spring force. — H &L
W, BB, 1A RN BRI AT 2E L, BEEhIE SR TR K T . This causes
the operating end of the piston rod to pull the pin on the end of the fuel rack fully over, shutting
off fuel completely. IXFE2s 51 I FEAT 1) TAESHAERAI T R i 4 T e i Bl —id, B8
Wit . A simple mechanical device may have a spring loaded button set into the rotating
camshaft; when the speed exceeds a certain value, centrifugal force causes the button to move
outward against the spring and actuate a system of levers which will move the fuel regulating
lever to the full-off position. Both over speed devices can be tripped manually if required.—%
AR B TR — AN SR I 1 4 B B AE e 1 R b b 2 S L e i S — 2
I, Bk R E S s, IF HARRIERIRT RS, KR RIFF R ) 2
RRALE . R B e AT AR T BBk

LESSON 11

INTELLIGENT ENGINES % gs283h#HL

Both MAN B&W Diesel and New Sulzer Diesel demonstrated ‘camshaft less' operation with



their research engines, applying electronically controlled fuel injection and exhaust valve
actuation systems. MAN B&W FINew Sulzer L&l 7 A A A AT 10 78 A S8 AL UE B 7 6
RIS ATIERE,  TC R i SR Y R T B R A v T A R AN HE RS P R .
Continuing R&D will pave the way for a future generation of highly reliable ‘intelligent engines":
those which monitor their own condition and adjust parameters for optimum performance in all
operating regimes, including fuel-optimized and emissions-optimized modes. Wi & i 72 A
Hg AR v T FEVE VR BE SIS 1, FEPTE B AT I EA AR B O A B i TR
RE, ANWTHESH I TEMR . AR IR S HEA AR . An intelligent
engine-management system will effectively close the feedback loop by built-in expert knowledge.
B RESILI R R U Y B AR A RO PR 5 e
Engine performance data will be constantly monitored and compared with defined values in
the expert system; if deviations are detected corrective action is automatically taken to restore the
situation to normal. WL RSNLPERESH, 5E X KRG E WEAT R, mER
MAMWZE, 2 BERBUEHSIER RGURES WS IEH . A further step would incorporate not
only engine optimizing functions but management responsibilities, such as maintenance planning
and spare parts control. #t—#kE, FEESLIMHIAMX GRS ML U0 D Akt (558 1 7 TH
MUERST, Leandedr ORIz HRIA &3] 5.
To meet the operational flexibility target, MAN B&W Diesel explains, it is necessary to be
able to change the timing of the fuel injection and exhaust valve systems while the engine is
running. AT ERME LR RIEE (MAN B&W SEiliWL) i) Semiblis ik i,
AL A BRI R AAHE RS IERS, To achieve this objective with cam-driven units
would involve a substantial mechanical complexity which would undermine engine reliability. 14
FRNIREN FITON T B AN H A BN E U S A, X PRSI AL AT S
To meet the reliability target it is necessary to have a system which can actively protect the
engine from damage due to overload, lack of maintenance and maladjustments. 4 T J# &2 T 5
T, DG —NRS, EReEP ISR TR AR . BT S ORIR AR U R G
¥K. A condition monitoring system must be used to evaluate the general condition of the engine,
thus maintaining its performance and keeping its operating parameters within prescribed limits.
— AR W R G L AU VAR S ML B AOIRAS, dERE e M TARTERE, (RIEIZ AT SHAEM
EVLE A . The condition monitoring and evaluation system is an on-line system with automatic
sampling of all 'normal' engine performance data, supplemented by cylinder pressure
measurements. ARAITIMFIVERE RS fe —FIELL RS, % ARG B SHHIPUITA IEH 15
BUMERES S, FIBIR AL & H e g b — 28448 . The system will report and actively
intervene when performance parameters show unsatisfactory deviations. =414 EZ %] 814 A
NHEERRE, XNREESICIRIFAILIIEE . The cylinder pressure data delivered by the
measuring system are used for various calculations:7< 5T & /354 B il & R Gu% 3% H ok & it
e
1. The mean indicated pressure is determined as a check on cylinder load distribution as
well as total engine output.F351487 & 772 I SRk 25 % T _b 1 547 43 B AT BE A S AL
OPPIE S I

2. The compression pressure is determined as an indicator of excessive leakage caused by,
for example, a burnt exhaust valve or collapsed piston rings (the former condition is
usually accompanied by an increased exhaust gas temperature in the cylinder in question).
F i 7702 — i FER MR 4R 7%, 10— NG R RO HE U Bl e R ZE M 2 5



Tttty HE R BPEIRE H A AR R T v 1 ]

3. The cylinder wall temperature is monitored as an additional of the piston ring condition.
R LB I B T DA v ZEFR R AR o

4. The firing pressure is determined for injection timing control and for control of
mechanical loads. /% /< & 7 F 73 F i 2 E 1E e AR 70907 -

5. The rate of pressure rise and rate of heat release are determined for combustion quality
evaluation as a warning in the event of 'bad fuels' and to indicate any risk of piston ring
problems in the event of high dp/dt values. /& 45 Lt Tt i FBGA R B R VPG AR &,
SPRI B 22 BRI T DRSS, A iR JTIR L, (AT CAFE /R H S ZE 30
A7 I 5 ) SRy

The cylinder condition monitoring system is intended to detect faults such as blow-by past
the piston rings, cylinder liner scuffing and abnormal combustion. YXELIRZS MIE RS KK
P — e, WE RS RELE R RIASIE# %% The detection of severe anomalies
by the integrated systems triggers a changeover to a special operating mode for the engine, the
‘engine protection mode'.— FLif i BN R 40k W™ B A IEH 4, Bk — e AR E

FIRFER IE TR, Se bl Ry 452, The control system will contain data for optimum

operation in a number of different modes, such as ‘fuel economy mode', 'emission controlled
mode', 'reversing/crash stop mode' and various engine protection modes. il &R Zi 4 1E M
RALEAEDAEEE, MSTE AR, mghma i, dhiasmisat. @14/
SR R AN SRS . The load limiter system (load diagram compliance
system) aims to prevent any overloading of the engine in conditions such as heavy weather,
fouled hull, shallow water, too heavy propeller layout or excessive shaft alternator output.
7o R 1) R L H (2 017 L S WLAE — St 00 T A AR AT S B SO A, s 95 R
MEAEYS IR S ek I W T K T B il FEUPL ) HE g K. This function will appear as a
natural part of future governor specifications.iX £4 3y K 75 72 K A2 A SRS BT A AR 15 1

— B

The fuel injection system is operated without a conventional camshaft, using high pressure
hydraulic oil from an engine-driven pump as a power source and an electronically controlled
servo system to drive the injection pump plunger. BRI S R GEAS AL S A T OKSD, M)
S S S0 B 0 Vs i U i R SRAE BT RGE AR, — TR A
kARSI R A ZE. The INFI (intelligent fuel injection) system and the INVA
(intelligent valve actuation) system for operating the exhaust valves, when operated in the
electronic mode, receive the electronic signals to the control units. 448y HLIE 17 7E i 74
3, R RRIH IR 2R G AN ER AR HE SR 0 BE IR S T RGNS R BTG HAE S In the
event of failure of the electronic control system the engine is controlled by a mechanical input
supplied by a diminutive camshaft giving full redundancy. fi1 5 B8 72 il & 4 26 5%, SeihALiE
Tk FH B /ISR o R Al L A SR

Unlike a conventional, cam-driven pump the INFI pump has a variable stroke and will
only pressurize the amount of fuel to be injected at the relevant load. A% S8 5 4h K 5h
HIBRIHIBES 2R, R BRI BE S 3R — ARG e, FEARSLI ST R 40 T AR IR AT
. In the electronic mode (that is, operating without a camshaft) the system can perform as a
single injection system as well as a pre-injection system with a high degree of freedom to
modulate the process in terms of injection rate, timing, duration, pressure, single/double
injection, cam profile and so on. 7EHLFHIUN (Wt R EA A HIIRE)D , Wi Rk

LI [s8]: A HEXITE?

H#EE [9]: From?




WU R LA, R —MBET RS, ERE ARSI WU IER . B RRSI )
W T BRI RS R A T DA B E B A2 . Several optimized injection
patterns can be stored in the computer and chosen by the control system in order to operate the
engine with optimum injection characteristics at several loads: from dead slow to overload as
well as for starting, astern running and crash stop. —Y64 4k I8 75 AU S AEAE THELHL
B, E—EHRTEH T, AT B REEEEER T, AL LR R R SR R
TAE, HEI A RoE B g, AR5 BIZEARIRE L. Changeover from one to another
of the stored injection characteristics is affected from one injection to the next. 4% M A 7E M)
— R A P A D S — PRI B, BT AN AR 2 SR TR — AN R4 . The system
is able to adjust the injection amount and injection timing for each cylinder individually in order
to achieve the same load (mean indicated pressure) and the same firing pressure in all cylinders;
or, in protection mode, to reduce the load and on a given single cylinder if the need arises. &4t
A S A — AN LR S ) AT v LRI, ORE RS SE LA —/MRLIA 2R [R] 1) Sde (o
BHRARETD AAHEIR KIE Sy, ERYEIRES, R —ANLHEERE, 77 R
ZAL L
The exhaust valve system (INVA) is driven on the same principles as the fuel injection system,
exploiting the same high pressure hydraulic oil supply and a similar facility for mechanical
redundancy. < 1 2 S (B4 S HE S RIS S FR T — A, [RIRE F e He v T R AR AR e %
fENHUIA . The need for controlling exhaust valve operation is basically limited to timing
the opening and closing of the valve. $5#iHE< IR B3 1F 5 B2 B4 S BRI IERS, The control
system is thus simpler than that for fuel injection. X LHES 1R 142 1) 28 45 BRI 58 5 2R G ff o
Cylinder lubrication is controllable from the condition evaluation system so that the
lubricating oil amount can be adjusted to match the engine load. VZHLIEE &8 n LUBDIRZAVE
RG], v A E T DURYE Sei bl fr i %8 . Dosage is increased in line with load
changes and if the need is indicated by the cylinder condition monitoring system (in the event of
liner scuffing and ring blow-by, for example). Such systems are already available for existing
engines. i i A5 FH 77 B O 30 5 ST A7 ey XS — B, B R A AR HRDIR S
W1 R G HHEAR R
The turbocharging system control will incorporate control of the scavenge air pressure if a
turbocharger with variable turbine nozzle geometry is used, and control of bypass valves, turbo
compound system valves and turbocharger cut-off valves if such valves are incorporated in the
system. J¥CHE H R G ROFE A S SR ST B Cn SR E 1 4 F AR e e B A5 1)
LA 55 30 W] R FE VR A 2R G IR 42 Hh T Y s R 5 I s ) (A SR R G 2 1 X ) o
Valves for any selective catalytic reduction (SCR) exhaust gas cleaning system installed will also
be controlled. 45 Zedke T ATAT L B PEMALIE T HE AL B R S, T2 52 45 1 1 A0 5 B4 1
Operating modes may be selected from the bridge control system or by the system's own
control system. #AEREIUAT LB B K KRG IERE, o] LLANLFZIEH RGERE. The
former case applies to the fuel economy modes and the emission-controlled modes (some of which
may incorporate the use of an SCR system). Hi—#{EHL T, £ 2H RIAMN 4 G AT HE B
Pl (AR S LR £ 45) The optimum reversing/crash stop modes are
selected by the system itself when the bridge control system requests the engine to carry out the
corresponding operation. 4% 3 & 45 il KRG RPATHIB AR, REAR G SIEPBEITEIRA
{51k M4k i 30. Engine protection mode, in contrast, will be selected by the condition
monitoring and evaluation system independently of actual operating modes (when this is not




considered to threaten ship safety). 5 —J5 i, AMEH T LR EF A FPIRE 1 RGP R
Giox PSR CHIXPIG A 2 fE SRR 22 2 IR

The fruit of MAN B&W Diesel's and Sulzer's R&D is now available commercially, their
respective electronically-controlled ME and RT- flex engines being offered alongside the
conventional models and increasingly specified for a wide range of tonnage. IL7E, MAN B&WH!
SulzerfJJF R FL R B2 TFAG LA, EA1& B HTHEH IIMENIRT- flexL AL FI{L GiaL
it ey S S I 5 S U E A SR e L (VA T
Research and development by Mitsubishi, the third force in low speed engines, has successfully
sought weight reduction and enhanced compactness while retaining the performance and
reliability demanded by the market. {EESSHHLINEE =07 HE—=2F WP ACE KNI K
T4 5 B SR L AR AR 0 5 2 e ( [R) F 4k 2 OR3F R AT I MR AW 529 The Japanese
designer's current UEC-LS type engines yield a specific power output of around three times that of
the original UE series of the mid-1950s. H 4[5 iH& ILTE BETT K UEC-LS BYSSimALAT =4
T RZECRL 2 ER 20 el 50 AR UE RAISLMALI=1%. The specific engine
weight has been reduced by around 30 per cent over that period and the engine length in relation
to power output has been shortened by one-third. Mitsubishi strengthened its long relationship as a
Sulzer licensee in 2002 by forging a joint venture with the Wartsila Corporation to develop a new
500 mm bore design to be offered in two versions: a 'mechanical' RTA50C and an ‘electronic’
RT-flex 50C. SEIHHLAK LG B L 48 LU ARSI K20 TN [ 30%, 5 Dheki ARG K BE O & T B
T =4y 22—« T Sulzer PR #7E 2002 475 Wartsila A ] -6 & JE B 1) 500mm FLAE
SEmAL, XFESEMHLA PRI R — R RTAS0C, — il BL7 30/ RT-flex 50C,
LA =35 0 NG T KL &

LESSON 12

Gas-Diesel And 2 Dual-Fuel Engines
SE—SE AR R L

Growing opportunities for dual-fuel and gas-diesel engines in land and marine power markets
have stimulated designs from leading medium speed and low speed engine builders. X XUk}
MRS R ShHLR UL, ZERGH AN RS JI RT3 b, AW BBl <i#0sh 1 ot S22
HHE A R LR & 7 . Development is driven by the increasing availability of gaseous
fuels, the much lower level of noxious exhaust emissions associated with such fuels, reduced
maintenance and longer intervals between overhauls for power plant. i Fi <A AR} AN B 14 o
BB T EAIRIRIE, FREARHA SR, B4 g2/ 3F H3h 715 B R
Rk,

Valuable breakthroughs in mainstream markets have been made since 2000 with the
specification of LNG-burning engines for propelling a small Norwegian double-ended ferry,
offshore supply vessels and a 75 000 cube LNG carrier. £ it B, A M2 HI 5wk R
M20004F 8k ATFAE, 5B RBEIR AL R AR B R SR KHESD /N L R Rl o 2 (R B
AR AN 7S 0003 77 IRITRAL AR«

Natural gas is well established as a major contributor to the world's energy needs. KRS 20
TSP W YR T SR — AN EE 5wk 75 1t is derived from the raw gas from onshore
and offshore fields as the dry, light fraction and mainly comprises methane and some ethane.’t /&
K B T IR X R, TR, BRI R R A e L Ak It s

H3E [s10]: i, fEiT

it




available directly at the gas field itself, in pipeline systems, condensed into liquid as LNG or
compressed as CNG.'& W] DU R S M X34 S H, 7R R Gt B8 Bl OB E Rk
ROV R0 R RIR S

Operation on natural gas results in very low emissions thanks to the clean-burning properties
of the fuel and its low content of pollutants. %§ KIA S FH & S EEEFARIHRY, BTk
T IR M DL R S 075944 Methane, the main constituent, is the most efficient
hydrocarbon fuel in terms of energy content per amount of carbon; operation on natural gas
accordingly reduces emissions of another key pollutant--carbon dioxide--by over 20 per cent
compared with operation on diesel fuel. 7E#Ek LL 7T, 32 2 (10 4 B 2 FR Gt A2 50T R S
AR s A8 FH R ARS8 I (R A 5 A/ — o = 5 Qe ) B — — S e — S 8 FH S
FHEE 25 %1% 20%. Natural gas has very good combustion characteristics in an engine and, because
it is lighter than air and has a high ignition temperature, is also a very safe fuel. KR STERFIHL
AR RIFHORGERE, BOVE R RBIFE — R JGEEE, RN —FeE e e 2
B

Wartsila's dual-fuel (DF) four-stroke engines can be run in either gas mode or liquid-fuelled
diesel mode. FLE322 XUORIIU 2 R BHL AT DATE AR B MU ARSI AR R TAE. In
gas mode the engines work according to the lean-burn Otto principle, with a lean premixed air-gas
mixture in the combustion chamber.(Lean burn means the mixture of air and gas in the cylinder
has more air than is needed for complete combustion, reducing peak temperatures). £ A4
NR BRI ARG B AR, b B M BURIR & B R — RIS
Y. ORHERPeRIR I Tk se e, FRREmbeiil e, UL R 2 SRR TIRIR ST
FRUTENESEE L. Less NOx is produced and efficiency increases during leaner
combustion because of the higher compression ratio and optimized injection timing. A lean
mixture is also necessary to avoid knocking (self-ignition). ZE ik be it fE b, B T8 A L 45 L
A ISR T I, A A IR 7= A B B /b, R vy o VR 5 )t 7 S A i C H ARRD

The gas is fed into the cylinder in the air inlet channel during the intake stroke. 7EHS4TFE
I FEA . RARA I A AL BB .« Instead of a spark plug for ignition--normally used in
lean-burn gas engines--the lean air-gas mixture is ignited by a small amount of diesel fuel injected
into the combustion chamber. fEIEFAFHL T, FRERALEI KRR TR BIHUEH KIEZE Sk, 2
SR A3 SRR IR B W) 8 W e AR 25 A /B8 (1 53 ST BA RS - This high energy
source ensures reliable and powerful ignition of the mixture, which is needed when running with a
high specific cylinder output and lean air-gas mixture. X7 A& R IR AL IR &S A w T 525
HARII R, X TR SR R R IR B W 18] 1 & BUAEL R B 6 25T o
To secure low NOx emissions it is essential that the amount of injected diesel fuel is very small.
The Wartsila_DF engines therefore use a 'micro-pilot' injection, with less than 1 percent diesel fuel
injected at nominal load, to achieve NOx emissions approximately one-tenth those of a standard
diesel engine. 4y T SFAF R A B SAACIHER, WU IS LU D B K FU8 = DR K
IR PR B, SR T AR Sl B IR B N RS 1%, IR RY
o> 2 — IR BN

When the DF engine is running in gas mode with a pre-mixed air-gas mixture the combustion
must be closely controlled to prevent knocking and misfiring. 24DFA! &MLl F T 26 16 & 102
B —RIRAIBE WA ST TARRE,  AZ50RS 25 4% R B 1m0 R R K 6. The only
reliable way to effect this, says Wartsila, is to use fully electronic control of both the pilot fuel
injection and the gas admission on every cylinder head. FL4% %A= U, N T RBLX—/, HE




—ANAEE T R R AR R AL S A R A2 T I MR R TS S AR AR SN . The
global air-fuel ratio is controlled by a waste gate valve, which allows some of the exhaust gases to
bypass the turbine of the turbocharger. This ensures that the ratio is of the correct value
independent of changing ambient conditions, such as the temperature. 5 ) 43—} b i i
— AR, VLRI IR Y R 2R R LS5 I8 o SRR ARATE LR — AN HER 8
B, PRI T HE &A1, Lz

The quantity and timing of the injected pilot fuel are adjusted individually together with the
cylinder-specific and global air-fuel ratio to keep every cylinder at the correct operating point and
within the operating window between the knock and misfire limits. 5| BABRHIEE AN G I 5
IR, 5 ARG 2 SR A ORAIE A UL A3 0 A A I B TR
RO K I ) TAEIX [H] 2 18] . This is the key factor for securing reliable operation in gas mode,
automatically tuning the engine according to varying conditions, Wartsila explains. FL45 % fiE #
B, ROEE SN SEE T R B R R, AR RSO0 S R S AL .

In diesel mode the engine works according to the normal diesel concept using a traditional jerk
pump fuel injection system: diesel fuel is injected at high pressure into the combustion chamber
just before the top dead centre. ZESEHIBIEC T, AR £ ISR A1, SRIMHLEH —MESIY
e s R T B G S R MR il B S R e AR SRl bk ST S R AR R . Gas
admission is de-activated but the pilot fuel remains activated to ensure reliable pilot ignition when
the engine is transferred to gas operation. 4 & L5 28 B S AAE I ATHE, BN MS AR ER
TR, B SRR RENE PRI RE R IR R AT SER) 5144 .

The gas pressure in the engine is less than 4 bars at full load, making a single-wall pipe design
acceptable if the engine room is arranged with proper ventilation and gas detectors. IIHLAEAT
BA SR ERF A IES, AN SR e g MRT4E, Bl DAl {E
— /M Z R AR, The gas valve on every cylinder head is a simple and robust,
electronically-controlled solenoid valve, promising high reliability with long maintenance
intervals &ALk b B2 AT BRI IR BT, — AN B 742 U R R A, T DA OR ARG
YEAE IR P AT S

The pilot fuel system is a common rail system with one engine-mounted high pressure pump
supplying the pilot fuel to every injection valve at a constant pressure of 900 bars. Due to the high
pressure a double-walled supply system is used with leak fuel detection and alarms.5| Bk R 4t
SEfE— AN EIEILR G LA — AL, XA B2 s 52 P00 e 52 &y fit
SRR BRI . TR 0, AN XU R R R A T AR kg R
4. The injection valve is of twin-needle design, with the pilot fuel needle electronically
controlled by the engine control system. /i 5 & & XUt iR 5 1, 18 it SE LB 1) R GExt 51 IR IR
RO ET R HEAT P38 1t is important that the injection system can reliably handle the small
amount of pilot fuel with minimum cycle-to-cycle variation. The main needle design is a
conventional system in which mechanically-controlled pumps control the injection. [ ¥ 5 B [ &
W RS RE NS 7L SRR PRI AL T, T SEBAb 3D B SRR . £ R AT IRE 1 e —
AHRI R GE, A5 RGE N U R B 2 A A B BT

Other main components and systems are similar to designs well proven over a decade on
Wartsila standard diesel engines, further underwriting high reliability of the dual-fuel engines. &
R EEFAN RS S N TO5 22 208 T2 BT SR UE B SR ALAE AL, MTTE— 2 ORAIE
SURELR BB AT 5EHE o
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Exhaust Emissions And Control JESHERRIEE
il

Marine engine designers in recent years have had to address the challenge of tightening
controls on noxious exhaust gas emissions imposed by regional, national and international
authorities responding to concern over atmospheric pollution.ift £54F fit FH SE ML 31 & A 1EA
B PRG0S0 TR AT B R PR B, X Ee s i S XL [ SN AL LA
BT LIRS G T h R s K

Exhaust gas emissions from marine diesel engines largely comprise nitrogen, oxygen, carbon
dioxide and water vapor, with smaller quantities of carbon monoxide, oxides of sulphur and
nitrogen, partially reacted and non-combusted hydrocarbons and particulate material i 4741
IR SIS AR EE AR A ZE8RAKES, SRR, RELIE
ALY, 0 SRR AT RS B AL & M AN RTRL A 5 -

Nitrogen oxides (NOXx)--generated thermally from nitrogen and oxygen at high combustion
temperatures in the cylinder--are of special concern since they are believed to be carcinogenic and
contribute to photochemical smog formation over cities and acid rain (and hence excess
acidification of the soil). Z A& B ARG IR AU AT AE RN, BT w
MBI AEEEYE . 2B 26 A% RUE AR (L3t BERRAG ), PTEL
W57 (1) 97 - Internal combustion engines primarily generate nitrogen oxide but less than 10 per
cent of that oxidizes to nitrogen dioxide the moment it escapes as exhaust gas. Py iK1 3= B 5= 4 —
AR, (G 2R SR 25 AR R A 21109 1 — S B AL — S A

Sulphur oxides (SOx)--produced by oxidation of the sulphur in the fuel--have an unpleasant
odor, irritate the mucus membrane and are a major source of acid rain (reacting with water to form
sulphurous acid). i) HR I T ROBR VTR, A HE T A0SV, JRUSBRT IR I 2 R W ) 2
BORYE (57K N R ) Acid deposition is a trans-boundary pollution problem: once emitted,
SOx can be carried over hundreds of miles in the atmosphere before being deposited in lakes and
streams, reducing their alkalinity. i DT & — AN EEHIR TS e il @, — B4 )5, sy
AL S LA T, SR TR R, PR EA B .

Sulphur deposition can also lead to increased sulphate levels in soils, fostering the formation
of insoluble aluminum phosphates which can cause a phosphorous deficiency. VTR S8+
WS B, R T AR I, X R S B IR R ER SR B =
Groundwater acidification has been observed in many areas of Europe; this can lead to corrosion
of drinking water supply systems and health hazards due to dissolved metals in those systems. 7t
RRIN 7R 22 X e R I R /K IR, S BUR KR R R 1, i T& R S ME RS
B i A% . Forest soils can also become contaminated with higher than normal levels
of toxic metals, and historic buildings and monuments damaged. 5 2 4 J& I & & 1E % /K,
AR L Sl e o ) S @ SN IS AR 2 BUBIR

Hydrocarbons (HC)--created by the incomplete combustion of fuel and lube oil, and the
evaporation of fuel--have an unpleasant odor, are partially carcinogenic, smog forming and irritate
the mucus membrane (emissions, however, are typically low for modern diesel engines. )/ i 13l
TEIH BN 58 A BRE LSRRI 2R AR R S AL &1, e M SRR #R - BUmE, BRI



%, FIEERINE CIARSHALEHE AR

Carbon monoxide (CO)--resulting from incomplete combustion due to a local shortage of air
and the dissociation of carbon dioxide--is highly toxic but only in high concentrations. )5 &/
TG A T8 BRI SRR 3 R 2 A — SRR, WR PR I — E T i
L

Particulate matter (PM) is a complex mixture of inorganic and organic compounds resulting
from incomplete combustion, partly unburned lube oil, thermal splitting of HC from the fuel and
lube oil, ash in the fuel and lube oil, sulphates and water. ki 5 A58 2RI TEH AL &4
A HALE YIRS, Fo b G453 43 AR PR BE BT T I, AU AN I Tl B A S P 2,
PRI AN R K 4y, BREREEFI/K . More than half of the total particulate mass is soot
(inorganic carbonaceous particles), whose visible evidence is smoke. Fi%f —F DL _E 0K

CENUBRBRD , BENSH ILAIUEYE 2. Soot particles (unburned elemental carbon) are not
themselves toxic but they can cause the build-up of aqueous hydrocarbons, and some of them are
believed to be carcinogens. KRk (RIRFEMITR) A GIAFNE, (R ENTREE I MKENE
KIRREM &Y, X% /P EUEN: . Particulates constitute no more than around 0.003 per
cent of the engine exhaust gases. U A7 2H & K 20 SR ik 283 AL 190.003%

Noxious emissions amount to 0.25-0.4 percent by volume of the exhaust gas, depending on
the amount of sulphur in the fuel and its lower heat value, and the engine type, speed and
efficiency. A REHERU 1 &2 S HF R 190.25-0.4%, T ZEHL T A S . A
RHVE, B LEMBLAISER, g Rk, Some idea of the actual pollutants generated is
provided by MAN B&W Diesel, which cites an 18 V 48/60 medium speed engine in
NOx-optimized form running at full load on a typical heavy fuel oil with 4 per cent sulphur
content. MAN B&W SEMIHL) #2407 SEFRschris Qe =&, Hdikii T —518 Vv 48/60%!
A AL B AT B POl S AL, A AR S B R A% i F . A total of
approximately 460 kg of harmful compounds are emitted per hour out of around 136 tones of
exhaust gas mass per hour. /N HEBUIZITA60 kg I EWEY, K136 tHIE <. Of the
0.35 per cent of the exhaust gas formed by pollutants, NOx contributes 0.17 per cent, sulphur
dioxide 0.15 per cent, hydrocarbons 0.02 percent, carbon monoxide 0.007 per cent and soot/ash
0.003 per cent. &< 110.35% i35 e i 0 AR, BRI H80.17%, 0BT Y 5 M0.15%,
AL SR 50.02%, —EALBRAIE90.007%, HEZK/HK 73 1) 90.003%.

Carbon dioxide: some 6 per cent of the exhaust gas emissions from this engine are carbon
dioxide. Although not itself toxic, carbon dioxide contributes to the greenhouse effect (global
warming) and hence to changes in the Earth's atmosphere. XFHLAL S HER 6% 5 —E 4k
B, RECEARGERAH 2AFMEER AR SRIEE RN (AR , iR fEmsk
KAHHILLS]. The gas is an inevitable product of combustion of all fossil fuels, but emissions
from diesel engines--thanks to their thermal efficiency--are the lowest of all heat engines. —4ft
T A R AN W] T S A BE ), (B2 TSR &, BT BLE B HER) 2 B L
IR, A lower fuel consumption translates to reduced carbon dioxide emissions since the
amount produced is directly proportional to the volume of fuel used, and therefore to the engine or
plant efficiency. IR AL AL 22 AR — B ALBRIIHREC, R D9r™ A2 — UL B (¥ B2 IE bL TS #6
PR, e bLE S B R As a rough guide, burning one tone of diesel fuel produces
approximately three tones of carbon dioxide.—ANFELIE R1F5 5 72 LA, Rbe— I R AT FE ARk H st
SR =R AR

International concern over the atmospheric effect of carbon dioxide has stimulated measures



and plans to curb the growth of such emissions, and the marine industry must be prepared for
future legislation. [H Fr_F ¢ T — LB KA RE M ¥ DG C & MURh HH — L8 77 VA R R A il
TEABRHERI R, AR T UK R IR ST T T

The scope for improvement by raising the already high efficiency level of modern diesel
engines is limited and other routes have to be pursued: operating the engines at a fuel-saving
service point; using marine diesel oil or gas oil instead of low sulphur heavy fuel oil; adopting
diesel-electric propulsion (the engines can be run continuously at the highest efficiency); or
exploiting a diesel combined cycle incorporating a steam turbine. The steam-injected diesel engine
is also promising. 3 = 2% C AR = ARSI LI 25 B2 A BRI, RS RFEETE, W
DAZE il 50 s AT 5L, DA St s S AR IR IR S il R S - v o et

BB A B RE S ), SR SR ZR IR R MR B 130 o 28708 S (R A28 2
FEARA KRR -

Compared with land-based power installations, fuel burned by much of shipping has a very
high sulphur content (up to 4.5 per cent and more) and contributes significantly to the overall
amount of global sulphur oxide emissions at sea and in port areas. 5t Fzh f125 B LLE, K
ZHOARNN A JEH m RSB (Fik4.5%, HERE) , A A O X0 AR
SRR E R S T AN, Studies on sulphur pollution showed that in 1990 SOx
emissions from ships contributed around 4 per cent to the total in Europe. Hii5 %47 1 KW 7T 2
7%, BN 19Q0LE AR AHHE BB AL MK 2115 B HERU4%,  In 2001 such emissions represented
around 12 per cent of the total and could rise to as high as 18 per cent by 2010.20014F#AHHEL
KL EHTRI12%, FI20104FAE4 T F18%.

SOx emissions in diesel engine exhaust gas--which mostly comprise sulphur dioxide with a
small amount of sulphur trioxide--are a function of the amount of sulphur in the fuel and cannot be
controlled by the combustion process. SEiHIHLEZ < H B A A 1 E ot — AL AR AN — /N0
S ZEACR ARG, SRR PR S B R, A tiE I A b L R E L B If the fuel
contains 3 per cent sulphur, for example, the volume of SOx generated is around 64 kg per ton of
fuel burned; if fuel with 1 per cent sulphur content is used SOx emissions amount to around 21 kg
per ton of fuel burned. 2545, G BRI A5 4 3% IR, A4 MRS LI (R R T K 20 2 7= 4264
ATTBREMN, WRIRI P SE 1%, BRIl R A2 = A2 204 T IR AL ).

Chemical and washing/scrubbing desulphurization processes can remove SOx from the
exhaust gases but are complex, bulky and expensive for shipboard applications, and increase
overall maintenance costs.ft. % 7 VA BR/K ez 1 B ik 2 BB 48 MHES R R 5B Ay, (HE %
B A WRUER, W TR BRI R U A S B, e ngEd fRFE S . The most
economical and simplest approach is thus to burn bunkers with a low sulphur content. (If a
selective catalytic reduction system is installed to achieve the lowest NOx emission levels--see
section below--then low sulphur fuels are dictated anyway to avoid premature fouling of the
system's catalyst package.) 52 5 5 {81 B (1 5 P R ST R AR I R . (ISR 2223 T fifhie
JRRGER AR R AN, WF — 34T, S0 A ARBRR I SR IE G 28 S0 ) A8 s 4
BTG . )

A global heavy fuel oil sulphur content cap of 4.5 percent and a 1.5 per cent fuel sulphur limit
in certain designated Sulphur Emissions Control Areas (SECAS)--such as the Baltic Sea, North
Sea and English Channel is sought by the International Maritime Organization (IMO) to reduce
SOx pollution at sea and in port. 43K 5 i I & & 5 = /2 4.5%, 748 7€ AR HE O 428 ) X 4k
W, SRS EIREN15% , LCHnR P . LA Ak, E bR 288 Sl



M RENRE, £l LA ORI A5 4. The European Union strategy for
controlling air pollution calls for all ships in EU ports to burn fuel with a maximum sulphur
content of 0.2 per cent, which would force unit-fuel ships to carry low sulphur fuel specifically for
this purpose. KR B 42 il 2% /T3 G A MK & SR Jfr A 2E K L 11 RO AR IR 08 AR 35 B B AR K
H0.2%, 3T SEBLIXANH I, R s B SR A F R A .

Exhaust gas recirculation ESBEAEH

Exhaust gas recirculation (EGR) is a method of modifying the inlet air to reduce NOx
emissions, an approach widely used in automotive applications. J% /< FEFF 4 A & — Fhif 5 3k
ORI EEM TN T, X PP EEIRE L2 A . Some of the exhaust gas is
cooled and cleaned before recirculation to the scavenge air side. —%&%< Ff EHEAF M
B AT A HFE 4k . Its effect on NOx formation is partly due to a reduction of the oxygen
concentration in the combustion zone, and partly due to the content of water and carbon dioxide in
the exhaust gas. ‘& X BB LRI, —F 02 BATERRIR X N S SRR T, —
B A RN HES & KA 4 4LBK . The higher molar heat capacities of water and carbon
dioxide lower the peak combustion temperature which, in turn, curbs the formation of NOx.7K#1
AR AR R A BE SR B AR T AT TRLE (AR, ] 1 SR BT S

EGR is a very efficient method of reducing NOx emissions (by 50-60 per cent) without
affecting the power output of the engine but is considered more practical for engines burning
cleaner bunkers such as low sulphur and low ash fuels, alcohol and gas. &S FIEIAH AL FFK
REENHTET T — PR E A I, I HAR ML DI o X T BBl s iR
R AR ARK 23 ORI, RS AR AR S 4, IX M 724 545 3. Engines operating on high
sulphur fuel might invite corrosion of turbochargers, intercoolers and scavenging pipes. S AL#A
e E R SRR . RS A R .

Wartsila acknowledges that EGR leads to reductions in NOx emissions but suggests its
practical application is limited by the fact that it quite soon starts to adversely affect combustion,
leading to increased fuel consumption, particulates, unburned hydrocarbons and carbon monoxide.
WartsilaZd 7] # AR S FHES B AAEAF AN IHRIEAR T, (B S e M br S 2 5
TSRS R, R B AE RSN, SR beIE A RIS, 22 3 ORI AE
TR« R IRSE IR S S A0 — AL BRI S 3% 0. A worse drawback is that, even with
an insignificant sulphur content in the fuel, cooling down of the exhaust gas results in a sticky
liquid of sulphur acid products, water and soot matter. This makes it difficult to maintain the
functionality of the cooling device and, above all, results in a difficult residual product, says
Wartsila, which abandoned EGR for diesel engine applications.— > S ¥R R s 2%, RIS 2 A3
FILFACER, SRR TRE, Wt miiR . KHME A 5T 4 ARG
o SRR AN K T TR B FAR A IR AR A DI RE R AR A T, Wartsilazy
AT T T A B TR, AT ISR AR SR A R BRI R

For low speed engines, especially those with electronically-controlled exhaust valve timing,
Wartsila suggests that the Water Cooled Rest Gas technique offers an opportunity for NOx
reduction. X TRIESEMML, JOHZ M A A HE R IE R R 58l Wartsila 23] dE i fE
FIRESMAKABAR, ZEAREME T —MEEEEWIPLL . In this concept some of the
exhaust gas is left in the cylinder, which in normal circumstances leads to increased thermal
loading and inferior combustion. 7EX/MEEH, —SHAERGEHAMESAEEEWIBRT, &
SEHSATIRE N, kAR % . These drawbacks are largely avoided, however, if the rest gas
is cooled by an internal spray of water. #R1f, 15X Le 42 ()< AT I Y 3BT KA1, AB40X



Suh st 1R KFERE B % . As the surrounding combustion space components are rather hot,
there will be no condensation of acid products on the metal surfaces. H T~/ 5 & [ ) 3 1tk 3 2
A, WA BERIA R W5 T k.
Fuel nozzles BRiBEEE

Different fuel nozzle types and designs have a significant impact on NOx formation, and the
intensity of the fuel injection also has an influence. A~ [&] FI AT 3 I 714 = R e X S AL T
PR LI, BRI 10 5 B A A S

The increased mean effective pressure ratings of modern engines require increased flow areas
throughout the fuel valve which, in turn, leads to increased [sac volumes in the fuel nozzle itself
and a higher risk of after-dripping. FUARLEMML T4 20K S ZE G010, 75 E9R I 1 J70 18
AR N, ARt 5T BRI T VB A 18] B RS 0, SXRE AL S5 G R 7 XU - Consequently,
more fuel from the sac volume may enter the combustion chamber and contribute to the emission
of smoke and unburned hydrocarbons as well as to increased deposits in the combustion chamber.
BRI, 58 22 BRI T B M ARE TR IRIBE N BRI =5 N, S BEHEAT AR BB B S &4, R
RS [ AR 0 17 . The relatively large sac volume in a standard design fuel nozzle thus
has a negative influence on the formation of soot particles and hydrocarbons. bk 3 114 i 5
TIA) i ¥ 2 TR R K 25 K 2 4ot ARORE R B A 420 4 T B 7L T (1 52

The so-called 'mini-sac’ fuel valve introduced by MAN B&W Diesel incorporates a
conventional conical spindle seat as well as a slide inside the fuel nozzle. MAN B&WHEFITiE /M i
Y07 T )P ey e S FH B SR A Tl e B, [RIREE MR IR Y &3 3. The mini-sac leaves the
flow conditions in the vicinity of the nozzle holes similar to the flow conditions in the
conventional fuel nozzle. /JMif ¥R 7% (B 73 W5 Tk £ L BT W R TR0 B0 2% 1R 5 A G R el s A 01
But it’s much reduced sac volume--only about 15 per cent that of the conventional fuel valve--has
demonstrated a positive influence on the cleanliness of the combustion chamber and exhaust gas
outlet ducts. {2 BE—PRERIIMER 230 CRADUZAL SR B RII15%) CA RS EMEE
SFEAHES H D RIS 5 T AU BRI . Such valves also reduce the formation of NOx
during combustion. i #%: (155 5 [t FEAIS T #hbeid 72 rh B S A I AR i

A new type of fuel valve--essentially eliminating the sac volume--was subsequently
developed and introduced by MAN B&W Diesel as standard to its larger low speed engines. H
MAN B&W A ) 2 JE RIS FH 37 AP I i S 1) 5 4=V Bk 1 v = 1), HLAE 9 R ARG ML Y
—Mr#E. The main advantages of this slide-type fuel valve are reduced emissions of NOx, CO,
smoke and unburned hydrocarbons as well as significantly fewer deposits inside the engine. 153}
PRI P 2 R AL R RIS T BB . — B AR BT L A I RIHEEG Sl
S T EE Yt B 5 /b . A positive effect on the cylinder condition in general is reported. t24 #
T BAE VRSB 0 77 T A BB A s

LESSON 14

SEPARATOR DEVELOPMENT
TrLEIR &

The main aim of centrifugal separators is to remove fuel contaminants--notably water,
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catalyst fines, abrasive grit and sodium from sea water--that can cause excessive wear when
burned in the engine. 5.0 U MIHLIK 22 H 5220 7 BrBasiah B0 4 m— o S K 4y, gL
R A, BLECK B TRV RO — 272 S8 WL R beI, 22512l FZE#i. Continuing
development pursues even higher separation efficiencies to maximize engine protection, and more
efficient discharge systems that reduce overall discharge volumes; decrease the amount of water
used and hence cut the amount of material collected in the sludge tank. AW ) & i 38 3R 58 = 10 2>
IR, NI AT DAZE SRR AL ORI RS, DL SN RO HEBOR G vT ARG SR R
PRA AR B 7K B T DAY SR AR AR VAR Y B R LR

When partial discharge type separators replaced total discharge designs the actual oil
consumed at each discharge fell dramatically. In the partial discharge process, however, larger
volumes of water are needed for displacing the oil interface and for the operating system. 2484y
He AR E A HE B R BT, 3 CHE R S Bkl oK K A o (HAE 3 43
B AR, R S B AR R AT EREM K. This quantity of water is a major
contributor to the overall sludge volume as it too must be processed.iX £&7K & 4= #8 & 28 1 3=
EEERE, BOVENIETFHEEW A,  Alfa Laval's Separation Unit exploits a new discharge
process called CentriShoot, which combines several design improvements to help reduce the
sludge consumption volumes associated with separators: by at least 30 percent and up to 50
percent compared with previous models.Fa[i% 4 18] 43 25 5. 70 R FH — P B HE e A2 425 0
o7, ST AT BUER T B AR AN S AT A G B R AR S AN FIDART R CA B, &
b3E30%, HAEEFH|50%.

First, the bowl volume and therefore its contents are much lower than equivalent separators,
which means that at each discharge the contents discharged will be significantly less. & %G, S5#H
[ TAUAR L, 23 B 18 MR ARAN S 1 & TR D, WAt Bt R HRA I th i 5 s B 3 U
/Ix, Secondly, the frequency of discharge has been extended by around four times compared with
partial discharging separators. ik, S5¥HEBENRI M MAAEEL, HRE R D4 E K EIR
2141 . A new design of discharge slide replaces the traditional sliding bowl bottom; the new
component is a form of flexible plate that is secured at the centre, the slide outer edge flexing
approximately 1-2 mm at each discharge to allow the sludge to be evacuated through the sludge
ports. — M BT HRA I BB T AL ST SR AL BT SRR R, e A OAL,
FERFUCHEAN, 1 IR B SNAZR R R A 1-2522K, 3l HEA D L HR

Installed as standard in the Separation Unit is a REMIND software package which allows the
operator to install the program discs on a laptop computer. Connected to the control cabinet, the
system can then review and store the alarm history and processing parameters in the computer.
The data can be used later to check processing conditions for trouble shooting. 7E4) & #.0 R AE
FRE LA — AMCIZER AL, P DA AR e — MBI U s b e R R 7 4 . g
BB, S5 RGRE L RN P [ B AF A D S ARk B AR S A X e LU S RE
R T A A B R AT 2 T

Westfalia Separator's C-generation family of separators exploits Hydrostop and Softstream
systems. 3 JH AL S A B 5 3 AR E CAR 43 vl LR P 9 4 4 1k DR &R St . Hydrostop
features special discharge ports and a separator bowl architecture allowing more efficient sludge

ejections at full operating speed; this, in turn, extends desludging intervals and reduces
maintenance costs. Vit LERF s SR I RFRR I HEA 073 B A 454, T DAZE 42 3B I LAk
JEE N S R s 3XRE S ) S AR AR o 8 £ ) K (K 442 9% .« Softstream allows
liquids to enter the bowl in a 'super calm' state, thus improving separator efficiency, increasing



flow rates and reducing component wear. #7 S VFRAR LL—Fh “ B IRASEENB > EE N,
BRI AL e i iy, SRS I IF B B PR  Typically, says Westfalia, a C-generation
separator will reduce sludge volumes by up to 50 per cent during fuel and lube oil purification.
The separators can also be specified with Unitrol, a self-thinking system for automatically
handling fuel and lube oils of varying quality and density in an unmanned engineroom. =% %
WA E L, CARTM ML AR 8 7 A E X R A AL KRR, S IR AIR509%6 i A 2
o ZrmAL e € F ¥ Unitrol 248, — A BE RGAHRETANAC T, BabHEAFE T
BN B BRI AT I o

Refinements introduced by Mitsubishi Kakoki Kaisha (MKK) in recent years have sought
improved overall performance and capacity, easier operation and reduced maintenance from the
Japanese designer's SelFjector Future (SJ-F) series of separators. More compact and lighter units
have also been targeted. 51t )L, MH AR THISI-FRA M MALCKEE, MKKA R 51341
e R B s S AR B, I A DRI Hyd b ke . SR M R i 3 E
JEIE SR H bz

MKK's Hidens system is offered for treating oils with densities of up to 1.01 g/cm3 at 15<C,
the installation comprising the separator, an automatic control panel, water detector, water
detector controller and discharge detector. FIMKK [{JHidens & 4; A] AL HE£E 15 TH % JE TA 3

1,01 glem’fpiite, BBt AnmbL, ESEIERL, KA RIAS, KSR A A

MES2H . The water content of the oil is continuously monitored and when a pre-set maximum
level is reached a total discharge function is automatically actuated. i fi 7K 40 3 35 45 s
I H I8 B &8 W s E R, — AN A HERRE P B 377 75 - Among the options that can be
specified is a sludge discharge control system that automatically sets the most suitable discharge
interval based on feedback from an oil inlet sensor continually measuring sludge concentration in
the dirty oil; differences in bunker quality can also be detected at the first stage. A% Zhfit 5 B
VEIR S HER AR ) R e, AR EE AL R B S, PR B8 i B il IO HEA AT, A% 1%
% 7T DLAS W 10 000 23 ety e Y R B v BT R ) 2 S BB AR AR — P BRI ok . A
monitoring and diagnostic system can supervise the operating conditions of up to six separators
simultaneously. — AN ¥ 4 F1i2 Wi R 58 RE 4% [F] I Mo B 208 754 L AR 1B

A homogenizer may be installed to support the separators and filters of a fuel treatment
system. )5 &% 19225 0] DU BRI AL EE R G - TR JERR PR HESZRE . The shearing action
breaks down particles in the fuel oil to sub-micron sizes and finely distributes any water present as
small droplets. By F xR I rh O RSORLAR 5% 31 S SOR RS AL ATART K 43 S /N K 43 A o
A considerable reduction in sludge amounts and improved combustion are claimed. Some
homogenizer systems are designed to produce a stable fuel/water emulsion with water amounts up
to 50 per cent and higher, contributing to a reduction of NOx emissions in the exhaust gas.jH ¥ &
RE AR BB R HaESE . — Sy Fas RGP RRE S ™ AL MmOk, &
IKEILF|50%, HAEES, SHEHRPREMDBOHECRE.

There is some disagreement, however, over the positioning of a homogenizer in the fuel
treatment system (before or after the separator). {H27ERAIMALIE RS H, W TR S A B
H—RHEE N (Pl /e 2 f5) . Alfa Laval argues that installing such a unit prior to
the separator reduces the ability of the treatment system to remove those particles that can cause
damage to the fuel injection system and the main engine, and should therefore be avoided.fiiZHz
FANITE ST LT 222 IR — A 3% B S WA b 3 R G IR B JODRL K 8 7 5 SR SR v st



RGN NG AR, DRI b 2 4 o

The role of filtration systems has been strengthened by higher fuel injection pressures and the
wider use of common rail fuel systems. i3 22 Gt 1 F7E 1 e RO BR i 569 16 A3 o &
G2 Al A A5 358 . Solids remaining after previous treatment stages are removed from
the fuel circuit by manual cleaning in a simplex filter or by an automatic backflushing filter. ¢ i
ALBR B B R A B I A AR [ rh Bl R e, I B — B A 0 Tl v B B B R P R
#%. Common rail fuel systems call for stricter filtration regimes, typically dictating 5-micron
filtration to protect injection components from extensive wear. JLHUSATIN 5 48 75 5 0 4% i
SR, AR e STWOK 1T JEAS 2, MU S OR3P IS5 7044 DABE S ik B2 B 45 Such fine filter
elements either translate to a shorter lifetime or larger filter sizes, and this must be compensated
by centrifugal separator equipment which is not dimensioned at the maximum flow rate to reach
its best possible solid removal performance. 4L/ I T B AL SLAE I B A dE, A
G PE RS2 R, XA ZUE I B 0o 73 B WA AT M o AN EEAE R RUH T % 58 073 B
FAT BT, HERA TR BERIE BB AR ) [ A R B Be .

LESSON 15
OPERATION

COMMISSIONING &%

When an engine is to be run for the first time in the ship or after an extensive overhaul, it is
first of all essential to make sure that the various services providing sea water, fresh water, fuel,
compressed air and lubricating oil have been checked for cleanliness, satisfactory operation and
freedom from leaks. 45Nl E IAEMY FIZITEE R RIBZ G, R EE N2 IRIESE MRk
% RAE R AR RK . R R R, BT B, WA TR In the case
of lubricating oil, it is prudent to circulate this system for 24 hours or longer with warm oil and
with gauzes fitted in the joints of pipes, and with fittings to trap any dirt that may be within the
system' TR A B, ROREE TN, A HOE R AL R L R L R G AT

REAETERINEYS, ARG FRTETE IS AT T R G124/ Mif B3 S8 KB 8] . Hammering the pipes
from time to time whilst the circulation is being carried out is also beneficial in dislodging dirt of
many kinds that would otherwise stay trapped in the system until released by vibration of the
engine when starting to run. 4 RGATIEIFMRHE, A HLEGT REME R, KGR THZ
R R, BNME, IS SUBTE RGP, E RGNS s AT M RHES fe e
fI14R3N T K. The first run of the engine in the ship is the time when it is most vulnerable to
damage by various kinds of foreign matter carried in by the lubricating oil 7EAR 4] is 1T /& 48
AL S5 BT I dih P A5 T B0 25 1SR BT RS A%

Preparing to Start the Engine for the First Time S&WMHLAIR)E shHIHES

Make sure that the control hand wheel or lever on the engine is in the "stop” position.ffji\ 42
P B T4 sk FARAL7E “ 452 1E " A1 # . Open the outlet valve on the fuel daily service tank and
open any valves on the engine necessary to permit the light diesel fuel to circulate. 777k H H
MR T, FTOFSEML LR E IR, 2 R VFRSEMATIE3 . Vent each element of the
light fuel filter and ensure that the system is free from air.45 %2 i E RS A BICIR, RIER



GHEAT.

With all the pipes to the fuel pumps open. T BT IEAMRIME I E # . Proceed to prime
each pump, injection pipe and injector. HE— B4R —ANGE . BFE MBI 2, Any vent
screws on the injectors should be unscrewed. Bt #% € ZEHS N Z T H, The fuel pump
rack should be pushed to the full position and the pump plunger operated with priming levers or
equipment provided until air-free fuel issues from the leak-off Pipe. BA T ki 4% 5 124 F11555 %1 A
B, HE3ERA s sh i SR Em R E, HEARNEE SR, MR BOHE R K.
Tighten the vent screw and again operate the pump until it is felt to go hard, thus indicating that
fuel has reached the nozzle. FSJR e %, M —RERAEMR B BRGEE, Xt i
CA AR T .

The linkage between the governor and the fuel pumps should be checked for freedom of
movement; any tendency for it to be stiff or sticky in operation should be rectified and the whole
system lubricated before any attempt is made to start the engine. i\ Vi 25 FIRR 22 2 8] A 3E
FRES) E 1, 0 _EAEATAS ROE BORS A TR #R A%, §1 5 B E) Syl B 2 e B
ZAYEN . Particular attention should be paid to the fuel racks to see that they are free. M iZ%4F
FEEBRM %, BERATESIEH. Each rack in turn should be pushed to the maximum fuel
position and then released. 4 — R i 2% &8 N AZHE R i KM ALAR G A TF. The spring in the
linkage should promptly return the rack to the "no fuel" position. Any rack that is not free should
be removed, cleaned and lubricated. ZE 4+ 54 335 RAZRGHUIG R 26 RS AL B, ARATIES)
AN E IS RIRLZYT T ERE. Bl

Check that the lubricating oil tank is filled to the correct level. & 25 i AR K3 A7 4L T 1IE#
f.# . The motor-driven lubricating oil priming pump should then be started and, when oil is seen
to be circulating, the engine should be turned manually through two revolutions to make sure that
nothing is fouling. 4R f& R3] BN HLAKAN R M AL, il EZEG PR (5, S8k
HURL i F-ZhEwilel, BiiRs REH.

The appropriate valves in the sea water and fresh water circulating system can then be opened.
SRIE ST TR K R KB 3R RGP a& 24 (111 . If separately driven water pumps are used
these should be started and a check made to see that circulation through the engine is taking place
correctly. WiIBME MR MK, MAXLKERZES), AR K Em
LEMALIEER . Any auxiliary systems such as exhaust valve or reject water-cooling systems should
then be started up and their operation checked: {T-aT4# B & 4t Lk WnHE< R BT KA H RGLR 1%
#E), BATER{ERLA, If there is a load limit on the governor for starting, this should be set at the
appropriate position. 1R H AT SN FT G PRI, B Z TR H] TS Sl AL E . The trip
gear for over speed should be in the correct reset position,_ Having ensured that the starting air
receiver is fully charged the stop valve admitting air to the engine can be opened. 8 3# Bk iil ML
Rt REAZ BB B E , PIEJE 302 ORI 2SR, RVFE RIS B SR R % AT
Fro
STARTING #&3h

The starting and maneuvering of engines is accomplished by the operation of either a hand
wheel, or a lever, or a combination of levers according to the make of engine. 4&JMHLATIEEEHFIHL
SRR AL M ER N TF RO BTN, B 2 B ARSI A P R & TR 58K . The first
movement of the band wheel or lever should be to ensure that the sense of rotation is that which is
desired. FEEEE FAMBIR BN E RLZARAIE R 5 75 10) 52 7717 — 2. The next movement
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of the hand wheel or lever is to a position that is marked "start”. F350E FHIPI T — a2
BEbRi] “HFUE” BIALE. In this position compressed air is admitted to the starting air system
and the engine will commence to rotate and then gather speed. 7£iX /M & & 4525 ST UGN
PEERGE, SLMPITIRTER: I IR E . When the speed is sufficiently high for the
engine to fire, the lever or hand wheel should be moved to the "run" position at which compressed
air will be shut off and fuel admitted to the cylinders. 4% 5% 2 % = R S L& K BIRHE, FHR
BT SLZAER] BT WAL, XTI RS, Ml IEAIREL. When the engine is
running on fuel the speed control' lever or wheel may be operated to bring the engine up to the
desired running speed. 24 S8 L AR R BRI IZ FE I, W] DLBRAE 42 ) FAR B FFe 0 Se ih HLES R 2
T BB

Stopping is accomplished by moving the hand wheel or lever to the position marked "stop”.
FRETFIHER] “418” A7 B irT LLSCH 1k, This movement cuts off the fuel supply and,
usually, automatically resets the mechanism which operates the starting air admission. XA~zh{E
VIWr T RAMAE R, 3 B3 E R AL, sevriah 2SSk . With some designs it is
necessary to move the \bhnd wheel or lever to "stop" by a route which avoids the "start" position:
the maker's instructions on this should always be followed carefully /£ —26 ¥ i+, b EZ—
EMBEHH T RETRE “Fik” ALE, KPR “&s)” MALE, KRk d Rz
FFAmE T KR U
FIRST RUN Bz

The first run should be limited to a low speed and low load, preferably no load if the engine can
be declutched from the propeller. ¥ ¥z % ROZIRFITEMCEL R IRFAT, R SRR 518
eI BEIT (g, BT 7 Aqig# . The run should continue for only three to five minutes
after which the engine should be shut down and all external surfaces checked for over-heating.#x
U S ESHEAT3RI5 o, L JE SRR IZ A TR, A TE SN RIE R B A . Ifthereis
no sign of overheating externally, the crankcase inspection doors should be removed and a check
made on internal bearings and running gear to ensure that all temperatures are normal. 1§4k3%
TR G R, ROZAT I M AEAS B [T, A0 SRR A LA B O B AT TR BE 2 1R
H. However, if there is evidence of over- heating from the external inspection the engine
should be stopped immediately but no doors should be removed until at least fifteen minutes after
the engine has stopped: this is to avoid the possibility of a crankcase explosion. ] &, WIHAME
AR, WAL RS b, 22 DB L5580 LUS A W] DL IFET T, X
el AR A R YER T AE . An abnormal hot spot inside the engine causes lubricating oil  to
vaporize and if a door is removed admitting air an explosive mixture can result. 27 HL P4 i #
e SBUEEMZAR, WRITHE [ TINTS, shr OB BRI EE IR &S .

If any bearing shows signs of over-heating it should be dismantled and the cause found. %1 /%

AR BRI A, BOAZHR A AR 3 T A IR A

If the engine is found to be in order after inspection it may be restarted and run for a little longer.

IR A A LSl — VI R GF, W DAEEHTRE SIS HAZ 47 WK — riif (8] During this
run it is prudent to check the action of the low lubricating oil trip mechanism and the over
speed shutdown. 7EIX— Iz AT HAT]/NCoRer 2 I Vi Yo KR e 6 I/ ATLAG AR 845 ZEMLA4 . The low
lubricating oil trip mechanism can be checked by stopping the engine and noting the oil pressure
at which the trip mechanism operates. JE¥E JH& R Bk T DU (28 m AL AT AL 2, 7Bk R
WK B B i 0 S 7. This  should be adjusted, if necessary, to give the correct
pressure. WIHLLEL)IE, W LATAEZAIME R IEHI K JI{E. The tripmust  be re-set
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before restarting the engine. G Z)SEMHL 2 7Tk LI RLZ EF 1€ . To check the over
speed trip, the engine should be run up to its full speed and then by carefully forcing the fuel pump
control racks to give more fuel the speed increased to approximately 115 percent; the over speed
mechanism should then operate. >y J K 2B ORY, SEIMALNIZIN B 458, SR)E /N0 HES])
PRI RIS 4 4, 45 S BENTE 22 kil A s 2K 4 1 115%, X AR AL
MIRLiZEN{E . Immediately the mechanism operates release the fuel control rods. = |, 241K
TRA R HIAT . When both mechanisms have been checked the trips should be reset and the
engine restarted. 24 B MHUAIER 2 56 5, AN B RO B AL, EFEE SIS L. The stop valve
on the air receiver may now be closed and the motor-driven lubricating oil priming pump shut
down. BILYE AJ BASC B 25 S b 148 1k 16 R0 FR L3R 30 R VR Vil 22 When the engine s
warmed through, after running for about half an hour, the lubricating oil pressure should be noted
and compared with the test results for the same engine speed. iZ4T /NG, 24 58mL 7 2 HGE
I, R0 I i 75 A0 [F) A T 2t SR AEXT LG o If the load limit on the governor is
adjustable it can now be 6moved to the full load position. 47 5% 138 28 fry 4 B a1l 2 W 64, R
] DA B 4 S e

On a new engine, or one that is having its first run after an overhaul. —& ¥r5&mpL, B —
B KB SFVIUEB LS PL. It is necessary to check that on steady full load the readings of
maximumcylinder pressure and exhaust temperature are in reasonable agreement with the test
figures. 7 0 BLYE R e 4 57 fuf AR 2 55 TR B HE 0 R L 1) s 25 PR X 50 5 L A 5
4#. The engine should be brought up to load gradually on sea trials so that full load can be
obtained at full revolutions. 7E¥# FSZUGET, SSULRLZZWINEL, BT ATE AR EFE i) Reasik
Bl 4= fifif. Checks on  maximum cylinder pressure and exhaust temperature are made mainly to

see that the engine is balanced between cylinders and any discrepancy should be rectified
by adjustment to the timing or rack setting of the fuel pumps. &7 fit KV LIS Al i HE SR
FE, FEE— T RS G (B A R 535, QAT 22 5 (10 175 1% R B 1E Iy SRR A (¥ 47
FBERATIBE .

When the engine has been balanced during the first run it should then only be necessary to note
the exhaust temperature [ever watch there-after, and to take maximum pressures about once a
month. 15 35 — RIS AT SRR S ML & L ST 105, A8 AN 5 EAE LA A (B DR R 2 SR HE R
B, A s L

If it is possible to do so it is recommended that before stopping the engine the load is gradually
reduced to cover a period of about 20 minutes. WIS ] BEMEI IS, B IKIE 8L
B U BT BRA, X AN FE R Z955:4:205 44 . If the engine has been running on heavy fuel,
changes to light fuel before stopping. RS2 MALABE B, (FHLZ AT 248z .  When the
fuel is cut off the motor-driven lubricating oil priming pump should be started up and run for
fifteen to twenty minutes in order to allow the pistons to cool slowly and evenly. 4411 5,
W ALIR SN 1)1 i AR R BN R, kB 1521204 PIE IS SR . FSI AT, The
circulating water pumps, if separately driven, should be run for a similar time to avoid hot spots in
the cylinder heads, valve cages and injectors, etc.fif ¥ 7K J2 U &AL RSN Y, RZIE 4748 R
AP IE), 8RR IRELEG . IRIAE NI A 55 BT

If the engine is to be shut down for a fairly long period it is prudent to close all fuel valves and
cocks on the fuel supply systems. 21 S 28 ATLAS L AH 24K i — BRI, RE1Ze/h 0o 32 P A AT
(R IR s

H#EH [s14]: Every??




AFTER AN OVERHAUL Kt&)5

Before running the engine for the first time after an overhaul carry out checks. K1&J5 &Ik
BTSN BT RZREAT R, These should include the pipe systems, if any of them have been
disturbed. Pay particular attention to the cleanliness of the lubricating oil system. {1 52 # 53 1)
i, WMMIZEOREERS. RIZFRINEREE RFENEE.

The engine should be primed, started, run for three or four minutes and then shut down and
examined. S iZ 45 LM LEER I /K, REHEE =224 5S4, HHTIRE. Ifeverything
is satisfactory the engine should be restarted and the speed and load gradually increased. 4154
T NIRE, ROZFHXRESISML, ZWE MR 645 . If major components such as
piston rings and liners have been renewed during the overhaul, the speed and load should be
advanced in small steps, taking about six hours or more to reach the full speed full load condition.
U5 A B L & FEFR AN G AE KAt B KA, 8RN A A% MR BERR T, RIAE RN
JINR B T K I (R IA B 4T3 4 ST ) T 0. Ass this condition is approached, adjustments must
be made to the fuel injection pumps in order that the loads may be shared equally amongst all the
cylinders. A X Fh TOLIE, S AZ R BRI Mt 5 42 4 24T A0 B4~ 35020 P

LESSON 16
Alternating Current Generator

\ N,
AR AL

Over the last 20 years, the use of direct current (D.C) generators has declined in favor of
alternating current (A.C.) generators, almost to the exclusion of D.C systems. The voltage of
systems has changed from 110 V D.C. and 220 V D.C. to voltages in the range of 380V to 440 V
A.C. and even to voltages as high as 3300 V A.C.7Eid 22 1204 8], By A& LRSI #E T B ifi
WA R AR, JUFHELE T B RS . RS HEN110 V D.CFI220 V D.CH L3380 V
A.C.E440 V AC.HIVEREZ N, HERiLFI3300V AC..
The adoption of A.C. generators has resulted in a general reduction in the size of copper required
in machines, switchgear, and cables, giving savings in weight, size and cost of equipment. A2 &
RALFER M C4 S BUENLAS, TR E MR EARR AT B, A E R, R
A& FT481R% . In addition, maintenance costs are reduced by the elimination of commutators,
and squirrel cage motors can be used with simplified control systems. The development of
rectifiers of the silicon and germanium type enables D.C. supplies to be made available for
excitation systems and at other points in the distribution network as required. 3 4114 7] 25 4%
PRl 1 ki, I H R E B LnT DA A ) 2 i3 ) R 4t Rkl sRE I 2R X R R TT
CAFE il 28 48 v ANAE 3 IC I 246 v 75 ZE A 3 s BV k45
SELECTION OF ALTERNATORSZZ & HablL I B

In view of the now almost universal use of A.C. generators for shipboard electrical supply
requirements, the following description refers only to this class of machine. Outstanding
considerations in choice, of machine are: ¥ H RITEM b7 V2 A% FHAS I Ak FELRE &2 L 4t
HINESR, TR K TX — BB LSRR LUF 2 % WS

a) Reliability and freedom from breakdown; A %E 3 H.A~ 52 Wi B3 fR 1 5

b) Ability to meet the load requirements; HE %3 & 7130 H0E K ;

¢) Minimum fire risks. 5 AI#E K fE -



Modern alternators of the brushless type are designed to meet all these requirements. BTG
Fil 3R % LI Vit AE s AL T AT iR 285k . Removal of the brushes and commutators reduces
the maintenance required and eliminates sparking, a potential cause of fires or explosions. Hll Al
) 35 IR R PEAR T 78 AR E T B2 W B JOR BUBVETSFE K K AEJR A . Sets having static
excitation do, of course, require slip ring brushes, but in this case sparking hazards are minimal as
the slip rings do not require performing the switching duty present with commutators.244%, %%
B B I RERA S T B I R, (B AE IS L K TE R UG 2 e /N, AT AN T 3L
JBAT Hie 15 5 B 4 DT o

Electrical load sheets listing the various loads on board ship are usually made available to the
set supplier. 7797 #3851 HH (0 M5B 25 b B B8 [ 52 A Bt L i & SR UL I 5 2 FH 1 These
give details of the number, rating and starting conditions of various motors with diversity factors
under working conditions at sea (entering or leaving harbor, harbor working ship, or idle ship),
enabling alternators to be designed to meet the specific load and voltage requirements. iX 3%
S5 T ARSI R R A B R, SRR SIS, BiEE B SR TR (S
BES B, MEAEME SO ECE N B AT AZ iR FBAL AT BRI AL R 58 1 SR HY
The use of flame retardant materials for insulation, together with correct specifications of
materials to meet the temperature rise of the generators with relevant ambient air conditions;
combine to give minimum fire risks. 5~ 1E % (¥ 8 [l 25 SR EER UL, T LS 10 BELIA BT RL RS
BHIURE B IE B F AT LA AR R LR T I BER s 2 B 25 6 nT ARSI OR A K o B fes s o
CONSTRUCTIONZ:

Alternators used for auxiliary supplies are usually of the rotating field, silent pole type,
having screen protection and an end shield bearing. FH 14 Bh {1 B (A S R HEALOE &5 A2 Jie 4 i
Yy, EERIRES, A BRI A — N um T AR 7K . With two bearing machines, where a
flexible coupling is interposed between the engine and alternator, a thrust bearing is fitted to take
part or most of the thrust when the ship pitches. Xt XUlZANLAS K, B — otk B as 22
TESE ML ZZ SR AN IA], A ARANEEEI , O 4 (4 ) il 2R T LU 5230 4 Bl K 40 ot
71. The stator windings are normally arranged to give a 3-phase output connected in star or Y
formation with the common point of the three windings brought out as a neutral into the terminal
box. & TG4 IEH A0 B R B R VR TR = AR =A%, =SSR It mT Rk
BRLEAE
Stator Core and Frame & T2kt M52k

The core is built up from laminations of low loss silicon steel, each lamination coated with
varnish or other insulant to reduce eddy current losses. ki~ FARIGFERIRESN F Smimi &, &
EIRAA R EREE e AL E LR FRIRITHI L . The laminations have slots stamped out to
take the stator windings and to enable a firm fixture to be made to the stator frame. & = 45 7 /&
B RS R B2 T8 TG I — N A B ke 38 1Ak
The laminations are pressed between end flanges during assembly to a pressure which ensures a
tight core and then locked when under pressure by, say, spot welding or wedges. /£ 41 2% it 2 7 &
BN THE 22 2 [ 4 B B — 58 He 77, PRIEZCES R, SRIETEIXANE )T A AU B8t
SE o
The stator frame carries the core and windings and is fitted with terminal connection boxes and
feet for mounting on the underbed. i€ 75 1A F SR ST # Bk AN Se2H Ff- B WA 4 2 & A0 SR [ g
O JHE P L A



Rotor Shaft and Field Poles’ T3 %%

The shaft is manufactured as a carbon steel forging proportioned so that bending and torsional
stresses are kept within safe limits. The half coupling for bolting to the flywheel is usually forged
as an integral part of the shaft.f& s 5l KK B LGB S il e, SRR PT LAAL A gl FIFHFE 877 f7
FRE T2 . A0S AR MR 10 T8 — R IDCH 250 5 i R B il — Bk

After forging, the shaft is rough machined and finally heat treated ready for final machining.
WG )G, HARBME N, a7 A B A 0 SR o (R 2R )

The field poles, built of thin steel laminations to reduce losses and shaped to minimize
harmonics in the voltage wave form, are either bolted or keyed to a spider which is shrunk and
keyed to the rotor shaft. i B AN Fr 2E M T R 45 I ELAR a2 v e 3k (R AR T T
K, SR RS = AL b, T = A L SR A B A
EXCITATION SYSTEMS[IH: R4t

There are two basic Forms of excitation associated with alternators--rotating and static. 227t
R T TR AR 10 il T X e el i A 5 28 Tl

The rotating exciter armature is usually mounted on a hollow shaft extension of the main
generator rotor, with the poles stationary on the frame. Jie %% il FERK 8 & 2235 7E 32 R LS 1
2z A AL, T FEAb T B ER IR R . The A.C. current generated in the exciter
armature is rectified by solid state rectifiers mounted on the armature and the resultant D.C. output
Fed through conductors in the hollow shaft to the main alternator field. 7 5 f AKX o 7= 2E 2SI
FLAE 22 B 7E FIAX I B A AR R AR A B 2845 B B LU P 0 o il LR i L 28 3 28 0
s,

Static excitation systems attain the same objective by diverting part of the alternator output
via rectifiers and brushes on to slip rings on the alternator rotor shaft. & 25 il R 4t o] L3RG A0
[E 0 H w38 1 A2 U At — 00 22 o 4B U 5 R e R 2 380 58 I R LI i L PRV A

Both systems normally rely on residual magnetism on the alternator producing a small voltage
at the terminals when the set is rotating. This voltage is applied to the field system after
rectification causing rapid build up of output voltage to its normal level. 2425 & e 5, B RS0
FEIE 1 LT RO T S R FE ML R ARl A 283 7 AR — AN L - AR B R, XA
HL AT DASE A Bk R gertn, R Al it ol P PR RS2 31— AN IR K

A variation which overcomes this reliance on residual magnetism employs a permanent
magnet generator which supplies the excitation currenty 7 25038 % o 4% B3z I, T LR 7k
IR R FB LA 4 T PR U
VOLTAGE REGULATORS H3 i ¥7 5%

In addition to the excitation system, all machines require a device to maintain the output
voltage of tile machine in a suitable condition at the required level. [ T i R g2 4h, Fifii
HL s 75 2 — A e g SR 4 L% B0 it re R 4 R EORZE — AN S PR T . This can be
achieved automatically by adjusting the level of excitation applied to the alternator field and
devices for this function are generally categorized under the generic term automatic voltage
regulators. Usually, a facility for manual control of voltage level also exists. 7] LB H 51 %
S FH IR i A 0 S G 7K T A SE B, AT S AN D A0 B0 %8 4 1R B 3 R X Al
RiFdIr3E. W WAL DT EH L ERE.

Various systems have been adopted by manufacturers and no two schemes are necessarily
alike. & FF 1) R Gea il i 7 SR O HLsE It 2 0 SRAH LK. The main differences
are in the methods used to give necessary voltage trimming to allow corrections to be applied for



load conditions, variations in Power Factor, and differences between hot and cold resistances of
the generator and field systems. These corrections are needed in order to maintain the voltage
within the required limits. 3= 2 (1) [X 5l 2 it FH (0 755 AN ], 306 5 i 2 HH 0 22 1) P S 42 DA
FVEX BT, THRE R, CAACR LI SRR R G2 R — 2 E .
TXLER E 2 T Y4 S 7R 0 E IRV LA

An automatic voltage regulator is normally used, in addition to emergency hand control, to
control the excitation applied to the field of the rotating exciter, a typical example being that of
GEC type FV65 thyristor regulator.f: 7 B & Fahzh], IEHHEL F— B3 BER TS FE
FH A il Joe e SR 8 W R o, — A BUBY ¥ 491) 1 2 GEC NPV 651 3 (A T VAL 8 ) 1 i

In this unit, the excitation power is obtained from the alternator output using two separate
sources operating in parallel, the principal source being a thyristor and silicon rectifier giving
half-wave rectification. fE1X M & ., B D22 0 SR AL 3RS 10, SRIBE
ST AR IR LA, ER R SRR B AR S, NI W] DAREAT 8. The
output is dependent on the period of time in each half cycle for which the thyristor conducts and is
fed to the exciter field. iy H K T AMEFFIRFEERS ), KR A0 el AL 2> AR T B 1t
[B il HiRE3% - In addition, to ensure that the excitation is maintained under short circuit conditions,
it is usual to incorporate current transformers in the generator output. This current transformer
output is rectified and also fed to the exciter field.’3 75, N T FRAIELE R ECIRES N 4eRERbigE, 8%
FE R ML A BRI AZ IR e s o IXANAZ AT AR s s )4 HH AR R VL S B IR R 3

The excitation power taken from the generator is through thyristor. The output depends on the
time for each half cycle. This point is controlled via the blocking oscillator and the amplifier g E
TR HAL Il H Y S e S R A R o i RO T R B AN EA TR LM A 1), X —
R B IRV BV A RO B A T H 1H1
When the generator voltage falls due to a sudden application of load, the amplifier output to the
blocking oscillator causes it to advance the firing angle of the thyristor, thus providing more
excitation. 24 & UL H1 T~ 51 2 1K) SOME F 1M 5 B30 R BRI, T8OR35 31 TR B 35 25 10 i 2
PRAE E FE AT SRR B A0, DRl AR 5E 2 R R o

LESSON 17

Electric Propulsion HiJj#Eilt

Electrical installations are present in any ship, from powering of communication
and navigation equipment, alarm and monitoring system, running of motors for
pumps, fans or winches, to high power installation for electric propulsion. ZEATAR[
AR E#A R R, EATNE NG BT IEMIRE RIBUE Ry, TK3)
v B ERGGEHLIHNL, LARCA R JHERER R D 2 i A i e

The concept of electric propulsion is not new, the idea originated more than 100
years ago. B Sy HEREAS & — AN E S, X AMEEZYET 100 4LART.  After the rather
experimental applications of battery driven electric propulsion at the end of the 19«
century took place in Russia and Germany, the first generation electric propulsion was
taken into use in the 1920’s as a result of the strong competence of reducing transatlantic

crossing times for passenger liners. £ 19 th 07,k | il g [ 57 ] Hhu it 050 £ Hi. 4
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B2 5, BB EEAE 20 2R 20 ERBALH, B RAMAWEES, &
&7 BB FEREIE KU PE RIS ). At that time, the high propulsion power demand
could only be achieved by turbo-electric machinery. 7EIRR, wfEdtsh J1H0 7K R
mES R LR SZE . “S/S Normandie” was one of the most renowned. “S/S Normandie”
R4 i 4 1. Steam turbine generators provided electric power that was used to
drive the 29MW synchronous electrical motors on each of the four screw shafts. Z&/5iA
R R FHLER AL B LB IR IR S DU MR e 2 b A 29 MW IR FEEIHL. The
rotational speed was given by the electrical frequency of the generators. %3} f38 & /&
R L LAZE 1k 5E # . The generators would normally run one propulsion motor each,
but there were also possibility for feeding two propulsion motors from each generator for
cruising at lower speeds. 4 £ & LIS B XA — G HESE AL, FEAREIKATRI RS i%, 1
Bl GEIREN P & HEZE AL With the introduction of high efficient and economically
favorable diesel engines in the middle of the 20~ century, steam turbine technology and
electric propulsion more or less disappeared from merchant marine vessels until the
1980°s. Bfi# 20 e it ke, &3 B2Vl Sl sIN, AR EoAR R
L ZJHEREAE 20 S2Fr 80 APAREZ B AT BV 2R T

The development of variable speed electric drives, first by the AC/DC rectifier
(Silicon Controlled Rectifier — SCR) in the 1970’s and the AC/AC converters in the early
1980°s enabled the power plant based electric propulsion system, which is typical for the
second generation electric propulsion. ZZ3# H /JIREN IR JE, B 562 20 T4 70 4F4X
TR E RS (TSRS BURR, HTF ORI 20 tH4D 80 AEARASIER 1K &,
R A TR T RO RGN R E, R R R 5 T ACH SR . A fixed
voltage and frequency power plant consisting of a number of generator-sets feeding to the
same network was supplying the propulsion as well as the hotel and auxiliary power. —
A 5 H E AR 1) R F ol — e ] — W R (PR R FU LR A, A HERE R G
4t L) IS .45 B TR AN B3 71 ¥4 it Ha . The propulsion control was done by speed
control of the fixed pitch propellers (FPP). i3k 22 5 )42 il J& 38 ik of o BE 5 1 e il 4%
#lk e L. These solutions were firstly used in special vessels like survey ships and
icebreakers, but also in cruise vessels.iX L6 vk 77 5 ¥ 56 £ — LERE R 1, donll S
FIRE VK AEIE A I8 PEMTL . “S/S Queen Elizabeth II” was converted to electric propulsion in
the mid 1980’s, and later followed the Fantasy and Princess class cruise vessels, several
DP vessels, and shuttle tankers. “S/S Queen Elizabeth I1”*57F 20 22 80 fERFE ¥ A HL
JIHERE, JEoR Fantasy Al Princess ZGi8EML. JUANBhZSE CLATAIAEIR 4L thER A o
R S HEREMT . Notice that in direct driven diesel propulsion the thrust is normally
controlled by a hydraulic system varying the propeller pitch angle. This is denoted as
controllable pitch propellers (CPP). B f5iF & I & 1 S8y il B B2 IR s Bl 25 B
JE I R AR AR e AR R A SRAE I HEE 77, XY iR R

Podded propulsion was introduced in early 1990’s where the electric motor is
installed directly on the fixed pitch propeller shaft in a submerged, rotateable pod. mfig
HHERE RAAE 20 AT 90 FANW L IATIAMH, EXFMELL T bl 225 A ek
K. BEEE I R A, B4 A E . While this concept was originally developed to
enhance the performance of icebreakers, it was early found to have additional benefits on
hydrodynamic efficiency and maneuverability. X148 A< e 2 FH SR 3R sl ok A
e Re, EAAVREAZBUE R KRR PSP J7 A 23 4k . After the fist
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application in a cruise liner, “M/S Elation”, the advantages were so convincing that

podded propulsion almost over night became a standard on new cruise liners #J /X 7E“M/S

Elation” S8 FEM LA S, XA IHIIE s b i NE I, MRt — Rz

1F1) 2% e 38 A R oA

With the possibility to control electrical motors with variable speed in a large power
range with compact, reliable and cost-competitive solutions, the use of electrical
propulsion has emerged in new application areas during the 80’s and 90’s. IXFf Lk /5
Fo AERDZAACI v LLASHE | i shbl, JF HA MR g, TAEarfEm BAE R I7H
WHEATESIE, £ 80-90 fEAX, HHERE TN SUR B I H K. Electric
propulsion with gas turbine or diesel engine driven power generation is used in hundreds
of ships of various types and in a large variety of configurations. FJF#A < i % Bl S i
HRALI FE g R g L R HIAE B AR RIS RO AA L, (EHERE R eI 2
2 #¥£ . Installed electric propulsion power in merchant marine vessels was in 2002 in the
range of 6-7 GW (Gigawatt), in addition to a substantial installation in both submarine
and surface war ship applications. 7t 2002 4 H JJ#EdE 3l /) R G FFUR %5 AE 6-7 GW (1)
P HEAT S BRibZ Ah, TERSRERI K MLAE Bt R 22 e (i H .

At present, electric propulsion is applied mainly in following type of ships: Cruise
vessels, ferries, DP drilling vessels, thruster assisted moored floating production facilities,
shuttle tankers, cable layers, pipe layers, icebreakers and other ice going vessels, supply
vessels, and war ships. H T, HLJHERE T Z N A THIME L. AL, 5. 2
TEALBETAT 1T UL R BRI RSB . E IR A . AR AR
KA e KX A LA AEAIALAE . There is also a significant on-going research and
evaluation of using electric propulsion in new vessel designs for existing and new
application areas. %7 i v IR B 7 33k 7 T AR5 (19 A5 FH A3k ) s FH 1 . 4k 82 0F S A
TR R R B .

The following characteristics summarize the main advantages of electric propulsion in

these types of vessels: T [HI& 7EIX LE 7 4 ) 32 B0 A R 45

4 Improved life cycle cost by reduced fuel consumption and maintenance, especially
where there is a large variation in load demand. E.g. for many DP vessels a typically
operational  profile is equally divided between transit and station
keeping/maneuvering operations. it BERA THFER LY (RF%, 2 T HE A
P, R U SR TT T BORABAC I . B, AR 2 A E SR MR
VEZSASTE PR RO B WL BIHRAE Z R340 T

4 Reduced vulnerability to single failure in the system and possibility to optimize
loading of prime movers (diesel engine or gas turbine). oAk T &G T84 %
2 TR I P T3 ) B A SR B 8 R, IR B SRR A AR 9 mT R (Sl
R IREEHL)

4 Light high/medium speed diesel engines. %4 i) /s SE ML«

4 Less space consuming and more flexible utilization of the on-board space increase
the payload of the vessel [#fIC T 7S [AIVHFE, R4 1 5 £ RiGw AT L2314
INT R AR A R o

¢ Flexibility in location of thruster devices because the thruster is supplied with electric
power through cables, and can be located very independent on the location of the



prime mover. FEyHEiE 2SS i 2R 4 E Y, A BB A IR SR AL
BERUATLAARR A, PrCAESER B R 2R A B WA RIE T .

Improved maneuverability by utilizing azimuthing thrusters or podded propulsion.
FIH A5 R Atk &5 B AR UHERERS I 1 A AR IALB) 1.

Less propulsion noise and vibrations since rotating shaft lines are shorter, prime
movers are running on fixed speed, and using pulling type propellers gives less
cavitation due to more uniform water flow. 1T Hei 4, JREIPLLLE 2 i
B, AEREEEIEIRRER S, TR S A Ut

These advantages should be weighted up against the present penalties, such as: X %841 £

JAZ N5 v A H RTAEAE RS, et

¢

¢

Increased investment costs. However, this is continuously subject for revisions, as
the cost tends to decrease with increasing number of units manufactured. 34171 4%
BURAS, (HRX X AWIHEE, B B A (ARSI 2 2 F ikl o
Additional components (electrical equipment — generators, transformers, drives and
motors/machines) between prime mover and propeller increase the transmission
losses at full load. JEZhHLAIE RS < (8] 3G 0 A& G0N 1 7 4 5 g7 I 1) A 326 437
%o

For newcomers a higher number and new type of equipment requires different
operation, manning, and maintenance strategy. {F A—FiGH I35 &, KER . B
WA AR PERIE. NGRS MYERIRTTIE.  High availability of power,
propulsion and thruster installations, as well as safety and automation systems, are
the key factors in obtaining maximum operation time for the vessel. 2l /7 Al 5
P, HEBERGAER SIS, A 2 A M A SRR B R KiE
A 8K & . The safety and automation system required to monitor, protect,
and control the power plant, propulsion and thruster system, becomes of increasing
importance for a reliable and optimum use of the installation.Zz 41 F 51k R4 %
RPN RN, D) R E . e RGN, T RE
FA AT SEVE RN AL A F AR 15 otk B 2

LESSON 18
Boiler Management R4 B

General management principles and operating procedures are well known and must be

always followed to avoid boiler mishaps. 8 i% ZA k4 5 ) 3 5L W R E R I, 2044 L DU A
FEFERAE, BEGAR I S

With many small package boilers, the automatic control sequence usually ensures that the

boiler fire is initially ignited from a diesel oil supply, and changed over to the usual source when
ignition is completed. Xf T RZHUNLE, B SHEHITER R S8 K, 2Rk
SE I FE B ¥ R FH B8 With good management, to facilitate subsequent starting from cold,
the fuel system of large boilers will have been flushed through with diesel oil when the boiler was



on light duty immediately prior to being secured. & H KT {8 Y, N7 HE T —IRKKHS],
MR BERPTE R i B BB b B/, o S ki R St . When burning such diesel fuel
it is essential for safety that only the correct (small) burner tip should be used. 4#AREIXFERLE
AT, B R A, AR IER I ML B35 . 1t should be kept in mind that if fire does
not light, immediately shut off fuel and vent furnace. By & — H s AOR T, B 5 B 4,
W FIR

Complete ignition of fuel in the furnace is essential. 5824 s AL A (KA =2 B2 (1), The
burner flame, the smoke indicator and the funnel should be frequently observed. 1% % & W 2<%
B kMG SRR as AR K. With satisfactory combustion, the flame should appear
incandescent with an orange shade at the flame tip, and a faint brownish haze should show at the
funnel JAKE RIF, KM@Mi 2R PG, KIGEmE 280, MHEHE R R0, 1fon first
ignition the flame is uncertain, badly shaped and separates from the primary swirler, momentary
opening or closing of air register may correct. 4R YK s K J5 KIGATE, TERA R HSThEH
BC RS 435 ) B U] o e X A AR

The pH value of the boiler feed water should be kept between 8 and 9 and the boiler density
less than 300 ppm[. Ibut, if water samples show a heavy concentration of suspended mater, short
blow-downs of 20 seconds duration should be given until the sludge content is seen to be reduced.
Bt za K ) PH B RIZAE 8-9 Z0A), HKEZ/NT 300ppm, (HZ UK e Eon B ik Fd
&, NEEAT 20 BT HES, BRI BIEYIR/D . The boiler should be blown down when the oil
burner is operating, the water level lowered and then restored to prove the functioning of the low
water cut-out and the oil burner start-up equipment. FHES MIZIERREER TAEREET, Sk
R ARG WK, LA BRAR K A7 DI Th B RN B ke s JE 3¢ B IE# . The boiler scum
valve should also be operated at this time to keep the water level clear floating scum.iX i &
HiT 18t S AZ AT # A DL DR /K TH A T

Fuel burner components and igniter electrodes should be cleaned weekly and the furnace
examined to ensure that there are no excess carbon deposits. BAbs 25 4 A i K B B 1% 45 i
b A R R A DA E e AR

Tubes in the exhaust gas section of the boiler should be brushed through at about six-monthly
intervals, and those in the oil-burning section periodically examined and cleaned as necessary with
a wire bristle brush. st < X )& T I RE 7S AN H ZEADRIIBE — Ik, A FH A0 DX Sl ) A
LERAKE AT, 0 BRI ] DLFAN 22 35 3E . With correct feed water treatment, blow-down
procedures and sludge contents in water samples at a stable level, it should not be necessary to
wash out the water side of the boiler more than once every three or four months. 4% 145 /K AbHE R
U, HESERAEIERS, HAKRERRE RS ERE, WHKME=DA Higs— R LT .

Boiler fires may be out for long periods when a ship is at sea and the boiler steaming
maintained by heat input from waste heat recovery plant. 4 AAZERE AT RORHE, praT &
IF IS 2K, AT DA pR g R Il i ke B AR R8RS . This operation is free from hazard, but feed
water and boiler water treatment must be maintained to prevent internal deterioration or scale
formation. X IZATER YA fEE, E & U ACE A FREEAKANK, 7 1k A 30 o DB K 3
Water level controllers must be kept operable to protect external steam-using plant from water
“carry-over” danger. A RFFK AL HIAE EH TAE, LA A0 A3 B 2 2 250K fE
Fo

If a boiler is isolated from the steam-using system it must be kept either in closed dry storage
with a suitable internal desiccant, or completely full of treated water, or under a low steam

H#EHE [s17]: .




pressure preferably maintained by a steam-heated coil. 1R ZLR Y WRR RGERRIT, SE1E
Bty P TBGE B TR P TR P R TR, B R R AL B K, B AR
INFAER P YERFAEAR TR TR .

Regular testing of boiler protective devices must be implemented . {5325 B 1A 45 5 i Sz
I o

Frequent comparison of drum-mounted and remote-reading water level indicators:
discrepancies between these have contributed to failures because of overheating through shortage
of water, when a boiler was being oil-fired. EZ ¥ LB TR KA T FIZRE KA V1051,
L AL T K ARSI, EATZ A1 22 53 1 0 S B0 R SRk i il . I in
doubt as to the true boiler water level, i.e. whether a water level indicator sightglass is completely
full or empty, when a unit is being oil-fired the fire should be immediately extinguished until the
true level is resolved. IS4 8 dP (1 BLSL K ALH BT ARGE, 2 it, Til/KAITF MRS BR 2
AV RIS A, AL TR TARRZAS N RS R K, BRI KA

Procedures should be predetermined and followed in the event of shortage of water, bulging
or fracture of plates or furnace, or bursting of water tubes. 3 iZ 5G] E —LFE R, FHFAEER L
JPEARTE . 28, B BUKECE K E R RS TIX EFE P . In general, fires should be
immediately extinguished by remote tripping of fuel supply valves; forced draught air pressure
maintained if there is any risk of escaping steam entering the boiler room; [stem] pressure relieved
if metallic fractures seem possible; and boiler water level maintained, where practicable, until the
boiler begins to cool down.J& 5L~ S 7 BV I Ik 10 e 378 42 39 DD o (5 L s SR ZR VR T
REIR A BE NG ], BOZORFFIREIE XL 77 WA AT R AL SRR, R EIE T
WR AT REMIIE, EHOH A 50 Z BTN AR REIP R KA .

Regular operation of soot blowers, if there are fitted, when the boiler is on oil-fired operation.
WG WROIKES, ARSI AL T R AR IR K . The steam supply line must be
thoroughly warmed and drained before the blowers are used, the air/fuel ratio increased
throughout the action, and blowers greased after use.fli WK 832 1T, A8 R 58 4 TR
D€ O 22 2 1 ) N O 22 D =g A 8 =

Immediate investigation of any high salinity alarms in condensate system, and elimination of
any salt water or oil contamination of boiler feed water system. {15 /4t R G4 = 35 5 R 2 N 57
RIEAT A, JHERREG KRG MK AITG .

Safety precautions taken before entering a boiler connected to another boiler under steam. i
A5 AR AR B B b 2 /T, BRI 22 4 TR e -

The main engine may be kept in operation with the boiler dry and the gases passing through
the exhaust gas section. 4454 Jo/K T, T AT DLRFRE e, i AHEARIE I S d i) B I 4k
If this is to be done for a prolonged period it is advisable to allow a current of air to flow through
the boiler by removing manhole, sighthole and mudhole covers. 25423 Ffrig -1 28 4 it a] py gk
1T, LTI NFL MG A i 7L 3 AR o 2 St B4 = B & Y o IF refilling a hot boiler the
main engine speed should be reduced to slow for half an hour and the feed water supplied be as
hot as possible; thereafter the main engine may be brought up to power over a similar period. 45
A BRI AN, LA R BRARIS AT 2N, Sk AT BRI, S8)E, ML
AR TR 1] AR R Th 2

LESSON 19
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Refrigeration System ¥ &4t

Fundamentals FEA<E

Refrigeration is the process of removing heat, and the practical application is to produce or
maintain temperatures below the ambient. The basic principles are those of thermodynamics. #1]¥4
F R BRI RE, SERR R 32 AR BRI T A8 il B8 o B 5L B A ) 22 ) — e Sk

Heat is one of the many forms of energy and mainly arises from chemical sources. # /& fE & it
—FpFER, FERE FLAE. The heat of a body is its thermal or internal energy, and a change
in this energy may show as a change of temperature or a change between the solid, liquid and
gaseous states. HUEMIMARIINAEDN N RE, FREE RIS AT BE S R IR F O B A RS
KA ZIAIAEAL . Matter may also have other forms of energy, potential or kinetic, depending on
pressure, position and movement. )i il GEH HE AW GEE, LinBEESzhAE, XL HHL
RTYIREIE S, B AMIZS). Enthalpy is the sum of its internal energy and flow work and is
given by: H = u+ Pv. & &45 (Y REFIR S TN S AT, TIRIEAH =u+Pv . Inthe process
where there is steady flow, the factor Pv will not change appreciably and the difference in
enthalpy will be the quantity of heat gained or lost./EA2 2 Ji s FEF, PVIRAS SR, JAM
AR R ER A,

If a change of enthalpy can be sensed as a change of temperature, it is called sensible heat. {15
JERIARAL, R AR BR A AIARA, IR . This is expressed as specific heat capacity,
i.e. the change in enthalpy per degree of temperature change, in ki/ (kg K). iX#m gk, it
B ERERA AR, #ArEk) (kg K). If there is no change of temperature but a
change of state (solid to liquid, liquid to gas, or vice versa) it is called latent heat.un %% 15 &
MR, HREYFRERI SR (EARRE R, WARERAM, ikt —F. ), &
ny fiyE . This is expressed as kd/kg, but it varies with the boiling temperature, and so is usually
qualified by this condition. 7&K IE AKIKg, 1H 2T EE Wb IR R AR (b, B DS @& Mt R e
TEBIE AT

The temperature at which a liquid boils is not constant, but varies with the pressure. 544 1%
HR AN E, B RE#E R /174846, Thus, while the boiling point of water is commonly taken as
100°C, this is only true at a pressure of one standard atmosphere (1.013 bar) and, by varying the
pressure, the boiling point can be changed.[ i, 4 —A 7Kk 5 2&100°C, X R RKE—
AMFRAER SR (1.013 bar) R A, 2R JIBCERS, PR,

The boiling point is limited by the critical temperature at the upper end, beyond which it cannot
exist as a liquid, and by the triple point at the lower end, which is at the freezing temperature.
MRBRETENE FHRFE LA b, I SRR DL R AEAEA, I 5 2 LA I = A0 2 e £ Between
these two limits, if the liquid is at a pressure higher than its boiling pressure, it will remain a liquid
and will be subcooled below the saturation condition, while if the temperature is higher than
saturation, it will be a gas and superheated. £33 AN R 2 18], G0 S A HE 7 bb e IR AT &
I, BACRFFRRIRE, RS TFA—Ed %, AR E IR, Bae
AR SR, 5 — E 1L #4G If both liquid and vapour are at rest in the same enclosure, and no other
volatile substance is present, the condition must lie on the saturation line. i 5% 44 F1 < 44k [ i) 77
T —ANEREHIRET R EAREVIAFLE, XN 0E L THEFRE.

Basic vapour compression cycle #AZ Kk K G
A liquid boils and condenses-the change between the liquid and gaseous states—at a

HEE [s19]: 2 ? GRS i, RARANIZAHT &




temperature which depends on its pressure, within the limits of its freezing point and critical
temperature. YA I 28 R A4 E—TE AR ST SRS Z B (b —k i T H k7, JF %
bt A LR EE 2 18], In boiling it must obtain the latent heat of evaporation and in
condensing the latent heat must be given up again. 7EFBHSET, WKL TIRIGZE R IFR, AN
e, TG BRI 25 - The basic refrigeration cycle makes use of the boiling and condensing
of a working fluid at different temperatures and, therefore, at different pressures.3& 7 [ i1l A& 34
I AR GAARLEAS R BEAAN R He ) R (R 28 R ANVt

Heat is put into the fluid in the evaporator at the lower temperature and pressure and provides
the latent heat to make it boil and change to a vapour. #E7&& &, & /7HEAR, AR EL
BUR, XEF AR, Wt mR AR AE R, A IS AL R IR . This vapour is
then mechanically compressed by the compressor to a higher pressure and a corresponding
saturation temperature at which its latent heat can be rejected in the condenser so that it changes
back to a liquid.iX 8 2/ Bl K A WU U 4 e R 2805, 7EVREdR b, 7EXT LR M AR B2
BRI PR R, B AR R [

A working system will require a connection between the condenser and the inlet to the
evaporator to complete the circuit. —/N T.A/E RGE TR EAE A BEds A K 28N C 2 [ 27 %4 DL
SEREEAN A . Since these are at different pressures this connection will require a pressure
reducing and metering valve. 8 T B 11 E JIAN [, AT AR ANERIR 1 & E— AN BAA B EFR
I)RERIIE.  Since the reduction in pressure at this valve must cause a corresponding drop in
temperature, some of the fluid will flash off into vapour to remove the energy for this cooling. H
TAEXIR AT B, 0 2 5 REAR R R B, — SRy DN R a8 R s 7 FA i SR
The volume of the working fluid therefore increases at the valve by this amount of flash gas, and
gives rise to its name, the expansion valve. TAEGAALE Z R /5 H T IA & B4 BT AR BARE K,
KWERTHLT, K.

Refrigerants 5%
Ideal properties for a refrigerant #1¥47 [ EAS 1 88

It will be useful to remind ourselves of the requirements for a fluid used as a refrigerant. ;X ¥
A BHFRATTE A SR AE S 78 70 (R A BT I L 4% 10 2% A8 o
o A high latent heat of vaporization 75 )25 A& ¥ #

e A high density of suction gas & W <%
« Non-corrosive, non-toxic and non-flammable JE/&EutE. TLEEPE. A FBREE
e Critical temperature and triple point outside the working rangellfs F i 5 Al = FH &5 7E AR IR

JaE LA
« Compatibility with component materials and lubricating oil -5 R4 B i 18 b AT e 4%

« Reasonable working pressures (not too high, or below atmospheric pressure)&ri& i TAF &

(AKRE, UAMETRIED

o High dielectric strength (for compressors with integral motors)im £k 5 BE - (4 ALAT R ATLA
)

e Low cost fik/&A

o Ease of leak detection I #7575 5

o Environmentally friendly 5% 4F

Ozone depletion potential (ODP)REHFE# FEH

The ozone layer in our upper atmosphere provides a filter for ultraviolet radiation, which can
be harmful to our health. R JE0 T REMISMNE, F2AE T — A7 LA FR S DG AS



HAMEIT NTHI{E BEE 5 . Research has found that the ozone layer is thinning, due to emissions
into the atmosphere of chlorofluorocarbons (CFCs), halons and bromides. #iff 72 & il H T 17 K5,
FFHERSE R (CFCs), B e DL iRk, RAEJZIEAEAE# . The Montreal Protocol in 1987
agreed that the production of these chemicals would be phased out by 1995 and alternative fluids
developed. 1987 4F ¥ SRR /K B I3 R] i I 64, 2 7= i 211995 2 B IZ AR, FF R B A= o

e R22 is an HCFC and now regarded as a transitional refrigerant, in that it will be completely

phased out of production by 2030, as agreed under the Montreal Protocol. R227& — & L&A

AR, DAEBCA IS — R R 7], AR SRR ML, & 203048 2 BT 22 58 444
Global warming potential (GWP) £3RZZEER AR

Global warming is the increasing of the world’s temperatures, which results in melting of the
polar ice caps and rising sea levels. 4¥RAHE LR SR E R A&, ©FEWIRKIERMIL, i
P FFiEr . Itis caused by the release into the atmosphere of so-called ‘greenhouse’ gases, which
form a blanket and reflect heat back to the earth’s surface, or hold heat in the atmosphere. iXH H
THATE “CRESAR” BREIRAP TSR, RESARGE T AAEIRINZ, R
SF [ R 2 T AT VR B A2 K2 BL. The most infamous greenhouse gas is carbon dioxide
(C0O2), which once released remains in the atmosphere for 500 years, so there is a constant
build-up as time progresses.fi 4 4 IR IR 2= SAE 8k (CO) , B — ERIRE| =S,
STE RSSO0, FrlABEER H AR, ErE AT e,

The main cause of CO2 emission is in the generation of electricity at power stations. —%({t
TR B R AT K TR . Each kWh of electricity used in the UK produces about 0.53
kg of CO2 and it is estimated that refrigeration compressors in the UK consume 12.5 billion kWh
per year. TE3E[E & H— B L S77 42 K290.53 kg 1) & ARK, $EA T TESE E A R 4E P L

2= ¥E12.514 % . The newly developed refrigerant gases also have a global warming
potential if released into the atmosphere. H7JF & (174 FI AR AR Sk, A 2Bk
BEZ 198 HE, For example, R134a has a GWP of 1300, which means that the emission of 1 kg of
R134a is equivalent to 1300 kg of CO2.f fIIR134aff] 4= ERAZ W& 7 ALt 91300, tmlh &k E PEAL
1kgIHR134amiAH 24 T Bk 1300kgIHCO; -
Ammonia and the hydrocarbons EfMBEHEY)

These fluids have virtually zero ODP and zero GWP when released into the atmosphere. iX
SRR R, SERR A SLAEUTHARTE R A A 2 kAR IS AEfE . Ammonia has long
been used as a refrigerant for industrial applications. % T\ 21 A Tk ¥ 7R K 8] . The
engineering and servicing requirements are well established to deal with its high toxicity and
flammability. £ 1R 47 M3l 2 T A2 LRI AR 45 b 1) 2 SR SR A 3 e ) v 2 M A m] R .
Ammonia cannot be used with copper or copper alloys, so refrigerant piping and components have
to be steel or aluminium. ZANREFIG A4 42, B LARIYA 8 SRR AR 00 21 S Bl 4R
One property that is unique to ammonia compared to all other refrigerants is that it is less dense
than air, so a leakage of ammonia results in it rising above the plant room and into the atmosphere.
O I — AR S BT R FIA L, BRI RER, LA RS S8
TR AL T AR, B R SR KRS H . IF the plant room is outside or on the roof of a
building, the escaping ammonia will drift away from the refrigeration plant. 1ML AL T 7E 41
BB B TOER, 1A RG bt ok Z 21818 # 2. The safety aspects of
ammonia plants are well documented and there is reason to expect an increase in the use of
ammonia as a refrigerant. 45 BB UF B 2 WA 2% B 22 &7 TR W RS, IBAmA HbME
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Hydrocarbons such as propane and butane are being successfully used as replacement and
new refrigerants for R12 systems. B EWILLUPTLEAN T e s Th & AOFEAR12 R 410
Biv45. They obviously have flammable characteristics which have to be taken into account by
health and safety requirements. ‘&4 THH S (1) KA ATk, 020055 LB R 15 2 42 7 T 1) — e
3R, However, there is a market for their use in sealed refrigerant systems such as domestic
refrigeration and unitary air-conditioners.4A1Mi, 7EZE 304 KRG (Ll F A 3% s
D BRI
Refrigerant blends JE-& %1%

Many of the new, alternative refrigerants are ‘blends’, which have two or three components,
developed for existing and new plants as comparable alternatives to the refrigerants being replaced.
—EEHTH) L LR TIRE R, B EA MBS, R R
VA7, T LB AT 2 B4, They are ‘zeotropes’ with varying evaporating or condensing
temperatures in the latent heat of vaporization phase, referred to as the ‘temperature glide’. ‘1]
SEAEILIIR G, TEZR B BOR AR A, BAT AR 076 R BB EE , s IR B R 7.

The temperature glide can be used to advantage in improving plant performance, by correct
design of the heat exchangers. T & ER I THAATHRAR, P LA S50R] IR B v R Sk 4 v 2 B 1
ft. A problem associated with blends is that refrigerant leakage results in a change in the
component concentration of the refrigerant. —/NFHVE G4 FRIAH 5 B 1] A2 dn SR k) ¥4 IR i 2
SEGHA TRV EE 351K . However, tests indicate that small changes in concentration (say
less than 10%) have a negligible effect on plant performance. il /&, i BRI I AN K

CBEH/NT10%) 5 322 & 1 PERE 15 M0 ) LA ZE AN U

The following recommendations apply to the use of blends: T T 2 {8 F V& &4 7 2L .

e The plant must always be charged with liquid refrigerant, or the component concentrations
will shift. 2% B WAUINBB AT, 75 W F IR E 2 R AR .

e Since most blends contain at least one flammable component, the entry of air into the system
must be avoided. 1T K 2 HUR A ¥ 771 2/ DF — P BRELSY, FT LA Z00EE S 2= Sk N R4

e Blends which have a large temperature glide, greater than 5K, should not be used for
flooded-type evaporators. i 574 71E KR EH, H 25K, FrAARIER R 7&K
s

LESSON 20
Air Conditioning System

ZHRG

Air conditioning systems fall into two main classes: individual unit system, in which each
room contains its own small refrigeration plant and fan and air cooler; and central systems, where
larger refrigeration machinery unit are installed and their out put distributed about the ship by a
variety of means.ZS 1 R4 T A SRS, TG FASE B RN R
BERRBLLA R A4 A8 Rl RS, 23a KBS E, EATRH T &7
3o BE B MHAE A

Self-contained units are noisier than central systems, require more maintenance and have
been found to have a relatively short life (about 7 years). i 37 4 {35 B B H Fp s R G K, T



EHE L 4O B S RIS R AR CRA 7 48D,

The single duct system only allows for adjustment of temperature in each room by the
occupant manually controlling the air volume admitted. It is thus less flexible than any of the other
systems. Which allow individual temperature control, at least of sections of the ship if not
individual rooms. 5 XVE 248 W fo VRAEREAN b A) 9 RO EE R 2, i (3 3 - sl il HE N 10
FREM. B S HEAEM— N RFME, SR SR RGRAAE M) F 1,
22D Fu VR A AE DSkl AT B R BE AR

With ducted systems, the modern tendency is to use “high velocity” in the air ducts with fans
generating up to 2550 mbar pressure compared to “low velocity” systems with fans generating
about 520 mbar. XI T RE RGekil, BANHEARMEN “ml” 28, 5 “IE” 24
FRRBLEE ™ A2 K2 520mbar )R IAEEL, i REEAI XL AR ™ 4 miik 2550mbar [ /3. This
tendency helps installation as the size of ducts is reduced and prefabricated standard ducts can be
used, but it incurs the heavier running costs of more powerful fans. X344 By T35 B )& 8
TSN, JF HLT DA I 5 d 4 RO AR R, (B2 SE RT3 B KWL 2™ A S T I8 4T B
7. Air terminals lined with sound insulation material are necessary to reduce the noise passing
into the room with high velocity systems.>y | B R FH ik R GEHE 5 a5, 28 SR
RS A BT

In a typical marine pattern self-contained unit, air circulation is usually effected by means of
a centrifugal fan, for quiet running, and a direct expansion cooler served by a hermetic compressor.
FE—AN AL T P AR SL % B o, 2 SR I B 2 2 BB O KWL MR, IF HON T s i,
— AN B A H AR A B P S ZEHLE A . Water cooled condensers are used. As these
contain small water passages, choking develops rapidly with direct sea water circulation and a
better method is to circulate with fresh water, itself cooled in a sea water/fresh water heat
exchanger. /K A B R o RONABERR S G /K E /DN, BT ZIKIERS, HESR
WAL, BIFIINEIE FHBOKIEIR, KA BRI K R K A ey BLA 20

Control is on/off by a thermostat sensing the temperature of air returning to the unit.jiid—
ANV RS RS2 IR (5] 3056 B A I 2 SR, SRR ORH% )

The cooling coil of the central unit may be of the direct expansion, brine or chilled water
cooled type. 1 e W AL E T AL 2 B IEIK R, Hk e k.

When cooling is by direct expansion, a separate steam heater coil is fitted in the unit for
winter heating. i1 HEZIK A 10, 754 B B 22— ML R 2GR AL T 2 R
With brine or water coolers, a central heater is used so that the same coil serves for summer or
winter. ST EKECE KR AU, ORI B, XREAE B R A R AT M A
IR 4% % . Thermostatic control is provided sensing air delivery temperature itself, the
temperature of the room, or the return air temperature. 847 3 fill i RS2 £ 16 = S A B IR E,
G IRV, B R KU

All types of thermostats are found in air conditioning systems, direct acting, pneumatic and
electrical. 7EZ ARG, AILURIUTA XA BaRES, BEEEANX, [3hfmdbs).
In themselves, they are all satisfactory instruments, but the results they achieve are dependent on
the correct siting of their sensing elements. X F'E 14 & ki, EATHE S Nk #% %, B
R EATRE IR B B BRI T4 B oeF R IERE 7 B . Even the site for a direct acting
thermostat to control one single berth cabin must be chosen with care - if it is masked behind
curtains, or too far away from the air inlet control will be too sluggish. £t 2= T2 i &k 5 1] i
LN K AR A A7 B, 6 ZE T e e — (B G O A T S T A, BRE AR
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The correct location for a thermostat to control a block of cabins is more difficult to find. —
N R A A ) — 2L s 1)L E 1) IE A A B AR ME 4R« One can pick on a “typical” cabin, but
if the occupant opens his porthole he can upset the whole block. ®J ABkik—A “ g™ S,
{HRAR 0 B AT H AT AL %, Bt PEL &3 55 (8] . Another possibility is to site the
thermostat in the alleyway of the block of cabin. 73— ] fe 2 0 i 15 &8 i & 75— 4 s 0] i
JE§ .. This position may be affected more by an open door or draught in the alleyway than by the
temperature of the cabins. 5 F /55 (8] )il FE RS AH L, IXANM B ] e 5 20 1) 32 307 Jig B 1 B0
FIER I . Yet another possibility is to site the thermostat in the recirculation air trunk,
carrying air back from the accommodation to the unit. 2R %3 #h—Fh ] G140 IR 28 B AR
ARG B, 7R 18 BT UK R A 1 SR [] 31266 . If the recirculation grill is
close to an outside door, this position too can be affected by outside air temperature when the door
is open, rather than by cabin temperature. 4 | J¥T (IS 5, B G T 0G0 M Mt 5 401 D (¥ 2 9
A, I E AR 252 B AN A SR BRI, AN B AR EE o

The first essential in operating the air cooling appliances through out the ship is to have all
thermostats correctly set and correctly functioning. 51584 il 1) 25 /<74 201285 B It N B 1)
TR A iR IR AR A B EM A TIRE IEE . In extreme weather conditions, either hot or cold,
control of the plant usually presents few difficulties. EMSR KR S4METF, R FEEA, HE
R4z hilE s 2 2OUH YR HE. The capacity of many installations is such that under tropical
conditions nearly all control valves move to the fully open position. ZEREIEITHILT, U2 E
A BT A2 IR R 50 B4 FFALE . Although automated control has been lost, internal
conditions are by and large acceptable. B4 F B %] L8 2k R, H PR L AL IR SR 3 T DASE
%% . Control difficulties arise in intermediate weather conditions when there is a call for only a
small amount of cooling. 47&H A R UAH 0L T 75 Z /b &R 20, Bt 2 7= A= 45 41l R HE . The worst
case is when part of the ship, say inboard cabins against the engine room, require cooling and
other parts, say exposed upper cabins, require warming. 3 I B M RFAARI— &6 4, Ehimii
FHERE A D T T AN R AU, 7 S8 20T e 3 47, Le g 8s T B3I B3R, F5 2204 For this
intermediate condition, thermostats must be correctly set by trial and error. % F /8] K< K, 1
5 1 AH i & R AR I AT IEM I E . It is found that a uniform setting of say 21°C
throughout the ship is not satisfactory, but slight variations of a few degrees up or down are
needed to suit particular regions of the ship. f 57 & BUXT EAMRAAG — 5, thln 21°C 2 A%
A NIRRT, (02 U B R RS T A R IE R AN 1 RF 7R X 482 75 2211 . Unfortunately, these
variations in thermostat setting are not always the same for the cooling and heating condition and
frequent resetting may be needed for a ship repeatedly passing from cold to warm weather. A~ 3£ 11
S, IR AR BT X LE AT T4 SN AN I B ASAR IR (1, 5T — A A FEW BRI IR R
REEFATMARYL, FEMENERE.

The control problem is eased if the chilled brine (or water) of systems using chilled liquid
circulation is held at about 13°C in the intermediate weather conditions and lowered progressively
to about 5°C as tropical weather conditions are approached. [ i 7E i 8] RS A5 T, A dEhK

(KD RGP MIKABRAEIEINRFFE RS 13°C, MIEHHE TEEAIRAZM T, AWk
IREIRL) 5°C, A3 o) At it o o

When air cooling is in use it is good practice to keep all portholes, windows and doors shut.
On passenger ships, some public announcement requesting that this be done is worthwhile. 2415 ]
TR, REFFTARALE, &M —AN REFR B, 2 b, —sAdt
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A wise precaution for an engineer to take is to go through accommodation and public rooms
periodically recording wet and dry bulb temperatures. Keeping a log of these readings then serves
to identify any malfunctioning of the installation as soon as it arises. %t T — AN HL Fi ki, FREL
HH A TR 46 it s A T R A LS5 ), il TR ERIR . WX SR Fg 5, A
JE T HA ke B — B B AT AT e

The quantity of cooled air delivered by an air conditioning unit should balance the sum of the
quantity of air recirculated to the unit and the quantity mechanically exhausted. i %% iff 8. 704%
AT YA R 06 21 T HE N B OB FR AN U H 2 S 1) S AT AR S48 . The correct balance
between supply and exhaust fans should be checked periodically. Even with filters fitted ducts can
become partially blocked and fan performance can fall off to upset the balance.fit#5 FlHE i XKL
I EY TE RS P-4 0 Z0UE ST o 28 RV L 22 A B 4 (R 070 B R A0 XU LI E T B = P L
A

On older ships, temperature maintenance can be made easier by increasing the ratio of
recirculated to fresh air. FEZMT L, @I EXAH AL, REHES SERES . Most air
conditioning units have dampers for adjusting this ratio and the effect of these can be extended
after they have reached full travel by partially blocking fresh air inlets. Care must be taken not to
reduce the fresh air so that stuffiness or smells arise. k22 512 25 B 1 A PR O6HX A L 2R3t
17, JFHATR eI MG, B EENRED, WRENICRSWER . BAE
AR FEAIHT R I 2 5] T o) AR LR

Cleaning or renewal of filters is necessary at about 3-monthly intervals, the time varying
according to location on the ship. Disposable filters can be vacuum-cleaned so that in fact two or
three “lives” are obtained before they need to be thrown away. KZ)%& =/ H Gk s T jEa%
FEABZBUNT, [RIREIS TAARSE A LB 2 A B AR . — IR ELIE AR AT LA 20 7, X RRIE AR &
FEZHT, ESEBRH IR AT U PR =R

In addition to normal mechanical attentions, such as lubrication of bearings, and adjustment
of fan belts and cleaning of motors, careful greasing of linkages of automatic controls is necessary.
B T B R IE W AU, LA, AN T AR s LE T, % 8 Sl i
Aab FET I 0 8 o 26 25
Cooled air ducts should be examined to see that the insulation vapour seal remains in good order.
If a plastic film vapour seal becomes damaged, condensation forms within the film. 2k 754
VAR W 248 5 25 VR TR AR IR o (B — M IRME 2R B S H0UA , S 7E IR T K
As well as making the insulation wet and ineffective, the condensation may become serious
enough to cause drips and damp patches on ceilings. S 8RR R, A fE 2k BK AR
7 DL TR TN b e Ak R K 357 o

LESSON 21
Some Typical Applications
Of Hydraulic Transmission
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The applications of hydraulic drive on board different types of ships are too various to he
covered in detail: it is hoped that the previous sections will have provided both interesting and
useful information which can be related to differing circumstances and requirements. Finally,
therefore, consideration will be given to a few particular areas where hydraulics is utilized .7 /<[]
NG BN MRE RS A R E 2, DLE TRMEVEAIE 35 foAy AT TH 138 7 e S A AS )
TGRSR AT S S PRI R 5 2555 18— Sl R A8 R R R X 3
DECK CRANES AND WINCHESH iR AE B AL 22

The use of hydrostatic drives in cranes, winches and similar equipment has grown
considerably over the years until it is now accepted as a conventional method of drive in many
cases. fEId 2 JUAFE R IAE: ) IR AR TN, KFEFAHB A B CE B m, B
IAETEVF 21500 P B A I —Fh LRI IR 5) 7572 o

The makers of ships' deck machinery were probably the pioneers in using low speed, low
pressure equipment. FHAN FEARATUA & p AT A AE ARG, (R 50K # . The impetus
for this is the freedom of installation resulting from the lack of mechanical connections between
prime mover and the machinery, as well as the important safety feature of the high pressure relief
valve limiting the maximum motor output torque--thus safeguarding the winch mechanism and
cable from overloading. X 75T IHES) )7 A T W& I T2 2258, TR RITE T-2E BRSO HLATHLAK
e AR HUEEE R, AR e Hs 222 4 W T 28 1) 2 4 e e D) R o) 5 5 0 5 o AL —
PR OR3P e A WUk e B AN 2 4 5 40

These fundamental advantages are equally applicable today. However, great progress, has
been made in the use of low cost equipment used at higher speeds and pressures, and a wide range
of valve gear has made possible the use of reliable, highly sophisticated systems, e.g. with
integrated override controls, remote controls and horsepower limiting controls.iX £53E A (U415 s 7
SRFEREGE M B2, ERBA & P md s D2 A ERRBES, AL Tz 1)
VRS, SEERNARSHONTRE, angia I etaml, iRl bl & 5 )y iR .
It is in the field of control that the greatest strides have been made in recent years, and this,
coupled with the continuing evolution and detailed development of the basic pumps and motors,
has improved both the performance measured in absolute terms, and the all important response to
the operator's hand or foot movements. 7E&UT)J LA, FEHISURHUG T B RNIED, HHA
TUAF AN Ly IR AN BT QB AN 1R JEARSS &, BGE T B80T & I 4 Xt B LA AR 3 T2z
SR BT R R
Performance RequirementsiE gE SR
Hoist &/

In any winching system, the hoist winch motor probably has the most exacting duty to
perform: apart from covering the speed range up to the maximum light hook speed, the low speed
performance is extremely critical. TEAEfIAZE R0, TS 2E Bk o Ge A ewr SR IR 37 22
A7 B G A H Y A B B R AR B BAA, A TR AR R A R The
motor must start from rest smoothly and accelerate in a controllable manner, the most demanding
case being when restarting to lift the maximum suspended load. iAW 20 M 1k 46~ F AU 3
FHCAAT I Ty AU, e B T B B R 2 T E T LR TR ORI & 7. Here, the
motor must develop the maximum output torque when at rest, possibly with metal to metal contact
between the  dynamic elements, giving higher friction established hydrodynamic oil films, than



when rotating with established hydrodynamic oil films. X, Iy ik 05 Z7E B e & H H5 oK 4
AT, FTREBN IO A T B R S e R i, VR AR 77 MR AL 1 R ) L e e )
SLPRARS) JI IR R RS Z
Since leakage normally reduces as speed increases, the minimum stable speed is governed by
the ratio between maximum and minimum leakage within the cycle of one rotation; motors with a
high static leakage tend to start suddenly and have a high minimum speed. [ Jy it 38 & <t %
TR I R, AR RS E 2 B — R A vh R 5 I < bl B B o E
AR 1) ik 28 5 T8 3 3 9 — AN ) B IR . This minimum speed plays a major part
in determining the extent of any dead band in control response around the neutral position, and is a
critical factor governing the all-important inching and general control response of any hydrostatic
transmission. i A B AR FE A P Hh AL AL AR XS B 42 ) o 2 AT SR L2, O FLR AR AR
UARER AR, P AT B SO R P RO ) — AN R R R
The wide range of high torque, low speed motors described earlier are available for driving
winch drums directly so dispensing with the need to fit reduction gearing. FIifiiARI— R FVE
B P AR ORI, RO S5 AT DU T B IR B4 S 1, R 22 3 I ML Y 75 22 . Motors of this
type are more common on larger cranes where reduction gearboxes would be expensive. The
saving in gearbox cost is to some extent offset by the fact that the brake must withstand full drum
torque plus a safety over load, and must therefore be relatively large. i Fii 2478 () Tk 76 A Pk
G AT M EEONTZ . TR PRI SR RO TE — B R BRI ZE i BRI
R R 25 B i 257K 52 4 B0 B SE SR A FI N b 22 4 Sy, Py ABEAR N R — 2
All fixed capacity motors, whether high or low speed, require a high flow at low pressure to
obtain high light hook speeds and consequent short cycle times. i [E e HER I DIE, NER
SRR, R AR SR 3RA5 i A AR L I AR S (48 BB FAIS /] . With large
cranes this can become an embarrassment and one solution with low speed motors isto use the
two speed type where half the cylinders can be isolated hydraulically from an auxiliary circuit, so
doubling the speed and halving the output torque from a given flow and pressure. Xt K& i 420k
YUK AR o, IR Sk 1) — M R ISR A F PR E A, — i REZE W] DU G B [
PR RGBS, T CAE 2R R I I R0 R 7 R SRAS XGE R — 2 ()4 L
With a radial piston motor of this type it is also possible to utilize a rotating outer casing as the
inner member of a band brake to give an attractive solution. X F-iXfh%d 5§42 [kl 28 ik ok
i, ] DU ] — NI A0 Se 0 ey I (0 A B AAE AT B — N5 I B TT 3
High speed motors with reduction gearing have the advantage that the brake can be mounted on
the high speed shaft and so be much smaller and cheaper. Because of the availability of standard
low cost gearboxes this arrangement is popular on lighter cranes. i 45 Js 25 B ) =i Dk (4L
R AN A5 TT DA BEAE e e e A R 9T ELSE NG o el T DA I R A (R AR A
A, LA AR AT BN I 2R B R UG
Variable capacity axial piston motors have the important advantage that light hook speeds can
be increased up to four times from a given oil flow by reducing the motor capacity to 25 percent
of the maximum. 2% &l [r) 4 28 Tk i 51 2K 0w vl AFE 25 8 i & T, d i FEAIK ik
HIF B 5 AR 1) 25%0 Ay o 58 i v 31 DU
Luff 27
If a luffing winch is used, the requirements are similar to those of the hoist winch. The
maximum load position is determined by the geometrical layout of the crane. {5 #11# F ZS 1B 42 4.,
ERIERBBTRISZE . BRI A E B ZE R LR PE o



Alternatively, hydraulic cylinders can be used for luffing and in this case it is necessary to fit
two-way-acting, counterbalance valves to prevent untoward movement of the jib which may
occur by either creeping under load or rapid movement caused by tension in the hoisting ropes.{£
i, WEGLAENE ] TAE0R, FEIXFMEILT, A3 02 22 e P LA T H WA BEL L 7 8 ) 28
SMEF), FIRGR T RE T RS ECE TR TR R K D SR RS ) .

Slew /7%

The slewing duty is particularly arduous as the mass of the superstructure has to be accelerated,
and brought back to rest at each cycle.[FI%% R 5 &Rl 2 S0, BRI b 3R i 1) o 206 20k
I I HLAE ARG 5 R B R A . Unless the motor is operated by a variable capacity
pump with a damped response, it will normally be necessary to operate on the relief valve during
both acceleration and deceleration. {5 411y i 1% 7E 44 BH B Wi B A8 St 2852 T AR, IBAAE
AR L R A b A A AR

Adequate torque is required to slew on a cross slope caused by an unbalanced cargo during
loading or unloading of aship.  FEMFANSEEISR I FE b, TR EASMOHAE L i FAEA P B¢
Elb=tiog T mE

A by pass across the slew motor is also needed to act as an anti-swing device; the low polar
moment of inertia of the rotating parts of a hydraulic motor allowing the mass of the
superstructure to oscillate out of phase with the load--damping the swing. In this case, the bypass
valve would normally be foot operated and spring loaded to the closed position. [EJ#f 7% —A%
T Bl T3 R 55 AR — AN B LR A VU ki i A AR AR A S it
G FIAIRIES), 1A JE X FES) . AR OL T, 55 300 R IE 3 IR B84 3 35
FNEB) R AL E .

LESSON 24

CENTRIFUGAL PUMPS
BOF

A typical centrifugal pump has one or more shaft-mounted vane impellers that rotate within a
stationary casing and transfer energy to the fluid flowing between their vanes.—™ #7541t .00 32
BB 2N ER B2z 22 e Fr it 307 R L R I e BT R T R AL f s i TR R
FIJif.  Liquid entering a centrifugal pump impeller generally flows primarily in the axial
direction. HENEBSOIEMER A — R AIRE BRI Z) A £ . Any tangential component to the
inlet flow is often referred to as prewhirl or prerotation. /T fa] % A 7t & (1) U] 7] 358 4338 3 WA N2
i€ . Liquid enters a double-suction impeller through two inlets, or entrance eyes. A
single-suction impeller, however, has only one entrance eye & 4B i AN T BE A ETHEN
—AX A H AR AR A A

A centrifugal pump impeller can be designed for radial-flow, mixed flow, or axial-flow
operation, where these classifications refer to the primary orientation with respect to the shaft axis
of flow at the impeller's discharge. &R M A0 REAS BT ZEARIAR, MR, B N TIE,
1K 8 43 S K B G T R HE H A A S B 2R M SR A2 ). The impeller-flow orientation
required or used in a centrifugal pump can often be determined from the specific speed, which is a
characteristic number that can be calculated using the relative equation. /£ 5.0 3% B 75 L 46
IR A PR e T B RO A R A T AR T B ) — AR A



A low specific speed represents a relatively low capacity and a relatively high total head;
consequently, low-specific-speed impellers tend to have large outside diameters with respect to
their waterway widths. {i ELFEHARE — MR HEE AN —ASARXS e B ks B, Kt
AR S B AT G IE 5 AR L ORI D ELAE . Conversely, a high-specific-speed
impeller often has relatively wide waterways with respect to its outside diameter. 52 # ), Lt
HRAS 50 1 O ELAR A L@ A AR S RISE . Centrifugal-pump impellers can also
be classified based on shroud configuration: a closed impeller's vanes are located between both a
front and a rear shroud; a semi-open impeller's vanes are attached to a single rear shroud; and an
open impeller consists of vanes that are attached to the periphery of a hub and, in some cases, a
partial rear shroud. &5 o3 46 11 AT LAARYE 36 AR G5 AT 43 28 PS8 gk P 1 1 25 AR
J5 R AR A 2 A R I P A ] A — A B S R AR s T S e ] A g
BB I 2E gk, 7R Le TS N A B A BT 5. The impellers in high specific-speed axial-flow
pumps have no shrouds and frequently are referred to as propellers. & L% 54 s0 B O 2= [ -
B ST A HHOA R E A o

A centrifugal pump casing can be arranged so that the pump's shaft is oriented either
horizontally or vertically. %} & /04252 AT AT & v] DLE R AK-FEE T E S M. In addition,
the casing can be split in a plane that is parallel to the shaft's axis (referred to as an axially split
casing), or, the casing split can be in a plane that is perpendicular to the shaft (referred to as a
radially split casing). 7 H., 52 0] UKPUI R S 304 AT 007 (il mimae), B,
Feor T ] DR S BT (A4 #R55).  When an axially split design is used, the
pump's suction and discharge connections are both generally in the stationary half of the casing.
A A e o3 T AT SRR N R L A #RAE R AL R T2 5¢ b . This enables the
casing to be opened for inspection or maintenance without disconnecting the suction and
discharge piping. JXFET] AT T 22 Fe HEATAG 25 B 44 T AN 375 SEWT TN RO HE H 8 R
In the case of a radially split casing, this same feature can be incorporated into the pump design by
utilizing a back-pull-out configuration. i1 [l 43 T 42 58 K U, J8 348 FH 35 1)zt 5 440 A IR F
S AT LB A IR M 2. With this arrangement, both the suction and discharge
connections are in a common portion of the casing. XX FiAfi B kit , A FNHEH SRR T
— AN JL[RIES 4 B . The name back-pull-out is derived from the ability to back the pump's rotating
assembly out of the casing without disconnecting the suction and discharge piping.75 i 7 H X 4™
Z R TR IR R LA I 7 JE BB ALt 1 AN TR WA B I AE /7. Because
the removable section of the casing typically contains the pump's shaft seal, this configuration is
also sometimes referred to as a seal-head design. K A% 52 A% H B> — &8 A& E, X
FhEE A I R N E L #t.  Alternatively, some radially split casings have a suction head
that is separate from the discharge portion of the casing. 3 —Fi& L&, — L4818 4 H W5 a —
A 5 FEHE 2 B T R B Sk . With this latter configuration, either the suction or the
discharge piping must be disconnected from the pump before the casing can be disassembled. %
TRE—MEky, EoMEFRET, WA E BOUS R W ER . Radially split
casings can also be classified based on the relative orientation of the pump's suction and discharge
connections. 42 (7] 43 T i 5t AT ASE 28 (N R H 482 S A6 5 [R1 3547 43 25 For example,
a vertical in-line (VIL) pump has suction and discharge connections that are 180 ©apart. 254> 1
Kk, —ATEE B AIE RN FIHEE #2540 180 In an end-suction pump, however, the
casing's suction port, which leads directly into the eye of the first-stage impeller (the only impeller
in a single-stage pump), is usually perpendicular to the discharge connection.{E 2 7t 3t T W A\ F



o, BEESE-HHR (ERGEEAE D) NOHERFERBRA LD, EHE SH %
JAHEE .

The suction portion of a casing guides fluid entering the pump from the suction connection to
the eye of the first-stage impeller. 52 1M 1 5] S04 RN A2 Sk B — 20 IR N 11 33E
AZ|F . Stationary guide vanes are sometimes added to the inner wall of a casing's suction
nozzle to straighten the flow path at the entrance to the impeller and to break up vortices that may
form if a portion of the fluid that enters the impeller is recirculated back out of the impeller's eye.
R L R 3 ) P I R S RN T 5 ) P B SR N 380 4 B VR A VAT B 9L 28 A T
NPT RETE IR, B GrgE N B0 -0 138 23 A B R FAR B B 4G BN . The discharge
portion of a casing includes a collector to catch the fluid discharged from the impeller and a
channel to guide this fluid either to the pump's discharge connection or, in the case of a multistage
pump, to the inlet of the next stage.ZZ 5 FIHE H 35 70 G4 — AL 2 RIC S I HE H i i
HH—AMEER RG] R AR B HE Bk B E BN S JR R, W51 2N — RN H.
Additionally, the casing ordinarily has some type of diffuser in which a portion of the velocity
head of the fluid being discharged from the impeller is converted to static pressure head. %54+, 2%
FOI A — LR Y R, HI AT A SR R AR 3 Sk ) — 3B 73 e 9 B [ 2k - Referred
to as pressure recovery, this conversion is necessary due to the relatively high absolute velocity of
fluid leaving the typical centrifugal pump impeller. X B {F & Fy (A1, B T34 6 F i 70 B0
FEMECAHRT R R AT, IX AL S A S o

One of the most common types of casing collectors used in single-stage radial- and mixed-flow
centrifugal pumps is the volute, which is a scroll-shaped channel with a gradually increasing
radius and cross-sectional area that surrounds the periphery of the impeller. 7£ .25 4% [ FVE
KBRS, wAE R —FREFICESR LN, BA PR IR S 0 iR e i
B I SRAEM 6 #h4 . To increase pressure recovery, the fluid leaving the volute is generally
decelerated in the casing's discharge nozzle, which forms the transition from the volute's throat to
the pump's discharge connection. >y 7 34 & 77 [IUSe, &5 360 7% (14 AL A 4 2 76 58 5 IR HE HE g
WEERIOEE , AT T B MR 52 M0 B S 1 HE 2k 1 B = 5478 . As an alternative to a spiral volute,
some centrifugal pumps are furnished with a circular or concentric collector having a constant
radius and cross-sectional area fE MR i 71— BT L, —HELLE A —ANHIE
B R OIEER, ENTRAEE KRR X .  In addition, a modified or semi
concentric casing design, in which the radius and cross-sectional area of the collector remain
constant over only a portion of the circumference, is sometimes used. % 41, 31 FH —FhEUE K
B RO FE ST, TR TH VAR AR IR AR AR AR TR AR X TS AR 7 [ Ja 19— 3040 PR REAS
%.

Volutes are also used in some multistage centrifugal pumps. J&5¢tH7E—E6 % 20 5900 F2 P i
M. When a multistage-volute pump has an axially split casing, the flow passages that connect
successive stages may be integrally cast with or welded onto the casing. 4% iR 753 A — Nl
Iei) 73 THT B0 58 FEEAH QR [ B IRt 3h i T8 W] DA ARSI i IR AE AR 55 . Alternatively, a
multistage pump may be fitted with multivaned diffusers instead of volutes. 3 #h—Fh 779, —
M PR VL2 2 o B R R A EUC IR TS . A muitivaned diffuser, which is also used m
some single-stage radial-flow pumps, contains a number of diverging vanes mounted in a ring that
surrounds the periphery of the impeller. Diffuser-type multistage pumps frequently have radially
split casings. [FIFEAE—LE PR AR A S R A A I 2 it e AT R 38, LSV 2 2238783 LI AR
W IFHESRAEN L% . FEXZRELEL T SHERF S MET. With this



configuration, the flow channels that join adjacent stages are generally formed by vanes that either
are on the back side of the diffusers or are part of separate diaphragms, or stage pieces, used to
separate adjoining stages. % T-IXFPLE AR UL, EHEAHIESL 2 [B] IR TE I 5 I R RG, W
BLTY I 815 T B R L (i — 3845, BRF BT, R EIRITRIMS.  In addition,
the pump's rotor, together with the stationary diffusers and stage pieces, can often be inserted into
the casing as an assembled cartridge. 734, T, Sy ESMPg Ak, ATUEE
SN ERS i (BN ERE ER WP

LESSON 25

AQUA-SEP Seawater Desalinator System

THEORY OF REVERSE OSMOSIS Ri&iZEFHEL

Reverse Osmosis is based upon the biological process of osmosis, which allows fluids to pass
through a semi-permeable membrane. Ji&i&E3E T2 EEH AW RS, ZifE R vk s
F-iERE . Plants use osmosis to transport water and nutrients through their roots to branches and
leaves; the human body uses osmosis to transfer fluids internally. &4/ 7232 1F FH @ e 4109
MR 53 3 AR IR AR FVE F7: NERI NS IE AR N AL 167 .  Osmosis is when two
solutions of different concentrations are separated by a semi-permeable membrane; the less
concentrated (purer) solution will naturally flow through the membrane toward the more
concentrated solution there by diluting the more concentrated solution. J2iE{E & 24 i Fhik ¥
AN TE] FRIVE VB 2 i A TP IR A AR R s AR B BV (BRSO = BRI 5 I At 1 ok
FER R RIVE, Rk ik EE I In reverse osmosis this process is reversed, where as the
concentrated solution is force through a synthetic semi-permeable membrane leaving its dissolved
solids behind producing a less concentrated (purer) solution. [z &% & X AN FE g ok, W=
OV R T — A BB I, BV AR 1 I 4 B ok, 7 AR R PR RV YR BB AL VA D

The desalination of water by reverse osmosis is a membrane separation process in which the
water from a pressurized saline solution (seawater) is forced through a synthetic semi-permeable
membrane leaving its salts behind (dissolved solids). i 5% StELHE K HIRAL AR — AN E Sy
B, IERIERER GO RIKBRaE & ReE R, EHE T GEMRIEAD . The
liquid flowing through the membrane known as permeate or product emerges near atmospheric
pressure has a reduction in salt content greater than 98.6%. A MBI HRFREISE, Bl &
R KRR B H, XM E DA R(K T798.6% Ll .. The feed solution, which is
pressurized on the other side of the membrane, increases in salt content, and is returned to its
original source (sea, ocean, etc.) as the concentrate or reject. (25 [T R LE IR 1K 73— hn %
AR EEINT, M SRR BRI PR (RO BEHTHE R B Sk i 7 O FE55) o



As no heating or phase change takes place, the major energy usage in the process is that required
to pressurize the feed water. i T %A A E BN SCE, b EEE AN E L T EE LN
KKK,  For seawater, the operating pressure generally ranges from 700 to 1000 PSI,
(4800-6900 kPa). % T-#E/K K i, #fF £ J)—#M 70051000 PSI(4800-6900 kPa).
PROCESS FLOW DESCRIPTION d72#id

The AQUA-SEP REVERSE OSMOSIS SEAWATER DESALINATOR is a complete
packaged plant designed for simple installation and operation. AQUA-SEP 7Y Jiz 1535 i 7K 1% k. 3%
BRNERE, RIFMTHER 2R EAIR 52 All components are of high quality,
reliable, low maintenance, and marine duty. BT BRI 2 AT 58 IR IR IR IRE A9 R .
The Booster Pump, controls and prefilters are mounted onto a rugged coated steel frame. 3% 72
P2 ) AT D 2 T 0 2 S AR 45 S A AN 48 | . The controls, valves and displays are all located
for ease of operation and are plainly labeled for operator convenience. %], WA ZRERAL T2
GEREALE, AT BAEEEH y HA # 5 M h525 . A membrane cleaning and preserving
system is incorporated as standard equipment, thus permitting cleaning or preserving without
requiring additional equipment. 5 i A4E Y RGUVE NPRAERE S WEE A RGN, IXFER I AN
PPk A 75 BTSN % . The Membranes are installed on the same coated steel frame. i 2
BEEAHF I PEANHESE . The Pretreatment Unit, which contains the Feed Pump and a
Multi-Media Filter, is also included on the system. & %5 7K ZEF1 2/ 5 48 A T AL T84 o th
WEEXNRGH, The Feed pump is required for proper operation of the system and the
Multi-Media filter will aid in overall system performance and give longer Cartridge Filter life.25
IKERUE R G A E IR, A TUERIRIEEAN RGN YERE, (EREAIES A m K.

The process starts with a raw seawater source. AbH I F2 I KSR G /KHF 46, The raw seawater
source should supply the system Feed Pump with a flooded suction. 7K F V& 78 % it B 3145
JK3E. A user supplied basket strainer (optional) should be installed on the Feed Pump’s suction
line to prevent any damage or premature plugging by removing all solids particles larger than 1/8”
(3mm). T ACHLIE 3 BL % 23 AL 4K RN 2 b, Pib S E sl s e, HIESBRENT
KTF 1185~ (3mm) (1 [ A 5k

The Feed Pump pumps the raw seawater through the Multi-Media Filter to the AQUA-SEP
inlet for processing. #5/KZZiEId 2 A 5 E A3 HEVE /K AL B B AQUA-SEPIE /K Ik 11 3% B B A b 31
AN, The flow is then directed to the “Multi-Media Filter”, which contains layers of various
permanent materials, which serve as the filtering media /K BB 71 2 T e s, JEAEEH
Z RS TR AT IEM L, TATR BN IEEA FIER.  As the feed water flows very slowly
through the media (from top to bottom), suspended particles are retained in the upper portion of
the Multi-Media Filter. -T2 /KAEH BN EAE T RS IEN BT, — a2 Wkt e 7 £
A RS ¥ -3 . The Multi-Media Filter also functions to remove small amounts of dispersed oil,
which may be present in feed water of certain locations. 245 Ji& %3 th FH sk 5 25 2 B 43 B
XL A BEAEAE TR X 45 K . The suspended particles and dispersed oils are
discharged from the Multi-Media Filter per a backwash valve provided with the Multi-Media
Filter. 22 /1 BB A% L% B A0 23 Bl e 8 2% b 1045 1) S P IR SR B

The feed water exits the Multi-Media Filter and enters the AQUA-SEP and its two Cartridge
Filters in parallel, which functions as the final polishing filter for the feed water and as a safety
filter in the feed water system.Z3 /K B i€ 28 1 ANAQUA-SEPHE /K IRIL B E , SR JGE NI
PR ALIESS, B TR R—IE RS KRG — SRR, RAEKRG I REELIERS .
Each cartridge filter vessel contains one 5 micron high surface area cartridge. 4 —>& 7 J€ 2% /)



FARNEEE —OHCKk R IR ME IR . The dual 5 micron filters provide an extremely high
surface area and dirt holding ability. P§N5580K s FIEAS PR AL T —AN 55 XA Jt i T FR AN 25 44
WEYIFIBE 1. The polished feed water exits the Cartridge Filters and enters the suction of the
system Booster Pump, where the pressure is increased to 700-1000 PSI (4800-6900 kpa). ##ffiid
WA KB RS G, HNB KRG MRS, & 778 n%1700-1000 PSI (4800-6900
kpa).The pressurized feed water exits the Booster Pump and flows through high pressure hose at a
velocity high enough to prevent crevice corrosion to the membrane feed port. i J& 45 7K B 7T
WEGE, sl s g By IR H A B o

The system utilizes membrane housing. There are a total of two, 8" diameter, 40” long
membranes. REUKFH FLA AL, NEA A, BB R8T, K405, As the feed
water flows into the reverse osmosis membranes, the membranes yield reject water and product
water. 25 KB SIS ERRT, B4 #h KK K. The reject water flows to the pressure
control valve, which is set by the operator to maintain pressure on the membranes. & 7K it 2 & /7
PR, PEH e E R, REFEE G —ERIE 1. The reject water is returned to the
sea via the reject water outlet line. 5 /K4t # /K /K& IR [ 2] X B . The product water flows
from the membrane through the Product Water Flow Meter, to a pair of Diverter Valves that are
controlled by a water quality monitor. 7= H 7K MR R B P2 K i &t AR5 mE— &l e
TR W I 2SR A 3 ] . Depending on the product water quality, it is either directed to the
Product Water Outlet for use as potable water, or diverted to the reject line and returned back to
the sea {4 /KM &, PE AR BIF= K BRI, 382 %% 2 #h7K & B At 1Rl K

The AQUA-SEP System utilizes the thin film composite, spiral wound membranes that are
less susceptible to plugging and easier to clean than other types of membrane. AQUA-SEP 7 fg 7K
AR GRS A AR e, BRI T B R, OF B e R R 2R 5
iHi#. Reverse Osmosis membranes will require periodic cleaning to maintain the rated output of
product water. J i3 IR % € VG, (RRFERISUE /KR . A Cleaning system and the
necessary valves and piping are provided to permit easy cleaning of the membranes. V&Rl % T
T 2R SR B 1R R B TT 4% S B e . For instructions on cleaning, refer to the
"Membrane Cleaning” section. < Ti& 7% [F1 15t B 15 &% IIE e &7

LESSON 27

MARPOL 73/7873/78 Bii5 /A %)

MARPOL 73/78 is the International Convention for the Prevention of Pollution from Ships,
1973, as modified by the Protocol of 1978 relating thereto. MARPOL 73/78 R84 1978 FEIUE
FAEITH 1973 48 E BRIy AT AAIE BT5 R A 240

The MARPOL Convention is the main international convention covering prevention of
pollution of the marine environment by ships from operational or accidental causes. MARPOL A
2 J2 1597 L A T DR 48 A S AT o Y 3 i A ) E LA 2. It is a combination of two treaties
adopted in 1973 and 1978 respectively and updated by amendments through the years.'t /& H
1973 4EAN 1978 FE P AHRT L IO SR LIRS ), 2 AER A 2 B
The International Convention for the Prevention of Pollution from Ships (MARPOL) was adopted



on 2 November 1973 at IMO and covered pollution by oil, chemicals, and harmful substances in
packaged form, sewage and garbage. «[E Fxlyy IEAEARE BeI5 2 A20) /& 1973 4F 11 A 2 HTE
b S SURIL 0, WhaE TG g A R BB FEMRT G ARG TS K b
Y54, The Protocol of 1978 relating to the 1973 International Convention for the Prevention of
Pollution from Ships (1978 MARPOL Protocol) was adopted at a Conference on Tanker Safety
and Pollution Prevention in February 1978 held in response to a spate of tanker accidents in
1976-1977. (Measures relating to tanker design and operation were also incorporated into a
Protocol of 1978 relating to the 1974 Convention on the Safety of Life at Sea, 1974 ). (3T 1973
A [ BRBI7 L AARIE TS S A 2 1978 SEBGE F5) &AL 1978 4F 2 HBHX} 1976-1977 SR AERIR
MR, FTA A 2 A ek o B . OTIME Bk A e (1 #5 i  6
AR (ORT 1974 i BN 224 A %) 1978 FFVGE TN .

As the 1973 MARPOL Convention had not yet entered into force, the 1978 MARPOL
Protocol absorbed the parent Convention.% 1 1973 MARPOL ‘A% A4k, 1978 £y
MARPOL & PILT 73 AZIKIN%. The combined instrument is referred to as the
International Convention for the Prevention of Marine Pollution from Ships, 1973, as modified by
the Protocol of 1978 relating thereto (MARPOL 73/78), and it entered into force on 2 October
1983 (Annexes | and 1) XANECA SCHE R HR (4 1978 SEUCERBBIT I 1973 4E [FEBRBY 1M E
BT HALY, Z AL 1983 45 10 H 2 HAERL (BRI 1T #0110,

The Convention includes regulations aimed at preventing and minimizing pollution from
ships - both accidental pollution and that from routine operations - and currently includes six
technical Annexes: i ALV EIHEL AR, HINTE T B LA B ANTS —a 5 G oS e
WRERES G H B0 A ZIRSE SR M
Annex Pl I Regulations for the Prevention of Pollution by Oil

iflatl: ESEE TS
Annex PRI 11 Regulations for the Control of Pollution by Noxious Liquid Substances in
Bulk
PR A B A 55 G
Annex B M Prevention of Pollution by Harmful Substances Carried by Sea in Packaged
11 Form
Bs 1L 12 A S G R
Annex [ ] Prevention of Pollution by Sewage from Ships
v B3 L AR AR TS 7K TS B R
Annex Fitlll V Prevention of Pollution by Garbage from Ships
B3 LE AR B 55 G )
Annex [ M| Prevention of Air Pollution from Ships (entry into force 19 May 2005)
\Yi B3 LE M ARIE B RS G (2005 4 5 H 19 HARO
States Parties must accept Annexes | and 1, but the other Annexes are voluntary. | F1 11 Jyhik
BRI, e S RTE HE
Revised MARPOL Annex I (oil)&iT B 1

The revised MARPOL Annex | Regulations for the prevention of pollution by oil
incorporates the various amendments adopted since MARPOL entered into force in 1983,
including the amended regulation 13G (regulation 20 in the revised annex) and regulation 13H
(regulation 21 in the revised annex) on the phasing-in of double hull requirements for oil tankers.



MARPOL 2T I | R bubi5 Repin, A& T M 1983 £E3RHIEATRM BAMEIER,
AIHEBR 136 % (BTN 200 1 13H % (EITBHIUAIN 21D , X FAS
FRIMATZ S K SUZ MR, 1t also separates, in different chapters, the construction and
equipment provisions from the operational requirements and makes clear the distinctions between
the requirements for new ships and those for existing ships. FEANE & i, X184 T EH 44
TRV 2%, 15 R H X 43 7 BRI I AR AN [R] 223K . The revision provides a more user-friendly,
simplified Annex 1. BT BRI | X343 & RWEE LG FE.

New requirements in the revised Annex | include the following: #&iTFEM | PFFMER T

e Regulation 22 Pump-room bottom protection: on oil tankers of 5,000 tones deadweight
and above constructed on or after 1 January 2007, the pump-room shall be provided with
a double bottom. # 22 2= 57 RERORY N : AL 5000 Ml e FLLL 1, 2007 #E 1 A 1
H LS 2GR, 25255 RZ A XUZ K -

e Regulation 23 Accidental oil outflow performance - applicable to oil tankers delivered on
or after [date of entry into force of revised Annex | plus 36 months] 1 January 2010;
construction requirements to provide adequate protection against oil pollution in the event
of stranding or collision. 2§ 23 24 AATHIN: EH T 2010 41 H 1 H (&IT
BRI 1 3RAEISEAT 36 AN D Bz H IS ASAHE R M, XA i a2 08
HOCRF, 7 LA fh it Sl 2 3 Rl V5 4%

Revised MARPOL Annex Il (noxious liquid substances carried in bulk) &7 Il
(B A MRD

The revised Annex Il Regulations for the control of pollution by noxious liquid substances in
bulk include a new four-category categorization system for noxious and liquid substances. &1
BRI 10 42 ) e A RV S e R, 04— 1 O DR 3 X A B R A D I AT T 4
2% £ 4 The revised annex is expected to enter into force on 1 January 2007 &7 it U] +%1-F- 2007
F1H 1 HEIFRSET.
The new categories are: #1735«

e Category X: Noxious Liquid Substances which, if discharged into the sea from tank
cleaning or deballasting operations, are deemed to present a major hazard to either marine
resources or human health and, therefore, justify the prohibition of the discharge into the
marine environment; X 3. XEEHIRAEYIGT, WBEVEAC K S BOKAEBNEE, Fxf
HPERIRE N SRR R oK fa S, AR EHPRON IS

e Category Y: Noxious Liquid Substances which, if discharged into the sea from tank
cleaning or deballasting operations, are deemed to present a hazard to either marine
resources or human health or cause harm to amenities or other legitimate uses of the sea
and therefore justify a limitation on the quality and quantity of the discharge into the
marine environment; Y 25: XEH BRI, WBEBEAC K B HKHEBONHE, Kt
MEEBHIRB N SRR A S, SO ETE B S B A A E,  FBRGIHE
NI B4 J5 L R

e Category Z: Noxious Liquid Substances which, if discharged into the sea from tank
cleaning or deballasting operations, are deemed to present a minor hazard to either marine
resources or human health and therefore justify less stringent restrictions on the quality
and quantity of the discharge into the marine environment; and Z 2%: X5F FEEY
i, NGNS K B BOKHE RN, KR IR N S R A BN, R
R BE R ) Hl IO I B T B A L



e Other Substances: substances which have been evaluated and found to fall outside
Category X, Y or Z because they are considered to present no harm to marine resources,
human health, amenities or other legitimate uses of the sea when discharged into the sea
from tank cleaning of deballasting operations. The discharge of bilge or ballast water or
other residues or mixtures containing these substances are not subject to any requirements
of MARPOL Annex Il. JLEMBT: —S Bl e KBIEAIART X\ Y. Z KY05,
A E AT IR K B BOKHE NN f5, SRR AR, AP@ Mt &
R FH A fa . WATHERRRIRK . 3K 2 e kR R sE &Y 6
FrIXLEEMIBR, FRANSZ MARPOL BN 11 (PR .

The revised annex includes a number of other significant changes. &1 [iff Il 055 — gL g
EE KA. Improvements in ship technology, such as efficient stripping techniques, has made
possible significantly lower permitted discharge levels of certain products which have been
incorporated into Annex ILZEARAAFAR T TIHA S, HoWrg S BB R, 1 L& {15 5t
LB = 70V HEOICT4R ) H A, XSS St A I BB 124+, For ships constructed on or
after 1 January 2007 the maximum permitted residue in the tank and its associated piping left after
discharge will be set at a maximum of 75 liters for products in categories X, Y and Z - compared
with previous limits which set a maximum of 100 or 300 liters, depending on the product category.
¥ 2007 4F 1 H 1 H A CUSEIERIMHIH, M X, Y. Z IR, #hlE, MRk HE
B SRV RCORIR B BN 75 T, ARSIV BAN IR, LA B R PR BE /2 100 BR300 Tt

Alongside the revision of Annex Il, the marine pollution hazards of thousands of chemicals
have been evaluated by the Evaluation of Hazardous Substances Working Group, giving a
resultant GESAMP2 Hazard Profile which indexes the substance according to its
bio-accumulation; bio-degradation; acute toxicity; chronic toxicity; long-term health effects; and
effects on marine wildlife and on benthic habitats. SEIT B 11 FHELES, TR Sl s
HHEE LM EVIE TP E e, JF4HH GESAMP2 EERI/, EREYIII
WA S AR R RRE 1B X R A IS e R i PR AR ) S R IR B
FRY S R K P B i o R S R

As a result of the hazard evaluation process and the new categorization system, vegetable oils
which were previously categorized as being unrestricted will now be required to be carried in
chemical tankers. {F /& E PG IIREAFT PR RGMSIR, EY LT 2N A BRI
0 TFER AL W ARZ . The revised Annex includes, under regulation 4 Exemptions,
provision for the Administration to exempt ships certified to carry individually identified
vegetable oils, subject to certain provisions relating to the location of the cargo tanks carrying the
identified vegetable oil. 1&5E WMt MIEFE—LE 263K (BF 4 %R 514430 , [FREEMII#HEC
UE U2 B a2 A FOREL A il RO (5L 0~ s A ARV A0 T A o s g B

LESSON 28

Port State Control
e [ A
The international framework[E FRREZR

The United Nations Convention on the Law of the Sea, 1982 (UNCLOS) establishes the
general rights and obligations of the flag State. Bt& E#7521, 1982 (UNCLOS)ZE /i



[ ) — AR A1 52 4F. Within the United Nations two specialized agencies deal with maritime
affairs, the International Maritime Organization (IMO) and the International Labor Organization
(ILO), and they have a responsibility for devising and developing conventions and guidelines
under which ships can be regulated. 7€ B & [ A 38 A5 T TH U A BG4S, H FrigE4
(IMO) FIE Frz7 T2 ALO) |1 H e AT 8 51 SRR I HIMHIH I A L A48 278 In
general, maters concerning safety at sea, pollution prevention and the training of seafarers are
dealt with by IMO, whereas the ILO deals with matters concerning working and living conditions
atsea. BRI, S LZ%csd, ISRENAME RIS EHIMOMATALHE, MILOKLE
i ETAEMAG SR SHEE . While IMO and ILO set the international regulatory
framework for ships, each Member State bears the responsibility for enforcing the international
conventions it has ratified on the ships flying its flag. /<& IMOFILOE 52 M AF ) [ Pr/es FEHE 22
AR AFEAN 18 G [ 0 T bt o ) B s R A A ) [ o I 240 JB AT AR B4 T
The role of the flag statef i E /& H

The international conventions developed by IMO form the main framework of safety,
training and pollution prevention regulation, with SOLAS, MARPOL, STCW, Tonnage
Measurement and Load Line conventions being the key regulations. H1IMO % J& i) [ Br /A 2175
BT AR A, BN A0YG JeB v il i = EAE AL, i (19749 E bR A2 e ALY, (&
19784 ULE FEIT 197 34F E bRl LA ARG B Y A1), (19954F A 47 4 H R =t BT
BI11978FEH . RUEAEIEFRHEEBR ALY ,  (19694F EBRARAMEA LB A L) LA (1966
EPREEL ALY & FEAMZHIE . These are supported by classification rules that largely
focus on the structure of the ship, including the materials used in its construction, the size of
scantlings and essential engineering systems like the main engine. X6/ 257 IR0 41 1)
SCRE, MIAGAL ] 1 B RN IS5 A, BRI T A P ARk, R RS G SR fre
WLARGi b anE L. Classification and Convention requirements can be inter-related. The issuing of
Load Line and Cargo Ship Safety Construction certificates would require, for example, the ship to
be built and maintained to class rules. /{28 xR/ £ B RO AH FIRERT . BEAME TR, 3R
LR AN LM AE AL 2 A E P T S IAAE A AL RN N AT i AN g

Evidence that convention standards and classification rules have been met is generally
provided by the presence on board of valid certificates. 3 ¥ i &2 2 ZIhRHE R4 A0 FA)3E 4%
WA AN EAFAEBREIEP . To ensure that a ship meets and then subsequently maintains
convention standards, a flag State needs to have in place arrangements for ensuring that its ships
are periodically surveyed and re-certified. >y T LR UEMS AN 2 LS4 R T EARKFFM A L0bs
v, M [ R AT & B0 2 HE ORAIE A [E AN 4 0 BRI AN BT R E . This responsibility
applies regardless of whether a flag state carries out its own surveys using its own surveyors or
authorizes a Recognized Organization (RO) to conduct surveys and issue international certificates
on its behalf ANVE MR E 2 %568 B CHIATHRATA LS 8 SABOA T HIURIAT, X AHR
DRI 5] A I A AT B 44 SO R E BRE .

The member societies of the International Association of Classification Societies (IACS)
meet the minimum standards required of an RO. [l Brfifi 2% #: B2 1 i 52 235 2 A v 20 2 fe A1
FR#EZESR.  In many cases therefore, it would be a class surveyor who undertakes all the
certification work on board ship. K| HE7E 2450 R, M6 MR A FE A _E i BT A AIE AR

Port States have had the right to check that visiting foreign ships met the required
international safety and pollution prevention standards for many years. fEi£ 4, #I1EHEL
B BRI 23458 277 1R A/ LS AR SR A2 6 001K [ B 22 4 AT T5 hmifE . Over the last twenty years



or so, rather than approaching the task individually, port States have developed regional
agreements and now much of the world is covered. 7Eid & HI AL —+4Ed, IEOE SR EH
SRS XSO I R R W, A& SRR AL BRAT 55

Port State control and the impact it is having on ships is growing. ¥ 171 [ 6 7 15 AR
S0 IEE B Ft. Port States in their regional groupings are becoming more organized and
professional in their approach to ship investigations, and when detentions occur, ships are ‘named
and shamed’ in public. ZEARAII X B L, WO E DURATT 1 7 U0 M An i ke & 1R AR 7
Jinf BRI E k. Ships and shipping companies with a history of detentions will begin to find it
difficult to trade unhindered s AN FIME 13 56 1K A W H 4R R INASZ Wit 1158 5 14 2845 R A

INTERCARGO would take to see more consistency in the way inspection are carried out,
improvements in the targeting of ship, better regional co-operation and exchange of information
and the implementation of common deficiency coding system for all port State control regions to
use. FEUBEMIRIb KB BT S E L HESE, B0 sulE, 4R X
B VEANE 28 e DA RAT A T TR R 2 DX el At A 14 2L [ B A5 R 48« Ships with a “clean’
record should be able do move freely between port State control regions without the threat of
undue repeat inspections. AT 4 ic S IR MEAN L Z PR HE 111 420 X380 1 BT T AN L 1%
23 FE AR SRS A A8 . Ships that have cleared outstanding deficiency should have their
records immediately cleared. T4 [k 5% tH BRI IR AR 20, BTG B EATTAIC S . The main
aim of port State control should be to eliminate substandard shipping and to than end port state
control as a means to achieve that, can be supported.i# I'T A% 2x 1) 3= 22 H FI& 75 AR AR T
AR B 2 i 49 B SRR s O A A XA T B SE X AN B br o
The right of a port state}s I E 4R

In practice, many ships do not regularly call at flag state ports and this can restrict the ability
of the flag State to effectively police and enforce convention standards on its ships. ££52Fr24 M,

HERIFAT - This encourages some ships to sail in a substandard condition, endangering other ships,
the lives of seafarers as well as the environment. XA 2 gkl — S AIERRAE LA R BiAT, e
FEAR, i R AR A DA SR I 2

Coastal States have certain rights to exercise authority over ships in their waters. %% E %
W 285 AT TR MR B 2 S AT A ER LRI AUR] . In addition, a port State has the authority to
check that foreign ships visiting its ports meet all the appropriate convention standards. 3 7, #511
I 0 ) 24 T 3 ATD 9 T A B A R I AT A 2 B & A 29454, Indeed, the
origins of Port State Control can be traced back to the 1929 SOLAS Convention. Convention
control provisions can now also be found in MARPOL, the Load Line Convention, STCW and the
ILO Convention No. 147.5ZF5 &, 3 11 B A 19 5R I 1T LB ] 219294 (ISOLAS A 4. A%
P S R IAE FT DAAE [ BBl Y vy, R AL, Bl RUEFEPERRAE B R A 20 LA R 15
bros T A L1475 R F]

A port State can, however, only apply those conventions which have entered into force, and
which it has implemented for its own ships. {HA&, —AN# 0 E R BER AL O &L MBI AL,
e F A KA E434T . Ships that fly the flag of a State that has not ratified a
convention, or are below convention size would not, however, be exempt from inspection because
the principle of no more favorable treatment would be applied. #XiMi, ARLeREERAHMEALE
FHMMARIAE, S R T AL ZR I RS A S bRt 2, R0 A8 H KA B

A State may also enact its own domestic laws and impose additional national rules and



regulations on foreign ships entering its waters. — > 8t AT e il & B O P 58 EE R 50 0 A
M) Z R AN BE B 3E N E AR SRR R . The United States, for example, has enacted
the Oil Pollution Act, 1990 (OPA 90). Z&AMIIFK i, £ C&HIEMIFIESR, 1990, The
existence of convention control provisions and national rules, coupled with the general desire of
port States to ensure that visiting ships are safe and unlikely to pollute their waters, forms the
background to port State control.2s 232 i 4% 3R R E SN A AELE, A 1 A o L5 2ok
PRAUESRVI MR 22 I IF AT G e Kk, AT B O R A i) 5Bkt
The rules that govern port state control activities¥ ¥ 0 E K 2535 30 LU

In November 1995, IMO adopted resolution A.787 (19) — Procedures for port State control.
1E19954E11H , AL FHALURMA787 (19) R —is I HAFE/F.  The resolution was
amended in 1999 by resolution A.882 (21) and will no doubt be further amended in the future.ik
W E A882 (21) 5 PR WL AE 1999 4F & 1T I H. 22 T B 1ol K A IE S it — 84T . The
procedures are intended to provide basic guidance on how port State control inspections should be
conducted and how to identify deficiencies in a ship, its equipment, or its crew, with the purpose
of ensuring that convention control provisions are consistently applied across the world from port
to port. A5 AR P FHRIR BLEE A IR T, BRI T WALk ds 1 B A A4 R 519 9T LU A ik
AR, e, BT RAG, EENH R ORI A 29 FE ] SR A At S E B A A — i
B 53— ORI 24— B AT

The procedures are not mandatory and only offer guidance to port states, albeit guidance that
has been developed and agreed internationally. IXANFEF A& s ), FO2AH O ER it S,
BARTE GBI O K R IF 1 [E bR &L . While port State regions should use the procedures
when exercising port State control, in practice variations in the way the procedures are interpreted
exist. M EATHE O EAC A, T O X0 AUE X B, (HRESEbRh R E T
iR 51 AL AR AL R AFAE R o

For example, if convention control provisions were strictly interpreted, a routine or general
inspection would be limited to a check on the validity of the ship's certificates, except in cases
where the condition of the ship was in doubt. 25/ gil-F K15, BT 2> 24945 il S5 3K BEAT 74 19 il
BE, —ANE RS A 2 BRI AT AE A S A A, B 7 XM ARIRGUA B PR SE R 16 10t
Z k. Itis, nevertheless, often argued that the presence of certificates is only evidence of, and not
conformation of convention standards being met. JSE Wik, rFE H W YONIE B RIAAAE R 2
FFE ALIRRIERIESE, A RERRIN il 2 A L145iE. For this reason, some Port State Control
Officers (PSCO) are likely to want to inspect more than just the ship’s certificates while
undertaking routine port State control inspections. BT AN i ], 2478 -$E B A 1 R AG: A frép el
5, L AT RRAR BT B 2 HOR AT, 1A PR MR A
Dealing with the PSCO5# OB B R KX

It is probably best assumed that the PSCO is fully qualified, well-trained and familiar with
ships although of course this may not always be the case. B B2 O E 4 5E &, %
BRI HIII R GRARA, ARSI AU . The master should select a room for the initial
meeting that is quiet, comfortable and have all the certificates and documentation readily available.
PR A A 3 — A 2 T 3 10 55 1) SR B A0 ) £ T I FHE 0 T A AE A SC . The reports
of previous port state inspections should also be at hand. LR 11 G 2545 75 B 6 2k 4 78
Fili. All questions asked by the PSCO should be responded to in an honest and straightforward
manner. & F B 534 10 (1) A T 0 200 DA — Fofr il e A3 2 07 QAT [l 2

When the PSCO is ready to make an inspection of the ship, a senior and knowledgeable



officer should be assigned to accompany him. 43 [ E & 51 k& 0 AT R 25y, ROZFa IR
—ANERLR I I 0 R BB R Al . That person should be familiar with the ship and have the
necessary keys with him so ensuring that ready access to all spaces is possible. iX/™ A%
AR T B 1 0 75 1 AH R SR fR v] LA N BT 1 5 8]« I & spare crew member or a cadet is
available, his attendance is also recommended. 40— 7S R FAR 53 3038 52 >0 AR T LSS IR
F, B84t N 1% 45 $E 37 B [F] - If things need immediate attention or assistance needs to be called,
that person can attend to such matters and the flow of the inspection can remain unaffected.f& 4
Fei T SO B R G T AT P, A XA AT B S 5 g4 i R A AR 598 AN e
Z F 0 o

The officer should be vigilant and not afraid to point out and immediately rectify
discrepancies that appear during the inspection, rather than risk the PSCO identifying the
discrepancies himself. i it 04 6 20U 3 I HAN S F 4045 AL VBT IEAE A A A2 b i B
W, AN E A O E R SR R XK. Being able to fix things on the spot is
an indication of being well organized. fit %76 B3 M ok 1] B2 B M AH 5 3845 % . Even if
something does not work or needs adjusting but can not be fixed immediately, move on and let the
PSCO return later. This could save a second visit to the ship. R {#i £77E 3t 86 i) 5 sl % 75 Z B (E
SETCIEAL RN, AR AT B LN L E I S ) LTR . IXRE RS AN 4 B 35—k
LORER IR

Finally, it must be remembered that the master always has the right to query the direction that
an inspection is taking should he believe that the inspection could interfere with the safety of the
crew or indeed cause crew fatigue. Unreasonable requests for drills while the ship is cargo
handling or bunkering should always be questioned. &t i, AZE{EM K 7Kz A AR 57 B¢ 1F 78 32
TR A, AR SR A 2 T UL RN 1 22 A e (A2 S M R 9% 57 . afiin LE
FESLEN TR B I, D6 AU 2 AN G BAE SR AT T 5E .

LESSON 29
International Ship and Port Facility Security Code [ BRI K MR- 2290
i

A new, comprehensive security regime for international shipping is set to enter into force in
July 2004 following the adoption by a week-long Diplomatic Conference of a series of measures
to strengthen maritime security and prevent and suppress acts of terrorism against shipping. Bf#
NI = BIANE R ST T B AE NSRS %2 4, B 10 A )Xo i 96 FR) 22 M Vi 3 ) — R A
i, — A BRI B B 2R & % AR S 2004 4 7 H 1 HA XL, The Conference, held at
the London headquarters of the International Maritime Organization (IMO) from 9 to 13
December 2002, was of crucial significance not only to the international maritime community but
the world community as a whole, given the pivotal role shipping plays in the conduct of world
trade. 2002 4F 12 H 9 H % 13 HAEE B FHL ST BTF RS, KRSV B brif
Fr I Ho A E Bk 2 R U H R R L, RO IRE LRt 5T 5 05 TH v A T A
5, The measures represent the culmination of just over a year's intense work by IMO's Maritime
Safety Committee and its Intercessional Working Group since the terrorist atrocities in the United
States in September 2001. [ M 2001 4% 9 H 24 4+ 7E 3% Bl SLjti 2 7idsh LSk, E prifg g4l
LA 2 2R B AN ORI A, B AEEN H & — B T .

The Conference adopted a number of amendments to the 1974 Safety of Life at Sea
Convention (SOLAS), the most far-reaching of which enshrines the new International Ship and



Port Facility Security Code (ISPS Code). K<xiliid 7%} 1974SOLAS M¥IHUE IESE, Hrhsgm
KR CEBR AR SR 2 M) (ISPS #EMID . The Code contains detailed
security-related requirements for Governments, port authorities and shipping companies in a
mandatory section (Part A), together with a series of guidelines about how to meet these
requirements in a second, non-mandatory section (Part B). %} s K F D (A #) A%
MBS HE D 24 R AT A B 8 T ORIV EESR, S5 =80y, BRRaRHIZERET 4> (B #40)
AL QAT i A2 IR L R ) — £ 5148 T J5 U . The Conference also adopted a series of resolutions
designed to add weight to the amendments, encourage the application of the measures to ships and
port facilities not covered by the Code and pave the way for future work on the subject. k£ tHi&
T RIVRUL VRN IE S EEEE, S50 & Tl 5 5 B 06 S B 2 FH B AR 1806 L
AN AN R T 2 B, 9 DS A2 7 TH] T A1 3 B

The International Ship and Port Facility Security Code [E B AHFIME O 50H (F-2250 0]

In essence, the Code takes the approach that ensuring the security of ships and port facilities
is basically a risk management activity and that to determine what security measures are
appropriate, an assessment of the risks must be made in each particular case. & 3k, {24t
DU SREE 5 i AR A AR R 1 22 4, A it R A B, pog Wb Fh e A b 2 A
1, AU S A — BRI LT IR AR VA -

The purpose of the Code is to provide a standardized, consistent framework for evaluating
risk, enabling governments to offset changes in threat with changes in vulnerability for ships and
port facilities. 22 KU B H B2 AL — AR 2R 20— B XS PRASHESE, DRUEEUM B
JE%oF 8 B AR A 5 SO AN AN 1 10 1) 5 B R AR A

To begin the process, each Contracting Government will conduct port facility security
assessments. SN T FFURIXANRERE, AN G L) EBUR B TR I 2 AV . Security
assessments will have three essential components. % 4=V & A =AM FFE R FE.  First, they must
identify and evaluate important assets and infrastructures that are critical to the port facility as
well as those areas or structures that, if damaged, could cause significant loss of life or damage to
the port facility's economy or environment. B 5, 05 Z5ifffi 7E FPFA s 1 V00 SR b ) 2 2 5 7
RN . DLR— e XU Z5 1, X S XA S5t W R 2 BIHUR, 2ol 8 R MA arfik
Bt P 1B A R B PR a8 A T K42k . Then, the assessment must identify the actual
threats to those critical assets and infrastructure in order to prioritize security measures. /%, ~
TR TREMATRSHE T, PN 2R % B B AR S K SE PR B . Finally, the
assessment must address vulnerability of the port facility by identifying its weaknesses in physical
security, structural integrity, protection systems, procedural policies, communications systems,
transportation infrastructure, utilities, and other areas within a port facility that may be a likely
target. #JE, VUL T HE LB 95 ATERB B, FR SR SEBR e A L AR SETEL fR
PR B ITE BE RS, s, AL O A AR S — L T B RO e
PR Wit BT 77 7E 1 55 45, Once this assessment has been completed, Contracting Government can
accurately evaluate risk.— EL5¢ X SE P4, 4529 FEIBUR At AT LA IE B EAT KU VP A o

This risk management concept will be embodied in the code through a number of minimum
functional security requirements for ships and port facilities. & iz o fif AEA1HE 11— R 31 B AL AR
GINREER, KU A S 51 N{R 2N . For ships, these requirements will include: %} T
FEAA B 2R AT
o Ship security plans {4 i1 %)

o Ship security officers AH{R % 7



« Company security officers 2 & {4 £

o Certain onboard equipment — & [{Ifii} 15 4%

For port facilities, the requirements will include: -7 71 15 jfi ) 35 5K £, 45 -

o Port facility security plans ¥ I 5t {22 11 %))

o Port facility security officers ¥ 1 5% Jifi {22 5

o Certain security equipment — 5& f {4 % %

In addition the requirements for ships and for port facilities include: 4%, S FFRAAANAE 1% it )
BRI

« Monitoring and controlling access 3% T Bt

« Monitoring the activities of people and cargo %F A1 e iR 25 1) 4%

« Ensuring security communications are readily available ffiF & 4385 J5 {45 X4

Because each ship (or class of ship) and each port facility present different risks, the method
in which they will meet the specific requirements of this Code will be determined and eventually
be approved by the Administration or Contracting Government, as the case may be.[xl g4 % i

CERREFPERLAIMEAND LR % 3 E A TEAN IR XU, T RAA 7 A2 12200 ) L A S T SR
1R 5 1205 F R LR BT 24 [ BURT Aff 3 e AT, IR Fesk BT eI I LS RE .

In order to communicate the threat at a port facility or for a ship, the Contracting Government
will set the appropriate security level. >4 1 V4@ ¥ 0 Bl S A INEIME B, 4524 E BUF R %
SENS MRS . Security levels 1, 2, and 3 correspond to normal, medium, and high threat
situations, respectively. fR%%552% 1. 2. 3 MBI RIER . AR AR MPIRA . The security
level creates a link between the ship and the port facility, since it triggers the implementation of
appropriate security measures for the ship and for the port facility. H1F {22452 451 & RHIHA
I B HAT A G PR 2 0, B DAOR e SRR S 1T s DI A AR 2 TR R &R

The preamble to the Code states that, as threat increases, the only logical counteraction is to
reduce vulnerability. fRZ I KT AR, BEE BUMRIE I, ME—FFG 858 10 RO 5%
F iR/ % AR . The Code provides several ways to reduce vulnerabilities. #1145 H 1A PR
IR &% . Ships will be subject to a system of survey, verification, certification, and control to
ensure that their security measures are implemented. AR 3:52 RE R A 2, WIFAHE
HIRAIE 22 A5 75 LLRAT - This system will be based on a considerably expanded control system
as stipulated in the 1974 Convention for Safety of Life at Sea (SOLAS). XN RS T —AT 2
ST RS, L 1974 ST 19 Gfg LA AT AZ)) (SOLAS A#)). Port facilities will also
be required to report certain security related information to the Contracting Government
concerned, which in turn will submit a list of approved port facility security plans, including
location and contact details to IMO.J 15 jite i % 3R 22 i) 47 249 B BURF IV HR SR8 AH 06 (1 22 4215
B, B YCGHRAE— O B A T s D Wit e A vh X)), EE BEME Ar E DA KR [ Fifg 2 2 2K
TEAIER
The Company and the Ship

Under the terms of the Code, shipping companies will be required to designate a Company
Security Officer for the Company and a Ship Security Officer for each of its ships. R &M F) 5%
o WA R BER N A FIRIR— S 220, ARG —EIRIR— 407 a5, The
Company Security Officer's responsibilities include ensuring that a Ship Security Assessment is
properly carried out, that Ship Security Plans are prepared and submitted for approval by (or on
behalf of) the Administration and thereafter is placed on board each ship./A % 4= 5 () T AT AL



i, PRAEAT I Z TP eI e, M2 AR R #E o IF 38 (BifRER) AR FEHLT]
e, SRS ORAE TR .

The Ship Security Plan should indicate the operational and physical security measures the
ship itself should take to ensure it always operates at security level 1ffHAf {22 1R R iZHIAA
U IS AR HA S B 4 TR PR DR 2248 e, CRIER AR 284 T/ 2245 2% 1. The plan should also
indicate the additional, or intensified, security measures the ship itself can take to move to and
operate at security level 2 when instructed to do so.i% i1 %IIJE N 1% $ H 244 iy & THR BIR 22 545
2, MR IZ K AT b B N5 {225 . Furthermore, the plan should indicate the possible
preparatory actions the ship could take to allow prompt response to instructions that may be issued
to the ship at security level 3.53 41, 1R H A AT BE R HE& TAE, DUEMANX T Ak H

B TELR A5 R 3 I A HA T 1) S e o

Ships will have to carry an International Ship Security Certificate indicating that they comply
with the requirements of SOLAS chapter XI-2 and part A of the ISPS Code. M4 H: 4 ¢ [H b
AERALRZET) , BHIASTE SOLAS 55 X1-2 F A1 ISPS KU A #43 f#5E - When a ship is at
a port or is proceeding to a port of Contracting Government, the Contracting Government has the
right, under the provisions of regulation XI-2/9, to exercise various control and compliance
measures with respect to that ship. MM AAI7ERS SR AEAF A E O, 4520 EBUF A BURYE
X1-2/9 ZFR TSR, 1R ZARAT & Fh 2 il F1 45645 )il - The ship is subject to port State control
inspections but such inspections will not normally extend to examination of the Ship Security Plan
itself except in specific circumstances AFAAEE 2 HE O EISHIR A, BRAEERRIGOLT, B
TR AR 738 AN 2 S AR B AR 2 Tt R A 5

The ship may, also, be subject to additional control measures if the Contracting Government
exercising the control and compliance measures has reason to believe that the security of the ship
has, or the port facilities it has served have, been compromised. {1 5 45 2 [ EUR 2E AT 42 H1 A0 755
GRS, AP ARE MR DR 2 B D B A faE, IS AN T RS 2 A A B S e it
The Port Facility # 0%

Each Contracting Government has to ensure completion of a Port Facility Security
Assessment for each port facility within its territory that serves ships engaged on international
voyages. - 2 241 15 BURT 4 2515 Ji 40 - 50 1Rl P P08 D 0 1 DR e VP A, I Se B E h T
MR = E bR is AR 45 0. The Port Facility Security Assessment is fundamentally a risk
analysis of all aspects of a port facility's operation in order to determine which parts of it are more
susceptible, and/or more likely, to be the subject of attack. 14 i {2 PPt A& ¥ 11 Bt 3 1
BT —AEEA PSS 53 BT, 229 1 it MR 5 T e SERURR 1Y, B 2 AR 7 5 T 3 L
7. Security risk is seen a function of the threat of an attack coupled with the vulnerability of the
target and the consequences of an attack. {2 KU 4% & — AN B B B A A i 55 1 KX ok 45
TR

On completion of the analysis, it will be possible to produce an overall assessment of the
level of risk. ZrHr5e i, Haox A KB AE I — A AR PPAli. The Port Facility Security
Assessment will help determine which port facilities are required to appoint a Port Facility
Security Officer and prepare a Port Facility Security Plan. 5 15 i {5 22 WPk 42 55 B fh <2
Sl 1 i T AR URME R By, R MER B DR 224 %), This plan should indicate the
operational and physical security measures the port facility should take to ensure that it always
operates at security level 1. 1% £RZ21H IR 1A #S 1 50t R B LR« AT ERAE B R 2245 it
FRAEHE D B IR 22 4 T 174255 2% 1.The plan should also indicate the additional, or intensified,



security measures the port facility can take to move to and operate at security level 2 when
instructed to do so. 1% UFRIMERLZHE 244 i & F- R BN R 2255 2, M 0t S0 R BV &gt
BN 225 i 1t should also indicate the possible preparatory actions the port facility could
take to allow prompt response to the instructions that may be issued at security level 3. 534b, it
RITE R i H s RO T R HE 2 TAE, DUEXTFTRE R AR S AEMR A5 3 IHE H i) )
138
Ships using port facilities may be subject to port State control inspections and additional
control measures. it {87 F ¥ F1 0 W] R 224832 H 11 [ s il o A AN UM 42 ) fis i . The
relevant authorities may request the provision of information regarding the ship, its cargo,
passengers and ship's personnel prior to the ship's entry into port. 74 5% 24 J5 t Al fig 2R 7E A R E
N LI Z AR AEC T AR B84, Fes RIS N 53 1915 2 - There may be circumstances in
which entry into port could be denied. R] f&4 #FE 48 N\ 15150
Responsibilities of Contracting Governments %% B BURF i 3£
Contracting Governments have various responsibilities, including setting the applicable
security level, approving the Ship Security Plan and relevant amendments to a previously
approved plan, verifying the compliance of ships with the provisions of SOLAS chapter XI-2
and part A of the ISPS Code and issuing the International Ship Security Certificate,
determining which port facilities located within their territory are required to designate a Port
Facility Security Officer, ensuring completion and approval of the Port Facility Security
Assessment and the Port Facility Security Plan and any subsequent amendments; and
exercising control and compliance measures. It is also responsible for communicating
information to the International Maritime Organization and to the shipping and port industries.
ZLAEBUN A AR TUE, SRBOE S ERIR SN (RN R, =R BT
HIAHSSIEAL . SIS S A& SOLAS AZIHS XI-2 FEH0 ISPS MU A H73 (B K ALK
WU IR R AR DR Z2AE F5 ), R A5 A TR 6 11 Vet 75 18R ME D B PR 2 1, PRAEE
S8 BRIt A B OR 22 VR Al RN 1 el DR 22 TR DA B R SRR PRAL ;. HAT T AAT S 6
it WE TS EREEHL . SR O TR R
Contracting Governments can designate, or establish, Designated Authorities within
Government to undertake their security duties and allow Recognized Security Organizations to
carry out certain work with respect to port facilities, but the final decision on the acceptance
and approval of this work should be given by the Contracting Government or the Designated
Authority. £ E BURF T CALEBURF P EHRTR . BN, SRR IR LIRS, RFAIA
(R PR 22 22U D Bt e — g B LA, (G2 0 T2 B B ST AL X 2o T AR ¥ 2 Fh 4 24
| AU B AR AN LA S B 4 L

LESSONSO0

MANAGEMENT AND SAFETY OF

MARINE ENGINEERING OPERATIONS
FENLERAE A B AN 22 4

Maintenance embraces routine services such as adding or changing lubricants and coolants,
cleaning, etc., performed at frequent intervals(every watch, daily, or weekly), and planned



maintenance procedures including inspections, tests, adjustments, and replacement of non-basic
parts like filters, packing, belts, some bearings, and valves. #4635 & # IR A& HL AN iR In s
SRR BN EIA R, EERSE, EIEAE CREIE, BREEERD, mitkigEe
PP AR, Wik, M5, DORERARREATTI i aEss, JoRh, e, — BRI fL: .
Planned maintenance procedures are normally based on the manufacturer's recommendations
regarding required services, time intervals (running hours, elapsed time, etc.) and certain
operational parameters like pressure, temperature, vibration, material loss, etc.i %I 4E (& F2 7 IE &
GO RIETHIGE R AR, WABIFHEAIRS, Wk G217 E, SEFEm RS54 DL
MELTAESRICWETT, REE, RSy, MEHUE, 55,

Shipboard maintenance is traditionally divided between deck and engine departments
according to function. The following is the scope of involvement of the ship's administration in
maintenance activities IR#ETHREA[F], AIARLEELEAL S L RAE HRRACHLES ) 2 M 0B, T
TR AE BTG S I 2 5 BTG .

MASTER fifi £

In coordination with the chief engineer, the master ensures that the ship's planned maintenance
program is carried out properly and sustains a safe and efficient ship operation with minimum cost
and minimum downtime.Jy T BC&FEHIA, AHHCELLRAE A ANAE IS T RIFE 1 & BRI BT R4
Fr— M2 A RIMAE e, 8B RARKITE 9 A B A 45 A 3

CHIEF ENGINEER ##l%&

The chief engineer coordinates and supervises the performance of the maintenance program for all
machinery and equipment assigned to the engineering department. The engineer also provides
assistance to the deck department team when certain maintenance actions and repairs are beyond
their capability. f& HLHKCZ B A A0 B /B2 SR 1 A HUBORN 1 & 42 50 H A9 PAT 1500 -
L EAT AAMERIE L T ARG T THRE T, SN o3 R S B th AT T

FIRST ASSISTANT ENGINEER K&#

The first assistant engineer carries out the maintenance work according to the schedule, reports the
completion and the related data to the chief engineer, and holds responsibility for the spare parts
inventory management. K AR HE H BER AT LIS TAE, mACHIAIR S 58 BUB LA AL,
FFnd & AHE B B U DT

CHIEF MATE KB

The chief mate coordinates and supervises the performance of the maintenance program for all
machinery and equipment assigned to the deck department except major actions that are beyond
the capability of the department. B A B 73 BiC 25 FOARGS T 1T A HUBRAT 152 2% 4B T H 1
PATIEDL, B TS AR TR i RS

The scope of the shipboard maintenance activities performed by the engineering crew includes
the following: F#EHL GI AT HIRTARAERS TAE QG0 TG

e creating a list of servicing routines related to ship's structures, machinery, and equipment for
every watch, day, and week, in compliance with planned maintenance procedures set by the
company and the manufacturer's recommendations #2537 — R4 SALAHGE, HLEs, A
FRRMGASTET, %P R RAEYE, &R, AR, Ih 2 5 R
R RIZE R — 2

e planning and scheduling maintenance actions and assigning responsibilities 111l 3% HE 4
1BIE B LA IR 55



monitoring performance of the maintenance procedures Y B 4B L7 AT ;
keeping logs and records of maintenance actions X 41815 B {F-4F 10 5% ;
reporting maintenance scheduling data and accomplished maintenance actions to the shore
management i £ 4 TR TR RS 7 1 58 4R E TR B ;
e  keeping a machinery history {FAEHLE$4EIE G 52

A preventive maintenance and repair system is the prevailing approach in modern ship
operations. Tl By 1 4 4 FME B 2R Gt 2 DUARHE AN BLA0IRAT J7 % . It means that maintenance
and repairs are carried out before failures occur, so that running costs do not become excessive.
Tt R AE R R AR BT F AR S AME B, RS E EH A S K. There are two
preventive maintenance methods: periodic and conditional, or predictive in naval terminology. 4
PITh BB AR e Ty IR AL IE 41, B FNEE MR IE R UL e 42 . The
periodic method requires that maintenance and repair procedures are performed at fixed calendar
intervals or upon achieving certain accumulated running hours. 5 (& 77 i T B4R A& 34
TR A 1] 5 1] ) BE% A HRAT B 2B B A RBLE AT I ) I .- Conditional or predictive
maintenance is based on the actual condition of the ship components, maintenance and repairs are
carried out when the condition reaches a certain level. M1 % 1 2 445 2 25 T AR TT A 1 52
bRt it, 215 00E BIIEA KR, BT s 4E47 FIMEHE . Most ship owners employ a combination
of both methods. K2 A FRIAR 7R K H B Rh 7 2: /45 & The periodic method is applied to ship
components where actual operational conditions cannot be determined at any given moment by
visual inspection or by other nondestructive methods. & Ik 1% 772538 F T X RE MR 614, B
SRR AR LA BEAEAE ATIN i i B LA 7 5 2 e AR BR PR 7 5 E . It s also used
when machinery or equipment must be opened and inspected on a periodic basis according to
classification requirements. & BAZE (& 77 7240 1] LU T 4188 503 1% 2% 0 SR R A 24t B 5k
ST IR AT

Where the condition of other ship components might be determined by employing the known
nondestructive diagnostic procedures, these components are routinely maintained on a periodic
basis, but special maintenance and repair actions are performed depending on the results of the
inspections. F & A 7T A AR 1500 AT LA ST SR F R S RIE ) T BUS W 7 okl , X sero
TR ALY, (R IRAE RSB AR R PAAT S2 HO TA 45 SR

Shipping companies use a wide variety of nondestructive methods and instruments to evaluate
the condition of ship components. it/ & {5 1R 2 TG4 5 AR SRR A AR TC AR IR e o
These methods and instruments fall into two groups: direct measurement and indirect diagnostic.
X T YRR °T LAy R 28 BRI [R] 4212 . For instance, evaluation of the condition
of a cylinder liner might be performed in accordance with the diagram shown. 283 73k 3, =,
FLERIPEAGIE L AT DL IR SR i R #E47 . In addition to fixed or mounted thermometers,
different types of portable gauges have been developed, both contact and non-contact, primarily of
infrared type % 1 [l € B 22 2R BETHZ Ah, A RSB TR B2 K A EAn
AR, FERAINEL.

Vibration tests might be used to evaluate the status of practically any rotational mechanism on
board a ship. 4 s AT LA Rl A L Szl B AT AT e WLk itz . The results of the
test analyses provide valuable data on the operational condition of the rotating and load bearing
elements. 473 17 (¥ 45 A48 e % oA A0 S 3R 2 e AR RIS AT T DL S (AN A I 280
This data is used to determine the required maintenance and repairs without relying on the
time-based maintenance schedule. A detailed description of vibration analysis methods may be



found in of volume 2 of this manual.iX %4 w] LA SR vk e 75 2L 4R A BRI AN TR 24K 58
FETB 4B B R PRSI I VRGN A v LATE T b B 288 = o R0
Other widely used methods of indirect monitoring of the condition of the ship's machinery
and equipment include the following: 3L & |2 A% FH (14 ) 422 R 35 M AR LR AN 15 #6175 DL 1 7 V2
FEUWIT
e analysis and monitoring of lubricating and hydraulic oil J & i1 18 & 1 (1) 7347 F0 W 42
e thermo-graphic analysis of machinery performance L% RE #4173 bt
e testing, analysis, and treatment of boiler and feed water, and also diesel engine cooling
water fAJ ALK, BASCSEIHLA EIK I, A A AT AL B
Oil monitoring and analysis include taking samples of oil from different units of equipment
and performing onboard tests. i1 i 42 FH 43 B €36 MAS ] 5 £ B o0 B R - ZE A Bt
More comprehensive oil analyses may be performed by a shipping company's laboratory or by
specialized engineering companies. S5 iNZEG IRV 23 B T LUOE S A A =] 1) S 86 S 80 & 110
TFEAFRHEAT. Test results are evaluated and necessary corrective actions are undertaken. il
TR B FE R BUL ZE [ FF IEH . 1t may be found necessary to change the oil or to use a
better brand. 7] i & AT 0 HEAT He it BEE A S U RS TR . In the case of excessive
contamination, the storage and sump tanks and piping should be flushed, cleaned, and dried before
refilling is done B WA 3 BERK TS, A AFAE FOY5 VIR DL B 70 B BT 3 T 2 T, D620 ook
TV AT
Shipboard electrical machinery is subjected to heat, humidity, corrosive effects of seawater,
and possible physical damages. MR HL )& 75 558 52 il WNE, KR DR A B A AT
AER HAR$5E . The combined impact of these factors might compromise the integrity of the
insulation and lead to a failure of the equipment.iX 2% X & [ 455 1E F W RE R E se B 4% 3+ 5
AR % .  Therefore, the engineering crew should determine the necessary preventive
actions by conducting regular testing of the insulation. [Rlitt, #EALA 50 5 1 S it 30 468
GG AT DA P L B T IS i The testing is normally performed in accordance with the
manufacturer's recommendations and the approved company procedures. X £33 & HE 35
3 T R SOMZ I AT (A B RE P T It is a responsibility of the shore management to
ensure that all licensed engineering officers are familiar with the methods and procedures of
insulation testing, and that the proper equipment for taking readings is available on board.iX /& 5
E SRR A 15 21 AT R DB A Gl 7 R AR 7, DA IS 6 >R U Y
BLAE & AR BT A
Testing and treating boiler and feed water is essential for the safe and efficient operation of
boilers and heat exchangers on board. ) A 45 7K (1) IR AN AL FE X 5L AR o R A Az 4 25 (1)
AR MISHT RAEFFH EEN .  Chemical testing of water provides the data for evaluation of
the conditions inside boilers, other steam system equipment, and pipelines. 7KFEAL 2 AT PL$E
BEECR R el HE AR RS IR& DUE B NI HL. Chemical treatment of water
decreases the concentration of dissolved solids and oxygen. #4177k (R 4k 22 Kb B T DL B AR 77 At I8
PR AN iR ARV FE . Combined with periodic bottom blow down, the chemical treatment
prevents sludge accumulation and equipment failures. 5 5 $JREFHEFS AHSS &, L2 A0 FE 0] DL
G 2 SRR % 3. The engineering department should test water daily, periodically check
system equipment for the absence of water contamination, and inspect boilers to evaluate the
effectiveness of the water treatment program FeAL36 1 75 BARER MR, & IR B AT KI5
PRGBS, FEATE R LLIEAS F K A BRAR 7 0B Rk



Modern diesel engines operate at high temperatures and heat transfer rates, causing increased
accumulation of mineral deposits on the water cooled surfaces. IR LEIHHLLE =i Al s O F L
FHRTNIZAT, I 5 RITEHTER KRR A WG . Distilled water used for cooling
contains dissolved oxygen, which makes it even more corrosive than regular water, especially at
higher temperatures. JHi¥ £l & 1K G EVA MRS, MNITT 305 5 M0v4 207K LG S5 ¥ 78
P, R REETL T . Therefore, it is necessary to chemically treat the cooling water by adding
corrosion inhibitors to provide a thin protective film on metal surfaces. Kl t, XF¥4H1 KT L2
AT RS ZBTR) 3 I P o 7R R DA < S AR T T R — SR R

Both periodic and conditional methods allow for planning and scheduling of maintenance and
repair activities, so most ship owners employ a planned preventive maintenance and repair system.
S8 SHAEAS IR 4545 7 1 Fo Vo P RS B FE S EAT T RN 22 HE, BT K 2 B0 i 4R F il
B R4 RIS TE 248 The difference between the periodic and conditional methods is in
the actions that are planned. & ¥I4EME LTS 4E 1B 10 X TE T 1HRIRHUAT3) . In the first case,
the scope of the planned maintenance and repairs is identified in advance, while in the case of the
conditional method, the nondestructive inspection is planned, but the maintenance actions are
based on the inspection results. 7555 — A& Bl A, TR 4R FIAS I 10 BB N TR AR RN, 1
HEABAEBBRT, TEHBRI T TEEAI, ER A Eal R TR AL R .

The principal responsibilities of the port engineer (operation superintendent, etc.), who plays
the key role in managing ship maintenance, include the following:7E X i RfI 47 #1825 2205 H 1)
PO TRN CGRAERE NS PRSI
e  maintaining a current database for each ship under command $2 I 22 3R of 43 A% A AR 9 24 BT 4
P PE AT
e developing maintenance requirements and monitoring ship crew compliance &3 447 % 3k Jf:
B B R A
e planning and reviewing maintenance plans developed by crews, and monitoring their
accomplishment R 4G Be) it o3 S R 0440 -Ral, I BRI 58 et e
e assisting the ship's crew in carrying out condition monitoring activities including vibration
measurement, liquid analysis, and also machinery performance monitoring, and arranging for
outside companies participation. Hi B 53 AT R 2 I DU B ELFE IR B0 &, A AL I AL
athERenE, LAUORINRA RS 5.
A planned preventive maintenance and repair system provides definite economic benefits when
applied to those ship components that, if failed, would affect the safety of the ship or that might
cause delays, damage to the cargo, and other serious losses such as fines for pollution, legal costs,
ete. —MTHRITHBT 4G ANE 2R Gt 24 ¥ B 308 Lo AR S04 B mT LS AR BH B I 22 DR 383, i
A, g2 BN AR R 22 42 BCE AT RE SR, SRDHIR, DA LAt ™ EE A R L in By
VYR SR, VRIATE, 2%, If these losses when weighted by the estimated probability of their
occurrence exceed the average cost of the required maintenance and repair actions, the preventive
maintenance system is justified. fB QX £l o & AR BORESR HEAT IDAUAS HE B0 LB 2Rl 0 75 Y
YEPFEIAT MBI A, A TR VE4E RGN G ER ). On the other side, the
most efficient way of performing maintenance and repairs of some internal structures and
non-vital auxiliary machinery is to wait until the excessive wear or failure occurs. )\ %3 — 77 T K
W, o — 2 P 0 22 K 0 = T S (¥ B AU AT 45 RS B d R0 SO S AR BB R AR I
PR R



LESSON 31

Conversations dealing with engine room tasks
P H % TIE2E

The engine room is the store of technical knowledge and skill aboard the ship and the areas
of maintenance and repair that are the responsibility of the engineers are almost endless.7Efifr_F AL
AR AR ER AR R R, FeHL A 5 ST AR AE IR FE AL TAEJ L B 1B . In this
chapter we will be discussing helpful terms and phrases covering a small number of situations that
a new engine room crewmember might find themselves in. 7EiX — & 5 A e — Lo FE )
PIAREANELE , XS ARAE RN AL E W S BIHLAC H — AN B R 2 22 R L — 2415 L . The emphasis
will be placed on the interaction occurring at a typical engineers meeting before the start of the
days work. B s CE — A AL HEE TR AR Z BT AL R S BURAR B S . It should be
clear that not all situations can be covered, or anticipated. RZiZi5 2 A2 A RS L ER AL 5
oF TS . | suggest that, as a new engineer, you should place some emphasis on
becoming familiar with the machinery and systems you are most responsible for. &I /EN—4
BECHL L, PO S AR AR B BB BT WL 24t Exactly which equipment this
involves will again depend upon the ship you are in and also your level of experience with the ship
and equipment. S K A vHER 50 2% SCELER P T UR B 22 B M AEAE e R A0 B 2% B 22 387K F
The new crewmember will have particular responsibility for equipment such as purifiers, boiler,
air compressors and incinerator etc. Hifilt SUARF I BT —LeIE WAL, Badr. AR EAEHLANSE
Fel G4 15T

Sources of work for engineers

In some shipping companies the chief engineer is ultimately responsible for all maintenance
done on the ship, whether in the engine room of outside, whether for the engineering department
of for other departments on the ship.7E—Seff 2w ACHLA ZEF A L 1A & Fh gk O TAE &
5157, AE XY RFTEENAE AL RS, WA REIIEIE M BRI e,
Within the engineering department of a merchant ship the everyday management of the operation,
maintenance and repair tasks being undertaken is performed by the first engineer, the first
engineer coordinates, manages and controls the maintenance being done and the personnel doing it.
TERTHIACHLAS, RERAERERERIE . 4P RSB SHE BE, L2, &R
H G 9% TAE XL TAERI N . Many of the tasks, especially in the engine room, are
routine and any consultation with the first engineer is primarily to keep him informed of what
work each of the engine room staff is occupied with during the course of any particular day. J&3
FELENUAE BV 2 AL 552 8 AU AR, (BRI KR AEN A N R — RENFE
1 T.{F . There are, however, many other non-planned or non-routine maintenance and repair tasks
continually requiring the attention of an engineer and the oversight of the first engineer. #R1f,
AR HERA THRIRBERH R LED R IFMAEIBAL 55, T5 AL R WIS R K
BN RN



There are several sources of this work to be performed by the engineering staff and to be
coordinated and managed by the first engineer, these sources include: 5 —£8IX# FHEFE AL 52 5E ik
FE KER . BRI TAE, X TR
(1) Tasks arising from the routine role and duties of duty engineer. T {E{E 45 RIE T 5 MAE S HI
fHYLEE ML B2 BN 57 . One of the engineers will be the duty engineer, which means that a
significant proportion of this engineer’s already planned with the tasks inherent in being on duty.
These tasks include such things as —AMEIFEEHL 0L, M RKF 3 IAES CEVHRILF T, XEA(ES%
AfE:

Conducting an engine room inspection 47T HLAG IS

Recording machinery parameters in the engine room log 7E#HL H & il RHL 2S5
Responding to engine room alarms fi# JeALAE A (1924

Routine procedures such as topping up tasks, pumping bilges and machinery operations etc
—Lelbninh . IAKAESS, TR KAk S 1K AR 7

Responding to requests for maintenance or repair items throughout the ship f# Je 4= i 4E 3 {4
FRAMEILIH 2k

® Routine engine and machinery adjustments as requested from the chief engineer of bridge etc.

and so on KM ACATAC N2 B & 1) SR F AR AU 1 5 10 8 B8 45 it 28 9 T

k.
(2) Maintenance arising from the preventive, of planned, maintenance system. #E3/ {37 T./E %
IR TR R RO 4ES (R 9% R GEHE4T, This will consist of regular and routine maintenance
tasks to be performed on all equipment whose maintenance is managed by the planned
maintenance system. IXEL3E XS BT 1% % St 2 RN H 8 AR FRAT S5, XS ey O 9% TAF
R it RIgEs 2GERE B . As a minimum, this will involve machinery and systems identified
under the ISM code provisions as that whose failure could result in a hazardous situation, this will
include major engine room machinery such as the main and auxiliary engines, air compressors,
purifiers, steering gear, pumps and piping systems and so on. /MNEREHIRTE TR, W EAE
ISM U SR B X B BIHUMAT R Gt B T IX SEHUMAT R G 2k s S B AL T fa Ik
A, FEOEIMIEZ LM ENL BN SRR WL Pl EREERSE.
The amount of machinery and systems covered by this system and the depth and detail of the tasks
to be done will depend upon the type of planned maintenance system in use and the experience
gained over the time the system has been used. 447 fR7% KRG K FINUMA R = IR
MEAT S I VEAFR R, B T AT A T RIGEIE R AR BAIZ R A il £ EH A% .

The tasks arising from the planned maintenance system will extend from the basic operate
and \deck‘ to regular services, to major services with strip downs and parts overhaul or inspections.
TR SRS 22 G0 E 1 AT A 5530 A A A1 A 25 30 1 5 IR 55 R 2 B R0 % O3 i DA S 9 43
K&, ¥ . The coordination of the tasks will be under the chief engineer’s control with the first
engineer, the level and extent of documentation and reports etc required from maintenance staff,
such as the second and third engineers, will vary from ship to ship and be very much dependent
upon the shipping company and the chief engineer.iX £&{T- 55 7 BLAEFE LKA K 46 Wr i 2 1,
A frae N 5L (RLan oM =040 (Ut B AN m RSO SR AR R4, &AM i) 2=
A, EERMARMEHKE EEXR.
(3) Maintenance off repair requests from other departments in the ship.ff b Hfth 6 i 4E47 (57
HAZEE TR, The engine room and the ship’s engineers are responsible for the majority of all
maintenance performed on the ship, and certainly for any mechanical, electrical or machinery
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maintenance and repairs. #f_FIIECHL R 61 STA B RIR 254 R IR TAE, MR EFEITTL
BRI S B4 IR 5: A4E1E . As such the other departments within the ship, the deck and catering
etc, forward requests for maintenance to the engine room these should be managed by the first
engineer who will then coordinate and prioritize the manpower to ensure the work is done in the
most efficient and timely manner, these requests flow in daily to the [firs] engineer and he will issue
the work during the daily engineers meeting. T L e H# 1 T AR ER AN BT 55 4%, mIpL
AE TR RAEAS OR IR AR BRI F R A0 B, A2 Wil 3 DX 40 N 7 B e P ORAIE A DA s 20
BRI R T7 e X e A . RER BRI B BR LR, ol BRI 2 B0
Brix L8 T AE
(4)Outstanding repairs and maintenance including tasks identified as being necessary but not urgent
enough to be done immediately, including tasks:—28%8 H (RIS R RN 4E 4 R 5% T0E, A —Lbl)
EREARAEE R LR S E B TIE, FEA.
®  Recently identified or LI IE K EK
® Identified whilst performing other duties of maintenance, of even AT & 4Ey {55 T1E
Sl i o S
® Outstanding from previous maintenance and inspections such as machinery |of] equipment
surveys, dry-dock of safety inspections etc. )\ LA 447 (1 3% K 75 b 5 tH Sk, EL L
BB IR Y, HEIG e A A 4G
For example, a cooling water pump may have been noted some days earlier as running noisily
indicating the need for a closer inspection and possibly some repairs. %11, =] fig J1L 7§l i 2074
HUKIIZ RS, FES PR E LR TR EEE. These items should be kept in a
file of work pending which is a document maintained by the first engineer as part of his
maintenance administrative load. X615 H 7] g (RAFIERE 56 AR TAE SO I B, ax R H IR
B, RAMETETAER—#5%>. The jobs may even have been included in the planned
maintenance system and thus would be included in the scheduled maintenance documentation. iX
TR R AU ET R fRIR R G, Kb n] s 6 & L He 4E9 (R IR AR B In
this way the jobs would continue to appear on an outstanding work list until they are completed.iX
FER T, XA TAES4RERTE R M TAER P LB BB A8 58 M. This list then identifies areas
needing work and is used to keep track of work as it arises, as an aid in planning and managing
manpower and as record of work to be done. XNk FR 7 H R L X 458 75 22 TR, HHAE TAEH
W, WLLHSRT MLAEMEERE, B RIAE ATy, fEATTAEEid .
(5) Any work that has become apparent to the engineers but is not yet within the documentation
system of the engine room such as repairs or matters requiring attention that have arisen during the
last few hours or as result of recent alarms etc.— & 228 W HLFEFE L ST AT A TAE, {22 ] fEid
B EIAENRIE R G, HEUniie J LA /N Bldme il — AN SR 4 it 51 1 75 229 R 2 ek
i 7 o
(6) Any other work arising from direct requests from other crewmembers, shore personnel etc.{T:
(OENEack: = RN LY N AN N 27 UE S

Toolbox meeting

With the increasing emphasis being placed upon safety and the environment the procedures
and documentation involved with all shipboard tasks has gained in importance. B 7 % 4 F13K
B2 5 THI 2L AT 30, Bris S AR AR TARAT 45 IR 7 R SCE R/ 22 T . This is of particular
relevance to the engineers and the administration of their maintenance workload.iX Jt; 3¢ & 14
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HL R 4ED 53 T4ER .  One means of improving communication and feedback has been
to organize regular small meetings of relevant personnel to discuss and organize the work. —4*
P AEIAN R 70, ARG N R GUN ] 2 b AT 2T AR, Further, one of the
particular administrative tasks of the first engineer is to keep a record of the work being done by
the engine room staff. i —H 2, KERK MR ERESRICTHMA R DL
% T MRS T 4% . To do this he must be kept informed of the work being performed by the engineers
and other engine room staff. v T 58 IC FE MDA T EFE AL AR I AMATLAR N 256 i TAE
Once again, the exact nature and arrangement of the management of the engine room depends on
the shipping company and the personnel previously working in the ship.[E#f, #EFfPHEAPLAGE
IR 2 HERCH T AR A w1 AN 53 AR ZER B I A

To meet these needs of improved documentation and administration it is not uncommon for
the engine room staff, particularly the engineers, to meet each morning before the start of the
working day to discuss the coming days work. StFHUAEA R, JEH RN, R EIdS
VPR 7 B2 — R E R, AR BRI R AT, Mt ies — RM LA,
These meetings will likely occur in the machinery control room or some other similarly
convenient location such as the workshop or change room etc, and include discussion of any work
including any problems. X %&£ n] G & kAR AE A4 = B A AR UL 7 (b7 B, ER o AR
e AT HE A, YRR A OAE TAE A& i



