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Running-in wear modeling of honed surface for combustion engine
cylinder lines
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2RENAULT S.A.S., Direction de la Meécanique/Direction de I’Ingénierie Process, Rueil Malmaison (Paris), France

Abstract

The texture change during running-in alters the performance aniémtly of a tribo-mechanical system. During mass
production of cylinder liners, a final finishing stage known as “plateau honing” is commonly added to reduce the running-in
wear process of the liner surface. The majority of researchersttiahkhis operation improves the engine efficiency and
decreases oil consumption. It was believed that there are clksédbtween the surface topography of honed cylinders ehang
and their wear resistance during running-in. However, these interactionsitiayet been established. Some running-in wear
models were developed in the open literature to predict topographicatesufianges without considering the running-in
conditions.

The present paper thus investigates the various aspects of the weéingnidé caused running-in problems in honed
surfaces and its implications on ring-pack friction performance.|istridte this, plateau honing experiments under different
conditions were first carried out on an instrumented vertical honigin® The plateau honing experiments characterize the
surface modifications during running-in wear of cast-iron engine baiag advanced characterization method. Based on the
experimental evidence, a running-in wear model was developedlyFaaumerical extension of the developed model was
applied to solve the Reynolds equation by taking into accoumeé#thsurface topographies of the engine bore. This enables us

to predict realistic friction performance within the cylinder ring-pack tribosyste

Keywords:Plateau honingrunning-in, wear modelsurface topography.

1. Introduction

Running-in is the beneficial wear of relatively moving interacting sadaresulting in their gradual
conformance and improved performanée3]. It helps piston rings/cylinder liners assemblies to reduce friction,
oil consumption and the blow-by,[5] and to increase wear resistance, load carrying capacity and th@gcuff
resistance between mating surfadgs [



Initial surface roughness is a dominant factor affecting runmingeiar B, 7]. An initial surface finish of the
cylinder of 0.8 um Ra for diesel engine was recommended befamagudim to promote quick conformancg]
According to Pawlus{d], wear during running-in depends on both the roughness thaighthe shape of the
roughness profile ordinate distribution. Moreover, he suggestspthegau honing pressure on cylinder liner
roughness parameters is negligibe §|. Different previous studies highlight a strong connection between th
topography of honed surfaces and their wear resistance duringgtnrl, 5, §. In addition, some researchers
claim that smooth plateau honing is more effective than rougheplaterued surfaces so it is not clear whether
enhanced performance is due to the plateauing or to the fact that the sidawether. The wear process and
surface smoothing mechanism during running-in is predantly due to the removal of material without plastic
deformation p]. Sreenath suggests that the surfaces are smoothed further mo8ltindyhe valleys by wear
debris in the later stage of in engine runnimgest p]. Horng founds that all running-in procedures transform the
large valleys to many small valley§][ This allows to accommodate lubrication oil and protect relative surfaces.
However, the total quantity of fluid retention as void volume pérsampling area remains practically constant.
The interdependence of various process factors (contact pressure, luhrteatiperature .) gave rise to different
interpretations of the phenomenon. Rozeanu suggested indeed that 4ionisirgn in situ machining that is
complementary to production processeg.[

During mass production of cylinder liners, a final finishing stage known as “plateau honing” is commonly
added to reduce the costly running-in period of the liner surfacel] 1. It generates plateaued surfaces that
resemble a running-in surfaces and significantly reduced the preegss of the liner surface. The relationship
between surface topography parameters contained in 1ISO 13565-2ar(iti) fand ISO 13563- (Rq family)
standards and plateau honing process variables were analyzdLi) [L4. It found that the three dimensional
Rqg family parameters are more correlated to honing operating conditiansRk family. Rpq and Rvqg can

control independently the surface topography changes when vaigilegu honing timeg].

Thus, the optimization of the honed surface texture of cylinder lieereduce the running-in wear process
requires several running-in engine tests. As alternative to these costlymexutatitests, several running-in model
for prediction of wear and surface finish by neglecting plastic deformatwa developedl] 4, 1520]. King et
al. proposed the prediction of the changes of surface height distributiorg duear process by a simple
successive truncation of the initial surface profile by a plank Sugimuraet al. developed a sliding wear model
limited to Gaussian height distributio?Z]. An extension of this model for general surface distribution was
proposed by Jengt Gao[7]. It is based on Johnson translatory system to describe surfacediffeitant height
distribution [L]. The disadvantages of those models are the luck of their connectiom tontiing-in operating

conditions.



The aim of this research is to understand surface topographic cltangesthe stage of plateau honing of
cylinder bores in connection with the operating process conditions alfbws, first to identify optimal working
variables that produce surface finish comparable to that obtainedustiténg-in process and reduce therefore the
costly running-in periodSecondly, since like running-in performance generated by plateaughetdge, a
comprehensive parametric running-in model can be devised frommerpéal plateau honing tests. It will take in
consideration the contact variables such as honing pressure and slidingediBiaally, the functional impact of

the topographical changes of cylinder surfaces on the piston ringysteknswas simulated and analyzed.

Nomenclatue

an Hertzian contact radius (m)
H Dimensionless film thickness
Ho Dimensionless rigid body displacement

M, L  Moes dimensionless parameters

Pn Hertzian pressure, Pa
Pron Abrasif/workpiece contact pressure (bar

pr Constant, pr = 1.96.F0
P Dimensionless pressure
S

Root-mean square of the superficial plateau roughness of cylindaceafter plateau honing (um)
qu Root-mean square of the valleys of cylinder surface after plateawgh(@nir)

S . Root-mean square of the superficial plateau roughness of cylinfecesbefore plateau honing (um)

S/q Root-mean square of the valleys of cylinder surface before plade@gh(um)

Number of plateau honing stroke (= plateau honing time)

U Velocity of surface i

X,¥,z  Space coordonates

X,Y,Z Dimensionless space coordonates

Z Pressure viscosity index (Roelands): pro/(In(n0)+9.67)

& Dimensionless elastic deflection of the contacting bodies




1 Effective viscosities, dimensionless

9} Viscosity, Pa.s

m Dimensionless viscosity

Ho Ambient temperature zero-pressure viscosity, Pa.s
Hs Friction coefficient

o Dimensionless lubricant density

Po Ambient temperature and pressure density, Kg.m
T, Equivalent shear stress, Pa

Ty Characteristic shear stress of Eyring fluid, Pa

T Dimensionless mean shear stress

2. Experimental procedure

In this work, honing experiments were carried out on an instrumerggital honing machine with an
expansible tool (NAGEL n° 28-8470lFigure 1. The workpiece consists of cylinder liner of lamellar gray cast
iron engine crankcase. The young modulus and maximum tensileaftteesworkpiece material are respectively
124 GPa and 200 MP@hese cylinders are typically usable in diesel engine for commercial vehibleg.are
produced by an interrupted multistage abrasive finishing processknasiin as the plateau-honing process. This
very widely used process is a succession of three honing ¢taggh, finish and plateau honing), P, 23. Table
1 shows the most important working variables applied for these tests.

The first stage often categorized as rough honing establishes tharicitynof the bore ¢ee table)l After
rough honing, the cylinder liner diameter wa$6.005 +0.005. Then, th® called "finish honing” was performed
using Vitrified Bonded Silicon Carbide (VBSC) stick. It is a IAS65/100I8&veational stone where the average
grit size was 107um. This second honing operation creates the basic sxfaeof the hole.

At this stage, two expansion velocities (1.5 and 6 um/s) were considbiledthe other working variables
were kept constans¢e Table)l This variation in the fed system (the expansion mechanism irotiiaghhead)
allows generating two level of cylinder surface roughness wittacgifoughness parameter respectively Ra =
0.38um +0.1 and 0.70 um £0.0Bidure 2.



continuous balanced movement.

Figure 1 (a) A vertical honing machine with expansible tool, (b) Schematic representatientmning head in

Table 1. Specific conditions of multistage surface production by honing

Honing parameters Rough Honing|Finish Honing|Plateau Honing
Axial speed (m/min) 28 28 23
Rotation speed (rpm) 230 230 230
Honing duration (sec) 20 15 2
Expansion type Mechanical | Mechanical Hydraulic
Expansion speed (um/s) 5 3
Contact pressure (bar) 8 15,6 2.3,5.5,10
Number of stones 6 6 6
Abrasive grit type Diamond |Silicon Carbid{Silicon Carbide
Grain size (um) 125 107 30
Bond type Metalic Vitrified Vitrified
Abrasive stone Dimensions (mm x mm x 2x5x70 6x6x70 6x6x70



Figure 2 3D topographies of finish honed surface produced by usingiffeoesht expansion velocity in finish
honing stage (a) 1.5 um/s, (b) 6 um/s and (Process wordigples are given imable ).

The final finishing stage known as “plateau honing” is commonly added to reduce the running-in wear process of
the liner surface. Instrumented tests of the final plab@aing stage were performed with vitrified bonded silicon
carbide stick where the average grit size was 30gam (able)l The selected average grit size is the commonly
used onef plateau honing operatian the automotive industry. Honing oil was used to flow into thergprone
during the process. Plateau honing time and pressure were input variaties study. Three plateau honing
pressure (2.3, 5.5 and 10 pand five plateau honing durations (from 22@strokes) were considered while the
other working variables were kept constareg Table)l

For each plateau honing time, pressure, and initial surface rougtmmebsnation, experimental tests have
been repeated three times. Scanning electron microscopy (SEM) observatieradse performed to describe the
obtained textured surface by honing. Negative surface replicas made ofrarsibber material (Struers, Repliset
F5) were used to assess the 3D texture of honed surfaces after the-ptates stage at the mid-height of the
cylinder bore specimer2f]. Topographical features of replica surfaces were measured in three lodgtians
three-dimensional white light interferometer, WYKO 3300 NT (WLI). Thefeme¢ was sampled at 640 x 480
points with the same step scale of 1.94 um in the x and y directions. Form component is removed from acquired
3D data using least square method based on cubic Spline function.

The method of evaluation of cylinder liner wear volume during plateming process is based on the
comparison of the surface bearing area curve of the original and theuphatead surfacelp]. The method is
based on the fact that original surface depth is not removed wherasmoaiht of wear occurs. Experimental tests
show that in the considered range of honing pressure, the wear it ¥he limits of the original surface

topography when the range of stroke’s number of plateau honing process does not exceed 20 strokes. The average



power absorbed by ¢hplateau honing process is calculatsithe difference between on-load power recorded

during the finishing and average off-loads power recorded lesdiod after tl test.

3 Numerical model for mixed elasto-hydrodynamic friction simulation in piston ring-pack systm

The ring can experience three modes of lubricatiomydrodynamic (or elastohydrodynamic, elastic
deformation of surface occurs due to high pressure), mixed amdldgu In pure hydrodynamic lubrication, there
is no contact between the ring and liner, and the ring load is entimgbpiiby hydrodynamic pressure in the oil
film. In mixed lubrication regime, load is partially supported by the r@ispure and partially by contact asperities

To take these phenomena into account, a numerical mixed elasto-hydrodynamic labfiidtip model was
developed to estimate the friction generated in the piston ring - cylinderctohhe model simulates the honed
surface and the piston rings which constitute a tribological system that s¥kuiére longevity of the engine. The
simulation was performed with piston ring and cylinder bore geométrg. piston ring surface was however
considered smooth in comparison to cylinder bore surface. It iskm@ln that the effect of the liner surface
texture is predominated compared to this of the ring surface textweinfhcan be well approximated as smooth
surface in the simulatior2]. The scope of this model is to qualitatively predict the friction coefficietatiodd

when the texture characteristics of surfaces are varied in order tozeptia performance.

2.1 Full-scale mixed EHL model

The generalized Reynolds’ equation introduced by NajjiZe] has been used to estimate the pressure
distribution, film thickness, and the friction coefficient. This equatias the advantage of not being restricted to

a particular non-Newtonian law. The equation in the dimensionless $agivein by:

_ o
ﬂ{ﬁ}l!(l m)ap} ﬂ{ﬁHE(l m)aP}_aF‘H(“= np (2 “lﬂ )
N\ nZ Yol w \q nzley) T ' )
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the boundary condition P = 0 and the cavitation P(X,Y) > 0 ¥X, ¥ must be satisfied during the simulation

The effective viscosities could be calculated as considering the shear-théffeictg Eyring fluid):

111 .
—=- —sinh|(T 2
W "

N
with, T = T/ T, where, 10 is a reference shear stress and T, = -\,IIT;‘ + T; is the equivalent shear stress

inside the lubricant film.



The lubricant’s viscosity and density are chosen to depend on pressure following the Dowson and Higginson
formula [27] and Roelands law2B].
The film thickness equation is given in dimensionless forrthbyfollowing equation:

PX ¥ dXedYr
N e i

HOCY) =Ho + 5+ 24 20 ~ LX) @

Where, Zh is the height surface topography at each position (Xh¥é).unknown constant HO is determined

by the force balance equation:

%’T = H PO, Y)dXdY 4)
i

2.2 Numerical procedure

The Reynolds equation was solved by the finite difference methaatder to obtain the film pressure
distribution. The solution domain was determined—&s> = X = 1.3 and—-2.0 =Y = 2.0. The computational
grid covering the domain consisted of equally spaced 512x51D2%x1024 nodes. For more precision and
validation, the reader can refer to the model describezin [

The applied load Fwas considered in the range of 10 to 100N. The sliding speeds vatieeeh 0.5 and 5
m.s. The total friction pf in mixed lubrication is evaluated by summipghe boundary friction contributed by

the contacted areas and the traction in the hydrodynamic regions:

Hﬂ: Tdxdy + ffn: T dxdy

e = = ©

where, 1. is the shear stress between the contacting asperities at contact zone Q. and 1 iS the shear stress of
hydrodynamic films within the lubricated zone Q.. 1. iS considered to be the shear stress of the boundary film
which occurs when the local filthickness is less than 10nm in the present study. Hence 1. can be determined by

the Rabinowicz formula3Q]:

T = *-.-'ITED + ':Ysp:]: (&)

Where, 150 is the initial shear strength of the boundary film and vs is the pressure coefficient corresponding to
the friction ®efficient in boundary lubrication. In the present study ys and 150 are equal to 0.1 and 2 MPa,
respectively. If the local film thickness is equal to zero, sthdelid contacts occur and the friction coefficient is

assumed to be constaftl]. It is equal to 0.25 in the present study.



3. Results and discussions
The analysis of the experimental results is based on the simultartewasterization of the surface finish to
understand the surface topography modification and the wear oflthder bore. Then, the correlation between

surface texture change and predicted friction on cylinder ring-packsisenalyzed

3.1 The effect of honing process variables on cylinder liner surface topography

3.1.1 SEM observations

The surface textures of engine bores are examined after each platsapgiocessi-igure 3shows the evolution
of surface topography of cylinder bore with initial roughness Relelg 0.7um at different plateau honing time

(= number of strokes) and with honing pressure of 5.5 bar.

Figure 3 SEM photographs x1500 (left) and x500 (right plateau honed surface topography where plateau
honing process operating conditions are 5.5 bar honing pressliffer@nt number of stroke (honing time) : (al-
b1) 3 strokes, (a2-b2) 8 strokes and (a3-b3) 17 strokes.



As shown in this Figure, after 8 strokes, smear phenomenon wase@nide plateau honed surfa¢eégure 3-

b2) presents more regular and smooth texture. Furthermore, we cameohssyncentration of material near the

top of the surface and the creation of finer grooves on the platezas #@fter 17 strokes, the large grooves
generated initially by finish honing began to disappear with the creaitismme chatter marks and the presence of

more graphite lamellas. Furthermore, the height of plateau region sebmgreater than the valleys depth.

3.1.2 Characterization of surface topography evolution

The surface texture of cylinder liners is composed of rough plaeparated by valleys. These elements play
different roles in the cylinder-ring contact. It is then interesting to congmparately the characteristics of the
plateau roughness and of the valleys. Thus, a morphological gesitimn method that allows decomposition of
a topographic surface into three components: the superficial roggfiresplateaux roughness), valleys and
reference surface (which includes form and waviness) has been agplietk the effect of plateau honing
operating conditions. The methodology, described 3g|,[use an alternate sequential filter with a square
structuring element, as non-linear image processing operator uffaeestopography is filtered recursively with
increasing the filter size after each filtering operation until reach the smaltestefementsFigure 4shows an

example of real topography decomposition.

x 10°

0 05 05

¥(mm) ¥(mm)
Figure 4 Decomposition example of the surface topography of a cylinder liigg tiee alternate sequential
filtering; (a) Plateau honed surface topography, (b) superficial plategaooemt and (c) valleys surface
component.



Then, the two fundamental parts of the cylinder surface (Supérfitateau and valleys components) are
characterized by theirs root-mean square height respecSH@ﬁdqu. These parameters are mutually

independent and stable on cylinder surfaces.

Figure 5depicts the impact of plateau honing time (proportional to the nunilerad stroke) and pressure on the
surface topography of cylinder bore. It displays the evolutiothefnormalized root-mean square height of
plateau and valleys component for different honing pressure asadiatis plateaus honing duration. One can see
that the global roughness of honed surfaces decreases with increasiplgtéau honing duration and rise to
stable value. This stable value is reached more rapidly when honirgungrés higher and/or initial surface
roughness is lower.

Figure 6displays a contour map of the variations of the normalized root-na@anesheight of valleys component

of cylinder bore surface topograp@vq/ Qq ~ and the ratioSpq/ Qq function of the plateau honing pressure
|

and the number of stroke (related to the honing duration)Sw/é S,q ratio is relevant to performance quality of

the honed texture at several industrial tests. The results are plotted for thensidered initial finish honed

surface roughnesSaequal to 0.38 pm an&aequal to 0.70 um.
From Figure § the evolution map of the ratié;pq/ Qq function of the two operating variables of the plateau

honing process (number of stroke and pressure) can be desgmmpuo two zones of surface topography

changes:

- Zone (1) with a significant reduction of plateau roughness at therbegiof the plateau honing process
which is greater than the valleys roughness reduction. This leadgdorease of the ratio between plateau
and valleys roughness. This zone takes the role, therefore, of the imtiigtin operation for the Piston-
Ring-Liner contact because the surface topography reaches a state of plasasadacel]. It is expected
that the lower plateau/valleys roughness ratio that can be reached by plateau honing is equal to 0.5. It’s
attainable more quickly when the initial surface is smoother.

Moreover, contrarily to that affirmed ig], the effect of plateau honing pressure on the surface rougisness
not negligible. In fact, increase honing pressure, the running-iatidorby plateau honing process is
considerably reduced but lead to less plateauedness surface. Optimal plateausthuessase obtained with
honing pressure almost equal to 5 bar independently of the initial sudaghness. This suggests that a

relatively severe contact condition is not suitable for the initial runningeicess §].
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Figure 5 Changes of root-mean square height attenuation of plateau and valleysieatspd cylinder
surface during plateau honing stage for two different initial surfagghrass (al),(b1), =2.3 bar, (a2),(b2)

P, =5.5 bar, (a3),(b3)p, =10 bar.
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Figure 6 Variations of (a) the normalized root-mean square height of valleys compdratinder boe
surface topographﬁlq/ Qq ~and (b) the ratioSpq/ Qq function of the plateau honing pressure and the
I

number of strokes (related to the honing duration). (al,b1) obtaittechitial finish honed surface
roughnes$Saequal to 0.38 pm and (a2,b2) with initial finish honed surfacehmessSaequal to 0.70 pm

zone (2) where the surface topography modifications concern both plaidauabeys components of
cylinder bores. It shows that both plateau and valleys height deevhasdhe plateau honing time increases.
Moreover, the surface texture tends to a steady state of plateau and valibysTie same trend was found
for the two initial surfaces roughness. In this honing durattmge (number of stroke), the ratio between

plateau and valleys roughness height increases. This suggests ¢hatigerof new finer grooves on the



cylinder surfae texture (Figure 3). Moreover, this ratio tends to 1 showing tisappearance of ¢tdeep

grooves.

3.2 Energetic analysis of Plateau honing process
In order to better understand the influence of contact pressure andy himm on the activation of the
fundamental abrasion mechanisms (cutting, plowing, and slidingthe energetic analysis of the plateau honing
stage was performed. The consumed energy associated to the material remoyadafnition, the specific
energy of honing. It characterizes the energy efficiency of the gqriscess. The overall value of this physical
variable includes simultaneously the components induced by cutting ,aptastic deformation "plowing” and
frictional dissipation 33]. In energy terms, an abrasive machining process is efficient if materiahioved
quickly with low energy consumption.
The Figure 7and Figure 8 respectively illustrate the evolution of the material removal and specific enérgy
plateau honing stage with the number of stroke. They show thén¢hease of honing pressure provides higher
material removal rate. However, the specific energy remains practically constaetialgmt higher initial
surface roughness. Then, during the plateau honing processijttimg mechanism is the predominant activated
mechanism.
Furthermore, they reveal a change of activated abrasion mechanisms thersstroke number. The material
removal rate is indeed reduced when the number of stroke increasesfakasive grits). At the same time, the
rate of specific energy remains constant. Thus, when number o€ stroleases, the plateau honing process
became less efficient due to the activation of plastic deformation "plowiaghamnism in detriment of the cutting
one. Similar results are observed for the two different initial cylisdefiaces roughness.
We can conclude from these energetic analysis results that:

e At the beginning of the plateau honing process, the material edrisodue to the surface peaks removal.

This corresponds to the running-in domain described above;
e Then, a second regime takes place which is characterized by a loweralmaeroval rate and
considerable smoothing of the liner surface. Larger contact between ithgiege surface and the tool

occurs leading simultaneously to plastic deformation of surface asperitisaréanck cutting.
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Figure 7 Material removal vs stroke number of plateau honing process fanitia surfaces roughness (a)
Ra= 0.38 um and (b) Ra = 0.70 pum.
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Figure 8 Specific energy of plateau honing process vs stroke numberdadnitral surfaces roughness (a)
Ra=0.38 um and (b) Ra = 0.70 pm.

In conclusion, the smoothing of cylinder liner during plateau hptdkes place into two stages as during running-
in on a compression ignition enging].[In the first stage, the peaks of the surfaces are flattened leadang to
higher load carrying capacity. During this initial period, the same mechariimaterial removal takes place both
in plateau honing and in running-in engine test. In the second skegeyear process during plateau honing
consists on material removal and plastic deformation leading to the reductiba wélleys depth. However,



during the secondary running-in period in engitest, tle reduction of tle valleys depth is mainly dto filling of

the valleys by wear debrig].

3.3 Modeling of the impact of plateau honing process variables on cylinder liner surfaceaphgpg
To predict changes of surface topography during plateau honingjtiemolaws were determined from the
experimental data using multiple regression method. After removal of stastibl coefficient, the following

regression equations of the two roughness parameters Spq and Svqtaieexob

S —
—P9=0.4% "~ B 1.+ 0.4 @)

Pa

S

q

=0.70 % — B ..+ 0.4 (8)

The model expressed by equatidrand 8 is very informative and quantifies experimental observations. The two
model coefficientsax and f determine the impact of the plateau honing time and pressure respectively o
cylinder surface topography. The values of these coefficients are igivesble 2 The confidence ranges for
regression coefficients were obtained with 95% confidence bounds. The fglgaddnessf-fit statisticsof the
developed parametric models were consideredble J:

e The sum of squares due to error (SSE);

e R-square : the square of the correlation between the response values predlicted response values;

e Root mean squared error (RMSE).

They demonstrate the effectiveness of the proposed parametric moaelgbness prediction after plateau
honing process. The results show that the prediction of plateau deylreait-mean square height compares well
with the experimental data.

Table 2.Model coefficients and statistics evaluation of model fitting with experimental data.

Predictive model parameter The goodnessf-fit statistics
a B SSE | R-square| RMSE

Roughness paramete

Spq/ Spqi 0.2912 (+0.039) 0.02(+0.009) 0.03 0.97 0.03

qu/ Sa | 0.0658(+0.026)| 0.04164+0.015)| 0.27 0.84 0.13




Spqand qu roughness parameters depend on both two plateau honing paramdtafsoanon the initial surface

roughness. They are proportional to plateau honing pressureindial surface topography and invelsse
proportional to the plateau honing time (stroke number).

From the coefficient of this model{ble 9, it can be observed that the exponential decrease of plateau roughness
is almost five times faster than the decrease of the valleys compghmarg plateau honing process. Moreover, to
achieve running-in operation by plateau honing process, a lomdpnéssure need to be considered. In fact, the

impact of honing pressure is twice important on valleys than onuffexficial plateau roughness.

3.4 Friction prediction of plateau honed surfaces of cylinder liners
Figure 9 shows the predicted friction in the ring-linpiston contact versus plateau honed cylinder liner

roughness Ra. It shows clearly that friction is enhanced with susfaoothness.

Friction coefficient

0 0,2 0,4 0,6 0,8 1
Ra (um)

Figure 9 Predicted friction coefficients versus arithmetic average roughness amplitadef (Rateau honed
cylinder surfaces.

Figure10 shows the maps of friction in ring-pack system of plateau headdces of cylinder liner function
of the plateau honing process variables (stroke number and hamaissure) for two initial surfaces roughness.
We can observe that the friction in the ring-pack system decrease as tikisgof the surface of cylinder liner
during plateau honing. By comparing thiggure 10 to theFigure 6-al,a2we can remark that the tendency of the

evolution of the friction coefficient function of the plateau honing vargldethe same as the normalized root-

mean square height of valleys component of cylinder bore sudpographﬁ,q/ §q _. Therefore, the friction
I

performance evolves with the same manner as the reduction of the dalfelys



Besides, despite the increase of the amplitude of the plateau roughneasecbtoghat of the valleys in the
second phase of plateau honing i.e. the transition from plateauedesorfaan-plateaued surface morphology, the
friction still decreases. Therefore, it appears clearly that enhanced frictiamnp@nte in elastohydrodynamic
condition is due to the fact that the surface is smoother and not to the iplgitpeacess.Nevertheless, the
functional and industrial interest of this second phase running plateas fuedebr study. Indeed, first, at the
functional level, engine tests are needed to investigate the impact of this phhseodnconsumption, galling,

wear ... Secondly, at the industrial level, the increases of the magliydle reduce the process efficiency.
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Figure 10friction prediction of plateau honed surfaces of cylinder liner vs strokdeauand honing
pressure for two initial surfaces roughness (a) Ra= 0.38 prtbafh = 0.70 um.

4, Conclusion

In this study, plateau honing experiments were conducted to undetiséatagpographical changes of surface
topography and wear during runniimgprocessA morphological decomposition method based on an alternate
sequential filter was applied to characterize separately the superficial roughnesdieysddepth component of
cylinder bore surfaces. The root-mean squares of plateau andsviadiEyht respectively were considered. The
optimal plateau honing working conditions to reduce the runnirgeiiod can be determined using the ratio
between plateau and valleys roughness as criteria. A plateau-honingepreramear model was devised from
results to predict surface finish modification during plateau honioggss. The predictions are in good agreement
with the measurement data of plateau and valleys surface-height parafmatidresrmore, a simulation model of
piston ring-pack contact was developed to predict friction of cylindéaces after plateau honing. Results show

that smooth surfaces lead to better friction performances despite the éscoédbe ratio between plateau and



valleys height (non-plateaued surface). Finally, emt@sts need todachieved to comparthe performance of

cylinder surfaetexture of zore (1) and zoe (2) in term of oil consumption, blow-by and seizure.
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