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Functionally Adapted
Final Machining for Cylinder Bores
Made of Cast Iron

The cylinder bore is of interest for functional and production development proc-
esses. The cylinder bore of the piston stroke engine is the place of the highest
friction efficiency and its topographical design is decisive for the oit consump-
tion and the emission of modern motor-vehicles, a chailenge for engine devel-
opment and production engineers. Gehring GmbH & Co.KG, Ostfildern, Germany,
is an experienced partner for the realization of efficient cylinder bores. On the
hasis of the tribological requirements present honing variants are described.

1 Introduction tuze resistance, high absorption properties,
good machining conditions as well as at
The honing process is concerned with en-  tractive production costs. The following
gine specific development activities as pro-  explanations reluging to the cylinder bore
duction process for the cylinder bore. The  tribology refer Lo cast iron materials as AlSi
realization of specific cylinder bore topog-  materials, thermal spray bores layers or
raphies is the task of che final machining  nickel dispersion layers show different 1zt
development, In this manner new produc-  belogical conditions and reguire different
tion variants like peak honing, plateau  machining technologies,
hioning or laser structuring have been es- The ribological system is defined by the
tablished which complement or replace  cylinder bore, the lubricant and the piston
other variants e.g. spiral slide hening. It ring package. The respective friction condi-
is not indicated differently this contribu-  tions depend on factors tike relative speed,

tion refers to the application of cast iron. lubricant parameters and normal force.

They are given by design and by operation

Authors: : conditions. For this reason the macro as
Gerhard Flores, Tobias Abeln 2 Tribological Function well as the micro geometry is of great im-
and Ulrich Khnk : S portance for the cylinder bore. The micro

The most important application field of  geometry is defined by the functional val-
the cylinder bore made of cast iron with its ues of the surface and their telerances.
different variants like GGG, GGL or GGVis  Thus the topography is described by the
the combustion engine. The main features  profile shape and by the amount of profile
are excellent sliding qualities, high struc-  changes within the measuring distance.
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The tribological conditions are favoura-
ble if full hydrodynamic lubrication is giv-
en, Figure 1. Hydrodynamic pressure pro-
files are caused by local cross section nar-
rowings ‘under dynamical conditions
which enable a stable formation of lubrica-
tion apertures. In this context superposed
profile shapes are of importance. Profile
sections of low roughness are responsible
for the sliding functions. Other sections
with deep scores serve as local Jubricant
storage {1}. During hydrodynamnic lubrica-
tion conditions the oil film achieves just
the minimum thickness in order to avoid
solid contact. A possible design of the pis-
ton rings is a convex running surface.
These counter shapes of the contact sur
faces avoid mixed friction condition even
al low piston speeds. The sinusoidal profile
of the piston speed generates different lo-
cal friction conditions. Especiaily at the
top and bottom dead end arise mixed fric-
tion. In these sections the hydrodynamic
lubricant film collapses. Partly solid con-
tact is given. However due {0 the adhesion
of the lubricant at the marginal surfaces
seizing of components is prevented.

These wribological functions depend on
the topography design and the herewith
linked lubricant storage capacity of surface
profile. The oil retention volume is defined
by the profile depth and the distance of the
profile peaks. In order o assure a sufficient
lubrication on the complete running sur-
face a scored structure is required which
supports the disiribution of the lubricant
in the longitudinal and circumferential di-
rections of the cylinder bore equally. The in
contemporancous oscillating stroke and
rotational movement of the tooling result
in the siraight and crossed cutlting (races of
the honing stones, Figure 2. Thus the ubri-
cant is omnipresent and it is stored suffi-
ciently in the profile scores. The state of art
shows cross hatches between 30° and 90°,
The honing traces create a surface covering
network of scores which form & communi-
cating channel system by means of the
points of intersections. The cross hatch is to
be fixed so that the scores supply the verti-
cal and the tangential directions of distri-
bution equally.

The {2} investigated influences on the
cress hatch show in case of decreasing cross
hatch an increased lubricant film and a re-
duced friction. However it is also known
that a small cross hateh (< 30°} gives a poor
distribution of the lubricant in the longitu-
dinal direction and that the engine tends
to seizing. Increasing cross hatch (> 90°)
dominates the distribution of the Iubricant
in axial direction. In this case it can hap-

pen that too much cil is transported to-
wards the combustion chamber where it is
burnt. In particular deep scores of the pla-
teau profile with steep angle reduce moreo-
ver the gas density of the engine. The scores
have a dominant axial direction and cause
leakage towards the piston ring. The proc-
ess variants like spiral slide honing {3] or
glide honing can be considered as plateau
honing processes. They lead to low oil con-
sumption values [4] especially by the low
values of core roughness depth R_and re-
duced groove depth R . A cross hatch of e.
g. 1607 has no advantageous influence on
the oil consumption in the best case. But it
is usually the contrary.

Beside the micro geometry the macro
geometry of the complete cylinder bore has
great influence. The surface profile can
only work under optimal conditions when
complete form [itting between piston ring
and bore surface is realized. This is largely
given by the form filling capacity of the pis-
ton rings. The remaining form deviation
las negative effects on the function regard-
ing oil consumption and blow by,

3 Topography Development
of Running Surface

Al the beginning the development of the
cylinder bore surface was determined by
the requirenents of fine surfaces with high
bearing rate in low cutting depth which
reduces the in-running phase and avoids
an increased use {5). This tribological com-
prehension is visualized in Figare 3 and dia-
gram point 1. However the rough surface
succeeded (6] in being a tribologically safe
selution but it had the consequence of high
ofl consumption. When the quality of the
exhaust fumes and the oil consumption be-
came more and more important then the
oil retention volume of the running sur-

Figure 2: Cross
hatch o of a sur-
face honed with
ceramic honing
stones

face was reduced. A considerable reduction
of the roughness was first realized by Japa-
nese engine manufacturers {diagram point
2). Al diagram peoints comprise surface
specifications with cross hatches between
approx. 40° to 60°. The reduction of the oil
consumpticn was only achieved by the re-
duction of the surface roughness by pre-
serving the cross hatch unchanged.

The respective replacement of single
surface values can be explained by the in-
creasing interest in the functional evalua-
tion of the running surface relief and its
single topographical elements. Further-
more new values have been developed in
the field of surface measurement which al-
low a more functional evaluation of topog-
raphies. Apart from the cross hatch all
other surface values have been developed
or have been defined in a new manner and
replaced by such values with a closer refer-
ence to the function. Figure 4 shows the de-
velopment of surface evaluation by differ-
ent roughness parameters. At the begin-
ning the RMS value was used which was
common i USA. It corresponds with the
Tool mean square R‘L and delivers scarce in-
formation about the profile shape like the
roughness average value R . The use of the
roughness depth value R was always criti-
cal as in particular the actual roughness
profile of the machining regarding cast
iron material was highly influenced by
material influences such as pipes or graph-
ite accumulation. By the use of R these
influences were reduced. The bearing
roughness consists of the data of the pla-
teau roughness A and the profile bearing
part B as coordinates of the Abbett Curve
and the complete profile depth C|7]. As for
the determination manual evaluation was
required the development of the bearing
roughness can be considered as preparato-
ry work of the nowadays used R, R, and
R, values.
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4 Present Definition of Running
Face Topography

The low exhaust fumes and oil consumyp-
tion values of modern combustion engines
with very smooth surfaces are primarily
based on the low oil retention volume V,
which is a surface parameter close to the
function. The oil retention volume is a val-
ue for oil volume which still sticks ta the
roughness retief of the running surface aft
ter the slipping of the piston ring. Tt is cal-
culated by means of the values R and M,
{8]. The optimized oil retention volume has
to be laid out that neither a surplus of Tu-
bricant leading to high oil consumption
ner a shortage of lubricant resulting in
seizing of the piston are given. The conse-
quence is a tribelogical system with low
friction, low oil consumption and low emis-
sions. For this reason the oil retention vol-
ume V. should be tolerated two-sided for
the production e.g. 0,010 to 0,040 mm?
cm? An oil retention volume of V= 0,1
mm?fem? corresponds for instance to an av-
erage height of 1 um of the lubricant fiim
and to a smooth ideal surface of 1 amy™.

Furthermore a theoretical oil retention
V,, [munfem® is known [9] which has a
good correlation with the actual oil con-
sumption at the beginning of use. This val-
ue is given by way of mathematical simula-
tien of piston ring contact with running
surface, With reference te the function it is
also of importance if the oil retention vol-
ume V is formed by a few wide or many
small profile grooves. Therefore the given
cil retention volume is related to the
number of deep profile grooves within the
measuring distance as V__ jmim*cm?]. E. g
a plateauiike surface profile V  of 0,071
mm?em? leads to a V. of 0,8 mm*mm?,
Although the two-sided tolerance of V, and
V., as well as the measuring ol V. are not
vet applied frequently it offers an interest-
ing potential for a functional profile evalu-
ation.

But it is a common practice to use the
values of the reduced peak height R, the
core roughness depth R and reduced
groove depth R . They enable a differenti-
ated evaluation of the roughness profile in
different cutting depths of the roughness
profile. The reduced peak height R is of
particular importance, The profile parts
which are in contact with the piston ring
are gualified herewith. A lowest possible
R, value is advantageous inn mixed friction
condition. It is not to be achieved by the
running-in phase of the engine but it s al-
ready 1o be realized by honing of the cylin-
der block. Due to this tribological function
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the R, is to be limited one-sided upward
eg R, €030 um, The R, value is decisive
for the oil retention volume. It is mainly
formed by the deep groove structure as an
element of the whole roughness profile. R
is to be alsc tolerated two-sided like V.,

All roughness measuring values of the
honing process show spreads which super-
pose the geometrical ideal groove forma-
tion by adhering micre particles, surface
material deformations, shrinkholes or
graphite accumulations. These deviations
can be relatively influenced only during
the honing process but not avoided, This is
the reason for which statistical tolerance
limitations for surface measuring cannot

be used as they work with complete use of

tolerance ranges.

Apart from the roughness parameters
the deviations from fhe geometrical ideal
surface profile and the condition of the
edge zone are to be evaluated. They are ma-
terial flake an the surface and material de-
formations which are designated as “Blech-
mantel”. The deformation depth of the
edge zone is evaluated by the grinding pic-
ture, There is no objective evaluation as no
practicable value can be used. Fax films,
optical representation processes or direct
visual inspection of the surface by angle
microscopes enable a subjective evaluation
of the topographical condition, But it is to
mention that the smoother surfaces show
also less flakes, graphite lamella deforma-
tion and lower deformation depth of the
edge zone,

5 Process Design

The functional running surface meeting
the ribological requirements is the resuit
of honing at the end of the surplus value
chain. The different definitions of running
surface topographies require an adaptable
honing process with most reliable process
stability. Honing is dene on interlinked sin-
gle machines or on honing transfer lines.
Starting from the fine bored surface three
Loning operations are generally required
for the correction of size precision, geome-
try and roughness. Diamond stones with
high life times and short honing times are
mostly used. Depending on the pre-ma-
chining condition and on the demanded
topography the honing process is to be de-
signed with different components and
equipment,

5.1 Peak Honing
Pealk honing generates a regular smaooth
surface profile, Figure 5. There are no de-

fined particular profile shapes like plateau
or closed micro pressure chambers. The
main feature of peak honing is the com-
plete removal of the preceding surface pro-
file. The finished function prefile is only
the roughness profile of the last machin-
ing operation. The honing machine compo-
nents like feeding system and toeling can
be designed in a simple execution. The ef
forts for process control are low. Peak hon-
ing can be realized at a particularly attrac-
tive price. The requirements of most Otio
engines for mass preduction are reliably
fulfilled by peak honing.

5.2 Plateau Hening

Plateau Honing generates a well-aimed
profile shape. It consists of regular smooth
profile sections having excellent sliding
properties as plateaus with low contact
roughness. The deep grooves which serve
mainly as ubricant storage are not regu-
larly arranged. Therefore the finished
function profile exists of'a superposed s~
face profile, Figure 6. During the last hon-
ing operation only the profile peaks are
removed so that the deep grooves of the
semi-finishing operation remain partly as
profile element.

Semi-finishing and finishing are car-
ried out with one toel on one spindle, At
the end of the semifinishing operation
the plateau honing stones are used, The
passage to plateau honing is effected when
the semi-finishing honing stones are still
in operation. Thus the too} guidance is not
interrupted at any time, Keeping up the
stroke and rotation speed both profile ele-
ments ger the identical groove direction
and consequently the same honing angle.
This combined final machining on one
spindle requires double feeding systems
and corresponding tools. The manufactur-
ing technologies of plateau honing which
sometimes is designated also as slide hon-
ing is proved and used all over the world
for Diesel engines. The low oil consump-
tion at the beginning due to the techni-
cally anticipated use is also a particular
advantage for high stressed commercial
vehicle.

5.3 Laser Structuring

The laser-structured and honed surface is a
further optimization of the existing run-
ning faces. The communicating profile
grooves of the surface form oil reservoirs,
Now the laser structured pockets addition-
ally work as micro pressure chambers in
order to avoid largely the solid contact at
the top and bottom dead end by hydrody-
namic pressure, Figure 7.



The process consists of a combination of laser structur-
ing and honing. Fine boring is followed by rough honing
then by laser structuring and finaily by finishing. Rough
honing is done in one or two operations in order to im-
prove the macro form and to create the basic surface for
laser structuring, Hereby longitudinal pockets with a width
of 40 to 80 pm and a depth of 5 to 25 ym are generated.
Finishing removes the melted material accumulation
caused by the laser operation and realizes a smooth run-
ning surface of approx. 1-2 pm Rz.

The evaluation of such a realized running surface results
in aquaplaning of the piston ring, showing the increased
distance between ring and cylinder surface, At convention-
aily honed engines this effect is not provable, Figure 8 [10].
Friction research of structured surfaces shows that fiiction
could be reduced by 60 %. Also the oil consumption of the
same engine could be improved by approx. 70 % in com-
parison with former conventicnally honed surfaces which
leads to a reduced total particle emission of 25 %.

Laser structured surfaces lead not only to reduced oil
consumption but also 1o reduced use of running surfaces
and piston rings by up to 60 %. In the closed micro pressure
chambers the hydrodynamic pressure can be better built
up than by a plateau honed profile. This effect reduces con-
siderably the solid contact at top dead end which results in
a lower use of the reversal section.

6 Outlook

The realized surface structures are able to mweet the require-
ments of the tribological systems of running surface and
piston ring on a large scale. Depending on the material indi-
vidual optimization can be necessary. However the effect of
the structure is influenced by the macre form. Fyven it can be
honed within microns the form deviations under operation-
al conditions can be up to 0,040 . This is the reason lor
research of free forms honed as a preserved lorm which
transforms into a cylindrical bore under stress condition.
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