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Abstract —The piston of a marine diesel engine works under severe conditions, including a combustion pressure
of over 180 bar, high thermal load, and high speed. Therefore, the analyses of the fatigue strength, thermal load,
clamping (bolting) system and lubrication performance are important in achieving a robust piston design. Design-
ing the surface profile and the skirt ovality carefully is important to prevent severe wear and reduce frictional
loss for engine efficiency. This study performs flexible multi-body dynamic and elasto-hydrodynamic (EHD)
analyses using AVL/EXCITE/PU are performed to evaluate tribological characteristics. The numerical techniques
employed to perform the EHD analysis are as follows: (1) averaged Reynolds equation considering the surface
roughness; (2) Greenwood_Tripp model considering the solid to solid contact using the statistical values of the
summit roughness; and (3) flow factor considering the surface topology. This study also compares two cases of
skirt shapes with minimum oil film thickness, peak oil film pressure, asperity contact pressure, wear rate using
the Archard model and friction power loss (i.e., frictional loss mean effective pressure (FMEP)). Accordingly,
the study compares the calculated wear pattern with the field test result of the piston operating for 12,000h to
verify the quantitative integrity of the numerical analysis. The results show that the selected profile and the piston
skirt ovality reduce friction power loss and peak oil film pressure by 7% and 57%, respectively. They also
increase the minimum oil film thickness by 34%.

Keywords: asperity contact(E 7] % ), EHD(elasto-hydrodynamic, ¥4 &), friction power loss(nF2<=41),
minimum oil film thicknesscMOFT, # & & 8FF7)), skirt profile(Z=AE ZZ34Y)

Nomenclature

o, : RM.S value of surface
B, : Mean summit radius
A : Dimensionless film parameter (FF37157) #s : Number of summits in the nominal area
Huin © Minimum oil film thickness EAFEFA)) E" : Composite elastic modulus
01, : RM.S of surface 1, 2 H. : Nondimensional summit clearance
Pasp © Asperity contact pressure (&7 H35UH) 5. : Mean summit height
Fsp : Form function 5 : Nominal clearance
h, : Normal wear depth
“Corresponding author : scan@hhi.co.kr k: Wear coefficient
Tel: +82-52-203-8628, Fax: +82-52-250-9646 P. : Mean asperity pressure
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Fig. 1. Piston configuration of marine diesel engine.
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Table 1. Representative friction loss items for engine

3 C 5%
‘ z8A B8 Ehid
W12 : xhoust(thermal osses
205 BUBIE 8005 U2IB71E WL £y
wzsa: eoolmg circuit losses (S, TR, %Af) o 50%
> AuRE SN FAE UuE @
S aT it A pUmplne Iosess ol iataie tolesheuet
2 + Main bearing
+ Primary « Crank shaft | - Main besing sea
Energy group « Flywheel 25%
(total fuel - - Damper
energy) & « Piston group |  Conrod BE
+ IMEP v « Conrod SE (piston pin)
Frictional (;“,JE;‘;""“’ 3 o et (3.3
Indicated [ losses ey 5%
H2Y¥ | Mean Mean e ool + Valve guide & lift
x Effective | Effective [ Valve train | 7 LRt 15%
BEY | prosure |Prossure | & Timing drive |
+ Auxiliary e e
components | *LO.pump 15%
+ BMEP : Brake Mean Effective Pressure o} 45%
(dynamooil M #|& Z2 AT #3)

=3 anlgo] ArEH, A AAE A AN
g HESt 7t mEgh o] o] diytelth

TS wpEke mA|gE mpR@gelgl dukH o o
A ok wEbA] ywlis AA7E H4-3] o] FoZith

QMo X ] mpEEA 27h B8k Thssite fln|e]
PR AL Kl sk Theke &4 S
shjot}, o]2H 02 100%] E&S 7K Tk
ghobd dA e Amrt T e dEEe] BF
Zg o= wetrjofof gt} sHAY ZAFEES] *PEH
25 Hollxe] mpE ol Wk o= sty
AAIE 40%~50%2] Al a&S 7HAA ot olgg 7t
i B4 E S-S Table 19 WFERAITH3, 4).
433 T bR Hgo] FAE aFlA 24
@-_0_ Oal— _/[: h:]. EE]—E]-/\-] Oﬂf,Loﬂ}ﬂ‘— 7:1‘6414 ;(-I:L
Hol opd ARl uéﬂ— B3l xlelA o] mpaEs
715t T FAE 2AEX ] x7tel| tist 7l——
e AEsIA alem FrHH o et s B
I e e b T S =

olF 3l F&E &S SIS T AL
59| field testAdzbe} vlwste] 2o =5 A
Aoz AT HopoH, o]F EUE IiE AAE
PFE At ppEEA S oju A HE 4

AEs) ®Wotch

rir
€
N

2. IAE SN X 2EHY

= =
2-1. SE3| H*"Oﬂ HEE 0|2
Y2EZ0 ATE dS5ahr] 913 s £ o
EA 59834 (FMBD, flexible multi-body dynamic
analysis)2} BH3-53018-8314(EHD, elasto-hydrodynamic
analysisys A9l 8715 ¥ AVL EXCITE/PUS
o] g-ste] TR EHATHS, 6].

Vol. 32, No. 4, August, 2016



134

2 A /‘]'%E] FREMZZaPgM ] ST
AR FAEE 99 (HD, hydrodynamic lubrication
regime)dl] 28t FE3 AAEE 99(BL, boundary
lubrication regime)l] &3k FE-g FE35l] AXSHA
Ao} o]AL I2E 2AEE FAGEH NN 5
H& Ao] oy}, -5 EW(running surface)®] E7]
(asperity)S7Holl HEE WAStRE E4ad 9
(mixed lubrication regime)l] T3t &4]S Fafsjof
3l7] wEo|t}.

S Y92 AEE 99 FESERA
#8 Jgoz FAHEY. o & gAo) gisk +
T A vE S AANE 7]EA o R fulEe)
¥HAR7)2] v]Ql 5 AlS(film parameter)ol] wWE
vzt o] W3lol] T3l Stribeck A7 AEETH7].

&=
rot
Mo of

A= Popin _ Minimum_Qil Film Thickness 1)

3] S8t FAlEEARIA
"7 4] (average Reynolds equation)
ctor)«] 5’_347]— 2 5ltH8]. ©l¥]
= B 5719 29
‘?i% /\]'0101]’\1 Fd=E= el
%é dom)ﬁl oFo] FluFE o]
Al gEoe= 74]40}71
= ek A oigh orEE
GEEE B4 AolE ‘%E]"—H“

74] = Pl sske 1o A
M fe5g g Aot ol
g s17] 3R] 2(Fig. 2)7 3ol
ZEAIS Wo" Fx)o PSS g 54
34 mde] WP 1= (clearance)S 57_34??_ 3
o] M= 3e] o] o]Fold wi7kA] RHEAINRS
sl €t

FAEE Y93 AHE 2 flelA] e 3

OOEL[}EE’
M o
éé\l
o_l_z
— N
2 S
lelm

g
N B

o
offt of
X
hin

=] r&ﬂ

To
L
_IZi‘E: i
4 o |0 42
gk
:Lﬂ__'mﬁl
o N
_4011r‘0
o
jﬁ
o o
m%

9,
,
=2y
rE
E
n:,d

M do o mc}}r ot e
M
5=

Y 1o oo
N
2

o
o
r

Al

_4

Bearing

structure

Oil film Reynolds equation
pressure film thickness

Journal E . f .

structure quation of motion

Fig. 2. Equilibrium iteration scheme for lubrication
analysis and dynamic analysis.
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Fig. 7. 3-dimensional shapes of skirt shape.
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