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Study of lubrication characteristics of piston ring/liner system

for development of eco-friendly marine engine
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Five beneficial changes from
IMQ’s Sulphur Limit for ships’ fuel oil

Positive impacts \
on human health

Cleaner air

77% drop in overall sulphur
oxide (SOx) emissions from Premature deaths,
ships - annual reduction of | cardiovascular, respiratory
approximately 8.5 million and pulmonary diseases
metric tonnes of SOx. will all be reduced.

& <M

Ship operators,
owners + refineries
have ad

o

Changes for \

Higher quality fuels

The majority of ships will
switch to higher quality, low

4 Guidance issued by IMO and Flag and port State
sulphur fuel oil tomeet A oiner stakeholders to enhance A\ control will be making
the limit. \ preparedness ahead of the sure ships are compliant.

entry into force of
Sulphur 2020.

Fig. 1. IMO2020 five key changes [3].
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Table 1. Surface roughness and hardness of piston ring and liner specimen.

Liner specimen Ring specimen
Material Cast iron (Ceclfr?:‘: iJ;::ing)
R, (um) 1.89 8.23
Ry (um) 1.64 16.35
Ry, (pm) 3.70 13.87
R, (um) 1.49 6.13
Hardness, H (GPa) 1.57 938
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Fig. 6. Concept design of the piston ring/liner tribo-tester

Fig. 7. Overview of the piston ring/liner tribo-tester.



e
Nd
=K
Fn

oo
<0

%, )

S

atoltt. zefvh AA Az e A<

o

[

1.

=

B Aol A KoM e HaE @3} gholu] Alole] A

G} ol riE FEL

)

fite)

T
o

4

o
of

A
o

A

(1

o

i
(o3

8 &
}o] Hersey

L Table 39 A|A]

w5

PN
T

°©

=

=

d/etoly Ala®l As
AL

| Hersey number

o]
v

Fef w2 J/ebely Al

13

-

(contact pressure, P)°] TAIZ A o =W
A%

o AbgEE PA 5

%1—1?:]

] =
S

-
T

171 9181 Eq. ()3} o] &g Ao % =(absolute viscosity,
!

°©

: absolute viscosity
: contact pressure

: sliding speed

o] JAbE e
) 5 & (sliding speed, V),

4

n
2188 Hersey number”} 4.41x 10314 220X 107AF0] Q1 &% Z 7ol A

P

] =
H
&

zk

!
™, Z} Hersey number®]

H

B

)

AL W ok mEbA

"l %
=
S THO,10].

n

e

N

7

o

2
~
110

To

f——y
o

numberZ} 2.20X107¢1 Z 7oA $=3§E o, o]



st A % Agle wE mlE £FS Hrkskr] 93] 10, 100, 200 A 7HE0F Ay
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¥ mead vig Fi 549

atol Alqks At

o™, mFE A== Achard’s wear law (Eq. (2))¢l 7]1R®F
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h  :wear depth
k  :wear coefficient
P : contact pressure
L :sliding distance
H  : hardness of liner specimen surface
Table 2. Experimental parameters of friction test.

Hersey number, H Stroke (mm) It d?];;:::s:?;:g EP(;)S)) Mid-stroke sliding speed (m/s) ( Colz:z:nparlels‘;:feﬂgd)Pa))
4.41x10° 0.08 2(0.8)
5.88x10°8 0.16 3(12)
7.35x10°¢ 1 15(5.9)
8.48x10°8 1 13(5.1)

100 30(0.43)
1.00x10”7 1 11(4.3)
1.22x107 1 9(3.5)
1.57x107 1 7(2.7)
2.20x107 1 5(2.0)
Table 3. Experimental parameters of wear test.
Test duration (h) Hersey 3 0il temperature (°C) " S Normal load (kN)
(sliding distance (km))  number, H ©'roke (mun) (dynamic viscosity (Pas)) Mid-stroke sliding speed (m/s) (Contact pressure (MPa))
10(21.6)
100(216) 1.22x107 100 30(0.43) 1 9(3.5)
200(432)
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7l Rl 9@ vharelo] ;e ojo gt
Ffriction = FHydrodynamic + FAsperity (3)

A &2 FgelA e a2 1 A7l wmE Fd e frse] 2ol o F7}
= LAshe ETAT(@) M2 dE ARVIE 7= i e Ad el
ot 7 fres nEfshs ASRTAT(0)E YT Eq. ()l AAE F wolm=

-7 2] (averaged reynolds equation)S 7] HF .2 Al4FE A THS,13].

0
ox

(cb h36p) 6 Uaht+6 U a¢5+12 Oh,
ox) ~ "MoY gy T OMeYVI 5 Mo 3%

4
@, : Pressure flow factor
: Nominal film thickness
h: :Local film thickness
p : Hydrodynamic pressure
o : Ring-liner composite surface roughness (R.M.S surface roughness value)
U :Sliding velocity of the piston ring

n, : Oil viscosity
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hdp h NoU
FHydrodynamic = f [(Dfp Zdx (h_ + CDfs) T] dA ®)]
t

A :section area of element
®pp : shear stress factor due to mean pressure

®fg : shear stress factor due to mean pressure

AA &8 Qeolne] B7] Ao 9% npREe Falr] 9

o

=7 S

e

*E 2 Eq.
(6)¢} #e] Greenwood/Tripp contact modeloll 71WFalo] AXbE Q1 ow, Fy ), (Hg) = Eq. (7)%
2ol Ao} vpEE AakS Eq (8)F ol AXEAoH, AA &3 FGoAe npE
AT(up)= v AdolM =8 AA &2 Aol e vEAS 0268 JH ] AA

S2E ga) goluel W 54 weshgn

_16V2
= n(osﬁns) f E*F5,(Hs) (6)

Pusp : asperity contact pressure

os : R.M.S surface roughness

=i

: asperity mean summit radius
ng :number of summit in nominal area

E* : composite elastic modulus
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4.4086 X 1075(4 — H\)®8%*  H. < 4
Fsa(Hs) = { s s
5/247s 0 JHg > 4 (7)

B/2
Fasperity = upWy = tp f Paspdx Aq (8)
-B/2

Up : friction coefficient during the boundary lubrication regime

oy

: ring axial thickness
W, : total asperity contact load

A, :apparent contact area

Table 4. Engine specifications.

Engine type Diesel engine
Operating principal Four-stroke
Number of cylinder 1

Bore (mm) 128 mum

Stroke (mm) 155 mum

Operating speed (rpm) 1800 rpm
Oil SAE30
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Table 5. Ring-liner composite R.M.S surface roughness
Composite

0.14.0.57. 1.13 um

R,
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Study on lubrication characteristics of piston ring/liner system

for development of eco-friendly marine engine

Se-Jin Oh
School of Mechanical Engineering,

Graduate School, University of Ulsan

ABSTRACT

With the recent global increase in environmental protection awareness and the tightening of
environmental regulations on ship engine emissions, the demand for eco-friendly ship engine
technology has been growing. The degradation of friction performance among key engine components
can lead to decreased engine efficiency, increased fuel consumption, and higher maintenance costs due
to component wear and failure. Ultimately, this results in an increase in environmental pollutants.
Therefore, for the development of eco-friendly ship engines, it is essential to study friction reduction

technologies for key engine components.

In particular, the piston ring/liner system is exposed to rapid cyclic variations in load, speed, and
temperature. To ensure the wear and friction resistance performance between the piston ring and liner,
optimal lubrication design technology for this system must be applied. This requires experimental
studies that consider the actual operating conditions between the piston ring and liner to systematically
understand the friction and wear behaviors and secure design-based data. Moreover, to overcome the
limitations of experimental studies, which cannot fully reflect the complex behaviors and harsh
environmental conditions between the engine piston ring and liner, analytical models and studies that

consider these severe conditions should be developed based on the experimental data.

This study aims to secure foundational data and derive approaches for optimal lubrication design of
the piston ring/liner system through experimental and analytical research. The experimental research
evaluated the basic lubrication characteristics between the piston ring and liner. Based on this

experimental data, a lubrication analysis model was developed to predict friction losses between the
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piston ring and liner. Additionally, the model was used to assess the impact of surface roughness, one

of the key design factors, on friction losses.
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