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Fig.7 : Comparison of lubrication performance of un-
textured (top) and laser-textured (bottom) surfaces.

Like large scale converging surfaces, micro-scale
asperities can create an asymmetric oil pressure
distribution that results in hydrodynamic lift. In cases of
mixed lubrication, this added lift can alter the balance
between hydrodynamic and boundary lubrication,
reducing the amount of asperity contact that takes place,
and thus reducing both friction and wear. Also, even
when contact does not occur, an increase in oil film
thickness reduces shear within the oil, reducing
hydrodynamic friction. Several studies, both analytical
and experimental, have considered the effects of surface
patterns in hydrodynamically lubricated cases.
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Fig. 8: Adding dimples delayed the onset of asperity
contact in this test, from Kovalchenko, et. al. [12]

Because they can assist in creating hydrodynamic
pressure in the fluid film, textured surfaces have an effect
on the lubrication regime of sliding surfaces.
Kovalchenko et.al. looked closely at the lubrication
regime effect in a series of experiments using a pin-on-

disk test rig with unidirectional sliding, with a textured
disk.[12] This study produced Stribeck- like curves for
various lubricants and load conditions, and different
dimpled area densities (the depth: diameter ratio for the
dimples was maintained at an “ideal” value in all cases).
In general, dimpling expanded the range of parameters
under which hydrodynamic lubrication took place,
extending the non-contact regime to low speeds and
viscosities. An example of Kovalchenko’s results is
shown in Figure 8.

Surface dimples or grooves may act as lubricant
reservoirs or as wear particle traps, and possibly in other
capacities as well. Study of these phenomena would help
answer questions as to what textures are appropriate for
the cylinder liner, where they should be placed, etc. For
example, it has been suggested that dimples be placed on
the liner near TDC to act as lubricant reservoirs for the
top ring. Modeling the effectiveness of such dimples
would inform the choice of using these or other textures.

IV. CONCLUSION

Partial laser texturing of the piston rings of the
internal combustion engine is advantageous in every
possible way. Using the LST piston rings has ensured the
reduction in frictional power losses by 40-50% in lower
RPM and 12-15% at higher rpm when compared to the
traditional untextured rings, this will increase the amount
of usable power significantly and reduce fuel
consumption per brake horsepower to a large extent. And
the minimum average friction force for the optimum
partially textured piston ring is significantly lower than
that for the corresponding optimum fully textured ring.
The difference varies from about 30% reduction for
narrow rings to about 55% reduction in wide rings.

The effect of surface patterns on friction in the
hydrodynamic regime was evaluated. Friction reduction
was observed when the surface texturing caused an
increase in flow resistance, increasing oil film thickness
and thus causing a reduction in both asperity contact and
hydrodynamic friction. (In the latter case, the increased
film thickness causes a reduction in oil shear rate). A
parametric analysis of both grooved and dimpled patterns
was performed, with the two purposes of studying the
effects of various geometrical parameters on this friction
reduction, and evaluating the potential of textured
surfaces to reduce ring/liner friction and possibly justify
further research in this area.

ACKNOWLEDGMENT

We would like to thank the Head of Department
Mechanical Engineering, NCET, Dr.N.Kapilan and
Professor, Mechanical Engineering, Mr. Venkat Raj for
their help and support in this endeavor.

Undergraduate Academic Research Journal (UARJ), ISSN : 2278 — 1129, Volume-1, Issue-1, 2012

54



Frictional Power Minimization in Partially Textured Piston Ring Assembly

REFERENCES

(1]

(2]

Y.R. Jeng, Impact of plateaued surfaces on
tribological performance, Tribology Trans. 39
(1996) 354-361.

E. Willis, Surface finish in relation to cylinder
liners, Wear 109 (1986) 351-366.

G. Ryk, Y. Kligerman, I. Etsion, Experimental
investigation of laser surface texturing for
reciprocating automotive components, Tribology
Trans. 45 (2002) 444-449.

Etsion, State of the art in laser surface texturing,
J. Tribology Trans. ASME 127 (2005) 248-253.

G. Ryk, Y. Kligerman, I. Etsion, A. Shinkarenko,
Experimental investigation of partial laser surface
texturing for piston rings friction reduction,
Tribology Trans. 48 (2005) 583-588.

A.Ronen, I. Etsion, Y. Kligerman, Friction
reducing surface texturing in reciprocating
automotive components, Tribology Trans. 44
(2001) 359-366.

Tonder, K. (2001), “Inlet Roughness
Tribodevices:  Dynamic  Coefficients  and
Leakage,” Tribol. Int 34, pp 847-852.

(8]

(9]

[10]

[11]

[12]

Etsion, I. and Halperin, G. (2002), “A Laser
Surface Textured Hydrostatic Mechanical Seal,”
Tribol. Trans., 45, pp 430-434.

Brizmer,V.,Kligerman,Y.andEtsion,[.(2003),“AL
aserSurfaceTextured Parallel Thrust Bearing,”
Tribol. Trans., 46, pp 397-403.

Kligerman,Y .and Etsion,].(2001),*“Analysis of the
Hydrodynamic Effects in a Surface Textured
Circumferential Gas Seals,” Tribol. Trans., 44, pp
472-478.

Golloch, R., Merker, G.P.Kessen ,U., Brinkmann
,S., Benefits of Laser-Structured Cylinder Liners
for Internal Combustion Engines, 14th
International Colloquium
Tribology,Esslingen,Germany,Vol.1,pp.321- 328,
2004

Kovalchenko, A., Ajayi, O., Erdemir, A., Fenske,
G., Etsion, 1., “The Effect of Laser Surface
Texturing on Transitions in Lubrication Regimes
During Unidirectional Sliding[Contact”,
Tribology International, vol. 38, pp. 219-225,
2005.

(| [

Undergraduate Academic Research Journal (UARJ), ISSN : 2278 — 1129, Volume-1, Issue-1, 2012

55



