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This paper describes the service experience gained
from G60-, G70-, G80-, and G95-Gl engine types.
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Service experience
for Everllence B&W ME-GI
two-stroke engines

1. Introduction

The dual-fuel, high-pressure
Diesel-cycle ME-GI engine
series entered service in 2014,
and we have since received
more than 1,000 engine orders.

Around 2020, we introduced
the Mk. 2 version of the gas
technology for the ME-Gl en-
gine. The ME-GI Mk. 2 engine
design has over the years
become the industry stand-
ard for vessels operating on
methane (LNG) due to its high
thermal efficiency and very

low methane slip values. This
paper outlines the dual-fuel
Gl technology and the service
experience of the ME-GI Mk. 2
design, based on service ex-
perience from G60, G70, G80,
and G95 engines. The service
experience, including ongoing
development and service test-
ing, is divided into seven topics
for the ME-GI Mk. 2 engine:

+ Leaking top cover of the pilot
oil and fuel booster injection
valve (PBIV)

Update of spring in window
valve forced close (WVFC)

Update of O-ring material
and backup ring in WVFC

Leaking window valve

Gas injection valve (GIV) de-
velopment

Pilot injection valve (PIV) de-
velopment and ongoing tests

Cylinder condition



2. Dual-fuel Gl technology

2.1 Design changes from
ME-GI Mk. 1 to Mk. 2 en-
gines

Figs. 1, 2, and 3 illustrate the
major design changes from the
ME-GI Mk. 1 to Mk. 2 engine, in
particular the simplified chain
pipe and gas block designs,
and the rerouting of sealing
and control oil through bores in
the cylinder cover.

Fig. 1: Chain pipes for methane supply and purge in Mk. 1 (a) have been sim-

Fig. 1 shows the simplification
of the chain pipes for methane
supply and purge in the Mk. 2
design, so that the supply and
purge use the same pipe.

Fig. 2 illustrates the simplifica-
tion of the gas block from Mk. 1
to Mk. 2 design.

Additionally, sealing oil and
control oil have been rerouted

plified in the Mk. 2 design (b) with only one pipe for both supply and purge

operations

through bores in the cylinder
cover, replacing the high-pres-
sure pipes. This modification
not only provides more space
for maintenance, but also re-
duces the risk of high-pressure
pipe rupture.

Fig. 2: Simplification of the gas block from Mk. 1 to Mk. 2

Sealling oil channel
Control oil channel

Low-pressure and sniffer pipes

Fig. 3: Close-up rendering of the cylinder cover and gas block in the Mk. 2 design, with the rerouting of sealing oil and control oil through bores in the cylinder cover



6 Service experience for Everllence B&W ME-GI two-stroke engines

In the Mk. 2 design shown in
Fig. 4, the methane non-re-
turn valve has been replaced
with a fixed orifice, which has
eliminated the need for gas
pressure curve fitting, and is-
sues with sticking or damaged
non-return valves.

So-called connection pieces
have been incorporated in the
window valve design, eliminat-
ing the sealing issues encoun-
tered on the Mk. 1 design. How-
ever, initial issues with the new
window valve design shown in
Fig. 5 have been experienced in
the Mk. 2 engine design.

2.2 New gas cylinder cut-
out feature

For the ME-GI Mk. 1 engine, a
single failure in the gas in-
jection system will cause a
complete gas shutdown and
continued operation on liquid
(diesel) fuel across all cyl-
inders. For the ME-GI Mk. 2
engine, a failure related to a
single cylinder will result in
gas shutdown for the affected
cylinder only and the remain-
ing unaffected cylinders will
continue in dual-fuel operation
on methane. Fig. 6 illustrates
the principles behind the new
gas cylinder cut-out (GCCO)
feature.

Note that the engine will not
experience misfiring during
GCCO since the cylinder ex-
periencing gas shutdown will
transition smoothly to liquid
(diesel) fuel operation.
Engine control system (ECS)
software version ESC SW
1909-10, or later versions
support GCCO on ME-GI Mk. 2
engines.

Fig. 4: Gas non-return valve replaced by a fixed orifice

Fig. 5: Window valve for Mk. 2 design

ME-C Mk. 1 ME-C Mk. 2

Orifice

Build in forced
closed valve

IIXY IXXY

Gas to the engine Gas to the engine
Stop gas operation on engine Continue gas operation

XXX IXXL

Stop gas to the engine Gas to the engine
GVt

Fig. 6: Illustration of the principles behind the new gas cylinder cut-out feature



3. Service experience

3.1 Test of gas cylinder
cut-out

The GCCO function was
demonstrated during shop
testing and in service on the
container vessel in Fig. 7, be-
longing to the first series of 12
vessels with large-bore ME-GI
engines. This series of vessels
is operated by Eastern Pacific
Shipping and chartered to CMA
CGM, and their five-year dock-
ings are approaching.

Fig. 8 shows the 11G9OME-
C10.5-GI-EGRTC engine, which
was used to test the GCCO
function in service.

Fig. 9 shows the result of the
GCCO service test, where
cylinder No. 8 undergoes gas
shutdown.

The gas channel pressure
curves (green) in Fig. 9 indicate
methane injection. The curves
show that dual-fuel operation
has ceased on cylinder No. 8,
which continues in liquid fuel
mode, while the remaining
cylinders continue in dual-fuel
mode. Only one cylinder at a
time can be cut out with the
GCCO function. If a second cyl-
inder trips, the control system
will switch the engine smoothly
to liquid fuel (diesel) opera-
tion. Therefore, it is always
recommended to eliminate the
reason for the GCCO activation
as soon as possible.

Fig. 7: Container vessel operated by Eastern Pacific Shipping, chartered to CMA CGM (Courtesy of Eastern
Pacific Shipping)

32

Engine > Chief Limiters

13990446
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Fig. 9: Illustration of the principles behind the new gas cylinder cut-out feature
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3.2 New PU seal in PBIV
top cover

The top cover of the pilot
booster injection valve (PBIV)
has been observed leaking
hydraulic oil from the top cover
(Fig. 10), sometimes after only
a few hundred running hours.

Leakage has been observed

in most types of PBIV across
various engine types. The root
cause has been identified as
the Viton O-ring in the top
cover (Fig. 11), which becomes
too soft and eventually disinte-
grates.

The solution has been to re-
place the Viton O-ring shown in
Fig. 12a with the PU seal shown
in Fig. 12b, which is equally
easy to install as the original
Viton O-ring.

Fig. 11: Viton O-ring becomes too soft and disintegrates

Fig. 12: The PU seal (b) has replaced the Viton O-ring (a), which caused leakage from the top cover



Fig. 13 compares the design of
the old Viton O-ring (a) and the
new PU seal (b).

The new PU seal has resolved
the leakage issue on the top
cover of PBIV.

3.3 Spring cup added to
WVFC design

The ME-GI Mk. 2 gas block de-
sign has an integrated window
valve arrangement, which con-
sists of the window valve itself
and a window valve ‘forced
close’ (WVFC) part.

Fig. 14 shows the gas block with
the window valve arrangement
at the centre.

As shown in Fig. 15, when in-
stalling the first version of the
WVEFC, a Belleville spring could
drop down and get wedged
between the WVFC and the
gas block.

Fig. 13: a) Old O-ring design versus b) new PU seal

Fig. 14: ME-GI Mk. 2 gas block with the window valve arrangement at the centre

Fig. 15: The spring cup was introduced in a revision of the design
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Fig. 16 shows the spring cup, which has been updated with a Updated instructions have
which was introduced in a spring cup to prevent damage been issued to guide the crew
revision of the WVFC design, to the gas block. when mounting a WVFC of the
to prevent the spring in drop- original design.

ping down and getting wedged )

bet%veen the W%FC d?\d theg Spring cup

gas block.

This design change has elimi-
nated the risk of springs drop-
ping down and the associat-
ed risk of gas block damage
during WVFC assembly. Fig. 17
shows a schematic illustration
of gas block damage because
the Belleville spring had
dropped down during the in-
stallation of the original WVFC
design.

Fig. 18 compares the original
and the new WVFC design, Fig. 16: Belleville spring could drop down and get wedged between the WVFC and the gas block

High spot

Dent

Fig. 17: Schematic illustration of gas block damage caused by the Belleville spring dropping down during installation of the original WVFC design

Fig. 18: Comparison of a) the original and b) the new WVFC design with a spring cup
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3.4 Update of O-ring ma-
terial and back-up ring in
WVFC

In the WVFC, O-rings kept
breaking, leaking sealing oil in-
ternally to either the outer pipe
or sealing oil return/drain lines.
As Fig. 19 shows, one reason
was a rapid deterioration of
O-rings.

Fig. 20 shows the design solu-
tion, which resolved the leak-
age issue from the WVFC.

Fig. 19: O-rings deteriorating rapidly, leading to internal sealing oil leakage
The solution has been to
change the O-ring materi-
al and to introduce an uncut
backup ring design. To mount

the new uncut backup ring, an
expander tool must be used.

3.5 New sealing design - -

window valve

Fig. 21 shows a window valve .
leaking hydraulic oil externally.

Fig. 20: Updated design with different O-rings and new backup rings

Fig. 21: External sealing oil leakage from the window valve
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The leakage would get pro-
gressively worse until it affect-
ed the operation of the win-
dow valve, eventually causing
dual-fuel shutdown and switch
to liquid fuel oil mode. The win-
dow valve had a backup ring
with an oblique cut that could

damage the O-ring, and lead
to its rupture. Fig. 22 shows the
backup ring and the oblique
cut damaging the O-ring.

The solution has been to in-
troduce an uncut backup ring
design. Also in this case, an

expander tool must be used to
mount the new backup ring.
Fig. 23 shows all eight posi-
tions where the sealing de-
sign has been updated for the
WVFC and window valve in
new engine production and
engines in service.

Fig. 22: The backup ring and the oblique cut damaging the O-ring

Fig. 23: Eight positions where the sealing design has been updated for the WVFC and window valve
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3.6 Extra short gas nozzle

The original long design of gas
nozzles suffers from hot corro-
sion. Fig. 24 shows an example
of heavily hot-corroded long
nozzles from a GBOME-C10.5-
Gl Mk. 2 engine.

To achieve an optimal nozzle
tip temperature and prevent
hot corrosion while avoiding
nozzle clogging, the shorter :
nozzle designs in Fig. 25 have Fig. 24: Long nozzle design with heavy hot corrosion
been investigated. The tem-

perature of the nozzle tip is an

important parameter in avoid-
ing nozzle hot corrosion and
clogging.

The extra-short nozzle design
in Fig. 25 is running without
clogging and with acceptable
levels of hot corrosion for
8,000 hours in GTOME-C9.5
engines. However, clog-

ging remains an issue for
G70ME-C10.5 engines, where
nozzles that are S mm longer
will be tested as a potential
solution.

Fig. 25: a) Original long nozzle, b) temporary short nozzle, and c) extra-short nozzle

3.7 Updated PIV nozzle -
fuel injection

The pilot injection valve (PIV) _ g ““m . o f"“““‘
has been introduced on the 4 ; v A
ME-GI Mk. 2 engines for fuel -
injection. Fig. 26 shows the
design of the PIV with a differ-
entiated cut-off shaft lift - low
Llift (1.2 mm) for optimal pilot oil Fig. 26: GBO PIV with differentiated cut-off shaft lift - low lift (1.2 mm) for optimal pilot oil injection and high
injection and hlgh llft (28 mm) Llift (2.8 mm) for full liquid (fuel) injection in fuel (diesel) mode

for full liquid (fuel) injection.

Thrust piece lift: 0 or 1.6 mm Cut-off shaft lift: 2.8 or 1.2 mm

Fig. 27 zooms in on the nozzle
tip to give a more detailed view ‘i
of the nozzle hole configura- |
tion for pilot oil and full fuel ‘
injection.

Only small atomising holes
for pilot injection

Fig. 27: Nozzle hole configuration for pilot oil (low lift — 1.2 mm) and full fuel injection (high lift - 2.8 mm)
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In several instances, the origi-
nal compound-type PIV noz-
zle has experienced cracking
caused by thermal fatigue, as
shown in Fig. 28.

Presently, a PIV nozzle in H13
tool steel is being service-test-
ed, and the crack issue is under
control. However, this nozzle
suffers from clogging of the
small pilot oil injector holes.
Fig. 29 shows the test setup for Fig. 28: Original compound type PIV nozzle with cracks
testing larger pilot oil injection
holes and an increased number
of injection holes to reduce the
frequency of clogging.

80/95-bore engines

For 80- and 95-bore engines, 2%0.4/2%0.45 mm 2— 4%0.55 mm ‘
the nozzle tested will have four ) | 5 e @ o ¢
pilot oil injection holes, each o s N
with a 0.55 mm diameter, in-
stead of two holes with 0.4 mm
diameter for 80-bore engines
and two with 0.45 mm diam-
eter for 95-bore engines. For
50-, 60- and 70-bore engines, ,
the nozzle being tested will B 1%0.4/1%0.45 mm
have one pilot injection hole
with a diameter of 0.8 mm, 9 © - —_—
replacing the previous configu- - *“A
ration of one hole with 0.4 mm )
diameter for 50-bore engines \
and one with 0.45 mm diame- Fig. 29: Nozzles with larger pilot oil injection holes and an increased number of injection holes
ter for 60 and 70 bore engines,
respectively. However, the test
program has been delayed due Coating ti

oating tickness [my]
to the need for amendments 1000
to the IMO technical file before . Coating tickness - Ring 1
testing can commence.

® o o
—
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3.8 Cylinder condition *

Wear of cermet coating on 0 5000 10000 15000 20000 25000 30000 35000
piston top rings has been Ring running hours [h]

recorded since the launch of Fig. 30: Plot of top ring coating measurements for all dual-fuel engine types. Data includes over 35,000
. icton ri ina h
the ME-GI engines. The cermet pistonring running hours



coating wear determines the
need for piston overhaul as this
coating is meant as a ‘lifetime’
coating. Our database of coat-
ing thickness recordings for all
sizes of ME-GIl engines in Fig.
30 demonstrates a remarka-
bly long coating lifetime, easily
achieving 32,000 hours (or five
years) of operation between
piston overhauls.

Naturally, there may be oc-
casions when earlier piston
overhauls are necessary due
to other factors, such as piston
ring breakage or loss of ten-
sion. However, dock-to-dock
operation without piston over-
haul is standard practice for
today’'s ME-Gl-powered fleet.
Fig. 31 presents a subset of
cermet coating thickness data
for the G70-C9.5-Gl engine,
which has the highest number
of running hours.

In 2019, the Service Letter

in Fig. 32 was issued to an-
nounce the extension of the
piston overhaul interval for
70-bore engines from 16,000
to 24,000 hours - a decision
based on the data in Fig. 30
and Fig. 31.

However, data indicates

that a further extension of
time-based intervals beyond
24,000 hours is possible - see
Fig. 33.
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Fig. 31: Measurement of cermet coating thickness on the first piston ring. Data collected from nine vessels,
encompassing 17 engines and a total of 85 cylinder units, over a five-year service period
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Service Lotter SL2018-683/KAMO

Dear Scoraam

a0 ME-C.GIEL

The revised guiding overhaul intervals, which depend on the bore
size, are extended as follows:

- Bore size 95-80: from 24,000 to 32,000 running hours (+33%)
- Bore size 70-50: from 16,000 to 24,000 running hours (+50%)
- Bore size 45-30: from 12,000 to 16,000 running hours (+33%)

The extended overhaul intervals (hours) are listed on the following
page together with associated remarks.

Fig. 32: Service Letter issued in 2019 (SL2019-689), extending the time-based piston overhaul interval from
16,000 hours to 24,000 hours for 70-bore ME-GI/GIE engines due to the low wear
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Fig. 33: Cermet coating thickness on the first piston ring, measured on three ships and a total of 30 cylinder
units
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Currently, some owners are
already benefiting from con-
dition-based piston overhaul
intervals of 32,000 hours, al-
lowing for dock-to-dock oper-
ations with five years between
dockings.

Fig. 34 shows a further subset
of data for G7OME-C9.5-GlI
engines, indicating very low
cylinder liner wear.

Liner bore [mm]

Cylinder liner wear

703.5 0.1 mim/ 1000
——15 ———5 s
—— 35 a5
703 ——35 —r
——2P —e—3p
——up o—5p
7025 0.1 mm/ 1000 .05 mmi1000
0.025 mm/1000
702
0.05 mm/1000
7015 .
701 0,025 mm/ 1000
700.5 i
0]
(e} 5.000 10.000 15.000 20.000 25.000 30.000 35.000

Main engine running hours [h]

Fig. 34: Measurement of cylinder liner wear during a five-year service period In fact, the cylinder lifetime

approaches the engine lifetime



4. Conclusive remarks

More than a decade ago, the
ME-GI technology was intro-
duced into service for propul-
sion of a wide range of ship
types, which at the beginning
ranged from LNG carriers to
container vessels, PCTCs, tank-
ers, and bulk carriers.

Today, the ME-GI high-pres-
sure engine is the de facto
industry standard in most ship
types when methane is select-
ed as the fuel, due to the high
thermal efficiency and very
low methane slip figures of the
engine.

The present paper outlines
some of the service-related
issues experienced to date, fo-
cusing on the ME-GI Mk. 2 ver-
sion of the ME-GI technology,
which was introduced around
five years ago. We will contin-
ue to follow up in the coming
months and years as further
engines and engine types enter
service.

17
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S. Acronyms

ECS  engine control system

Gl gas injection

Glv gas injection valve

GCCO gas cylinder cut-out

GVT  gas valve train

LNG  liquefied natural gas
PBIV  pilot booster injection valve
PIV pilot injection valve

PCTC pure car and truck carrier
RELI  reduced lift

SPAF system parameter file
WVFC window valve forced close
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