
(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2013/0319063 A1 

Schmid et al. 

US 2013 0319063A1 

(43) Pub. Date: Dec. 5, 2013 

(54) MACHINING METHOD AND MACHINING 
TOOL FOR MACHINING ACURVED 
WORKPIECE SURFACE, AND WORKPIECE 

(75) 

(73) 

(21) 

(22) 

(86) 

(30) 

Dec. 21, 2010 
Jul. 25, 2011 

Inventors: Josef Schmid, Grabenstetten (DE); 
Thomas Witt, Wendlingen (DE); 
Fabio-Antonio Xavier, Nurtingen (DE); 
Steffen Zeller. Unterensingen (DE) 

Assignee: 

Appl. No.: 

PCT Fled: 

PCT NO.: 

Co. KG, Nurtingen (DE) 

S371 (c)(1), 
(4) Date: Aug. 23, 2013 (2), 

W. 
...: ..., *: . 
r \ y 

- - - - x. 
, '. 

** ' 

13/996,947 

Dec. 13, 2011 

PCT/EP11/72647 

Foreign Application Priority Data 

Elgan-Diamantwerkzeuge GMBH & 

(DE) ...................... 10 2010 O63 704.1 
(DE) ...................... 10 2011 O79 757.2 

Publication Classification 

(51) Int. Cl. 
B2IB I5/00 (2006.01) 

(52) U.S. Cl. 
CPC ...................................... B2IB 15/00 (2013.01) 
USPC ......................................................... 72/252.5 

(57) ABSTRACT 
In a machining method for machining a curved workpiece 
surface (210) of a workpiece (200), a roll-embossing opera 
tion is carried out. At least one rolling element (180A, 180B, 
180C) of a machining tool (100) is rolled here under a contact 
pressure against a section (198) to be machined of the curved 
workpiece Surface. An external Surface of the rolling element 
has a rough Surface structure in at least one working section 
(190A, 190B, 190C) intended for rolling contact with the 
workpiece Surface. The contact pressure is set in Such a man 
ner that, during the rolling, a rough roll-embossed structure is 
produced by local deformation of workpiece material without 
removing material in the machined region of the workpiece 
Surface. The machining method can be used, for example, for 
machining the internal Surface of a bore in a workpiece, in 
particular for roughening the workpiece surface for a Subse 
quent coating. 
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MACHINING METHOD AND MACHINING 
TOOL FOR MACHINING A CURVED 

WORKPIECE SURFACE, AND WORKPIECE 

BACKGROUND 

0001. The invention relates to a machining method for 
machining a curved workpiece surface of a workpiece, in 
particular for machining the internal Surface of a bore in a 
workpiece, according to the preamble of claim 1, and to a 
machining tool, which can be used in the implementing of the 
method, for machining a curved workpiece Surface of a work 
piece according to the preamble of claim 9. Furthermore, the 
invention relates to a workpiece obtainable with the aid of the 
machining method and/or the machining tool. 
0002 Embodiments of the invention can be used, inter 
alia, in the production of sliding Surfaces on workpieces, the 
sliding Surfaces being tribologically stressed, rotationally 
symmetrical or curved in another manner, preferably for the 
construction of engines. A particularly preferred field ofuse is 
in the production of cylinder faces in internal combustion 
engines, i.e. in the machining of internal Surfaces of cylinder 
bores in an engine block or in a cylinder sleeve to be installed 
in an engine block. 
0003 For the quality-determining finish-machining of 
cylinder faces, use is generally made of honing processes in 
order to satisfy the extremely high requirements with regard 
to dimensional and geometrical tolerances and with regard to 
the desired Surface structure. Honing is a cutting process 
using geometrically undefined cutting edges, in which multi 
cutter honing tools carry out a cutting movement which con 
sists of two components and results in a characteristic Surface 
structure of the machined workpiece surface with intersecting 
finishing marks. 
0004. In some workpieces, the sliding surface is produced 
directly on the basic material of the workpiece. For example, 
in the case of engine blocks (cylinder crankcases) made of 
gray cast iron, the cylinder faces are frequently produced 
directly on the gray cast iron material. If by contrast, the 
material used for the workpiece is not suitable because of its 
material properties for serving the tribologically stressable 
Surface following fine machining of the workpiece surface, 
the basic material can be provided with a coating, the Surface 
of which is then optionally mechanically reworked in order to 
serve as the sliding Surface. For example, it is known to 
provide cylinderbores in engine blocks consisting of alumi 
num material by means of thermal spraying with a coating 
consisting of an iron-containing coating material. The Surface 
of the spray layer is normally also mechanically reworked 
after the coating operation. During thermal spraying, addi 
tional materials, what are referred to as spray additives, are 
melted down, fused or melted open within or outside a spray 
burner, are accelerated in the form of spray particles in a gas 
stream and held onto the surface of the workpiece to be 
coated. In the process, the workpiece Surface is generally not 
fused and is Subject to thermal loading only to a small degree. 
The heated spray particles Strike against the workpiece Sur 
face and bond therewith. Lamination takes place, since the 
spray particles are flattened to a greater or lesser extent 
depending on the process and material as they strike against 
the workpiece Surface, remain stuck thereto primarily by 
means of mechanical clamping and build up the coating, 
which is referred to as a spray layer, in layers. 
0005. The adhesive strength of the coating of the basis 
material of the workpiece is decisively determined by the 
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preliminary machining of the workpiece Surface directly 
before the coating process. Sufficient adhesive strength can 
be achieved by roughening the workpiece surface before the 
coating. Different processes have already been proposed for 
this purpose. 
0006. The article “Prozesskette Zur Herstellung thermisch 
gespritzter Zylinderbohrungen Process chain for the produc 
tion of thermally sprayed cylinder bores” by G. Flores, A. 
Schwenk and C. Schnell in: VDI Reports No. 2109, 2010 
describes processes for producing thermally sprayed cylinder 
bores. The workpiece Surface is roughened before coating by 
a variant of fine boring, in which profile undercuts are intro 
duced into the workpiece Surface. As a result, the Subse 
quently applied thermal spray layer is intended to obtain a 
high degree of adhesive strength on the cylinder wall. 
0007 DE 19614328A1 describes processes, in which 
workpiece Surfaces are textured in a regular pattern by means 
of laser beams for the preliminary preparation of the coating. 
0008. It is known from EP 1 141 438 E1 to roughen the 
cylinderbores in a cylinder crankcase by means of corundum 
or sandblasting before the coating. 
0009. It is pointed out in EP 0 607 779 E1 (DE 69423373 
T2) that Sandblasting is an additional working step which 
increases the coating costs. In some cases, such as, for 
example, in cylinder bores of internal combustion engines, 
there is also the risk of sand particles being able to remain 
behind embedded in the blasted workpiece surface and sub 
sequently resulting in the engine being damaged or even 
destroyed. 
(0010 DE 10 2004 038 177 A1 describes processes for 
preparing a cast cylinder bore for thermal coating, in which 
the surface of the cylinderbore is roughened by means of a jet, 
preferably by means of a liquid jet containing Solid particles, 
and/or by means of a waterjet, wherein, during the roughen 
ing, material from the cylinder bore is removed to a certain 
thickness at the same time. 

PROBLEMAND SOLUTION 

0011. One problem addressed by the invention is to pro 
vide a machining method for mechanically machining a 
curved workpiece Surface of a workpiece, said machining 
method permitting efficient and cost-effective conditioning 
of curved workpiece surfaces, for example for preparing for a 
Subsequent coating by means of thermal spraying. A further 
problem addressed by the invention is to provide a machining 
tool suitable for carrying out the method. Furthermore, work 
pieces having improved use properties when used as directed 
are intended to be provided. 
0012 To solve this and other problems, the invention pro 
vides a machining method having the features of claim 1. 
Furthermore, a machining tool having the features of claim 9 
is provided. Furthermore, a workpiece having the features of 
claim 20 is provided. 
0013 Advantageous developments are specified in the 
dependent claims. The claims are all worded by reference to 
the content of the description. 
0014. The machining method is characterized by a roll 
embossing operation, in which at least one rolling element of 
a machining tool is rolled under a predeterminable contact 
pressure against a section to be machined of the curved work 
piece surface. In this case, an external Surface of the rolling 
element has a rough Surface structure in at least one working 
section intended for rolling contact with the workpiece Sur 
face. The contact pressure is set in Such a manner that, during 
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the rolling of the rolling element on the curved workpiece 
Surface, a rough roll-embossed structure is produced by local 
deformation of workpiece material in the region of the work 
piece surface. The design or the formation of the roll-em 
bossed structure is dependent, interalia, on the contact pres 
Sure and on the roughness or the structure of the working 
section. For this purpose, the workpiece consists, at least in 
the region of the workpiece surface to be machined, of a 
plastically deformable workpiece material, for example of a 
metallic material. During the roll-embossing operation, abor 
der layer adjacent to the workpiece surface is plastically 
deformed. The “rough surface structure' of the working sec 
tion of the rolling element is a Surface structure having eleva 
tions and depressions which are lower than the elevations. 
The spatial distribution of the elevations and depressions may 
be irregular, but it is also possible for the structure-forming 
elevations and depressions to be distributed regularly over the 
working section. Accordingly, the rough roll-embossed struc 
ture which is produced by deformation can likewise consist of 
elevations and of depressions set back from the elevations, 
wherein, during the roll-embossing operation, normally an 
elevation on the working section of the rolling element pro 
duces a depression in the roll-embossed structure by displace 
ment of material. 

0015. A “rough surface structure” refers here to a surface 
structure in which elevations and/or depressions project in 
relation to, or are set back from, a mathematically smooth 
reference surface by a number of micrometers. An intended 
and consciously produced roughness is involved here in con 
trast to unavoidable residual roughnesses which may be pro 
duced, for example, on nominally smooth technical Surfaces 
by polishing. 
0016. As a rule, the average peak to valley height R of the 
rough Surface structure in the working section lies within the 
range of a number of micrometers, in particular around 10 
micrometers or more. In preferred embodiments, the roll 
embossed structure having an average peak to Valley height 
R of more than 10 micrometers is produced on the workpiece 
Surface by the roll-embossing operation, wherein the average 
peak to Valley height can lie, for example, within the range of 
between R=30 um and R=100 Lum. Average peak to valley 
heights in this range can be advantageous in particular if a 
Subsequent coating is provided. The average peak to Valley 
height after the roll-embossing operation may also be greater 
than 100 um. 
0017. The roll-embossing operation is basically a method 
which is very Substantially non-cutting, since the rough roll 
embossed structure is essentially not produced by removal of 
material but rather by deformation of material or displace 
ment of material and redistribution of material without sub 
stantial removal of material. In comparison to machining 
methods with removal of material, substantially longer tool 
downtimes are generally produced, thus enabling the manu 
facturing costs to be kept low. 
0018. In some method variants, the operation can be car 
ried out without the assistance of liquid manufacturing aids, 
for example cooling lubricant, i.e. by dry machining. This 
permits a particularly cost-effective texturing of the Surface. 
If required, however, the operation can be also be carried out 
under wet conditions, for example in order to reduce the 
adhesion between the rough tool Surface and workpiece Sur 
face. 

0019. The contact pressure can optionally be set at such a 
high level that work-hardening of the workpiece material 
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occurs in the border layer close to the surface. In this case, the 
term work-hardening refers to an increase in the strength of 
the workpiece material, said increase in strength being able to 
be achieved upon plastic deformation of the material in a 
Substantially cold state. Said increase in strength in the vicin 
ity of the surface can be favorable in particular in the case of 
relatively soft metallic materials, such as light metal materials 
on the basis of aluminum or magnesium. 
0020. In some method variants, a coating is applied to the 
workpiece Surface after the roll-embossing step. The coating 
can be applied directly onto the rough roll-embossed struc 
ture produced by the roll-embossing step, in particular if said 
roll-embossed structure has been produced by the dry 
method. It is also possible to rework said roll-embossed struc 
ture after the roll-embossing step with the aid of one or more 
reworking methods, in order thereby to produce a modified 
rough roll-embossed structure which is then coated. 
0021. The coating is preferably applied by a thermal 
spraying process. Such as, for example, plasma spraying or 
the high velocity flame spraying process (HVOF process). 
Depending on the application, the coating can consist, for 
example, of a ceramic coating material, a metallic coating 
material or a metal matrix composite (MMC), in particular a 
metal-ceramic laminated material. 

0022. It has proven advantageous if the roll-embossed 
structure or the modified roll-embossed structure has an aver 
age peak to valley height of between R-30 um and R=100 
um before the coating. If the lower limit is significantly fallen 
short of in the case of some material combinations the adhe 
sive strength of the coating in the critical range is not reliably 
adequate. If by contrast, the upper limit is significantly 
exceeded, more coating material than actually necessary for 
the coating is generally required in order to fill the heavily 
roughened structure. The coating process is thereby unnec 
essarily extended. Average peak to Valley heights within the 
preferred range therefore constitute a good compromise 
between reliable adhesive strength and efficiency during the 
production of the layers. 
0023 The roll-embossing operation may be the final 
machining step on the workpiece Surface. In some cases, one 
or more further treatment steps or machining steps may fol 
low. 

0024. In some variants of the method, cleaning of the 
workpiece surface provided with a roll-embossed structure is 
carried out during and/or after the roll-embossing operation. 
The roll-embossing operation is basically a non-cutting 
deformation process in which removal of material is neither 
intended nor occurs to a relatively large extent. Nevertheless, 
in the case of some materials, the roll-embossing operation on 
the workpiece surface may produce material particles which 
are only weakly connected to the material Surface, if at all, for 
example in the form of flat lamellae or tinsel, which could 
impair the function of the roll-embossed structure. In some 
variants of the method, the workpiece surface which is pro 
vided with the roll-embossed structure is therefore cleaned 
after the roll-embossing operation in order to eliminate mate 
rial particles which are produced by the roll-embossing 
operation and are only weakly bound, if at all. The cleaning 
can also be partially or entirely carried out during the roll 
embossing operation, i.e. at the same time as the roll-emboss 
ing operation. The cleaning is preferably shape-maintaining, 
i.e. the shape of the roll-embossed structure is virtually 
unchanged as a result. 
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0025 Dry or wet cleaning processes are possible. In some 
variants of the method, the roll-embossed structure is cleaned 
with the aid of relatively soft, optionally rotating brushes. The 
bristles of the brushes are non-abrasive and have such soft 
ness that the form of the roll-embossed structure remains 
unchanged. As an alternative or in addition, the workpiece 
surface which is provided with a roll-embossed structure can 
be pneumatically cleaned with the aid of compressed air or 
another compressed gas. The compressed gas can be con 
ducted onto the roll-embossed structure externally and/or 
through the machining tool by means of suitable compressed 
gas passages and out of outlet openings. As an alternative or 
in addition, during and/or after the roll-embossing operation, 
chips and other machining residues from the roll-embossing 
operation can be extracted by Suction, wherein, preferably, in 
addition to the extraction by Suction, the workpiece Surface is 
blown clear. 
0026 Wet cleaning with the aid of a cleaning liquid is also 
possible. During the preparation for a Subsequent coating, use 
may be made, for example, of a grease-detaching cleaning 
liquid (alcohol, acetone or the like). Cleaning with water is 
also possible. 
0027. In some variants of the method, the workpiece sur 
face which is provided with a roll-embossed structure is also 
slightly changed in its shape in order, by reworking, to pro 
vide a modified roll-embossed structure. For this purpose, 
Some variants of the method provide for eliminating peaks in 
the region of elevations of the roll-embossed structure in 
order to produce a plateau structure with flattened elevations 
and depressions located in between on the workpiece surface. 
0028. In some variants of the method, the peaks in the 
region of elevations are eliminated by material-removing fine 
machining. For this purpose, a honing operation with rela 
tively fine-grained cutting means is normally carried out in 
order, in the manner of plateau honing, to provide a modified 
roll-embossed structure which has flattened elevations with 
plateau-like, flat surfaces which have a fine groove structure. 
The depressions produced by the roll-embossing operation lie 
in between. In such variants of the method, the roll-emboss 
ing operation can replace the conventional basic honing (hon 
ing with comparatively coarse cutting means). In contrast to 
conventional workpiece surfaces, which first of all are 
machined with basic honing and then with plateau honing in 
a multi-stage machining process, a method with a roll-em 
bossing step and Subsequent plateau honing has the advan 
tage, interalia, that the region close to the Surface during the 
roll-embossing step can additionally still obtain increased 
strength by means of work-hardening. Although work-hard 
ening can also occur during basic honing, the work-hardening 
Zone reaches deeper during the roll-embossing operation than 
during basic honing, since, during basic honing, a possible 
work-hardening layer is largely removed again immediately. 
0029. The material-removing elimination of peaks may be 
the final machining step in a multi-stage machining of the 
workpiece Surface Such that the workpiece Surface is Subse 
quently finished for use as directed. However, other machin 
ing steps may also follow. 
0030. In another variant of the method, the peaks in the 
region of elevations of the roll-embossed structure are elimi 
nated by deformation by, for example, rolling elements hav 
ing a Smooth external Surface being rolled under Suitable 
contact pressure along the roll-embossed structure. The peaks 
can thereby be pressed flat without removal of material. Said 
material-deforming reworking may cause laterally protrud 
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ing material lugs to be produced at the sides of the resulting 
plateaus. Such structures with an undercut are particularly 
Suitable for a Subsequent coating, since the coating material 
entering the depressions can interlock in a form-fitting man 
ner with the workpiece Surface in the region of the lateral lugs, 
thus enabling particularly good layer adhesion on the work 
piece surface to be achieved. 
0031. There are various possibilities of realizing the 
machining method. 
0032. In one embodiment of the machining method, the at 
least one rolling element is rolled on that section of the curved 
workpiece Surface which is to be machined in Such a manner 
that the machining tool is guided along a predefined path at a 
predefined distance from the workpiece surface. The course 
of the path of the machining tool is selected here in Such a 
manner that the rolling element rolls with the required or 
desired contact pressure on the workpiece surface to be 
machined. For this purpose, the machining tool can be 
coupled, for example, to a working spindle of a machining 
center, in particular a 3-, 4- or 5-axis CNC machining center. 
By means of a machining center controller, the course of the 
path can be controlled and regulated in dependence on the 
geometry of the workpiece Surface, in particular depending 
on the curvature thereof. 

0033. In one embodiment of the machining method, which 
can be used in particular for machining the internal Surfaces 
of cylindrical bores, a rotation tool which is rotationally 
driven about the tool axis thereof is used as the machining tool 
with at least one rolling element arranged eccentrically with 
respect to the tool axis. By rotation of the machining tool, the 
external surface of the rolling element rolls on the workpiece 
Surface to be machined, and the tool axis can be fixed in 
position during the machining. Such a machining method can 
be carried out, given an appropriate configuration of a cou 
pling device of the machining tool, for example on a honing 
machine by the machining tool being arranged on a working 
spindle of the honing machine, in a manner similar to a 
honing tool for internal cylindrical honing. The machining 
tool can optionally substantially fill the bore to be machined, 
and therefore the effective outside diameter of the machining 
tool virtually corresponds to the inside diameter of the bore. 
0034. The invention also relates to a machining tool, 
which is suitable for carrying out the method, for machining 
a curved workpiece Surface of a workpiece. The machining 
tool has a tool body which defines a tool axis. The machining 
tool has at least one rolling element which is carried by the 
tool body, is rotatable about a rolling element axis and has an 
external surface. The rolling element can rotate about the 
rolling element axis thereofduring the machining. The exter 
nal Surface of the rolling element has a rough Surface structure 
in at least one working section intended for rolling contact 
with the workpiece surface. The working section normally 
has the abovementioned elevations and depressions in order 
to produce the rough roll-embossed structure on the 
machined workpiece Surface by a roll-embossing operation. 
0035. The machining tool can be configured as a rotation 
tool which is driven in a rotational manner during use of the 
machining tool as directed, and therefore the tool body or the 
entire machining tool rotates about the tool axis. If, in this 
case, a rolling element has a rolling elementaxis lying outside 
the tool axis, the external Surface of said rolling element, or a 
section of said external Surface, can roll on the machined 
internal Surface and the sought structure can be produced. 
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0036. A rolling element normally has a rotatable mounted 
rolling element body which can be composed, for example, of 
a metallic material of suitable hardness, of a ceramic material 
or of a metal-ceramic composite. The rough surface structure 
can be introduced directly into a rotationally symmetrical 
external surface of the rolling element body. The rough sur 
face structure can be produced, for example, by laser machin 
ing or by an etching process. For example, the external Sur 
face of a metallic roller can be etched chemically or 
electrochemically or mechanically (for example by sand 
blasting) in Such a manner that depressions are produced and 
elevations protrude in between. In order to improve the wear 
resistance, a thin layer of hard material can be applied to the 
rough Surface produced by this means, for example by means 
of a PVD (physical vapor deposition) process or a CVD 
(chemical vapor deposition) process. 
0037. The rolling element body can also be composed 
completely of a hard material with bound grains of hard 
material, in the manner of a sharpening Stone, in order to form 
a rough external Surface. 
0038. In preferred embodiments, the rolling element has a 
rolling element body which, in the working section, bears a 
coating with a rough Surface structure. This construction is 
distinguished, inter alia, by simple producibility and great 
flexibility in the configuration of the geometry and other 
embossing properties of the rough surface structure. The roll 
ing element body can be a simple turned part consisting of a 
metallic material, while the hardness, which is required for 
the roll-embossing step, of the rough surface structure and the 
geometry thereof can be determined by the coating. 
0039. In some embodiments, the coating has a multiplicity 
of grains of hard material which are bound in a binding and 
protrude from the binding on the external side and thereby 
form the elevations of the rough surface structure. The aver 
age grain size of the grains of hard material is preferably 
around at least 15um. In particular, the average grain size can 
lie within the range of approx. 30 um to approximately 250 
um. As a result, for example when machining workpieces 
made from aluminum oran aluminum alloy, averaged peak to 
Valley heights of between approx. 10um and approx. 100 um 
can be produced on the workpiece surface. In many cases, 
embossed structures having said characteristic roughness Val 
ues are particularly suitable for a Subsequent coating. 
0040. The grains of hard material can consist, for example, 
of diamond, corundum, cubic boron nitride or other hard 
materials, the hardness of which is preferably significantly 
greater than the hardness of steel. The binding is preferably 
electroplated in order to achieve good adhesion on a metallic 
rolling element body and at the same time high wear resis 
tance to grains of hard material breaking out of the binding. 
0041. Some embodiments of a machining tool, which can 
be used in particular for machining the internal Surface of a 
cylindrical bore, have an outside diameter which substan 
tially corresponds to the inside diameter of the bore to be 
machined, and therefore the machining tool virtually fills the 
bore. The machining tool is preferably designed as a rotation 
tool and can be driven in a rotating manner about the tool axis 
thereof for use as directed. The machining tool can be 
designed in a similar manner to a honing tool for internal 
cylindrical honing. 
0042. The machining tool has at least one rolling element 
which is carried by the tool body and has a rotationally sym 
metrical external Surface having a rough Surface structure 
which serves to produce the roll-embossed structure. The 
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rolling element is rotatable about a rolling elementaxis which 
can be arranged eccentrically with respect to the tool axis, i.e. 
at a distance outside the tool axis. During the roll-embossing 
operation, rotation of the machining tool about the tool axis 
thereof then causes the rough surface structure of the external 
surface of the rolling element to roll on the internal surface of 
the bore to be machined and to produce the roll-embossed 
Structure. 

0043. The rolling element axis of a rolling element can run 
parallel to the tool axis. As an alternative, the rolling element 
axis may also run in the radial direction obliquely with respect 
to the tool axis. Rolling elements with a rolling element axis 
running parallel to the tool axis are provided for machining a 
workpiece Surface extending parallel to the tool axis. By 
means of rolling elements which have an obliquely running 
rolling element axis, workpiece surfaces running obliquely 
with respect to the tool axis can be machined, in particular 
bevels at the entry and/or exit of bores or the like. 
0044 Some embodiments have at least one rolling ele 
ment having a rolling elementaxis running parallel to the tool 
axis and, in addition, at least one rolling element having a 
rolling element axis running obliquely with respect to the tool 
axis. By means of the use of Such a machining tool, it is 
therefore possible, in a workpiece fixture, to machine both the 
internal surface of abore and also at least one bevel of the bore 
and to produce the roll-embossed structure not only in the 
internal surface but also in the bevel surface. The coating 
properties of the bevel or of the transition between the cylin 
drical bore section and bevel can thereby be improved with 
Such a machining tool, for example without an additional 
manufacturing step. 
0045. Some machining tools have one or more rolling 
elements which, adjacent to a cylinder-jacket-shaped external 
Surface having a rough surface structure, have at least one 
further rotationally symmetrical conical external Surface hav 
ing a rough surface structure, wherein said external Surface 
generally tapers, but optionally also widens, at increasing 
distance from the cylinder-jacket-shaped external Surface. A 
conical external Surface can be adjacent to the cylinder 
jacket-shaped external Surface on the side facing away from 
the spindle and/or on the side facing the spindle. With such a 
machining tool, the bevels and the cylindrical internal Surface 
of a bore can undergo a roll-embossing operation in a fixture 
in a manner offset in time. 

0046. Some embodiments having a rolling element or roll 
ing elements arranged eccentrically with respect to the tool 
axis are characterized by a rolling element infeed system for 
the variably controllable infeed of the rolling element in an 
infeed direction running radially with respect to the tool axis. 
By these means, it is possible infinitely to change the effective 
diameter of the tool over a predeterminable infeed region 
Such that, for example, a machining tool can first of all be 
introduced with the rolling elements retracted into a bore 
before the rolling elements are then fed outward in order to 
obtain contact with the internal surface of the bore and the 
machining begins. By means of a variably controllable 
infeed, the contact pressure is also exactly settable and can 
optionally be changed during the machining. 
0047 A machining tool can have a single rolling element. 
A rolling element can be in single-part form or segmented 
into a plurality of rotatable, coaxial rolling element segments 
which are independent of one another. As a rule, a plurality of 
rolling elements distributed uniformly or non-uniformly 
around the circumference are arranged on the tool body. An 
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embodiment has three rolling elements distributed uniformly 
around the circumference. It has turned out that, by this 
means, the machining tool can optimally follow the bore 
shape resulting from the preceding machining steps, and 
therefore the same contact pressures without pressure peaks 
are essentially set at all of the rolling elements and a uni 
formly textured surface is produced. If a plurality of rolling 
elements are provided, said rolling elements can preferably 
be infed together via a common rolling element infeed sys 
tem. A separate infeed independently of one another is like 
wise possible. 
0048. As an alternative or in addition, a machining tool can 
have a plurality of rolling elements in a longitudinal direction 
of the tool. Said rolling elements can be arranged on the tool 
body distributed uniformly or non-uniformly in the longitu 
dinal direction. 

0049. As a rule, the rolling elements which are distributed 
on the circumference are arranged annularly with the rolling 
element axes thereof or centerpoints thereof at the same dis 
tance from the tool axis. However, the rolling elements may 
also be arranged distributed eccentrically on the circumfer 
ence at different distances from the tool axis. 
0050 Embodiments are also possible, in which one or 
more rolling elements are arranged on a limb of an L-shaped 
tool body, and the limb having the rolling elements is rotat 
able about the other limb, which defines the tool axis. If such 
a machining tool is arranged on the working spindle of a 
machining center, an eccentric rolling movement of the roll 
ing elements can be produced by a corresponding continuous 
path control. 
0051. A rolling element can be mounted directly on the 
tool body or in a bearing mounted on the tool body. However, 
at least one carrier element which is movable relative to the 
tool body radially with respect to the tool axis is preferably 
arranged on the tool body, and the rolling element is mounted 
rotatable on the carrier element. Machining tools for machin 
ing the internal Surface of bores can be constructed to this 
extent in a similar manner as honing tools for internal cylin 
drical honing, but, inter alia, instead of the abrasive honing 
stones required for the honing, one or more non-abrasive 
rolling elements are provided. 
0052. In order to permit the radial infeed of rolling ele 
ments, in some embodiments an infeed element which is 
movable parallel to the tool axis and has at least one wedge 
section, which can be in the form of for example, a cone or a 
truncated cone, is arranged in the tool body. The oblique 
surfaces of said infeed element can interact with oblique 
surfaces on the inner side of carrier elements for the rolling 
elements in the manner of a wedge drive Such that an axial 
movement of the infeed element results in a radial movement 
of carrier elements and of the rolling elements mounted 
thereon. 
0053. In some embodiments, the external surface of the 
rolling element, in the working section which forms the rough 
Surface structure, bears a thin anti-adhesion coating, by 
means of which the adhesion between the rough external 
Surface of the working section and the machined workpiece 
Surface is reduced in relation to an external Surface without an 
anti-adhesion coating. The anti-adhesion coating can be, for 
example, a TiN coating or a DLC (diamond like carbon) 
coating. If the adhesion is reduced, then, during the rolling 
operation, the rough surface structure of the exterior region, 
after penetrating the workpiece material, is more easily 
detached from the workpiece material textured by this means 
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without Small adhering material particles being torn out of the 
textured Surface and then being able to impair machining 
steps which may follow. This makes it possible to dispense 
with the use of liquid auxiliary manufacturing materials. Such 
as, for example, cooling lubricant or the like, during the 
roll-embossing machining, and therefore the roll-embossing 
operation can be carried out as a dry machining step. By this 
means, manufacturing costs can be considerably saved. In 
addition, roll-embossed structures produced under dry con 
ditions are generally immediately Suitable for coating without 
further reworking. 
0054 Some embodiments of machining tools are suitable 
to be operated in a path-guided manner. As a rule, said 
machining tools are designed for use in machining centers, in 
particular in 3-, 4- or 5-axis CNC machining centers, and can 
have corresponding coupling structures on the tool body for 
connection to the working spindles of a machining center. 
With Such machining tools, rotationally symmetrical internal 
Surfaces and also internal Surfaces of non-round or non-cy 
lindrical bores, in particular oval recesses or the like, can be 
machined. Such a machining tool can be used in particular to 
produce roll-embossed structures in workpiece surfaces, such 
as, for example, piston bearing Surfaces of Wankel engines. 
However, it is also possible to use Such machining tools to 
machine non-curved or planar workpiece surfaces or planar 
sections of partially curved workpiece Surfaces. 
0055 Machining tools which are provided for use in 
machining centers generally have a significantly smaller out 
side diameter than the recess being machined. Said machin 
ing tools are usable in a flexible manner, and therefore a 
corresponding and matching machining tool which virtually 
fills the bore does not have to be kept ready for each bore 
diameter. Furthermore, the rolling element infeed system can 
generally be omitted in path-guided machining tools, since 
the required contact pressure of the rolling elements against 
the workpiece surface to be machined can be controlled via 
the path guide of the machining tool.HH 
0056. In a path-guided machining tool, the rolling element 
axis of at least one rolling element can lie concentrically or 
coaxially with respect to the tool axis. It is not required to 
drive the tool as a whole in a rotating manner, since, with the 
path guide, the at least one rolling element is rotated about the 
rolling element axis thereof by the rolling contact with the 
machined internal Surface. 
0057 The invention also relates to a workpiece which is 
obtainable or is produced or can be produced using the 
machining method and/or using the machining tool. The 
workpiece may be in particular a cylinder crankcase made of 
light metal material or a cylinder sleeve to be installed in a 
cylinder bore. It may also be a connecting rod, in which at 
least one connecting rod bore has been machined with the aid 
of a roll-embossing operation, optionally followed by coat 
ing. The workpiece may also be an extrusion pipe having an 
internal coating. 
0.058 A path-guided machining tool can also be used to 
machine non-cylindrical internal Surfaces of a workpiece, in 
particular the piston bearing Surface of a Wankel engine hous 
1ng. 
0059. These and further features are apparent from the 
description and the drawings as well as from the claims, 
wherein each individual feature can be realized on its own or 
a plurality thereof can be realized in the form of sub-combi 
nations in an embodiment of the invention and in other fields 
and can constitute advantageous embodiments patentable on 
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their own. Exemplary embodiments are illustrated in the 
drawings and are explained in more detail below. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0060 FIG. 1 shows an axial longitudinal section through 
an embodiment of a singular expandable machining tool for 
roll embossing internal Surfaces of bores; 
0061 FIG. 2 shows a side view in partial section of the 
machining tool from FIG. 1; 
0062 FIG. 3 shows an axial section through an embodi 
ment of a machining tool with a double expansion; 
0063 FIG. 4 shows, in FIG. 4A, an obliquely perspective 
view of a carrier element for a rolling element which is 
mounted in an elastically flexible manner on the carrier ele 
ment and, in 4B and 4C, examples for using springs in the 
elastically flexible mounting of rolling elements; 
0064 FIG. 5 shows schematically the execution of a roll 
embossing step during the machining of a concavely cylin 
drically curved internal surface of abore by means of a rolling 
element which has a rough Surface structure with stochasti 
cally distributed elevations and depressions; 
0065 FIG. 6 shows schematically the sequence of a roll 
embossing step in the machining of a concavely cylindrically 
curved internal surface of abore by means of a rolling element 
which has elevations distributed uniformly on the circumfer 
ence thereof; 
0066 FIG. 7 shows schematically the roll embossing on a 
convexly curved external Surface of a workpiece; 
0067 FIG. 8 shows a schematic section through a work 
piece surface which has first of all been roughened by roll 
embossing and then coated by thermal spraying: 
0068 FIG.9 shows a schematic section through the region 
of the workpiece surface in a different workpiece, in which 
deformation machining for flattening peaks of the roll-em 
bossed structure has also been inserted between the roll 
embossing and a Subsequent coating; 
0069 FIG. 10 shows a schematic, obliquely perspective 
view of the region of a workpiece surface which has first of all 
been textured by roll embossing and then finely machined by 
means of plateau honing; 
0070 FIG. 11 shows, in FIG. 11A, a side view of an 
embodiment of a machining tool with rolling elements having 
a rolling elementaxis parallel to the tool axis and with rolling 
elements having a rolling element axis obliquely with respect 
to the tool axis and running in an obliquely radial direction, 
and, in FIGS. 11B, 11C, 11D and 11E, enlarged illustrations 
in each case of the different rolling elements from FIG. 11A 
with associated carrier elements; 
0071 FIG. 12 shows, in an obliquely perspective view, a 
4-axis machining center with a spindle for receiving a 
machining tool and with a rotary table with a workpiece to be 
machined arranged thereon; 
0072 FIG. 13 shows, in an obliquely perspective view in 
FIG. 13A, the machining center from FIG. 12 with a work 
piece which is to be machined and has a cylindrical bore, and 
an embodiment of a machining tool which is coupled to the 
spindle of the machining center and has a cylinder-jacket 
shaped external Surface and two conical external Surfaces 
and, in an enlarged illustration in FIG. 13B, the machining 
tool from FIG. 13A 
0.073 FIG. 14 shows, in a sectional illustration, the 
machining tool from FIG. 13 as an individual part; 
0.074 FIG. 15 shows, in a sectional illustration, an 
embodiment, which is similar to the embodiment illustrated 
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in FIG. 14, of a machining tool with only a single conical 
external Surface on a side, which faces away from the spindle, 
of the cylinder-jacket-shaped external surface of the rolling 
element; 
0075 FIG. 16 shows, in a sectional illustration, an 
embodiment of a machining tool with a plurality of rolling 
elements arranged one above another with rolling element 
axes running in each case concentrically with respect to the 
tool axis, and 
0076 FIG. 17 shows, in FIG. 17A, a side view of an 
embodiment of an eccentric machining mechanism having an 
L-shaped tool body and, in FIG. 17b, a top view of the 
machining tool from FIG. 17A. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

0077 FIG. 1 shows a schematic axial section through a 
first embodiment of a machining tool 100 for roll embossing. 
The machining tool (roll-embossing tool) is designed for 
machining Substantially circular-cylindrical internal Surfaces 
on bores, in particular for producing cylinder faces for an 
internal combustion engine. The machining tool has a Sub 
stantially rotationally symmetrical tool body 110 which is 
manufactured from steel and the center axis of which defines 
the tool axis 112. That end of the tool body which faces the 
spindle is formed by a tapered coupling section 114 having a 
cylindrical external contour, in which radially protruding 
driver pins 116 are mounted at diametrically opposite posi 
tions. With the aid of said coupling devices, the machining 
tool can be coupled to the free end of the driving rod 150 of a 
honing machine, which free end is provided with angled 
receiving slots for the driver pins. The coupled-up machining 
tool is not connected rigidly to the driven honing spindle of 
the honing machine but rather is movable to a limited extent 
in relation thereto by means of Suitable machine elements, 
which can beachieved, for example, by a cardanic coupling or 
a coupling in the manner of a floating head or by a flexurally 
elastic driving rod. 
0078 From that end of the tool body which faces away 
from the spindle, a central, cylindrical receiving bore 118 
having a planar end surface 120 leads into the tool body, and 
therefore said section is configured in a tubular manner. The 
tube wall formed as a result contains three substantially rect 
angular passage slots 122, which are distributed uniformly 
about the circumference and pass radially from the inside to 
the outside, for receiving carrier elements (explained in more 
detail further on) for rolling elements. From that end of the 
coupling section 114 which faces the spindle, a further cylin 
drical receiving bore 124 having a planar basic Surface leads 
into the coupling section. A cylindrical passage bore 126 
having again a smaller diameter is located between the receiv 
ing bores 124 and 118. 
007.9 The coaxial bores 118, 126 and 124 serve to receive 
tool-internal elements of a rolling element infeed system. 
This includes a double-conical expansion cone 142 which sits 
in an axially displaceable and play-free manner in the receiv 
ing opening 118 facing away from the spindle. That end 
Surface of the expansion cone which faces the spindle is 
provided with a central blind hole bore with an internal 
thread, into which, during assembly of the machining tool, a 
threaded section, which is provided with an external thread, 
of a push rod 144 is screwed, said push rod being inserted 
from the side facing the spindle into the receiving opening 
124 of the coupling section. The push rod has a widened 
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cylindrical head section 146 which fits in a manner substan 
tially free from lateral play, but in an axially movable manner, 
in the receiving bore 124. During the assembly, the push rod 
reaches through a spiral compression spring 148 which is 
inserted into the receiving bore 124 and, after the push rod is 
screwed to the expansion cone, is supported at one end on the 
widened head section 146 and at the other end on the planar 
base of the receiving bore 124. The effect achieved by this is 
that, in the absence of external forces, the push rod and the 
expansion cone screwed thereto take up their upper stop posi 
tion, which is shown in FIG. 1 and in which that end surface 
of the expansion cone which is on the spindle side strikes 
against the planar bore base of the receiving bore 118. 
0080. The hollow driving rod 150 contains an infeed rod 
152 which is displaceable axially with the aid of an infeed 
drive of the honing machine and the free end side of which, 
with machining tools coupled, acts on that end side of the 
push rod 144 which is on the spindle side. 
0081. Each of the radially continuous passage slots 122, 
which are circumferentially offset by 120°, contains a strip 
shaped carrier element 160 which fits into the passage slot in 
a radially movable manner and so as to be substantially free 
from play axially and in the circumferential direction. The 
inner side of each carrier element has two oblique Surfaces 
which lie axially one above the other and, when the tool is 
assembled, interact with the cone surfaces, which are located 
axially one above another, of the expansion cone 142 in the 
manner of a wedge drive in Such a manner that an axial 
displacement of the expansion cone brings about a radial 
displacement of the carrier element. 
0082 Each carrier element has a base section 162 which is 
located on the inside and on which the oblique surfaces 
located on the inside are mounted, and also bearing sections 
164A, 164B which in each case protrude outward on the 
narrow end sides. Each carrier element bears a rolling ele 
ment 180A, 180B, 180C which is mounted rotatably on the 
bearing sections of the carrier element in Such a manner that 
the axis of rotation of the rolling element, which axis of 
rotation is referred to as the rolling element axis 182, runs 
parallel to the tool axis 112 at a distance outside same. 
0083. The carrier elements are prevented from dropping 
out when the machining tool is fully assembled by means of 
encircling restoring springs 170A, 170B which are held in 
grooves located on the outside of the bearing sections and 
exert a resetting force on the carrier elements in the direction 
of the tool axis. In the absence of pressure against the upper 
end surface of the push rod 144, the carrier elements are in 
their maximally retracted position which corresponds to the 
minimum effective diameter of the machining tool. The effec 
tive diameter can be enlarged by the infeed rod 152 being 
displaced in the direction of the machining tool until the push 
rod is pressed in the direction of the end remote from the 
spindle. This also moves the expansion cone toward the end 
remote from the spindle, and therefore the oblique surfaces 
slide along each other in the region of the cone sections, and 
the Supporting Strips for increasing the distance between tool 
axis and rolling element axis are pressed outward counter to 
the force of the compression spring 148 and the restoring 
springs 170A, 170B. For pulling-back purposes, the infeed 
rod 152 merely needs to be pulled back, and the resetting 
force then comes from the spring elements. 
0084 Each rolling element has a rotationally symmetrical, 
substantially cylindrical rolling element body 184 which is 
made from tool steel and the opposite end sides of which are 
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provided with blind hole bores. An external ring of an encap 
sulated needle bearing 186 sits in each of the bores. The 
internal element of a needle bearing is formed by a cylindrical 
bolt which is fastened in the bearing section of the carrier 
element during assembly. The needle bearing which moves 
with little rolling resistance and is highly stable to radial 
forces is encapsulated to the outside against the penetration of 
contaminants, for example tinsel-like material particles, in 
order to permit interference-free rotation of the rolling ele 
ment in relation to the carrier element during the machining. 
I0085. It can be seen particularly readily in the enlarged 
detail illustration of FIG. 1 that the external surface of the 
rolling element 180A has a rough surface structure in a work 
ing section 190 intended for rolling contact with the work 
piece Surface. For this purpose, the rolling element body has 
a cylindrical annular collar, the outside diameter of which is 
slightly larger than the outside diameter of the external sec 
tions axially adjoining said annular collar. The external Sur 
face of said annular collar bears a coating 192 with relatively 
coarse-grained diamond grains 194 which are present in an 
adhering manner in a metallic binding 196 applied to the 
rolling element body by electroplating. The grain sections 
protruding externally from the binding material form eleva 
tions which project outward in relation to binding regions 
which are located in between and appear as depressions rela 
tive to the elevations. The average grain size of the diamond 
grains is between approx. 30 um and approx. 100 um here. 
I0086. The width of the working section 190A, as mea 
sured parallel to the tool axis and to the rolling element axis, 
is only approx. one third of the axial length of the rolling 
element body. As can readily be seen in FIG. 2, the two other 
rolling elements 180B, 1800, which are mounted on the cir 
cumference of the machining tool, basically have a similar 
construction. However, the working sections of the rolling 
elements are offset axially in relation to one another in Such a 
manner that, overall, when the machining tool is rotated, a 
working width 198 which corresponds approximately to three 
times the width of an individual working section is covered. 
During the rotation, each of the relatively narrow working 
sections therefore machines a relatively narrow strip of the 
concavely cylindrical workpiece surface 210 of the work 
piece 200. In said strip, a contact pressure sufficient for the 
roll-embossing operation can be set and maintained relatively 
uniformly over the entire working region. The axially offset 
working sections of the other rolling elements immediately 
Subsequently machine neighboring strips which slightly 
overlap, thus resulting, all in all, in efficient machining of a 
relatively wide machining section of the internal Surface. 
I0087. For the machining of the internal surface of a bore, 
the machining tool is first of all driven into the bore to an 
extent Such that the combined machining region of the indi 
vidual rolling elements covers the beginning of a section to be 
machined. This insertion takes place with the rolling elements 
pulled back. The rolling elements are then fed outward with 
the aid of the rolling element infeed system until the rolling 
elements bear under Suitable contact pressure against the 
internal surface. Before said radial feed motion, after said 
radial feed motion or during said radial feed motion, the tool 
is set into rotation about the tool axis via the rotary drive of the 
honing spindle. In the process, the working regions of the 
rolling elements are pressed onto the internal Surface in Such 
a manner that the rough surface structure thereof presses into 
the workpiece Surface and Substantially produces a comple 
mentary roll-embossed structure with elevations and depres 
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sions located next to one another, i.e. a roll-embossed struc 
ture which Substantially constitutes a negative image 
corresponding to the structure of the roll-embossing tool. 
After one or more rotations, the roll-embossing operation for 
the corresponding axial section of the bore is ended and the 
carrier elements are set back inward, thereby removing the 
touching contact between rolling elements and internal Sur 
face of the bore. 
0088. If the internal bore section to be machined is longer 
than the working width of the combined working regions, the 
machining tool is then advanced in the axial direction until the 
tool lies level with the next bore section to be machined. The 
sequence of working steps with a radial feed motion outward, 
beginning of the rotational movement, roll embossing and 
Subsequent pulling back is then repeated. 
0089. During the roll embossing, i.e. during the machining 
engagement of the rolling elements on the internal Surface of 
the bore, the working spindle or the machining tool is not 
advanced axially. 
0090 The contact pressure crucial for the deformation of 
material during the roll-embossing operation can be set in a 
temporally variable manner with the aid of the rolling element 
infeed system. For example, it is thus possible to produce two 
or more differently machined sections by roll embossing on 
one and the same internal Surface of the bore, during the 
machining of which sections the rolling elements were 
pressed on with a different contact pressure. It is also possible 
to leave unembossed sections next to roll-embossed sections. 
For example, the roll-embossing operation can be restricted 
to the upper and/or lower interstitial region of a cylinderbore. 
0091. The machining tool 100 shown in FIGS. 1 and 2 is 
designed as a pure roll-embossing tool. It is also possible to 
carry out the roll-embossing operation with the aid of a com 
bination tool which makes it possible to carry out at least one 
further machining operation in addition to the roll-embossing 
operation (or alternatively thereto) on the workpiece surface 
without changing tools. FIG.3 shows by way of example for 
this purpose a longitudinal section through a machining tool 
300 which, in addition to a plurality of rolling elements dis 
tributed uniformly around the circumference (one rolling ele 
ment 380 is shown), has a set of a plurality of likewise uni 
form honing sticks which are distributed around the 
circumference of the machining tool and can be infed radially 
with respect to the tool axis 312 independently of the rolling 
elements. The honing Sticks stand by way of example for 
further machining elements which are designed for a different 
machining method, in the case of the example for a material 
removing cutting process using undefined cutting edges. 
0092. In other variants of combination tools, in addition to 
one or more rolling elements having a rough surface (for the 
roll-embossing operation), Smooth rolling elements (for 
example Smooth rollers) which can be infed separately, or 
non-rolling Smoothing Sticks having a hard, Smooth working 
surface for work-hardening without substantial removal of 
material are provided. 
0093. The substantially tubular tool body 310 has six radi 
ally continuous passage openings, which are distributed uni 
formly around the circumference, are elongated axially and 
are relatively narrow in the circumferential direction, for 
receiving carrier elements for the machining elements. Car 
rier elements 360 are seated in three passage openings, which 
are offset in each case by 120° on the circumference, for the 
rolling elements 380 mounted rotatably therein. The con 
struction and arrangement of said carrier elements can be 
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substantially as described in conjunction with FIGS. 1 and 2. 
and therefore reference is made to the description there. Hon 
ing Sticks 390 are arranged in the passage openings in each 
case centrally in the circumferential direction between said 
carrier elements. A honing stick has a Supporting Strip 392 
which is guided in a radially displaceable manner in the 
passage opening in the tool body and, on its radial external 
side, bears a cutting layer 394 having cutting grains made of 
diamond or of anotherhard material, for example a nitridic or 
carbidic material in a metallic or ceramic binding. The inner 
side of the Supporting strip is provided with oblique Surfaces 
in both the upper region and the lower region, said oblique 
Surfaces interacting with conical sections at the lower end of 
a central infeed rod 340 in such a manner that an axial dis 
placement of the infeed rod causes a radial displacement of 
the honing sticks. The axial movement of the infeed rod 340 
is produced by an infeed motor (not shown) of the honing 
machine. The infeed rod is part of a second infeed system 
acting on the honing Sticks (honing Stick infeed system). 
0094. The inner sides of the supporting elements 360 for 
the rolling elements, which are rotatable about the rolling 
element axes 312, have oblique surfaces which interact with 
conical oblique surfaces on the outer side of a tubular infeed 
rod 350 which surrounds the inner infeed rod 340. The rolling 
element infeed system operates independently of the infeed 
system for the honing Sticks, and therefore it is possible, in 
particular alternately, only for the rolling elements or only for 
the honing sticks to be brought into machining engagement 
with the internal surface to be machined of the bore. If the 
machining tool is intended to be used, for example, exclu 
sively for roll embossing, the inner infeed rod 340 can remain 
pulled back Such that the honing sticks are permanently dis 
engaged from the workpiece Surface. 
0.095 The machining tool can be used in particular in the 
case of machining methods in which first of all the internal 
surface of the bore is intended to be honed and then the honed 
Surface Subjected to a roll-embossing operation. It is also 
possible to use the honing tool in methods in which the 
internal surface of the bore is first of all prepared by other 
methods and in which a combination tool is then used first of 
all to carry out a roll-embossing operation and then a honing 
operation. It would also be possible to use the machining tool 
first of all to hone an internal surface with the aid of the honing 
Sticks and then to Subject the honed workpiece surface to a 
roll-embossing operation and then to rework the roll-em 
bossed structures produced as a result with the same honing 
Sticks again, but with less removal of material. In the second 
honing operation, the operation is preferably carried out 
under a contact pressure which is reduced in comparison to 
the first honing operation, in order to produce a finer Surface 
structure on plateau surfaces. 
0096. The limited movability of the coupling between 
machining tool and the honing spindle driving the latter 
enables the machining tool to track the shape of the bore to a 
certain extent during the roll-embossing operations, and 
therefore unacceptable constraining forces do not occur even 
if the shape of the bore deviates slightly from an ideally 
circular-cylindrical shape. 
0097. In some embodiments, the machining quality during 
the roll-embossing operation is further improved and evened 
out by the mounting of the rolling elements having a certain 
elastic flexibility in order, as a result, to be able to recede, for 
example when rolling over Surface elevations, and/or to com 
pensate for irregularities in the shape of the bore by a slight 
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inclination of the rolling element axis. FIG. 4 shows by way 
of example in this regard exemplary embodiments of Support 
ing elements which permit an elastically flexible mounting of 
the rolling elements. 
0098. The supporting element 460 in FIG. 4A has an elon 
gate base section 462, the rear side of which has the oblique 
Surfaces for interacting with an expansion cone. The two 
bearing sections 464A, 464B, which serve for the mounting 
of the rolling element, are mounted at the ends on the opposite 
side. In contrast to the embodiment in FIG. 1, the bearing 
sections are not formed integrally with the base section but 
rather are realized as structural elements which are separate 
therefrom and are fastened to the base section with the inter 
connection of elastically flexible connecting structures in 
order to permit a limited movability of the bearing sections in 
relation to the base section. In the version in FIG. 4A, a layer 
465 of a relatively hard, but elastically flexible elastomer 
material is located in each case between the base section and 
the bearing sections. As shown in FIGS. 4B, 4C, the flexibility 
of the mounting can also be achieved by a small distance 
remaining between the base section 462 and a bearing section 
464A or 464B, said distance being spanned with the aid of an 
elastically flexible connecting device. In the case of the 
example of FIG. 4B, said connecting device contains disk 
spring elements and, in the case of FIG. 4C, contains helical 
compression spring elements. 
0099. With reference to FIGS. 5 to 10, a number of 
machining methods are described by way of example, in 
which a roll-embossing operation is carried out on a curved 
workpiece surface. FIG. 5 shows by way of example a detail 
of a workpiece 500 in the region of a cylindrical bore, the 
internal surface 510 of which forms the workpiece surface to 
be machined by means of roll embossing. For example, this 
may involve the border region of a cylinderbore in a cylinder 
crankcase made of an aluminum material. In order to prepare 
the roll-embossing operation, the cylinder bore can be 
brought into the desired macro shape by a single- or multi 
stage material-removing machining process (for example, 
fine boring and/or honing or only powerhoning). By means of 
an immediately preceding honing operation, the workpiece 
Surface can be, for example, finely machined such that a 
Surface structure having intersecting finishing marks and an 
average peak to Valley height of less than 5um is present (see 
enlarged detail). A machining tool set up for roll embossing, 
for example the machining tool from FIG. 1 or FIG. 3, is 
subsequently driven into the bore and the rolling elements 
580 are fed in the direction of the internal wall of the bore until 
said rolling elements bear thereagainst under a contact pres 
Sure. Upon rotation of the machining tool, the rolling ele 
ments roll on the internal wall of the bore. The coarse-grained 
diamond grain electroplating forms a rough surface structure, 
wherein those sections of the diamond grains which protrude 
from the binding form raised sections between which set 
back depressions are located. The raised sections are distrib 
uted irregularly over the Surface of the working region. Dur 
ing rolling of the rolling element on the Surface and under a 
contact pressure set by the rolling element infeed system, the 
irregular structures of the working region are embossed into 
the border region of the relatively soft material which is close 
to the surface, thus producing a roll-embossed structure 558 
having irregularly distributed elevations and depressions, 
which may be similar on Superficially looking at a sand 
blasted surface. However, the outlay on providing and dis 
posing of blasting material can be saved. In addition, hazards 
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which may arise due to blasting material particles not being 
eliminated are avoided. In addition, during the roll-emboss 
ing operation, because of the contact pressure acting in the 
contact region between rolling element and workpiece Sur 
face, work-hardening of workpiece border layers close to the 
Surface may be produced, the work-hardening resulting in an 
increase in strength of the workpiece material in the imme 
diate vicinity of the workpiece surface. This is symbolized 
schematically in FIG. 5 by the high dislocation density in the 
immediate vicinity of the roll-embossed structure. 
0100. In the version of the method of FIG. 6, use is made 
of rolling elements 680 which have elongate, hard projections 
682 which are distributed regularly, in particular uniformly, in 
the working region on an otherwise relatively smooth, circu 
lar-cylindrical external surface and can be provided on the 
rolling element body, for example, by means of welding, 
soldering or by means of a lithographic process. If a Surface 
610 of a workpiece 600, which surface is provided with a 
certain basic roughness by means of honing or in another 
manner, is machined with the aid of said rolling elements, the 
Surface can be Smoothed by the Smooth circumferential sec 
tions between the projections. By contrast, the projections dig 
into the workpiece surface, displacing the material, thus 
resulting in a roll-embossed structure 658 having a regular 
pattern of relatively narrow pockets with an endless length 
and closed circumferential border. If the machined workpiece 
Surface is used as directed, said pockets can serve as a lubri 
cant reservoir. 

0101. With reference to FIG. 7, a version of the method is 
explained, in which the convexly cylindrical external surface 
710 of a workpiece 700 is machined with the aid of a roll 
embossing tool, which rotates about the tool axis thereof, in 
order to produce a roll-embossed structure 758. The machin 
ing tool can be constructed in a similar manner to an external 
honing tool, but with the radially inwardly infeedable honing 
Sticks being replaced by carrier elements which in each case 
carry one or more rolling elements 780 having a rough work 
ing section. 
0102 FIG. 8 shows a schematic section through a work 
piece 800 composed of an aluminum material, in the region of 
a curved workpiece surface 810. In the case of the example, 
the workpiece 800 is a cylinder sleeve which is produced from 
an aluminum alloy and the internal Surface of which is 
intended, after the machining is finished, to serve as a cylinder 
face of an internal combustion engine. The production 
method comprises multi-stage pre-machining of the internal 
Surface of the cylinder sleeve including a terminating honing 
machining step, by means of which the internal Surface of the 
bore obtains the correct macro shape and dimension apart 
from a small oversize. In a similar manner as described with 
reference to FIG. 5, the honed starting structure is then 
deformed by means of roll embossing into a rough roll-em 
bossed structure 858 which, in the case of the example, has an 
average peak to Valley height of between 30 Lum and approx. 
100 um. The roll-embossing operation is undertaken without 
the assistance of cooling lubricant or the like, i.e. in a dry 
method. 
0103 Directly after the roll-embossing operation, the roll 
embossed structure is ready without further treatment for 
Subsequent coating by means of thermal spraying. In the case 
of the example, an iron-containing coating 860 is applied 
directly onto the roll-embossed structure 858 with the aid of 
a flame spraying process. By means of the roughness of the 
roll-embossed structure, the coating material readily meshes 
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with the metallic base material of the workpiece, thus pro 
ducing firm adhesion between workpiece and coating. The 
coating Surface, which is relatively rough after the thermal 
spraying, can then be subject to mechanical reworking, for 
example by means of honing, in order to produce the desired 
final roughness of the Surface and the desired final size. 
0104 FIG.9 shows a schematic section through a cylinder 
sleeve 900 in the region of the internal surface 910 thereof 
after the latter has been produced by a version of the method 
described above. As in the case of the example of FIG. 8, a 
roll-embossing operation has been carried out first of all after 
pre-machining. This resulted in the irregular roll-embossed 
structure, which is shown schematically in FIG. 8, with sto 
chastically distributed elevations and depressions. Then, in a 
further dry machining operation, the peaks of the elevations 
were pressed flat with the aid of a rolling element having a 
Smooth external Surface in order, by material deformation, to 
produce a plateau structure on the elevations. During the 
material deformation, in a few of the elevations so much 
material was displaced to the side that laterally projecting 
lugs 959 are produced laterally on the elevations. If the modi 
fied roll-embossed structure 958 produced by this means is 
then coated by means of thermal spraying, the laminated 
material entering the depressions can interlock in a form 
fitting manner with the roll-embossed structure in the region 
of the lateral lugs 959, thus enabling improved coating adhe 
sion to be achieved. This has the advantage, interalia, that less 
material is required for spraying on, since the elevations 
produced no longer have to be made level by spraying mate 
rial thereon. In a similar manner as in the example of FIG. 8, 
the surface of the coating 850 can be mechanically reworked 
after the end of the coating process in order, for example by 
honing, to obtain a finished Surface with the desired size and 
the desired surface structure. The roll-embossing operation 
and the Subsequent non-abrasive Smoothing operation can 
optionally be carried out with the same machining tool (with 
double infeed). Said machining tool can be constructed in a 
similar manner as in FIG. 3, but instead of the honing Sticks, 
non-abrasive Smoothing elements in the form of smooth roll 
ers or Smoothing Sticks having a Smooth, hard external Sur 
face are provided. 
0105. In the machining method explained with reference 
to FIG. 10, first of all, in a similar manner as in the methods of 
FIG.8 or FIG.9, a roll-embossed structure having stochasti 
cally distributed depressions and elevations is produced on 
the curved workpiece surface 1010 of the workpiece 1000. 
Immediately afterward, the roll-embossed structure produced 
in this manner is plateau-honed with the aid of relatively 
fine-grained honing sticks. In this machining step, those 
points of the roll-embossed structure which protrude furthest 
outward are removed, thus resulting, between the depres 
sions, in plateaus 1051 having a relatively flat surface which 
is textured by honing and has fine honing grooves 1052. 
Surfaces machined in Such a manner have an increased Sup 
porting portion as compared to pure roll-embossed structures 
and can immediately serve as sliding partners for piston rings. 
0106 The crucial operations for the final surface structure 
(roll-embossing operations and Subsequent plateau honing 
operation) can optionally be produced with the same machin 
ing tool, which can be constructed, for example, in the man 
ner of the machining tool of FIG. 3. The workpiece can be 
composed, for example, of gray cast iron material or of a light 
metal material. Such as an aluminum base material. 
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0107 Further exemplary embodiments of machining tools 
for roll embossing, which can be used within the scope of the 
machining method, are described below. 
0.108 FIG. 11A shows, inside view, a further embodiment 
of a machining tool 1100 having a plurality of rolling ele 
ments 1180, 1181 and 1183. The rolling elements 1180 each 
have only one rolling element segment which is mounted So 
as to be rotatable about a rolling element axis 1182B, which 
runs parallel to the tool axis 1112 and lies eccentrically with 
respect thereto, and said rolling element segments are 
arranged distributed one above another on the tool body in a 
tool longitudinal direction running parallel to the tool axis 
1112. In this case, the eccentric rolling elements 1180 are 
arranged offset in the circumferential direction such that the 
rolling elementaxes 1182B thereofdo not run concentrically. 
0109 The rolling elements 1181 also each have a rolling 
element axis 1182C which runs parallel to the tool axis 1112 
and likewise lies outside the tool axis. However, these rolling 
elements 1181 have two rolling element segments, an upper 
one and a lower one, which are each mounted so as to be 
rotatable separately. 
0110. The machining tool 1100 furthermore has rolling 
elements 1183 which are arranged in the upper third of the 
machining tool and are likewise mounted so as to be rotatable 
about a rolling element axis 1182A. However, in contrast to 
the rolling element axes 1182B and 1182C, the rolling ele 
ment axis 1182A does not run parallel to the tool axis 1112, 
but rather obliquely with respect thereto and in the radial 
direction. The clearance angle, measured between the rolling 
element axis 1182A and the tool axis 1112, is approx. 45°, it 
may also be Smaller or larger and lie, for example, between 
30° and 60°. 

0111. The machining tool illustrated in FIG. 11A is suit 
able in particular for machining internal Surfaces of cylindri 
cal bores, the inside diameter of which substantially corre 
sponds to the outside diameter of the machining tool 1110. 
wherein the rolling elements 1180 and 1181, which rotate in 
an axially parallel manner, are provided for machining the 
internal surface of the bore. The obliquely arranged rolling 
elements 1183 can be used at the same time to machine an 
upper bevel of the bore, for example an insertion bevel. If the 
rolling elements 1183 roll on the bevel surface, the roll 
embossed structure is likewise produced. With such a 
machining tool, the coating quality of the bevel can likewise 
be improved without an additional manufacturing step and/or 
without an additional machining tool. The rolling elements 
1183 may also be supported resiliently in order to compensate 
for dimensional and positional tolerances and/or dimensional 
and positional errors. 
(O112 FIGS. 11B, 11C and 11E depict the different rolling 
elements 1180, 1181 and 1183 from FIG. 11A schematically 
in an enlarged illustration. FIG. 11B shows, in a side view, the 
oblique rolling element 1183 mounted on a carrier element 
1161D. By means of an adjustment device 1164, the inclina 
tion of the rolling element axis 1182A can be adjusted and 
matched to different bevel angles in order to optimize the 
roll-embossing operation. For the infeed for the rolling ele 
ment 1183 in the radial direction, the carrier element 1161D 
has an oblique surface 1163D which serves to convert the 
displacement of a wedge (not illustrated here) in the longitu 
dinal direction of the machining tool into a radial infeed 
movement of the carrier element with the rolling element 
1183. 
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0113 FIG. 11C shows the rolling element 1180 which is 
mounted so as to be rotatable about the rolling element axis 
thereof on a carrier element 1161C, which likewise has an 
oblique surface 1163C in order to permit a radial rolling 
element infeed by means of displacement by a wedge which 
is displaceable in the longitudinal direction of the tool. 
0114 FIG. 11D illustrates, in a perspective illustration, the 
rolling element 1181 with the two rolling element segments 
thereof, which are in each case arranged coaxially one above 
the other at a distance from each other and are likewise 
arranged so as to be rotatable about the rolling element axis 
thereof on a carrier element 1161B. The inner side of said 
carrier element 1161B also has an oblique surface 1163B for 
a radial rolling element infeed. FIG. 11E additionally shows 
the rolling element 1181 from FIG. 11D in a side view. 
0115 FIG. 12 shows, in an obliquely perspective illustra 

tion, a 4-axis machining center 1200 from the prior art, with 
which a machining tool (not illustrated here) can be guided or 
moved along virtually any predefined path within the region 
of the axes 1204X, 1204.Y. 12042 and 1204B. For this pur 
pose, the machining tool can be fastened to a spindle 1202 in 
a tool holding fixture 1205. A rotatable rotary table 1203 is 
provided for holding the workpiece 1201 to be machined. 
0116 FIG. 13 shows the machining center from FIG. 12 
with an exemplary embodiment of a machining tool 1307, 
and also the workpiece 1301 to be machined. FIG. 13B shows 
an enlarged detail of the machining tool 1307 and of the upper 
region of the workpiece 1301 with an internal surface 1308 to 
be machined and with a bevel 1303 of a cylindrical bore. The 
machining tool 1307 has a single rolling element 1380 with a 
cylinder-jacket-shaped external surface 1304 and two conical 
external surfaces 1305 and 1306 which are directly adjacent 
to the external surface 1304 upward and downward. The 
rolling element axis of the single rolling element 1380 is 
arranged concentrically with respect to the tool axis. 
0117 The machining tool 1307 is coupled to the spindle 
1302 of the machining center 1300 by means of a suitable 
coupling structure. The spindle does not rotate during the 
machining. The outside diameter of the machining tool 1307 
is significantly smaller than the inside diameter of the bore to 
be machined, for example is at least 10% or at least 20° 
smaller. In order to machine the internal surface 1308, the 
machining tool 1307, by activation of the axis drives of the 
machining center, is guided on a predefined path in Such a 
manner that the external surfaces 1304, 1305, 1306 of the 
rolling element 1380 roll with the rough surface structure 
thereof on the workpiece surfaces to be machined (cylindrical 
internal surface and bevel) and the desired roll-embossed 
structure is produced. The contact pressure of the rolling 
element 1380 can be controlled or regulated via the course of 
the path. The cylindrical external surface 1304 is provided for 
machining the vertically running internal surface 1308, 
whereas the lower conical external surface 1305, which is 
arranged on that side of the external surface 1304 which faces 
away from the spindle, is provided for machining the upper 
bevel 1303. By means of the upper conical external surface 
1306, a bevel present on a lower side (not illustrated here) of 
the workpiece 1301 can be machined. All of the surfaces can 
be machined Successively in a fixture without changing tools. 
0118 FIG. 14 shows, in a sectional illustration, by way of 
example a machining tool 1400 as an exemplary embodiment 
of a machining tool 1307 illustrated in FIG. 13. The single 
rolling element 1480 is mounted by means of at least one 
bearing 1409 so as to be rotatable about the rolling element 
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axis 1482, which is arranged concentrically with respect to 
the tool axis 1412. The bearing is fastened to a cylindrical 
coupling element 1410 by means of a screw 1411. The cou 
pling element 1410 is provided for connection to the spindle 
of a machining center or of a honing tool or the like and is 
fixedly clamped there. The rolling element of the machining 
tool 1400 has a central cylinder-jacket-shaped external Sur 
face 1404 and two conical external surfaces 1406 and 1405 
which are directly adjacent to said external Surface upward 
and downward (or in the axial direction). At an increasing 
distance from the external surface 1404, the conical external 
surfaces 1405 and 1406 taper with a cone angle of between 
40° and 50°, wherein, in a transition region to the cylindrical 
external surface 1404 lying in between, said external surfaces 
have the same outside diameteras said external surface 1404. 
However, conical external surfaces which are offset from the 
external surface 1404 are also conceivable. 

0119 FIG. 15 shows a similar embodiment of a machining 
tool 1500. However, this machining tool has only a conical 
external Surface 1505 on that side of the external Surface 1504 
which faces away from the spindle. In the case of vertically 
running bores, this machining tool 1500 can therefore be used 
to machine only the bevels on the upper side in a tool fixture 
next to the cylindrical internal surface of the bore. 
0120 FIG. 16 shows, likewise in a sectional illustration, 
another embodiment of a machining tool, which has a plural 
ity of rolling elements 1680 which are arranged coaxially one 
above another and the rolling element axes 1682 of which all 
run concentrically with respect to the tool axis 1612. All of the 
rolling elements 1680 are each mounted rotatably about the 
rolling element axis 1682 by means of a bearing 1609. The 
modularly constructed tool can be adapted in a simple manner 
to different bore lengths. 
0121 FIG. 17 shows, in FIG. 17A, in side view an embodi 
ment of an eccentric machining tool 1700 with an L-shaped 
tool body 1711, one limb of which forms the tool axis 1712. 
A rolling element 1780 which is mounted rotatably about the 
rolling element axis 1782 is arranged at an end of the other 
limb, which limb faces away from the angle. By means of the 
springs 1765, an elastic connection permitting compensation 
for tolerances is achieved between the rolling element 1780 
and the tool body 1784. It is apparent from FIG. 17B that the 
tool body 1784 is not rotationally symmetrical. 
I0122) A number of exemplary embodiments of machining 
methods with a roll-embossing operation have been 
explained using the example of machining curved workpiece 
surfaces in the region of cylinder bores in order to obtain 
tribologically highly stressable cylinder faces. However, the 
methods can also be used in other workpieces. For example, 
the internal machining of bores in a small or large connecting 
rod eye is also possible using roll-embossing operations. For 
example, the Small connecting rod eye can first of all be 
machined by roll embossing and, Subsequently, the internal 
surface which is provided with the roll-embossed structure 
can be covered with a coating made from a bearing material. 
As an alternative, the rough roll-embossed structure can serve 
as a means for securing against rotation for an inserted bear 
ing shell, the external Surface of which can optionally like 
wise be roughened by means of roll embossing. 
I0123. By means of the path-guided machining method 
explained by way of example, non-cylindrical recesses, for 
example the piston bearing Surfaces of a Wankel engine hous 
ing, can also be machined by roll embossing. Furthermore, it 
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is optionally possible for not only curved, but also planar or 
plane regions of workpiece Surfaces to thereby be subject to a 
roll-embossing operation. 

1. A machining method for machining a curved workpiece 
Surface of a workpiece, the method comprising the steps of: 

rolling at least one rolling element of a machining tool 
under a contact pressure against a section to be machined 
of the curved workpiece surface in a roll-embossing 
operation, wherein an external Surface of the rolling 
element has a rough Surface structure in at least one 
working section intended for rolling contact with the 
workpiece Surface; and 

setting the contact pressure in Such a manner that, during 
the rolling, a rough roll-embossed structure is produced 
by local deformation of workpiece material in the region 
of the workpiece surface. 

2. The machining method as claimed in claim 1, wherein a 
roll-embossed structure having an average peak to Valley 
height RZ of more than 10 um is produced on the workpiece 
Surface by the roll-embossing operation, wherein the average 
peak to Valley height produced lies within the range of 
between RZ-30 Lum and RZ=100 um. 

3. The machining method as claimed in claim 1, wherein, 
after the roll-embossing operation, a coating is applied to the 
workpiece Surface, wherein the coating is applied directly 
onto the rough roll-embossed structure produced by the roll 
embossing operation, or wherein the roll-embossed structure 
is reworked after the roll-embossing operation with the aid of 
one or more reworking processes to produce a modified roll 
embossed structure, and the coating is then applied onto the 
modified roll-embossed structure. 

4. The machining method as claimed in claim 1, wherein, 
during and/or after the roll-embossing operation, cleaning of 
the workpiece surface is carried out for eliminating material 
particles which are produced by the roll-embossing opera 
tion. 

5. The machining method as claimed in claim 1, wherein, 
during and/or after the roll-embossing operation, machining 
residues are extracted by Suction from the roll-embossing 
operation. 

6. The machining method as claimed in claim 1, compris 
ing a reworking operation which follows the roll-embossing 
operation and changes the shape of the roll-embossed struc 
ture in order to produce a modified roll-embossed structure. 

7. The machining method as claimed in claim 1, wherein 
the at least one rolling element of the machining tool is rolled 
under contact pressure against that section of the curved 
workpiece Surface which is to be machined by the machining 
tool being guided at a predefined distance from the workpiece 
Surface along a predefined path. 

8. The machining method as claimed in claim 1, wherein, 
in order to machine the internal Surface of a bore, in particular 
a cylindrical bore, rolling of the at least one rolling element is 
brought about by a Substantially bore-filling machining tool 
which is designed as a rotation tool and is driven in a rotating 
manner about the tool axis. 

9. A machining tool for machining a curved workpiece 
Surface of a workpiece, comprising: 

a tool body which defines a tool axis, and 
at least one rolling element which is carried by the tool 

body, is rotatable about a rolling element axis and has an 
external Surface, wherein the external Surface has a 
rough surface structure in at least one working section 
intended for rolling contact with the workpiece surface. 
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10. The machining tool as claimed in claim 9, wherein the 
rolling element has a rolling element body which, in the 
working section, bears a coating having a rough surface struc 
ture, wherein the coating has a multiplicity of hard material 
grains bound in a binding. 

11. The machining tool as claimed in claim 9, wherein the 
rolling element axis of at least one rolling element runs con 
centrically with respect to the tool axis. 

12. The machining tool as claimed in claim 9, wherein the 
rolling elementaxis of at least one rolling element lies outside 
the tool axis. 

13. The machining tool as claimed in claim 9, wherein the 
rolling element axis of at least one rolling element runs par 
allel to the tool axis, and/or the rolling element axis of at least 
one rolling element runs radially outward and obliquely with 
respect to the tool axis. 

14. The machining tool as claimed in claim 9, wherein at 
least one rolling element has a cylinder-jacket-shaped exter 
nal Surface having a rough surface structure and at least one 
conical external Surface which is adjacent to said external 
Surface and has a rough surface structure. 

15. The machining tool as claimed in claim 12, wherein at 
least one carrier element which is movable relative to the tool 
body radially to the tool axis is arranged on the tool body, and 
the rolling element is mounted on the carrier element. 

16. The machining tool as claimed in claim 9, comprising 
a rolling element infeed system for the variably controllable 
infeed of the rolling element in an infeed direction running 
radially to the tool axis. 

17. The machining tool as claimed in claim 9, wherein a 
plurality of rolling elements are arranged distributed around 
the circumference of the tool body, and/or wherein a plurality 
of rolling elements distributed in a longitudinal direction of 
the tool are arranged on the tool body. 

18. The machining tool as claimed in claim 17, wherein, in 
addition to the plurality of rolling elements distributed around 
the circumference of the machining tool, the machining tool 
has a set of a plurality of further machining elements which 
are distributed around the circumference of the machining 
tool and can be infed radially independently of the rolling 
elements. 

19. The machining tool as claimed in claim 9, wherein the 
tool body has a coupling structure for coupling the machining 
tool onto a working spindle of a honing machine, or wherein 
the tool body has a coupling structure for coupling the 
machining tool onto the working spindle of a machining 
Center. 

20. A workpiece, in particular a cylinder crankcase or 
cylinder sleeve, obtainable by using the machining method as 
claimed in claim 1 and/or by using the machining tool as 
claimed in claim 9. 

21. The machining method as claimed in claim 4, wherein, 
during the cleaning, the roll-embossed structure is cleaned 
dry. 

22. The machining method as claimed in claim 21, wherein 
the roll-embossed structure is brushed by relatively soft, non 
abrasive brushes and/or is pneumatically blown clear. 

23. The machining method as claimed in claim 5, wherein, 
in addition to the extraction by Suction, the workpiece Surface 
is blown clear. 

24. The machining method as claimed in claim 6, wherein 
the reworking operation comprises elimination of peaks in 
regions of elevations of the roll-embossed structure in order to 
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produce a plateau structure with flattened elevations and 
depressions located in between on the workpiece Surface. 

25. The machining method as claimed in claim 24, wherein 
the peaks in the region of elevations are eliminated by mate 
rial-removing fine machining or by deformation. 

26. The machining method as claimed in claim 7, wherein 
a course of the predefined path is dependent on the curvature 
of the workpiece Surface and on the required contact pressure. 

27. The machining tool according to claim 10, wherein the 
average grain size of the hard material grains is at least 15um. 

28. The machining tool according to claim 27, wherein the 
average grain size of the hard material grains lies within the 
range of 30 um to 250 um. 

29. The machining tool as in claim 15, wherein the rolling 
element is mounted in an elastically flexible manner on the 
carrier element. 

30. The machining tool as in claim 18, wherein the further 
machining elements are honing Sticks or smoothing elements. 
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