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00. CONTENTS, INSTRUCTIONS, TERMINOLOGY

00.1 Contents of the Instruction Book

l. This Instruction Book contains data and instructions for
operation and maintenance of the engine. Basic general
knowledge has not been entered. Consequently, it is assumed
that the engine room staff is well informed of the care of
diesel engines.

2. Wartsilid reserves for itself the right to minor alterations
and improvements owing to engine development without being
obliged to enter the corresponding changes in this Instruc-
tion Book.

3. The diesel engines will be eguipped as agqreed upon in the
sales documents. No claim can be made on the basis of this
Instruction Book as here are described also components not
included in every delivery.

4., Exact engine build-up in all details is defined by the speci-=
fication number on the name plate located on the engine. In

all correspondence or when ordering spare parts, be careful
to state engine type, specification number and engine number.
5. This Instruction Book is supplemented by the Spare Part Cata-

logue including sectional drawings or exterior views of all
components (partial assemblies).

6. The contents of the Instruction Book is numbered as follows:
- Sections in the text, e.g. 00.1.
- Page and figure numbers, e.g. 00-1 (possible supplementary
pages are provided with an additional letter, e.g. 00-1A,
By C etc.).

- Tools with spare part numbers are grouped in section 05. In
the text, only the spare part number is mentioned.

00.2 General rules

l. Before any steps are taken, carefully read the corresponding
item in this Instruction Book.

2. Keep an ENGINE LOG for every engine.

3, At all maintenance work, observe the utmost cleanliness and
order.

4. Before dismantling, check that all systems concerned are
drained or the pressure released. After dismantl!ing, cover
immediately holes for lubricating oil, fuel oil and air with
tape, plugs, clean cloth or the like.
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5. When exchanging a worn-out or damaged part provided with an
identification mark stating cylinder or bearing number, mark
the new part with the same number on the same spot. Every
exchange should be entered in the engine log and the reason
should be clearly stated.

6. After reassembling, check that all screws and nuts are
tightened (see section 07) and locked, if necessary.

00.3 Terminoclegy

The most important terms used in this manual are defined as
fellows:

Operating side. The longitudinal side of the engine where the
operating devices are located (start and stop, instrument panel,
speed governor).

Rear side. The longitudinal side of the engine opposite the
operating side.

Driving end. The end of the engine where the flywheel is located,

Free end. The end opposite the driving end.

Designation of cylinders. According to ISO recommendation 932
and DIN 6265 the designation of cylinders begins at the driving
end. In a V-engine the cylinders in the left bank, seen from the
driving end, are termed Al, A2 etc. and in the right bank Bl, B2
etc., see below:

Designation of bearings. The designation of bearings begins from
the driving end. The thrust main bearing is No 1. If the engine
is provided with an extra main bearing , a so=-called shield bear-

ing, this is termed 0. For the camshaft bearing the thrust bear-
ing is No 0.

Clockwise rotating engine. When looking at the engine from the
driving end the shaft rotates clockwise.
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Counter-clockwise rotating engine. When looking at the engine
from the driving end the shaftt rotates counter-clockwise.

Bottom dead centre, abbreviated BDC, is the bottom turning point
of the piston in the cylinder.

Top dead centre, abbreviated TDC, is the top turning point of
the piston in the cylinder. TDC for every cylinder is marked on
the graduation of the flywheel.

Top dead centre at firing. During a complete working cycle,
comprising 1n a four-stroke engine two crankshaft rotations, the
piston reaches TDC twice:

a) For the first time when the exhaust stroke of the previous
working cycle ends and the suction stroke of the following
one begins. Exhaust valves as well as inlet valves are then
somewhat open and scavenging takes place. If the crankshaft
is turned to and fro near this TDC, both exhaust and inlet
valves will move, a fact that indicates that the crankshaft
is near the position which can be named TDC at scavenging.

b) The second time is after the compression stroke and before
the working stroke. Slightly before this TDC the fuel injec-
tion takes place (on an engine in operation) and this TDC can
therefore be defined TDC at firing. Characteristic is that
all valves are closed and do not move if the crankshaft is
turned. When watching the camshaft and the injection pump it
is possible to note that the pump tappet roller is on the
lifting side cf the fuel cam.

4

High temperature cooling water circuit (HT-circuit). The cooling
water for the engine block, cylinder head and turbocharger.

Low temperature cooling water cicuit {LT-circuit). The cooling
water for the charge air cooler and the lubricating oil cooler.
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0l. MAIN DATA, OPERATING DATA AND GENERAL DESIGN

01,1 Main data

Cylinder bore 220 mm
Stroke 240 mm
Piston displacement per cylinder 9.12 1

Firing order:

01-1

Engine Clockwise rotation Counter-clockwise rotation
type
4R22 ]—-3-4~2 1-2-4-3
6R22 1-5-3-6-2-4 1-4-2-6=3=5
BRZ2 1-3-7-4-8-6-2-5 1-5-2-6-8-4-7-3
12va2z2 Al-B1-A5-B5-A3-B3-A6-B6- | Al-B4-A4-B2-A2-B6-A6-B3
A2-B2-Ad-B4 A3-B5-A5-B1
levaz Al-Bl-A3-B3-A7-B7-A4-B4- | A1-B5-A5-B2-A2-B6-A6-BS8
AB-BB-A6-B6-A2-B2-A5-B5 AB-B4-A4-B7-AT7-B3-A3-Bl
Normally, the engine rotates clockwise.

Lubricating oil volume in the engine:

Engine 4R22 6R22 8R22 12v22 leva2
type

0il volume

c. litres 320 450 580 670 870
0il volume between

max. and min. marks 60 100 125 150 195
c. litres

Anticorrosive oil

c. litres 65 90 110 130 160
Cooling water volume in the engine, c¢. litres:

Engine 4R22 6R22 8Rr22 12vz2z2 16V22
type

Engine and inverse

cooling system 90 120 160 240 320
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01.2 Recommended operating data

Apply to normal operation at nominal speed.

01-2

Normal values

Alarm (stop) limits

Charge air

3. Other pressures (bar) |

Firing pressure

Opening pressure of safety wvalve
on lube oil pump

Visual indicator and electronic
transducer for high pressure drop
over lube oil filter and fuel
filter

(x)
(xx)

See test records

See test records

6.'.3

1.21..1.5

Depending on speed and installation

Alarm 1limit for main engine = idling pressure — 0.3 bar

100 % load 30 ¥ load 30-100 % 1. 30 % load
| 1. Temperatures (°C) | |
Lube 0il before engine B2...70 73.4.480 80 90
Lube o0il in oil sump 10...13 higher 5...8 highen
HT water after engine 75...80 95 ... 100 | 90 (110} 105 (110)
HT water before engine | 5...8 lower 2...3 lower
HT water rise over turbocharger 8...12(15) BasaslO
LT water before engine 28...38 65...70
Nozzle temp control 130...140 130...140 95/ 145 95/ 145
Charge air in air receiver 40...60 60...70 75 =
Exhaust gas after cylinder See test records 50 higher |
Preheating of HT and LT water 70
2. Gauge pressures (bar) | i
Lube 0il before engine at a | I
speed of 900 RPM | 3.5 | 3...3.5 2.0(1.5) |
1000 RPM 4,0 3.5...4.0
1100 RPM 4.5 4.000.4.5
1200 rPM 4.5 | 4.0...4.5
LT water before LT pump (=static) DaFeuslah
LT water bEfﬂt‘E Engine 2111..&-2
HT water before engine 1.8...5.0 (x) (xx)
LT water before charge air cooler 1.8...4.4 {x) {xx)
Nozzle temp control before engine | 1.0...1.5 0.5
Nozzle temp control, pressure |
drop over engine | 0.54441.0
Fuel before engine Senald 4
Starting air max. 30 18
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0l1.3 Reference conditions

As reference conditions are stated:

Air pressure 1.013 bar
Ambient temperature 45°C
Relative air humidity 60%

Cooling water temperature

of charge air cooler

- fresh water 38°C
- sea water 3200

In case the engine power can be utilized under more difficult
conditions than those mentioned above it will be stated in the
sales documents. Otherwise, the percentage of reduced output
may be calculated as follows:

B B« B e L

0.5% for every °C the ambient temperature exceeds +45°C.

=3
In

1% for every 100 m difference in level above 300 m from the
level of the sea.
¢ = fresh water: 0.4% for every °C the cooling water of the

charge air cooler exceeds 38°C

sea water: 0.4% for every °C the cooling water of the charge
air cooler exceeds 32°C.

01.4 General engine design

The engine is a turbocharged, intercooled, four-stroke diesel
engine with direct injection of fuel.

The engine block, being the body of the engine, is cast in one
piece. The main bearings are arranged hanging. The main bearing
cap is supported by two hydraulically tensioned main bearing
screws and two horizontal side screws. The camshaft bearing
sites are integrated. The charge air receiver is cast into the
engine block as well as the cooling water and lube o0il headers.
The crankcase and camshaft covers, made of light metal, are
sealed off against the engine block by means of O-rings. The
lubricating oil sump is welded.

The main bearings are fully interchangeable trimetal bearings
which can be removed by lowering the main bearing cap.

The crankshaft is forged in one piece and is balanced by counter-
weights as required.

The connecting rods are drop forged. The big end is split diag-
onally and the mating faces are serrated. The gudgeon pin bear-
ing is stepped to achieve large bearing surfaces.

The pistons are made of nodular iron and are cooled by oil.
Cooling oil enters the cooling space through the connecting rod,
gudgeon pin and bores in the piston and escapes through bores in
the piston, matched to achieve optimal shaker effect. The piston
skirt is pressure lubricated. The two top rings are hardened.
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The piston ring set includes three compression rings - the two
top rings chromium-plated - and a chromium-plated spring-loaded
0il scraper ring located above the gudgeon pin.

The cylinder head, made of high-tensile cast iron, is fixed by
four hydraulically tensioned screws. The two inlet valves and

the two exhaust valves are completely identical with the stellite-
plated seat faces and chromium-plated valve stems. The valve

seat rings of special iron are pressed into the bores which are
efficiently cooled from the water side. The valve mechanism is
pressure lubricated and completely enclosed.

The camshaft is made up from one-cylinder pieces with integral

cams. The camshaft bearings are amounted directly in the engine
block.

The injection pumps are fixed to the top level of the engine
block and have integrated roller followers.

The injection valve is completely embedded in the cylinder head.
The injection pipe is connected sideways by a high pressure
connection piece and therefore fuel o0il can under no circum-
stances mix with lubricating oil.

The turbocharger, one for each cylinder bank, is situated at
the free end cf the engine.

The air coolers are arranged as removable inserts, on the
V-engines two indentical ones.

The fuel system includes a prefilter, a feed pump and a duplex
filter with a three-way cock.

The lubricating oil system includes a gear pump, an oil filter
of the duplex type, a cooler with thermostat valve, a centri-
fugal by-pass filter and an electrically driven prelubricating
pump. All components are mounted on the engine.

The starting system. The air supply into the cylinders is
controlled by the starting air distributor run by the camshaft.
The four-cylinder engine is started by means of an air driven
starting motor,
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02. FUEL, LUBRICATING OIL, COQLING WATER, NOZZLE COOLING OIL

02.1 Fuel

1. General

The engine is designed and developed to operate on heavy fuel
(residual fuel) with a maximum viscosity of 380 cSt/50°C

(3500 sRI/100°F) and will operate satisfactorily on blended
(intermediate) fuels of lower viscosity, as well as on dis-
tillate fuel. The maximum limits of fuel characterisitics for a
certain engine are stated in the documentation delivered with
the engine., Blended fuels (residuals and distillate) with a
viscosity between appr. 10 and 30 cSt/50°C (65 and 200 sRI/100°F)
containing between 30 and 60% distillate should be avoided
because of the risk of precipitation of heavy components in the
blend, with filter clogging and large amount of centrifuge
sludge as consequence. When difficulties with filter clogging
are experienced, fuel incompatibility can be tested by ASTM D
2781 method or similar.

2, Fuel treatment

a} Purification

Heavy fuel (residuals, and mixtures of residuals and distillate)
must be purified in an efficient centrifugal purifier before
admitted into the day tank. The fuel is to be heated before
centrifuging. Recommended temperatures, depending on the fuel
viscosity, are stated in the table below.

Be sure that the correct gravity disc is used. Never exceed the
flow rates recommended for the purifier for the grade of fuel in
use. The lower the flow rate the better the efficiency.

Maximum viscosity (ecSt/50°C)
Fuel in use 30 40 60 80 180 240 380

REecommended purifier
flow rate
(% of rated capacity) 65 60 45 40 30 25 20

Recommended preheating
temperature (°C) 73 80 86 88 98 98 98

For Marine Diesel 0il (max. viscosity 14 cSt at 40°C) a flow
rate of 80% and a preheating temperature of 45°C are recommended.

In case pure distillate fuel is used, centrifuging is still
recommended as fuel may be contaminated in the. storage tanks.
Rated capacity of the centrifuge may be used provided the fuel
viscosity is less than 12 cSt at centrifuging temperature. Marine
Gas 0il viscosity is normally less than 12 cSt at 15°C.
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EXAMPLE: A FUEL OIL WITH A VISCOSITY OF

RECOMMENDED
VISCOSITY BE-
FORE FUEL PUMF

120 cSt/50°C (A) MUST BE PREHEATED

BEFORE FUEL PUMP TO 107-122°C { B~

Cl,

IN THE DAY TANK TO MIN. 47°C (D), AT THE PURIFIER
TO APPROX 93°C (E) AND IN THE STORAGE

TANK TO MIN.30°C (F). THE FUEL MAY
PUMPABLE BELOW 17°C (G). THE FUEL

A VISCOSITY OF 1000 s.RI/100°F (H).

NOT BE
HAS
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b) Heating

See diagram, page 02-2.

Maximum recommended viscosity in the storage (bunker) tanks is
400 cSt. Because of the risk of wax formation, fuels with a
lower viscosity than 120 cSt at 50°C should be kept at higher
temperatures than what the viscosity would require.

Fuel viscosity Minimum storage tank
(cSt at 50°C) temperature (°C)
380 50
240 42
180 38
40...120 30
4.5.540 24
Below 4.5 6

Fuels having a viscosity higher than 5 ¢St at 50°C need preheat-
ing before the purifier.

Maximum recommended viscosity in the day tank is 140 cSt. Because
of the risk of wax formation fuels with a lower viscosity than

50 ¢St at 50°C should be kept at higher temperatures than what
the viscosity would require.

Fuel viscosity Minimum storage tank
(cSt at 50°C) temperature (°C)

380 67
240 60
180 55
120 47
80 40
40,..50 30
4.5...40 24
Below 4.5 b

Fuels having a viscosity higher than 10 ¢St at 50°C should be
heated before admitted into the engine fuel system. It is re-
commendable to keep the temperature after the final heater 5 to
10°C above the recommended temperature before the injection

pumps to compensate for heat losses between the heater and the
engine,

¢) Viscosity control

An automatic viscosity controller, or a viscosimeter, at least,
should be installed in order to keep the correct viscosity of
the fuel before the fuel enters the engine fuel system.
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3.1 Maximum limits of

fuel characteristics

02-4

l)Heavy 2)Heawvy 3)Marine

fuel fuel diesel

(HF ) (HE) fuel (MD)
Density at 15°C (kg/1) 0.9910 0.9910 0.9200
Viscosity, kinematiec, at 80°C test) - 735,00 28.00 -
Viscosity, kinematic, at 40°C (cSt) - - 14.00
Viscosity, kinematic, at 50°C (cSt) 380.00 100.00 11.00
Viscosity, kinematic, at 100°F (sRI) 3500.00 800,00 70.00
Carbon Residue, Conradson (% by weight) 20.0 12.0 -
Carbon Residue, Ramsbottom(% by weight) - - 2,5
Water content (2 by volume) 1.0 0.50 0.30
Water content before eng. (% by volume) 0,2 0.2 0.2
Ash (% by weight!) 0.15 0.10 0.05
Sulphur content (% by weight) 5.00 3.50 2.00
Pour point f o] .30 24 6
Vanadium content (mg/kg) 500 250 100
Asphaltenes (* by weight) 8 B -
Sodium (mg/kg) 50 50 -
Aluminium (mg/kg) 30 30 30

3.2 Minimum limits of fuel characteristics

l)Heavy 2)Heavy 3)Marine

fuel fuel diesel
(HF) (HE) fuel (MD)
Flash point, closed, Pensky Martens(°C} 60.0 60.0 60.0
1) Other aspects than viscosity are according to BS MA 100:1982

Class M6, with added limits for water content
and contents of asphaltenes and sodium.

before engine

BS MA 100:1982
before engine

2) Other aspects than viscosity are according to
Class M4, with added limits for water content
and contents of asphaltenes and sodium.

3) According to BS MA 100:1982 Class M3, with added limit for
water content before engine.

4. Comments on fuel characteristics

a) Viscosity is no criterion of the fuel guality, but deter-
mines the complexity of the fuel heating and handling
system, which should be considered when estimating installa-
tion economy. The fuel system in engines running on heavy
fuel is laid out for max. 380 ¢St at 50°C (3500 sRI/100°F)
fuels and in those running on marine diesel fuel for max.

14 ¢St at 40°C (70 sRI/100°F) fuels.
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b)

c)

d)

e)

£)

g)

h)

)

k)

5.

MD 02=5

With a density of more than 0.990, water, in particular, and
to some extent solid matter can no longer be removed with
certainty by the centrifuge.

High sulphur content increases the risk for corrosion and

wear, particularly at low loads, and may contribute to high-
temperature deposit formation.

High ash content causes abrasive wear, and may cause high-
temperature corrosion and contributes to deposit formation.
The most harmful ash constituents are wvanadium and sodium.

High vanadium content causes hot corrosion on exhaust valves
particularly in combination with high sodium content. The
corrosion increases with increased temperatures (increased
engine output).

Sodium contributes to hot corrosion on exhaust valves when
combined with high wanadium content. Fuels having sodium
contents roughly 40% of the vanadium content are considered
the most aggressive. Sodium also contributes to fouling of
the turbocharger turbine at high load.

High Conradson carbon may cause deposit formation in the
combustion chamber and exhaust system, particularly at low
engine output.

High content of asphaltenes may contribute to deposit for-
mation in the combustion chamber and exhaust systems.
Asphaltenes may under certain circumstances precipitate from
the fuel and block filters and/or cause deposits in the fuel

system. Precipitating asphaltenes may also cause excessive
centrifuge sludge.

Heavy fuels may contain considerable amounts of water (up to
13). Water may also originate from the installation bunker
tanks. To avoid difficulties in the engine fuel injection
system the water content must be reduced to max. 0.2% by
centrifuging.

Ignition quality, volatility. Heavy fuels may have very low
cetane number or low volatility (high distillation range) at
least for the major part. This may cause trouble at low load

operation and when starting if the engine is not sufficiently
preheated.

Measures to avoid difficulties when running on heavy fuel

The engine is designed for burning heavy fuel with charac-
teristics according to the table in point 3 under all operating
conditions.

Poor fuel quality will however influence wear, engine part life
time and maintenance intervals adversely.

In order to obtain maximum operating economy it is recommendable:
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a) to limit maximum continuos output as much as operating con-
ditions allow if the fuel is known or suspected to have high
vanadium content (above 200 ppm) and especially if the
sodium content simultaneously is about 40% of the vanadium
content.

b) to limit low load operation as much as operating conditions
allow if the fuel is known or suspected to have high sulphur
content (above 3%), carbon content (Conradson carbon above
12%) and/or asphaltene content (above 8%).

Operation below 20% of rated output should be limited to
max. 100 hours continuously by loading the engine above 70%
of rated load for one hour before continuing the low load
operation.

Idling (i.e. the main engine declutched, the generator set
disconnected) should be limited as much a possible. Warming-
up of the engine at no load for more than 2...3 minutes
before loading, as well as idling more than 2...3 minutes
before stopping is unnecessary and should be avoided.

6. General advice

To avoid incompatibility problems (precipitation of heavy com-
ponents in the fuel), avoid if possible blending of fuels from
different bunker stations, unless the fuels are known to be
compatible.

If compatibility problems occur, never add distillate fuel, as
this will probably increase precipitation. A fuel additive with
highly powerful dispersing characteristics can be of help until
a new fuel delivery takes place.

The characteristics of heavy fuels blended from residuals from
modern refinery processes like catalytic cracking or visbreak-
ing will approach at least some of the maximum limits of fuel
characteristics given in the table in point 3.

Compared with "traditional®™ heavy fuels blended from straight
run residuals the "modern" heavy fuels will have reduced igni-
tion and combustion quality.

Fuels blended from catalytic cracking residuals may contain very
abrasive catalytic fines (silicon and aluminium oxides) which,
if allowed to enter the injection system, may wear down injec-
tion pumps and nozzles in a few hours.

Some of the difficulties that may occur when operating on heavy
fuels blended from cracked residuals can be avoided by

- sufficient separating capacity. The best and most disturbance-
free results are obtained with purifier and clarifier in
series, Alternatively the main and stand-by separators may be
run in parallel, but this makes heavier demands on correct
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gravity disc choice and constant flow and temperature control
to achieve optimum results. The flow rate through the centri-
fuges should not exceed the maximum fuel consumption by more
than 10%.

- sufficient heating capacity to keep centrifuging and injection
temperatures at recommended levels. It is important that the
temperature fluctuations are as low as possible (+-29C before
the centrifuge) when centrifuging high viscosity fuels with
densities approaching 0.990.

- sufficient preheating of the engine and the fuel systems
before starting the engine,

02,2 Lubricating oil

l. System oil characteristics

Uiscositi. The system oil should be of wviscosity class SAE 30.
SAE 40 olls may also be used and are recommended for some oil
brands.

Quality. The system oil is to be of a quality developed for use
n highly supercharged four-stroke marine medium speed diesel

engines burning medium to high sulphur content fuels. The oil
should have high thermal stability and contain additives that

- increase oxidation stability of the oil,

- increase the corrosion-protective properties of the oil,
- prevent deposit formation on internal engine parts,

- improve load carrying capacity of the oil,

- neutralize acid combustion and oxidation residuals.

The oil should have good water rejection and additive retention
characteristics.

There are no universally applicable quality norms for marine
diesel lubricants. As a guidance, the o0il should, as to additive
level and diesel performance level, correspond to the require-
ments of MIL-L-2104 C or API Service CD.

Alkalinity. The TBN of the oil is to be between 25 and 40
(mg KOH/g): higher at high sulphur content of the fuel.
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2., Approved system oils for diesel engine Wirtsild Vasa 22HF, HE, MD

Lubricating oil Designation (brand name)} of lubricating
supplier oil supplier

BP Energol IC-HF 303, 304

Castrol MXD 303, 304

Esso Tro-Mar SR 30, SR 40, SEX 40

E1f Aurelia 3030, 3040, XT 3040, 4040
Gulf Veritas Select 30, 40

Mobiloil Mobilgard 324, 424, 342, 442

Nynds Aurelia 3030, 4030, XT 3040, 4040
DljeﬂEnngi Goth 0il 325

Shell Argina T ©0il 30, 40, X 0il 40

Teboil Teboil Ward S30T SAE 30, 40 X
Texaco Taro DP 30, 40 s
Compagnie Francaise

de Raffinage Total HMA SAE 30 X
Note:

For use of a lubricating oil not listed in the table, the engine
manufacturer's permission is compulsory to maintain the engine
guarantee.

The oils marked x have been approved on the basis of engine
tests, the others on the basis of type analyses and references.
Never blend different oil brands unless approved by the oil
supplier and, during the guarantee time, by the engine manufac-
turer.

0ils having a TBN in the region 35...40 mg KCOH/g are recommended
when the fuel sulphur content is 4% or above, but may be used in
auxiliary engines at lower fuel sulphur content if the main
engine requires an oil with a TBN above 30 mg KOH/g.
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3. Maintenance and control of the lubricating oil

a)

b)

Centrifuging of the system o0il is recommended in order to
separate water and insolubles from the oil. Water must not
be added when centrifuging ("washing”). The oil should be
preheated to 80...85°C. For efficient centrifuging, use only
about 20% of the rated flow capacity of the separator. For
optimum conditions the centrifuge should be capable of
passing the entire o0il quantity in circulation 4...5 times
every 24 hour at 20% of rated fow. The gravity disc should
be chosen according to oil gravity at 80°C (normally stated
at 15°C by the oil supplier). Caution: Defects on automatic,
"self-cleaning" separators can guickly increase the water
content of the oil under certain circumstances (control
valve)!

During the first year of operation it is advisable to take
samples of the lubricating oil after about 250, 500 and
1000 operating hours. The sample should be sent to the oil
supplier for analysis. On the basis of the results it is
possible to determine suitable intervals between oil
changes., After that the o0il can be analysed at about 500
operating hours” intervals.

To be representative of the oil in circulation, the sample
should be taken with the engine in operation at the sampling
cock located immediately after the oil filter on the engine,
in a clean container holding 0.75...1 litre. Take samples
before, not after adding new oil to compensate for consump-
tion. Before filling the container, rinse it with the oil
from which sample is to be taken,

In order to make a complete assessment of the condition of
the oil in service, the sample should be furnished with the
following details: Installation, engine number, oil brand,
engine operating hours, number of hours the oil has been in
use, where in the system sample was drawn, type of fuel, any
special remarks. 0il samples with no information except
installation and engine number are of almost no value.

When estimating the condition of the used oil, the following
properties should be observed. Compare with guidance wvalues
(type analysis) for new o0il of the brand used.

- Viscosity. Should not rise by more than 25% above the
guidance value at 100°cC.

Maximum permissible wviscosity for a SAE 30 grade oil is
140 ¢St at 40°C and 15 ¢St at 100°cC.

Maximum permissible wviscosity for a SAE 40 grade oil is
212 cSt at 40°C and 19 cSt at 100°cC.

Minimum permissible viscosity is 70 cSt at 40°C and 9 cSt
at 100°cC,
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c)

d)

MD pz2-10

- Flash point. Should not fall by more than 50°C below the
guidance value. !Min. permissible flash point (open cup)
170°9C. At 150°9C risk of crankcase explosion.

- Water content. Should not exceed 0.2%. At 0.5% measures
should be taken; either centrifuging or oil change.

- Insolubles. The gquantity allowed depends on various
factors. The o0il supplier's recommendations should be
followed. 2..3% insolubles in n-Pentan call for action,
however,

In general it can be said that the changes in the analyses
give a better basis of estimation than the absolute wvalues.
Fast and great changes may indicate abnormal operation of
the engine or of a system.

Compensate for oil consumption by adding max. 10% new oil
at a time. Adding larger quantities can disturb the balance
of the used oil causing, for example, precipitation of
insolubles.

Measure and record the quantity added. Attention to the
lubricating oil consumption may give valuable information
about the engine condition. A continuous increase may indi-
cate that piston rings, pistons and cylinder liners are
getting worn, a sudden increase motivates pulling the
pistons, if no other reason is found.

Guidance values for oil change intervals are to be found in
section 04.7. The intervals between changes are influenced

by the operating conditions, fuel quality, centrifuging effi-
ciency and total oil consumption. Efficient centrifuging and
large systems (dry sump operation) generally allow for long
intervals between changes.

When changing ©0il the following procedure is recommended:

l. Empty the o0il system while the o0il is still hot. Be sure
that the oil filters and coolers are also emptied.

2, Clean the oil spaces, including filters and camshaft
compartment., Insert new filter cartridges.

3. Fill the oil sump with a small quantity of new oil and
circulate with the prelubricating pump. Drain.

4. Fill the system with the required quantity of oil.

0il samples taken at regular intervals, analysed by the oil
supplier and the analysis results plotted as a function of
cperating hours is an efficient way of predicting oil change
intervals.



22HF,
8309

HE, MD 02-11

Send, or ask the oil supplier to send copies of ‘0oil analyses
to the engine manufacturer who will then assist in the
evaluation.

4., Lubricating oil for the governor

See the Instruction Book for the governor (section 22). An oil
of viscosity class SAE 30 is normally suitable and usually the
same oll can be used as in the engine system, or the same cil as
in the turbocharger. 0il change interval: 1000 h service.

Caution: If turbine oil is used in the governor, take care not

to mix it with engine lubricating oil. Only a small quantity may
cause heavy foaming.

5. Lubricating oil for the turbocharger

See the Instruction Book for the turbocharger (section 15). A
mineral oil of 52...87 cSt viscosity at 40°C should be used,
turbine oils are preferred. 0il change interval: 1000 h service.

Caution: Take care that the turbine oil is not mixed with engine
lubricating oil. Only a small quantity may cause heavy foaming.

02.3 Cooling water

1. General

In order to prevent corrosion, scale deposits or other deposits
in closed circulating water systems, the water must be treated
with additives,

Before treatment, the water must be limpid and have a hardness
as low as possible (max. 10 d°H), a chloride content of less
than 80 mg/l and a pH-value above 7. The best result will be
achieved by using totally desalinated (distillated) water, for
instance from a fresh water generator, and additives.

Caution: Distilled water without additives absorbs carbon
dioxide from the air, which involves great risk of corrosion.

Sea water will cause severe corrosion, and deposit formation,
even if supplied to the system in small amounts.

Rain water has a high oxygen and carbon dioxide content: great
risk of corrosion; unsuitable as cooling water.

2. Additives

As additives, use products from well-known and reliable suppliers
with vast distribution nets. Follow thoroughly the instructions
of the supplier.
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Note: The use of emulsion oils, phosphates and borates (sole) is
not recommended.

From the table in section 02.3.4 appear the gualities of some
usual cooling water additives.

Some commercially available water treatment products are listed
as examples in section 02.3.4.

In an emergency, if compounded additives are not available,
treat the _cooling water with sodium nitrite (NaNoj) in portions
of 5 kgfm3. To obtain a pH-value of 9, add caustic soda (NaQH),
if necessary.

| Note: Sodium nitrite is toxic.|

3. Treatment

When changing the additive or when entering additive into a
system where untreated water has been used the complete system
must be cleaned (chemically) and rinsed before fresh treated
water 1s poured into the system. If, against our recommen-
dations, an emulsion oil has been used, the complete system mus
be absolutely cleaned from oil and greasy deposits. .

Evaporated water should be compensated by untreated water; if
treated water is used the content of additives may gradually
become too high. To compensate for leakage or other losses, add
treated water.

In connection with maintenance work calling for drainage of the
water system, take care of and reuse the treated water.
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4. Summary of the most common cooling water additives
Additive Advantages Disadvantages Suitability
Sodium - good efficilency determination suitable as
nitrite - small active of the concen- additive except
quantities, tration can be in air cooled
0.5 % by mass done only with heat exchangers
- cheap special equip- with large soft
ment solder surfaces
Nitrite + - no increased tendency to
borate risk of cor- attack zinc
rosion at over=- coverings and
or under-doses soft solderings

- innocuous for toxic: lethal
the skin dosage 3...4 g

- allowed for so0lid nitrite
use in fresh
water generators
intended for
housekeeping
purposes

Sodium - good efficiency increased risk suitable as ad-

chromate - small active of corrosion ditive for pur-

or quantities, when too low poses where the

potassium 0.5 % by mass concentration: toxic effect canl
chromate - reasonable price spot corrosion be tolerated.

- simple determina-| injurious for Caution at use
tion of concen- the skin and thorough
tration (compari- toxic: lethal control are
son of colour dosage 1 g necessary
with test sol- prohibited for
ution) use in fresh

- available any- water generators
where intended for

housekeeping

purposes
Sodium - not toxic not active when limited suit=-
silicate - harmless to water velocity ability

handle exceeds 2 m/s

commercial prod-

ucts very ex-

pensive

increased risk

of corrosion

when too low

concentration:

spot corrosion
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Examples of commercially available cooling water treatment products

02-14

Supplier

Product
designation

Atlas Products & Services Ltd
Fraser Road

GB-Erith, Kent, DA8 1PN, England

Atlas Solvex WT2

DIA-PROSIM
107 Rue Edith Cawvell
94400 Vitry France

RD 11 M

Drew Chemical Corp., Marine Division
522 Fifth Avenue
New York, N.¥. 10036, USA

Drew Ameroid
- DEWT-NC powder
- Maxigard

Gamlen Chemical Company (UK) Ltd
Wallingford Road, Uxbridge, Middlesex
England

Gamlen Gamcor NB

Houseman Hegro Ltd
The Priory, Burham
Slough SL 1 7LS, England

Cooltreat 101
Cooltreat 102

Magnus Maritec International Inc.
150 Roosevelt Place, P.O.Box 150
Palisades Park, New Jersey 07650, USA

NCL Diesel
Water treatment

Malfloc Ltd, Marine Department
P.0O.Box 11, Northwich,
Cheshire CW 8 4DX, UK

Nalfleet 9-121 powder
Nalfleet 9-131 liquid

Nalco Chemical Co, Marine Department
100 Morris Avenue, Springfield
New Jersey 07081, USA

Nalco 39 powder
Nalco 39-L liquid

| Perolin Co Ltd
50 Mount Street
London WLY 5 RE, England

Perolin Formet
Water System
Treatment No.
and No. 326-L
Perolin Inhibitin
Cooling water treatment
{contains no nitrite)

326

 Rochem Ships Equipment A/S
P.O.Box 2645, St Haunshaugen

Oslo 1, Norway

Rochem Rocor NB
Rochem Rocor NB liquid

Note: Ask the supplier of the treatment product for instructions
about treatment procedure, dosage and concentration control.
Most suppliers will provide a test kit for the concentration

control.

02.4 Fuel nozzle cooling oil

The same oil brand as in the =2ngine system is to be used

(applies only for engines running on heavy fuel, i.e.

22HE).

22HF and
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. START, STOP, COPERATION, START AFTER PROLONGED STOP, START

AF

TER OVERHAUL, OPERATION SUPERVISION AFTER OVERHAUL, RUNNING-IN

03

.1 Start

Be

1.

fore starting the engine, check that

the lubricating oil level is correct,

the fuel system is in running order {(correct preheating,
correct pressure, sufficient precirculation to heat the fuel
injection pumps),

the fuel nozzle control system is in running order (correct
expansion tank level, correct preheating, correct pressure,
sufficient precirculation to heat the fuel nozzles)

the circulating system and raw water system are in running
order (correct pressures, circulating water preheated and pre-
circulated sufficiently to heat the engine),

the oil level in the governor and turbocharger(s) is correct,
the starting air pressure exceeds 15 bar (normally, 11 bar is
still sufficient to start the engine),

the starting air system is drained of condensate,

the drain pipe of the air cooler casing is open, no leakage.’

Manual start

a)

b)

c)

d)

e)

£)

g)

h)

=

Prime the engine until the lubricating oil pressure gauge
shows pressure, 0.5 bar.

Propulsion engines: Set the governor at idle speed and dis-
connect the propeller shaft or set the propeller blades at
Zeroc.

Always when there is time enough: Turn the crankshaft two
revolutions keeping the indicator wvalves open. In doing so
the risk of water-locks is eliminated.

| Remove the turning gear from the flywheel.]

Check that the automatic alarm and stop devices are set in
start position (section 23).

Check that the stop lever is in work position, open the
starting air wvalve, shut the blow-off wvalve when there is no
more condensate,

Move the start lever into start position or push the start
button until the engine starts firing. If the engine does
not start after 2...3 s the reason should be checked.

On engines equipped with pneumatic starting motors, never
make a second starting attempt before the flywheel has
stopped.

Only for engines running on heavy fuel, i.e. 22HF and 22HF.
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Check immediately after start that the pressure and tempera-
ture values are normal.

Check that the automatic alarm and stop devices are set in
work position.

Remote and automatic start

If the engine has been out of operation for more than a week
the first start is to be carried out manually according to point

15

[ Engines with automatic starting must be test started once a
| week. :

a)

b)

d)

When starting the engine remotely, start the lubricating oil
priming pump at first. Usually, the operation of the pump is
indicated by a signal lamp. The engine can be started when
the lube o0il pressure gauge shows an oil pressure of abt.
0.5 bar.

In automatically starting engines the priming pump operates
continuously thus keeping the engine ready for start. At
least every second day, make sure that the pump is running.-

Press the remote start button of the remotely controlled
engine. The solenoid valve located on the engine will then be
energized and allow starting air to the engine. Press the
start button only long enough (l...2 s) to make the engine
start. The start will be indicated by the remote tachometer
or by a signal lamp showing when the engine is running. In
some cases the remote control is automated so that, when
pressing the button, the priming pump starts and after an
increase of the oil pressure (to about 0.5 bar) the engine
starts automatically as described in point c.

In engines with automatic starting the solencid valve is
controlled by a program relay. The normal program is as
follows: As soon as the program relay gets a starting impulse
the solenoid valve is energized for 2..4 s and opens, then
starting the engine. If the engine fails to start, a new
starting attempt takes place after 20 s, whereby the solenoid
valve will be energized for 10 s. If this attempt fails, too,
the program relay will connect the alarm circuit. On engines
eguipped with pneumatic starting motors the period between
the starting attempts should be long enough to guarantee that
the flywheel has stopped.

When the engine has reached a predetermined speed, an aux-
iliary relay energized by the remote tacho transmitter cuts
off the starting circuit, and the starting air solenoid valve
closes. At the same time the current to the priming pump will
be disconnected thus preventing the pump from operating when
the engine is running. On certain installations the priming
pump will continue to operate at low engine speed to assist
the engine driven lubricating oil pump to maintain the oil
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pressure. After a fixed time (10...30 s) the system for
alarm, stop and speed remote control will be automatically
connected.

03.2 Stop
l. Manual stop

a) Idle the engine 2..3 min. before stopping.

b) Stop the engine by moving the stop lever in stop position.
The time of slowing down offers a good opportunity to detect
possible disturing sounds.

4. Eemote stop

a) Point la is wvalid.

b) Press the remote control stop button. The shut-down solenoid,
built on the governor, will then be energized for a fixed
time and the control racks of the injection pumps move into
stop position. The time for the solenoid to be energized is
set so (20...50 s) that the solenoid operates until the en-"~
gine stops. During this time the engine cannot be restarted.
After a predetermined time the shut-down solenoid will return
to its initial position.

c) When the engine stops and the speed decreases below a certain
limit, the systems for alarm, stop and speed remote control
will be disconnected and the signal lamp indicating that the
engine is running goes out. In engines equipped with automa-
tic lubricating oil priming pumps, the pump will be started
at the same time.

3. Automatic stop

When the shut-down solenoid is energized from the automatic shut-
down system due to some disturbance, the engine will stop as in
remote stop. Before this an alarm device will normally initiate
an alarm singal indicating the reason for the shut-down.

When the engine stoppes because of overspeed, the mechanical
overspeed trip device and the electro-pneumatic overspeed trip
device on each fuel injection pump may have tripped.

4. General

The engine can always be stopped manually (with the stop lever)
independent of the remote control or automation system.

When overhauling the engine, make absolutely sure that the auto-
matic start and the priming pump are disconnected. Close the
starting air shut-off valve located before the solenoid valve.
Move the stop lewver into STOP position.
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: If the engine is to be stopped for a lengthy time, close the
indicator valves. It is also advisable to cover the exhaust pipe
opening.

The lubricating oil system on a stopped engine should be filled
with o0il every second day by priming the engine. At the same
time, turn the crankshaft into a new position. This reduces the
risk of FRETTING CORROSION on journals and bearings when the
engine is exposed to vibrations.

Start the engine once a week to check that everything is in
order.

03,

3 Normal operation supervision

1.

Every second day or after every 50 running hours

a)

b)

c)

d)

Read all thermometers and pressure gauges and, at the same
time, the load of the engine. All temperatures are more or
less dependent on the load. The charge air pressure is depen-
dent on the load, and the lubricating o0il, circulating water
and raw water pressures (built-on pumps) are dependent on
the speed. Therefore, always compare the values read with
those at corresponding load and speed in the Acceptance Test
Records. Guidance values are stated in section 0l.

¥

= If the difference between exhaust gas temperatures of
various cylinders is larger than 80°C at loads higher than
25% the reason for this should be locked for.

= The charge air temperature should, in principle, be as low
as possible at loads higher than 60%, however not so low
that condensation occurs. See section 03, page 03-52. At
low loads the charge air, cocling water and oil temperatures
will automatically be increased by the load dependent
"inverse" temperature control system. (Applies to engines
running on heavy fuel, i.e. 22HF and 22HE.)

Check the indicator for pressure drop over the fuel filters.
When the pressure drop over the filters increases, the press-
ure in the system decreases. Very low pressure (less than 0.5
bar) reduces the engine performance and may cause uneven load
distribution between the cylinders (risk of breakdown!). Too
high pressure drop may alsc result in deformation of filter
cartridges (risk of injection pump seizure).

Check the indicator for pressure drop over the lubricating oil
filters. Too large pressure drop indicates that the by-pass
valve is open which results in reduced oil filtration and in-

.creased wear. Vent filters and, if no improvement, change the

cartridges.

Check the o0il level in the oil sump/oil tank. Estimate the
appearance and consistence of the oil. A simple control of
the water content: A drop of oil on a hot surface (about
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150°C), e.g. a hot-plate. If the drop keeps "quiet", it does
not contain water; if it "frizzles" it contains water. Com
pensate for oil consumption by adding max. 10% fresh oil at a
time‘-

Check that the ventilation (de-aerating) of the engine circu-
lating water system and the fuel nozzle control system (the
expansion tank) is working. Check that the leakage from the
gossip hole of the circulating water pump and the raw water
pump is normal (slight).

Check the quantity of leak-fuel from the draining pipes and
from the gossip hole of the fuel feed pump.

Check that the drain pipes of the air coolers are open.

Check that the gossip holes of the o0il coolers and the circu-
lating water coolers are open.

Clean the compressor side of the turbocharger by injecting
water. See the instruction manual of the turbocharger.

Drain the fuel day tank of water and sediments, if any, and
drain the starting air receiver of water. -

Marine engines (propulsion and auxiliary engines): On a |
stopped engine, prime the engine and turn the crankshaft |
I
i

into a new position. This reduces the risk of crankshaft
and bearing damage due to vibrations.

Every second week or after every 250 running hours

a)

b)

c)

Clean the centrifugal lubricating oil filters. If the de-
posits are thicker than 20 mm, reduce the cleaning interwval
to retain filtering efficiency. Maximum deposit capacity is
40 mm.

Keep the injection pump racks clean (free from sticky
deposits), check that the parts of the fuel control system
move easily.

Clean the turbine side of the turbocharger by injecting water.
When operating on very low quality fuels it may be necessary
to reduce the intervals considerably. High sodium content of
fuel calls for frequent turbine cleaning. See section 15.3
and the Instruction Manual of the turbocharger. This applies
to engines running on heavy fuel, i.e. 22HF and 22HE.

Once a month or after every 500 running hours

a)

b)

Check content of additives in the circulating water.

Check the cylinder pressures. At the same time, note the load
of the engine (the position of the load indicator or the in-
jection pump racks offers an accurate measure of the engine
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load).

Note: Measurement of cylinder pressures without simultaneous
notation of the engine load is practically worthless.

Check the function of the load dependent "inverse" cooling
system with engine loaded below 30% of rated output. This
applies to engines running on heavy fuel, i.e. 22HF and 22HE.

In connection with maintenance work

al)

Record the following steps and the running hours in the en-

gine log:

- lubricating oil sampling (record also operating time of
0il). Lubricating oil analyses without statement of operat-
ing time is of limited value ("go - no go" only).

- lubricating oil changes

- cleaning of centrifugal lubricating oil filters

- change of lubricating and fuel oil filter cartridges

- change of parts in connection with maintenance according to
section 04.

General

a)

b)

c)

There is no automatic supervision or control arrangement that

can replace an experienced engineer™s observations. LOOK at
and LISTEN to the engine!

Forms, "Operating data" and "Service Report", are delivered
with every installation. Use them!

Uperation at loads below 20% of rated output should be
limited to maximum 100 hours continuously when operating on
heavy fuel by loading the engine above 70% of rated load for
one hour before continuing the low load operation. Continous
operation on marine diesel fuel at loads below 10% of rated
output should be limited to max. 100 hours by locading the
engine by more than 70% of rated cutput for one hour before
continuing the low load operation.

Idling (i.e. main engine declutched, generator set discon-
nected) should be limited as much as possible. Warming-up of
the engine for more than 2...3 minutes before loading, as
well as idling more than 2...3 minutes before stopping is
unnecessary and should be avoided.

03.4 Start after a prolonged stop (more than 8 h)

1.

Manual start

a)

Check
= the lubricating oil level
- the cooling oil level in the nozzle control system expan-

sion tank (this applies to engines running on heavy fuel
i.e. 22HF and 22HE)
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- the circulating water level in the expansion tank

- the raw water supply

- the fuel oil level in the day tank {(troublesome and time-
consuming job to vent the fuel system if the feed pump has
sucked air!)

- the starting air pressure - min. 15 bar

- that the parts of the fuel control shaft system and the in-
jection pump racks move freely. Otherwise RISK OF OVERSPEED.

Observe all points in section 03 pos. 1. Point c grows more
important the longer the engine has been stopped.

After starting, check that the starting air distributing pipe
is not heated at any cylinder (leakage from the starting
valve).

Vent fuel and lubricating oil filters.

03.5 Start after overhaul

a)

b)

c)

d)

Check that the connection between the speed governor, over-
speed trip and injection pumps is set correctly (especially
the injection pump rack position) and does not jam, that ald
connections are properly locked and the injection pump racks
move freely in the pumps.

The speed governor control lever being in max. position and
the stop lever in work position, release the overspeed trip
manually. Check that all injection pump racks move to a wvalue
less than 4 mm.

If the injection pumps, camshaft or its driving mechanism
have been touched, check the start of delivery.

Check the cooling water system for leakage, especially:
- the lower part of the cylinder liners

= the o©0il cooler

- the charge air cooler

@) Check the fuel nozzle control system. This applies to engines

£)

gl
h)

running on heavy fuel, i.e. 22HF and 22HE.

Check /adjust the walve clearances. If the camshaft or its
driving mechanism have been touched, check the wvalve timing
of one cylinder, at least (on each cylinder bank in a V-
engine). Guidance wvalues, see section 06.

Vent the fuel cil system if it was opened.

Start the priming pump. Vent the lubricating oil filters.
Check that lubricating oil appears from all bearings and
lubricating nozzles, from the piston cooling oil outlet and
from the valve mechanism. Check that there is no leakage from
the pipe connections inside or outside the engine.
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j) Rags or tools left in the crankcase, untensioned or unlocked
screws or nuts (those which are to be locked), worn-out self-
locking nuts, MAY CAUSE total breakdown.

Well cleaned oil spaces (oil sump and camshaft spaces) save
the oil pump and oil filter.

k) See the instructions in section 03 pos. 03.1 and 03.4 when
starting.

03.6 Operation supervision after overhaul

a) At the first start, listen carefully for possible jarring
sounds. If anything suspected, stop the engine immediately,
otherwise stop the engine after 5 minutes” idling at normal
speed. Check at least the temperatures of the main and big
end bearing and of all other bearings which have been opened.
If everything is in order, restart.

b) Check that there is no leakage of gas, water, fuel, heating
oil or lubricating oil. Especially observe the fuel lines,
injection pumps and injection wvalves. Watch the quantities
emerging from the leak oil pipes!

c) Check that the starting air distributing pipe is not heated
at any cylinder (leaky starting valve). May cause explosion.

d) After overhauling, the following instructions are especially
important:
= Check pressure and temperature gauges.

- Check the automatic alarm and stop devices.

- Check the pressure drop over the fuel filter and lubricat-
ing oil filter.

— Check the oil level in the oil sump/oil tank. Estimate the
condition of the oil.

- Check the ventilation (de-aerating) of the engine circulat-
ing water system

= Check the ventilation of the fuel nozzle control oil
system. This applies to engines running on heavy fuel, i.e.
22HF and Z2ZHE.

- Check the gquantity of leak fuel

= Check the gossip holes of the coolers

= Check the content of additives in the circulating water

- Check the cylinder pressures

= Listen for jarring sounds

- Check the crankcase pressure

= Check the starting air pipes

- Vent the filters

03.7 Running-in
a)

After piston overhaul, follow program A on page 03-51, as
closely as possible.
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The piston rings have slided into new positions and need time
to refit.

If the program cannot be followed, do not load the engine
fully for 4 h, at least.

After changing piston rings, pistons or cylinder liners,
after honing of cylinder liners, follow program B on page
03-51, as closely as possible.

If the program cannot be followed, do not load the engine
fully for 10 h, at least.

| AVOID "RUNNING-IN" AT CONTINUQOUS AND CONSTANT LOW LOAD! |

The important thing is to vary the load several times. The
ring groove will have a different tilting angle at each load

stage, and consegquently the piston ring a different contact
line to the cylinder liner.

The running-in may be performed either on distillate or heavy
fuel, using the normal lubricating oil specified for the en-
gine.
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04. MAINTENANCE SCHEDULE

04.1 General

The maintenance necessary for the engine depends on the operat-
ing conditions in the main. The periods stated in this schedule
are guidance values, only, but must not be exceeded during the
guarantee period.

When using diesel oil or intermediate fuels of comparatively
good quality as fuel o0il it may be possible to lengthen the
stated maintenance interwvals considerably depending on the en-
gine load.

Use the form "Serwvice Report" in connection with the maintenance
work. The form is enclosed in every instruction book.

See also the instruction books of the turbocharger and the gover-

nor, separate instructions for additional equipment and section
035

04.2 Interval: Every second day, irrespective of the engine
being in operation or not

Part Work Instructions
in section

—
Automatic Check operation. 18,7,
prelubrication 23.2.1
Crankshaft Marine engine: In a stopped 03.3.1.k

engine, turn the crankshaft
into a new position.

04.3 Interval: Once a week irrespective of the engine being
in operation or not

Part Work Instructions
in section

Start process Test start (if the engine on 03.1
stand-by).
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04.4 Interval: 50 operating hours
Part Work Instructions
in section
Turbocharger Clean the compressor by inject-| 15, 03.3.1i,
ing water, and the turbine, if 03.3.2c
necessary.
Temperature and | Read, record. 03.3.1a
pressure gauges,
load indicators
etc.
Fuel filters Turn the handle of the fuel 17
prefilter (diesel fuel engines).
Fuel and lubri- | Check the pressure drop 17, 18, 2i
cating oil indicators.
filters
Lubricating oil | Check the oil level, compensate | 02.2.3c,
sump, governor, | for consumption. 02.2.4,02,2:5
turbocharger(s) 15, 22, 18
Fuel nozzle tem- Check the level in the oil con- | 17
perature control| tainer.
system x)
Circulation Check the level in the expansion| 19
water system tank.
Injection and Check the gquantity of leak fuel | 17
fuel system from the pumps and nozzles.
Air coolers Check that the draining pipe is | 15.4,fig.15=5]
open, check if any leakage. pos. 6
Fuel day tank Drain possible water and 17
sediment.
%) Applies to engines running on heavy fuel, i.e. 22HF and Z22HE.
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(cont.) Interwval:

50 operating hours

Part

Work

Instructions
in section,

Valve mechanism | Check the valve clearances after] 06.1
50 hours” running in new and 12,4
reconditioned engines.
Screws and nuts | Check the tightening of the con- 07
necting rod screws, main bear- 10,4
ing screws after the first 50 11.6
operating hours on a new engine
and, after overhaul, those of
the above mentioned screws that
have been opened.
04.5 Interval: 250 operating hours
Part Work Instructions
in chapter,
section
Centrifugal Clean, more often if necessary. | 18
filter Remember to open the wvalve be- 03.3.2a
fore the filter after cleaning.
Lubricating ©0il | In a new installation or after 02.2.3b
change to use of a new lubricat-
ing oil brand, take samples for
analysing.
Control Check for free movement, clean, | 22
mechanism lubricate.
Turbocharger x) | Clean the turbine by injecting 15
water; more often if necessary. | 03.3.2c

¥) Applies to engines running on heavy fuel,

i.e,

22HF and 22HE.
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04.6 Interval: 500 operating hours
Part Work Instructions
in section
Circulating Check content of additives. 02.3.4
water
Lubricating ©0il | In a new installation or after 02.2.3b
change to use of a new lubri-
cating oil brand, take samples
for analysing.
Cylinder Check. 12
pressure
Raw water Check and clean, if necessary 19
filter
Cooling system Check the function of the load 19

X)

dependent cooling system with
the engine loaded below 30% of
rated ocutput.

%) Applies to engines running on heavy fuel, i.e. 22HF and Z22HE.
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04.7 Interval:

1000 cperating hours

Part

Work

Instructions
in section

Lubricating oil

Change o©0il in a new installa-
tion (wet sump installation).
Take samples for analysing. If
the analysis values are positive
and if the oil supplier or en-
gine manufacturer recommend so,
the intervals between the
changes can be prolonged in
steps of 500 operating hours.

In dry sump installations the
oil change intervals may be in
the order of 4000 hours or more,
When changing o0il, clean all oil
spaces.

02.2.3b

Lubricating oil
filter

Replace the filter cartridges

by new ones., (The cartridges are
to be replaced when the press-
ure difference indicator shows
too high pressure drop.) Clean
the wire gauze (cartridge) and
filter housing.

18

Fuel filter

Replace the filter cartridges
by new ones, if necessary {(the
cartridges are to be replaced
when the pressure difference
indicator shows too high press-
ure drop). Clean the filter
housing. Clean the prefilter in
the fuel inlet pipe.

Note! The fuel oil filter in a
stand-by engine is loaded as
much as when the engine is run-
ning because the fuel feed pump
is running continuously on
stand-by engines in heavy fuel
installations.

L

Automation

Check the function of the alarm
and automatic stop devices.

23

Turbocharger

Change lubricating oil.

02.2.5, 15

air filter

Clean {(more often, if necessary)

15

Valves

Check that the inlet and exhaust
valves move freely in their
guides. This should preferably
be done when the engine has been|
out of operation for a couple of
hours.

Check valve clearances.

06.1

12
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04.8 Interval:

2000 operating hours

Part

Work

Instructions
in section

Injection valves

Test the opening pressure.
Dismantle and clean the nozzles,
Check the effective needle 1lift.
Check the springs. Replace the
O-rings. Check the nozzle condi-
tion in a test pump. Note: It is
very difficult to estimate the
nozzle condition by test pumping
when the engine has been stopped
on heavy fuel unless the injec-
tion valve is dismantled and all
parts are thoroughly cleaned in
diesel o0il. Recommendation: Re-
place the complete injection
valves by new or reconditioned
ones,

16

Charge air
coolers

Check and, the first time, if -
necessary, clean the water side,
If it is in good condition and
the deposits are unsignificant:
future intervals 4000 runnin
hours.

15

Measuring
instruments

Check pressure and temperature
gauges. Replace faulty ones.

23

Governor

Change lubricating oil.

02.2.4, 22

Overspeed trip
device

Check function and tripping
speed.

22
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of the wvertical studs inside the
insulating box.

HE, MD 04-7
04,9 Interval: 4000 operating hours
Part Work Instructions
in section
Crankshaft Check the alignment. Check the 11
axial clearance, 06.2, pos. 10
Camshaft Check the contact faces of the 14
cams and tappet rollers. Check
that the rollers rotate.
-
Turbocharger Clean the compressor and tur- 15.6
bine by hand. Inspect the cool-
ing water ducts for possible
deposits and clean if the de-
posits are thicker than 1 mm.
Coolers Clean the lubricating oil, 15
charge air and circulating water] 18.5
coolers. Look carefully for
corrosion,
Cylinder liners | Pull one cylinder liner and in- | 10.6
spect the water side. If the de— 02.3
posits are thicker than 1 mm,
clean all liners, improve the
cooling water treatment.
Control Check for wear in all connecting| 22
mechanism links between the governor and
all injection pumps.
Nozzle tempera- | Take an o0il sample for analys- 17.4
ture control oil] ing. Clean the filter.
=]
Starting fuel Check the function. 22.3.5
limiter 22.7
Exhaust Check the nuts of the flange Page 20-51
manifold connections as well as the nuts

*) Applies to engines running on heavy fuel, i.e. 22HF and 22HE.
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04.10 Interval:

BOOO operating hours

Part

Work

Instructions
in section

Cylinder heads

Dismantle and clean the under-
side, the inlet and exhaust
ports, the inlet and exhaust
valves. Inspect the cooling
spaces and clean, if necessary.
Grind the valves (often lapping
by hand is enough).

Replace the O-rings in the wvalwve
guides.

Check the starting valves.

12

Piston, piston
rings, gudgeon
pin

Pull, inspect and clean the pis-
tons. Check the height of the
ring grooves (the height clear-
ance of the rings). Check the
retainer rings of the gudgeon
pins. Renew the complete piston
ring set. Note: The running-in
program, section 03.7.

11
06.2

Water pumps

Dismantle and check.

193

Cylinder liners

Pull one cylinder liner, on V-
engines one per cylinder bank,
inspect the water side. If the
deposits are thicker than 1 mm,
clean all liners and the engine
block water space. Replace the
O-rings in the bottom part by
new ones at every overhaul.
Measure the bore. Where honing
marks are visible the measure-
ment is unnecessary.

If there are scuffing marks,
many scratches or glossy spots,
hone the bore,

Hone the liners at every second
overhaul irrespective of the
liner condition.

10
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(cont.) Interval: 8000 operating hours
Fart Work Instructions
in section
Connecting rods | Inspect the big end bearing and | 11
mating surface serrations.
Main bearings Inspect the bearing shells. 10
Gears Inspect all gears. 11, 13
Lubricating Inspect. 18
0ll pump
Thermostat Clean, check, 19
valves 18, 17
Turbkocharger Change bearings in the VTR- 15
chargers.
Fuel system Clean the fuel day tank. 17
Cooling water Replace the O-rings of the 19
system circulating water discharge pipe|
by new ones.
Fuel nozzle Change oil. 17
temperature
control system
X)

®x) Applies to engines running on heavy fuel, i.e. 22HF and 22HE.
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04.11 Interwval:

16000 aperatihg hours

Part

Work

Instructions
in section

Connecting rods | Inspect the small end bearings. | 11

Valve mechanism | Check the bearing clearances in | 12, 14
the tappets and rocker arms.

Injection pumps | Overhaul. 16

Camshaft Check the bearings. 10

Governor drive Check the governor driving shaft] 22
bearing clearance in situ.

"Geislinger" Dismantle and check. 11

vibration damper

Viscous vibra- Take a sample of the oil for 11

tion damper analysing.

Crankshaft Check the big end and main 11
bearing clearances. 10

04.12 Interval: | 64000 operating hours

Part Work Instructions

in section,

The whole engine

General overhaul
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MAINTENANCE TOOLS, UNDERHALLSVERKTYG, HUOLTOTYUKALUT
CYLINDER HEAD, CYLINDERLOCK, SYLINTERINKANST \

Hydraulic tightening

device Spare part No. 861020
Hydrauliskt

dtdragningsverktyg Reservdel nr.
Hydraulinen kiristys-

tydkalu Varaosa no.

Lifting tool for cylinder head 832005

Lyftverktyg for cylinderlock
Sylinterikannen nostotydkalu

Dismantling device for valves B46010
Verktyg fdr demontering av motor-

ventiler

Tydkalu venttiilien poistamista

varten

Grinding device for valves B41001
Verktyg for inslipning av ventiler
Venttiilien hiomatydkalu

Extractor for injection valve 837017
Utdragare for insprutningsventil
Ruiskutusventtiilin ulosvedin

Grinding tool for injection valve

sleeve bottom ga1008

Slipdorn f&r insprutningsventil- ®
hylsans botten ®
Ruiskutusventtiiliholkin pohjan O) CD

hiomatydkalu @ @

Handle for indicator valve 808001

Vred for indikeringsventil
Viadntid indikoimisventtiiliin
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Valve clearance feeler gauge 848003

Bladmdtt fdr ventilspel

Rakotulkki

Circlip pliers 843001

Ldsringstdng

Lukitusrengaspihdit

PISTON, KOLV, MANTA

Lifting tool 832002

Lyftverktygqg

Nostosanka

Tap M12 845001

Gidngtapp Ml12

Kierretappi M12

Ciamp device for piston rings 843002

Kldmverktyg fdr kolvringar

Minndnrenkaiden puristustydkalu

Piston ring pliers Unistress 843003

Kolvringstdng Unistress

Minndnrengaspihdit Unistress

Circlip pliers 843004

Ldsringstdng
Lukitusrengaspihdit
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CONNECTING ROD, VEVSTAKE, KIERTUOKANKI

Hydraulic tightening device i 861027

Hvdrauliskt dtdragningsverktyg
Hydraulinen kiristystydkalu

Mounting device M33 for stud 803011
Monteringsverktyg M33 for

pinnskruv

Vaarnaruuvin asennustydkalu M33

Distance sleeves for tightening

device B61026
Distanshylsor for &tdragnings-

verktyg

Valiholkit kiristystyokalua

varten

MAIN BEARINGS, RAMLAGER, RUNKOLAAKERIT

Distance sleeves for tightening

device 861021
Distanshylsor fér dtdragnings-

verktyg

Valiholkit kiristystydkalua

varten

Lifting tool for main bearing cap 832003
Lyftverktyg for ramlagersadel
Runkolaakerikannen nostotydkalu

Hex. socket screw bit 22 with

1 in square drive 803001
Sexkantnyckel 22 med 1 in

fasthdl

22 mm:n kuusiokoloavain 1 in

neliglli

Torque multiplier X-4 822001
Momentfdrstorare X-4
Momentinsuurennin %-4
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Turning tool for main bearing

shell V22HF 851002
Medbringare for ramlagerskdl

Y2 2HF

Mygtapyoritin runkolaakerikuorta

varten V22HF

Turning tool for main bearing

shell R22HF 851001
Medbringare for ramlagerskdl
R22HF
Mydtadpydritin runkolaakerikuorta

varten R22HF

Turning tool for thrust bearing

shell V22HF 851006
Medbringare fdr styrlagersxdl

V22HF

Mydtdpyoritin ohjaavalle

laakerille VZ2HF

Turning tool for thrust bearing

shell R2ZHF B51005
Medbringare fdr styrlagerskdl

RZ2ZHF

Mydtdpybdritin ohjaavalle

laakerille RZ2ZHF

Extracting and 1ifting tool for

cylinder liner 836001
Utdragnings- och l1yftverktyg

far cylinderfoder

Sylinteriholkin ulosveto- ja

nostotydkalu
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INJECTION, INSPRUTNING, RUISKUTUS

Checking device for fuel

injection timing 862007
Verktyg fdér granskning av

flodlage

Tyokalu ruiskutushetken tarkis-

tusta varten

Socket wrench 30 for nozzle nut 807010
Hylsgrepp 30 for dysmutter
Suutinmutterin holkkiavain 30

Socket wrench 22 07004
Hylsgrepp 22
Holkkiavain 22

Testing device for injection

valve 864011
Proutryckningsanlaggning far
spridarutrustning

Ruiskutusventtiilin koeponnistus-

laite

Nozzle cleaning kit B45006
Rengdringsverktyg for spridare
Puhdistusvalineet suutinta varten

Mounting tool for injection pump

tappet B84g008
Monteringsverktyg for

insprutningspumpens lyftare
Ruiskutuspumpun nostimen

asennustydkalu

Special socket wrench 19 for

flange nuts 806005
Specialhylsnyckel 19 fior

fldnsmuttrar

Erikoisholkkiavain laippamut-

tereiden kiristamistd varten
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Special open wrench for
injection pipe

Special U-nyckel fér
insprutningsrar

Erikois U-avain ruiskutusputkea
vartean

806007

[TTGHTENING, ATORAGNING, KIRISTYS

Special xey for camshaft flange
SCrews

Specialnyckel for nockaxel -
fldnsarnas skruvar

Erikoisavain nokka-akselin laipan
ruuveille

Speed brace with 1/2 in square
Sviang med 1/2 in fyrkant
Kampivddnnin 1/2 in neligllad

Ratchet handle with 1/2 1in
square

Spdrrhandtag med 1/2 in
fyrkant

Riikkdavain 1/2 in neliglla

Extension bar with 1/2 in square
Farlangningsstdng med 1/2 in
fyrkant

Pidennystanko 1/2 in neliglla

306006

808002

808003

808005
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Torque wrench,Stahlwille
730 R/40 75...4008m
Momentnyckel,Stahlwille
730 R/40 75...400Nm
Momenttiavain,Stahlwille
730 R/40 75...400Nm

Torque wrench,Stahlwille
730 R/10 20...100Nm
Momentnyckel,Stahlwille
730 R/10 20...1008m
Momenttiavain,Stahlwille
730 R/10 20...100N¥m

B20009

820008
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WRENCHES, SKRUVNYCKLAR, RUUVIAVATIMET

Ring wrenches 10-12 801004
Ringnycklar 13-17 801003
Rengasavain 19-22 801002

24-27 801001

Double head open end

wrenches 10-12 00008
Dubbla U-nycklar 13-17 800007
Kaksipdinen U-avain 14-17 800006
19-22 800005
24-27 800004
jn-32 800003
32-136 go0o002
41-46 800001
Open ringspanner 3n-32 301005

Oppen ringnyckel
Avorengasavain

Hex. socket screw key 5 803006
Sexkantnyckel 6 803005
Kuusiokoloavain 8 803004
10 803003
12 803002
Hex. socket screw bit
with 1/2 in square drive 3] 803007
Sexkantnyckel med 1/2 in 10 803008
fisthdl 14 2803009
Kuusiokoloholkkiavain 17 g03010
1/2 in sisdnelidlla
Socket wrench 13 807005
Hylsgrepp ' 17 807006
Holkkiavain 19 807007

24 807008
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(MTSCELLANEOUS, DIVERSE, SEKALAISET

Extractor for gear wheels etc. 837012
Utdragare f&r pumparnas

kugghjul m.m.

Pumppujen hammaspydrien ulosvedin

Mounting device for camshaft

bearing bush 834001
Monteringsverktyg fdr nockaxelns
lagerbussning

Nokka-akselin laakerin asennus-

tydkalu

Dismantling device for centrifugal

filter 837013
Demonteringsverktyg fdr centri-
fugalfilter

Purkamistydkalu keskipakosuodat-

timelle

S5crew driver B0BOO6

Skruvmejsel
Ruuvitaltta

Eye bolt for fuel filter 832004

Lyftdgla fir bridnslefilter =)
Nostosilmukka polttoainesuodatinta Qi
‘varten

Brushes for cleaning charge air
cooler 845003

Borstar fdor rengiring av /
laddningsluftkylare
Harjat ahtoilmanjaihdyttimen .u#'"ﬂﬁg

puhdistusta varten

Brushes for cleaning oil- and

water coolers 845004
Borstar for rengdring av

olje- och CV-kylare

Harjat 81jyn- ja kiertoveden-

j@dhdyttimien puhdistusta varten
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“Lever ¢ 22x550 844001

Spak g 22x550
Yarsi ¢ 22x550 dg"ﬁ
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R-ENGINES, R-MOTORER, R-MOOTTORTIT

Turning bar 844002
Baxspak

PyGritysvipu n},’f/ﬁ.—-’;’

Wrench for dismantling electric

motor go3nlz
Nyckel for ldsgfring av elmotor
Avain sdhktmoottorin irrotukseen
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(V-ENGINES, V=-MOTORER, V-MOOTTORIT

Turning device 483001
Baxverktyg
Pyoristystydkalu

Protecting sleeve for connecting
rod 835003

Skyddsskena for vevstake
Kiertokangen suojuskisko

Protecting plug for connecting
rod 835004

Skyddstapp fdr vevstake
Kiertokangen suojustappf
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SHIELD BEARING, SKULDLAGER, KRILPILAAKERI

Turning tool for shield bearing

shell 851004
Medbringare for skidldlagrets

skdlar

Mydtdpyoritin kilpilaakerin

kuoria varten

Distance sleeves Be1022
Distanshylsor
Viliholkit

Reducing pieces 861023
Fédrminskningsstycken %
Supistuskappaleet

Elbow coupling 861024

Vinkelkoppling
Kulmaliitin

Pin for hydraulic tightening

device 861025 -
Tapp fdr hydraulverktyg —
Tappi hydraulista tydkalua varten .
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T-CYLINDER ENGINE, 4-CYLINDRIG MOTOR, A-SYLINTERINEN MOOTTORT

Bit 14, hexagon socket screws,with
3/4 in square drive

Kuusiokoloterd 14, 3/4 in sisdnelis-
kiinnitykselld

b-kantnyckel 14, med 3/4 in 4-kant-
fisthal

SRRSO [
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O0L COMBINATIONS, VERKTYGSKOMBINATIONER, TYOKALUYHULSTELMAT

= __.—ﬂ:lﬂllillﬂll

’“"‘ﬂ“ll e |

Lateral tie bolt ‘\
Ramlagersidoskruv
Runkolaakerin sivuruuvi

Camshaft screws
Nockaxelskruvar
Nokka=-akselin ruuvit
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06. ADJUSTEMENTS, CLEARANCES AND WEAR LIMITS

06.1 Adjustments

Valve timing:

Inlet wvalves open 50° before TDC, closes 20° after BDC
Exhaust valves open 50° before BDC, closes 50° after TDC

Valve clearances, cold engine inlet wvalwves
exhaust valves

15 199 before TDC

Start of delivery

Fuel rack position at 100% load, heavy fuel 28 mm
marine diesel fuel 30 mm
Opening pressure of fuel injection valve 320 bar

Tripping speed

Nominal Tripping speed of Tripping speed of
engine speed mechanical overspeed electro-pneumatic
trip device overspeed trip device
P s
15 /s ( 900 RPM)  17.83 r/s (1070 RPM) /5 /. 17.33 r/s (1040 RPM) z’fxé
16.7 rfs (1000 RPM) 19.67 ©/s (1180 EPM) 19.17 r/s (1150 RPM)
20 rfs (1200 RPM) 23 r/s (1380 RPM) 22.5 rfs (1350 RPM)
. NEL
06.2 Clearances and wear limits (at 20°C) oot e
77} Yo
| | | | |
Pog Part, measuring point Drawing dimensions | Normal | Wear |
| {mm) | clearance | limit (mm)]
| (mm} |
| I
| 10 | Main bearing clearance | |
(also main thrust bearing | I
and shield bearing) | 0.18...0.27 |
Journal diameter { 200 +0...-0.029 | |
Journal eircularity | 0.015 | |
Journal taper | 0.015/100 | |
Main bearing shell thick- | e Ors | | |
ness | 7.44040. .. ~8+5. | | 7.38 |
Bore of main bearing | | | |
| housing | 215 +0.029,..-0 | | |
| | Main bearing diameter, | | | |
| .| in situ | 200 +0.239...+0.18( | |
I | | I
| | Main thrust bearing, | | I I
| | axial eclearance | | 0.12...0.25 | 0.5 |
| | Main thrust bearing width | 100 -0.160...-0.21(
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l
| PGJ Part, measuring point | Drawing dimensions | Normal Wear |
{mm) clearance limit (mm)
| (mm) | |
Corresponding crankshaft |
width | 100 +0.035...-0 | |
10 | Camshaft bearing, clear-
ance (also thrust) | 0.10...0.18
Camshaft diameter { 120 +0...-0.022 |
Camshaft bearing shell, |
thickness 4.950+0.,.-0.015 | 4.90 I
Camshaft bearing housing,
bore 130 +0.025...-0
Camshaft bearing diameter,
in situ 120 +0.102...+0.15%
| Camshaft diameter at thrusy |
bearing | 75 +0...-0.019
Camshaft thrust bearing
housing, bore 90  +0...+0.022
| Camshaft thrust bearing |
| diameter, in situ 75  +0.056...+0.10§
| | Camshaft thrust bearing,
| axial clearance 0.14...0.31
Camshaft thrust bearing,
width 70 =0.24 ...-0.37
Cylinder liner diameter 220.08 +0.046...-0 top : 220.45 |

11

Cylinder liner circularity | 0.02

Big end bearing clearance

Crank pin diameter 180 +0...-0.025
Crank pin ecireularity 0.015

Crank pin taper 0.015/100

Big end bearing shell,

thickness 4,940+0...-0,015

|
I
|
|
Connecting rod bore, lower | 190 +0.029...-0
Big end bearing diameter, |
in situ | 180 +0.203...+0.144
I
Gudgeon pin bearing, |
|
|
B
|

clearance

Gudgeon pin diameter 95 +0...-0.010
Gudgeon pin elrecularity 0025
Gudgeon pin taper 0.005

Connecting rod bore, upper | 115 +0.022...-0
Gudgeon pin bearing
diameter, in situ

Connecting rod axial
clearance in piston

|
| 95  +0.142...+0.09¢
I
I

bottom: 220.25

0.14...0.23

0.09...0.15

0.55...0.80

0.15
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| Clearance gudgeon pin -

piston

Bore diameter in piston 95  +0.015...+0.003

Piston ring gap |
(clamped ¢/220)
compression rings
oil scraper rings

i | I
Pog Part, measuring point Drawing dimensions | Normal Wear |
B (mm) | clearance limit (mm)
| (mm) B
I |
V22: Clearance between | |
connecting rods | 0.18...1.94 |

|

I

| O

0.65.,.0.95
0.80...1.05

i

|

I

i

|

I
clearance I | |
compression ring 1 | 0.12...0.15 | 0.35
== 2 | 0.07,..0.10 | 0,35

|

|

|

I

!

|

I

|

D
=
Ln
.
.
C
"
=
[n%]
SIS ¥ | PR ) S e ————

Piston ring height

- 3 | 0208520 100 | 0535 |
oil scraper ring 0.04.,.0,07 | 0.35

Piston ring groove height

groove 1 4 +0,02,..-0 I

- IT 4.06 +0.02...-0 I |
== III 4,00 +0.02...-0 | |
- Iv 6.03 +0.02...-0 |

| Piston clearance at bottom
in cross direction of |
engine

Corresponding piston
diameter 219.87 +-0.02

Crankshaft oil slinger | |
(driving end)
axial clearance 0.39...1.03
radial clearance around
crankshaft flange 0u624..0.93

12 | Valve guide diameter 16 +0.095...+0.07]
Valve stem diameter 16 +0 «2.=0,019 15,97
Valve stem clearance | 0.06...0.11 0.20
Valve seat deviation rela- |

tive guide (max. value) | 0.10
Valve seat bore in cylindery
| head

78 +0.019...0

|
|
|
13 | Intermediate gear of cam— |
| shaft drive |
|  bearing clearance |
| axial clearance |
| Bearing diameter, in situ |

|

| Bearing journal diameter

0.03...0.09 | 0.20 |
0:15:5:0:.35 | 0,50 |

+ﬂtD3.o¢‘D
qﬂiﬂ3!o!-0106 I
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60
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Pog Part, measuring point Drawing dimensions Normal Wear
{mm) clearance limit (mm)|
(mm)
Camshaft driving gear,
backlash
Crankshaft gear - inter-
mediate gear 0.10...0.45
Intermediate gear -
camshaft gear 0.10.,4.0.45
Base tangent length
- crankshaft gear 99,75 +-0.024 99,60
- large intermediate gear | 146,003 +-0,027 L4
= small intermediate gear 99.842 +0.024
- camshaft gear 130.694 +0.024
1
14 | Valve tappet, diameter 55 =0.03...-0.06
Guide, diameter 55 +0.03...-0
Diameter clearance 0.03...0.09 0.15
Tappet roller bore diameted 30 +0.021...-0
Bush diameter, outer 30 -0.020...-0.033
Bush diameter, bore 22 +0.041,..+0.02(
Tappet pin diameter 22 =0.007...-0.02(0 21.95
Bearing clearance
roller — bush 0.,02,,.0,05 0.10
bush - tappet pin 0.03...0.06 0.13
Rocker arm bearing diameter 50 +0.,050...+0.025
Bearing journal diameter 50 +0 «ss—0,014 49,95
Bearing clearance 0.03...0.07 0.25
Yoke pin diameter 20 -=0.040...-0.053
Yoke bore diameter 20 +0.033...-0
Diameter clearance 0.04...0.09 0.15
16 | Nozzle needle lift 0.4 0.5
Injection pump tappet:
Tappet roller bore diameter 36 +0.025...0
Bush diameter, outer i6 -0,050...-0,089
Bush diameter, bore 28 +0.065...+0.094
Tappet pin diameter 28 -0.020...-0.053
Bearing clearance
roller - bush 0.05..,0.114] 0.15
bush = tappet pin 0.085..0.153| 0.20
|
17 | Fuel feed pump, engine
driven
Shaft diameter 20 +0,.009,..-0.004
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Posg|

Part, measuring point

| Drawing dimensions

(mm)

| Normal
| clearance
(mm )

i
Wear
limit (mm)

18

19

22

Bush diameter, bore
Bearing clearance
Axial clearance
Backlash for driving gear |
Base tangent length for
pump gear

Crankshaft gear for pump |

operation

Base tangent length,
standard design z
fast transm.ratio z

70 |
73

nn

Lube o0il pump for V22
Shaft diameter

Bush diameter, bore
Bearing clearance
Axial clearance

Back lash for driving gear

Base tangent length, |
driving gear |
standard design 1=70/4§
fast transm.ratio i=73/4j
pump gear

Lube o0il pump for R22
Shaft diameter

Bush diameter bore
Bearing clearance

Axial clearance

Backlash for driving gear

Base tangent length,

driving gear
standard design 1=70/4§
fast transm.ratio i=73/4§
pump gear

Water pump, backlash for
driving shaft gear
Base tangent lemgth for
driving gear
standard design i = 70/3(
fast transm.ratio i=73/27

Driving shaft for governor |
Bearing for driving shaft |
Bearing clearance |
Axial clearance |

20

53.68 +0,022

115.343+-U.ﬂ2ﬁ
1151159+_DOG2ﬁ

50
50

84.404 +-0.024
84,489 +-0.024
42.95 +-0.030

32
32

-0.07.
+ﬂ-039---ﬂ

B84.404 +-0.024
B4.4B9 +-0.024
23.53 +_Dtﬂ3ﬂ

53.515 +-0.021
53.735 +-0.021

20 +0

20

+0.061. . .+0.04(

|
“G-GEQ---—Q;lﬂﬂ
+0.039...-0

..=0.10

0.03...0.07
0.02. 40,10
0,55...0.68

0.08...0.15
0.27...0.36
0.36...0.49

0.07...0.14
0.18...0.25
0.36...0.49

0.30...0.68

...=0.02]
+0,053...+0.02(

| 0.020..0.07
| 0.10...0.15

53.50

115.19 |
115.00 |

0.22

84.26 |
84.35
42.50

B4.26
84,35
28.20

53.34
53.55

0.15



22HF, HE, MD
8308

23

Backlash, balancing shaft
gear

Crankshaft gear - inter-
mediate gear

Intermediate gear -
balancing shaft gear
Balancing shaft gear

Del «..0.6

0.1
0.1

saalld
«es0.35

06-6
I
Pog Part, measuring point Drawing dimensions Normal Wear
| (mm) clearance limit (mm)|
(mm )
Backlash for driving gear 0.10.,.0,20 0.30
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07. TIGHTENING TORQUES AND INSTRUCTIONS FOR SCHEW CONNECTIONS

07.1 Tightening torgues for screws and nuts

The position numbers refer to fig. 07-51. Threads and contact
faces of nuts and screw heads should be oiled with lubricating

oil if otherwise not stated.
lubricant (Molykote) are used in certain cases.

Misused Molykote may cause the screws to break.

1 Nm = 0.102 kpm

NMote that locking fluid and special

Pos.

Screw connection

Torgue
Nm

Scale
setting

Main bearing side screws.

Use tool combination acc. to 05-15A.

1200 20

30 kpm

Shield bearing fixing.

| Apply Loctite 242 on threads.|

21010

21 kpm

Connecting rod screw (not hydraulic-
ally tightened screws).

After tightening the screws are locked
in pairs with steel wire ¢g2 mm.

Apply Molykote G-n Plus under the
screw head, on the screw guiding and
the threads.

260£10

4A

Counterweight pressure screw (connec-
tion with one fastening screw).
Lubricate the pressure face, i.e. the
end of the screw, with Molykote Paste
G. Apply lubricating oil on the
threads.

500£10

4B

Counterweight screws (connections with
two fastening screws).

Apply lubricating oil on the screws.
Use tool combination acc. to 05-15A.

132020

33 kpm
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Torque Scale
Pos. Screw connection Nm setting
SA Crankshaft flange screws (connection 1160£20 | 29 kpm
without nuts), 20 pcs
Lubricate the washers with Molykote
G-n Plus, the threads with oil.
Use the torque multiplier X-4.
5B Crankshaft flange screws (fitted bolts) 640220 | 16 kpm
10 pes
Lubricate the contact faces of the
screws and holes with Molykote G-n
Plus. Use the torque multiplier X-4.
6 Extension shaft flange at free end. 600220 | 15 kpm
Use the torque multiplier X-4.
7 Screws of pump driving gear at free un1 600%20 | 15 kpm
Use torgue multiplier X-4.
8 Split gear on crankshaft:
Gear to crankshaft - screws 120%5 12 kpm
Apply Loctite 242 on the threads,
see section 07.2.
9 Split gear on crankshaft:
- Screws of gear half to gear half 140%5 14 kpm
Apply Loctite 242 on the threads,
see section 07.2.
10 Camshaft flange screws 805 7 kpm
The screws are treated with locking
compound and can be used three times
the locking effect being intact; then
replace.
Use tool combination 05-15B.
Do not wash the screw threads but
keep them clean and dry.
10a Screws of intermediate gear bearing 400%10
journal
Apply Loctite 242 on the threads,
see section 07.2.
i 5§ Screws of overspeed trip device to the 45%5 4.5 kpm
camshaft.
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Torque Scale

Pos. Screw connection Nm setting
1.2 Screw for dog at overspeed trip device. 855 | 8.5 kpm
13 Nuts for valve tappet guide block. 85%5 8.5 kpm
14 Nuts for injection pump flange. 85%5 8.5 kpm
15 Injection pump head piece (L°Orange), 65%3 6.5 kpm

fastening screws M10. (0-30-50 65)
le A Injection pump element (L°Orange), 100+5 10 kpm

fastening screws Ml12. (0-50-80-100)
l6 B Injection pump cover (Bosch), 4545 4.5 kpm

fastening screws (0-20-35-45)
17 Injection pipe connection nozzle holder 655 6.5 kpm
18 Injection pipe cap nuts. 50%5 5 kpm
19 Injection valve fastening nuts (M12). 503 5 kpm
20 Injection nozzle cap nut. 110%5 11 kpm
21 Nuts of rocker arm bearing bracket. 8515 8.5 kpm

Apply Loctite 270 on the stud threads

in the cylinder head.
22 Starting valve: - fastening screws 40%4 4 kpm

(0-20-40)
- stem nut 1412 1.4 kpm

23 Fastening screws for driving gear of 8545 8.5 kpm

the lubricating o0il, circulating water
and raw water pumps (connections with

one fastening screw per pump)

| Apply Loctite 242 on the threads. |
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_ _rinrque Scale
Pos. Screw connection Nm setting
|
23 A Fastening screws for water pump 233 2.3 kpm |
driving gear (connection with three
Inbus Plus fastening screws) |
B | Fastening screws for lubricating oil 755 7.5 kpm |
| | pump driving gear &R, BR, V22
| {connection with four Inbus Plus
fastening screws)
C Fastening nut for lubricating oil 210£10 21 kpm
pump driving gear 4R22HF. ’
24 Fastening of gear for fuel feed pump. 135£5 13.5kpm
(Mot for electrically driven pumps.)
| Apply lubricating oil on the shaft
thread and the contact face of the nut.
Clean and degrease the conical part of
the screwed joint. Do not apply any
lubricant.
| 25 Impeller nut for circulating and raw 15045 15 kpm
| water pumps.
|
‘ o
26 | For balancing mechanism of four | |
cylinder engines: |
1 - bearing cap screws 250%10 | 25 kpm
2 - fastening screws for gears 120£5 |12 kpm
3 - fastening screw for intermediate gear 25010 25 kpm
4 - screws for intermediate gear bearing | 290210 29 kpm
5 - screw connection
intermediate shaft - balancing shaft | 12045 12 kpm
| 6 - fastening screws (M16)
= oil sump - engine block 25010 25 kpm

We recommend the use of torgue measuring tools also when tighten-
ing other screws and nuts. The following torgues apply to screws
of the strength class 8.8:

| Screw Width across Key width of Torque/ |
dimension | flats of hexagon | hexagon socket Nm | kpm
SCcrews head screws
M8 13 6 25 2.5
M10 17 ] 50 5.0
M12 ly 10 85 8.5
M1lé 24 14 200 20
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2 Use of locking fluid

When using locking fluid (Loctite), clean parts carefully in a
degreasing £luid and let dry completely before applying locking
fluid.

07.

3 Hydraulically tightened connections

07.

3.1 Tightening pressures for hydraulically tightened connec-

tions

The position numbers refer to fig. 07-51.

Hydraulic | Tightening| Max. hydr.| Hydraulic
Pos.| Screw connection| pressure torques pressure cylinder
when of studs when numbexr
tightening Nm opening
27 Main bearing
screw M42 : 540 bar 200 560 bar Bel020
28 Cylinder head
screw M42 500 bar 200 520 bar 861020
29A | Connecting rod
V22 | screw M30x2 555 bar 85 565 bar Bel027
29B | Connecting rod
R22 | screw M30x2 5585 bar 85 565 bar 861034
30 Shield bearing
screw M24 285 bar 50 295 bar 861020
L. 861030

07.3.2 Filling, venting and control of the hydraulic tool set

al

b)

o)

d)

e)

(page 07-52)

Connect the hydraulic pump and cylinder acec. to scheme 07-52B.
Fill the filling bottle (delivered with the pump) with oil,
viscosity about 2°E.

Open the release valve (3) and press the pistons of the cyl-
inders (4) to expel oil possibly occurring in the cylinders
back to the pump container.

Lift the pump above the cylinders and keep it in a position where
the plastic plug (2) is topmost. Remove the plug and filling
screw located inside the plug.

Press the spout of the filling bottle into the filling hole and
squeeze the bottle to make the oil enter. Let air flow into the
bottle, and £ill the pump container completely with oil.

Replace the filling screw and plastic plug.
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£) Vent the complete hydraulic set by closing the valve (3), open
the air vent screw (7) and pump until airvoid oil flows out.
Close the screw (7).

g) If a large oil amount escapes when venting, refill the container.

The system is provided with bayonet couplings including non-return
valves which means that venting is necessary when filling the con-
tainer, only. ;

The non-return valves are opened by the pins located in the centre
of the male and female parts. If these pins get worn, replace the
couplings. Risk of blocking system.

If, exceptionally, it is necessary to operate the with couplings not
completely intact, it is advisable to open the air vent screw to
assure that the passage is open to all cylinders before tightening
the connection.

07.3.3 Dismantling hydraulically tightened connections (page 07-52)

a) Attach the distance piece and hydraulic cylinder according to
fig. 07-52A. Screw on the cylinder by hand.

b) Connect the hoses to the pump and cylinder according to the
wiring diagram 07-52B. Check that the relief valve pos. 3 is
open and screw the cylinders in clockwise direction to expel
possible oil.

c) Screw the cylinders in counter-clockwise direction half a turn
(180%).

d) Clese the relief valve and pump pressure to the stated value.
e) Screw the nut in counter-clockwise direction about one turn.

f) Open the relief valve and remove the hydraulic tool set.

U7.3.4 Reassembling hydraulically tightened connections

a) Screw on the nuts and attach the distance pieces and hydraulic
cylinders. Screw on cylinders by hand.

b) Connect the hoses to the pump and c¢ylinders. Check that the
relief valve is open and screw the cylinders in clockwise direc-
tion to expel possible oil.

c) Close the relief valve and pump pressure to the stated wvalue.

d) Screw the nut in clockwise direction until close fitting to the
contact face. Keep the pressure constant at the stated value.

e) Open the relief valve and remove the hydraulic tool set.
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OPERATING TROUBLES, EMERGENCY OPERATION

Preventive measures, see section 03 and 04.

08-1

Some possible operating troubles require prompt action. The
operators should acquire knowledge of this section for immediate
action when needed.

08.

1 Trouble, possible reason

See section, pos.

L,

THE CRANKSHAFT DOES NOT ROTATE AT STARTING

a)

b)

c)

d)

e)

£)

g)

h)

ATTEMPTS
V-engines: The turning device is connected.

NOTE: The engine cannot be started when the
turning device is connected. However, before
starting, always check that the turning
device is removed.

The starting air pressure is too low, the
shut-off valve on the starting air inlet pipe
is closed.

Jamming of the starting valve in the cylinder
head.

Jamming of the starting air distributor
piston.

The starting air solenoid is faulty.
The inlet or exhaust valve is jamming when
open. No or "negative" walve clearance

(strong blowing noise).

The starting automatics outside the engine
are faulty.

The four-cylinder engine: The starting motor
is faulty.

THE CRANKSHAFT ROTATES BUT THE ENGINE FAILS

a)

b)

[f)

TO FIRE
Too low speed.

The automatic shut-down device is not in
start position.

Load limit of the control shaft or of the
governor is set at too low a value.

LI 21

21

21

i |

21

12

03.1.2, 23

21

08.1.1b

23

22



22HF,
8308

HE, MD 0g=2
Trouble, pcossible reason See section, pos.
d) The overspeed trip device has tripped. 22
@) The starting fuel limiter is wrongly 22
adjusted.
f) Some part of the fuel control mechanism is 22
jamming and prevents fuel admission.
g) The fuel and injection system is not vented, | 17
the pipe connections between the injection
pumps and the wvalves are not tightened.
h) The fuel filter is clogged. L7
i} The three-way cock of the fuel filter is 17
wrongly set, the valve in the fuel inlet pipe
is closed, the fuel day tank is empty, the
fuel feed pump is not started or is faulty.
k) Very low air and engine temperatures (preheat| 02.1.4k
the circulating water!) combined with fuel of
low ignition quality.
1) The fuel is insufficiently heated or precir- | 02.1.2b, page 2
culated.
m) Too low compression pressure. 08.1.1f
3. THE ENGINE FIRES IRREGULARLY, SCOME CYLINDERS
DO NOT FIRE AT ALL
a) Jamming valves, inadequate fuel supply, too og.1,.1f£, 08.1.2f,
low temperatures grhek,1, 08.1.4d
b) The injection pump contreol rack is wrongly 22
adjusted.
¢) The injection pump control sleeve doese not 16
mesh properly with the rack (may cause over-
speed if set in direction of increased fuel
supply).
d) The injection pump is faulty (plunger or 16
tappet sticking; delivery spring broken,
delivery wvalve sticking).
e) The injection valve is faulty; the nozzle 16
holes are clogged.
f) The piston rings are ruined; too low compres—- 11

sion pressure.
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Trouble, possible reason

08-3

See section,

DOS.

g)

B...lb-cylinder engines: It may be trouble-
some to make these fire on all cylinders
while idling because of the small guantity of
fuel required. In normal operation this is
acceptable.

In special cases, in engines which have to
idle continuously for longer periods (several
hours) for some reason, it is advisable to
adjust the rack positions carefully (reduce
rack position somewhat on the cylinders hav-
ing the highest exhaust gas temperatures, in-
crease somewhat on those not firing). This
adjustment should be done in small steps and
the difference between the rack positions of
various cylinders should not exceed 1 mm.

THE ENGINE SPEED IS NOT STABLE

a)

b)

c)

e)

The governor is faulty (normally tooc low com-|
pensation).

Some parts of the fuel control mechanism is
jamming and prevents fuel admission.

The fuel feed pressure is too low.

Water in the preheated fuel (vapour lock in
injection pumps).

The loading automatics (e.g. controllable
pitch propeller) outside the engine are
faulty).

KNOCKS OR DETONATIONS OCCUR IN THE ENGINE

a)

b)

c)

d)
e)

£)

{if the reason cannot be found immediately,
stop the enginel!)

The big end bearing clearance is too large
(loose screws!)

The wvalve spring or injection pump tappet
spring is broken.

The inlet or exhaust valve is jamming when
open.

Much too large valve clearances.
One or more cylinders are badly overloaded.

The injection pump or wvalve tappet guide
block is loose.

22

01,2,2

23

06.2.11,
0Fel.3

1216

06,1, 12

08.1.3b,c

l6, 14
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Trouble, possible reason

08-4

See section, pos.

g)
h)

Incipient phase of piston seizure.
Insufficient preheating of the engine in com-

bination with fuel of low ignition quality
{combustion knock).

DARK EXHAUST GASES

a)

b)

c)

d)

a)

The engine is badly overloaded (check the in-
jection rack positions and exhaust gas tem-—
peratures).

Late injection (wrongly set camshaft drive).
Faulty fuel injection pump or injection wvalve

Insufficient charge and scavenging air press-
ure: - charge air filter clogged
= turbocharger compressor dirty
- charge air cooler clogged on air side
- turbocharger turbine badly fouled

The load dependent cooling system is not
working properly, the temperatures are too
low at low load. This applies to engines
running on heavy fuel, i.e. 22HF and 22HE.

NOTE: Engines starting on heavy fuel may
smoke if left idling.

THE ENGINE EXHAUST GASES ARE BLUE-WHITISH

al)

b)

Excessive lubricating oil consumption because|
of gas blow=by past the piston rings; worn or
broken oil scraper rings or worn cylinder
liners; sticking compression rings; compres-
sion rings turned upside-down; ring scuffing
(burning marks on the sliding surfaces.

Blue whitish exhaust gases may occur occa-
sionally when the engine has been idling for
a lengthy time or at low ambient temperature,
or for a short time after starting.

THE EXHAUST GAS TEMPERATURES OF ALL CYLINDERS

a)

b)

The engine is badly overloaded (check the

ARE ABNORMALLY HIGH

injection pump rack positions).

Insufficient charge air pressure.

Test Records

06.1, 15, 13
ﬂaoloabepdrE

Test Records
15, 04,7
04.4

18

11

Test Records

08.1.6d
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Trouble, possible reason

08=5

See section, pos.

c) The charge air temperature is too high
- the charge air cooler clogged on the water
side or dirty on the air side
- the temperature of the air cooler inlet
water too high, the water gquantity in-
sufficient
- the engine room temperature abnormally high|

d) Excessive deposits in cylinder head inlet or
exhaust ports.

e) The turbocharger compressor or turbine
fouled.

3. THE EXHAUST GAS TEMPERATURE OF ONE CYLINDER
IS ABOVE NWORMAL

a) Faulty exhaust gas thermometer.

b) The exhaust valve
- jamming when open
- no or "negative" valve clearance
- sealing surface blown by (burned).

¢) Faulty injection valve
- opening pressure much too low
- sticking of the nozzle needle when open
- broken springs.

d) Late injection.

e) The fuel filter is clogged.

f) The injection pump is faulty.

10. THE EXHAUST GAS TEMPERATURE OF ONE CYLINDER
15 BELOW NORMAL

a) Faulty exhaust gas thermometer.

b) Inadequate fuel supply, faulty fuel injection
pump or injection valve.

c) Leaky injection pipe or pipe fittings.

d) When idling, see point 08.1l.3g.

11. EXHAUST GAS TEMPERATURES VERY UNEQUAL

a) Faulty exhaust gas thermometer, faulty fuel

injection valve.

Test Records,01.2.1
15
01.3

01.3

04.4, 04.5, 15

Test Records

23, 03.3.1a

06.1
16

06.1, 16

08.1.3d

23, 03.3.1a

08.1.2£,h,
08.1.3b,c,d,e

16

03.3.1a

08.1.9¢c
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Trouble, possible reason

08-8

See section, pos.

b) Too low fuel feed pressure: too small flow
through the injection pumps. May cause great
load differences between the cylinders al-
though the injection pump rack positions are
the same. Dangerous! Causes high thermal
overload in individual cylinders.

c) The fuel control mechanism is jamming.
d) When idling, see point 08.1,3g.

e} Late injection.

12. LUBRICATING OIL PRESSURE LACKING OR TOO LOW

a) Faulty pressure gauge, the gauge pipe clogged|

b) The lubricating oil level in the oil sump is
too low.

c) Lubricating oil pressure control valve is out
of adjustment or jamming.

d) The three-way cock of the lubricating oil
filter is wrongly set.

e) Leakage in the lubricating oil suction pipe
connections.

f) The lubricating oil is badly diluted with
diesel o0il, the viscosity of the o0il too low.

g) The lubricating cil pipes inside the engine
are loose or broken.

13. TOO HIGH LUBRICATING QIL PRESSURE

a) Faulty pressure gauge or pressure control
valve.

l4. TOO HIGH LUBRICATING OIL TEMPERATURE

a) Faulty thermometer.

b) Insufficient cooling water flow through the
oil cooler (faulty pump, air in the system,
the valve closed), too high LT water tem-
perature.

¢) The oil cooler is clogged, deposits on the
tubes.

d) Faulty thermostat wvalve.

01.2.2
08.1.2h,1

08.1.3g

0l.2.2

0l.1,

18

18

18

18

02:2.1,

18

18

01.2,1

19

18,

19

02.2.3b
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Trouble, possible reason

08-7

See section,

DOS.

15, ABNORMALLY HIGH COOLING WATER QUTLET TEM~-
FERATURE, THE DIFFERENCE BETWEEN COOLING
WATER INLET AND OUTLET TEMPERATURES TOO
LARGE

a) One of the thermometers is faulty.

b) The circulating water cooler is clogged,
deposits on the tubes.

¢) Insufficient flow of cooling water through
the engine (the circulating water pump

faulty), air in the system, the valves are
closed.

d) The thermostat valve is faulty.

16, THE FUEL NOZZLE TEMPERATURE CONTROL OIL TEM-
PERATURE TOO HIGH OR TOO LOW, THE DIFFERENCE

BETWEEN THE OIL INLET AND OUTLET TEMPERATURE

TOO LARGE (This applies to engines running
on heavy fuel, i.e. 22HF and 22HE.)

a) One of the thermometers is faulty.
b} Insufficient oil flow.

c) Gas enters the system through some faulty
nozzle.

d) Faulty thermostat valve.

e) Faulty heater/cooler.

17. WATER IN THE LUBRICATING OIL

a) Leaky oil cooler.

b) Leakage at the cylinder liner O-rings (always
pressure test when the cooling water system
has been drained or the cylinder liners have
been dismantled).

c) | Faulty lubricating oil separator.
See the separator instruction book!

18. WATER IN THE CHARGE AIR RECEIVER

(escapes through the drain pipe in the
ailr coocler housing)

a) Leaky air coolers.

b) Condensation (too low charge air cooling
water temperature).

19

139
03.3.1e
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02.2,3b,
03.3.14d
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15
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03.3.1a,
page 03-52
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Trouble, possible reason See section, pos.

19. THE ENGINE LOOSES SPEED AT CONSTANT OR
INCREASED LOAD

a) The engine is overloaded, a further increase | 22
of fuel supply is prevented by the mechanical
load limiter.

b) Shortage of fuel. 08,.1.2¢,f,g.h,i
08.1.4c,d
c) Mechanical disturbance 08.1.5g, 08.204

20, THE ENGINE STOPS

a) Shortage of fuel. 08:1,2.h;yi
b) The overspeed trip device has tripped. 22
c) The automatic étop device has tripped. 23
d) Faulty governor. 22

2l. THE ENGINE DOES NOT STOP DESPITE THE STOP
LEVEL IS5 SET IN STOP POSITION OR EREMQOTE STOH
SIGNAL IS GIVEN

a) The injection pump control rack is wrongly 08.1,3b,c
set.

Trip the overspeed trip device manually. If
the engine does not stop immediately, block
the fuel supply as near the engine as poss-
ible (e.g. by the fuel filter three-way
cock.)

Before restarting the engine the faults must
be detected and corrected.

| Great risk of overspeed |

b) Faulty stop automation. Stop by means of the | 23
stop lever.

¢) The engine is driven by the generator or by
another engine connected to the same reduc-
tion gear.

22, THE ENGINE OVERSPEEDS AND DOES NOT STOP
ALTHOUGH THE OVERSPED TRIP DEVICE TRIPS

a) The injection pump control rack is wrongly 08.1.3.b,c
set,

LLoad the engine, if possible.| |
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Trouble, possible reason See section, pos.

Block the fuel supply, by means of the fuel
filter three-way cock or block the air supply
by covering the air intake filter.

b) An overspeeding engine is hard to stop.
Therefore, check regularly the adjustment of
the control mechanism (the injection pump
rack positions)

1) the stop lever being in stop position or 22
the overspeed trip device being tripped
and the speed governor at max. fuel admis-
sion

2) the stop lever and the overspeed trip be-
ing in work position and the speed gover-
nor in stop position.

This control should be done always when any
measure has been taken in the control mech-
anism or the injection pumps.

08.2 Emergency operation

l. Operation with defective air cooler(s)

If the water tubes of an air cooler are defective, the cooling
water may enter the cylinders. If water of water mist flows out
of the drain pipe at the bottom of the cooler housing, check
wether it is cooling water or condensate. If condensate, reduce
cooling (see section 03, page 03-52). If cooling water, stop the
engine as soon as possible and fit a spare cooler.

If no spare cooler is available, the following measures can be
taken as an emergency solution:

a) Dismantle the cooler for repair and blank off the opening in
the charge air cooler housing. Shut off water supply and
return pipes. Repair the cooler, e.g. by plugging the leaking
tubes.

b) If there is not time enough to remove the defective cooler
~and repair it, shut off water supply and return pipes.

c) Operating with a partially plugged, shut-down or removed air
cooler: Engine output must be limited so that the normal full
load exhaust temperatures are not exceeded.

The turbocharger may surge before the admissible exhaust tem-
peratures are reached. In such a case, engine load must be
-reduced further to avoid continuous surging.

2. Operation with defective turbocharger(s)

A defective turbocharger is to be treated in accordance with the
service instructions given in the turbocharger instruction book
{blocking of rotor etc.).
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If one turbocharger on a V-engine is defective and must be
blocked, the other charger should be blocked too, the air con-
nection between the charger and the air coolers removed and the
engine operated as a naturally aspirated engine.

When operating the engine without turbochargers, engine output

must be limited so that the normal full load exhaust temperatures
are not exceeded.

3. Operation with defective cams

If the camchaft piece with the damaged cams cannot be removed
and replaced by a new one, the engine can be kept running by the
following measures:

a) Fuel pump cams
Slight damage:
Set the fuel pump control rod into zero position and lock it
by a wire around the pump.
Bad damage:
REemove the fuel injection pump. See section 16.

Attention!
Concerning torsional vibrations and other vibrations, see
section 08.5.

When operating with a shut-off fuel pump over a long period,
the inlet and outlet wvalwve push rods are to be removed, and
the indicator valve on the respective cylinder is to be
opened once an hour to allow any accumulated oil to drain.

With one cylinder out of operation, reduce load to prevent
the exhaust temperatures of the remaining cylinders from
exceeding normal full load temperatures.

b) Valve cams

Stop fuel injection to the cylinder concerned, see section 16.
Remove the walve push rods and cam followers of the cylinder.
Replace the tubes covering the push rods.

Attention!
Concerning torsional vibrations and other vibrations, see
section 08.5.

With one cylinder out of operation, reduce load to prevent
the exhaust temperatures of the remaining cylinders from
exceeding normal full load temperatures.

4. Operation with removed piston and connecting rod

If a damage on piston, connecting rod or big end bearing cannot
be repaired, the following measures can be taken to allow
emergency operation:

- remove the piston and connecting rod
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- cover the lubricating oil bore in the crank pin with a suitable
; hose clip, and secure,

- fit the completely assembled cylinder head but omit the push
rods

- prevent starting air entry to the cylinder head by removing
the pilot air pipe.,

- shut down the fuel pump (section 0B.3a).

With one cylinder out of operation, reduce load to prevent the
exhaust temperatures of the remaining cylinders from exceeding
full lcad temperatures.

If the turbocharger(s) surge, reduce load further to avoid con-
tinuous surging.

Operation with the piston and connecting rod of one or more
cylinders removed should only be performed in absolute emergency
conditions when there are no cther means of proceeding under own
power.

5. Torsional vibrations and other vibrations

When running the engine with one or more cylinders out of opera-
tion, the balance of the engine is disturbed, and severe or even
dangerous vibrations may occur.
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1. MAXIMUM LIMITS OF FUEL CHARACTERISTICS
DENSITY. at 15 OC (kg/1) 0.9200
VISCOSITY. kinemaTic, AT 40 °C (est) 14.00
VISCOSITY. kINemaTic, AT 50 °C (eSt) 11,00
ﬁqaam. KINEMATIC, AT 100 OF (s.RT) 70,00
<% CARBON RESIDUE, RAMSBOTTOM ( by weight) 2,5
_LHATER CONTENT (T by volume) (J,30
%ATER CONTENT, BEFORE ENGINE (T by -veia)” 02
ASH (Z by weight) (0,05
SULPHUR CONTENT (Z by weight) 2,00
POUR POINT % 6
VANADIUM CONTENT (mg/kg) 100
ALUMINIUM : (mg/kg) 30
2. MINIMUM LIMITS OF FUEL CHARACTERISTICS
FLASH POINT, cLosep., Pensky-MARTENS °c.) 60,0
THIS SPECIFICATION IS IN ACCORDANCE WITH BS MA 100:
1932 cLAsS M3 WITH ADDED LIMIT FOR WATER CONTENT 4
BEFORE ENGINE.
b [0.12.83 HSs | DA 604 e
Muutos Pvm. Tark. limaitus no Salvitys Mikrof. l}"l
ALTER. | DATE CHED. MEMO NO. EXPLAMNATION MICROF.

WARTSILA | 9=
VASA DIESEL |3

FUEL SPECIFICATION FOR

Toveel yasa 22C,

22D - DIESEL ENGINE

Oy Wirtsila Ab__FINLAND _ | weigHTs @

Paimot

PN, |25.4.83  |GBi/rkqMEASURES ™™ WARTSILA VASA 22C, 22MD
CHKD. AT ORG. s
B Cortheeo % 4V92G27 b
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NOHAB BIZSEL |

TEET AEFIRT CRELR HD.  SE/f = OF00
] [ SNINE TYPE o oo
_ WARTSILA DIESEL DAVISION SADERED BY ENGINE HO. Ao 3392
DATE e i
T SIGH
TEST RESULT = -
~est NO. : I e
Test time /3d  Se_gf s2IE ZEE /20 Ig-25 |
i A 257 EX= o
Reva ee o AFZF A 848
Voltage v -—
Current A =
Braxe load x | 770 VEYE 4 /983
Engine power . w | 372 o /- L7923
Alternator efficiency i S
Alternator output L -
Fuel coosumprion/time Hao h ¢ R T iy =g 4 55 B
Specific fuel consumption ./ KW ass =27 05
Load indicator positicn 8,7 L/Y) EN=) (/2.5) &4
Turbochargar speed A oo /2900 2 o0 SO0
Turbocharcer spesd B rpa S =0T 2/ 00 2770
Exhaust u rac ek L i + -
temperature :n::itimk ::_.:_IEIJII. oc [ e BN TS ) baE I"-‘C =p " | bar
T Al |Jée | /% S8 | /o2 § 3P0 g3 | w7
Az | aso o 1320 , /19
A 225 e V320 | | HE
M |ZeQ S & I 320 S
Cylinder AS JA75 SO J10 i
LU X oz 3zo /5
AT
AB !
Mean values A
81 275 | /¥ S /oo 322 | =232 Y
2 [ a3%s |- /o2 <o /73
83 |3os5 o F70 Fiil
84 | 270 iel7d J3o fis
Cvlinder 85 |RFo o2 320 Vi
6 | AP0 Joa 330 H7
a7 o
BB
“san values B
o
o
‘E:avinging alir tempesrature [=a 3; 57\' JO
Cooling water temp. B/A -nﬂint";frj £y ec éf’f?f (?G} ‘V7?-/ C ?f] é'_EJ_/?.?
Cooling water temp. B/A centr.cooler] ©C
Cooling water tamp. B/h air cocler |oc | 20 7 4/ AL D e Zo/2s
Cooling water temp. 5/A o0il cooler |9t | 2/ /— 25 7 — Z5/—
lube o0il te=p. B/A encine e &2 e &3 22 &£ 2S78
Nezzle cooling oil temp. B/A engine | ©oC — e
Fuel pil temn. B engine oo e — P s
ARDient '_L‘.:;.-Era:urg og 3 - ; 3 ?4‘ R
Szavenging air pressure bar 2. 25 2. (D, 6F £25
T weter pressure B/A encine LAz ooy ﬁvjﬂﬂ‘ 3.3
e WATLET E‘.IE!.!I::‘I‘ 2/A en;.':'.nq = V:a'/"" ﬁﬁ.& - ol
| Libe 2il zressvre B/p fil-a- sar 34‘! 3 3.9 m'? 4 F.5/49,2
§ Fues g2 zressuce Bih aszin Tar 3.0 e L Fp il
| u===le =o=lims Tressure 35 sm=ine | =&F s — W g ey R
farcmeisic zressuse 1= 752 75‘3 . e 1 753 i
FPelazive momadity Z | % &/ 5 O s B 2 ' il
i e T T Lo :j
| L TR T A T T v
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i e | TEST AEPORT CRDER KO. /- o/oo
‘NOHAB RIESEL |-== e
. WARTEILA DIESEL DIVISION T T T EFGINE NO. O 3395
i SATE LA
= S51GH i
TEST RESULT = )
Test Ko : < = & "
Test tice 2o.30 Jig-8% z/.30  3/g 225 Fig
Lload 2 fo0 ) 7S S0
Reva pm . Foo g:8 Ve o
Voltage - v b e =
Currant A — - = —
T P 2503 /283 /5/%
Engine power kW 590 /793 '??-5
Alternartor efficiency 3 L] —_ i -
Alternator ocutput W - =2 -
Fuel copsumprioa/time _,4::’/,4 i 324 T 762 5
Specific fuel consumption /K 20% P J0 3 zo4
Load indicator position _35 M ‘_4 -
Turbocharger speed A rpo 3/250 Zé900 20700
Turbocharcer speed B rpm Ji S50 Z 7209 Zo750
Exhaust o = -
temperature i::it;:;k :;':,‘u:.' ec [u =T bar IDC =y - bar
v I 350 | 27 23 #o | 3oo | 18 %%
A2 | é0 Pl d 310 oz I
A | 250 iy g N Foo 8
M| 340 /3 S00 Vil -]
Cylinder AS | 350 3 _Joo Z8
A |.3s50 | | i w2 N 310 28
AT
: |
Hean values A = I _ ]
B 13so | 27 | /29 IQJQ 23 =] Joo | I8 78
82 372 /29 ) 70 O JE0 i)
B3 370 /33 37O e SF0 a8
M | 350 27 | 330 IE Ji/0 96
Cylinder 35 | 330 /33 | 3201 vy | oo 28
BE | 350 Y /29 330 % 1§ 300 1 98
B7 —
BB
Mean values B
o
o
Scavenging air temperature ar 30 28 9
Cooling water temp. B/A encine oc __5'?/?3 &0 /72 5"5"/?5
Cooling water temn. B/A centr.cocler °C P fES = S5 =
Cooling vater temp. /A 8ir cooler Joc 20/2¢ 2z/25 2o/22
Cooling water te=p. 3/A oil cooler | oC 24— 25/ — Z2.
Lube oil temp. B/A engine o e%/76 53:/?3 £2 /7o
Koz=zle cooling oil temp. B/A engine | oC = . -— -
Fuel oil temn. B encine oc e " -
ARSient tecperature ec 2% 24 =3
Scavenging air pressure ar ot 25 C?.£§ e
4T wezer pressuse EfR encine Jmaz J.5 2.2 2.8
iT wvater pressure 3/A encine ST -3 S 3 L2 - £ T '!
Lzoe oil pressure 8/A filser mI| Sz 24743 So SeLP 38 <138 |
: =ar «T Jo N Jo :
zar = T g
= 2 ] 753 -3k
L R § ey Tk 3 ;



T

J

; ; r= TEST REIFORT CROLR BO. - o/e0 7 |
'NOHAB BDIESENL |- ST T
_ WARTEILA DIESEL DIVISION ; GRCIRED BY ENGINE HO. vp 3392 :
- TATE :
= S51GH
TEST RESULT i ’
Test Ho. s 8 : e e
Test Time P73 - 3{{& g4 | 2500 - Iie
Load 0 B ' o
Reva £pa |.- S%7 Ey=r-]
Voltage ' v ol A m— b
Current A = i e ]
Brake load kp Fa0 Pl 1
Tngine power kW J98 I8 !
Alternator efficiency = % - - ;
Altsrnator curput ] W — -
Fuel consumptica/time = =] 20 S - )
specific fuel consumption B/x 227 367
Load indicaror position .5 S
Turbocharger speed A oo /2870 5550
Terbocharger speed B Ipm fZe30 S450
Exha mx. "~ - : : -
ttﬂs‘p:::t".ure iun:iti::k ;:::uun' e ‘m - o ke WS B 1"”': = T
¥ M Zed | s 78 F2 | 7 38
a2 | zzo| , 78 /2O G0 _‘
M=ol | 80 /20 o
M| 20 78 y22) 38 I
Cylinder AS Z7a 78 /30 =0
AR | Zgo ] 78 f30 =/
A7
Al ¥
Mean valueas A i
Bl | 275 £ 7a /30 a =2
B2 Z80 7E f30 2
B3 S0 1 Bo J 40 e
24 =72 &o 120 =2
Cylinder B85 280 Bo /30 e
B6 270 | 78 fZ0 e
a7 ‘s T
: |
Hean values B .I_
=g
o
SCAVenging air temperature o F1 I
Cooling water temp. B/A encine o && /69 & 266
Cooling water temp. B/A centr.cooler ©C ) F
Cooling water tesp. B/A air cooler |oC ?a/?f fﬂ’—-ﬂg‘a
Cooling warer temn. B/A oil cooler o =27 =
Lube oil te=p. B/A encine o £7/55 £c/62 ]
Hozzle coolizg cil temp. B/A encine | oC — S j|
Tuel oil te=o. B encine og = = i
AmSient te=perature og =r g0 :
Scavenging air pressure oar 2.55 2. k:
2T weter cressore B/A epcine bar o4 &
LT water presscre 3/A encine Ll fo Lo -
~xDe 2il zressure 8/A Filser sar Jo gz/29 2.8 3.0/28
Tuel z1l zressuce ata &8 ‘ c. 8 2 .
EKczzle cocling pressure BSA encipe | SRI| sabe - —m o =
SATCERLIIC STessLTe kil Jaml 763 763 \ - .i
Falative mumadigy ¥Teo T L &8s £ E
| = o Rar e o e T e R, S . P - i TR A g L o e
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TEST REPORT

CFZER KO- Se - eloo

WARTEILA DIESEL DAvISION

| ENOTRE TYPE 2y 2o

ORCERED BY

ENSINE NO. AP 3392
DATE g
e E SIGH
TEST RESULT % _
Test KO- ' z ? = /a F Ful
Test Time O7o0 Fo-g4 | /€45 Io.gé | 1345 Jo-Fy
Load 1 o : 25 S
Revs rem |, o) Foo : o
Voltage - v - = ' =
Curfent - A = =i =
Braks load kp 280 saf f20/
Engine power . kW /85 398 o~
Alternator efficiency . h = = =
Alternator output F kW = = =
Fuel consumprica/time el | 56 vl d FE5
Specific fuel consumption b ./ KW Foo 2z8 208
(':) Load indicator pesition S (22) E.5 S5
Turbocharger spesd A rem DESO 500 /350
Turbocharger speed B rpm 0500 P e " Sri00
{'»...-':I Exhauar, =~ Fuel rack Max. " " - oc: | = O |
Lemperature position — Dressurs . e
v Ia | s85 | g5 r fgo V27| r7 | to
Az /8o 84 290 | i)
a3 | zoo gr | 270 O
A4 /95 g2 270 2
Cylinder AS Zzo g2 70 /A
a6 |. Zpo gz | 8o HE
A7 ]
AR
Mean values A
51 225 | 85 rr go e v o
B2 230 g3 290 1 O
v | 2s0 g% | 310 2|
B4 Zi5 82 280 i
Cylinder 35 | 225 g4 | 27 /3
) 5 | 215 1 gz | zgo| 1 /13
B7 i
BB
Mean values B
) og
o
SCAVENSing air temperature o £ == 29 Fobrd
Cooling water temp. B/A encine o 68 /68 7o o £5/70
Cooling water temp. B/A centr.cocles] ©C {:é 2 /6 T
Cooling wazer temp. B/A air cocler |oc |  2Zo/fo SOSE0 Fo /22
Cooling water temo. B/A oil cocier | oC zo e 22
Lube oil tesp. B/A engine oc 62 /68 & e E572 |
Hozzle cooling oil temp. B/A encine | oC — - e {
Fuel oil temp. B encine og - - —_ L
AFSlent temperature ec Fie 4 /‘z ?ﬂ
Scavenging air pressure Dar a,2 2,45 .65 :
YT weter pressure /A encine tar 3.8 3.8 J.8
LT water sressure 3/A eacine tar e A : LS5 g
Libe 2il pressure B/R Filrer Y .8 Js= < B E ! 4?,?/44
Fuel £il zressuce BYh snzine = g5 55 3.2 !
| ¥ozzls zooling sressure BSR enzone | SaT — Sy =ty — - 1k
Sarcmetsic mressure =2 TE4 TEY 2 Vi - ]
Feiative nmudity i ~ &2 ol e ol s -
T e o ol £ e




el oo == TEST REFORT - CEDER HO. 1= D100
£ ; ﬂgjiﬂa M—"‘r—l" : [ EvdINE TYPE i-‘f:v??
s e ANIRICR BAESEE SNV IR D0 GRDERED BY ENGINE HNO. Ao 33FE
5 DATE Eege
H 51GH
TEST RESULT _ = -
Test HO- ; /2 A3 : P 5
Test lme f6.30. %-34 . -84 AP Bo-5u
Load b rel SO0 ==
Revs Ipm |- Foo 200 Foo
Voltages - v - & — —
i Current A T - e —_
.7 |Brake lcad P /802 2403 23
Engine power . il /7F3 S 5Fo AEFS
Alternator efficiency L3 —_ —_— — i
Alternator output 4 kW = — -
Fuel consusprion/time Lo/l |ahem 252 324 =1
- specific fuel comsumption /% Zo3 205 Koy
{J Load ipdicator pesitica b.o zZs5 7 & (28)
3 : Turbocharger speed A rom Z7eo0 31200 2/ 300 ;
? E ° | Turbocharger speed B Ioa _gﬁ'gso 2300 3/ 500 "
k) ;f;;:::turl ;un:iti::k ::_;.;:urir o [ - ‘bar =m-* bar i'c": = ar
- LA T T 27 | /22 |3co | 725 | /3%
a2 | 330 /22 ] /33 )3zs | /3¢
A 30 /22 /29 4355 | | 1/3¥
a4 | 320 /22 /29 §3¢o AT |
Cylinder AS S05 2% f2g |34 -t
a6 1.320] ¢t 23 22 3o S 3
AT |
AB §
Hean wvalues A
Bl J20 | 22 pis-] 27 A9 §3eo | RS 1734
Bl 330 I8 i /29 |3725 S 34
83 | 3so /22 /37 1325 /3
B4 | Jeo /2Z2 §| 360 /27 |2é0 /38
Cylinder 85 | 3/0 /23 } 3s0 /33 § 352 3&
|, 86 20 1 24 § 360 .?:-‘_‘":? 255 -1
BT - o
Ba
Mean values B | | |
J o
oo
Scavenging air temzperature o 28 I 3&
Cooling water temp. B/A encine oo 7o/ 7o =k 7?4 ¥ 7o
Cooling water temp. B/A centr.cooled ©C iE. P
Cooling water tem®. 3/A air cooler |oc g2/ 20 Z0 /76 BE S as
Cooling water temp. 5/A o©il cooler |©C g0 =3 a4
Lube oil temp. B/A encine o &/ 20 & 74 Lg S ZY
Hozzle cooling oil temp. B/A engine | ©C o —— _
Fuel oil tewp. B encine og 75 - pi— !
AmDient temperature og =7 ee 23 |'
Scavenging air presgure bar f;e f,?f /, '?'5' E
HT wezer cressure 3/A encine bar 3, F 3.8 3. 9/,"" i.
LT water rressure 3/A encine Az = S A F A3 ; DLCF/"-—- !
Lebe 0il pressere B/A filsmer bar ) £ e 3 e/ Y3 I!
Fuel o1l pressice B/R sngine =ar o= —_— ::_‘Lﬂ i rL
Kezzle cooling pressure BfA-encine | S&T > _— — : = E
':. Barc=er—ig cressure R Y L o T:_E . 75‘:?’ _.?;f 4 _____'?50 ——IE
E Relazive humidity - ¢ . 3800 AR ey V| g e - ; - E ¥
& gk R - e O ST SRR o Pt 1] &S e BE
ui': L.'_,.';.,._.':,._._..i.. e miaa ™ wammer con Bl il s Eapras ey ey E L
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TEST REPORT COROER NO. 545 /S — O/00
mnmu. DIESEL DIVISION OFCERED BY ENSINE NO.AD 3392
DATE ot o
= SIGE Aol .
TEST RESULT < ¢ :
Test HO. rEs !2: g = -
Teit.-Line R0%°  3q-gy| 225° - Irey) 00°° ¥7-3Y
Load . SO0 % L2y SOOS
Reva EPE Foo oo F P
Voltage = - v SR L i
Current =v.-.. 3 A —_— — —
Eraks load - kp 24803 ;Fﬂ‘_j ﬂQE
Engine power . ki L5909 SE o 5L
Alternator efficiency 1 — — e
Alternator cutput KW — — o
Fuel consumptica/time Ha A letax)l S22 F 327 &2 .
Specific fuel consumprion /K E(Zé e a5
Load indieator position 2.5 (2&) LAs (A8) x5 &
Turbocharger speed A pa | 3/500 /o0 3/300
Turbocharger speed B ) 3/£00 7E00. S/Yp0
Exha T T T . -
it e B e [ [ = me Joo [ =
T 13 (3¢5 [ 275 FE €S | 725
A2 |3go)| - 320 |
A 355 1350 | |
M 3¢5 | EX=1 |
Cylinder as 1350 3+o| |
A 3¢5 | V ¥ 355| V
AT 1
AB
Hean values A -
Bl l|d3z0 | 27.5 275 3£47122C
82 | 375 b o I |
83 '}”{?(’J‘_ 375 ,
B4 |3¢5 | 3¢o 3¢e| |
Cylinder 85 |350 350 | 350 |
86 |BLO 3o | " 255 b
87 | e
BB
“san values B
L= ad -
oo s
Scavenging air temperature o a3 A 3 ol 3 e
Cooling vater temp. B/A encine or C'E// Fo 55"??& P
Cooling water temp. B/A centr.cooler ©C
Cooling wazer temp. B/A air cooler |oc ] HEé S35 Z& 38
Cooling water temm. B/A il cooler |oC LS 357 BE—
lube pil tesp. B/R engine oc [TVl | 66 Ay &L s :
Hezzle cooling oil temp. B/A encine | ©c — i g f
Tuel pil temp. B encine ec —— e i 1
A=sient tesperature oc e o 25 1
Scavenging air pressure mar fe 5 A )_’:f_ & - i
=T weter pressure 33 encine Lar e T 3.8 — 3.2~ i
LT water pressure 2/A encine tar 0.5/ — 0s5/ — LSS =
Lzbe 0il pressure B/A Filser bar AT LA ¢/ %3 Ve %3
Foel il presscre B/A snsine Bl 3 —_— 5 = 3.0/ — )
¥ez=ls rooling Foessure B/A ancine | =RI§ oA s by : ' t
Sarcrmetric pressire =5 '?-"?"E '?‘_'V? N 7275 :
Felative humadizy i : L el : ¢ 7 b i E
Harel i x e ST Vg Rk v it Lo e = Gt TR F R Y ]
e S, P T e e S [ T j T . e :




gl —==n [ zzs scroRT CRCER BO. &5¢ /- OrO0Q
i 20 MAREEILR, DA EEY, ENVES e DRCERED BY ERGINE NO. A/D 3373
L DATE . 5-54
; i S1GH
TEST RESULT S . ’
Test NO. : s Pl L=
Test  cime 0238 Po-py) o~52 . o-gv | 0680 P
Load L =T S SO0
Hevs rpa . P PO P
Voltage = - v TR R SR
i Current ~i e A — i A e
Sraxe load xp 2#03 2 &03 2903
Tngine power . kW S5 ] S50
Alternator efficiency i — s =y
Alternator ocutput KW —_— — e
Fuel consumption/time e Ed 4 325 322 .
Specific fuel consumption /K o % = 2 203 _
_) |Load indicator position L5 (#P) Zs (28) Zs -}
i 2 Turbocharger spesd A rpn 3/300 _:Efﬁ’ﬂﬁ} 3059
F v | Turbocharoer speed B tra | 3/ ¥0C0D 3/ 322 JIE50 1
[ - I B e = = = 4 o
N [Serereiure posscion. pemsura [o¢7 [ = frir Boc | m e Joo |m | wr
T Ja |j3ee |275 360 | 275 J60 | 7S
a2 |37p| ) 270 l 370 |
3 350 350 J<40 |
M _|355 350 ’ 2so
Cylinder AS |3%¥0 350 | 330
a 3551 W Is0| ¥ Fsol ¢
AT
AB
Mean values A
Bl | 350 | J7.5 350 k 350 | 275
B2 {370 2e5 370
83 | 375 174 J8o
B4 360 I 360 Je0
Cylinder 85 |350 aFs" F50
! 86 | 350 [ =250 r g5
3 l‘ I e
BB
Mean values B
- oc
_ B
Scavenging air temperature o 3 7 Sé& 35
Cooling water temp. B/A engine ot &5 2D £ STEZD £/ 72
Coocling water temp. B/A centr.cooler ©C =
Cooling weter te=p. B/A air cooler [o¢ e 3 25 - 3% %/ 34
Cooling water texs. B/A oil cooler |oC F5 3&"/ T/
Lube pil tezp. B/A encine oc é{/ﬁ £e /?ﬁ’ e T
Nozzle cooling oil temn. B/A encipe | ©C LT D —
Tuel oil tu:_n: B encine oc o e T
AmDient ':E'_E‘Eﬂ:'l.rru oo 3& ;a Fike i
Scavenging air pressure bar & ?- & FA |
o7 weter cressure /A encine war| 3§ &/~ 28 S 3.8 t-
*T weter presscre 3/A encine | o5 — Aot A — s
Lube oil pressure B/A fil-ar Dar f?f{/"ff’fa #:{/'.1‘{3 'ﬁ-l‘/‘ﬁs? l
Fuel i) pressuse B/A encine zar 5.0 — =0 — fir i
Lozzle cooling pressure B/L ensine | =T I, e e il
e i = =i ZVD -2 % : Ty £
Relative heidity: < wt o eisaieoEEeERE, |- 8 TP ;E i e 2 g =2
[ L-_‘f?'_'l'--' P e SR t TaaprriE et ..T'.-: 5 rn:..'an.'."\:- PSR Lt AR S R o - g ¥




4 &

NOHAB EI] 33& TEST REPORT | ORSLR BO. Serf— oro0 %
= : EYLRE TERS g e
L WARTEILA DIESEL DIVISiON T YT Y] ENGINE NO. ~O 3392
i = LATE S P Fih
= S51GH
TEST RESULT E ;
Test HO. : 2/ 22 : ERr - 4]
Test time J85° _ 4/e-84 | 7050  £b.84) /2.30 4.8
Load t SO0 . SO0 SO0
Revs pa ). 200 P20 Foo
Voltage = v — - =
Current « i A o - - ——
Brake load: kp 2403 2£03 2503
Engine power . kW = i) IS990 /50
Alternator efficiency 1 — — —m
Alternator ocutput 51 kW e o —
Fuel consumprion/time A9/ p  |imint 322 F22 3Ze -
specific fuel consuzption b/x o3 zo03 Fos
load indicatror position 75 - a3 .
Turbocharger speed A oo 3 Foo Iigoo 2200 |
Turbocharger speed B pm 37100 31300 31350 |
' - NY ear - {
Exhaust P Fll e : . v B
temperature p:::.t;;:x :;;;rurt' s {“ baz o . ® h};: | = bar
' IM 360|225 | /3B § 350 | 275 ' Je0 | 2Zs| /27
a2 |37 /32 | 370 /a7 | 350 /34
M | 3sol gz 2@ | 3s0 /28 § 3¢0 /29 |
M | 350 || 727 § 3s0 /27 | 340 27}
Cylinder x| 340 [l 727 § 3<0 /22 | 3éo0 /27
a6 _|. 350 1| 487 § 350 | HE?I 250 /27
AT
AB
Mean values A
Bl | 3s0| 275 | /@87 | 350 | 2zs | /22 | 350 | 275 | /27
82 | 360 BT | 370 /27 | FFe 29
3 | 390 /3 <00 /32 | 4oo /33
B4 | Fs50 BT N 3i0 /g7 3eo0 27
Cylinder B | 350 37 | =#s0 /27 | 350 /32
BG S0 32 ) Jéo f27 ) J60 | | /32
B7 I
BB
Mpan values B
oc
o
SCAVENGingG Air temperature ac 3T cir4 T
Cooling water temp., B/A encine oc E¥/ 72 &5/ 72 s 72 _
Cooling water temp. B/A centr.cooles ©C
Cooling wazer temp. B/R air cooler o T FES T4 =6 T4
Cooling water temp. B/A oil cocler |oC F¥ F4 3 <
Lube oil te=s. B/A encine oc &8 75 ST E8/7%
tiozzle cooling oil temp. B/A encine | oC _— - —
Tuel pil re=s. B encine eg s SR L
Ampient tecoerature oc g0 g0 €0
Scavenging air pressure mal 8 A1 WA i §
BT warer cressure 3/A encine jrar 3.8 2.8 J.8 1:
1T water presscre 3/A encine Lar - S S g
Luoe oil pressure B/} £il-py AT = & =, 2 -3 - E
j el oil preszece BMR am=zin sar J.o & F 2.7 i
Xzzzle ';:v‘-._-.-:-.T Fressure B/A angins | SAT|As e o - 5
RATCTAITAC Eresturw =3g 75 P T it o 7S50
Felezive humdity d e 56 i L - 1 st bl ¥ - S g
e~ el [ g [ e z"u,#'h—w_r_ﬁ%.}‘b: SRR Rl R
- Rt e g S | SR 1T o L AR Peta rmmmm AR T L A A B U i vy g




= g . === [ rzsT rerorr CRDZR HO. &ff=-2r00.
‘r ¥ H_Q_EAB E{]:_'r'B._-JEL - [ EMdIRE TYPE fj? v oo
’ St - oy b CRDERED BY INGISE ¥0. WO 3392
DATE 8%-09.-04
T SIGH 3
TEST RESULT : ’
| Test Ho. < 25 ; S
TestT time 230 q/‘?‘a‘{ S 430 : ﬂ'ﬁ s %'&?
Load ¥ /0 i L0 piel=}
Reve Ipm F00 Foo Foo
Voltage o v — TR = o
g Current -« A = = o =
Braks load kp 543 chae T esaF
Engine power . kW A PGP ) T /S0
Alternator efficiency % —_ — —
Alternator oCutput 5 KW o= = ey
Fuel coosumprion/tibe e 3 JE0 JEO I -
Specific fusl consumprion - /KW Fo6 Zo6 2"6"3
§ "-\.J Load ipdicator position Bo g o s
E i Turbacharger speed A o 3 EE00 3:?.5'5{) S 00
g Turbocharger speed B o 32830 32802 31270
\“') ;ﬂ.;:::iurt i::itz::k ;::;uurt' = [ - Lo °c "] m> | mr ec e G i
i P M 380 | 30 | /35 380 | 30 | /35 | 360 | 27.5] 727
A2 IF0 39 /29 J80 | /31
a1 | 770 /37 /27 | 3so0 | 127
M | F8D /37§ F8o I27 JEO r2g
Cylipder AS F&0 /37 0 JE0 f37 G /27
AB J 8D /37 4 380 f 37 L0 [ IZ7
AT
AB
Mean valupes A = e
al J70 JOo /35 | 370 Je& FESS SE0 IZ7
B2 390 i3 = 0 f37 I 70 /29
B3 <HND | /39 SO0 i JEo /33
34 | 380 /37 | 380 /37 ) 3é0 727
Cylinder B | 370 /%8 § 370 r<0 | 3so0 /33
. 86 J8o | f3? Jgo /392 .| 3&o ] 733
B7
BB
HMean values B | ]
Y ) o -
oo F
Scavenging air temperature o 329 J8 SE
Cooling water temp. B/A encine ec asy /S 72 E5E T2 -
Cooling water temp. B/A centr.cooles] ©C i e i
Cooling wazer te=p. B/A air cocler |oc 7é 38 Z8 /38 £E 38
Cooling water texn. B/A oil cooler | o° 38 373 I6
Lube oil temp. B/h encine o 88 76 L8/ 7é b8 T
Ne=zle cooling cil temp. B/A encine | o0 - e —
Fuel pil temp. B encine o = — —
smoient '-'E‘-'-'p;rutur! og =2F Elf ?.l’
Scavenging air pressure mar = & =] _f;.ﬂ
HT water pressure 3/A eccine {rar J.9 e d 3.
LT weier pressiTe /A encine =T -] =] los
| Lcbe 2il pressure 5f/A filsar Az =t - 45/‘:?‘:3 ﬂ'é[ﬁ";
| Tuel cil zressuze 24 exsine ar = 2.7 2.7
| Bez=le =o9oling pressure S5/h encine | 585 e T T
SAICTeTIic Tressure a==d 750 50 750
Fela=ivg h‘_‘;ll':iﬂ' - i 55 ¥ B 54 ¥ Py : 55-
- T S e e, et E T e
@ - L L B t Bz o T s e | B S -'

e




== " TEST RE b CRDER NO. =,
-H_Q__H_AB @j_?:‘.:.}lj& EST REZPORT | ot ﬂ?ff';xv o/oo
P Lo it o OFLERED BY ENGINE NC. NO3Z39/ (VIQR
e — g g&i):
B )
TEST RESULT -
Test Fo. . 2 : M e
Test time ‘g”f*w - We-84 -8
Toad i as S0
Ravs rpa . Fao 700 = 700
Valrage v Ear '
Current A a i
irake load kp 250 &0/ /80/
Engine power ., kW f.’r?' 3_'?3 7?.‘5_
Alternator efficiency e A
Alternator cutput kW
Fuel consumprica/time Ko fhy Awiein] (5_"&.) ?ﬂ;ﬁ' 765 .
Specific fuel copsumprion B/ kW 3Ld _&_? go8 i
Load indicator position /5 (Z5) 2. 7 (/s ) s (/7).
Turbocharger speed A mon | SER200 200 R2 200 :
Turbocharger spesd B Ipa /ﬂ‘ﬂ?_ EX-1-I' B Ha 300 H
;E;:::tur- ;:::it;::h ;;_:;nurt e [m S °C | =a" | var l“‘: = ' | bar
V1m0 |75 | 47 N30 | /7 | c9 V2¥0 | Zes 195 |
a2z |2do ¥ B2aio = | 75
A | oo ¥¥ §A30 E¥l /03
»_|270 77 fa»o 2zo 28
Cylinder as | &eo Fi 5o 280 &
A | 200 | v | Y 1235 WV L A25
AT i
AB 1
Mean values A '
51 120 | 25 | #f Eﬁ i £¢ §300 | /tL 173 |
82 |225 7y 20 ags I3
nl2vo | | |41 270 275 75
/90 77 1270 275 78
Cylinder 85 |AsSD 7! (270 jfﬁ 3
36| R0 ¥f |2es | Vv ¥ |30 | V 1,03
B7?
BB
“san values B | l i
o
ec iz
Scavenging Aair tecperature ar ;? 51? 35"
Cooling water terp. B3/A encine oc CFS RO é?_/?ra 67/ 20
Cocling water temn. B/A centr.cooler °C e — —
Cooling water te=n. BSA air cocler |[oc Hﬂ/"’ﬂ.f f ;’_F/'.SO
Cooling water tesp. B/A oil cooler ac :p?/f-ﬂr V/-r" -39/-_
Lube 0il te=p. B/A encine e e
|Hezzle cooling oil temp. B/A engine | o¢ ME ;ﬁ-"’f}/ ;r/’ 7?’
Tuel oil temn. B encine o — s e
imsient temperazire oc /7 /e 4 4
Scavenzing air pressure Dar o, 7 0._3 O 75
BT werer pressere B/A encine tar P 3.8 . 3. =
LT water pressuse 3/A encine | SHas -1 : .2 :
Tooe oil _:1;!3:1.':1: B/A Filmer mr| My A wr Ny o L3/%,
Fuel o1l Zressoce ER sosing sar 3,5— i o y
forzla cosling pressuse BOA emsine | oBF L g e i
farcmetsie mreszice ==g 7 ﬁ Lol & & B -‘;:9! e ?
Fslazive humsdiny i (X4 : E
e 5_
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e

-

W

: o TEST REIPORT CRDER 0. S8 -2 500
NQEAB ]B[}l—-"fjgﬂ: ) f ENGZRE -SPE s2veo ]
- MARTELE CIEZEL DiVIEICN DRCERED BY INCINE NG. WD 339//v.3073)
CATE 8% .09 ﬂé
STGH :
TEST RESULT - :
Test No. - & , b 5
Test time T
Load . - ;00 o0
Fevs cp= Foo Foo 200
Voltage v == - s i - 3
Current A e i A T
Braks load kp /Boz ! E503 503
Engine powver il sre3 S5P0 590
Alrernaror efficiency :: v - - —
Alternator cutput . W - T -—
Fuel consumpticn/time &f& Ermaa | 323 i
Specific fuel consumption ' b/ Wy - Zo3F F03
Load indicator positiom 78 (F=s) g (z7s5)-
Turbocharger speed A rom G000 - Jeoo0 :
Turbocharcer speed B Ipm F/200 kN d=l
Exhaust Fuel rack Hax. " ° e :;l Eich e '
temperature position  pressure o = bar
v Ia | 720 zzs1 /32 J 560 | zzs) /37
a2 | 305 /27 | 330 | /33§
a3 | 370 /52 ) 350 | /33
M | 320 /27 § 3s0 /27
Cylinder s | 720 /32 | 3s0 L35
A6 ). IFro = JF50 29
AT
2 1
Mean values A
CF Jsc| 22 /OS5 3% | 275 | /32 37| 275) /33
B2 FI0 fos J&a /27 el f3e
B3 SIS o5 I 7D S 32 372 35
B4 S5 rro JF5 F27 ) 350 ’22
Cylinder 85 | 75 72 | 3as /32 ) 7o /32
s6 | 3495 s ) 378 /g2 _} 370 /39
87 i i
= i |
Hean values B | l
an v
oz
Scavencing air temperature o T F= IS5
Cooling water temp. B/A engine oc 72/70 = &5/ 7
Cooling water temp. B/A centr.cooled o0 : = ——
Cooling wazel temn. B/A air cooler |oC 231/35 Eé,.r’i?é .?6;"13'5
Cocling water tTemp. S3/A oil cooler | O F8 Jé& 35
lube oil temn. B/h engine o £8 /78 &7 PS5 L8/ 7 .
Hozzle cooling oil temp. B/A encine | oC T— p— = 1
Tuel oil '._e.rrq:: E encine oc o i ¥rr :
AmDient :t::p;ara:u':: ag f’?,s =7 E; ;‘
Szavenoing air pressuzre o S IS 577 L85 i
¥® water pressure 2/A encine | zar J.8 5.6 I.é
LT warer pressure 2/A encine ar * S Pt o L ]
=<8 3il pressure 5/A filzer ey, &/ 44/‘?-3 “.f 4%2 %/ “Ej%é-{ 1
Fiel o1l zressure EfR amsine s 33 i T3 5 3,0 B s
| mozzie =mzling pressuse BSR smmime | FAT — e '__"" P E
BaILTersic Tressure otk WP e 4 FEF 2 ?‘:;':_._...._: :
Eeiazive humidiny i &8 66 £5 - - i
I_ :pn = b R RN hae L i ahL -




- NOHAB BIZSIL
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e

TEST REPORT CHELR NO.  SELS- OI00
- | EdIRE TYPE /oD
URERILA DAEREL D1V 5\OM DRCERED BY INGINE NO. O 3397/ V3073)
CATE 85.09. /0"
SIGH
TEST REsULT p :
| Test Ho. d g8 Py
Test time
Load f‘ o0 SO0 rag
Revs rpm PO Fo2 Foo
Voltage v — e =
Current A == - — — ]
Brake lcad kp Ss03 24903 Sw0.3
Engine power _ kW rS90 F590 Pt =]
Alternator efficiency ¥ —_— = T
AMrernator cutput = KW T = —
Fuel consumption/time e I et 32& EEE 324 .
Specific fuel consuaption ¢ /% =5 205 20< 204
Load indicator position I 78 =8 (275) 78 (275)-
Turbocharger speed A rom [Efwlela) Je/0C I200C0
Turbocharcer spesd B rre F2ooo 3 cooa 32000
;:i;:::éure ﬁitﬁ:’: ::;:_;nun'r oc’ | = tar ec’ md * | bar ‘og mp ° | bar
i Al Jé0 | 275 | /39 J60 | Z7Zs| /39 J60 | EZs5| /37
a2 | 230 /35 ) 3<0 /37 ) 330 | /378
A | F<o /37 § 350 /37 | 3%0 | /37 }
am | 350 /33 § 3so0 /32 | 3so /32
Cylinder AS JEG /39 § 3so s J60 /39
a6 |. 350 /32 § 350 1 S3z Je0 /32
AT
AB
Hean values A = e T
a1 390 | 275 | /35 | I | 2Zs | /TS FPa | 27s | /35
B2 370 S237 ) 370 /37 F 7O I’ 37
B3 370 S I7 =370 ’T7o 372 /327
B4 50 /32 350 /F5 | Fso /35
Cylinder B5 J70 /32 I Er=) 3z 37 23
B | 370 /35 | 380 | /43 | 37| | /35
B7
= |
Mean values B l_
o
o
Scavenging air Temperature o JT5 a5 T
Coclipg water temp. B/A encine or é-f‘/?? 54'/7-:".' &2 S 72
Cooling water temp. B/A centr.cooler oC = - -
Cacling water temp. HB/A 8ir coocler |oc Zé, 38 g_s/’a‘g E¥-/38
Cooling water —emp. B/A oil cooler |oc J8 =1} 38 b
Lube pil tesp. B/A encine o 58,76 &6 776 S5 76
Hozzle eooling oil temp. B/A engine | o — - -
Tuel pil zemp. B encine op = - —_ |
Amzient ‘;u:_n;zr;:-ur' =C 2! /9 .f‘? E
Scavenging air pressure bar L85 /S 7S A E
uT water pressore B3/A enzine bar FE5 - i 3,65 i
LT water presscre 2/A =ncine ar e A s S : fef i
| Lube Dil pressure 3SR filser bar XN O SR %0 <451 {i
j__?iel T2l zressuce DR srmoine zars a.a. 3o 3,2 g i
| ¥zz=le =ooling sreszure BUA anzons :i —_— sk o ”i
TIH SEELILC ETESEuIE bri 7’#5" 7'¢.£ ™ 7"‘?5- =
Relazive humdisy i N i i &5 i




< =g TEST REPORT CHSER NO. - :
: HQH;AB @D:@E&. a [ EWd=RE TYPE ‘fg :’LE /22 i
_ WARTSILA DIESEL DAVISION ORCERED BY ENGINE NO.  AD 33‘?-"(V3ﬂ7_..ﬂ1.
CATE 500 S0 !
; s S51GH i
TEST RESULT £ ; “
Test HO. o fFi A
Teatr time
Load L lo0 SO0 FO0
Revs rpm |.. ) T [ 7217
Voltage === v - i W r s ]
Currant =i- 4 A — = e - ]
Sraxs load *p 2403 2403 EFe3 ;
Engine power. kW 7590 /570 XA I
Alternator efficiency - L] —_— —_— e :.
Alternatol output kW = TRl — F
Fuel consumprica/time ﬂgfé_&hﬁ 324 323 _‘32 =2 : t
Specific fuel consumprion B/ 20 203 203 i
load indicator position 28 (2Zs5) A& (27.5) A2 (275) E
Turbocharger speed A rpe FZ000 32900 3/500 i
Turbocharoer speed B pa 3 2oco 32000 3/ 78 :
B e : i
Exhaust, Fuel rack Max. ™
temperature position pressure bar ec =p | bar
A £ VAR EZREEIAVE R
A2 /32 §azs | ] g
A3 J3& | 3E0 S3F
Ad /3/ {350 S3/
Cylinder AS /35 | 355 738 |
AB /32 ) 35¢ y S32
AT
AB
Mean values A
Bl_| 390 | 225 | /37 R370 | 275 | /32 V370 |25 | 735
B2 370 7738 372 A32 | 35 £33
B3 | 370 /37 | 322 /32 V370 /32
B4 350 - Xt S3IF } 350 L33
Cylinder BS 372 /32 |2 P2 /32 | 370 A32
/ 36| J75 /38 |2372 | ¥ EY-A B /37 |
~ e
BB
Yepan valuss B |
o -
o
SCAVENCing A1r tésperature o T3 35 33
Cocling water temp. B/A encine [ &2/ 72 é#f?:? ;ff/f?f
Cooling water temp. B/A centr.cocler] °C i iy =y
Cooling wazer temp. B/A air cooler Jeoc TE w0 "L Ao & 237
Cooling water Temp. B/A oil cocler |© <o &0 — 3> S
Lube oil te=s. 3/A encine or & 7776 gg -~ A5 f?/'r?}/
HNczzle cooling oil temp. B/A engine | oC —_ - T, {
Tuel oil tesp. B engine =ld i — J— E.‘
AmSient temperature B ;7 /7 =0
Scavenging air pressure Dar LP /7 v fo P 4
27 weter cressere B/A encine tar J.é 3. 34 -
fressure 3/A enmcine bar e L8 l. 8 4 P -
pressure B/A filzer sar <o 445z Yo Myl Yo T4 §
sresEuss E'L sngime AT J.o 3.2 3.8 o
zle saclang sresmure E'K encin Zar C — R T
Barcoerric creszooe X =5 - ?44 g & H ‘?r 4 7"”-?‘ - a
[ Fetazzve numidizy i e i Rl -1 e LT i ) LT
AETE v BT Ll S E o oy L L R T
T, I T T e T ol L e A e EET PR T




w4, 5 r —o TEST EEFORT [crogp ¥0. Gy _ o000 |
*1-NOHAB PIESEL [E= E e o atie
" ., WARTHLA DIESEL DIVISIDN ORDEREL BY ENGINE 50. MDD 337 ( V3073)]
TATE ;

sich "% - &F

TEST RESULT e

Test HOs : .f 3 f!"}, J{rj £
Test time
Load i P " LA /e
Revs rpa |. el el ; FOI0
Voltags v A
Current - ‘ A = ; '
Eraxe lcad kp 503 Re¥3 Hey3
Engine power . L ST vl dd S RAYY
Alternator efficiency x i :
Alternator output kW onniy
Fuel consumptiocn/time Fa 7 o= B2 3 357 AES
Specific fuel comsusptiocn 5/ kW 03 20 207
: \-\_:J Load indicator poBition o2 (2 257 | S5 )] iIns 30
S Turbocharger speed A e | 22cov0 33%00 S3c00
_‘ “ 7 | Turbocharcer speed B el 32000 33500 . 23620
) |Exhaust, '~ a-ic e pli= B = T
e temperature ;‘:i&ﬁ:x ;:_nu.r-' i “ - s - - - e
i L TRy A 77 | o5 | 30 /i
a2 15357 | ‘e )30 | /59
A 345 o7 T 74
M 350 /%7 §370 V74
Cylindar AS 34_9‘ S 350 | I¥E
6 |S25 ¥ 738 l—-_-,"}; V738
AT
AB
HMean values A —
Bl |svo | DZAS| /33 | &0 ag AR W/ |30 | /YA
BZI |3LS J3a | 3ro [ Ird EE S
83 |32 /32 3% S5z ) Foo S 7
34 | 350 737 V3is | 7%3 | 375 3
Cylinder 85 | 2722 /3¢ | 390 o d o TN e d
! T EE-IR S3Z )37 SYE 1525 | ¥ FEEd
B7 i
B8 I
Mean values B
}
oo
oo
Scavenging air temperature o S5 T 37
Cooling water temp. B/fA I;‘.I_E_j.n‘ oc é'ff?ﬁ FGfFJ ?0,—-"?2
Cocling water =emp. B/A centr.eooler ©C — e —
Cocling wezer temm. 3/h air cooler |oc HAe 38 2E 38 Re 3
Cocling water temn. B3/A oil cooler |t S5, — 35— B2 S — :
Lube pil te=n. B/R encine o E7SF5 P v £/ Fe
Fozzle cooling oil temp. 5/A encine | o¢ —_— — —
Fuel oil temp. B encine oe —_— s ——
AmDient tesperature ec a/ 23 2%
Scavenging air pressc-e DT /7 s 2.7 < 3./
HT water pressure B/A encine tarj - 3"5- ] . 3,44 oo 3.9
LT weter rresscre 3/h encine I -k /:_3_5" % /.35
Lube 2il zresseze B/ filser Sar Eﬂ yj{?f,f 2o fi’:.il/if Yo ‘IWJ
Fuel gzl zoessose BYA essine sar 3.4 2.2 3./
| %ez=le socling pressure E'A enpine | Saf e " b R e ; S
| 52rzzerzic zressure =54 < ?}/'y L -:”f‘f . N FTY
Falprive huzidity ik, vl s b : i P s ot
e 2E, | _ o et g e o7 D e
" a R S PR P :2.?:" b, Palsin s r e i ns " 0% T AL L T BT T

Py



¥
L}

o . #

- 1

4 NOHAB DIESEL

ﬂf!ﬁ u3.3'?

s

V 3073

T B L IE =T

fm afc-'c: e

i

5

TSign LT
A ] = T T
_TEST X0. ¥
LOAD - - L i PN M

/oo

: "rf.rm. BEFORE COMP. i+ — - —--

S .: g

T26

-~ TEMP. AFTER COMP.STB.CH.

169

70
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'NOHAB DIZSEL

_;P:.'Eﬂr-l ¥O. _.;a’f/- 2700

-

WARTEILA DMESEL DMvISION

EdiNE PE o020

ENSINE NO. Ao 3394 (V30X

OATE

FG-09- o5
it S51GE .
TEST RESULT d »
| Test Ko P o = 3
Test time B i S84 : ¥
Load L -3 S0 s~ 5
Revs rpa |, S 7 i 578
Voltage b == ' = —
Current A — - - Fm
raks load kp 70 PEvLs /P53
Fngine power . KW JF98 P4 iy 77
Alternator efficiency L] — i -
Alternator output ) kW = - —
Fuel consumption/time = GO L e FIEE
Specific fuel consusption 5/ % =7 20g ROS5
Load indicator position F.5 L /) L2 LAA35]:
Turbocharger speed A rom Vil - -2= =2 Zoe o2 500
Tusnocharger speed B TEm 2930 = o200 RALYOC
Exhaust T i [ i B
e e e 1 ol R R
LI £ 7 7o | P2 | 370 |23 /a5
a2 | zeo /23 §325 1/23
A | 7o 23 330 /B
M | =25 /03 | 330 /23
Cylinder AS = ] 370 /23
26 |.2s5 F& 95 | ° 13
AT
A8 i
Mean values A
3| 260 | 7 /& |s00 j370 | 23 |73
B2 S0 L) Fre /23
83 | =Zgo f0 0 320 /23
| Zgo 73 ) 3/28 /23
Cvlinder BS Z80 73 495 fHE
B | 3/0 |Z& 335 | ¢ I
B7 S
BB
Hpan values B
o
o
Scavenging air tecoerature o I 20 e P
Cooling water temp. B/A encine oc v /69 (&~ €& Bl 4
Cooling water te=p. 3/A centr.cooler °C
Cooling water Te=m. B/A air cooler |oC F2/2% eI 2327
Cocling water texs. B/A o0il cooler | oC :
Lube oil tesp. B/A engine o SO0 /8 7 EZ"Zo Y Lz
Nozzle cooling oil temp. B/A encine | oC ;
Fuel oil temm. B engine or
AmSient :temperature o g0 /’? -
Scavenging air pressure AL o. 25 & A3 LY ;.
BT water pressure 8/A encine car & 95 3.85 3 s
LT water pressure 3/A encine Las 2. 75 2. 85 - 2. 795
Libe 2il pressure B/A fil-er Sar I.0 ECIE%ET e X TR
Fvel zil zressv-e 35 ensin sar =97 4.8 2.9
| Bezzle soolinc pressure B/ enzine | =tF !
Barcmersic pressuse ] 759 Fed E - !
Feilative mumidity 1 4 =2 e d =
| Pt L R L, + 3 e . . 1!
: PR T T




: == TEST RIPORT CROZR HO. $6/4/ - 2F00
HgﬂAB E]]_:rﬁjll : | FTSSE TYPE 9\ / 2D
o WANTRELL THEREL EWEION ORCERED BY INGINE NO. WD 3394 ((V30?Y)
CATE D¥-20F - 9¢
= { 510w
TEST RESULT y 3
| Test HO- i i 7 ES Y
Test time :
Load 0 So0 e R 50
Revs P |. FID PO ‘ 200
Voltagse v S e -
- Current A = -
Erake load kp AFO3 SEOR SZOr
Engine power . W - ST Fabr -2
Alternator efficiency b -
Alternatorl curLput kW =
Fuel consumpticn/time g/min 2323 = &2 FES .
Specific fusl consumption 5/ kW 205 22/ 208
(L e indicator position )y (28s) 6.4 ( al) 45 (72}
N § Turbocharger speed A pE S E00 < AS00 2/ 900
1k Turbocharger spesd B Trm 3600 APPSO . 27800 B
Exhaust = o el = ; 2 -
'\_.) meertfurn iun:it;:c:k :;_:,,.ur.' | Bl _— bar og " - = bar |=~c = bar
: YV Im (345 | 28 | /32 § J60 | 22 | /o0 | Z70| /7 -}
' a2 |350 /22 §3/0 /3 ) 27o | /o3
M 365 /33 §320 VAR EEY 78
A | 350 /3a §3/0 /{3 § 2go /03
Cylinder B |70 /37 305 | /e ¥ 2eo PZE;
a6 |325 /27 §2&o0 | V /o Y Zéo 28
A7 N |
AB
Mean values A
Bl | 235 | & (/37 l30 2 | 770 =70 | /7 | /05
52 |350 /50 §325 //5 Z90 78
B | 2FO : I¥o IE {0 fI3 270 S03
B4 | 330 /25 305 " |Fes Z70 28
Cylinder 35 | 320 /25 1275 Il /05 z£o 78
36 |25 /3 335 /5 ) 29 03
a7 ] =
BB
Mapn values ]
g ec - B
o
Scavenging air temserature o 3 3/ =2
Cooling water temp. B/A engine " joc £3C 7 f:;/’.é';f; S 7o
Cooling warer zemp. B/A centr.cocler °C ﬁ%—- —_— =
Cooling vazer temm. B/A air cooler |oC A2 2397 &0/.24
Cooling water temp. B/k oil cooler |oc A — 29/, — )
Lube oil texp. 3/A engine ac {;'_V/? 2 a3 AL 5_?’,-"”?2
Nozzle cooling oil temp. B/A engine | oC — n— v
Fuel pil tern. B engine or — — -
Amsient :m;:;:ur! oc 7 /6 js‘
Scavenging air gpressure Ll + O A 2,7
T water pressure /A wncine AT e T 2.7 e i
LT water presscre /A encine Ear f.o J.0 : l.o !
Lioe 21l pressure 8fp filear bar Jj:'; ‘fj'/’%,p %4 J,?’-"/f" Ly Ly '.!'/4,5 '
Fuel zil presstce DA sngins mar 2.5 o & = I
| %czz=le zooling —-essu-e B/A encine | SATL — — — r
E Sarcmeizic sressese r=2g SO fco B 1=l L;
Feiezive humidizy - ' T Ve i 2 % +
: W LT e’ | ol i £
|
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TR SETEE A

; = = TEST ATPORT CRDER KD. SErr—or00 |
Ng_iiAB @D_-r::.}_jﬂ: : | SdTSE TPE sz v :
, WARTEILA DIESEL DHVISIDN CRECERED BY ERGINE MNO. NO 3394 /¥ -
6 - : TATE 8<.00.06
T Is1cu G
TEST RESULT - .
Test Ho. - ! rd g e
Test time
Load L £5s =) SO0
Revs cpa |. 00 00 . 200
Voltage v - . s — —
Current A - - - -
Braks load kp 0/ Z 70 4503
Engine power . L 398 /8o /590
Alternator efficiency ¥ g - oap
Alternator output = W T - —
Fuel consuspticn/time A |atman) F5 57 J/9 8
Specific fuel comsusption ' 3/ KW 235 3/7 Zop i
Load indicator position J.o (1) L5 (P 8.0 (27s) |
Turbocharger speed A pm SS000 /0700 I 700 '
Turbocharcer speed B rpm sfS5000 FOR0O I 600
Exhaust, = Fuel rack Haz. " T . e " = ' o 3 3
tempearature positicn pressure |- c = ar =c = bar
o i) = sy ) 350|225\ /29
A2 | Z<eo 53 JED | /3=
| 2g0 54 | Je0 | #32
M | zZzo 53 IS0 /22 k
Cylinder AS 253 53 T S35
A6 |.Zoo ] =7 70| | r3s
AT
AB
Hean values A '
Bl | =zal r/f 78 | g/o 7 F% 1 340 | 275\ /32
BZ 7D 78 I 30 | 55 F&0 f3é
83 Zxo 78 Z00 53 J50 SFE
B4 | Z30 78 | 200 sS4 ) 3<0 130
Cylinder 55 | 20 e | 225 s5 | 330 /30
36 | 250 82 | 230 ss | 370 | /32
87 —t
58 |
Mean values B —I ]
oo
ec
Scavenging air temperature or 27 o« 35
[Cooling vater temp. B/A encine o &6 /7O &8 /68 E¥ /72
Cooling water temp. B/A centr.coocler °C e - -
Cooling water tewp. B/ air cooler |ec Zo /27 ‘8 Z0 o /34
Cocling water temn. 5/A =il cooler |.oC =z =0 EZ
Lube oil temp. B/A engine e 60 68 =T L8275
Hezzle cooling oil temp. B/A engine | oC — - —_
Fuel pil temp. B encine op e s s
Amnient "-"l-l-'!_E‘E:I.':'I.IrE oc P f"? ,? }
Scavenging air pressure bar &35 a.2 P :
HT water pressure B/A encine Lar ,5_4 F.b ﬁ,é !
LT water presscre 3/h escine car Lo Ao . Lo i
, —abe oil pressure B/A Zilser mar G4 4845 G4 '4*‘/'§5___.Jaﬁ42 g
| 7=el e1l zresseze I/K ezsine zar Jo : J.e X =8 i
kKez=le =ooling rressure B/A encine | =4_f_ —_— & T ey IJ
Lercmetsic pressire s =i 787 -7 i FES i
Feiative hemidizy 4ok |- 3 7 <7 <8 it
,.....-.; P P e S T o Y ot o A
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TEST PIPORT ORDIZR KO. Seff-a/00
y [ ﬂmﬁi_}z vz
. WARTSILA DIESEL DAVISION ORCERED BY ENGINE ND. WD 3394/ V307)
i DATE F%.09 - 22
= 51GH .
TEST RESULT f :
Teat HO. S0 il .fg 2
Test -tome .
Load T s00 Lo ==
Ravs rp= |. FoD Foo FOO
Voltage & v e - L2
Ctu:i'_n:_ 1A A . > g TS
Sraxes load kp 2403 403 ceso3
Engine powar . L =i SESFO =
Alternator efficiency " L) — -— —
Alternator ocutput L T e e
Fuel consumprion/time ey S |tment 317 F/9 223 -
Specific fuel consumprion ) 5./ KWh| 00 Soo 203
Load indicator position B.o (225) Fo 75 g5 E7s-
Turbocharger speed A rpm 3féoo Jleco Fleoo
*:rbocharoer speed B Tpm Afs00 =1 500 Sls5oo
Exha e - - - : -3
t_:‘:'p:::tu.rn :::it;;:k ;;:Fsuri' e’ !_m baz ec L bar |°‘= =y " bar
V M | 595 | 2725 | 29 § 745 | 2725 | s29 | 3s0 | 27251 /29
a2 | 3ss5 /35 B 368 /35 | 3so | /37
A ) FES /32 IFo /32 3F7o /32
M | 350 /38 § 3s0 /32 § 3so ]32
cylinder AS Fso /75§ 340 /35 340 /37
A6 |. 320 f35 Fes F3s F20 AZ0
A7
e |
Mean values A
al Jso | 275 | /Ze § 350 | 275 /22 I50 | 2Zs | /37
82 | 3é0 /36 ) 360 /36 F60 /37
83 350 /Fé 350 i3e 350 )
B4 T4 F30 TS F{] FRD Facis)
linder B | F3o /30 | 330 /30 330 /30
86 JB0 S TS5 SED | TS5 8o L I37
B7
m L
“ean walues B I
oc
oo
Scavenging air temperature o \?flr J5 35'
Cocling water temp. B/A encine oc E¥ /72 §"V/-'?'E:' && S 7e
Cooling water temp. B3/A centr.cooler ©C - — -~
Ca=ling water temp. B/A Bir cooler |oC 2% /35 2z ST 6/ 3%
Cocling water temn. B/A 0il cooler oc 3 = Fe e
Lube pil te=n. B/A encine ac &7/ 76 &Y S 7Fh 8y /S 7
Mozzle cooling oil temp. B/A engine | °C — o7 -
vel pil Tesp. B engine og - by 0
AmSient temoerature ec v J 7 £3
Scavenging air pressure bar S8 £ 8 H8
T water pressure B/A encine bar J.b J.& J.6
LT weter presscre 3/A eacine o - Lo Lo f.o .
TiSe oil oressuse /A filzer Sar 42 _4.5/42 42 45/%z %2 %5/42]|!
Fuel gil presscre BMR s==iqe AT 2.8 =.8 = 4 ;
| %z==2e =ooliag pressure B/A engine | =8T — - e
Bars=erric rressire - : =g 7ES 7l '”‘ ¥ f
Imla=ive humidizy T LY o Se 4? i -ﬁ ? ﬁ‘? i) E
nh . : g u‘l*--t é_:'_-'__. o . AL (o L ¥ i
1 A oL o g Ut Reded T I e e Lo T Rt e = L




o o —E5T FIFOE CRSER NO. =
§ MHAB EI]EBE& | & e | [ SNdINE TYPE f;'/f;? 2100 -
| WARTEILA DOESEL DIVISION ; OFCTRED BY TRSI1NE NO. ~p 3394 .I"’Y#m
TATE 8<.09- 06
: Isicn :
TEST RESULT 2 : ..
Test No. - ; P r< " ol !
Tear Time .
Load i Pazle) /00 SO0
Reva pm . S0 o0 g Fo0
Voltage v —_ I - =
e Current - ; A £ * - =
: Brake load kp 2<03 24493 £503
Engins power . xu 590 -ki ’S5F0
Alternacor efficiency % L} - — )
Alternator output kKW T = e
Fuel consumptica/time v/ ; 3¢ JFEZ JF&2 -
Specific fuel consumption 5/ kW) 203 203 203
3 ) Load ipdicator position 8.8 (225) fo [Z€s8) Lo (27s)
L & Turbocharger speed A ee If600 1600 3 fs00
¥ Turbocharger speed B rem Zrs00 JFI500 31500
! |Exhaust il e £ : - ;
e 'I'.m!-"l‘l'lr'.llrl ;::itgz:k :;::ih-l‘-. o [ - s - s I o e 5 v
TV In | 350| 2251 /29 § 350 280 /37 | 350 | 2258 | /29
A2 Jé2 /37 Pt Jeo /37
A | 370 /32 /92 | 37 | 132
M | 350 r32 /37 § 350 /22
Cylinder AS | 340 /37 /37 Fso f37
2 |.320] ¢ | /30 /37 | 3<e /30
AT '
AB
Mean values A
81 | 750 | 275 | /37 | 350 | 28.)| /37 | 340 | 275 | /37
B2 3860 f37 ) 370 %2 | 380 /37
B3 J50 i A40 JE0 /'35 J&0 fs2
84 | F¥0 /30 F4O S35 350 /30
Cylinder BS JIa /30 | 330 27 IFIFO I30
! B6 | FFo f37 8§ 380 /35 | 38¢ /37
: B7 | i
BB
“gan values B ; |
e o
o
Scavencing air tecperatuTe oo Jé6 I8 37
Cooling water temp. B/A engine o SE/S 72 S¥STE £2/ 72
Cooling water temn. BfA centr.coolerd ©C - e =
fooling water temp. 3/A air cooler |oc =l E’-‘ff_.?*f _25/34
Cooling warer temp. 5/A oil coocler |oC =T EX EE
Lube o0il temp. B/A encgine oC &S T BT 15'?'/7é
Nozzle cooling oll temp. B/A engine | oC — — Ly
Tuel il terp. B encine oc - -~ -
Amgient rexmerature ec 23 2% £
Scavenging mir pressure bar oy l9 i
HT water gressure 3/A encine rar 3.6 J.6 w5
LT warer pressure 3/A encine car - L. 0 lo i . fo
lobe 211 pressure 3/A Fil-ar Sar = 4.5/6,2 <=, & 45,1#.'2 “, 2 47.5/4‘2
Frel zi) sressore EUR £52ine ar oyl B 29 - =
| Fezzls coolize =ressure B/L enz:ine E‘i - — - — %
SeTometric mresyuse =8 i T TEE 4 4 TEZ !
Zelazive humidizy e - =7 o A il 47 e {
i - BT ] T Y Ty T R PR !




|
. 8
3

Torel e TEST IIPORT ORDEZR KC. rr=-07/00
! 'NOHAB BIESEL | == ke e et
3 RARINE SIESEL Rrv ORCERED BY ERGINE NO. O 3394/ v 307)
= CATE F¢.09- 04
; £ fsion .
TEST RESULT g .
Tear Ho. ; P~ i e
Tesat TimE F
Load 1 sS4 L0 foo
Reva rpe |. a2 G Fo0
Volrage owm ¥ i - =
= Current i~ A ey = 5= o
Erake load - kp 2403 Z403 g403
Engins power . kM =2 i=] SEFO SEFa
Alternator efficiency x — - =
Alternator output . kW e = i
Fuel consumption/time e 31 S/ 222 .
|Specizic foel consumprion b/x Zoo =) 203
ko _J Load indicator position : 8.0 (225) o Z725 85 ZZs5-
Turbocharger speed A rem Aféoa Fl6oo JFleco
Turbpcharger spesd B TP 31600 S!1Sa0 Flsoco
\ ) |Exhaust, Fuel rack HMaz. ™ ° oe a _— o m-u 1 e |_°= . h-.r_-
temperature position  pressure o
P IM V34| 275\ 29 B 345 | 225 | r29 : 3so | 275\ /29
A2 IS5 - J5E f2s JEo | /37
Al | Fas5 f3e 3Fo f3e2 370 S 3z
Ad JFS0 ;38 354 /32 I50 /32 §
Cylinder AS J<0 /35 B 340 /35 FHO /37
a6 |. 320 /35 | 325 r3s5 ) Fa2o S30
AT
AB
Mean valypes A I i
8l | Fso | gZs| /3 ) 350| 225 | /32 | IS0 | 2Zs5 | /37
B2 J&0 i3 J60 36 JEO /37
B3 | J50 /76 § 359 i3e | 350 P i}
B | J0 /30 )| 340 /o | FLo £f3o
Cylinder BS J3o /3o IJ30 /J0 330 30
K 86 | 380 /375 | 385 /g5 | 380 | 137
B7
5 i —
Hean values B
) -
e
|Scavenging air temperature o J5 I35 F5
Cocling water temp. B/A encine oc {'si_/?l? ¥/ 72 éé_,/ 7
Coocling water temp. 5/A centr.coocler ©C - 7l P
Cocling wazer temp. B/A air cooler |ec 2% /3% S S T4 g6/ 3+
Cooling water temp. B/A oil eseler |OC I k) J
Lube pil temn. B/A engine s é-f’/"?'ﬂ &Y S 7Fh &5 S T
Hozzle cooling oil temp. B/A engine | o — — -
Tuel oil tesp. B encine i 4 o = =
Amcient '-'l-‘:-'?;rl-'-‘-'l.'lrt o f‘? K? =) ;
Scavenging air pressure bar /B i, 8 58
ET water pressore B/A encine AT A 3.6 3.5 i
LT water pressure 2/h encine sar ro Lo f.0 i
Lube oil pressure B/ filmer sar <2 4-5/'413 4.2 {5/42 .2 ";5/42_. 5.
Toel il Sressuse BSR ensine =ac 2.8 i Z.8 2. 7 i .
| %cz=le cooliag cressuse B/R encine | SAT| - — - i E
LarcmerTic cressure =2d .+ FEIS- 7e/l ki _Kgf _ bt
Feiztive humicity £ L i X, Z !
- B s P R T B o i ey s
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:H_Q'_'_H_AB @nggns TEST RIPC a'.'.r

CRCER HO.

eI

Seflf-oroe

WAATEILA DMESEL DIviSION
- :

| EndINE TYPE sy 22

ORDERED BY

ENGINE NO. g 339 [ vIond)
DATE 8%.09-0¢
¥ .| S1GH ;
TEST RESULT o] )
Test Ho. : ; ’é 47 {5
Test .time 5
Ao z 700 /oo A
Sy =) 900 200 700
Voltage - v = i —
. Current 2 A — - = =
Brake load kp 2403 2403 gﬁ;{?s
Engine pover . = 590 /590 /590
Alternator efficiency . 1 — — =
Alrernator ocutput ; kW s — -
Fuel consumptica/time o/ |eedmin Fz3 Jz2 Y] :
Specific fuel comsumption bk 203 Z03 203
\ _,J load indicator position : 8.0 {22;) g0 (Z75) o 5
" | furbocharger speed A rpa 37 7o0 31700 =600
Turbocharger speed B Ipm IrEO00 /8500 B/ 500 i
L ) [=xhaust ) . =i - iy %
k"'"i tmperh'l:.urc ;:iti;:h :;_:_nsuru' oc [ﬂ Em - bar 4= mp " bar
T X | 350] 225 275 | /32 V350 |25 1724
A2 | 340 ] 37 iaso | /29
A | 375 | /72 W375 /2%
A4 F60 | FEEN EX I
Cylinder as | 350 | /37 § 350 /2<% |
M ). F25 { /32 | 3a5 /24
AT
AB
Hean values A ¥ =
8 | 350 275 ZZs| /37 |300 | 278 | /7%
B2 270 : /37 135 /24 |
83 350 f37 355 S 29
el 2T /32 1345 /24
Cylinder 85 | 340 /37 |3X0 /2%
\ e F30 ags5~] ™ /2 |
B7? et
BB
Hean values B
}
oC
. oo
Scavenging alr temperature o 35 e
Cooling warer temp. B/A encine o &ES- T2 5..;‘.7;}2
Cooling water temp. 85/A centr.cooled ©oC = e
Cooling water temp. B/A air cooler |oc &S T FE /74
Cooling water temp. BfA oil cocler |oC 5 T
Lube oil temp. B/R engine o &%/ 76 s Th
Kozzle cooling oil temp. BfA engine | ©C - —
Fuel oil temp. B engine op = - :
AESient temperature oC 1 = i
Scavenging air pressure sar rAd Lo i
YT weter pressure BfA encine tar F.8 kN .
T water -Frcssr_‘l.'t 2/n =.‘.'.||E_-ine tar : ] - i !
! Lube 0il pressuse B/A Filser Sar &5 2 M\z 4.2 55/4:3 :
1 Fuel cal Sressese 5/A encine el e -
| Xczzle comling pressure BSL angine | =87 : J—— = ——
SarcTetsic cressure ; =xd TE N e LT 4
Eeistive mumadiny Li - -G |
] : N S L e A T E
v i TR O | i i el T T e T s - ]
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TEST

'NOHAB BIZSEL

AREPORT

SFESER NO.  SES -0 o

WARTEILA DMESEL DIVISION

[ ERFINE TYPE A, a4

OFRSERED BY

EFSINE 80. AB3394 FVI074)

DATE '
= G _#7-27
TEST RESULT X i
Test HO- : f "? - O _ﬂf E
Test time ;
Toad 0 JOO 700 700
Revs pa |« Fpo o0 Fo0
Voltage . - v =5 . -_— =5 f
Current &« g A - = == = :
Brake load kp k) 2¥o3 A¥A3
Engine pover w /550 /520 /570
Alternator efficiency £ ] TR — —
Alternator output kW e — P %
Fuel copsumprica/time g/min| SaS 32 5 Bay . L
Specific fuel consusptich a/kwh] 2o% Ep{,f
Load indicator position 8.0 C22) Beo (A& %’E_—'
Turbocharger speed A rpo 3/700 S FAO00 3/200 -
Turbocharger speed B rpm Heoo 300 . 2/C0 0 2
Exha ® R = : - i
:m;::t'm-- p::::;;:k ;:_:uun' ag” i = har o mi* | bar Ioc mp * | mar
1 Al 350 |27 |/24 Jase | 225 350 |225
A2 |1355 /24 R3ss | | 3ss fi=
A 375 l28 §370 3Fo | |
Y EES /24 B350 350
Cylinder AS | 350 /20 B350 § 3¢5
as |3as | ¥ EZR EES 395
AT
AB
HMean values A
581|350 | 9725 | /20 fl 330 | AAs | S5 | ===
B2 13&0 f2% § 360 e
5355 /29 I 350 350
B4 |35 | f2s |35 3 b5
Cylinder 85 | 30 & f24 | 3rO )
36| 385 /24 | 3850 | ¥ 380 | V¥
l? I -
BE |
Maan values B |
4 oC
oC
S5cBVenging air Temperature or _3{ oL 37
Cooling water temp. B/A engine oc F4 }"f}g} é’{f‘_‘,{'?d) {?‘1/ =0
Cooling water texmp. B/R centr.cooler] ©C
Cooling watzer te=p. B/A air cooler |oC o £ 35 RET 2L x¥ 3¢
Cocling water temp. B/A il cocler |OC 357 F— 3£, —
Lube oil tesp. B/A encine oc XS EX s FE £ T
Hozzle cooling oil temp. B/A encine | ¢
Tuel pil temp. B encine or
Amojent recperazure ac R y ﬁ.r{ "f l.
Scavenging air Sressuce bar /7 ra ?.'r [« Pa k
ET water sressure 2/A encine tar 3.5 3.5 3. & |
iT wezer pressiTe 3/A encine Lar f.e o.9 ; O 7 y
Libe 0il pressuse B/A Fil-er tar| K2 s %a Ha YHsAgl ¥o» 7542
l Fual =il zressise EfR s=z=ine =& | i R.E -
| ¥ezzle cooling prsssuce BSA encin | =az : A t:‘
Sarcmersic pressuTe ==d F6 & 7o o y Az r_l
Felstive huomadiTy L1 Ca 50 S0 | :‘_.
T T LT, T & i i r [ - R :
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'NOHAB DIESE

TEST

REPORT

| CFSLR NO. Sgr7-or00 |
: i ENJINE TYFE s s 22 ¢
E . WARTSILA DIESEL DAVISIDN CRECERED BY "-E_H_;_I:\_E NO. NO 33ﬁfy3¢?4) .
3 s CATE T
Hi S5IGH
TEST RESULT = i
Test KO- ! o & &
Test time
Load i Pl
Revs rp= FOO
i Voltage v = Y
F_ Currant A —_ -
Eraks locad kp 2T
Engine power . ki /259
: Alzernator efficiency % —
AlteImaTor CUTDUL W
£ Fuel consumptica/time #ad |atme] B55E 3
b Specific fuel consusption B/kWn] EO3 ¢
&_} load indicator position 95__?'39_} F
Turbocharger speed A pa| 3306c0 i
l Turbocharcer speed B mpa|l 3ago0 Z 5
f P R - : - E .
= 4
- "= R B e ; = o
U e o e = o f | = = [~ ] =}
[ T [ [3¢0 |2%5 | /3¢
' a2 | 270 | S i
A 13595 /39
M |270 Ficiv i ]
Cvlinder AS |38 P [
a |S535 Vv [ /39 i
AT
AB
HMean valypes A
| 3¢3 | A%5 | 722
32 |13&5| | . |sv9
' 83 €5 | S
B4 | 354 /34
Cylinder 85 | 350 ST
{ B |395 | ¥ /5%
B7? I o —[
BB
~=an values B
oo
B2
Scavencing air temperatcure o ?c‘) i
Cooling water temp. B/A encine o £~ 7o S
Cooling watrer temp. B/A centr.cooler 9C
fooling wazer temp. B/A air cooler |ec RE
Czecling warer Te=p. B/A oil cooler o
—abe 0il Te=n. B/h encine = €£/,?§"
Kez=le cocling oil temp. B/A engine | oc ~—
Tuel pil zemp. B encine ore ——
Amoient =e=cerature Be s !
Scavenging air pressure oar Elg_ E
¥T warer pressufe B/ encine tar 3.9
1T werer mresscre 3/A e.-n;::;n. bar A
ite 2il oresscce B/A Filser ar Sl TV R &
j Tuel o1l mressure B/h sscine Tar 26 I
: uz==le -ooling pressure 3/A angine | ST — v 3]
i farisetz:ics pressure T e ¥ - l_:;
Seizzive homidiTy : ¥y g
T B R, T T - -
3 = n.- l.;___.i-_' L i = iF’
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3 Temp bof bk W#‘. 3a5(3c¢|v38y70|¥20| 5u5 | 29y | 2
‘V_—“-H_-__ dawer - 1322|302 478999501 346 | 27 2/0
5 —itm e peth|3iSlys 220\ e 3 Jos | 23¢
EEET zq_:-?!— 370|¥oo|¥ro¥s5alYoq| 34, I.??'._r z236
P Temp afd Lord Sﬁﬂj’,’f’ Rev|\285|305|30¢|2%0| 270 | 235 | 187
o R _ Pt 30|37/ 5129F|309|295| 280 | 244 203
 Press arst cé?}r (e | 032 0.8| /vs| 2.0 /5| 0.9 | oos| 0,25
Sress def Zurdive (hor) O3 O¢| /7% rol es| o0e| o
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Utiarcare TSagn LT Tei Thatum TBetwcaning: Fer.ni-Dosumentnr
3 | £¢// —oroo
Arenos T = T T ¥ £ iDaubenon
B TERT W, wotn e ame LTS 1 LRy s
=
....‘ 10OAD P T - AR AT AR fa.a. soo0 fd"ﬂ faa faa fm
s+ TEMP. BEFORE COMP.- : i 18 P S
I IWERE v e Oy sl #7127 | #8 | 28 z8
.- -. TEMP. AFTER COMP.STB.CH. i :
i r70| 169 | r7o | r72| r72 | /72
& | © TEMP. BEFORE TURB. UPPER STB. il 3
T e : | 478 | 479| 479 | <79 | <80 | 480
i : *  TEMP. BEFORE TURB. LOWER STB. .
453 | 453 | 954 |.453 | <55 | 5%
L :
TEMP. BEFORE TURB. UPPER PORT .
T . 474 | 475 | 475 | €77 | 478 | 477 |-
TEMP. BEFORE TURB. LOWER PORT , .
) 456 | 457|457 | 460 | w60 | 460 |_
TEMP. AFTER TURB. STB. .
Jig |\ 3r2 | 313 | 314 | 315 | 315
TEMP. AFTER TURD. PORT : o i 1
313 | 313 | 314 | 376 | 316 | 316
- PRESS. AFTER COMP. ( BAR )
y 2o| Lgs| L95| L2 | L9 | L9
PRESS. BEFORE TURB. (BAR ) Y - 1
f4 | f4 | /4 | #bs| 13 | 14
) PRESS. AFTER TURB. STIE (MM HEOJI
: 70 | /0 Ve~ /o] 0 | o
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TEST NO. 15 | /r6 Fh i R A B
G e g 100 | 100 | r00 | /00 |/00 | /OO
;1— TEMP. BEFORE COMP. : e 1 il B 1 U
Fliie: I Evliso i 2 |27 | 27 127
- - -~ TEMP. AFTER COMP.STB.CH. R
ok bR . rve | £7 | 22 | 7L |22 /2D
-- TEMP.- BEFORE TURB. UPPER STB. e i X
AT G TP VLl £ b 481 | 82 | 48z |v80 |¥60 | 429
... TEMP. BEFORE TURB. LOWER STB. - Ty bl WS :
i o et e S 956 | w58 | 457 | Y5y | ¥55 1| 45¢
' TEMP. BEFORE TURB. UPPER FORT g ;
: ¥ ~ 478 | %79 | 487 |¥78 |Y728 |¥782 ;
TEMP. BEFORE TUEB. LOWER PORT A |
<62 | %63 | 462 |Y6o |Yer | %6/ |- |
TEMP. AFTER TURB. STB. !
316 | 317 | 277 |3/¢ |3/5 |3/8
TEMP. AFTER TURD. FORT -
: 38 | 3r8 32? FI7E | B51F 13)/% ,
PRESS. AFTER COMP. (“BAR ) ! :
t8 | /8| fe | 1.2 | Le |/ g |
PRESS. BEFORE TURB. (BAR ) _ =
L4 ra | /s VLY | LY | Luy
PRESS. AFTER TURB. STB (MM Hzﬂ} s el i
j /2 | {0 o il Wi 8 |
PRESS.AFTER TURB. PORT (M H,0) o i
i 3 3 o ) & o :
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- | ]
- LOAD - - Joo\ fe0 freo |/ 2ol /00 | /oo
Vi MR e T [dp |4 [22 [F 29|27 |23
TEMP, AFTER cumﬁ'ra..cn..- ;/_.?2 772/ \s23 722|727 J 7/
5 s T TR L |97 |e e 27 oz iz (axe
TEMP. BEFORE TURB. LOWER STB. by s5lvsa|osy |v53 457 |05/
-\‘) " TEMP. BEFORE TURB. UPPER PORT i e
\ : ; YF7E Y26 |\ Y78 (Y27 ¥ 7¢ | ¥ 25|
TEHE, (RS T Yo% S (ue el oo lina ldpr | %en b |
TEMP. AFTER TURE. STB. 3/ 503,435 3‘/5_3},?, 3/ !
EMP. AFTER TURE. PORT & t
i 3/7|3/6|3/8(3/8|377|376| |
PRESS. AFTER COMP. ( BAR ) ' :
} /9 VL7220 20|20 | |
PRESS. BEFORE TURB. (BAR ) :
LY\l | Loy y | L | fvs
i
“ PRESS. AFIER TURE. STB (M H,0) 77 1 20 1 27 el
PRESS.AFTER TURB. PORT (M H,0) ..
Ch -0 S O A
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s
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Y i T $02|500

TEMP. BEFORE TURB. LOWER STB. . . | - |
YLK - ; HIR| TP 7

-

" TEMP. BEFORE TURB. UPPER PORT it e i
t : : Yez\¥TF W e

TEMP. BEFORE TURB. LOWER PORT , :
S 80|~ 2o

TEMP. AFTER TURB. STB. § |
S27|32€|. / :

TEMP. AFTER TURE. PORT

27327 | |

PRESS. AFTER COMP. ( BAR ) : i
H.25 |22 5 -

S

PRESS. BEFORE TURB. (BAR )
- I B
) PRESS. AFTER TURB. SIB (M H,0)
ra
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- 21 2
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'NOHAB DIZSEL |

WARTEILA DIESEL DIVIEIDN

EI5T REPORT

CRZER KO. BN - 0100

[ EndiNE TYPE J2 W22

ORCERED BY

INGINE N0. D 3303

LATE gy of N
BT
TEST RESULT 5 )
| Test HO- _f - . — :
Test time Wiy -1y 11/9 =897 /e =59 |
Load D 25 o i
Feve rpm 700 doo gdgo o
Volrage v
Current A
Brake load kp 240 60| 201
Ehgine pover . o 759 398 795
Alternator efficiency ¥
Alternator ocutput z kW
Fuel consusptica/time a1 lovemien o 2 942 leHg
Specific fuel consumption 3/ KWh| [299 ) 234 2 0F
, |Lcad indicator positien S LY 20 &7
Turbocharger speed A rom e f5oco 270
Turbocharoer spsed B rem fOYED IS eoa 2732 [=]
| jExhaust F R e =B o i : :
o tmpirl‘l:.u.r' P:;:iti:ﬂix ‘:::':“ur.- o iln "% 4 og o - bar - m bar
T Ta | 205 3.0 260 | /2T | 78 | 280 | 170 | /o3
a2z | zos = O g/ 260 } led
A | 210 4 § 240 72 I 268 /073
Ad 230 Fa O is l 2go 13
Cylinder a5 | 208 230 | | FE& 260 log
a6 | 235 15828 ¥ 29 3020 V |48
AT
AB | |
Hean values A %I{ 5; ' 2-5\3 ?’? | g?'&? J“}f
5i_ | 2/0 | 8o | 3, 250 | 125 | 2¥ | 290 | /2o 1 /03
B2 Zlo ] 265 | 52 280 Pl
= | 2/0 57 Lzs0| | [ 75 | 295 /23
34 | /95 37 Jzio| | [ 2F ) 270 /63
Cylinder 35| /98 S7 N 238 J Z8 | 27¢ /o8
3 |£30| ¥ |56 | 255 77 L 29| V 1/03
B7 i
B8 S |
Mean values B | 208 LYl AT £ 283 1o
.I m
ec y—
Scavenging air teEDDErATUTe o 2’? 3 33
Cooling water temp. B/A engine oC ‘ /’jﬁ' &C ?.;‘0 ﬁ !{?_‘9
Cooling water temp. BfA centr.coocler ©C | — ; ¥ ;
Cooling wazer temp. B/A air copler [oC /8 78 S/ 2 20 /L2
Cocling water temp. B/A oil cooler |[Of SR o 20 i E 2y /7 I
Labe oil temp. B/A engine o 6'2/6! guf S FO jf;’? 23
Hezzle cooling pil tesmp. B/A engine | o 5
Fuel oil tems. B encine oc
AmDLENT temperature ec Zo 2o &
Scavenging air pressure b &, /2 2.9 2.7 .
T wazer sressure 3/A encine bar 3 ! ,3_17 ¥ 3‘F
LT wazer j::usurt 3/h encine sar & J"J 5 s 55'
Lube ail pressure BSK filmer £ iy, 2 .2
Fuel zal srespuss BSR gnsin ter é i o, .1
| Kszzie zoolinc mressure B/h ensine | SAT -
| Zarc=eizic cressure | =24 7“[‘* 2y i ?l!fi}’ ]
Feiative mrmidity i ‘f_ Ef E‘T
- o i [
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” == TEST AZPORT CER ED. —ofoo .
'NOHAB DIESEL |2sz e Cizzp wo.  56/{—0f00

| ©:3SRE TYPE J2V2Z

_ WARTSILL DIESEL DIVISION OFDERED BY ENGINE pO. AH3393
JATE Fya09 N}
: I s30m
TEST RESULT g )
| Test Ho. . ! L x -] A
Teat taome liig —8Y /g =FT
Load [ T FS - SO0 |
Reve rpa |. oo g0 0 8 Fo0 }
Voltage v i ) - |
Current ; A = G
Sraks load xp T8 02 2403 Z<03
Engine power . ] /1193 /590 /590
Alternator efficiency 3 L) =
Alternator output s KW
Fuel consumption/time Y 743 =28 225 .
specific fuel comsusption /% 2oy 2a3 204
:} Load indicator position B,.8 B.1 B.r
. Turbocharger speed A om 278ec0o aldeo T FZ000
Turbocharoer speed B Tpm 27900 3l ad K ffelala)
Exha 7 Sl e F X
-/ ‘_t.:rth:::turE ;::it;;:k ::_":_llurl. o - baz I7°C = | bar
Y |a [ 325 22 /28 ) 370| 2z51 /3%
A2 | 3o /32 T | /27
M 290 /37 | 330 /29
M 325 /129 § 370 /37
Cylinder A5 | 30w 234 ) 3<0 /37
as Jave| ¥ /32 ) 390 /37
AT
. AB
Mean valupes A 31y fﬂ? 35-5 sz
3l 1330 | 22 | /06 § 370 | 275 | /37 § 370 | 275 | /34
822 | 320 L | /28 § 350 /372 | 360 /3%
83 log | 375 /28 | 380 /39
B4 | 3485 fod ) 55 /35 | 3so VELS
Cylinder 85 | /0 120 ) 3501 ¢ (35 | 340 /37
| 56 | 320] ¥ ma‘l 3co| ¥ 1 37| 360 725
87 3
1) ]
usan values B B2 [ET N | ,.j'éﬂ EE
o
oc
SCavVencing Air Temperature o 30 J4 IS5
Cooling water temp. B/A encine oc 88 /A0 &8 /S S e% /72
Cooling water te=p. B3/A centr.coocler ©C il e —
Cooling weter texzp. B/A air cooler |oC 22 /28 2Y / 3Y e /38
Cocling water zemn. B/A o0il cooler |OC 28/ kL4 I8/
“obe oil te—z. B/h encine oc 66 /) 7% e / Pé && /76
Nozzle cooling oil temp. B/A engine | ©oC p =
Tuel oil ‘;f_fl'rn: B engine or o
AMSient sesperature oc b A 25 e
SCavenging air pressure bar 125 !::? S 7
2T water cressute 2/A encine tar| - b 3,7 5.8
LT water pressiTe 3/ encine Lar : &if jf-,_.fj- a.9
Lzbe 2il pressure B/A fil-pr bar o . & f . & ‘ﬁ-!/-",‘r'.-{_? :
Tuel z1) rz-esspre DR encins zar L2 2. 75 =7 L |
| “oz=le zooling moesscsw BUA amzin =& —
Zarcmetric pressure =K 7 “}“;/ ?‘i’y h ?-fiu_
Feiz=ive humidizy - 2 gt &l g 42 60




: === | 1=sT RcFoRT CROER NO. SErl-0reo
.NQ_H_AB @:’é;& y [ ENETIH-E_':T?E /E V-EE
o WANIELE THENL i " | oRrcerEp BY ENGINE NO.  AD 3393[V307s)
- EaiE 84-09-/%
T _Isiow .
TEST RESULT = .
Test No. : z 8 R A L
Taat tlime !
Load i reo SO0 re0
Revs rpa |. SO bl A
Voltage v ST = =
Current A T 3 = i
Brake load kp %03 2503 %83
Engine power . kW V=20 5RO P2~
Alternator efficiency i i i s
Alrernator output - kW - o
Fuel consumptiocn/time Aty || 3232 323 F23
Specific fuel consumption  * 5/ KWh| 223 203 203
load indicator position 8.0 g.o g0 -
Turbocharger speed A reE 3900 3900 J2ooo
Turbocharger speed B TP FI9oo Jréco. JF 2000
Lxhaus - " R - - ! »
w-p-::h:n ;::iti;:k :;;liurt' ec — o bl e A B 'ug i tar
P M | 370 | 275 /34 § 380 | 27s | 734 ) 380 | 2Zs| /35
a2 | gso| | | /35 B 3eo. /35 ) 3so /39
a | 330 /29 § 330 L2 l 330 FEr
M | 370 /37 § 370 737 § 370 /3%
Cvlinder as | 3<o0 /37 § 3<0 /371 | 3so /3%
AE . 390 L JF0 | I35 I Fe FEF
AT
AB
Mean values A i
Bl J70 27s | A7+ e 2xs | /34 270 | 2Zs| 35
B2 | &0 /¢ | 350 /Ty )| Fso ;35
83 | 380 /39 I 370 /39 | 380 127
B4 F60 44 J&0 r3r JEO ST
Cylinder = | 3<0 /29 | 350 /37 | 3se /34
| B6 JE0 /2] | Fs0 reg | 7o /24
87 (5
58 l
“pan values 8 J_
o &
o
Scavenging alr temperature (= 33 I8 I8
Coolipg water temp. B/A encine ec &5 /72 s/, 72 J'f:,/?-?
Cooling water tesp. BfA centr.cooler] ©C . =
Caoling wazel temn. B/A air cooler [©C E;/SE Z8/38 ZE8/78
Cooling water tezp. BfA il cooler o g EL] 35‘
Lube oil temn. B/A encine oc 68 /7 S8 T4 S8/ 7%
Kozzle cooling oil temp. BfA engine | oC - i =
Fuel oil tﬂn‘p: B engine =1 - = =
Amoient temperature oc e 2/ =7
Scavenging air pressure bar Fil VA sg9
BT water gressure B/h encine bar 3-8 3.8 3.8
1T warer pressure 3fA encine war A Z.2 . c.2
Lebe oil pressure B/R Filmer Sar 4.0 44%0 4.0 43/%0 40 <3/40
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10, ENGINE BLOCEKE WITH BEARINGS, CYLINDER LINERS, COIL SUMP

10.1 Description

The engine block is cast in cone piece of cast iron. The dis-
tributing pipes for lubricating oil and cooling water as well as
the air receiver are incorporated in the engine block. The main
bearing caps are arranged hanging and support the crankshaft in
interchangeable precision type bearing shells. The upper bhearing
shell is guided in the o©il groove by a lug at each end. The
lower shell has a lug at cne end to be axially located. The
periphery of the shells is longer than that of the bearing bore
and thus provides for the fixation of the shells. The first main
bearing, seen from the driving end, is provided with four thrust
washers in order to guide the crankshaft axially. An extra, so-
called shield bearing may be located next to the flywheel, if
necessary.

The camshaft bearing bushes are in housings directly machined in
the block.

The engine block embodies the cylinder liners, made of special

cast iron and honed to an optimal finish. At the top flange the
liners are sealed against the block metallically, only, at the

lower part by two O-rings.

The crankcase covers and the thick light metal covers of the
camshaft openings are provided with rubber profile gaskets. Some
of the crankcase covers include a spring-loaded safety valve
which releases the overpressure in case of a crankcase explo-
sion. The crankcase is provided with an air vent pipe including
a non-return valve., The air vent pipe should be conducted away
from the engine. A cover incorporating the o0il filling hole is
located at the driving end of the engine.

The oil sump is made of welded steel plates. A rubber profile
gasket seals cff against the block.

10.2 Dismantling of main bearing shells (fig. 10-54)

l. Remove the crankcase covers closest to the bearing in
question,

2. Unscrew the main bearing cap side screws about one turn by
using the wrench combination X-4, see fig. 10=54A,

3. Lift the distance sleeves (B) in position (fig. 10-51A) and

insert the pins (l1l0) into the slots of the sleeves to fix the
sleeves.

4, Connect the hydraulic cylinders (9) to the main bearing
screws, fig., 10-54B., Connect the hoses according to the
scheme 10-51C and open the valve (3) of the hydraulic pump.



22HF,
8308

HE,

MD 10-2

Tighten the hydraulic cylinders further by hand to force
possible oil back to the pump. Then unscrew the cylinders
half a turn (180°). (See section 07.3).

Elongate the screws by pumping the pressure to the wvalue
stated in section 07.3. Fig. 10-54C. Then unscrew the nuts
about one turn by means of the pins.

Release pressure by slowly opening the valve on the hydraulic
pump. Remove the hoses, unscrew the cylinders and remove the
sleeves.

Remove the nuts and apply the main bearing cap lifting tool
832003 (fig. 10-52, 10-54D). Remove the side screws and lower
the cap by means of the lifting tool until the handle rests
on the bottom edge of the crankcase opening. The lower bear-
ing shell can now be removed out of the cap. :

If the main bearing cap is to be removed, shift angle position
of the handle by inserting the locking pins into the other
pair of holes. In doing so it is possible to further lower

the main bearing cap until it is free from the bolts and can
be dismantled. To facilitate this procedure, remove the
neighbouring side screws.

To dismantle the upper bearing shell, insert the dog 851001
{(in-line engine) or 851002 (V-engine) into the crankshaft
journal radial oil hole, turn the crankshaft carefully until

the bearing shell has been turned 180° and remove it. Fig.
10-54E,F.

Cover the two crankshaft journal oil holes with tape.

At least every third main bearing must be in place at the
same time to support the crankshaft.

The thrust washers can be removed from the main bearing cap
when it is in lowered position.

To remove the upper halves of the thrust washers, insert the
turning tool 851005 (in-line engine) or 851006 (V-engine)
into the bearing journal radial oil hole. Turn the crankshaft
carefully 180° and remove the washers.

10.3 Inspection of the main bearing shells and thrust washers

Wash the bearing shells and check for wear, scoring and other
damage. Wear is settled by measuring the thickness of the lower
bearing shells. Use a ball anvil micrometer for this purpose. If
all lower bearing shells are worn to the same thickness they can
be used again unless the shell thickness goes below the wear
limit according to section 06.2 pos. 10, or unless the overlay
plating is worn off from more than 30 % of the surface (trimetal
bearings). If the wear is uneven it is recommendable to replace
the bearing shell.
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| Mark the new bearings with the bearing numbers. |

The thrust washers should be changed in pairs to ensure that the
fFlanges of the axial bearing surfaces are of equal thickness.

No scraping or other fitting of bearing shells, caps or bores
is allowed. Burrs or dirt should be locally removed, only.

The bearing journals should be inspected for surface finish.
Damaged journals (rough surface, scratches, marks of shocks)
should be polished. If after a longer period of running con-
siderably uneven wear appears, section 06.2. pos. 1ll, the
crankshaft may be reground and reassembled together with
thicker bearing shells. Concerning these, see the Spare Parts
Catalogue.

10.4 Installing main bearing shells and thrust washers
(fig. 10-55)

l. Clean the main bearing bore, caps, shells and crankshaft
journal very carefully.

2. Take cff the protecting tape from the crankshaft oil holes
and lubricate the journal with pure engine oil.

3. Lubricate the upper shell bearing surface (not the rear side).
Check that the bearing shells are installed correctly.

4, Place the edge of the shell iﬁ the slot between the crankshaft
and the bearing bore and push it in by hand as far as possible.

5. Place the dog 851001 (in-line engine) or 851002 (V-engine) in
the crankshaft journal radial cil hole and turn the crankshaft
carefully until the bearing shell has been turned into posi-
tion, Fig. 10-55B. Take care that the bearing shell guiding
flap enters the groove without being damaged. Remove the dog.

6. Lubricate the lower shell bearing surface (not the the rear
side) and place it in the bearing. cap; raise the cap by means
of lifting tool 832003 (fig. 10-52, 10-55C) until the lubri-
cated side screws can be screwed into the threads of the
bearing cap by hand. Remove the lifting tool.

7. Lubricate the nuts and screw on by hand,

8. Put the distance sleeves (8) fig. 10-512 in place and keep
them in position by inserting the pins (l1l0) into the holes of
the nuts through the sleeve slots. Screw on the cylinders
(fig. 10-55D) and connect the hoses. Open the valve of the
hydraulic pump. Tighten the cylinders by hand to force poss-
ible o0il back into the pump.

9. When reinstalling the thrust main bearing, force the crank-
shaft axially towards the free end.
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10. When reinstalling the main bearing with thrust washer, pro-
ceed as follows: Remove the tape from the oil holes. FPlace
the dog 851005 (in-line engine) or 851006 (V-engine) in the
o0oil hole. 0il the crankshaft, bearing (not the rear side) and
thrust washers. Place them on the crankshaft and turn the
crankshaft 180° until the bearings are in the correct posi-
tion, then turn the crankshaft backwards and remove the dog.
Mounting of the lower bearing half: 0il the bearings and
thrust washers and mount them in the main bearing cap. Mount
the cap as described in point 8.

Note: The thrust washers are marked according to fig. 10-59
(operating side of the engine).

11. Tighten the side screws, at the rear side only, to 300 Nm
torque, then elongate the main bearing screws by pumping
pressure to the wvalue stated in section 07.3. Fig. 10-55E.

12. Tighten the nuts by the pin (10) until face-to-face contact.
The pressure should be kept constant all the time.

13. Release pressure by opening the wvalve on the pump. Remove
the hoses, unscrew the cylinders and take off the distance
sleeves and pins.

14. Tighten the side screws by using the tool combination fig.
05-15A to the value stated in section 07.1.

15. Before starting the engine after a bearing inspection, check
the crankshaft axial clearance (section 11.3).

10.5 Dismantling and assembling of the shield bearing

Dismantling (fig. 10-56)

If the engine is equipped with an extra main bearing (i.e. a
shield bearing) between the main thrust bearing and the flywheel,
the inspection may proceed as follows:

1. Remove the bottom pieces of the tripartite end cover. The
topmost piece can be left loose in place.

2. Unscrew the four screws fastening the bottom of the bearing
housing to the engine block by means of the tool combination
according to fig. 10-56A.

3. Loosen the nuts of the two vertical screws by the hydraulic
tool according to 10-56B. See section 07.3.

4. Lower the bearing cap so that it rests against the edge of
the oil sump. Fig. 10-56C. (If the cap is to be removed from
the engine, loosen the studs.)

5. Remove the upper shell by turning in clockwise direction
using the tool 851004 placed in the crankshaft journal radial
0il hole. Fig. 10-56D. Remove the turning device. Cover the
oil hole with tape.
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6. Check the bearing in the same way as normal main bearings,
section 10.3.

Assembling (fig. 10-57)

7. Lubricate the upper bearing shell surface and crankshaft
journal.

8. Insert the bearing shell end without lug in the clearance
between the journal and bearing bore grooved edge. Push in
the shell by hand as far as possible.

9. Place the turning device 851004 in the crankshaft journal
radial oil hole and turn carefully in counter-clockwise
direction until the edge of the bearing shell levels with the
bearing housing mating face. Check that the flap at the bear-

ing edge is not damaged. Remove the turning device. Fig.
10-574,B.

10. Lubricate the lower bearing shell surface and place the bear-
ing shell in the bearing cap. Fig. 10-57B.

11. Raise the bearing cap until the bearing shell edges level
and tighten the nuts by hand.

12, Knock the two dowel pins from above to get the lower bearing
house centered.

13. Put the distance sleeves in place, insert the pins in the
slots.

1l4. Screw on the hydraulic cylinders.

15, Connect the hose, open the pump valve and tighten the cylin-
ders further.

16. Pump pressure to the wvalue state in section 07.3 so that the
screws elongate. Fig. 10-57C,

17. Keep pressure constant and tighten nuts by the pins 861025
(fig. 10-51B).

18. Release pressure by opening the pump valve. Remove the hoses,
unscrew the cylinders and take off the distance sleeves and
pins.

19. Tighten the four fastening screws to torque according to
section 07.1. Fig. 10-57D.

1l0.6 Removing and installing the cylinder liners (fig. l0-53)

If a cylinder liner is to be replaced or checked on the water
side, use the tool 836001. Lubricate the threads of the tool and
the contact face of the nut with Molykote Paste G.
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When installing the cylinder liner:

l. Check that the guides and contact face (upper level) of the
engine block are perfectly clean and intact, as well as the
corresponding surfaces of the cylinder 1liner.

2. Check that the two O-ring grooves are clean and fit new
O-rings.

3. Lubricate the O-rings and sealing faces with Molykote Paste G
or soft soap and apply the above mentioned tool to on the
liner, this time for 1lifting.

4. Lower the liner carefully into the bore of the block. When
the first O-rir- touches the sealing face, align liner so
that the scribi 3 mark on the liner flange pecints to the
driving end, lower a bit and press the liner in position by
hand. Give the liner a few blows with a rubber or plastic
hammer, if necessary.

5. Check the bore of the liner, especially straight in front of
the O-rings (390 mm from the upper edge of the liner); see
section 06.2 pos. 10. The out-of-roundness of a replaced
liner must not exceed 0.03 mm.

After having installed the cylinder liner and refilled the
cooling water, check the O-ring seals from the crankcase side.
Circulate water through the engine under high pressure (1.25 x
nominal pressure), if possible (separate cooling water pump).

10.7 Inspection of the camshaft bearing bush

When the camshaft bearing journal has been removed the inner
diameter of the bearing bush can be measured in situ by using a
ball anvil micrometer screw. The wear limit is stated in section
06.2 pos. 10. For visual inspection of the camshaft bearing bush,
proceed as follows:

1. Remove the both camshaft covers adjacent to the bearing
concerned.

2. Remove the cover from the starting air distributor, see sec-
tion 14.

3. Open the flange connection camshaft piece - bearing journal
towards the driving end of the engine seen from the bearing
concerned.

4. Move the part of the camshaft locating towards the free end
of the engine max. 20 mm in direction of the free end by
using a suitable lever.

5. Check the uncovered part of the bearing bush by means of a
mirror. All camshaft bearing bushes towards the free end of
the engine, seen from the bearing concerned, can be checked
when the camshaft is in this position.
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10.8 Removing of the camshaft bearing bush (fig. 10-58)

l. Remove the camshaft cover, injection pump, gqguide blocks and
camshaft piece from the two cylinders adjacent to the bearing
concerned. If it is the guestion of an end bearing the re-
spective camshaft end piece has to be removed.

2. Remove the camshaft bearing journal.

3. Assemble the removing device 834001 according to fig. 10-58
or, for the bearing next to the free end of the engine
according to fig. 10-58B. When it is the question of an end
bearing, insert the guide sleeve (part of 834001) the thicker
part being directed towards the middle of the engine.

4, Tighten the hydraulic cylinder by light tensioning of the
pull screw.

5., Connect the hoses of the hydraulic pump to the hydraulic tool.

6. Pump pressure to the hydraulic tool to withdraw the bearing
bush. The pressure must not exceed 600 bar. If the bearing
bush does not move when this pressure 1s achieved, a light
knock at the end flange of the tool may be necessary.

7. Open the pump valve, disconnect the hoses of the hydraulic
tool and dismantle the removing device.

10.9 Mounting of the camshaft bearing bush (fig. 10-58)

1. Lubricate the new bearing bush lightly with clean engine oil
at the outer surface and put it on the guide sleeve.

2. Assemble the mounting device 834001 according to fig. 10-58C
or, for the bearing next to the free end of the engine,
according to fig. 10-58D. When it is the question of an end
bearing, insert the guide sleeve the thinner part being
directed towards the middle of the engine. Position the mark
on the bearing bush against that on the engine block.

3. Tighten the hydraulic cylinder by light tensioning of the
pull screw.

4, Connect the hoses of the hydraulic pump to the hydraulic tool.

5. Pump pressure to the hydraulic tool to withdraw the bearing
bush., The pressure must not exceed 600 bar.

6. Open the pump wvalve, disconnect the hoses of the hydraulic
.tool and dismantle the mounting device.

7. Lubricate the bearing bush running surface and fit the cam-
shaft bearing journal.

8. Mount the camshaft pieces, guide blocks, injection pump and
camshaft covers.



Z2HF.HE . MD
8308

14

1
13




22HF HE MD
8202




22HF, HE MD
8203

e e = —
n
I —
—— ] — o — -
——— —
S
M= = o e —— —
[RES——
——
]
| BN 1 S
oy
=
et | e sl

A —— | -

(L

wm
|

10-58



22HF. HE . MD
8212

Marking of the thrust washers of the crankshaft

10 - &



00

Contents, instructions, terminology

Ol

Main data, operating data and general design

02

Fuel oil, lubricating oil, cooling water

03

Start, stop, operation

04

Maintenance schedule

05

Maintenance tools

06

Adjustments, clearances and wear limits

07

Tightening torques and instructions for screw connections

08

Operating iroubles

09

Specific installation data

10

Engine block with bearings, cylinder liners, oil sump

11

Running gear: crankshaft, connecting rod, piston

12

Cylinder head with valves

13

Camshaft drive

14

Valve timing drive and camshalft

15

Turbocharging and intercooling

16

Injection system

17

Fuel system

18

Lubricating oil system

19

Cooling water system

20

Exhaust system

21

Starting air system

22

Control gear

23

Instrumentation and automation



22HF, HE, MD 11-1
8308

1l. RUNNING GEAR: CRANKSHAFT, CONNECTING ROD, PISTON

11.1 Description (pages 01-51, 01-52, 01-53, 01-54, 11-51)

The crankshaft is forged in one piece. The first main bearing,

seen from the driving end, is provided with thrust washers and

guides the crankshaft axially. On V-engines all crank webs are

provided with counterweights; on in-line engines counterweights
are used when necessary. Each counterweight is fastened by two
sScrews.

At the driving end of the crankshaft there is a shrunk-on oil
ring preventing oil and gas leakage, and a split gear, see sec-
tion 13. At the free end of the shaft there is, i1f necessary, a
tuning mass or a vibration damper as well as a gear for driving
of the pumps.

4R22 balancing arrangement. The four-cylinder in-line engine is
equipped with two balancing shafts which rotate at a speed twice
the crankshaft speed. The shafts are driven by the crankshaft
through an intermediate gear. Each shaft is pivoted in four
pressure lubricated sliding bearings, one of which is axially
guiding. The counterweights are integrated into the shaft. Nor-
mally, the arrangement needs no maintenance. In connection with
overhauls of the engine the sliding bearings can be inspected.
In case the transmission has been opened it is absolutely
necessary to make sure that the marks of the gears remain in
their initial positions.

The flywheel is fastened to the crankshaft by four screws,
partly, and partly by the screws of the power take-off shaft.
Normally, these screws are provided with clearance holes and
compress the flanges, the flywheel being in between. The power
is conveyed by the frictional force between the flanges. The
Vasa 22HF, HE, MD diesel engines can be eguipped with a power
take-pff at the free end of the engine, when necessary.

The flywheel position indicator is equipped with a nonius scale
for reading of the engine crank angles, at an accurcy of 1°, on
the graduation of the flywheel.

The turning device consists of a gear to be coupled to the
square pin of the ratchet, fig. 11-52D. The rotational direction
for turning can be reversed by altering the ratch position of
the ratchet. A warning light on the instrument panel of the
engine will switch on when the turning device is connected.

In line engines are turned by means of a lever to be inserted in
the flywheel holes.

| Note! Always remove the turning device before starting.|

The connecting rod is drop forged, machined and precision ser-
rated in the mating face. The big end bearing is a trimetal bear-
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ing of the same design as the main bearings. Lubricating oil is
fed through the main bearings and bores in the crankshaft.

The gudgeon pin bearing has a larger bearing surface on the
lower side where the load is larger. Lubricating oil is 1led
through bores in the connecting rod from the big end bearing.
The connecting rod is guided axially from the piston through the
top part of the gudgeon pin bearing.

The gudgeon pin is hollow and is provided with radial holes to
convey lubricating oil from the connecting rod to the piston.
The pin ends are covered to prevent oil from escaping. The
gudgeon pin is fixed axially in the piston by means of oval
retainer rings.

The piston is made of nodular iron and is cooled with the engine
lubricating oil conveyed through the gudgeon pin into an annular
space, from which the oil is allowed to flow to the engine oil
sump through a hole. The skirt of the piston is lubricated with
0il from bores drilled to the gudgeon pin bearing. The two top
ring grooves are hardened.

| Note! Always handle the piston with care. |

The piston ring combination includes three compression rings,
the two top rings of which are chromium-plated, and one spring-
loaded, chromium-plated oil scraper ring.

11.2 Crankshaft alignment (applies to a heated engine)

1. Turn the crank of the first cylinder near the bottom dead
centre, apply the crankshaft indicator (a dial micrometer
with the tip distance of 150 mm for the V-engine and 96 mm
for the in-line engine) between the two crank webs into the
centre marks provided for this purpose, whereby the clearance
between the micrometer and connecting rod should be as small
as possible, and set the micrometer at zero.

2. Read the various deviations when turning the crank to the
rear side, top dead centre, operating side etc. Record in
the crankshaft alignment measurement records (the forms are
included in every delivery). Repeat this procedure with the
other cylinders.

The difference between two diametral readings of the same
crank must not exceed 0.04 mm after installing and realigning.
If the difference is more than 0.07 mm realignment is recom-
mended; at 0,10 mm realignment is absolutely necessary. Before
realigning the engine and driven machinery, check the main
bearing shell thickness.

3. When the last crank throw is in the TDC the reading should be
negative, max. -0.04 mm, or zero. The recommended value is
-0.02 MM «
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4. If the values stated in point 2 and 3 cannot be achieved,
repeat the alignment.

5. When the cylinder block and the generator have been aligned,
always check the axial clearance.

Engines with a torsional elastic coupling connected to the fly-
wheel have a larger difference at the crank web next to the fly-
wheel owing to the crankshaft deflection. After installing and
realigning such engines the difference must not exceed 0.06 mm.
The crank pin being upwards the reading is negative on this crank
web. Maximum allowed deviation before realignment is absolutely
necessary is in this case 0.11 mm.

11.3 Control of the axial clearance

Before checking the crankshaft axial clearance by using a dial
micrometer, run the engine prelubricating pump for a few minutes
to lubricate the bearings. Stop the pump and apply the dial
micrometer to the face of the flywheel, for instance. Then set
the micrometer at zero, move the crankshaft in the opposite
direction and read the axial clearance on the micrometer.

The axial clearance should be kept within the limits stated in
section 06.2 pos. 10,

When installing and realigning, check also the radial clearance
around the periphery between the crankshaft flange and the tri-
partite driving end cover. The normal clearance is 0.62...0.93 mm.

11.4 Removal of the connecting rod and piston (fig. 11-52)

l. Remove the cylinder head (section 12.2). Scrape off any car-
bon around the upper portion of the cylinder liner. (It is
advisable to cover the piston top with cloth or paper pressed
tightly against the wall to collect carbon or other dirt
which has come loose.)

2. Clean the threaded hole in the piston with the tap M12 and
screw on the lifting tool B32002 by using the hexagon screw
MlszU- Figt 11—523;(:.

3. In-line engine: Turn the crankshaft 95° from the TDC towards
the manoeuvring side of the cylinder in guestion.

V-engine, A-bank: Turn the crankshaft 95° from the TDC towards
the A-bank of the cylinder in guestion.

V-engine, B-bank: Turn the crankshaft 95° from the TDC towards
the B-bank of the cylinder in guestion.

Fig. 11-52D. (The figure applies to V-engines, only. When
turning in-line engines, use a turning lever (844022) which
should be attached to the holes on the flywheel.)
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4. Lift the distance sleeves, 861033 for the in-line engine and
861026 for the V-engine, on to the connecting rod screws.

5. Screw on the hydraulic tools; for the in-line engine the
hydraulic tool 861034 with the distance piece 861032 screwed
on to the hydraulic piston (fig. 11-52E), for the V-engine
the hydraulic tool 861027.

6. Connect the hoses according to fig. 11-55 and open the pump
valve.,

7. Screw on the hydraulic tcols until the piston is in bottom
position.

8. Unscrew the hydraulic tocls about half a turn {180°).
9. Shut the pump walve and pump to stated pressure.
10.Unscrew the nuts about half a turn by the pin 861025,

l1.51lowly open the pump valve, disconnect the hoses and screw
off the hydraulic tools.

l12.8crew off the nuts and undo the connecting rod screws by the
stud teool 803011, Fig. 11-52F,G.

13.Lift the big end bearing cap together with the bearing shell
out of the engine. Fig. 11-52H,

l14.Lift the piston a little to remove the upper big end bearing
shell; this applies to the in-line engine, only. On V-engines,
mount the protecting rails 835003 and 835004 in position above
the connecting rod serration. Fig. 11-54. When lifting the
piston, take care not to damage the crank pin and the cylinder
liner wall. Fig. 11-52I.

15.Cover the crank pin oil holes with tape.

16.1f the connecting rod is to be withdrawn from the piston,
remove the retainer ring from the gudgeon pin hole in the
piston, fig. 11-53A, on the side where the gudgeon pin draw-
ing number is, by using the retainer ring pliers 843004.

Note! Never compress the retainer ring more than barely to
be able to remove it from the groove.

Push out the gudgeon pin from the opposite side. If the
piston temperature is lower than +18...19°C the gudgeon pin
may stick but will be easily removed after heating the piston
to about 30°C.

17.To remove the piston rings, use the piston ring pliers
843003, fig. 11-53B. The design of these pliers prevents from
overstressing the rings. However, the piston rings should not
be removed unless the rings and grooves require cleaning,
measuring etc. If the piston rings are to be reinstalled,
note how they are turned, see section 11.6.3.



22HF, HE,
8308

MD 1=5

Every time when removing the piston, careful records should be
made. Use the sheet "Service report" supplied with every
installation.

11,

5 Maintenance of the piston and connecting rod

i -

2,

3.

4.

5.

Ll

When removing burned carbon deposits from the pistons par-
ticular care should be taken not to damage the piston
material. Never use emery cloth. The cleaning is facilitated
if coked parts are soaked in kerosene or fuel. An efficient
carbon solvent - e.g. ARDROX No. 668 or similar - should pre-
ferably be used to facilitate the cleaning and to protect the
pistons against mechanical damage. When using chemical clean-
ing agents, take care not to clean the piston skirt with such
agents; the phosphate/graphite overlay may be damaged. Measure
the height of the piston ring grooves, see section 06,2

pos. 1l.

In case of excessive fouling or sticking, the piston rings
should be removed from the pistons and checked.

Check the rings for wear by inserting them into a new cylin-
der liner and measuring the ring gaps at the joint. Also
check the clearance of the rings in their grooves, see sec-
tion 06.2 pos. 1ll.

Especially the two chromium-plated topmost piston rings
should be examined. If the chromium-plating is worn through
the ring should immediately be replaced by a new one.

If the cylinder liner is new or rehoned, all rings are to
be replaced by new ones.

Check the end plugs of the gudgeon pins.

Check the gudgeon pin and big end bearing clearances (section
06.2 pos. 11) at intervals according to section 04. They will
easily be checked by meauring the pins and bearing separately
(the big end bearing being tightened to full torque). When
using a feeler gauge the gauge should be formed of as many
thin blades as possible; if using thick blades the overlay
plating of the bearing may be damaged.

Check that the serration of the connecting rod is not damaged.

6 Installing the connecting rod and piston (fig. 11-53)

1.

2.

Check that the bores for the skirt lubrication are not
blocked.

The gudgeon pins should always be inserted from the same side
of the piston from which they have been removed and should

be placed the same way around, see section 11.,4.5. If the
piston temperature is lower than +18,..19°C the gudgeon pin



22HF, HE,
8308

MD 11-6

may stick but will move freely if the piston is heated in oil
to about 30°C. Oil the pin with lubricating oil before
installing.

Note! Never compress the retainer ring more than barely to be
able to fit it in the groove. If the ring is loose in the
groove after installation it should be replaced.

When mounting the piston in the connecting rod, see that
the cylinder number stamped on the piston crown and the
connecting rod are on the same side. When changing a piston,|
mark the new piston with the same number as the replaced |
one. The arrow on the piston head should point to the cam- |
shaft side. |

0ld piston rings should always be placed in the same groove
and the same way around as when taken out,

Before installing new piston rings always check the gap clear-
ance by fitting the rings into a new cylinder liner. Check
also the vertical clearance in the ring grooves (section 06.2
pos, 11l).

When installing the rings, use the piston ring pliers. The
ring joints should be located 120° in relation to each others.

Clean the piston, cylinder liner, connecting rod bearing bore
and crank pin carefully. Wash the big end bearing. When
changing bearings, both bearing shells should be marked with
the cylinder number in the same way as the replaced one. 0il
the piston and crank pin with lubricating oil. Place the
clamp device for the piston rings around the piston, fig.
11-53C. Check that the piston rings slide into the grooves
without being damaged.

In-line engine: Turn the crankshaft 95° from the TDC towards
the manceuvring side of the cylinder in question.

V-engine A-bank: Turn the crankshaft 95° from the TDC towards
the A-bank of the cylinder in question.

V-engine B-bank: Turn the crankshaft 95° from the TDC towards
the B-bank of the cylinder concerned.

In V-engines, mount the upper bearings shell and the protect-
ing rails 835003 and 835004, see page 11-54. Lower carefully
the piston. Turn the piston and connecting rod so that the
side with the cylinder number faces the camshaft. In-line
engine: When the connecting rod is lowered to the vicinity of
the crank pin, apply the upper bearing shell in the bearing
bore observing that the guiding flap slides into the recess
of the connecting rod.

Lubricate the threads of the big end bearing screws with oil.

Lift the bearing cap together with the lower bearing shell in
place. Fig. l11-53E. Attach the connecting rod screws and
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tighten to stated torgque by using the stud tool 80301l. Fig.
11-53F, G. Screw on the nuts and tighten by hand until the
lower joint face of the big end bearing cap contacts that of
the connecting rod, starting with the lower nut.

6. Lift the distance sleeves, 861033 for the in-line engine and
861026 for the V-engine, on to the connecting rod screws.

7. Screw on the hydraulic tools; for the in-line engine the
hydraulic tool 861034 with the distance piece 861032 screwed
on to the hydraulic piston (fig. 11-53H), for the V-engine
the hydraulic tool 861027.

8. Connect the hoses according to fig. 11-55 and open the pump
valve.

Y. Tighten the hydraulic tools until the piston is in bottom
position.

10.8hut the pump valve and pump to stated pressure. Fig. 11-53H.
l1l.Tighten the nuts by the pin 861025.

12.51owly open the pump valve, disconnect the hoses and screw
off the hydraulic tools.
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WARTSILA DIESEL CANADA INC.

Burnside Industrlal Park
50 Akerley Bivd., Unit #11
Dartmouth, Nova Scotla
Canada B3B 1R8

TO: CCGS Samuel Risley
Attn: Peter Green

Fax No:

From: M. Gammon

WARTSILA DIESEL P.B1

FACSIMILE TRANSMITTAL

Telefax No: [902}.465-1 265
Telephone No: (902) 468-1264

Operator: dg
February 25, 1997

# of pages Inciuding
Cover sheet: @ &

our ref: 970225-01

Subject:  Vibration Damper

=

Please find attached Information on the Gleslinger dampers Installed on the
12V22 engines. Sorry the earlier information wae for a larger damper.

The damper should have oll inside. On start up after installation the unit
should be bleed by removing the bleed screw No. 32. When the engine is In
operation the oll Is vented by the way of a nozzle. When servicing the dnmpar .

this nozzle should be cleaned.

If as you say the damper has no oll Inside please remove plate No. 110-019
and check that there Is no plug Inside the C/S, If there Is plug please remove It

and reinstall plate 110-018.

Attached you will find a parts list, drawings of the damper, and where 10

check the dimenslons.
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Schedule balow ghows intervals of various kLn&njnf
inspactions. :

Intervals in hours of services
Kind of inspection Lann.2000 | 18-20000 | 40~60000

Superficial inspac-
tion for oil leakage
acg,to chapter 4.1

Dismantle dampex, = P
clean all parts and
replace all rubber X
seal rings (chapter 3)

Service or replace-
ment of spring packs 4

5. Allowable weasx

5.1 Rubber geal ripgs

Total wear mugt not exceed 5 4

of the rope diameter (see fig.1)
Independent from wear all rubbar
rings and gaskets should be ra-
naved whenever damper is taken
apart. Becauss of lesakage problsams
vulcanized rubber rings do not
sult this application! Use saam-

less rings onlyl "
For ring-material see list of parts! i
rig. 1 3
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5.2 Ipner ﬂgggngj!gﬂl And gruouve flapks ;

Wear takes place due to lack of oil supply.

Spriny packs consisting of two coniocal spring blades
only arxe clamped in the innerstar greoves their
innor spring ends,_ thus produecing a slight jpraload
of the springs. The allowable wear will be attained
as soon as the prelead of the springs is not -milting
any mure and an additional clearance of ‘" mm side
bgtween spring ende and groove flanks occures (totalling
2'z wm 1f one side of spring end rests oh groove flank)
sec fig.2.

N\l |
lig. 2
4 \ N ig
] _
R L S .

6. General working conditlons:

A TSR s e o S T AT e R ST I O S e

= 0il pressure at oilinlet of damper to be 2,% bar minimum.(u.0. 8

= Ambhient temperature from - 20° to + 120 ol -
(unlasg otherwiso stated). |

7. Assambly and disapsmombly of spring unit:

7.1.1 Note that mark nuﬁb-r- nntinteznudi te ring (4}
and aélamping ring (5) must ‘coneide, ]Ilﬂ dAwgy .CE476)

7.1.2 To press off the clamping (5) use sukiliary
rings as shown on dwgs.no.0 6475 (item 60,61)
or eyuivalent rings of same hight.

‘.FH

B = w0
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5 1 41Crav clenping ring 1C 41
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1l2. CYLINDER HEAD WITH VALVES
12,1 Description (fig. 12-51)

The engine cylinders are provided with separate heads of cast
iron. Each head includes two inlet valves, two exhaust valves, a
centrally located fuel injection wvalve, a starting wvalve and an
indicator wvalve.

The inlet and exhaust valves are identical and designed with
hard-faced seat surfaces and chromium-plated stems and they
tight against shrunk-in seat rings in the cylinder head. The
exhaust valve seats are water-cooled.,

Use the forms "Service Report".

12,

2 Removing the cylinder head assembly (fig. 12-53)

1.

2.

Drain cooling water. Remove the cooling water outlet pipe.
Figv 12“53ho

Remove the cylinder cover and the sheet covering the injection
pumps. Fig. 12-53B.

Remove the exhaust pipe fastening screws using the tool
according to fig. 12-53C. Loosen the o0il pipe and the start-
ing air pipe. Remove the injection pipe. Fig. 12-53D,

Remove the rocker arm bracket and the push rods as well as
the caps of the cylinder head screws., Fig. 12-53E.

Lift the hydraulic cylinders B61020 in place and screw them
on the cylinder head screws, fig. 12-53F. Connect the hoses
according to the scheme 07-52B, open the wvalve of the hydrau-
lic pump and tighten the cylinders further to drain possible
0il. Then loosen the cylinders half a turn (180°), Fig.
12-53H. See section 07.3.

Tighten the screws by pumping hydraulic pressure to the value
stated in section 07.3, and then loosen the nuts about one
turn1 Fig- 12“531.

Release pressure by opening the wvalve of the hydraulic pump,
loosen the hoses, unscrew and lift off the cylinders.

Remove the cylinder head nuts. Fig. 12-53K.

Apply the lifting tool 832005, Fig. 12-53L.

10. Lift off the cylinder head, fig. 12-53L, Cover the cylinder

11,

opening with a slab of wood or similar. Fig. 12-53M,

Apply the caps to protect the screw threads.



22HF, HE, MD 12=-2
B308

12.3 Installing the cylinder head (fig. 12-54)

1. Check the sealing rings of the water, charge air and starting
alr connections and of the push rod protecting pipes, check
the cylinder head gaskets. Clean and oil all sealing surfaces.
Put the exhaust pipe sealing ring in place. If necessary,
press it slightly to make it stick in the groove. Fig. 12-54A.

2, Apply the lifting tool 832005 to the cylinder head.

3. Lift the head above the cylinder and lower it carefully. When
lowering the head, take care that the starting air connection
pipe, the air pipe and the push rod protecting pipes slide
into the seals without force. Fig. 12-54B.

4. Screw on the cylinder head nuts. Fig. 12-54C.

5. Lift the hydraulic ecylinders 861020 in place. Screw on the
cylinders, connect the hoses and open the valve of the
hydraulic pump. Tighten the cylinders by hand to drain poss-
ible o0il in the cylinders. Fig. 12-54D,E,F,G.

6. Tension the screws by pumping pressure to the value stated in
section 07.3. Fig. 12-54H

7. Tighten the nuts by means of the pin until firm contact. Keep
pressure constant. Fig. 12-54T,

8. Release pressure by opening the pump valve. Fig. 12-54K,
9. Remove the hoses, unscrew and lift of the hydrulic cylinders.

10.Apply the protecting caps to the cylinder head screws. Fig.
12-54L.

11.Fit the yokes. The yokes must be fitted on the correct yoke
guides. Note the marks on the yokes: Ex = exhaust valves;
In = inlet valves. Fig. 12-54M, Check that all studs of the
rocker arm bracket fastening are fully countersunk in the
cylinder head before the rocker arm is mounted. If the studs
are not fully screwed in, loosen them and apply Loctite 270
on the threads. Then screw in the studs completely in the
cylinder head.

12.Fit the push rods and the rocker arm bracket. Tighten the
nuts to the torgue stated in section 07.1. Fig. 12-54N, 0.

13.Connect the exhaust, cil, injection and starting air pipes
and fit the water outlet pipe. Fig. 12-54P,R,S.

l4.Adjust the valve clearances. Fig. 12-54T and page 12-55.

15.Replace the cylinder head cover and injection pump cover.

lé.Before starting, fill the engine circulating water system
and turn the engine some revolutions the indicator valves
being open. Fig. 12-54V,W.
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12,4 Adjusting the valve clearance (fig. 12-55)

L

2.

34

4.,

Turn the engine to the TDC at ignition for the cylinder con-
cerned. See section 00.3.

Loosen the locking nuts of the adjusting screws on the rocker
arm as well as on the yoke. Unscrew the adjusting screws to
provide ample clearance. Fig. 12-55B,C,D.

Press the fixed yoke pin against the end of the wvalve and
tighten the adjusting screw. When the adjusting screw touches
the valve end (fig. 12-55F), turn further until the fixed pin
starts lifting from the valve end (fig. 12=-55G). Turn the
adjusting screw backwards to a position between 12-55F and
12-55G. Tighten the locking nut while fixing the adjusting
screw. Fig. 12-55H.

Insert a feeler gauge corresponding to the wvalve clearance
between the pressure surface of the yoke and the shoe of the
rocker arm. Tighten the adjusting screw until the feeler
gauge can be somewhat moved to and fro. Tighten the locking
nut while fixing the adjusting screw. Fig. 12-55I,E. Check
that the clearance has not changed while tightening. The
feeler gauge to be used should be broad enough, otherwise the
sliding shoe may come on the cross.

W

12.5 Méintenance of the inlet and exhaust valves (fig. 12-52)

12.5.1 Removing the valves

a) Fit the tool 846010 according to fig. 12-52D.

b) Depress the springs by turning the device clockwise.

c)

d)

Knock at the centre of the wvalve discs, one at a time,
whereby the cotters come loose and can be remowved.

Unload the tool. The spring retainers and the springs can now
be removed.

e} Check that the valves move easily in the guides. HNote in

which guide each valve was situated before.

12.5.2 Checking and reconditioning the valves and seats

1.

2.

Clean the valves, seats, ducts and guides as well as the
underside of the head,

Check the sealing faces at the valves and the sealing rings.
For thls purpose 1t 1s recommended to apply a thin layer of
fine lapping compound to the valve seat and rub the wvalve
slightly against the seat a few times by hand. If the sealing
faces are bright or if there is a coherent sealing face
grinding is not recommended. If there is slight pitting,
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only, lapping is recommended. If the pitting extends over
nearly the entire sealing face or if imperfect sealing is
observed the wvalve and the seat should be reground.

Before grinding, check the wvalve stem clearance. If the
clearance 1s too large, measure the stem and guide and change
the worn part; the valve gquide can be pressed out. Check the
bore in the cylinder head. When refitting, cooling-in with
liguid air is recommended, but pressing in with oil lubrica-
tion can also be accepted. After fitting in, check the guide
bore and calibrate, if necessary.

Lapping. If there are slight pits on the sealing faces they
can be lapped by hand:

- Fit the turning tool to the valve, fig. 12-52E.

— Apply a thin layer of lapping compound to the sealing sur-
face of the valve; No 1 for coarse lapping, Mo 3 for fine
lapping.

- Rotate the walwve to and fro towards the seat with the nut
speeder. Lift the wvalve from the seat at intervals while
lapping.

- Remove the smallest possible amount of material because the
sealing faces have hardened during operation and are wvalu-
able, It is not necessary to grind off all pits.

- Clean the valve and seat carefully after lapping.

Machine grinding. If there is deep pitting or other damage
the valve and seat should be ground by machine:

Seat face of the wvalve

The seat angle of the wvalve is 30° with a tclerance of -0.5°
to achieve contact to the seat at the periphery. Minimum
allowable edge thickness of the valve is 5.2 mm; after that
the wvalve must be replaced.

After grinding, light lapping is recommended to provide con-
tact of the seat and wvalve all around.

Seat ring for the inlet valve

The seat angle of the inlet valve seat ring is 30° with a
tolerance of 0.,25°,

The seat can be ground until the outer seat diameter is
74 mm; after that the ring must be replaced by a new one.
After grinding, light lapping is recommended to provide
contact between the valve and seat.
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Seat ring for the exhaust wvalve

The seat angle of the inlet valve seat ring is 30° with a
tolerance of +0.2°,

The seat can be ground until the outer seat diameter is 73 mm.

After grinding, light lapping is recommended to provide con-
tact between the wvalve and seat.

Change of the seat ring

Removal of the old ring (fig. 12-52a)

Fit a flat bar of the dimensions 10x30, roughly, to the seat
inner diameter and weld it to the seat by electric beam weld-
ing.

Also a scrapped wvalve can be used, and in such a case it is
recommended to weld all arcound.

Press or knock out the ring through the valve guide with an
arbor.

Fitting a new inlet valve seat ring (page 12-52)

Check the bore diameter in the cylinder head, see section
06,2, pos. 12.

The ring can be assembled by freezing in with ligquid air of
-190°C the cylinder head temperature being min. 20°C, or by
pressing in with a guided arbor.

Always make sure that the ring contacts the bottom of the
bore.

Check the excentricity of the sealing face in relation to the
valve guide, fig. 12-52C, and if it exceeds 0.1l mm the seat
surface must be ground by a seat grinding machine.

Fitting a new exhaust valve seat ring

For fitting an exhaust valve seat ring the tool 834002 is
required.

Check the bore diameters in the cylinder head. Cool the seat
rings in a thermostat controlled freeze box to -15...30°C.
Note! The seal rings will be damaged at lower temperatures.

Put the new seal ring on the seat ring and apply Loctite 272
on the bores in the cylinder head and on the corresponding
surfaces of the seat ring.

Put the seat ring into the guiding bush and press in the seat
with the guided arbor.
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13. CAMSHAFT DRIVE (fig. 13-51)

13.1 Description

The camshaft is driven by the crankshaft (1) through a gearing.
The gear on the crankshaft is split and fixed to a flange on the
crankshaft with axial screws (4). These screws as well as the
fastening screws of the gear are locked with Loctite 242. A pair
of intermediate wheels (5) and (6) are pivoted on a bearing
journal.

The camshaft driving gear (18) is guided to the camshaft bearing
journal with a pin (22) and fastened by means of a flange con-
nection between the bearing piece (20) and the camshaft extension
(25). The camshaft extension supports alsoc a worm gear (23) for
the speed governor drive and the overspeed trip (in the V-engine
on the A-bank). An cil jet provides for lubrication and cooling
of the gears.

13.2 Disassembling the gearing

Before removing the gearing, check the tooth and bearing clear-
ances at intervals according to section 04.

1. Remove the camshaft cover and the gear covers.
2, Unscrew the screws of the flange connection (19).

3. Unscrew the fastening screws (28) of the overspeed trip, on
the B-bank the screws of the bearing housing.

4. The overspeed trip or the bearing housing as well as the
camshaft extension (25) can now be withdrawn axially.

5. Unscrew the screws (21) of the camshaft driving gear. Remove
the camshaft gear (18).

6. Loosen the screws (13), (10) and (15) (2 pcs) in the order
mentioned. Remove the flange (14).

7. Turn the crankshaft until the flywheel hole (diameter 60 mm)
at the inside of the rim is in front of the intermediate wheel
bearing pin.

8. Unscrew the screw (13) about 10 mm and press out the bearing
pin. Remove the screw and withdraw the bearing pin.

9. .The intermediate wheel can now be lifted out, for instance by
means of a rope sling.

10. Crank the flywheel to a position that makes it possible to
remove the intermediate wheel bearing pin (ll) out of the
flywheel hole.
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The pair of intermediate gears should not be disassembled
unless necessary because the two wheels are adjusted be-
tween themselves to give correct cam positions on each
cylinder bank.

13.3 Installing the gearing

15

Turn the crankshaft as follows:

a. In-line engines: Turn the crankshaft to the TDC for cyl-
inder Mo 1.

b. V-engines, the camshaft gearings of both cylinder banks
removed: Turn the crankshaft to the TDC for cylinder Wo Al.

c. V-engines, the gearing of the A-bank installed, the gear-
ing of the B-bank removed: Turn the crankshaft to the TDC
at ignition for cylinder No Al (see section 00.3}). Then
turn 55° to the TDC for cylinder HNo El.

d. V-engines, the gearing of the B-bank installed, the gear-
ing of the A-bank removed: Turn the crankshaft to the TDC
at ignition for cylinder No Bl (see section 00.3). Then
turn to the TDC for cylinder No Al.

In connection with turning, place the bearing pin in the
hole of the flywheel rim which is nearest to "Cyl. 1 TDC".

Place the intermediate bush (12} in its bore and lower the
completely assembled intermediate wheel for instance by means
of a rope sling. By using a mirror, check that the marked
tooth of the intermediate wheel meshes properly with the
marked tooth gap on the split gear (2). See fig. 13-51.

Turn the crankshaft carefully, the intermediate wheel meshing
with the crankshaft gear, until the bearing pin (11) is in
front of the bore and can be fitted in the intermediate gear
and the bush (l1l2). Turn the crankshaft to its original posi-
tion, i.e. the TDC at ignition for cyl. 1 according to pos. 1.

Coat the screw (13) with Loctite 242 and screw it in by hand.
Fit the flange (14) together with a new O-ring and tighten
the screw (15). First tighten the screw (1l0) and then the
screw (13).

Measure the axial clearance of the intermediate wheel bearing
and the backlash between the wheels (2) and (5). See section
06.2 pos. 1l3.

Apply locking wire between the screws (10) and (15).

The camshaft driving gear is meshed in and is installed so
that the mark matches the edge of the engine block, fig.
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13-51D. On the driving gear there are marks for the A-bank as
well as for the B-bank. The guiding pin (22) indicates the
fixing of the camshaft and the gear in relation to each
other., Tighten the screws (2l1) to torgque according to section
07.1. These screws are treated with locking compound and may
be reused twice before the locking effect is lost, in case
they are only slightly cleaned with rags.

9. Install the overspeed trip and the extension piece (25).

10. Measure the backlash between the wheels (6) and (l8). See
section 06.2 pos. 13,

ll. Install the adjacent components. For covers not having
gaskets, use non-drying sealing compound.

12. Check the firing segquence of the V-engine cylinder banks
({section 01.1).

13. Check the valve timing of one cylinder, at least (see sec-
tion 06). If any details of the gearing have been changed,
the injection pump delivery start should be checked according
to section 16.4.
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l4. VALVE TIMING GEAR AND CAMSHAFT (fig. 14-51)

14,1 Valve mechanism, description

The valve mechanism consists of valve tappets of the piston type
moving in a common guide block of cast iron, tubular push rods
with ball joints, drop forged rocker arms pivoted in a rocker

arm bearing bracket and a yoke guided by a yoke pin. Normally,
the valve mechanism needs no maintenance, but inspection of the
components and check for wear should be done at intervals accord-
ing to section 04, Data are stated in section 06. The wvalve
clearance adjustments are described in section 12.4.

As a rule it can be said that components which have been working
together for a long time and thus have worn somewhat in relation
to each other should be installed in the same place to avoid
Unnecessary wear.

14.2 Dismantling and assembling the rocker arm bearing bracket

1. Remove the bearing bracket from the cylinder head by loosen-
ing the nuts (4).

2. The rocker arms can be dismantled by removing the locking
ring (1} with the pliers 843001.

3. When cleaning the rocker arm bearing bracket and the bearing
pin, pay special attention to the oil holes.

4, Inspect and measure the details for wear (section 06.2 pos.
14).

5. 0il the details with lubricating oil before reassembling.

6. Measure the axial clearance of the rocker arms after assembl-
ing, min. 0.15 mm.

14.3 Dismantling and assembling the wvalve tappets

1. Remove the guide block (10) from the engine. The rocker arm
bracket and the push rods including the protecting sleeves
have to be dismantled first,

2. Remove the locking sheet (15).

3. The valve tappets can now be withdrawn. Mark the components
so that they can be refitted in the same position.

4. The tappet rollers, bushes and pins are separated by pushing
out the pin (14).
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5. Remove the covers (l7) to clean and measure the guide block
bores. Change the O-rings of the cover if they are damaged or
hard.

6. When cleaning the components, pay special attention to the
angular holes in the tappet and the pin.

7. Inspect and measure the components for damage and wear. Sec-
tion 06.2 pos. 1l4.

8. When reassembling, it is advisable to lubricate the compo-
nents with Molykote Paste G.

9. When fitting the locking sheet (15), use undamaged corners of
the sheet to lock the screws (16). Take care that there are -
or are caused - no metal parts which may come loose.

10. Before fitting the guide block, check the flange gasket and
replace it by a new one, if necessary.

14,4 Camshaft description (fig. 14-52)

The camshaft is built up of one-cylinder camshaft pieces and
separate bearing journals. The drop forged camshaft pieces have
integrated cams the sliding surface of which are case hardened.
The bearing surfaces of the journals are induction hardened. The
camshaft is driven by the crankshaft through a gearing at the
driving end of the engine. At this end the camshaft is equipped
with an overspeed trip and a helical gear for driving of the
speed governor. At the free end the camshaft has an extension
with a cam for operating the starting air distributor.

On the V-engine B-bank the camshaft has only an axial bearing
situated at the driving end.

l4.5 Removing a camshaft piece (fig. 14-53)

l. Remove the camshaft cover, the injection pump and the guide
blocks from the cylinder concerned.

2. Unscrew the flange connection screws (fig. 14-53A) from both
ends of the camshaft piece by using the tool combination

3. Remove the cover from the starting air distributor and move
the part of the camshaft locating towards the free end of the
engine 15...20 mm in direction of the free end by using a
suitable lever.

4. Disengage the camshaft piece from the centerings and fixing
pins and remove it sideways (fig. 14-53B, C).
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14.6 Mounting of a camshaft piece (fig. 14-53)

l. Clean and degrease the flange connection surfaces and the
threaded holes.

2. Fit the fixing pins and retainer rings with the longer part
of the pin in the bearing journal.

3. Mount the camshaft piece on the fixing pin and centering at
either end. Then compress the camshaft.

4. Fit the flange connection screws dry and tighten by using the
tool combination 05-15B. The flange connection screws are
treated with locking compound and can be used three times if
carefully cleaned.

5. Check the valve tappets and rollers carefully. Even slightly
damaged tappet rollers have to be changed.

6. Mount the cover of the starting air distributor, the guide
blocks, injection pumps etc.

7. Check the valve clearance and delivery start of the injection
pumps on all cylinders towards the free end.
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15. TURBOCHARGING AND AIR COOLING

15.1 Description (fig. 15-51)

The turbochargers are of the axial turbine type. The insert
type charge air cooler is mounted in a welded housing which, at
the same time, serves as a bracket for the turbocharger. The
housing is fastened to the engine block by screws at the free
end of the engine. V-engines have two identical cooler inserts
in a common housing.

The gas inlet and outlet casings of the turbocharger are cooled
with water and connected to the engine cooling system. The tur-
bocharger has a lubricating oil system of its own.

The air outlet casing is connected to the air duct and the
exhaust pipes to the gas inlet casing through metal bellows. The
exhaust pipe after the turbocharger should be arranged according
to the installation instructions.

Turbochargers for engines running on heavy fuel (22HF and 22HE)
are eqguipped with cleaning devices for washing by water of the
compressor and the turbine.

Turbochargers for engines running on marine diesel fuel (22MD)

are equipped with cleaning devices for washing by water of the
compressor.

15.2 Turbocharger maintenance

Normal overhauls can be carried out without removing the turbo-
charger from the engine.

When dismantling, remove the connection pipes for water. Loosen
the exhaust inlet and outlet pipes.

When reassembling, take care that all seals are intact. High
temperature resistant lubricants are used for exhaust pipe
screws.

Maintenance of the turbocharger is carried out according to
section 15.3 and to the instructions of the turbocharger
manufacturer. It is recommended to use the service net of the
engine manufacturer or the turbocharger manufacturer.

15.3 Water cleaning of turbine during operation (fig. 15-52)
(applies to engines running on heavy fuel, i.e. 22HF and 22HE)

1. Principles of the cleaning method

As practical experiences show, the dirt deposits on the turbine
side can be reduced by periodic cleaning (washing) during
operation.
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The principle is to employ water-droplet action to clean the
guard, turbine nozzle and turbine blades of combustion products
while the engine is running at reduced power, by a combination
of scouring action and partial dissolving of the deposits.

Under no circumstances the turbine should be allowed to run long
enough to become very heavily coated with deposits.

A fouled turbine can be recognized by abnormal exhaust gas tem-
perature, charger speed and charge air pressure. In some case it
can lead to compressor surging. The bearings of the turbocharger
are also sensitive to the imbalance caused by the deposits.

The water supply is conveyed to an injector (1) with fixed size
orifice, fitted into each branch of the engine exhaust gas pipe.
Turbochargers, which have one gas inlet, are provided with two
injectors on the same pipe. The injectors are connected to a
quick=-coupling (2).

2. Cleaning intervals

The optimum period between cleaning operations will obviously
vary from one installation to another, and will depend on the
type of fuel used as well as on running conditions. Under
"average" conditions, with engines running on residual fuels,
experience shows that cleaning intervals of about 200 hours are
satisfactory.

3., Water flow rates

The necessary water flow is basically dependent on the volume of
gas and its temperature. The flow should be adjusted so that
about 50 to 70% of the water is evaporated and escapes through
the exhaust gases, while the remaining water is drained through
the tap in the exhaust casing.

Recommended water f£low rates:

VTR 161 2 ...3 1/min
VTR 201 Bo wdallinh "
VTR 251 4.5¢0 47 i

Additives or solvents must not be used in the cleaning water.
The use of salt water is out of question.

4. Cleaning procedure:

l. Record blower charge air pressure, cylinder exhaust gas tem-
peratures, charger speed, for later use to assess efficacy of
cleaning.

2. Reduce engine load to between 10 and 20% of full load rating.

3. Open the valves (1), and check that they are not clogged.

4, Connect the water hose.
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5. Open the drain wvalve (3) and check that it is clear of block-
age.

6. Open the valve (5) and valves (1) completely.

7. The pressure control valve (4) must be adjusted to a pressure
of 1 bar.

8. Check the water drains through the drain pipe.

9. Cleaning is terminated after about 10 min. The water supply
valve (5) is closed.

10. After termination of water injection the engine must run for
three minutes at constant load until all parts are dry.

11, Shut all valves and disconnect the hose to ensure that no
water can possibly enter the exhaust pipes except during the
cleaning periods.

12. Resume normal engine operation at higher output and, as socon
as possible, repeat the readings taken under heading 15.4.1.
for comparative purposes.

Water washing of the compressor side during operation, see
section 15.6 pos. 2.0.6.

15.4 Maintenance of charge air cooler (fig. 15-51)

- Condensate from the air is drained through a small pipe (6)
at the bottom of the cooler housing, after the insert. Exa-
mine regularly that the pipe is open by checking the air flow
when running.

If water keeps on dripping or flowing from the draining pipe |
for a longer period (unless running all the time in condi-
tions with very high humidity) the cooler insert may be
leaky and must be dismantled and pressure tested.

- At longer stops, the cooler should be either completely

filled or completely emptied, as a half-filled cooler increases

the risk of corrosion. If there is a risk of sinking water
level in the system when the engine is stopped, drain the
cooler completely. Open the air vent screw (3) to avoid
vacuum when draining.

- Clean and pressure test the cooler at intervals according to
section 04. or if the receiver temperature cannot be held
within stipulated values at full load.

= Always when cleaning, check for corrosion.
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15.5 Cleaning cooler insert (fig. 15-51)

a) Remove the cooling water pipes. Loosen the cooler insert
flange screws and withdraw the insert until the thread or the
hole (7) for the lifting tool is visible. If necessary, use
the screws in the two threaded extractor holes in the flange.

b) Apply the lifting tool and lift off the insert.

c) Clean the air side with a degreasing ligquid and blow pressure
air or steam through the insert. See also section 18.5.3.

d) Remove the water boxed (4) and (5) to make the water side
accessible,

e) Clean the water side according to the instructions for oil
cooler in section 18.5.4.

f) Check the gaskets.
g) Reassemble the cooler insert and mount it on the engine.

Check tightness when starting up.

15.6 According to the Brown Boveri manual for the actual type of
turbocharger
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Please find enclosed the Operating Instruction WV02Q062 concerning the
“LUBRICATING OIL FOR ABB (BBC), VTR-TURBOCHARGERS™.

Please note the changes in the list of approved lubricating oils and the new requirements
in the specification. Especially, the synthetic lubricant “Rarus 827" from Mobil was
included in the list of approved lubricants. This product has been removed fromi this list
in the latest issue of the instruction manual. The “Rarus 827" is superseded by a new
synthetic lubricant from Mobil, designated “Mobil Rarus SHC 1026™, which has an
improved thermal stability and a higher viscosity index compared to Rarus 827.
Especially under severe operating conditions, as high load and high ambient
perature, the benefits of this improvement is obvious.
]) to above mentioned, we strongly recommend those of our customers who are using
dobil Rarus 827 to change to the new synthetic lubricant Mobil Rarus SHC 1026 in
order to provide additional safety margin and favourable operating conditions for the
turbocharger beanngs.
If you have any questions please contact our Service Network or:
Wiirtsild Diesel Oy
Attn. Mr. Kaj Berg
telephone no. +358 61 327 2782
telefax no. +358 61 356 7355

- P —— Rl
Yours faithfully, | REC E—:;}—Eué_____
Wiirtsili Diesel Oy Y\ kg o) B
D:we{ Smmc,_ﬁsa engines / a9 s
Technical Service | 1954

\
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)
A
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I. Riback
Manager
Operating Instruction WV02Q062GB
Offica addreas ' Telephone Telatax Telex
+358-81-356 7355 Power Plant Senaco
Tachmcal Service
Tarhasjante 2 +358-61-356 7366 Marnne Sarvion
FIN-B5380 VAASA +358-61-2270 +A5A-61-355 T344 Matorial Admintstration 74251 wom of

+A50-61-368 7378 Training and nformation
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LUBRICATING OIL FOR ABB (BBC), VTR-TURBOCHARGERS

Following lubricating oils are approved for use in VTR type turbochargers. Only such
lubricants may be used which have a viscosity of 61 - 90 ¢St at 40°C and 7.5 - 12 at
100°C, turbine oils are preferred. Qil change interval is 500 h service for normal mineral
oils, 1 500 h service for special mineral oils and 2 500 h service for synthetic lubricating
oils. See also the Instruction Book for the turbocharger.

Take care that the turbine oil is not mixed with engine lubricating oil. Only a
small quantity may cause heavy foaming.

i pt i ; T
Manufacturer Brand name Viacoslty (cS5t) Viscosity
40°C 100°C index (Vi)

Agip Ota 68 64 86 107
British Petroleum Energol THB 68 85 B4 an
Energol THB 77 77 9.4 98

Energol HLP 68 68 9.0 105

Energol SHF 68 64 10.0 144

Caltex Regal QiR & O &8 65.5 B.5 100
Rando Qil 68 64.9 85 101

Rando Qil HD 68 67 as 104

Rando Oil HDZ 68 66 10.7 i 152

" |Castrol Perfekio T 68 e 64 8.25 o5
Hyspin AWS 68 668 8.6 96

Hyspin AWH 68 68 10.8 160

Chevron Chevron GST Oil 68 68 9.02 107
Mechanism LPS 68 68 10.8 151

Cosmo Turbine Super 68 68 8.7 100
Elf Turbine T 88 71 9.0 100
Turbelf SA 68 68 8.94 105

Visga 68 73 n.7 155

Hydrelf DS 68 72.5 1.8 151

Esso Esso Tro-Mar T / Teresso 77 76 9.5 103
Teresso 68 67 8.8 108

Nuto H 68 64 8.4 101

Fina Turbine oil medium({68) /BAKOLA 68 68 92 12
Turbine oil heavy (80) 80 10.2 108

Hydran LZ 68 706 9.07 100

ldemitsu Daphne super turbine HT-88 88.1 9.1 110

Distribution: For owners of Wansila VASA dieset enginos.
Validity: Supersades 32150007 . Uintil further notico.

Wansta Diesed Oy, P.O. Box 252, (Tarhaantie 2], Telecop. +358 81 356 7355 Tal. +358 61 3270
Diesel Servica, Vasa Engines, FIN-65101 Vaasa, Finland, Talex 74251 wva sf Service
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Ilamfa:tw'ﬂr Brand name ‘H"il:mityr {::".:‘-‘t}
40°C

Indian Qil Corp. Servopnime 68 64-72 B.15 a5
Servoprime 76 74-80 9.13 a5
Servopress 68 64-72 as as
Servosystem HLP-G8 - 64-72 as a5

Mahbil Mobil Rarus 427 (Not US version) 81 8.9 a5
Moabil DTE Oil Heavy Medium 61.2 8.6 100
Mobil DTE 16 M r&! 10.3 130

MNorail Statoil Turbway 68 67 8.5 98
Statoil Hydraway HMA 88 63 8.0 a5

Shell Turbo Oil T 88 68 a7 a8
Turbo Qil T78 78 9.4 96
Tellus Oil 68 68 88 102

Toxaco Hegal Qil R & O 68 B64.7 8.3 96
Rando Qil HD 68 B81.5 8.2 101

Total Total Presiia 68 68 a7 100

i e L LU S L L L a L ek e B AR I
Ihmrl'ar.turnr Brand nama Viscosity (cS5t) Vmslt?
ao’c_ | 1oo°c | Imdex (V)
British Patroleum BP Energol RC 68 68 8.8 104
Valvoline Vaivoline Compressor oil 62 920 10.0 92
rﬂlr u.'iHr L::-F#IF‘ ‘.I.":"' .I'r‘-" jl -T:hq..l ¥, ..q.._. ,_* ot ""JI‘"

Eit Barelf CH 68 69.9 89 100

Esso Exxon Synesstic 68 65.0 T.7 87

Mobil Maobil Rarus SHC 1026 66.8 10.4 144

Nyco Nyco Nycolube 3060 a3.0 10.0 a5

These lubricating oils are, regarding viscosity and quality, according to the
recommendations.
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1 Yonge Street, 20th floor
TORONTO, ONTARIO MS5E 1ES5
CRHADA_

att. Mr Dave Marsh File No. 5371

AFTER SALES INFORMATION FOR DIESEL ENGINE VASA 22

Please find enclosed documents 3215qun?sﬁ and
3215S011GB.

Each of the attached two documents covers the
turbocharger in a way or another.

LUBRICATING OIL FOR ASEA BROWN BOVERI
TURBOCHARGERS/3215Q007GB

As the cooling system in our engines today operates
with a water temperature of about 90 C at the
turbocharger inlet there is a need to reduce the oil
change interval from previously applied 1000 running
hours. Also in older engines running with high
temperature on the cooling water to the turbocharger
shorter lube o0il change interval should be applied.

We thus refer to the oil change intervals given in the
Operation Instruction for different typs of lube oil.

{/&3

" [REceweD ’ M g o

© | eET23eM

féIECEWED i

CCGS . "
HZ_ 1L : e
SAMUEL RISLEY 0cT 12 000" | o

p Chee
| BY RMFS ™ “r @7

Postal address Office addross Telephone Talax Telecopler

TN P . =



"1:_'&! .

Y

ag e ¥

BPAERE ¢ SRR A C S S SRR SAE

rﬂ;- .

2(2)

TURBOCHARGER CLEANING/3215S011GB

ENCLOSURES

Although the Service Letter is self-explanatory we
would like to stress the importance of regular cleaning

of the turhocharger by water cleaning according to the
instruction manual.

Deposits, especially on the turbine parts, cause higher
thermal load of the engine itself and also impaired
operating conditions for the turbocharger components in
particular the bearings. Regular cleaning by water
injection and otherwise normal maintenance of the
turbocharger is therefore essential for -optimal
operation of the engine as well as the charger

Eventhough they are originally made for the VASA 32,
the information can be applied directly to the VASA 22
engine, except cylinder output when cleaning, which is
about 50 kW/cyl for the VASA 22.

Yours faithfully,
Wartsila Diesel oy

Diesel Service, Vasa engines
Technical Service

S (. ot

I Riback
Manager

3215Q007GB
32155011GB
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15 Turbocharger 22, 32 K. Berg 18.04.1980 01 32150007G8 1(1)

LUBRICATING OIL CHANGE INTERVALS FOR TURBOCHARGERS

According to earlier instructions the lubricating oil change intervals for the
VTR-turbochargers have been 1000 hours for mineral oils. This is also what the
turbocharger manufacturer recommends.
Our experience today is that the turbocharger oil is ageing more rapidly if the cooling
water temperature after the turbocharger exceeds 95°C.

QOur strong recommendation is to shorten the oil change intervals to the half of earlier
interval, i.e. 500 hours for mineral oils for engines where the cooling water temperature

exceeds 95°C.
5 Mineral olls:'oll changeln Bk
Manufacturer Brand name Viscosity
cSt at 50°C
Antar Misola H 68 38
British Patroleum BP THB &8 as
BP THB 77 47
Castrol Perfekio T 68 39
Perfeklo T 100 51
Chavran Turbine Qil °C 68 40
Turbine Qil "C 100 49
Gulf Harmony Gulfcrest 68 40
Esso Esso Tro-Mar T 68 39
Esso Tro-Mar T 77 48
Indian Qil Corp. Servoprime 68
Servoprima 76
Mobil Mobil Rarus 427 49
Mgbil DTE Qil Heavy Medium 68 41
Mobil DTE Qil Heavy 82 51
Shell Turbo Qil T 68 39
Turbo Qi T 78 47
Turbo Qil T 100 58
Texaco, Caltex Regal QIPCE8R&Q 39
_Reqal Qil PE 100R& Q 52
Total Total Preslia 40 (68) 39
| Total Preslia 50 (68) 48

In installations where a change interval of 500 hours is inconvenient, a special mineral

e =

oil or a synthetic oil can be used.

e ool chana e aNiiEo0 N e
Manufacturer Brand name Viscosit
cSt at 50°
British Petroleum BP Energol RC 68 -
| Vahvoling Valvoline Compressor oil 62
ticlubricating olls: oll'’chan 00h™ s
Manufacturer Brand name Viscosit
cSt at 50°
Mabil Mobil Rarus 827 50
Myco Nyeco Nycolube 3060 B
Esso Fnire Bunasnis 86
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TUHBbCHAHGER CLEANING

From some installations, visited by our service engineers, we have noted that the engine
personnel have not paid attention to the cleaning of turbocharger. It is of outmost
importance that the compressor, as well as the turbine are cleaned regularly in operation.

A dirty or fouled turbocharger increase the fuel consumption and thermal load of the
engine.

Recommended water cleaning interval for the compressor is 5[] hours and for the
turbine 250 hours. The interval must be shortened if it is noted that the exhaust
temperatures have risen in a shorter time. The procedure for cleaning of the turbine is

described in the Engine Manual and the compressor cleaning in the Turbocharger
Operation Manual.

Our experience is that even if the water cleaning has been done properly, hard deposits
are, by the time, built up on the nozzle ring and turbine blades in the turbocharger,

exhaust side. This can be detected by a higher level on the exhaust gas temperatures
compared to a clean turbine and the trend is even increasing.

éxhaust gas temperature trend

Tornpl

I'cu'led‘lﬂli::ﬂf

=

Tirme
Operating hours

An other indication of fouled turbine is that normal water cleaning does not effect much
on the temperature level. If it is suspected that the turbine is fouled, the nozzle ring and
the rotor has to be cleaned mechanically. For that purpose the rotor and the nozzle ring
have to be removed from the turbocharger.

We also recommend that the turbine side is checked at about every 8000 hours, or at

least when the turbocharger bearings are changed, and the fouled parts are
mechanically cleaned.

Note ! Maintenance on the turbocharger should be carried out by authorized

personnel only!
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15.3.2 Cleaning procedure

Bl Record blower charge air pressure, cylinder exhaust gas

temperatures, charger speed, for later use to assess efficiency of the
cleaning.

B3 Reduce engine load to about 100 kW/eyl at nominal speed or
reduce speed to between 400 and 500 RPM with fixed propeller.
Maximum exhaust gas temperature after cylinder is 380°C!

[El Open valves (1), and check that they are not clogged.
] Connect water hose.

Bl Open drain valve (3) and check that it is clear of blockage.

E Open valve (5) slowly within 30 s and increase the water flow
until about 0.1 Vmin flows off through the drain opening of the gas
outlet casing.

Pressure control valve must be adjusted to a pressure of about
2...3 bar or the pressure noticed when calibrating.

Bl The washing time is about 10 min. A measure for the washing
time is also the cleanliness and clarity of the draining water. If the
drained water is still dirty after 10 minutes washing, finish the

cleaning procedure but repeat it after one to two hour normal

operating.
EJ After termination of water injection the engine must run for
three minutes at unchanged load until all parts are dry.

Bl Shutall valves and disconnect hose to ensure that no water
can possibly enter exhaust pipes except during the cleaning periods.

il Resume normal engine operation at higher output and, as
soon as possible, repeat the readings taken in step 1 above for
comparative purposes.

Clean the turbine (exhaust side) of the turbocharger at low loads
(20...40 % of full rated load).

15.3.3 Water cleaning of compressor

Water washing of the compressor side during operation, see turbochar-
ger instruction manual, section 2.0.6.

Clean the compressor (air side) of the turbocharger at as high load
as possible (full rated load).
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l6. INJECTICN SYSTEM

l16.1 Description

This chapter deals with the high pressure side of the fuel
system including injection pump, high pressure pipe and injec-
tion wvalve.

The injection pumps are one-cylinder pumps with built-in roller
tappets. The element is pressure lubricated and the drain fuel
is led to a pipe system with atmospheric pressure outside the
pump .

Each injection pump is equipped with an emergency stop cylinder
coupled to an electro-pneumatic overspeed protecting system.

The high pressure line consists of a high pressure pipe and a
high pressure adapter, screwed sideways into the nozzle holder.

The injection valve consists of a nozzle holder and a multi-
orifice nozzle.

The nozzles are o0il heated/cooled and must not be run without

oil flow. (This applies to engines running on heavy fuel, i.e.
22HF and 22HE,)

16.2 Injection pumﬁ, description {(fig. 16-51)

The injection pump body consists of a cast housing provided with
flanges for fastening against the engine block. The tappet with
roller is at the bottom of the housing. The roller rolls against
the injection cam of the camshaft under the pressure of a spring
{17). Between the tappet and the plunger there is a disc (28)
against which the plunger end is pressed.

The pump element, (5) of the monoelement type, is included in
the top part of the housing and consists of a plunger and a
cylinder which are matched between themselves and should be
treated as a unit. The upper part, i.e. the fuel side, is sealed
from below by O-rings (24). The element cylinder is pressure
lubricated, which prevents fuel from penetrating downwards and
mixing with lubricating oil.

The fuel delivery control, i.e. the rotary motion of the plunger,
is actuated by a control rack through a control sleeve (14).

The delivery valves are located in the upper part of the element
and in the head piece. The sealing element cylinder - head piece
is metallic.
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16.3 Removing and reinstalling injection pump

Eemoval

1. Shut fuel supply to the engine before removing the injection
pump .

2. Remove the fuel feed pipe elbows, injection pipe and leak
fuel pipe. Cover immediately all openings with tape or plugs
to prevent dirt from entering the system.

3. Remove the fastening stud for the cover of the fuel injection
equipment.

4. Remove the pneumatic shut-down cylinder (22-53 pos. 6)
inclusive pipe, which is loosened only from the distributing
pipe.

5. Disengage the control lever from the pump rack by bending
sideways the spring, which presses the rack against the
control lever.

6. Turn the crankshaft so that the pump tappet roller rests
upon the base circle of the fuel cam.

7. Loosen the flange nuts with the tool 806005 and lift off
the pump. Cover the oil supply inlet hole and pump bore in
the engine block.

B. Clean the pump externally.

Reinstalling

9. The pump is assumed to be assembled and cleaned and the sur-
face and bore of the engine block to be cleaned.

10. Check the O-ring of the pump body, grease and enter it into
the groove. Check that the fuel cam is not in the lifting
position.

11. Put the pump into place and tighten the flange nuts to
torque.

12. Connect the control arm and pump rack by bending the spring
in position. Check the control rack for free movement.

13. Remove the protecting tape or plugs and connect the fuel
feed pipes and leak fuel pipe. Reinstall the injection pipe.
Tighten the injection pipe cap nuts to torque according to
section 07.1 pos. 18 with the tool B06007.

14. Open the fuel supply to the engine and vent the fuel filter
and injection pumps according to the instructions in chapter
17. The injection pump is provided with a venting plug (42).

15. Check the fuel rack positions according to section 22.3.1b.
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16.4 Checking fuel delivery start

The beginning of the effective pump stroke is determined by an
indirect method, i.e. by observing when the duct between the low
pressure side and the high pressure side of the injection pump
is shut by the edge of the element plunger, fig. 16-52A, the so-
called "flowing position".

Control of fuel delivery start is necessary only if major compo-
nents have been changed, e.g. injection pump, injection pump
element or camshaft piece.

Proceed as follows:

l. Cut fuel supply to the engine.

2. Fuel supply is arranged by connecting the funnel 862007 to
the pump (fig. 16-52A).

3. Remove the injection pump head piece (35) and the delivery
valve (5) including the spring. Reinstall the head piece.
See sections 16.5.6 and 16.6.6.

4. Connect the pipe elbow to the head piece according to fig.

5. BSet the injection pump rack at a position between 32 and
36 mm.

6. Turn the crankshaft to a position 22° before TDC at
ignition.

7. Fill the funnel with distillate fuel. Fuel is now flowing
out from the pipe elbow.

8. Keep the level in the funnel constant by refilling and turn
the crankshaft slowly in the engine rotating direction.
Watch when fuel stops emerging. Read the position of the
crankshaft. See section 06.1,

9. Repeat pos. 2...8 on all cylinders to be checked.

10. Compare the crankshaft positions with correct wvalues. The
deviation between the different cylinders is one engine
should not exceed 1° crank angle. If larger deviations are
noted the injection pumps must be changed and/or overhauled
and checked.

1l1. Reassemble the fuel discharge wvalve.

16.5 Dismantling of injection pump (fig. 16-51)

Observe utmost cleanliness when working with the injection
equipment.,
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6. Tighten the screws to torque in three steps according to 07.1
pos. 16 for (9) and according to 07.1 pos. 15 For (52) to
ensure eqgual tightening of every screw.

7. Turn the pump and fit the control sleeve. Move the fuel rack
to a position where two marks can be seen. One of the
control sleeve teeth is chamfered and this tooth must slide
into the tooth space between the marks of the rack.

8. Reinstal the upper spring disc (16), ring (19) and spring
(17).

9. Assemble the element plunger and tappet with the spring disc
and pressure plate (28).

10, Note the mark on one side of the plunger vane. The marked
side of the plunger wvane must slide into the fuel rack side
of the control sleeve, i.e. correspond tc the marks on the
fuel rack and the chamfered tooth of the control sleeve. The
guiding groove of the tappet must correspond to the fixing
screw (21).

1l1. Reinstall the plunger tappet assembly.

12. Screw in and tighten the fixing screw (21).

13. Check that the fuel rack can be easily moved.

14. Unless the pump is immediately mounted on the engine it must
be well oiled and protected by a plastic cover or similar.

The fuel ports and injection line connection must always be
protected by plugs or tape.

16.7 Injection pipe

The injection line consists of two parts, the high pressure con-
nection piece which is screwed into the nozzle holder, and the
injection pipe.

The high pressure connection piece seals with plain metallic
surfaces and these surfaces are to be checked before mounting.
Always tighten the connection piece to correct torgque before
mounting the injection pipe; also in case only the injection
pipe has been removed, because there is a risk of the connection
piece coming loose when removing the pipe.

The injection pipes are delivered complete with connection nuts
assembled. Always tighten the connections to correct torque.

If necessary, the engine can be provided with alarm for a broken
injection pipe. In that case the injection pipes are enclosed in
a pipe, from which a drain pipe goes to a collecting vessel for
the leak fuel lines. The vessel is provided with a level switch,
which gives alarm at the set level. To prevent the normal leak
fuel flow from triggering the alarm the vessel is fitted with a
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valve. This valve should be adjusted so that the normal leak
fuel continuously flows through it. The switch gives alarm only
when the flow is abnormal {(a broken injection pipe).

When removed, the injection line details have to be protected
against dirt and rust.

16.8 Injection valve, description (fig. 16-53)

The injection valve is centrally located in the cylinder head
and includes nozzle holder and nozzle. The fuel enters the
nozzle holder sideways through a connection piece screwed into
the nozzle holder. The nozzle is oil heated/cooled and the oil
enters the nozzle holder between two O-rings. (This applies to
engines running on heavy fuel, i.e. 22HF and 22HE.)

16.9 Removing injection valve (refer To [eTTer oT The @and of The SecTion)

1. Remove the cylinder head cover and injection pump cover.
Shut off nozzle temperature control system {(only 22HF and
22HE).

2. Remove the high pressure injection pipe.

3. Loosen the sealing flange of the high pressure connection
piece and unscrew the connection piece.

4. Remove the fastening nuts of the injection valve.

5. Lift out the injection wvalve. If much force has to be used
there is a risk of the stainless sleeve of the cylinder head
coming loose, which, in such a case, must be checked.

6. Protect the fuel inlet hole of the injection wvalve and bore
in the cylinder head.

16.10 Mounting injection valve(reber To leller aT The end of The SecTion

1. Check that the bottom of the stainless sleeve in the
cylinder head is clean. If necessary, clean or lap the sur-
face with the tool 841008, If lapping is necessary the cyl-
inder head must be lifted off. For lapping, a steel washer
and fine lapping compound is used. The injection valve is
sealed off directly to the bottom of the stainless sleeve!

2, Put new O-rings on the injection valve. Lubricate the injec-
tion valve with oil.

3. Fit the injection valve into cylinder head bore.
4. Puth new O-rings in the sealing flange of the high pressure

connection piece. Place the flange on the connection piece
and screw in the connection. Tighten to correct torque.



22HF, HE, MD 16-7
B308

5. Tighten the fastening nuts of the injection valve to correct
torque in steps of 10 bm.

6. Fasten the sealing flange of the high pressure connection.
7. Mount the injection line and tighten the cap nuts to torque.

8. Replace the covers.

16.11 Overhauling injection valve (fig. 16-53)

1. Inspect the nozzle immediately after removing the injection
valve from the engine. Carbon deposits (trumpets) may indi-
cate that the nozzle is in poor condition, the spring is
broken or, for engines running on heavy fuel, i.e. 22HF and
22HE, there has been disturbances in the nozzle temperature
control system. Clean the outside of the nozzle with a brass
wire brush.

2. Release the nﬁzzle spring tension by opening the counternut
(10) and screwing up the adjusting screw (9).

3. Remove the nozzle from the holder by opening the cap nut
{5). Be careful not to drop the nozzle. If there is coke
between the nozzle and the nut it may be difficult to remove
the nozzle. In such a case, place then nozzle with the nut
on a soft support and knock it out by using a piece of pipe
(fig. 16-52B). Never knock directly on the nozzle tip!

4. Check the nozzle needle movement which may wvary as follows:
- needle completely free
- needle free to move within normal lifting range
- needle is sticking

The needle must not be removed by force because this often
results in complete jamming. Unless it can be easily
remcoved, immerse the nozzle in lubricating oil and heat the
oil to 150...200°C. Normally, the needle can be removed from
a hot nozzle.

5. Clean the details. If possible, use a chemical carbon
dissolving solution. If there is none available, immerse the
details in clean fuel oil, white spirit or similar to scak
carbon. Then clean the details carefully by the tools 845006.
Do not use steel wire brushes or hard tools! Clean the nozzle
orifices with needles provided for this purpose. After clean-
ing, rinse the details to remove carbon residues and dirt
particles.

The cooling spaces of the nozzle must be carefully cleaned
by a coke dissolving agent. Before inserting the needle in
the nozzle body, immerse the details in clean fuel oil or
special oil for injection systems. Seat surfaces, sliding
surfaces (needle shaft) and sealing faces against the nozzle
holder should be carefully checked.
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Clean the nozzle holder and cap nut carefully; if necessary,
dismantle the nozzle holder to clean all details. Check the
nozzle spring.

Check the high pressure sealing faces of the nozzle holder,
i.e. the contact face to the nozzle and the bottom of the
fuel inlet hole.

Check max. lift of the nozzle, i.e. the sum of measures A
and B in fig. 16-53. If wear B exceeds 0.05 mm the nozzle
holder can be sent to the engine manufacturer for recon-
ditioning. If the total 1lift is out of the value stated in
section 06.2 pos. 16, the nozzle should be replaced by a new
one.

Reassemble the injection wvalve.

10. Connect the injection valve to the test pump 864011, Pump to

expel air. Shut the manometer wvalve and pump rapidly to blow
dirt out of the nozzle orifices. Place a dry paper under the
nozzle and give the pump a guick blow. Note fuel spray uni-
formity.

1l. Check the opening pressure:

= open the manometer valve

- pump slowly and watch the manometer to note the opening
pressure. If the opening pressure is more than 50 bar
below the stated value it indicates a broken spring or
badly worn parts.

12. If the spray is uniform, adjust the opening pressure to

stated value and check once more the spray uniformity
(according to pos. 10).

13, Check the needle seat tightness:

- increase pressure to a value 20 bar below stated opening
pressure.

- keep pressure constant and check that no fuel drops occur
on the nozzle tip. A slight dampness may be acceptable.

14, Check the needle spindle tightness:

— pump until pressure is 20 bar below stated opening
pressure

- measure time for a pressure drop of 50 bar. The time must
not be below 3 seconds. A time longer than 20 seconds
indicates fouled spindle.

15. If the tests according to pos. 10...14 give satisfactory

results the injection valve can be reinstalled in the
engine. Otherwise, replace the nozzle by a new one.

l16. If leakage occurs on the high pressure sealing surfaces the

17.

damaged detail should be replaced by a new one or
reconditioned.

If nozzles or injecticon valves are to be stored they should
be treated with corrosion protecting oil.
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16.12 Change of beginning of effective pump stroke (fig. 13-51)

1.

2.

(delivery start)
Check the delivery start on one of the cylinders.

In-line engine: Open the camshaft gear wheel cover and the
cover (30).

V-engine : Open the camshaft gear wheel cover on one
bank as well as the cover (30) on the B-bank
or the plug (l17) on the A-bank.

Mark the nut (7) for the camshaft intermediate wheel next
to the opening (17).

Loosen all nuts (7) on the intermediate wheel, the marked
nut last.

The last nut (7) having been loosened, turn the crankshaft
opposite to the direction of rotation the number of crank
angle degrees required for an earlier delivery commencement.
Notel The camshaft must not rotate while turning.

Secure the marked nut (7) and check the new delivery
commencement.

If the desired delivery commencement has been obtained,
tighten the other nuts (7).

V-engine: Repeat the procedure for the other bank.
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WARTSILA DIESEL CANADA INC.
50 Akerley Boulevard
Dartmouth, Nova Scotia
Canada B3B 1R8

Telephone (902) 468-1264

Date: May 25, 1993

Tos C.C.G.S. Samuel Risley
Attn: Peter Green Ref. No.
Fax No: 1-807-345-3690 or 344-5893 No. of pages
' inc. cover page
From: Mike Gammon 3

Subject: Nozzle Holders

This is in response to your inquiry concerning the cracking
of the nozzle holders code 167150 of the Vasa 12V22 engine.

Wartsild Diesel has experienced some similar cases., Reasons
for cracking nozzle holders have been found to be
crossthreads, overtightening and unclear <¢ases. It has been
confirmed that it is possible to "build in" tensions in the
connection piece when the nuts (3) and screws (4) are
tightened before the connection piece (1) and the high
pressure pipe nuts (2) are tightened, see attached fiqure.

Please see attached, new instructions of Widrtsild diesel
recommended tightening procedures for the injection
pipes/nozzle holder of the Vasa 22 engine. No complaints have
been made after other customers have been advised of this
instruction. W.D. is of the opinion that the problem will be
eliminated by using this tightening procedure,

We hope that you will find this information helpful and
please keep us informed of the results.

Regards;
Mike Gmun%_\ :
| RECEIVED]|
JUNO219S |
CCGS

' SAMUEL RISLEY

e ——
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16.4 Injection valve

16.4.1 Description

The injeetion valve is centrally located in the cylinder head and
includes nozzle holder and nozzle. The fuel enters the nozzle holder
sideways through a connection piece screwed into the nozzle holder.

Injection valves

| e R

Fig 16-2 : 2216535218

14-6
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= injection System

16.4.2 Removing injection valve

EE Remove the cylinder head cover and the cover from injection
pump box.

B2 Remove the high pressure injection pipe.
Bl Remove the fastening nuts of the injection valve.

Ef it out the injection valve. If much force has to be used there
is a risk of the stainless sleeve of the cylinder head coming loose,
which, in such a case, must be checked.

B Protect the fuel inlet hole of the injection valve and bore in the
cylinder head.

16.4.3 Mounting injection valve and high pressure pipes

EF Check that the bottom of the stainless sleeve in the cylinder
head is clean, If necessary, clean or lap the surface with the tool
841008. If lapping is necessary the cylinder head must be lifted off.
For lapping, a steel washer and fine lapping ¢compound 15 used. The
injection valve is sealed off metal to metal to the bottom of the
stainless sleeve!

Put new O-rings on the injection valve. Lubricate the injection
valve with oil.

E! Fit the injection valve into cylinder head bore but do not
tighten the nuts (3), Fig 16-2.

¥ Put new O-rings in the sealing flange of the high pressure
connection piece. Place the flange on the connection piece and screw
in the connection by hand, (be sure that the flange screws (4) is
loose). Tighten the connection piece (1) to correct torgue.

E] Mount the injection line and tighten the two cap nuts (2) to
correct torque.

Tighten the fastening nuts (3) of the injection valve to correct
torque in steps of 10 Nm.

Fasten the hexagon nuis on the sealing flange (4) of  the
high pressure connection.

K] Replace the covers.
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17. FUEL SYSTEM

17.1 General

The engine is equipped with a fuel system that allows running on
fuels stated in class M3 in BS MA 100:1982 (Marine Diesel 0ils)
or better qualities.

As the fuel system outside the engine can vary widely from one

installation to another, this system is not described in this
book. See separate instructions.

17.2 Description (page 17-51A)

The engine is eqguipped with a built-on fuel feed pump (3) which
usually is electric (engine driven pumps can be supplied on
request). The fuel flows over a knife-edge filter (1) from the
day tank (7) to the feed pump where it is pressed through a
duplex filter (4) to the engine distributing pipe and injection
pumps.

The pressure control valve (8) controls the fuel pressure and
maintains it at the recommended value stated in section 0l. The
pressure control valves (10) at both sides of the duplex filter
allow both sides to be used simultanecusly, ensuring maximum
filter capacity of the cartridges. Additionally, one side at a
time can be shut off for filter change: part of the fuel flows
then through the valve (10), by-passing the engine.

A pressure gauge (6) in the instrument panel shows the inlet
pressure of the fuel. A pressure switch (5) for low fuel press-
ure is connected to the automatic alarm system. Leak fuel from
the injection pumps and valves is conveyed to a separate enclosed
system and can be reused.

Regarding injection pumps and valves, see section 16.

17.3 Maintenance

Always observe utmost cleanliness when working on the fuel
system. Pipes, tanks, pumps, etc. (included in the delivery or
not) must be carefully cleaned before taken into use. Change the
filter cartridges regularly.

The fuel filter is provided with a visual indicator/electric |
switch giving alarm at too high pressure drop over the filter,|
which means that the cartridge must be changed as scon as |
possible. |

Guidance values for the change intervals are stated in section
ua,
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Regularly clean the knife-edge filter (section 04) by turning
the handle a few times. When cleaning the main filter, open also
the knife-edge filter and clean it completely.

Always vent the fuel system when it has been opened.

17.4 Venting

Upen the vent screws on the injection pumps (section 16, page
16-51 pos. 42). Start the feed pump if the static pressure is
not sufficient.

Always vent the filter after change of the filter cartridges.

If the engine has been stopped and the feed pump is not running,
the three-way valve can be put in the position where both sides
are in operation. The air is then vented through the respective
vent screw. In a running engine the side to be wvented should be
carefully connected to the three-way valve. The most practical
way is to use the slow-filling valve on the three-way valve. Set
the valve in slow-filling position (see page 17-54A). The filter
is now slowly filled. Vent the filter. Set the three-way and
slow-filling valves on normal position (both sides connected).

A sudden change-over of the three-way valve to an empty filter
side will cause a temporary pressure drop in the engine syste
and the alarm switch gives signal for too low fuel pressure.
This may involve the risk of air escaping from the filter to
the injection pumps, and may cause the engine to stop. |

17.5 Adjustment of fuel feed pressure

Check the setting at intervals mentioned in section 04.
Adjust the pressures at idling (nominal speed for the engine
driven pump). Turn the adjusting screw clockwise for higher
pressure and counter-clockwise for lower pressure.

All pressures mentioned in the instructions refer to values read
on the pressure gauge on the engine.

17.5.1 Adjusting the pump valve

Slowly increase the pressure by closing the valve (9). Adjust
the valve (2) to 8 bar. Open the valve (9) completely.

The adjustment must be carried out guickly because the pump |
runs hot if the system is disconnected for lony periods.

17.5.2 Adjustment of pressure control valve (8)

Adjust the wvalve (B) to 4 bar.
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17.5.3 Adjustment of pressure control valves (10)

Shut off the wvalve (11).

Check that the recommended cperating pressure plus 2.5 bar, i.e
6.5 bar, is achieved. Check that the valves are equally adjusted
by closing one side of the filter, one after the other. When
doing so a somewhat higher pressure can be achieved owing to
double overflow through the filter. Adjust the valves (10), if
necessary.

After the adjustment, open the wvalve (1ll) completely.

17.6 Fuel feed pump, electric

The pump is of the same type as the prelubricating pump, see the
description in section 18.Y9. Regularly lubricate the ball bearing
at the motor end of the fuel feed pump.

17.6.1 Fuel feed pump (engine-driven, page 17-52A)

17.6.1.1 Description

The fuel feed pump is of the gear wheel type and is actuated by
the gearing at the free end of the engine. The shafts are
pivoted in the bushes (2, 11), which need no external lubrica-
tion, and in the ball bearing (18).

The driving shaft is sealed by two radial seals (l14) separated
by a draining bore (13). The inner seal is lubricated by fuel
and the outer one as well as the ball bearing by splash oil
entering through the opening (15).

The pump cover includes a control valve regulating the pressure
in the system. When the pressure has reached a certain value the
plunger (5) opens and admit surplus fuel to return to the suction
side of the pump. The pressure is regulated to the value required
by means of the adjusting screw (3). Increased pressure is
achieved by screwing in the adjusting screw whereby the spring
(7) is tensioned.

The pumps of clockwise and counter-clockwise rotating engines
are identical except that the pump housing (1) is turned 180°
around the driving shaft.

17.6.1.2 Maintenance

Besides normal maintenance according to section 04 the pump
should be opened and the seals changed if fuel or oil is leaking
from the pipe (13). However, a few drops every now and then can
be considered normal.

a) Open the self-locking nut (19) and remove the gear wheel (16)
from the shaft using the tool 837012.
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b) The pump may now be opened, and the shafts and bearings with-
drawn. Take care not to scratch the portion of the shaft
where the seals are located.

¢) Check the bearings, shafts, teeth and seals. Heplace worn or
damaged parts with new ones.

d) If the seals (14) are to be changed, remove the locking ring
{17) and drive out the bearing (18). The seals may now be
removed.

e) Check that the piston (5) moves easily.

£) When installing new radial seals (l4), take care that they
are not inclined when mounted. Insert the seals and distance
ring (l12) until they are 2...3 mm inside the surface of the
bearing shield. Press the bearing bush (1l1l) in place, whereby
the seal automatically slides into the right position. Check
that the contact between the bush (ll1) and the bearing shield
is correct.

g) Check that there are no scratches on the driving shaft which
may damage the seals when the shaft is installed.

h) Clean and degrease the conical part of the joint. Do not
apply any lubricant.

i) Apply lubricating oil on the shaft thread and the contact
face of the nut.

j) Tighten the nut (1%) to torque stated in section 07.1.

17.7 Fuel prefilter

17.7.1 Description

The fuel prefilter is an edge-type filter with a spacing of

0,05 mm. The fuel flows from the ocutside to the inside, whereby
dirt particles larger than the spacing gather in the filter.
When the handle of the filter is turned a special device wipes
off the dirt, which sinks to the bottom of the container located
under the fuel cartridge.

17.7.2 Cleaning

The filter is cleaned by turning the handle a few times.

The dirt collecting container must be removed from the filter
for cleaning.



22MD
d4u04

17=-54

17.8 Fuel filter (page 17-53A)

17.8.]1 Description

The filter is a duplex filter. By means of the three-way wvalve
(8) the fuel flow can be guided to one side or the other, or to
both sides in parallel. The direction of the flow appears from
the mark on the cock (7). At normal operation, both sides of the
filter are used in parallel to provide maximum filtration.
Figure A on page 17-53A shows the valve in this position. When
changing cartridges during operation one side can be closed.
Figure B on page 17-53A shows the position of the valve when the
right side of the filter is closed. Part of the fuel is then
flowing through the pressure control wvalve (10), page 17-51A,
from the inlet side of the open filter half to the return pipe
from the engine.

The arrows in the figure show the flow through the filter. The
oil flows first through a cartridge (3) made of special paper,
filtering off particles larger than 15 ,um, then through an
insert (4) of pleated wire gauze around a firm perforated case.
The wire gauze insert, with a mesh size of 40 /um serves as a
safety filter in case of failure of the paper element. There is
a slow filling valve in the three-way valve to make filling of
an empty filter side easier.

17.8.2 Changing of filter cartridges and cleaning of filter

Change cartridges regularly (see section 04) and, if the press-
ure drop indicator gives alarm, as soon as possible. As the use-
ful life of the cartridges is largely dependent on fuel gquality,
experience from the installation concerned will give the most
suitable times between changes of cartridges.

Change of cartridges and cleaning is most conveniently done
during stoppage. By closing one side of the filter the
cartridges can, however, be changed during operation as follows:

Take care not to open the side of the filter which is in
operation. See instructions how to close a filter side by the
three-way valve on the filter or on page 17-54A.

a) Shut off the filter side to be served.

b) Carefully open and remove the air vent screw (l). Open the
drain plug (6).

c) Open the filter cover (2}).

d) Remove the wire gauze insert (4). Wash in gas oil. Check that
it is intact.

@) Remove the paper cartridge(s) and throw away. Paper car-
tridges cannct be cleaned. Always keep a sufficient quantity
of cartridges in stock.
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£) Clean and rinse filter housing carefully with gas oil.

g) Fit new paper cartridges and the cleaned wire gauze insert.
Check that all seals are intact and in position.

h) In V-engines equipped with two paper cartridges per filter
side, check that the guide ring (5) is mounted.

i} Mount the drain plug and cover.

k) If possible, fill the filter with clean fuel before changing
over to working position (both sides of filter in operation).

If the filter cannot be filled, change over very slowly, ses
pos. 17.4.

1) Vent the filter if not completely filled according to pos. k.
S5ee pos. 17.4,.
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18. LUBRICATING OIL SY¥STEM

18.1 General design (fig. 18-51)

The engine is provided with a lubricating oil pump (2) directly
driven by the pump gear at the free end of the crankshaft. In
some installations there is a separately driven stand-by pump in
parallel. The pump sucks oil from the engine oil sump and forces
it through the lubricating oil cooler (16) equipped with a
thermostat valve (l17) controlling the oil temperature, through
the lubricating oil main filter(s) (13) to the main distributing
pipe (12) cast in the engine block. From the main distributing
pipe the oil flows, via bores in the block, to the main bearings
and through bores in the connecting rod further to the gudgeon
pin (1l1) and piston cooling space. Through separate pipes the
cil is conveyed to the other lubricating points like camshaft
bearing (10), injection pump tappets and valves, rocker arm
bearings (9) and valve mechanism gear wheel bearings and oil
syringes for lubricating and cooling. Part of the oil flows
through a centrifugal filter(s) (5) back to the oil sump. The
oil sump may be provided with a lever switch connected to the
automatic alarm system.

An electrically driven prelubricating pump (4) in parallel to

the direct driven pump pumps the oil through the system when the
engine is out of operation and especially before starting. A non-
return valve (3) prevents the oil from flowing in the wrong
direction during operation. The pressure pipe from the prelubri-
cating pump may be provided with a three-way valve; thus the oil
sump can be emptied by means of this pump.

The pressure in the distributing pipe (12) is controlled by a
pressure control valve (l) on the pump. The pressure can be
adjusted by means of a set screw (fig. 18-52) on the control
valve. It is very important to keep the correct pressure in
order to provide efficient lubrication of bearings and cooling
of pistons. Normally, the pressure stays constant after having
been adjusted to the correct value. The pressure can rise above
the nominal value when starting with cold oil but will return to
the normal value when the oil is heated. A pressure gauge (7) on
the instrument panel shows the lubricating oil pressure before
the engine {in the engine distributing pipe). The system includes
three pressure switches for low lubricating oil pressure (8),
two connected to the automatic alarm system and one to the auto-
matic stop system (see section 23).

The temperature can be checked from thermometers before and
after the oil coocler, i.e. the temperature after and before the
engine. A temperature switch for high oil temperature is con-
nected to the automatic alarm system (see section 23).

The speed governor and the turbocharger have their own oil
systems, see separate instruction books.
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Connections for a separator are provided on the o0il sump at the
free end of the engine.

The oil filiing opening (l4) locates at the driving end and an
oil dipstick (15) at the middle of the engine.

18.2 General maintenance

Use only high guality oils approved by the engine manufacturer
according to section 02.2.2.

Always keep a sufficient guantity of ¢il in the system. The oil
dipstick shows the maximum and minimum limits between which the
0il level may wvary. Keep the oil level near the maximum mark and
never allow the level to go below the minimum mark. The limits
apply to the oil level in a runnig engins. Add max. 10% new oil
at a time (see section 02.2). One side <f the dipstick is grad-
uated in centimetres. This scale can be used when checking the
lubricating oil consumption.

Change oil regularly at intervals determined by experience from
the installation concerned, see section 04 and 02.2.3. The oil
still being warm, drain the oil system, also the oil cooler and
filter. Clean the crankcase and the oil sump with proper rags
{not cotton waste). Clean the main filter(s) and the centrifugal
filter(s). Change cartridges in the main filter(s) unless they
have been changed recently.

Centrifuging of the c¢il is recommended, see section 02.2.3.

Utmost cleanliness should be obserwved when treating the
lubricating oil system. Dirt, metal particles and similar may
cause serious bearing damage. When distmantling pipes or
details from the system, cover all openings with blank gaskets, |
tape or clean rags. When storing and transporting oil, take !
care to prevent dirt and foreign matters from entering the oil. |
When refilling oil, use a screen. |

18.3 Lubricating oil pump (fig. 18-52)

l. Description

The pump is of the gear type, equipped with a built-on, combined
pressure control/safety walve. Five identical bronze bearings
are used. No outside lubrication is required. The cover is
sealed by an O=ring.

2. Dismantling

a) Remove and inspect the control valve according to section
18.4. :

b} Remove the screw (4) and withdraw the gear (2) by means of the
tool 837012 according to fig. 18=52D.
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c) Withdraw the pump cover by using two of the fastening screws
{l) in the two threaded holes located in the cover.

3. Inspection

a) Check all parts for wear (section 06.2) and replace worn
parts.

b) Remove worn bearings from the housing by driving them out
with a suitable mandrel, from the cover by machining.

c} Mount new bearings (freezing is recommended) so that the
bearings are 3 mm below the cover and housing level {(measure
x = 3 mm). Be careful so that the bearing lubrication grooves
(5) slide intoc the right position according to fig. l18-52C.

d) Check the bearing diameter after mounting. Check the gear
wheel axial clearance (see section 06.2 pos. 18).

4. Assembling

Clean all details carefully before assembling. Check that the O-
ring in the cover is intact and in position.

Full the gear wheel (2) on to the shaft by using the tool
837012 according to fig. 18-52E, including the washer (3).

Coat the fastening screw (4) with Loctite 274 and tighten to
torque (section 07).

If the gear wheel (2) has been changed, check the back lash

after mounting the pump on the engine.

18.4 Lubricating oil pressure control valve and safety valve
{fig. 18-52B)

l. Description

The pressure control valve is mounted on the lubricating oil
pump and controls the oil pressure before the engine by conduct-
ing the surplus o0il direct from the pressure side of the pump to
the suction side.

The pipe (10) is connected to the oil distributing pipe on the
engine, where the pressure keeps constant in engines running at
constant speed. This pressure actuates the servo piston (9) and
the force is transferred to the control piston (14) through the
pin (6). The spring (16) is tensioned to balance this force at
the required pressure. Thus the pressure keeps constant in the
distributing pipe irrespective of the pressure in the pressure
side of the pump and of the pressure drop in the system. By ten-
sioning the spring {(16) a higher oil pressure is obtained.
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In engines which are run at varying speeds the wvalve is arranged
to give a pressure depending on the speed according to operating
pressures recommended at various speeds (section 01).

If, for some reason, the pressure should increase strongly in
the pressure pipe, e.g. due to clogged system, the ball (12)
will open and admit o0il to pass to the servo piston (9) which
will open the control piston (14) by means of the pin (6). Then
the wvalve serves as a safety valve.

2., Maintenance

a) Dismantle all moving parts. Check them for wear and replace
worn or damaged parts by new ones.

b) Clean the valve carefully. Check that the draining bore (13)
is open.

¢} Check that no details are jamming.

d) | Do not forget the copper sealing rings (8) and (11) when |
reassembling. If the sealings are changed, check that the
thickness is correct, (8) = 2 mm, (11) = 1.5 mm, as the
thickness of these sealings influence valve function.

e) After reassembling, check that the piston (14) closes (es-
pecially if some details have been replaced by new ones).

18.5 Lubricating cil cooler (fig. 18=53)

l. Description

A tube stack (2) is inserted in a jacket (3). The tube stack is
firmly clamped at one end while the other one is movable in
longitudinal direction to allow expansion. The movable end is
provided with two O-rings (5) with drain holes (6) from the
intermediate space to indicate leakage and prevent mixing of
water and oil.

The oil flows outside the tubes guided by baffle plates (4) to
achieve a favourable flow direction and velocity.

2., General maintenance

a) Clean and test the coocler by hydraulic pressure at interwvals
according to section 04 or if the lubricating oil temperature
tends to rise abnormally.

b) The water side can be cleaned by removing the water boxes
without removing the coocler from the engine. Remove the
cooler to clean more carefully (see pos. 3 and 4).

c¢) Always when cleaning, check for corrosion and test by
hydraulic pressure.
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d) | It is preferable to change the tube stack too early rather |
than too late. Water leakage to lubricating oil has serious |
conseguences.

f£) Check that the drain holes (5) are open.

g) Check that the screw (8) is in position. This screw fixes the
tube stack in correct position.

h) Apply sealing compound to the sealing surface between the
dividing wall in the water box and the end plate of the tube
stack.

3. Cleaning of oil side

Fouling of the o0il side is normally insignificant. On the other
hand, possible fouling will influence the cooler efficiency very
strongly.

Due to the design, the tube stack cannot be cleaned mechanically
on the outside.

Slight fouling can be removed by blowing steam through the tube
stack.

If the amount of dirt is considerable, use chemical cleaning
solutions available on the market:

- Alkaline degreasing agents.
Suitable for normal degreasing, however not effective for
heavy greases, sludge and coking. Require high temperature.
Always pour the degreasing agent slowly into hot water, never
the contrary. Rinse carefully with water after treatment.

- Hydrocarbon solvents.
Include the whole range from light petroleum solutions to
chlorinated hydrocarbons, e.g. trichlorethylene. These pro-
ducts should be handled with care as they are often extremely
volatile, toxic and/or narcotic.

= Solvent emulsions. :
Heavy fouling, e.g. coked oil, can often be solved only by

using these sclutions. Several brands are available on the
market.

Follow the manufacturer's instructions to achieve the best
results.

4. Cleaning of water side

The cleaning should be carried out either so that it does not
damage the protective coating on the tubes or so that the coating
is entirely removed. Defective cleaning or damage on the coating
increases the risk of corrosion.
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Femove loose sludge and deposits with brush 845004, Rinse with
water. To speed up the cleaning the brush can be fixed to a
hand-drilling machine.

If the protective oxide coating has been damaged it is advis- |
able to remove the coating entirely. |

If the deposit in the tubes is hard, e.g. calcium carbonate, it
can be removed chemically by using some commercial agents (see
section 19). After this treatment the tubes should be rinsed
and, if necessary, treated with a solution neutralizing the
residual washing agents. Otherwise, follow the manufacturer's
instructions.

18.6 Thermostat valve (fig. 18-53)

l. Description

The figure shows the wvalve in closed position. When the tem-
perature exceeds the nominal value the contents of the bulb (3)
expands and forces the valve unit (1l0) towards the seat (11)
thus passing part of the oil through the coocler. This movement
continues until the right temperature of the mixed oil is
obtained. As the cooler becomes dirtier the temperature will
rise some degrees, which is guite normal, because the valve
needs a certain temperature raise for a certain opening to
increase the oil flow through the cooler.

2. Maintenance

Normally, no service is reguired. Too low oil temperature
depends on defective thermostat, too high temperature may depend
on defective thermostat, although, in most cases, it depends on
a dirty cooler.

FRemove the elements by unscrewing the pipe after the valve and
opening the cover.

Check the element by heating it slowly in water. Check at which
temperatures the element starts opening and is fully open. The
correct values can be found in section 0l1; the lower value for
lube o0il temperature is the opening temperature, the higher one
is the fully open wvalue.

Change the defective element. Check O-rings and change, if
necessary.

18.7 Lubricating oil main filter (fig. 18-54)

l. Description

This description applies to in-line engines. V-engines have two
similar filters in parallel.
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The filter is a full-flow duplex filter, i.e. the whole oil Elow
passes through the filter(s). The flow can be adjusted by the
three-way valve (9) to pass over one side or the other, or over
both sides in parallel. The direction of the flow appears from
the mark on the cock. Normally, both sides of the filter (for
V-engines both sides of both filters) are used at the same time
to provide maximum filtration. Figure 18-54 shows the valve (3)
in this position. When changing cartridges during operation one
side can occasionally be closed, e.q. closing of the right side
according to f£fig. 18-=354D.

The arrows in the figure show the flow through the filters. At
first, the oil flows through a cartridge (2), made of special
paper, separating particles larger than 10...15 ,sum, then through
an insert (3) consisting of a pleated wire gauze around a per-
forated case. The wire gauze insert, with a mesh size of 60 Jum,
serves as a safety filter in case of failure or by-passing of

the paper cartridge.

At the bottom of the filter there is a by-pass valve (7) over
the paper cartridges which opens at a pressure drop of 2...3 bar.

The filter is provided with a combined wisual indicator/
electrical switch connected to the automatic alarm system,
which indicates tco high pressure drop over the filter which
means that the paper cartridges should be changed as socon as
possible. |

2. Changing of filter cartridges and cleaning of filter

Careful maintenance of the filter reduces engine wear. Change
cartridges reqularly (see section 04) and, if the pressure drop
indicator gives alarm, as soon as possible.

As the useful life of the cartridge is, to a great extent,
dependent on the fuel quality, load, lubricating oil gquality,
centrifuging and care of centrifugal filter, experience from the
installation concerned will give the most suitable interwvals
between changes of cartridges.

Change of cartridges and cleaning should, if possible, be done
during stoppages. By closing one of the filter halves the
cartridge can, however, be changed during operation. As the load
on the other cartridges will increase, the change of cartridges
should be carried out as fast as possible.

a) Shut off the filter side to be served.

b) Remove the protection cover on V-engines.

c) Open the air vent screw (l) about two turns.

d) Open the plug (8) and drain the oil.

e) Open the plug (13) and drain the oil. On in-line engines, open
the complete cover (12).
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£) Open the filter cover.

g) Remove the wire gauze insert. Wash in gas oil. Check that it is
intact.

h) Remove the paper cartridges and throw away. Paper cartridges
cannot be cleaned. Always keep a sufficient gquantity of car-
tridges in stock.

i) Clean and rinse the filter housing carefully with gas oil.

k) Fit new paper cartridges and the cleaned wire gauze insert.
Check that all seals are intact and in position.

1) Check that the guide (4) slides into position.
m) Mount the plugs and the cover. Tighten the wvent screw.

n) Move the three-way valve over to working position (fig. 18-54C)

18.8 Centrifugal filter (fig. 18-55)

l. Description

A by-pass filter of the centrifugal type is provided as a comple-
ment to the main filter. For V-engines two identical filters are
used.

The filter comprises a housing (13) containing a hardened steel
spindle (3) on which a dynamically balanced rotor unit (5) is free
to rotate. 0il flows through the housing, up the central spindle
into the rotor.

The rotor comprises two compartments, a cleaning chamber and a
driving chamber. 0il flows from the central tube (6) into the
upper part of the rotor, where it is subject to a high centrifu-
gal force, and the dirt is deposited on the walls of the rotor
in the form of heavy sludge.

The oil then passes from the cleaning compartment through the
separation cone (9) into the driving compartment which carries two
driving nozzles (12). The passage of the clean oil through the
nozzles provides a driving torque to the rotor and the oil return
through the filter housing to the engine oil sump. The filter is
provided with a cut-off valve (15) which opens at about 2.5 bar.

2 Cleaning

It is very important to clean the filter regularly (section 04)
as it collects considerable quantities of dirt and thus unload
the main filter giving longer lifetime for the paper cartridges.
If it is found that the filter has collected the maximum quan-
tity of dirt (about 3.7 kg) at the recommended cleaning inter-
vals, it should be cleaned more frequently.
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Clean the filter as follows, the engine being running, by closing
the wvalve on the oil delivery pipe to the filter:

a) Slacken off the filter cover clamp (11l), unscrew the cover nut
(1) and lift off the filter body cover (4).

b) Withdraw the rotor assembly from the spindle (3) and drain
0il from the nozzles before removing the rotor from the
filter body. Hold the rotor body and unscrew the rotor cover

jacking nut (2), then separate the rotor cover from the rotor
body .

c) Remove the circlip (8) and the separation cone (9).

d) Remove sludge from the inside of the rotor cover and body by
means of a wooden spatula or a suitably shaped piece of wood,
and wipe clean.

e) Clean the separation cone.
f) Wash all details, for example in gas oil.

g) Clean out the nozzles with brass wire and compressed air.
Examine the top and bottom bearings in the tube assembly to
ensure that they are free from damage or excessive wear. Exa-
mine the O-ring (7) for damage. Renew, if necessary.

h) Reassemble the rotor complete, align the location pins and
tighten the top nut. Do not forget the O-=ring (7) as this will
cause leakage of the rotor which, in turn, will cause unbalance
and damage the filter.

1) Examine the spindle journals to ensure that they are free
Erom damage or excessive wear. Examine the O-ring (10) for
damage. Renew, if necessary.

k) Remove the cut-off wvalve plug (14) and cut-off valve assembly.
Check that the spring and shuttle are undamaged and free to
move. Change the seal, if necessary.

1) Reassemble the filter, checking that the rotor assembly is free

to rotate, and then replace the filter body cover. Tighten the
cover nut and secure the filter cover clamp.

18.9 Prelubricating pump (fig. 18-56)

l. Description

The pump is of the screw type, driven by an electric motor.

The pump is provided with an adjustable pressure control valve
{15). The pressure should be limited to the minimum wvalue, about
2 bar, by unscrewing the adjusting screw (14) to the end position
in order to prevent the electric motor from being overloaded

when running with very cold oil.
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As a shaft seal a mechanical seal is used consisting of two
plane sealing surfaces facing each other - one of them (8)
rotating with the shaft and the other one (6) bheing stationary.

2, General maintenance

Normally, no regular maintenance is regquired.

After 3...6 years the shaft seal may have to be replaced due to
ageing. 0il leaking out of the opening (5) indicates that the
shaft seal is defective and has to be changed.

Take care not to damage the sealing ring faces. A slight scratch
may disturb the sealing function. The rotating coal ring (8) is
very fragile. Avoid touching the sealing faces with your fingers.

3. Dismantling

a) Loosen the pipes and fastening screws (2) and withdraw the
pump .

b) Draw the coupling half (1) off the shaft.

c) Remove the front plate (10) together with the drive screw (2)
and the shaft seal. Place the front plate on two rods, the
shaft journal turned upwards.

d) Remove the drive screw locking ring (3). Give the shaft jour-
nal a few blows with a plastic hammer until the screw is
disengaged from the ball bearing. Take care not to damage the
screw by dropping it on the work bench.

e} Remove the sealing ring (8).

£) Force the sealing unit (13) off the drive screw (2). Pressing
force may be relatively strong due to the rubber bellows.

g) Tap the stationary sealing ring (6) together with the O-ring
out of the front plate by using a chisel.

h) To remove the ball bearing (4) from the front plate, first
remove the locking ring.

Note! Always clean the ball bearing in fresh gas oil. Protect
the bearing when the pump parts are being cleaned as the used
washing liguid contains dirt particles that may damage the
bearing.

4, Reassembly

The reassembly is performed in the reversed order.

a) Remount the ball bearing in the front plate, the protective
washer turned outwards. Lock with the locking ring.

b) 0il the O-ring (7). Insert the stationary sealing ring (6) in
the front plate. Take care not to damage the sealing faces
and check that the ring enters the pin (11).
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c) Clean the drive screw carefully and enter the sealing unit
(13) without the coal ring on to the shaft. Take care that
the rubber bellows are pressed against the seal spring sup-
porting washer. Keep the seal in this position for a moment
to enable the bellows to fix. A drop of lubricating oil on
the drive screw shaft will facilitate reassembly.

d) Put the coal ring into position, the smaller sealing face up-
wards and the grooves matching the marks.

e) Place the front plate (10) over the drive screw shaft
journal.

£) Force the ball bearing inner ring against its shoulder on the
drive screw. Use a suitable sleeve matching the bearing inner
ring.

g) Lock with the ring (3).

h) Install the end plate unit and screw in the set in the pump
housing. Do not forget the O-ring (12) which seals between

the pump housing and the front plate. Fill the ball bearing
with grease.

j) Install the coupling half (1) on the pump shaft and fasten the
pump to the bracket. Check that the clearance between the
coupling halves (x in fig. 18-56) is 2 mm.

k) If the electric motor has been disconnected or changed, check

that it rotates in the right direction by switching it on a few
times.
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3.10 Load-dependent cooling system

As already mentioned, a real heavy fuel engine re-
quires optimum temperatures in order to function
satisfactorily at all loads. Wértsild Diesel has de-
signed a unique cooling water system which actively
controls the temperatures of the engine components
and the combustion chamber in order to provide
adeqguate temperatures at all loads. At low load the
charge air temperature is heated to permit sufficiently
high compression and combustion temperatures. To
avoid cold:corrosion in the combustion chamber
components, mainly the cylinder liner, the tempera-
tures must be kept sufficiently high. At high load the
temperatures must, on the other hand, be kept low to
decrease the thermal load on the engine components
and avoid hot corrosion on the components (Fig. 31).
This system works automatically. The energy for
heating the charge air and cylinder liner is taken
from the engine waste heat. Investigations of avail-
able heat quantities at low load indicate that most of
the energy is generated by the lubricating oil cooler.
This is because the guantity of heat supplied to the
lubricating oil by friction is relatively large even when
idling (Fig. 32).

TémP-|  LOAD DEPENDENT TEMPERATURE
Ty |  CONTROL

18 charge air before cooler

100 | /
===/
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0 20 40 60 80 100%  Load

Fig. 31

A load dependent cooling system is necessary in order to
ensure safe and economical operation on heavy fuel over
the entire load range.

The engine cooling system consists of two connected
circults: a low-temperature one and a high-tempera-
ture one. The low-temperature circuit includes the
charge air and oil coolers. The temperature is control-
led by a special thermostat with two set points, one
for high-load and one for low-load operation. The high-
temperature circuit includes the cylinder and turbo-
charger cooling. The temperatures are controlled
with a similar thermostat with two set points. By
using a load sensor the temperatures can be main-
tained automatically at the correct level in the res-
pective load range (Fig. 33).

The load-dependent cooling system is simple and
compact because all the components such as charge
air cooler, oil cooler, thermostat valves, cooling
water pumps and connecting pipes are mounted on
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Fig. 32

The heatl balance shows that the lubricating oll is the most
important heat source at no-load.

COOLER

"
Fig. 33

The load dependent cooling system.
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19. COOLING WATEER SY¥STEM

19.1 Description and operation (page 19-51A)

There are two cooling systems in the engine: a high temperature
system with circulating fresh water for cooling of the cylinders
and turbochargers and a low temperature system for cooling of
the engine heat exchangers, i.e. air cooler, o0il cooler and cir-
culating water cooler.

l. Circulating water system (high temperature system)

The engine should be cooled with circulating fresh water, treated
according to the recommendations in section 02.3 to prevent cor-
rosion and deposits.

A circulating water pump (6), direct driven from the engine, or
a separate pump, pumps the water through the system. From the
pump the water flows to the distributing duct cast in the engine
block of the in-line engine. In V-engines the water is distri-
buted to the cylinder banks through a duct cast in the free end
cover. From the distributing ducts the water flows to the
cylinder water jackets and further through connection pieces to
the cylinder heads where it is forced by the intermediate deck
to flow along the flame plate, around the valves and up around
the injection valve, efficiently cooling all these components.
From the cylinder heads the water flows through a connection
piece to the collecting pipes.

Parallel to the cylinder cooling, part of the water flows to the
turbocharger turbine side (2). From the engine collecting pipe
the water is led to a circulating water cooler (10), separate or
mounted on the engine base plate and from there back to the cir-
culating water pump. A thermostat wvalve (9) keeps the water
temperature as constant as possible after the cooler and, conse-
quently, before the engine (see section 18.6 Thermostat valve).

The system also includes an expansion tank (1) to be connected
immediately before the pump (6). For the water of the collecting
pipes and of the turbocharger cooling, a common connection for
the air vent pipe (16) is provided; the connection should be led
rising to the expansion tank. E

Local thermometers indicate the temperatures before and after
the engine as well as after the turbocharger. The temperature
stated in section 01.2, page 01-2A, should not be exceeded.

The engine is equipped with an alarm device for high circulating
water temperature after the engine (13) as well as a switch for
automatic stoppage (12) if the temperature would rise further

(set points according to section 01.2). A pressure gauge (14) on
the instrument panel indicates the pressure before the engine.

The pressure depends on the engine speed. An alarm device for

too low pressure can be delivered as extra eguipment (section 23).
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If risk of frost occurs, drain all cooling water spaces. Avoid
changing the cooling water. Save the discharged water and use it
again.

Concerning cleaning of the system, see section 19.2.
A connection for preheating is provided. In case of preheating
the system should include a non-return valve forcing the pre-

heated water to circulate through the engine.

2. Low temperature system

The low temperature system can, in principle, be arranged in two
different ways: Cooling direct with raw water, or central cool-
ing with fresh water, which, in turn, is cooled in a central
cooler.

The charge air cooler (4) and the o0il cooler (11), which are
normally mounted on the engine, are coupled in series. In case

a circulating water cooler (10) is installed, it is coupled in
series after the two above mentioned coolers. In the V-engine,
which is provided with two air coolers, the cooling water first
runs in parallel over both air coolers and from there further to
the oil cooler.

A pressure gauge on the instrument panel indicates the pressure
before the engine. Local thermometers indicate the temperature
of inlet and outlet water.

2.1 Cooling with raw water

All pipes are made of special brass, valves and water boxes of
bronze and cocler tube stacks of copper nickel.

The pump may be direct driven by the engine or separate. The
direct driven pump is identical with the direct driven circulat-
ing water pump, but all details exposed to sea water are non-
corrosive (see section 19.3).

The raw water system should be arranged so that part of the warm
discharge water can be led back to the suction side of the pump
to maintain a temperature of about 25°C. This will most easily
be arranged by using a thermostat valve (8).

The raw water pipe should be provided with a filter (7), with a
mesh width of 1.6...2.0 mm, before the engine.

If the engine is to be stopped for a longer time it is advisable
to drain the raw water from the coolers. Risk of corrosion!

Concerning cleaning, see section 19,2,

2.2 Cooling with fresh water (central cooling)

All pipes are made of steel and cooler tube stacks of special
brass.
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The pump may be direct driven by the engine or separate. The
direct driven pump is guite identical with the direct driven
circulating water pump (see section 19.3).

15.2 Cleaning of cooling water spaces

In completely closed systems the fouling will be minimized if
the cooling water is treated according to our instruction 02.3,
Depending on the cooling water quality and the efficiency of the
treatment, the cooling water spaces will foul more or less in
course of time. Especially coolers which are cooled directly
with sea water may foul gquickly. Deposits on cylinder liners,
cyl inder heads and cooler stacks should be removed as they may
disturb the heat transfer to the cooling water and thus cause
serious damage.

The need of cleaning should be examined, especially during the
first year of operation. This may be done by pulling a cylinder
liner and check for fouling and deposits on liner and block. The
cylinder head cooling water spaces may be checked by opening the
lower large plugs on the sides of the cylinder heads. The turbo-
chargers can be checked through the covers of the water space
and the coolers by removing the water boxes of the inlet water.

The deposits can be of the most varying structure and consist-
ence. In principle, they can be removed mechanically and/or
chemically as described below. More detailed instructions for
cleaning of coolers are stated in section 18.5.

a. Mechanical cleaning

A great deal of the deposits consists of loose sludge and solid
particles which can be brushed and rinsed off with water.

On places where the accessability is good, e.g. cylinder liners,
mechanical cleaning of considerably harder deposits is efficient.

In some cases it is advisable to combine chemical cleaning with
a subsequent mechanical cleaning as the deposits may have
dissclved during the chemical treatment without having come
loose.

b. Chemical cleaning

MNarrow water spaces (e.d. cylinder heads, coolers) can he
cleaned chemically. At times, degreasing of the water spaces may
be necessary if the deposits seem to be greasy (see section
18.5).

Deposits consisting of primarily limestone can be easily removed
when treated with an acid solution. Contrarily, depocsits con-
sisting of calcium sulphate and silicates may be hard to remove
chemically. The treatment may, however, have a certain dissolv-
ing effect which enables the deposits to be brushed off if there
is only access.



22MD
B308

On the market there are a lot of suitable agents on acid base
{supplied e.g. by the companies mentioned in section 02.3).

The cleaning agents should contain additives (inhibitors) to pre-
vent corrosion of the metal surfaces.

Always follow the manufacturer's instructions to obtain the best
result.

After treatment, rinse carefully to remove cleaning agent resi-
duals. Brush the surfaces, 1f possible., Rinse again with water
and further with a sodium solution of 5% to neutralize possible
acid residuals.

19.3 Water pump (page 19-52)

l. Description

The water pump is a centrifugal pump and is driven by the gear
mechanism at the free end of the engine. The shaft is made of
acid resistant steel, the impeller (2) and the sealing ring (3)
of bronze and the remaining details of cast iron.

The shaft is mounted in two ball bearings (11l) and (12), which
are lubricated by splash oil entering through the opening (20).
The radial seal (13) prevents the oil from leaking out and, at
the same time, dirt and leak water from entering. Also the axial
seal (14) sealing against the outside of the seal (13) assists
in this,

The gear wheel (24) is fastened to the shaft by conical ring
elements (25). When the screws (21) are tightened the rings
exert a pressure between the gear wheel and the shaft. Due to
the friction the power from the gear wheel is transmitted to the
pump shaft,

The water side of the pump is provided with a mechanical shaft
seal. The ring (8) rotates along with the shaft and is sealed
against it with the O-ring (7). The spring (5) presses the
rotating ring against a fixed ring (9) which is sealed against
the housing with the O-ring (10). Possible leak-off water from
the sealing can flow out through the opening (15).

2. Maintenance

Check the pump at intervals according to the recommendatons in
section 04 or, if water and oil leakage occurs, immediately.

a. Disassembling and assembling impeller

- Remove the volute casing by loosening the nuts (17).
- Remove the cotter pin and loosen the nut (1).

= Pull off the impeller by using the tool 837012, see fig. 19-52A.
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- When reassembling the impeller, tighten the nut to torque, see
section 07.1 pos. 25.

- Secure the nut with a new stainless cotter pin.

- Check that the O-ring (18) is intact and in position when
reinstalling the wvolute casing. Check that the volute casing
is in position. The opening (20) should be turned upwards when
the pump is installed.

and (12) will be left without lubrication. Before mounting
the pump on the engine, fill up the bearing housing (20)
with oil until oil flows out through the draining holes
(25).

If the bearing housing is turned wrongly, the bearings (11) |
|
|
|
|

b. Disassembling and assembling mechanical shaft seal

= Remove the impeller according to pos. 2a.

Carefully dismantle all seal details. The sealing rings are
very fragile.

Take particular care not to damage the sealing surfaces as a
slight scratch may disturb the sealing function.

- Replace the complete seal if it is leaky, if the sealing faces
are corroded, uneven or worn. Avoid touching the sealing faces
with your fingers.

Note that the seal is dependent on the direction of rotation
due to the self-locking effect of the spring on the shaft. In
a clockwise rotating engine the spring should be left-wound
(and contrarily right-wound in a counter-clockwise rotating
engine). Untensioned, the spring may cause the ring (8) not to
rotate properly with the shaft, whereby the O-ring gets worn
thus causing leakage.

Reassemble the details in proper order and install the
impeller according to pos. a. Do not forget the thin washer
(6) between the spring (5) and the O-ring (7).

c. Replacing bearings

Remove the pump from the engine.

Disassemble the impeller and mechanical seal according to pos.
a and b.

Remove the rear plate (19) by undoing the screws (16).

= Loosen the screws (21) and remove the cap (27).

Pull off the gear wheel without using any tool. If the gear
wheel does not come loose, a few strokes with a non-recoiling
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hammer will help.

Using an extractor will only damage the shaft (axial
scratches).

- Loosen the bearing retainer (23) and drive out the shaft and
bearing. In doing this also the seal (14) will come loose.

- Check the seals (13) and (14) and the bearings for wear and
damage, see pos. d.

- Remove the bearings.

- Press the bearing (13) by its inner ring with a suitable pipe.
Before fitting the bearing, o0il the collar. See fig. 19-53A.

= Turn the shaft according to fig, 19-53B.
- Fit the distance ring and oil the collar.

- Press the bearing (1l1l) by its inner ring with a suitable pipe.
See fig. 19-53B.

= Turn the bearing housing according to fig. 19-53C and oil the
outer surfaces of the bearings. Press the shaft into the
housing by both the inner and outer ring of the bearing (11)
with a suitable pipe.

- Fit the bearing retainer (23).

— Before reinstalling the gear wheel, all contact surfaces
should be cleaned and oiled.

- Reinstall the conical ring elements (25), see fig. 19-52B,

The conical ring elements should fall easily in place and
must not jam.

- Reinstall the cap and the screws.

- Tighten the screws a little and check that the gear wheel is
in the right position.

- Tighten the screws to torque according to section 07.1.23A.
- Reinstall the seals (13) and (14), see pos. d.

- Reinstall the rear plate (19) as well as the mechanical seal,
impeller and wvolute casing according to pos. 2a and 2b.

d. Replacing radial seal

This will be most easily done at the same time as replacing the
bearings. If, for some reason, the seal is leaky and there is no
need of changing the bearing, proceed as follows:
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- Remove the volute casing and mechanical seal according to pos.
2a and 2b as well as the rear plate (19).

- Remove the seals (14) and (13) by prying (damaging) without
scratching the shaft.

- Inspect the shaft. In case the seal has worn the shaft by more
than 0.5 mm radially, the shaft should be replaced according
to pos. 2c.

- 0il the new seal and fit it by pressing against the shoulder.

- Grease the axial seal (14) and install by using the tool
837012, see fig. 19-52C.

- Install the rear plate as well as the mechanical seal and the
volute casing according to pos. 2a and 2b.

19.4 Circulating water cooler

The circulating water cooler is, in principle, identical with
the lubricating o0il cooler and the raw water side should be
inspected and cleaned according to section 18.4.

The fouling of the tube stack outside, around which circulating
water is flowing, is minimized in case the water has been care-
fully treated. If fouled, clean in the same way as the water
system on the whole.
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20. EXHAUST SYSTEM

20.1 Description (page 20-51)

The exhaust pipes are cast of special alloy nodular cast iron,
with separate sections for each cylinder.

Metal bellows of the multi-ply type absorb heat expansion between
the cylinder heads and the pipe system as well as between the
turbocharger and the pipe system.

All connections between pipes, expansion bellows, cylinder heads
and turbocharger are made with rigid flanges and gaskets.

The pipe system is supported and fixed by a bracket (5) but is
free to move axially in the supporting bracket (3). The disc
springs (2) maintain a positive force between the bracket and
the pipe.

The complete exhaust system is enclosed by an insulation box
built up of insulated sandwich steel sheets, flexibly mounted on
the engine structure. Mineral wool is used as insulating material.

The exhaust gas temperatures can be checked on local thermometers
after each cylinder. Sensors for remote measuring of the tem-
perature (or for the alarm system) can be mounted after each
cylinder as well as before and after the turbocharger.

20.2 Replacing expansion bellows

a) Remove the cover (4) of the insulation box to get access to
the expansion bellows between the exhaust pipes and the cyl-
inder head.

b) Remove the covers (6) to get access to the expansion bellows
between the exhaust pipes and the turbocharger.

c) Check that the flanges between the turbocharger and the

exhaust pipe are parallel and located on the same centre line
to avoid lateral forces on the bellows when mounting.

20.3 Suspension of the insulation box

The insulation box is mounted with flexible elements (1) to
dampen vibrations thus protecting the insulation. Replace the
elements by new ones, if necessary.
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21, STARTING AIR SYSTEM

21.1 Description (page 21-51)

The engine is started with compressed air of maximum 30 bar. The
minimum pressure required is about 11 bar depending on the cyl-
inder number and the installation. A pressure gauge (15) indicates
the pressure before the main starting valve.

The inlet air pipe from the starting air receiver includes a non-
return valve (13) and a filter (20). A blow-off valve (1l4) is
located before the main starting valve. The main starting valve
may be operated either with the lever (1) at manual starting or
with a built-on solenoid wvalve (8B) at remote or automatic start-
ing of the engine.

When the main starting valve opens, starting air passes partly
through the flame arrester (16) and partly through the start
limiting valve {ZﬁJ The start limiting valve prevents the passage
of contreol air if the cover to the turning opening at the fly-
wheel is removed.

The starting air distributor guides the control air to the start-
ing valves which open and admit starting air to flow to the
various cylinders for suitable periods.

Four-cylinder engines are egquipped with a pneumatic starting
motor which turns the crankshaft through a gear ring on the
flywheel until the engine has reached a speed enabling start.

V-engines have starting wvalves on the A-bank, only.

21,2 Main starting valve (page 21-51)

l. Description

The starting air for the engine is led to the space (12) and
through holes in the sealing piston (l1l1) also to the rear side
of the piston which means that the piston normally is closed.

At manual start, open the valve by depressing the lever (l). The
pin (3) will then move the piston (11) and starting air is
admitted to the space (5), to which the distributing pipe and
the starting air distributor inlet pipe are connected.

At remote or automatic start the solenoid wvalve (B) opens the
duct (7) between the rear side of the sealing piston (1l1) and
the servo piston (6), which moves the sealing piston (11)
upwards through the lever (2) and the pin (3). The solenoid
valve opens when it is energized. When it closes, the space
behind the servo piston (6) is vented through the nozzle (9) and
the valve closes.
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2. Maintenance

Normally, the main starting valve reguires little maintenance.
In case it is to be opened for inspection:

a) Remove the wvalve from the engine by loosening the starting
air pipe, the pipe from the wvalve to the start limiting wvalwve
and the bracket with the starting lever. On V-engines, also
remove the pressure gauge pipes from the instrument panel
and, as a unit, the instrument panel and the bracket with
starting lever. The valve can now be removed from the end
cover.

b) Open the plug (10) for inspection. Clean the sealing piston
(11) and the seat. Do not use hard tools.

c) Check the pin (3) and the servo piston (6) for free movement.
The servo piston is removed by undeing the two hexagon socket
head screws by which the cylinder is fixed. Replace the 0-
rings, if necessary.

d) Lubricate the details before reassembling. Fill the servo
piston lubricating grooves with Molykote Paste G.

g) When installing, check that the connection pipe O-rings are
undamaged and in position.

Lubricate the contact faces of the lever arm with Molykote.

The solenoid valve (8) requires, in principle, no maintenance.
If the coil has broken, e.g. because of overvoltage, replace
the coil by a new one. If the valve is probable to be clogged
by dirt it can be dismantled for cleaning if caution is
observed. Check that the sealing surfaces are not damaged.
Reinstall all details in correct position and order. If
further troubles, replace the wvalve by a new one.

21.3 Starting air distributor (page 21-51)

l. Description

The starting air distributor is of the piston type. The distri-
butor pistons are guided by a cam (19) at the camshaft end. When
the main starting valve opens, the guiding pistons (17) are
pressed against the cam, whereby the guiding piston of the
engine cylinder which is in starting position admits control air
to the contrnol piston (22) of the starting valve. The starting
valve cpens and allows pressure air to pass into the engine cyl-
inder. The procedure will be repeated as long as the main start-
ing valve is open or until the engine speed is so high that the
engine fires.

After the main starting valve has closed, the pressure drops
guickly and the springs (18) lift the pistons off the cam, what
means that the pistons touch the cam only during the starting
cycle. Thus wear is unsignificant.
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2. Maintenance

Normally, the starting air distributor is only slightly worn. If
it has to be opened for inspection and cleaning:

a) Take care not to damage the sliding surfaces of the piston
and the distributor housing bores.

b) The piston are individually matched and are not interchange-
able. Utilize the cylinder number stamped at every control
air outlet.

c) Apply Molykote Paste G to the piston sliding surfaces and
£ill up the lubricating oil grooves before reassembly. Check
that the pistons do not stick.

d) After installing the distributor but before connecting
control air pipes, check that all pistons are working satis-
factorily, e.g. by connecting compressed air to the distribu-
tor air inlet and turning the crankshaft; it is then possible
to see whether the pistons follow the cam profile.

Caution: If the control air pipes have been connected
prior to checking, the crankshaft will rotate.

21.4 Starting valve in the cylinder head

l. Description

The valve is an exchangable unit consisting of a valve spindle
with a spring-loaded control piston installed in a housing.

. 2. Maintenance

Check and, if necessary, clean the valve when overhauling the
cylinder head.

a) Remove the flange and pull ocut the starting valve.
b) Unscrew the self-locking nut (21) and remove the piston (22).
c) Check the sealing faces of the valve disc and wvalve seat.

d) After reassembling the piston, spindle and spring, check that
the valve moves easily and closes completely.

e) When installing the valve, check that the sealing under the
valve is in position and intact.

f) Tighten the valve to torgue recommended in section 07.1.
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21.5 Starting air vessel and piping

The starting air system should be designed so that explosion is
prevented.

An oil and water separator should be included in the feed pipe
between the compressor and the starting air vessel. At the bottom
point of the piping there should be a drain valve.

Drain the starting air vessel from condensate through the drain
valve before starting.

The piping between the air wvessels and the engines should be care-
fully cleaned when installing. Also later on they should be kept
free from dirt, oil and condensate. ;

The starting air vessels should be inspected and cleaned with
intervals according to section 04, If possible, they should then
be coated with a suitable anti-corrosive agent. Let them dry
long enough.

At the same time, inspect the valves of the starting air vessels.

Too strong tightening may result in damage on the seats, which in

turn causes leakage. Leaky and worn valves including safety valves
should be reground. Pressure test the safety valves.

The filter (20) on the engine should be inspected and cleaned

with intervals according to section 04. Drain the filter from
condensate with the built-on drain valve.

21.6 Starting air system eguipped with pneumatic starting motor

l, Description (page 21-52).

In order to ensure automatic start irrespective of the crankshaft
position, the four-cylinder engines are equipped with a pneumatic
starting motor, which turns the crankshaft through a gear ring on
the flywheel until the speed necessary for start is reached. The
starting air pressure is max. 30 bar. The minimum pressure for
start 1s abt 15 bar but it can vary from one installation to
another.

As an extra safety measure there is a device on the engine that
prevents undesirable starting during turning. Air is led through
a start limiting valve (10) that prevents the passage of control
air if the cover to the turning opening at the flywheel is
removed.

If the engine is started up manually, the push-button (7) should
be released as soon as the engine starts, otherwise the starting
motor is exposed to unnecessary wear.

2. Maintenance

Check regularly that the oil level in the lubricator is between
the maximum and minimum wvalues.
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Use one of the following oils:
Gali HI 33 EP

Shell Turbo 27

Castrol Huspin 80

BP Energoil HP 46

Mobil Detergent Light

If necessary, use the same oil as in the diesel engine oil
system.
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22, CONTROL MECHANISM

22.]1 Description (page 22-51)

During normal operation the engine speed is controlled by a
governor (18) which regulates the injected fuel quantity to
correspond the load.

The regulation movement is transferred to the control shaft (10)
through a spring-lcaded rod (16) which enables stop or limit
functions to be transferred to the control shaft irrespective of
the governor position. In V-engines the control shafts of the
cylinder banks are connected with rods in such a way that the
two control shafts work synchronously together.

The movement from the control shaft to the injection pump fuel
racks (1) is transferred through the control lever (4) and the
spring (3) which press the pin (2) at the end of the fuel rack
against the control lever. The torsion spring (3) enables the
control shaft and, consequently, the other fuel racks to be
moved to stop position even if one of the racks has jammed. In
the same way the torsion spring (5) enables the control shaft to
be moved towards fuel-on position even if an injection pump has
jammed in no-fuel position. This feature can be of importance in
an emergency situation.

The engine can be stopped by means of the stop lever (6). When
the stop lever is moved to stop position, the lewver (8) actuates
the lever (7) forcing the control shaft to stop position.

The engine is provided with two independent overspeed trip
devices, an electro-pneumatic device with tripping speed about
15% above the nominal speed, and a mechanical device with
tripping speed about 18% above the nominal speed. The electro-
pneumatic device moves every fuel rack to no-fuel position by
means of a pneumatic cylinder on every injection pump. The
cylinder actuates the pin (2) at the fuel rack. The mechanical
device actuates the lever (14) moving the control shaft to stop
position. Both the electro-pneumatic and the mechanical device
can be tripped also manually, see section 22.5 and 22.6.

When starting, a fuel limiter will automatically limit the move-
ment of the control shaft to a suitable value. A pressure air
cylinder limits the position of the lever (11), see section
L

The indicator (12) indicates the fuel rack position.

The speed governor is provided with a stop solenoid by which the
engine can be stopped remotely. The solenoid is also connected
to the electro-pneumatic overspeed protection system and to the
automatic stop system which stops the engine at too low lubri-
cating oil pressure, too high circulating water temperature, or
at any other desired function.
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Next to the governor there is a fixed mechanical limiter
effecting the control shaft directly by means of the lever (13).

22.2 Maintenance (page 22-51})

Special attention should be paid to the functon of the system |
as a defect in the system may result in a disastrous
overspeeding of the engine or in the engine not being able to
take load.

a) The system should work with minimum friction. Clean and
lubricate reqularly the racks, bearings (also the self-
lubricating bearings (9)) and the ball joints with lubri-
cating oil.

b) The system should be as free from clearances as possible.
Check clearances of all connections. The total clearance may
correspond to max. 0.5 mm of the injection pump fuel rack
positions.

c) Check regularly (see recommendations in section 04) adjust-
ment of the system; stop position, overspeed trip devices,
starting fuel limiter, see section 22.3.

d) When reassembling the system, check that all details are
placed in the right position, that all nuts are properly
tightened and to torque, if so prescribed, that all locking
elements like pins, retainer rings, locking plates are in
positions. Check according to pos. a...C.

22.3 Check and adjustment (page 22-51)

l, Stop lever stop position

a) Check:

- Set the terminal shaft lever (17) in max. fuel position and
the stop lever (6) in stop position.

— Check that the fuel rack position of all injection pumps is
less than 5 mm.

b) Adjustment:

- Set the stop lever in the stop position and check that the
lever (7) contacts the lever (8) properly. A small torgue
can be set from the governor, but not a too large one,
because this will twist the shaft unnecessarily, although
little.

- Adjust the fuel rack position to 4 mm by adjusting the
screws (20).
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2. Governor stop position
a) Check:
= Move the stop lever into work position.
- Set the governor terminal shaft lever in stop position.
= Check the fuel rack positions to be 4 mm.
b) Adjustment:
- If the fuel rack positions are unegual, adjust first
according to pos. 1lb.
- Adjust the spring-loaded rod so that the fuel rack position
of 4 mm is obtained.
- If changing the governor, see section 22.4.
3. Mechanical overspeed trip dewvice
a) Check of stop position
- Set the stop lever in work position and the terminal
shaft lever in max. fuel position.
- Release the overspeed trip device manually.
- Check the fuel rack positions to be less than 5 mm.
b) Adjustment of stop position
- The stop position is adjusted and locked by the engine
manufacturer to provide a stop position equal to that of
the stop lever. If deviations occur, check lever fixations
and wear.
c) Check and adjustment of tripping speed
- See section 22.5,
4. Electro-pneumatic overspeed trip device (page 22-53)
a) Check of stop position

Set the stop lever in work position and the terminal
shaft lever in max. fuel position.

Release the overspeed trip device manually.

Check the fuel rack positions to be less than 5 mm.



22HF,
8308

HE,

)

hi

MD

22-4

Adjustment of stop position

The electro-pneumatic overspeed trip device requires no
adjustment.

If a fuel rack position of less than 5 mm cannot be
obtained, check for wear.

Check and adjustment of tripping speed

See section 22.6.

Starting fuel limiter (page 22-54)

a)

b)

Check of limit position

Set the stop lever in work position and the terminal shaft
lever in max. fuel position.

Connect pressure air to the nozzle (5) at which the limiter
piston (1) will turn the control shaft to the limit posi-
tion.

Check the fuel rack position. The suitable limitation
depends on the installation, normally about 18 mm.

Adjustment of limit position

Connect pressure air to the nozzle (5).
Loosen the fastening screw (3) of the limitation lever.

Turn the control shaft to the desired limitation of the
fuel rack position.

Move the limitation lever against the limitation piston (1).
Tighten the fastening screw in this position.

Check according to pos. 5a.

c) Check of function

b.

See section 22.7.

Indicator of fuel rack position

Check that the indicator corresponds to the fuel rack positions.
If not, loosen the grub screw and adjust the indicator to the
correct value.
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22.4 Speed governor (page 22-51)

l. General

The engine can be equipped with various governor alternatives
depending on the kind of application. Concerning the governor in
itself, see the governor instruction book, end of section 22.

2. Hydraulic governor drive

The governor is driven by a separate drive unit which, in turn,
is driven by the camshaft through helical gears. The governor is
fastened to this drive unit and connected to the drive shaft
through a serrated connection. The governor with drive can thus
be removed and mounted as a unit or the governor can be changed
without removing the drive unit.

Pressure o0il is led through drillings in the bracket to the
bearings and to a nozzle for lubricating the gears. The gear and
the serrated coupling sleeve are mounted to the shaft with
interference and secured with spring pins.

Check at recommended intervals:

- the radial and axial clearances of the bearings

- the gear clearance

- the oil drillings and the nozzle to be open

- that the gears and serrated coupling sleeve are irmly fastened
to the shaft

Change worn parts.

3. Removal of governor

a) Loosen the terminal shaft lever (17) and governor electrical
connection.

b) Open the screws (19) and pull the governor vertically
upwards. The governor must not fall or rest on its driving
shaft.

4, Mounting of governor

When mounting the same governor, check that the mark on the
lever (17) corresponds to that of the shaft. Check the setting
according to section 22.3.

When mounting a new governor, proceed as follows:
a) Mount the governor into position on the governor drive.

b) Turn the governor terminal shaft to stop position (in
counter-clockwise direction seen from the driving end).
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c) Mount the terminal shaft lever (14) as follows (see figure
for Woodward UGS8):

Woodward UG8 1in-line engine : in horizontal level
Woodward PGl6 in-line engine : 30° upwards from
horizontal level
Regulateur Europa 1103, V-engine : 12° downwards from
horizontal level
Woodward PGlé and EGB29, V-engine : 60° upwards from

horizontal level
d) Lock the fastening screw and mark the position of the ter-
minal shaft lever with a mark on the shaft corresponding to
that of the lever.

e) Move the stop lever into the stop position. (Fuel rack posi-
tion 5 mm).

f) Adjust the spring—-loaded rod length to fit between the levers
(17) and (15). Do not forget to secure the nuts.

g) Check according to section 22.3.

22.5 Mechanical overspeed trip device (page 22-52)

l. Description

The overspeed trip device is of the centrifugal type. It will
trip when the engine speed exceeds the speed mentioned in
section 06.l. The tripping mechanism is fastened direct to the
camshaft end. When the engine speed increases, the centrifugal
force on the tripping mechanism increases and exceeds the force
of the spring (1) at the set tripping speed, whereby the weight
(2) is thrown outwards forcing the latch (3) to turn, thus
releasing the spindle (4), which is forced outwards by the work-
ing spring (5). The V-engine is provided with double working
springs. The force is transferred to the control shaft by the
lever (6) and a claw coupling on the control shaft, and the
control shaft is turned to stop position.

The overspeed trip device may be tripped manually by the lever
I

The engine cannot be restarted before the lever (6) has manually
been depressed so far that the latch (3) engages the piston of
the spindle (4).

A switch (8), indicating released overspeed trip device, may be
provided.

2. Check of tripping speed

Check the tripping speed at idle by increasing the engine speed
above the nominal speed by quickly turning the speed control
knob of the governor. Turn the knob back approximately to the
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initial position and retension the working spring of the
overspeed trip device manually by means of the lever (6). Use a
steel bar or pipe with the outside diameter of max. 22 mm, e.g.
the steel bar 844001,

Do not increase the engine speed by more than 40 RPM above
the tripping speed.

The tripping speed should be according to the values mentioned
in section 06.1.

When checking the tripping speed, the electro-pneumatic
overspeed trip device must be disconnected on the electrical
side as it has a lower tripping speed. Do not forget to
reconnect it. |

3. Adjustment of tripping speed

a) Remove the plug (9).

b) Turn the crankshaft until the adjusting nut (14) is in front
of the opening.

c) If a higher tripping speed is desired, tension the spring by
screwing the nut in. If a lower tripping speed is desired,
screw the nut outwards.

d) Mount the plug (9) and check the tripping speed according to
pos. 2.

e) The spring can be replaced through the opening of the plug.

4, Maintenance

- Remove the tripping mechanism by removing the screws (13) and
CEE):

- Remove the spindle (4) with piston and spring (5).

= | Be wvery careful when removing the spring (5). Use the tool
B37015. |

= Check all moving parts for wear and replace by new ones, if
necessary.

— Check the drain hole (12) to be open.

= Change the self-locking adjusting nut (14) always when it
seems to be loose.

- Tighten the screws (1l1) to torque according to section 07.1
when assembling and lock with steel wire.

- Tighten the screws (13) to torgue according to section 07.1.

- Use tool 837015 when mounting the spring.
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- Check the tripping speed according to pos. 3.

22.6 Electro-pneumatic overspeed trip device (page 22-53)

1. Description

The overspeed trip device is electronically controlled. Starting
air of max. 30 bar is used as operating medium. The tripping
speed 1is according to section 06.1.

There are two separate air inlets, one for starting air and one
for the electro-pneumatic overspeed trip device. The line for
the electro-pneumatic overspeed trip device is provided with a
non-return valve (1) and an air vessel (4) large enough to make
it possible to stop the engine even if the air pressure before
the non-return valve disappears.

The three-way solenoid valve (5) gets the stop signal for
overspeed from the electronic speed measuring system. Besides,
the solenoid is also connected to the stop system.

When the solenoid valve opens air is fed to the pneumatic cylin-
ders, one for each injection pump. The piston (6) of the air
cylinder actuates the fuel rack, moving it to stop position.

The stop signal is normally energized long enough to stop the
engine completely. When de-energized, the air is evacuated
through the three-way valve and the piston is forced back to the
end position by the fuel rack.

The solenoid wvalve can also be operated manually.

2. Check and adjustment of stop position

See section 22,3 pos. 4 a and b.

3. Check of tripping speed

Check the tripping speed at idle by increasing the engine speed
above the nominal speed by turning the speed control knob of the
governor. Turn the knob back approximately to the initial posi-
tion before restarting.

Do not increase the engine speed by more than 60 RPM above
the tripping speed.

The tripping speed should be 15 % above the nominal speed
(13 2 at a nominal speed of 1200 RPM), see section 06.01.

4. Adjustment of tripping speed

Adjustments will be made in the box of the electronic speed
measuring system, see the instructions for speed measuring
system, section Z3.
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5. Maintenance

a) General

- Regularly remove condensate through the drain valwve (3).

- Check tightness of the non-return valve (2). If not tight,
dismantle the valve and check the sealing surface of the
rubber O-ring.

Check that the valve element moves freely.

b) Three-way solenoid valve

- If the solenoid is out of order, replace it by a new one.

— If the valve does not move, clean all channels. Check the
valve piston.

- If air is leaking to the cylinders, change the sealings.

c) Air cylinder

= Check for wear.

- Check tightness of the piston. Replace the sealings by new
ones, if necessary. Take care not to deform the teflon ring
cutside the O-ring more than necessary.

- Lubricate the sealings and the piston with lubricating oil.

= Check that the piston does not stick,.

22.7 Starting fuel limiter (page 22-54)

l. General

Always when starting either automatically, remotely or manually,
a limiter automatically limits the injected fuel guantity.

Always when the engine is not operating (and provided with auxi-
liary voltage), the three-way solenoid valve (6) is energized
connected to the air distributing pipe with the limiting cylinder.
As the main starting valve is opened when starting the engine,
starting air is admitted to pass from the distributing pipe
through a non-return valve (8) to the limiting cylinder, whereby
the.piston (1) is forced out, thus limiting the fuel injection
by a lever (7) which is fastened to the control shaft. As the
engine reaches a speed 100 RPM below the nominal speed, a relay
in the speed measuring system de-energizes the solenoid valve
(6). The de-energizing is delayed for two seconds so that the
engine reaches the nominal speed before the limitation is cut
off.
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The pressure is relieved through the nozzle (5). On main engines
started up to a lower speed, a lower de-energizing speed may
alsc be used.

2. Check and adjustment of limitation

See section 22.5 a and b.

3. Check of function

a) Check that limitation is achieved as soon as the main
starting valve opens.

b) Check that correct limitation is achieved during the acce-
leration period.

c) The limitation is cut off when 100 RPM below the nominal
speed delayed with two seconds. This can be checked by
increasing the speed very slowly above the cut-off speed by
turning slowly the speed control knob of the governor. On
main engines a cut-off speed lower than the minimum running
speed is applied.

4, Maintenance

a) If limitation gradually retires before the three-way solenoid
valve (6) releases the pressure through the nozzle (5), it
can depend on:

- Leaky piston (l). Replace the sealing by a new one. Take
care not to deform the teflon ring outside the O-ring more
than necessary. Apply a few drops of lubricating oil on
piston before assembly.

= The non-return valve (8) does not close. Dismantle the
valve and clean. If the walve does not, however, keep
tight, replace it by a new one.

- Leaky three-way valve.

b) If the valve does not receive voltage or receives voltage
during wrong periods, check the control relays. See wiring
diagram and manufacturer's instruction, section 23.

c) If the limiter does not work, check the coil (6). If the coil
(6) is undamaged, check that the cylinder (2), three-way
valve (4) or the non-return valve (8) does not stick.

d) The three-way valve requires normally no maintenance. If the
coil has broken, e.qg. due to overvoltage, replace the coil by
a new one., If the valve is probable to be blocked by dirt, it
can be dismantled for cleaning provided that special care is
taken. Do not damage the sealing faces. Check that all parts
are mounted correctly. If further troubles, replace the wvalve
by a new one.

e) Check according to pos. 2 and 3.
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23. INSTRUMENTATION AND AUTOMATION

23.1 Monitoring equipment mounted on the engine (page 23-51)

23.1.1 Instrument panel

The instrument panel is flexibly suspended on three rubber
elements at the free end of the engine. The following instruments
are included:

- Manometer for: starting air before the engine
- fuel oil before the engine
- lube o0il before the engine
- high temperature (HT) water before the engine
- low temperature (LT) water before the engine
- charge air ;
X) = nozzle temperature control oil before and
after the engine (double pointers)
- Instrument for engine speed

- Running hour counter

The connection pipes to the manometers are provided with valves
which make it possible to change the manometers during operation.

The instruments require no service. Erroneocus or damaged instru-
ments should be repaired or changed at the first opgortunity.

The rubber elements for suspension of the instrument panel are
to be checked after longer operating periods and to be replaced
by new ones, if necessary.

23.1.2 Thermometers

- Exhaust gas thermometer for each cylinder (18}

= For lube oil before (20) and after (22) the lube o0il cooler

- For HT water before (2) and after (24) the engine

— For HT water after the turbocharger (25)

- For charge air in the air receiver (17)

- For LT water before (ll), between (29) and after the coolers
{30)

= For nozzle temperature control oil before (9) and after (8)
the engine

- For fuel before the engine (28)

Erroneous and damaged thermometers are to be replaced by new
ones at the first opportunity.

%)} Only for engines running on heavy fuel, i.e. 22HF and 22HE.
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23.1.3 Combined wisual pressure drop indicators and alarm
sSwltches

- For too high pressure drop across the lube oil filter (19).
The indicator/switch is mounted on each lube o0il filter.

- For too high pressure drop over the fuel filter when mounted
on the engine (14)

23.1.4 On/off switches

a) Alarm switches

The following switches for automatic alarm are monted on the
engine as standard:

Single-step switches for:
- too high charge air temperature (3)
x) - too low inlet temperature of the nozzle temperature control
oil (16}
X) — too high ocutlet temperature of the nozzle temperature
control oil (15)
- low lubricating oil pressure before the engine (4)
= low lubricating oil pressure of prelubrication (6)
- low fuel oil pressure (9)
®x) = low nozzle temperature contrel oil pressure (10)
- low HT water pressure (7) (main engines, only)
- low LT water pressure (B8) (main engines, only)
- too high pressure drop over the lubricating oil filter (19)
- too high pressure drop over the fuel oil filter (14)
tco low lubricating oil lewvel (27)

Two-step switches for:
- too high lubricating oil temperature (28)
- too high HT water temperature (26)

c) Stop switches

The following switches for automatic stop are mounted on the
engine as standard:

- for too low lube o©il pressure (5)
- for too high cooling water temperature (23)

c) Indicating switches

The following switches for indication are mounted on the
engine as standard:
- for tripped mechanical overspeed trip (21)

As extra equipment the following switches may be supplied:
- for load indication: one or two switches

The switches may differ from the above stated standard set.

¥) The switches are mounted only on engines running on heavy
fuel, i.e. 22HF and Z22HE.
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d}) Other switches

A pressure switch is connected to the air receiver for control
of the load dependent cooling system (this applies to 22HF and
22HE).

e) Check of switches

All switches are preadjusted at the factory.

Check the function of all switches at intervals recommended in
section 04. If any switch 1s supposed to be wrongly set or
broken, it should immediately be checked and, if necessary,
adjusted or replaced by a new one. Pressure and temperature
switches can be checked during operation.

Temperature switches

The switches are fitted into special pockets and can thus be
lifted off for checking also during operation. The check should
be carried out so that the sensor part of the switch is immersed
in liguid, e.g. oil, which is slowly heated. Watch at which tem-
perature the microswitch opens. HNote that there are two switch-
ing points to be checked in the double switches. The correct
temperature is stated in section 0l and is normally stamped on
the switch as long as the switch has not been adjusted to another
temperature. Connect the switch correctly when mounting. Also
the pockets are to be removed and cleaned when the systems are
emptied for other reasons.

Pressure switches

The mancmeter of the instrument panel may be utilized for check-
ing during operation as follows:

- Shut the ball cock on the common pipe to the manometer and
the switch.

- Open carefully the pipe union nut on the pressure switch so
that the pressure switch gives signal.

The alarm switch for too low prelube o0il pressure is set for
rising pressure and, thus, this method does not give the correct
value. A rough check can however be made when taking into con-

. sideration that the switch will display a value about 0.2 bar
lower at falling pressure.

All pressure switches can also be connected to a separate test
unit.

Pressure drop indicator

Remove the lube o0il switch from the filter and the the fuel
switch from the pipes.

Connect a hydraulic pressure test device (pump + manometer) to
the switch connection which is connected to the filter inlet
(the higher pressure).
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Raise the pressure to the switching point which should be 1.5
0.3 bar. At this point a red indicator ring at the end of the
switch should be visible.

Indicator switches

These switches can easily be checked when the engine is standing,
for instance.

- The mechanical overspeed trip device is tripped manually
{section 22 pos. 5) and should give indication.

- The control shaft is turned until the 1load indicating switch
operates. Check which lecad this corresponds to.

| Never set any of the alarm or stop switches out of function.

If any of the switches gives false alarm the reason should be
found ocut and the fault is to be remedied immediately.

23.1.5 Transducers for remote measuring

The engine is as standard supplied ready for connection of the
fEollowing transducers:

a) Temperatures

The connection points are located next to the respective
local thermometers unless otherwise stated.

- charge air in the air receiver

- lubricating ¢il before and after the oil cooler

- HT water before and after the engine (HT = high temperature)
- inlet LT water (LT = low temperature)

- exhaust gas temperatures for the individual cylinders

- exhaust gas temperatures before and after the turbocharger.

b) Pressures

The connection points are located on the pipes of the respect-
ive manometers in the instrument panel.

= charge air pressure

- lubricating oil pressure before the engine

- inlet LT water

- fuel oil after the filter

- nozzle temperature control ocil, inlet (applies to 22HF and
22HE, only)

- starting air

c) Miscellaneous

- transducers for turbocharger speed
- detector for crankcase smoke (one per cylinder)
= load indicator
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The instrument specification supplied with the engine documenta-
tion specifies which transducers should be installed, as to type
as well as to manufacturing.

23.1.6 Speed measuring equipment including relay functions

a) General

The engine is provided with an electronic contactless system
(no mechanical drive) for speed measuring which also includes
the relay functions for automation.

An inductive pick-up is mounted close to the teeth of the
crankshaft drive gear and generates pulses, the frequency of
which is proportional to the engine speed. In a measuring con-
verter this signal is converted to DC wvoltage which is propor-
tional to the engine speed. The measuring converter is part of
the engine delivery and is usually mounted on the wall of the
engine room.

Normally, it is possible to connect five extra remote instru-
ments.

For main engines, measuring of the turbocharger speed is inlcuded
in the measuring equipment.

b) Service

Measuring instruments and relays are carefully set at the fac-
tory and we recommend no further adjustments to be made unless
there are considerable deflections.

For checking the relay for fuel injection limitation during
start, see section 22 pos. 3.5a.

For checking the relay for overspeed, see section 22 pos. 6.3.

Damaged or broken components are replaced by new ones. See the
wiring diagrams and the manufacturer”s instructions.

The inductive pick-up is to be mounted 1.5%0.5 mm from the
camshaft gear.

Check at intervals the elastic suspension of the measuring con-
verter box.
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INTRODUCTION

DESPEMES - Diesel Engine Speed Measuring System =
is an electronic speed measuring system especially
designed for diesel engines in marine and station-
ary installations.

The following functions are included in the equip-
ment:

measuring of engine speed

4 speed-controlled relay functions

- measuring of 1 or 2 turbocharger speeds
3 additional relay functions as option

THEORY OF OPERATION

Diesel engine speed

The engine speed is sensed by means of a touchfree,
inductive proximity switch mounted to count the
cogs passing its sensing head when the engine is
running.

The frequency output from the sensor, proportional
to the engine speed, is converted to a DC-voltage
of U...10 V., This voltage is buffered and fed out
to be measured by the remote voltage-measuring,
panel mounted speed indicators.

Relay functions

The speed signal is transferred to the relay driver
circuit, controlling the relay functions. There are
4 separate relays, which can individually be ad-
justed to switch at any speed of the engine speed
range, additionally with an individually adjustable
delay.

The relays have two change-over contacts with a |
breaking capacity of 110 V DC / 0.3 A or 24 V DC /
1 a.

Turbocharger speed

A magnetic sensor is attached against the end of
the turbocharger's rotating shaft, sensing its
speed. The sinusocidal voltage from the sensor is
amplified and converted to a square wave signal
before being converted into a speed proportional
DC-voltage.
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Digital output
The speeds can be measured as a fregquency with
a freguency counter.

NOTE! The frequency is not egual to the numerical
value of the speed. The actual conversion factors
are written on the printed circuit cards.

Additional relay functions
Additional triple-relay card with voltage-con-
trolled relays can be supplied as option.

The relays can be controlled by engine speed or
by an external DC-voltage or with a potentiometer.

FUNCTIONAL CIRUCUIT CARDS

The DESPEMES speed measuring system includes the
following printed circuit boards:

a. Power supply
pc/DC 24 V DC £l
alt. 48...110 V DC

b. npg Mmeasuring converter with relay function
for engine speed c2

Ca Relay I
3 speed-controlled relay functions with

optional delay Cc3
d. npc measuring converter for one or two
turbochargers c4

e. Relay I1I
3 voltage-controlled relay functions with
optional delay ) CS
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Cl Power supply DC/DC
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Supply voltage:

Output voltage:
Output current:
Output ripple:
Ambient temperature:
Short=-circuit-proof:
Isolation voltage:

Fuse:

-y
ore ansusT&0

%0

B402

18...40 V DC smoothed
alt, 40...160 Vv DC
12 Vv £ 0.3 V

T 350 ma

T 100 mv

~25...+71"°C

5 s

2 kV, 50 Hz, 1 min

5 k¥, 1.2/50 us

500 mA, 5 x 20 mm

The power supply is short-circuit-proof and

overheating protected.

A green light emitting diode indicates that

voltage is provided.
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C2 npg_measuring converter with relay function
for Tie engine speed
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Theory of operation

The speed sensor is a touchfree proximity switch
attached against a cogwheel to count the cogs
passing.

The output from the sensor is a square-wave fre-
guency proportional to the engine speed.

The frequency is converted to a DC-voltage pro-
portional to the input frequency. This voltage
flows through a buffer which provides the measuring
voltage for the remote speed indicators.

The same buffered voltage controls the relay.
The switchpoint can be adjusted over the whole
speed range with an adjustable delay.

Frequency output can be used for measuring the
speed digitally.

There is an on-card precalibrated test function
which simulates a certain engine speed and can be
used for checking the system.
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Adjustment procedures
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The card is accurately precalibrated at the factory.
Nevertheless, if a recalibration is reguired, there
is a potentiometer P50l at the outmost left hand
side of the card. When turning CW, the output will
increase and vice versa.

The switchpoint is preadjusted at the factory.
However, if an adjustment is reguired, the proce-
dure is as follows:

P502: switchpoint: the middle potentiometer
P503: delay: at the right hand side of the card

a. Determine the npg-card amplification:
Nmax (rpm] = Umax [VDC]

b. Calculate corresponding cutput wvoltage at
specified relay switching speed:

Ux [VDC] = ny [rpm] % Upax [(rpm]
n.aax [rpm]

¢. Adjust PS502 to the calculated TP4 wvoltage:
Ex: VASA 32: Specified switching speed: 620 rpm
a. 1000 rpm = 10 VDC

b. Ugap = EED rpm x 10 VDC = 6.2 V
000 rpm

c. Adjust the TP4 voltage to 6.2 V

The delay can be determined by bridging TP2 and
counting the delay time until the relay turns on
and the LED lights up.

Test_points

TPl: The pulse train from the speed sensor or
the calibrating frequency when TP3 is bridged.

TP2: The unbuffered output from the freguency/
voltage converter: 0...10 VDC, depending on
the engine speed.

TP3: Bridging the points, using eg. a small screw-
driver, the test oscillator will start. (The
sensor cable must be disconnected.)

TP4: The P502 adjusted voltage corresponding to
the relay switchpoint wanted.

TP5: The P503 adjusted voltage corresponding to
the specified delay:
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Technical specification

Inputs:

Frequency:

Supply wvoltage:
Current consumption:

DUtEUtS:

Frequency:

Voltage:

Unlinearity:

Temperature coefficient:

Relay function

Switchpoint:
Delay:

Contacts:
Breaking capacity:

Test

Test point:

Ambient temperature:

8402

0...8000 Hz

12 V pk square wave
+12‘J; —12'5.?, D\.F

Max. 40 mA

12 V pk, square wave
short-circuit-proof
uiI‘le m

15 ma, short-circuit-
proof

* Gil %

0.03 %/K

0...100 % of measuring
range

Dti 010 SEC.

2 change=-over contacts

110 v DC 0.3 &, 24 VvV DC,
1.0 A

Approx. 80 % of full
scale

=-25...+71 *C
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3.3 C3 Relay card
RELAY 88 ¢ st
"1DE n20E "30€ | ol Tjae w= s
LD e B sl |~
?M‘I?IﬂiﬂmwwHPJI?HEPGHIJ*PSW 5T |

QL
12v

o..ov

3.3.1 Theory of operation

The card includes 3 relays each relay having 2
change-over contacts. The output voltage from the
npg-card: C2 is supplied to 3 comparators where the
relay switchpoints can be individually adjusted for
each relay optionally with adjustable delay.

The relays operate either according to the closed
circuit principle or to the open circuit principle.

The relays can be programmed for either delay on
operate or release or without delay.

The third relay channel can be programmed with
self-holding, demanding external reset. One change=-
over contact of the relay is, however, needed for
this coperation. A green or red light emitting diode
indicates that the relay is switched on.

3:3.2 Adjustment procedures

The switchpoint of the relays are adjustable with
trimpotentiometers. The testpoints indicate the
adjustment.

P601, TPl relay m
P692, TP2 relay ns
P603, TP3 relay nj
a. determine the amplification of the npg-card:

Nmax (rpm] = Upax (VDC]
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b. calculate the voltage corresponding to the
rotation speed at which the relay switches on.
Ux [VDC] =_ny [rpm] X Upax (rpm]

Nmax (rpm]

Ca Adjust the channel potentiometer to the cal-
culated value of the TP voltage.

By short-circuiting TP3 on the npg-card (C2) the
possible delay of the relays can be determined.
Respective trimpotentiometers are P604, P60S5,
P606.

NOTE! During the test the adjusted switchpoint of
the relay can be adjusted to a value below
the test voltage, if this is higher than the
voltage generated by the test oscillator
(TP3).

Technical specification

Inputs:

Supply voltage: +1l2v, 0, =12 V

Current consumption: max. 60 ma

Control voltage: 0...10 V DC

Outputs:

3 relays, each having two changeover contacts.

Switchpoint: 0...100 &% of the measur=-
ing range

Delay: Uses30 sec.

Breaking capacity: 110 v DC 0.3 A, 24 V DC
1.0 A

Ambient temperature: -25...+71*C



WRIKRIMOED AL U K

WARTSILA - =-=_ Dy 4402

3.4.1

3.4.2

C4 TC-card: Measuring converter for 1 alt. 2

turbochargers
:h-
5
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Theory of operation

The sine wave signal of the turbocharger speed
sensor is amplified and transmitted to a sguare-
wave signal. This can be measured by a frequency
counter.

The sguare wave frequency signal is converted to
a speed-proportional voltage 0...10 V. This is
buffered and forms the measuring voltage for the
remote speed indicators.

The card may consist of 2 channels.

Adjustment procedures

The analog output readjustment can be done by
means of the potentiometers P402 and P404.

P402: nrcl
P404: npc2

When turning the pot. CW, the output will increase
and vice versa.
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Technical specification

1nEUtE=

Freguency:

Supply voltage:
Current consumption:

DutEuts:

Frequency:

Voltage:

Unlinearity:
Temperature dependence:

8402

G-.-EUGG Hz
¥ 100 mVpp sine
+l12 v, 0, =12v
max. 35 mA

12 Vpp

10 md, short-circuit-
proof

D!".lﬂ v

15 maA, short-circuit-
proof

£ 0.1 &

¢ 0.03 %/K
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Theory of operation

8402
- : 3
¥ T 5
ap « % -}
£ 08 0§
23 38

|

The card consists of 3 voltage-controlled relays,
each having one change-over contact.
Any external voltage between 0 and 10 V DC can

be used as control.

The switchpoints and delays are adjustable.
LED indicates an activated relay.

Adjustment procedures

See point 3.3.2

Technical specification

InEutE:

Control in:
Supply voltage:
Current consumption:

DutEuts:

3 relay functions, each
contact.
Switchpoint:

Delay:
Breaking capacity:

Ambient temperature:

0...10 Vv DC
+l12 v, 0, =12 V
60 ma

having one change-over

0...100 % of measuring
range

ﬂi - i3ﬂ S528C.

110 v DC/0.3 A,

24 V DC/1.0 A
=25...+71°C
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ENGINE SPEED SENSOR

Theory of operation

The sensor is an inductive, touchfree poximity
switch supplied with +12 V and 0 V C., The third
pin is a speed-proportional pulse train. -

The electronics of the sensor is resin-moulded into
a tubular housing of nickel plated brass with ex-
ternal thread of 18 x 1.5 mm. The three=wire cable
is connected by means of a four-pole connector
(Euchner BS4).

& ’ 1
1

Fig. 4.1 BS4-connector 1. +12v
View from the cable 2. Output
connection side. 3. OV

Mounting the sensor

NOTE! The engine must not run while the sensor
is mounted.

Fig. 4.2

Turn the engine until the top of a cog is visual
in the sensor mounting heole. Screw the sensor
completely in. Unscrew it and tighten it well to
the shown sensing displacement (see fig. 4.2)

1 LU 4

L)q o - nogf™™!

f ] 57 av

Fig. 4.3

The output signal (terminal 55 in the electronic
box or TPl on the ngg=-card) should now be 12 V DC.
If the sensor is between two cogs, the output will
show 0 V.
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TURBOCHARGER SPEED SENSOR BMY9, BME

Theory of operation

This sensor is magnetic, therefore it does not
require any voltage supply.

The sensor head is splitted by a yoke causing a
sinusoidal output voltage when a magnetic material
passes its sensing head. The metal housing is
threaded to 12 x 1.25 mm.

The turbocharger housing and the end of the shaft
are prepared for this type of sensors as follows:

BBC type RR: 2 excentric grooves in the shaft end
type VIR: a disc with 6 holes in the shaft end

When the turbocharger rotates and the above men-
tioned holes pass the senscor head, a sinusoidal
voltage is generated. The cable is connected by
means of a four-pole connector (Euchner BS4).

Mounting the sensor

NOTE! The engine must not run while the sensor
is mounted.

Screw the sensor completely in and then unscrew it
for a sensing gap about 0.B...1.5 turns.
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5. TROUBLE SHOOTING PROCEDURES
|
B.1 Power supply DC/DC
START

upply
on Switch the
e e [
-7

Usfective Fuse? Replace the card

s-Feplace the fuse | )

z

ower supply reody
for operation

ES

Operating voltoge:
PT

(+) Termingl 23, card connector 3.
FR (-] Terminal 30, caord connector 1,
sy Output:
. +12Y Terminal 24, card connector 17

"Eig COM Terminal 26, cord connector 15,

o =12V cord connector 13,
SE

WARTSILA BIESEL | 04 02]54)50f 1/5 “5‘64V92D28—‘| GB

Muutos
ALTER




6.2

nDE-measuring converter with relay Function

START

Ba0z

ReLa?
gctivates

(LED turns on)
ot any speed?

L] Reploce
the cord

Check ond
adjust 1 f
HECESEDFH

L

L

nlE-card ready
for pperation

Frequency 1n: Terminal 55

e 57
Megsuring voltoge: ~ ~ 25
s 25
Pulse output: ot 58
i S8

Ower SUPPLH

from the sensar

* V-meter reading: Sensor obout 5,8V DC.

Test progrom

= |
0K? &

o Test program
6.5

.}
or osc.?

B

eplLoce
the card

circuit or
ine bregkage

on output?

L.

Clear Foult

(+], cord connector 19,

(=), == i 15
S £ TR 5
=), ~-- -"- 15,
(+)
(-1

Osc. about 4,2V DC.

WARTSILA BIESEL |4 (00 Ba

o5 £ 4V92D28-26B.

Muutos
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E.3 Reloy card

START

8402

reloys operaote
at ony speed of
the engine ?

Check and
adjust if

necessary

—0

Y

Reloy card ready
for operation

.ﬁ.nﬂLog

output Test progrom
0...10v DC 6.2 e
From nDE
Reploce |
the card - =

WARTSILA DIESEL b4 okt 5 /¢
|

24 02

- 4V92D28-3G8

Muutos

ALTER




8402

6.4 nTC-megsuring converter with 2 channels

Check and '

adjust if
necessary "CP

nTC-card ready
for ocperation

Pulse input;
Pulse output:

Voltoge output:

Supply
voltoge OK?

Test progrom
6.1

Reploce the
card

Pulse output?

wave voltage
from sensor?

Check the sensorl—es

Replace
= —
the card
Channel 1 Charnel 2

Terminal 10 (+), 11 (=), 39 (+), 40 (=),
Card connector 21 (+),22 (-}, 20 (+#), 11 (=)
Terminal 12 (+), 13 (-], 41 (+), 42 (-]
Cord connector 23 14
Terminal B (+), 9 (-), IF (+), 38 (-)
Cord connmector 8 P

WARTSILA DIESEL [,,

02

Mﬁ¥4ﬁ ?4V92028-4GB

Muutos

ALTER



6.5

B402

Engine speed sensor

START
o2 Test progrom L
portional to Voltoge supply 5 ]p 9 _
e engine Speed ’ |
between ping 1(+ Check thﬂ
Ad just the il 300 on tha connection Line ™
sensor for
symmetrical out-..(’:)
put when the
engine Is running
Adjust occ. to
Fig. 4.2
NOTE!
Maox * 0,25 turns
Dutput
54QI"IOL :hmgmg
tate when Lhe eng. =
lUnscrew the sensor |
and check 1t ogaingt i
a metallic surfoce |
utput
ﬁﬁgLace signal changing Remount the sen-
sensor state depending sor to o suffi- e
on sensing ]
gop? cient sensing Jop

L

Sensor ready
For operation

—

WARTSILA =30 |04 |02 B

Muutos

. 4V92D28-5G8B
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ATTACHMENTS

Operating instructions for:

¥ oilchart

®| Judgement of bearing condition

Vibration damper

Vibration coupling

Turbocharger

«

™| Pumps

Starting motor

R Speed control devices (Govemor etc.)

Qil mist detector

|

ATTACHMENTS
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Wirtsila Diesel Oy, Diesel Service o ERATI "G
P, Box 244, SF-65101 Vaasa, Finland

Tel. +358-61-242 111, Telex 74250 wva sf, Telecapier + 358-61-128 115 Ru Tlons

Engine  Section Engine type Ref, Dale Issue Document no.
0z LUBE QIL 22 HSs 07.11.1990 04 2H020005GE
Introduction

The purpose of this bulletin is to inform the users of the diesel engine Wartsila Vasa 22 about the
approved lubricating oil products. The recommended intervals between changes for respective oils
and lubricants are also given. The following factors should be noted when maintaining the lubricating
. Oil (see also sections 02, 04 and 18 in the instruction manual).

Lubricating oil for the engine (table A)

— Take samples for analysis after the first 1000 operating hours. After that the change intervals are
prolonged in stages of 500 hours on the basis of the analysing values if this is recommended by
the oil supplier or the engine manufacturer.

— When separating the lubricating oil, use max. 20% of the nominal flow of the separator.

— Use only filter types approved by the engine manufacturer.

— Change the lubricating oil filter if the differential pressure indicator gives alarm. Remember to clean
the filter housing carefully before changing.

— Clean the centrifugal filter regularly. The cleaning intervals vary according to the operating
conditions and they have to be shortened if the filter has collected the maximum quantity of dirt
(about 40 mm thick deposit). The filter is less efficient when deposits grow thick.

—— Always observe utmost cleanliness when maintaining the lubricating oil system.

gl




THE WARTSILA

Turbocharger
Yolume f 0il change
Type c.litres Guality oil interval
YTR 161 248
VTR 201 0. Sea See
-table B table B 500 h
VTR 184 11
VTR 214 1.5
WTR 251 1.
Mapier _ Connected to the lubricating ol system
MA 155 of the engine
TCU o Connected to the lubricating oil system
MR 15/R of the engine
TCU _ Connected to the lubricating oil systam Tef
MR 20/R of the engine
" s ; b
s SR -Ei &
x il ik AT o T T (e 5 .h
R IR e . : é
B e e W e e
. ) e e Sl 3
&
iy
ca-
lectrically operated prelubricating oil pump
First time of Regraasing
kol Orez regreasing interval iy
After one hour
10 gr See table C of operation 1000 h
S i e e ol e e St
trically operated fuel feed pump
First time of Regreasing
Amount Hrosca regreasing interval
Kluber Unisilikon | After one hour
Sar L 5072 of operation a0

“uel nozzle temperature control

il ehange
Volume Cil interval
100—300 | Same oil quality as 8000 h

in the engina



/ASA 22 ENGINE

Governor
' " Qil change
Type Volume 0i higrial
The same oil
Woodward ~1.4=2 | quality as in the 1000 h
Regulateurs | 141 angine or as in
Europa the turbocharger

Pneumatically operated starting motor (4R22 only)

Valume il Interval
' Check regularly that
0.2 1 See table D the ail level in the
lubricator is betwaen
the max. and min. values
Engine
Type wet somp) | Qualty of | e
4R22 320 | !
GR22 450 |
BR22 [ 580 |
gv22 | =801 SAE 2 | 0 Jabie 2000 h*
12v22 I B70 | | |
1622 B70 1 |

* Guidance value
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Table A. Appmeﬂ system oils — all fuel nategorlas TahleBﬂllsfnrtumnchargar

— for Wiirtsild Vasa engines Pl Manufacturer | 1SO viscosity class (al 40°C)
Lubricating Designation (brand name) Vise TBN
oil supplier of lubricating oil supplier ' Antar Misola H 68
Agip Cladium 350 SAE 30 SAE3D | 35
Cladium 350 SAE 40 SAE 40 | 35 E:f's?a E; mg 68
BP Energol IC HF 303 SAE 30 | 30 il L
Energol IC HF 304 SAE 40 30 Castrol Parfekio T 68
Energol IC HF 404 SAE 40 | 40 | Perfekio T 100
Caltax RPM DELO 3000
Marine Oil 30 SAE 30 | 30 Chevron B o
APM DELO 3000
Marine oil 40 SAE 40 30 Gulf Harmany Gulfcrest 68
Castrol MXD 303 SAE 30 30
MXD 304 SAE 40 | 30 Esso Tro-Mar T 68 -
MxD 403 SAE 30 | 40 Esso
MXD 404 SAE 40 | 40 =eas I NaE o)
3000 Mari Mobil Rarus 427
HHEVHDN BElE e | Mobil Mobil DTE Oil Heavy Medium 68
DELD 3400 Marine 30 SAE 30 | 40 Mobil DTE Oil Heavy 82 -—
: DELO 3400 Marine 40 SAE 40 40 Turbo Oil T 68 ‘_"1
i Compagnie Total HMA SAE 30 SAE3D | 30 Shell Turbo Oil T 78
- | Francalise Turbo Qil T 100
de Raffinage
- [ Esso | Exxmar 40TP 40 SAE 40 | 40 Taxico, Gulpe |90 O E8 SOAS0. :
: Exxmar 40TP 30 SAE 30 | 40 4 :
Exxmar 30TP 40 - SAE 40 | 30 T Total Preslia 40 (68) '
Exxmar 30TP 30 SAE 30 | 30 otal Total Presiia 50 (66) :
Exxmar 24TP 40 SAEAD | 24 o =
] Exxmar 24TP 30 SAE 30 | 24 {
- | Elf Aurelia XT a040 SAE A0 | 40
i Aurelia XT 3040 SAE 30 40
Aurelia 3030 SAE 30 | 30 .i
1 Aurelia 4030 | SAE4D | 30 | BP Enargrease LS2
Indian Oil Servo Marine C-303 SAE 30 30 :
Company Servo Marine C-304 SAE 40 | 30
{10C) Servo Maring C-403 SAE 30 | 40 Caltex Regal Starfak Premium 2
Servo Marine C-404 SAE 40 40 |
Mokl Mobilgard 342 SAE 30 | 40 Esso Beacon 325
Mebilgard 442 SAE 40 40
Mobilgard 324 SAE 30 30
| Mobilgard 424 SAE40 | 30 | Mynds FL3-42
MNeste NST 30 SAE 30 30 |
MET 40 SAE 40 | 30 Shell Alvania 3
Marol Marine HA 303 SAE30 | 30
Marine HA 304 SAE 40 | 30
Maring HA 404 SAE 40 | a0
Olje-Energi Goth Oil 325 SAE 3D | 25
Patrobras Marbrax CCD-330 SAE 30 | 30
Marbrax CCD-430 SAE 40 30
Marbrax CCD-340 SAE 30 40 ,
Marbrax CCD-440 | SAE40 | 40 Cai s En
Petrofina, Stellano 330 SAE 2D | 30
IMOD Stellano 430 SAE 40 [ 30 Shell Turbo 27
Phillips Oil Marine SR 30 SAE 30 30
Trading Ltd Marine SR 40 SAE 40 | 30 :
Shell Argina T Oil 30 SAE 30 | 30 -
Argina T Oil 40 SAE 40 a0
Argina X Qil 40 SAE 40 | 40 BP Energol HLP 100
Teboil Teboil Ward S 30T SAE 30 | SAE 30 a0
Teboil Ward S 30T SAE 40 SAE 40 30 Mahbil Dﬂ‘targa‘n[ nght
Texaco Taro DP 30 SAE 30 | 32
Tarc DP 40 SAE 40 | 32
Taro XL 40 | Esso Muto H44
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