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2-Stroke Engine Cylinder Liner calibration

[Overview]

HD Hyundai Marine Engine has provided the service for Cylinder Liner Calibration based on the
technique as engine builder while accumulation the engine production and commissioning.

Cylinder liners are a critical component of main engine, where continuously working the piston
moves up and down. Over the time, cylinder liners can become worn or damaged which can
result in decreased engine performance, increased fuel consumption, increased emissions, oil
leaks, and premature wear down.

Our goal is to optimize main engine's efficiency and performance, and ensure reliable engine
operation over the long term by providing the solution and guidance against cylinder liner
condition using the 3D mapping technology.

At HME, our Cylinder Liner Calibration services are performed by skilled and high-experience
engineer using advanced equipment to ensure accurate measurements and condition
evaluation.

[Introduce]

1) Cylinder Liner Calibration (3D Mapping)

We, HME, has introduced “3D Mapping technology” to perform the Cylinder Liner Calibration
without removing the cylinder cover.

With 3D Mapping technology, it is possible to significantly reduce measurement time and obtain
accurate measurement values.

» High accuracy, Holographic, fast and state of the art (Abt 13,000 spots)
» 3D Scanning measurement : 3hrs based on 6units
» Use scavenge air ports only (without removing the cylinder cover)

2) Scavenge Port Inspection

Cylinder Liner Condition inspection is conducted through Scavenge air port to identify potential
issues before they become major problems.

Below items are subject for Investigations during the Scavenge Port inspection;

» Piston Ring Vertical Clearance and Coating Thickness / Groove Depth(Cermet / Alu Coat)
» Piston Ring pack & Piston Skirt and Piston Crown

» Condition of cylinder liner wall

» Scavenging space and Air flaps

» Water Mist Catcher (WMC)
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[Used when?]

For Cylinder liner condition monitoring
For Maintenance planning
For Pre-Dock inspections

>
>
>
» For Diagnosis of Engine Problems

By performing the cylinder liner calibration periodically, ship’s owner can track tendency of wear
rate and maintain proper condition of cylinder liner. It helps ultimately save on repair and
maintenance costs in the long rung. Additionally, accumulated data can be used as reference
when planning budget for dry dock or for M/E repair.

[Service Available]

Low travel cost, high flexibility (At port & Terminal, At Anchorage during Bunkering)
» Asia (Korea, Japan, China, Singapore)

> Turkey

» UAE

“4.. . Korea ' japan
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[Quantitative Analysis] - Cylinder Liner Calibration by 3D Mapping

» Wear pattern of Cylinder Liner

315 Deg

» Max Diameter Profiles

Combined Max Diameter Profiles

Liner 1 Liner 2 e |iner 3 sl iner 4 Lingr 5w liner 6 == == Max Wear Limit

Measured - Nominal (mm)

1500

Depth Relative to Middle of Ring 1 (mm)
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[Quantitative Analysis] - Cylinder Liner Calibration by 3D Mapping

» Cylinder Liner Condition (Measured values)

Liner Condition (Measured values)
Units 1 2 3 4 5 6

Liner Running Hrs 40,489 40,489 40,489 40,489 40,489 40,489

Max. Wear(mm) 0.571 0.529 0.595 0.525 5.856 0.784

Wear rate(mm/1K hrs) 0.014 0.013 0.015 0.013 0.145 0.019

Max. Ovality(mm) 0.212 0.185 0.230 0.206 0.941 0.293

Scuffing OK OK OK OK Warning OK
Max. Wear

_ 0.215 0.237 0.166 0.146 2.598 0.098

Since last measurement
Wear rate/1000Hrs

, 0.015 0.018 0.011 0.014 0.125 0.007

Since last measurement

Max Wear (mm) Wear Rate (mm/1k hrs)

Ovality (mm)
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[Quantitative Analysis] - Scavenge Port Inspection

» Piston Ring Vertical Clearance and Coating Thickness

Piston Ring Vertical Clearance (Unit: mm)
Cylinder No. 1 2 3 4 5 6
Top 0.55 0.55 0.55 0.55 0.60 0.55
2nd 0.45 0.50 0.50 0.55 0.50 0.45
3rd 0.35 0.35 0.40 0.45 0.40 0.40
All vertical clearances were considered normal
Piston Ring Cermet Coating Thickness (Unit: pm)
Cylinder No. 1 2 3 4 5 6
Top 343 395 354 295 361 301
2nd 252 245 201 243 265 221
3rd 265 220 234 255 227 202
It was recommended to replace the Ring if cermet coating thickness less than 100um

» Piston Ring pack & Piston Skirt and Piston Crown

Piston Ring pack




2-Stroke Engine Cylinder Liner calibration

[Quantitative Analysis] - Scavenge Port Inspection

» Piston Ring pack & Piston Skirt and Piston Crown

Piston Skirt

Piston Crown Top and Piston Top Land
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[Quantitative Analysis] - Scavenge Port Inspection

» Condition of cylinder liner wall

Cylinder Liner Wall, Upper — Middle - Lower
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[Quantitative Analysis] - Scavenge Port Inspection

» Scavenging space and Air flaps & Water Mist Catcher (WMC)

-
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[Service Report with recommendations]

Highly skilled engineer provides recommendations and solutions based on the measured values
of the cylinder liner and the observed results of the piston crown, piston ring, and Scavenge
space.

Recommendations:.

® |t was recommended that No.2 4,5 and 6 piston crowns should be replaced with new or
reconditioned ones as soonest possible because of worn-out piston ring groove.

® |t was recommended to check the cylinder condition when piston overhauling.

® |t was recommended to remove wear-ridge on cylinder liner in accordance with
instruction book.

® |t was recommended to monitor cylinder condition continuously.
It was recommended to adjust Cylinder Oil feed rate in accordance with MAN's service

letter “SL19-671.
® |t was recommended to carry out drain oil analysis periodically in order to determine
proper Cylinder Oil feed rate and BN Type..

® |t was recommended to check the condition of fuel injectors and replaced with
maintained one if necessary

® |t was recommended to repeat Cylinder Liner measurement in [5,000hrs]. This is to
ensure that the current stable condition is maintained and to verify the heading on the
cylinder liners, for optimal planning and cost saving.
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