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Unit One

New Technology for ‘MC Engine
Text

New Technology for MC Engine (1)

Cylinder Condition

Good cylinder condition is one of the key parameters in ensuring engine reliability and low
majntenance costs, so improvements will always be given high priority. In the eleven year's his-
tory of the MC engine, design medifications have been introduced successively, *in line with in-
creased outputs and the demand for reducing the maintenance volume. This has give a satisfacto-
ry overall cylinder condition, with low average wear rates, resulting in long overbaul intervals
and component lifetimes, even though the lifetime of cylinder liners on some plants has been re-

duced by cracking and a few others have suffered from frequent broken piston rings and high ring

Wear.

Cylinder Wear /Cylinder Oil Dosage

Crylinder wear may be abrasive wear and corrosive wear, both of which are always to some
extent active.

Low cylinder wear rates are basically ensured by careful running -in and subsequently by a
combination of the correct cylinder wall temperature, adequate cylinder oil dosage, the correct
combination of liner and ring materials —and, of course, correct {uel valve and fuel oil treat-
ment.

*Cylinder wall temperature, fuel oil sulphur content, and cylinder oil dosage are interdepen-
dent —in so far as a correct [high] liner temperature will minimize the tendency to corrosion—
thus permitting the neutralizing cylinder cil dosage to be kept reasonably low.

Design-wise, the cylinder wall temperature at the top part of the liner is adjusted by
‘matching cooling intensity to the layout point of the engine. MC service experience shows that
our aim of ensuring low wear rates at a reasonably low cylinder oil consumption has been success-
fully achieved.

For the current bore-cooled cylinder liner, the cooling level at the top part can be adjusted
by insulzting the inserted cooling pipes.



Even so, corrosion is an active wear parameter either as a result of using fuels with a high
sulphur content, or because the actual service load has led to lower combustion chamber tempera-
tures. In such cases the wear rate may be reduced by increasing the cylinder oil dosage.

In the case of corrosive wear at the center part of the liner, we have, on a test basis, suc-
cessfully introduced glass fibre insulation of the zone influenced by the cooling water in the cylin-
der frame. Similar results have been obtained by bypassing the cooling water from the cylinder
frame.

Cases of sporadic higher wear, or instances of piston ring problems due to operational or fuel
related disturbances, are always easily detected by regular scavenge port inspections. Because of
the complex mechanical and chemical balance, though, the reason for the problem is not always

found as easily.

Cylinder Lubrication (*Load Change Dependent Lubrication)

Correct cylinder oil dosage is of vital importance for the cylinder condition. To enhance relia-
bility and ensure appropriate lubrication under all conditions, the lubricators have been equipped
with an intelligent dosage control, which automatically adjusts the lubrication, based on changes
in the engine load. This system has been designated l.oad Change Dependent Cylinder Lubrica-
tion [LLCD], the system is an advantage on modern ships with reduced crews, because it elimi-
nates the need to manually adjust the lubricators during maneuvering and other situations of vary-
ing loads, such as during rough weather.

The system is controlled by a mini-computer [digital control unit], which either is a part of
the electronic governor or a separate control box. On receiving a signal for the fuel pump index,
the digital control units detect “large and lasting” changes in the engine load, for instance as they
appear during maneuvering. In response to such signals , the control unit actuates a solenocid
valve which opens for air to a cylinder fitted on the quantity adjustment shaft of the lubricator.

"An intelligent digital control unit is necessary to distinguish between significant load
changes and false changes in index, which might be due to improper functioning of the governor,
of the index actuator or to wear in the fuel regulzting shaft.

The system is in service on a number of ships, and now proves to be reliable after a few

*tecthing troubles have been overcome.

Piston Ring /Ring Groove

Today the piston ring condition determines the cylinder condition to a greater extent than
the cylinder liner does, because the rings show relatively larger wear rate variations. The typical
wear rates are around 0. 30-0. 40mm/h.

*The normally satisfactory piston Mean Time Between Overhaul [MTBO] of 8-12,000hours
is sometimes disturbed by ring problems in the form of sticking , collapse or even breskage. The
causes are usually operationally related, for instance originating from decreased turbocharging ef-
ficiency , excessive pressure rise Pmax-Pcom, insufficient cylinder lube oil dosage, irregularities in
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the fuel oil system [fuel valves , fuel valve nozzles], or from the fuel oil itself.

The most severe consequences of piston ring irregularity occur when the problem is not de-
tected by the crew at an early stage and therefore not properly counteracted by an increased cylin-
der oil dosage. In extreme cases this may lead to gas blow-by of the complete ring pack, and ulti-
mately to heat cracks in the cylinder liner.

The main concern with piston rings is premature locking of the rings in the ring grooves due
to carbonaceous deposits. Combustion gas will then by-pass the locked ring area and overheat the
ring, which then loses its elasticity. This happens most frequently with the second and third
rings from the top, as they have less differential pressure across the ring during combustion than
the top ring. In view of this, the additives in the cylinder lube oil for controlling the carbonaceous
deposits are essential for an optimal cylinder condition.

The continued development of piston ring rmaterials is followed by a series of field tests in or-
der to cbtain even longer time between overhauling . An example is our test with the RM-5 ring.
The results with chromed and plasma coated piston rings are also promising and will be further e-
laborated. Compared with the Uballoy ring, the RM5-T ring offers higher thermal stability
bending strength, tensile stiength modulus of elasticity and Brinell hardness. The final T in the
name indicates the pre-tapering of the running surface of the ring, made in order to facilitated the
running-in of a new piston ring. Based on the above, we have changed our standard Uballoy
rings to RM5-T rings.

Eleven years of MC service experience have confirmed that the chrome plated piston ring
groove is every satisfactory. .

In fact, it is only recently that we have received reports of the chrome layer being worn
through, requiring reconditioning of the grooves on some of the very first MC engines produced,
which have logged around 60. 000 service hours.

Cylinder Liners

As discussed in the previous edition of “Service experience of the MC Engines” issued in
1989, we experienced cracked cylinder liners on a number of plants. The problem is clearly limit-
ed to the first generation of MC liners, and has centred on specific plants. For the approx 1,200
seccnd-generation cylinder liners with bore-cooling, which have entered service after this design
was intreduced for the latest Mk 11T and for all Mk V engines, we have so far logged more than
22,000 running hours for the first liners installed without any reported cracked liners.

The proven advantages of the bore-cooled liners are mainly as follow .

They are easier to produce in a high, uniform quality since they have bored cooling ducts-in-
stead of the previously used cast-in cooling pipes. ‘

The material has been changed from “tarkalloy” to “Tarkalloy C” ,which has significantly
higher tensile and fatigue strengths. In addition, the producers have obtained a consistent and
high quality.

Furthermore, an additional advantage for the MK V type is as follow:



The deeper cylinder cover reduces the risk of heat cracks in the event of inferior turbocharg-
er performance, inefficient coolers or abnormally operating fuel equipment, fuel nozzles, etc.
The reason is that the high heat input is absorbed by the cylinder cover, which is made of heat
resistant molybdenum steel. This has a much higher thermal stability than the grey cast iron
(Tarkalloy C) used for the cylinder liner.

The stress level was reduced, compared with earlier versions of the bore-cooled MC cylinder
liners, by increasing the thickness of the liner and redesigning the cross-bore area at the cooling
bores and optimizing the position of the contact surface between the cylinder cove and cylinder
liner.

Practically speaking, the liners are identical for all ratings. The temperature adjustment of
the running surface for lower rated engines takes place by insulating the pipes in the cocling bores
as shown in Fig. 8.

The safety margins relative to the MK III bore-cooled design are increased by 30% ~35%.

The foundries producing the Tarkalloy C material have been supportive in this regard. Re-
cently, in our materials laboratory, we have invested in image processing equipment, which pro-
vides picture of the structure of materials, e. g. the amount of graphite, pearlite, cementite, ete.
This gives us a better and more objective basic of judgment and a significant time-saving.

Special attention has bezn paid to obtaining a sufficient cylinder liner wall temperature dur-
ing combustion in order to aveid cold corrosion in the cylinder liners. Our calculations were con-
firmed by temperature measurements in service. On the basis of the advances calculation meth-
ods, as well as experience with the Mk V bore-cooled liners, we can conclude that the cylinder
liners and cylinder covers of the Mk V engines will have a very wide safety margin against abnor-

mal service conditions‘and will provide a good cylinder condition.

Piston

For all practical purposes, the piston crown has not been subject to excessive burning. In
plants with K-type engines and engines with a !*Turbo Compound System(TCS), causing higher
thermal loads on the piston crown, an inconel layer has been applied, as a very efficient remedy
against burning, Fig. 10.

A number of the larger engines have experienced piston shirt scuffing during the initial run-
ning period, which originally was considered a cosmetic problem only. However, we have recent-
ly experienced more severe cases where the skirts are worn down to the piston crown level. Asa
countermeasure, we modified the skirt design, and the present standard for the 90-60MC types
features lead bronze bands to achieve better running conditions. On a number of “problem-
plants” this has proved to solve the problem.

The most serious problems with the MC piston occurred in a total of eight cases where the
screws for fixing the piston skirts worked loose, and the skirt dropped off during running. In all
cases accidents were avoided thanks to the piston cooling oil flow alarm. As a countermeasure,
we introduces locking wire instead of locking plates and new types of screws for fixing the piston
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skirt to the piston crown.

A few instances of fretting between the contact faces of the piston rod and piston crown
have been seen. This fretting has occasionally led to cracks in the contact face between the crown
and the rod. In order to increase the contact pressure and thereby prevent fretting, a relief
groove and taper have been successfully introduced. for existing components, we have developed

a repair method with a cast iron spacer ring allowing machining of the affected areas.

Piston Rod and Stuffing Box

Thanks to the hardened piston rods, modified stuffing box design, and increased scraper
ring pressure introduced on the MC engine from the very start, the drain-oil quality and system
oil consumption/contamination have remained low. Conditions have been stable, and scratch-free
piston rods and clean crankcases have been the order of the day. In view of the excellent perfor-
mance of the MC type of stuffing system as retrofit for our older engine types, and have achieved
similar good results.

The amount or drain oil on many MC engines is actually so low that many owners choose to

dispose of it rather than to recycle it through the cleaning system on board.

New Words and Expressions

parameter /pa'reemita/ n &%

reliability /rilaia'biliti/ n BF 135330
priority /prai'oriti/ n. e 'EE
modification /modifei'keifon/ n. MORE , E , W
successively /sak'sesivli/ ad. NEHE, EEH,
overall /'auvarxl/ ad. B, £
corrosive - /ka'rausiv/ a. R , Gk &Y
interdependent /intadi'pendant/ a. FE A B R)B
minimize /'minimaiz/ v. W B

tendency /'tendansi/ n. R, {1 ]

neutralize /'nju:tralaiz/ v. i

reasonably /'riznabli/ ad. AHEH

design-wise /dizain waiz/ a. Bt L wise: FR L RE
intensity /in'tensiti/ . R

layout /'letaut/ n. mE, A

insulate /insjuleit/ v. Mg JRA

fibre /Miba/ n. # o

sporadic /spa'reedik/ a. AEWiay . BREEN
instance /'instans/ n. 3, HlHE
disturbance /dis'ta:bans/ n. Fik



vital
enhance
intelligent
digital
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centre
proven
uniform
cast-in
fatigue
consistent
inferior
molybdenum
version
optimize
identical
rating
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Notes

1. MC engine MC Sl & MAN engine 1 B&.W engine ki
2. in line with 5roeee — A OB , FF L veveee #1(H#) : This plan is in line with my ideas. X
MHUFERMEE.
3. Cyinder wall temperature, fuel oil sulphur content, -+ il B8 B . BR 1 o (O B 4> F1 X
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{38 988 R T B W 1K . 6 3 ) 2 TR B v/ R el AT ) 5 B Db S R R R R R AL
MRFE LKA EER. (BiESE M PmERE>Y
in so far as BB E o LB A : In so far as you are a student, you are al-
lowed to travel cheaply on our railways. HERRESE4E, I ATH X ZEE 0] 2244
1

4. ... matching cooling density to the layout position of the engine.
eeeoee {5 V0 H) 5 15 5 MOML MURRL A B8 B ARGE R
match ... to... {#ecos 5oeors 3#03E BT : match the training programme to one’s needs
in the factory (EYl&Ri RIS T B EMEN

5. In the case of corrosire wear at the center part of the liner, -~ %L 35 op &1 4% B ol 3 i
LR MERE AP RS HKE KR, RIS E] 3T B 2 b

%t
in the case of. . ;Jfeeeee SR, ZE - HHT
ona... basis, on a basisof... , be based on ... ZE----- B

6. LCD [Load Change Dependent Lubrication] i #% 7] AF IR &L IE G £ 5

7. An Intelligent digital contral unit is necessary to disting wish-- % & 3 5 & i 3¢ B L0 /0
BHEZEMAAELNEROMBMBEEL. IHERORETER S TEEELT
FEAEFRRMATHFREERDELTHREH TRBFE NN BR51EHN.
due to improper functioning of ... or (due )to wear in the. .. ; 2H F T/ERE¥ ME

8. theething trouble 1§ JF 450F B985 BF M tecthe vi B F
9. The normally satisfaltory Piston Mean Time Between Overhaul:«+ i 8 IE ¥ B 15 ZEE 1

KEBRH 8 000~12 000 h HE FFEFN 4, BRIRNE AN BEYLHE.
MTBO [meantime between overhaul ] R

in the form of ... Blesees R, a jelly mould in the form of a motor car f{ X EFBH
B SR R
10. Turbo Compound System [TLS] HA4HEERS

Reading Materials

I

New Technology for MC Engine (II)

Cylinder Cover
The cylinder cover has not caused any serious problems. The difficulties which did arise have
centred on the following:
During manufacturing the cooling bores at the starting valve position have been bores too
close to the pocket. This has caused cold corrosion in the pocket. The problem was solved by in-
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sulating the relevant cooling bores and inserting a press-fitted liner of corrosion-resistant giatenal
in the starting valve pocket. To increase the safety margin, the cooling bores were movés away
from the starting valve bore. . ’

“Burnings” in the cover surface adjacent to the fuel valve nozzles."This difficulty was tackled
by introducing a lengthened fuel valve nozzle tip. Repair of burned areas wisdene 'b;} welding-up
as shown in Fig. 13 and in Service Letter SL92-301/UM.

Similar welding-up of corroded areas was done at the exhaust valve landing surface on the
cylinder cover.

On the S26MC and L35MC we have experienced cracks in the welded-on cooling rings, due
to poor welding quality. On the Mk V and MK VT engines, the design has been changed, elimi-
nating the welded-on cooling rings.

Exhaust Valve

The MC exhaust valve design has established its high degrees of reliability, and recommend-
ed MTBOs have generally proved sufficient to ensure trouble-free service. It is our experience
that the average time between seat grinding can be considerably increased for a large number of

engines. Examples of more than 25,000 running hours on a Nimonic exhaust valve without over-

haul have been logged.

Valve Spindle and Boitom Piece

Since the introduction of the coated underside of the spindle disc for the large engine types,
we have seen that the inconel 625 overlay, even under severe running conditions, is able to keep
the burning rate at a satisfactory low level. '

Because of the increased output of the latest engines, and not least a pronounced demand
from shipowners, we have advocated the Nimonic spindle on the 60-bore and upwards.

To match the increased high-temperature hardness of the Nimonic spindle, we have intro-
duced a hardened steel bottom piece with surface hardened seat.

As a consequence of the change in materials and the aforementioned possibility of increasing
the grinding interval, we now recommend an MTBO of minimum 14,000 hours for the Nimonic
valve,

We have recently been faced with a well-hidden case of cold corrosion that only exists on the
bottom pieces of K/L 90MC MK II. These bore-cooled bottom pieces are fitted with an insula-
tion shield in the gas duct. The temperature levels at the seat area and around the cooling bores
may thus be lower than the dew point, and if corrosive exhaust gas products enter the space be-
hind the shield, corrosion attacks may appear.

A corrosion attack here can result in water leakage from the cooling bores to the exhaust
valve duct and further to the combustion chamber when the engine is at a standstill. Leakages
have been reported for bottom pieces with service lives of about 20,000 hours. fortunately with-
out any consequential damage.
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We have issued information on inspection methods, discarding criteria and repair/prevention

methods to the engine builders in question and to our authorized repair shops and service centers.

Exhaust Valve Housing

Cold corrosion of the gas duct has led to durability problems on a number of the exhaust
valves in service, in particular on the large bore engine.

The corrosion attack is found at the positions adjacent to the spindle guide boss, and in the
duct areas at the cooling water inlet positions.

As a countermeasure, a cooling water bypass was introduced, as described in our paper.
This first version was, however, not able to prevent the corrosion attack, and the matter was in-
vestigated further.

As a result, new housings have been designed with thicker gas duct walls as standard, and
also with a reduced cooling water flow.

Service trials have confirmed that the below-mentioned repair methods and countermeasures
are effective;

High velocity sprayed Diamalloy 1005 coating in the gas duct.

Repair welding with gas metal arc welding, preferably in connection with the sprayed coat-
ing.

Thicker gas duct walls,

Spindle Guide Sealing Air Arrsngement

Cases of wear of the spindle stem chromium plating have been seen and may be related to the
sealing air arrangement.

The supply of control air to the sealing arrangement resulted in a reduction of the amount of
carbonaceous deposits in the sealing air chamber, but this was not always enough to prevent wear
problems.

A modified sealing air system, incorporating oil mist and air supply from the exhaust valve’s
air spring has now been tested in service for more than a year, and has shown very promising re-
sults: a completely clean sealing air chamber, and virtually no wear on either the spindle stem or
the sealing rings.

We intend to introduce the above system as standard and as a possible retrofit for existing
plants in the near future.

Damped Closing of Exhaust Valve .

In order to increase the safety margin against knocking of the exhaust valves in service, we
have developed an internal damped closing of the exhaust valve.

The system consists of a small damper position on top of the exhaust valve piston which
dampens the closing of the exhaust valve by restricting the hydraulic lubricating oil outlet.

Furthermore, this design has the advantage that it eliminates the need for adjusting the



