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PSTON RING FOR INTERNAL 
COMBUSTION ENGINES 

BACKGROUND OF THE INVENTION 

1. Technical Field 
The invention relates to a piston ring made of a carrier 

material, in particular of steel or a cast material, with a 
wear-resistant coating consisting of a periodic multilayer 
system, with each periodicity consisting of at least two 
individual layers of metal nitrides. 

2. Related Art 
The running Surfaces of piston rings in internal combus 

tion machines are subject to wear and tear during use. In 
order to minimize wear and tear, the running Surfaces of the 
piston rings are provided with a protective layer. 

From JP 2005-082822 AA and JP 2005-187859 AA a 
carrier material with a multilayer system has been known 
which features metal nitride layers. No reference can be 
found in either prior printed publication with regard to other 
metallic elements in the individual layers made of metal 
nitrides. 
DE 44.41 136A1 discloses a pressure ring for a piston of 

a piston cylinder arrangement of a piston combustion 
engine. The wear-resistant coating consists of a nitride Such 
as CrN, CrN, TiN, Ti/TiN or ZrN. The coating consists only 
of one single layer. No reference to a multilayer system can 
be found in DE 44 41 136 A1. 

JP 2002-256967 AA discloses a gliding element with a 
wear-resistant coating. It mentions as an example a piston 
ring that features a layer on the basis of metal nitrides. In this 
prior printed publication, no references to any multilayer 
systems can be found either. 
From DE 100 61 749 A1, a wear-resistant coating for 

piston rings in internal combustion engines has been known 
that essentially consists of chromium carbides, chromium, 
nickel and molybdenum. A powder consisting of these 
components is applied to the piston rings by means of high 
Velocity oxygen fuel spraying. Although such protective 
layers showed good results with regard to wear and tear, 
crack resistance—in particular under great stress as it occurs 
in modern diesel engines—is not satisfactory. 

In the area of tools subject to high stress Such as, for 
example, cutting tools, it has long been known to provide 
multilayer systems as a protective layer. From DE 35 12986 
C2, a wear-resistant coating has been known whose indi 
vidual layer thicknesses lie within a range of 0.5 to 40 nm. 
To the extent that a TiN layer is used as an individual layer, 
it is combined with an additional individual layer made of a 
carbide or a boride. 

This multilayer technology has also found entry into the 
manufacture of piston rings. From JP 2005-060810 A, piston 
rings for internal combustion engines have been known that 
are equipped with a multilayer system whose individual 
layers have the same metallic component and that differ only 
in nitrogen contents. The layer thicknesses of the individual 
layers are indicated as <1 um. The layers are applied by 
means of a PVD process, in particular of an electric arc 
process. 
DE 10 2004 028 486 A1 describes a gliding component 

Such as, for example, piston rings for internal combustion 
engines, that features a coating of several individual layers 
that consist alternatingly of chromium and chromium 
nitride. The chromium nitride layers may be made of CrN, 
Cr2N or mixtures thereof. To avoid any jagged transitions, 
the coating process is controlled in Such a way that the 
individual chromium nitride layers each have a border of 
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2 
Cr2N and a core of CrN. Each individual layer is at least 
0.01 um thick. The maximum thickness amounts to 10 Lum. 
Total thickness of the coating is indicated as 5 to 100 um. 

However, these known multilayer systems have the dis 
advantage that crack resistance is not satisfactory. 

SUMMARY OF THE INVENTION AND 
ADVANTAGES 

It is therefore the objective of the invention to provide a 
piston ring with a multilayer system that—with good wear 
resistance—is less prone to crack. 

This task is solved with a piston ring in which adjoining 
individual layers within a periodicity contain different 
metallic elements and the thickness of an individual layer 
amounts to e15 nm. 

It has turned out that a multilayer system made of nitride 
layers shows good wear resistance on the one hand and, on 
the other hand, is less prone to crack due to the use of 
different metals for the adjoining individual layers within the 
periodicity. Through the use of different metals for the metal 
nitrides, hardness and elasticity properties of the layer 
composition can be adjusted in Such a way that distinct 
phase borders occur. If as described in the state of the 
art—only one metal is used and only the nitrogen contents 
is varied, no such distinct phase borders will form that might 
exert a positive influence on the formation of cracks. 

It has turned out that cracks—if they occur at all—extend 
only to the respective nearest phase border. At the most. Such 
cracks may only lead to a partial detachment of parts of an 
individual layer. A detachment of the entire multilayer 
system has not been observed. 
The life of piston rings with such a multilayer system is 

significantly longer than in the case of piston rings with a 
traditional individual layer or with a multilayer system that 
does consist of nitride layers but in which only the nitrogen 
contents is changed and the metal component stays the same. 

Preferably the individual layers contain nitrides of at least 
one metal from the group of titanium (Ti), Zirconium (Zr), 
hafnium (Hf), Vanadium (V), niobium (Nb), tantalum (Ta), 
chromium (Cr), molybdenum (Mo) and wolfram (W). 

In principle, all combinations of nitrides of the aforemen 
tioned metals are possible. This may involve stoichiometric 
phases or non-stoichiometric phases or mixtures thereof. For 
example, CrN is to be understood as one or several phases 
of the Cr—N system; this applies analogously to the other 
systems. Depending on the coating process, one or the other 
combination may perhaps be preferred. 

Particularly preferred is the use of CrN for at least one 
individual layer of the periodicity. CrN may be combined in 
the multilayer system with the nitrides of all other metals of 
the aforementioned group. 

Preferred combinations of individual layers are CrN/TiN. 
CrN/ZrN, or CrN/VN. 
The periodicity may also have more than two individual 

layers, preferably up to four. Two individual layers are 
preferred in as much as the manufacturing expenditures 
significantly increase with the increasing number of indi 
vidual layers per periodicity. 

Preferably, one individual layer of the periodicity contains 
at least >0 to 15 weight percent, in particular 3 to 8 weight 
percent, of at least one of the doping elements aluminum, 
silicon or carbon. These doping elements cause the wear 
resistant layers to have higher oxidation resistance and lower 
friction coefficients. 

Preferably, the doping elements of adjoining individual 
layers will be different. The differences in the properties of 
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the adjoining individual layers are further increased through 
the addition of the doping elements with the consequence 
that the differences in the material properties of the adjoining 
individual layers appear even more clearly at the phase 
borders which has a particularly favorable effect on the 
prevention of crack propagation vertically to the individual 
layers. 

It is also possible that at least one of the individual layers 
of the periodicity contains nitrides of at least two metals 
from the group of Ti, Zr, Hf, V, Nb, Ta Cr, Mo and W, with 
adjoining individual layers differing in at least one metallic 
element. 

Preferred metal combinations of the nitrides for at least 
one individual layer of the periodicity are Ti Zr N. 
Ti Al N, Cr Si N, Cr Ti N or Cr V. N. The 
aforementioned metal combinations may also contain the 
aforementioned doping elements. The advantages of these 
metal combinations for the individual layers lie in the fact 
that the respective material properties can be varied and 
adjusted. 

After one periodicity or several periodicities, at least one 
interlayer made of at least one of the metalsTi, Zr, Hf, V, Nb, 
Ta, Cr, Mo, W may be provided. The advantages of these 
interlayers lie in the fact that as ductile metals, they are able 
to divert or, respectively, to stop any crack propagations and 
to significantly increase the overall ductility of the multi 
layer combination to the effect that the overall internal 
stresses can be reduced. This is particularly important for the 
separation of wear-resistant coatings that are separated with 
a greater layer thickness to increase the usable life. 

Preferably, at least one undercoating which may consist of 
at least one of the metals Ti, Zr, Hf, V, Nb, Ta, Cr, Mo, W 
is provided between the carrier material and the first indi 
vidual layer. 
One advantage lies in the fact that the otherwise common 

nitrating of the Surface of the carrier material, in particular 
of the steel, may be dispensed with, thereby saving one work 
step. 

This savings is further increased if the material of the 
undercoating is identical to the material of the interlayer or 
to the metal of an individual layer. In that case, the detach 
ment process needs to be modified only via the composition 
of the process gas. 

Preferred undercoating materials are chromium and tita 
nium, particularly in the case of carrier materials made of 
steel because they show particularly good adhesion to steel 
materials. 
The thickness of a periodicity preferably amounts to 30 

nm to 1 lum, preferably 30 nm to 500 nm, particularly 
preferred 30 nm to 120 nm, and particularly preferred 60 nm 
to 120 nm. Preferably, the lower limit of the periodicity of 
the aforementioned value ranges lies at >30 nm. 

It has turned out that with regard to wear resistance, there 
is an optimal value for the periodicity for any material 
combination of the individual layers. 

Preferably, the thickness of an individual layer amounts to 
15 nm to 150 nm. 
The thickness of the multilayer system preferably 

amounts to >10 um to 50 m, in particularly to 10 um to 30 
um. These thicknesses are below the thicknesses that are 
needed for layers according to the state of the art, for 
example for a single-layer chromium nitride layer in order to 
assure the same useful life. Reducing the thickness of the 
wear-resistant coating saves material and time during the 
manufacture of the coating. 

Preferably, the multilayer system is applied by means of 
a PVD process. 
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4 
The metal nitrides TiN, ZrN, VN, CrN and MoN can be 

applied particularly advantageously by means of the PVD 
processes. 
The electric arc process is intended as the preferred 

process in order to apply the multilayer system. 
The multilayer system may also be applied by means of 

a CVD process. 
Particular use of Such piston rings in accordance with the 

invention is intended for diesel engines and gasoline 
engines. 
The wear-resistant coating is particularly Suitable for 

compression rings and for oil rings. 

THE DRAWINGS 

Examples of embodiments of the inventions will be 
explained in detail in the following by way of the drawings. 
Shown are in: 
FIG. 1 a piston ring in a perspective representation, 
FIG. 2 a cut along line II-II through the piston ring shown 

in FIG. 1, 
FIG.3 an enlarged representation of detail X from FIG. 2, 
FIG. 4 an enlarged representation of detail Y from FIG. 3, 
FIG. 5a a scanning electron micrograph of a multilayer 

system of individual layers made of CrN/ZrN, 
FIG. 5b a scanning electron micrograph of a multilayer 

system of individual layers made of CrN/TiN. 
FIG. 6 a schematic representation of a multilayer system 

in accordance with an additional embodiment 

DETAILED DESCRIPTION 

A piston ring 1 is represented perspectively in FIG.1. The 
exterior circumferential Surface forms the running Surface 2. 
A cut along the line II-II through the piston ring 1 shown 

in FIG. 1 is shown in FIG. 2. The running surface 2 has a 
slightly spherical shape. The wear-resistant coating 4 depos 
ited on the carrier material 3 reproduces this spherical shape. 
An enlarged representation of detail X from FIG. 2 is 

represented in FIG. 3. The multilayer system 10 which is 
formed by a multitude of periodicities 11 is located on the 
carrier material 3. Each periodicity 11 consists of two 
individual layers 20, 21, with only one periodicity 11 having 
been drawn for the sake of clarity. 

FIG. 4 shows an enlargement of detail Y from FIG. 3. Due 
to the unavoidable presence of irregularities in the thickness 
on the surface of the carrier material 3, a more or less distinct 
wave shape is formed for the individual layers, with the 
latter being Smoothed out on the Surface through a mechani 
cal finishing process. 

In FIG. 4, a crack 5 was drawn in the surface layer 21 
which extends from the surface to the interior. This crack 5 
ends at the first phase border 30. This phase border 30 
prevents any further penetration of the crack 5 into the 
interior of the multilayer system. The more distinct the 
differences of the material properties between the individual 
layers 20 and 21 are, the more defined will be the deflection 
of the cracks. 

If additional cracks are formed in the individual layer 21 
within the island-shaped section 40, it may happen that this 
section will flake off. However, no further detachment of the 
underlying individual layer 20 will take place. The life of 
this coating and thus of the piston ring 1 is clearly increased 
due to the multilayer system 10 because in any event, cracks 
can spread only to the nearest phase border. 

FIG. 5a shows a scanning electron micrograph in which 
the individual layers consist of CrN and ZrN. 
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FIG. 5b shows a scanning electron micrograph in which 
the individual layers consist of CrN and TiN. 

The preferred metals of the metal nitrides are shown in the 
following Table 1 in a matrix. All metal nitride combinations 
for the adjacent individual layers are provided in accordance 
with the invention with the exception of the identity. The 
particularly preferred metal nitride combinations are marked 
by an X. 

TABLE 1. 

metal of the metal nitrides 

T Hf Nb Ta Cr Mo W 

X X X X X 
X X X 

X X 
N b 

System number 7 according to which a CrN layer is 
always involved within the periodicity as an individual layer 
is characterized by particularly good stability of the multi 
layer system. System numbers 1, 2 and 4 indicate metal 
nitride combinations that can be separated particularly 
favorably by means of the electric arc process. 

EXAMPLE 

For the purpose of wear protection, multilayer systems 
(with an undercoating of chromium) were deposited on 
piston rings in a reactive electric arc process. In this case, it 
involved nitrided piston rings made of a high-alloyed steel. 
The wear-resistant layers consisted of the individual layers 
CrN and ZrN that were deposited periodically. The overall 
layer thicknesses amounted to 12 um to 12.8 Lum. Three 
different periodicities were realized. 

Overall layer thicknesses, periodicities and layer hard 
nesses are listed in Table 2. To check the wear resistance, 
model tests with lubricated reversing gliding stress were 
carried out with these piston rings. In each case, the coun 
terbody consisted of a cylinder path segment made of a cast 
material (GOE 300, a material of the applicant); a synthetic 
ester without additives was used as a lubricant for time-lapse 
purposes. 
The wear on the layer and on the counterbody as well as 

the friction coefficient can be optimized through suitable 
selection of the periodicities of the multilayer coats. 

TABLE 2 

Thickness 
Mm 

Wear of the 
Layer 

Layer 
Layer Periodicity Hardness 

12.5 
12 
12.8 

233 mm 
67 mm 
107 nm. 

2108 HIV 0.1 
2231 HV. O.1 
2151 HV. O.1 

FIG. 6 shows a schematic representation of a multilayer 
system 10 in accordance with an additional embodiment. An 
interlayer 25 is provided in each case between the period 
icities 11. Also, an undercoating 26 is provided between the 
first individual layer and the carrier material. It is also 
possible to provide only one undercoating or only interlay 
CS. 
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What is claimed is: 
1. A piston ring made of a carrier material of steel or a cast 

material, and 
with a wear-resistant coating made of a periodic multi 

layer system, 
with each periodicity consisting of at least two individual 

layers of metal nitrides, wherein 
adjoining layers within a periodicity have different metal 

lic elements and that the thickness of an individual 
layer amounts to >15 nm, wherein 

at least after one or several periodicities between two 
adjacent periodicities at least one interlayer and no 
layer other than the at least one interlayer is provided, 
wherein the at least one interlayer is made of at least 
one metal from the group of Ti, Zr, Hf, V, Nb, Ta, Cr, 
Mo and W, wherein 

adjoining individual layers within a periodicity each 
include at least one doping element selected from the 
group consisting of aluminum, silicon, and carbon; and 
wherein 

the adjoining individuals layers are not doped with the 
same element from the group consisting of aluminum, 
silicon, and carbon. 

2. Piston ring in accordance with claim 1, wherein the 
individual layers contain nitrides of at least one metal from 
the group of Ti, Zr, Hf, V, Nb, Ta, Cr, Mo and W. 

3. Piston ring in accordance with claim 1, wherein at least 
one individual layer of the periodicity is made of CrN. 

4. Piston ring in accordance with claim 1, wherein each 
periodicity consists of individual layers made of CrN and 
TiN (CrN/TiN), CrN and ZrN (CrN/ZrN) or CrN and VN 
(CrN/VN). 

5. Piston ring in accordance with claim 1, wherein at least 
one of the adjoining individual layers of the periodicity 
contains >0 to 15 weight percent of the at least one doping 
element selected from the group consisting of aluminum, 
silicon and carbon. 

6. Piston ring in accordance with claim 1, wherein at least 
one of the individual layers of the periodicity contains 
nitrides of at least two metals from the group of Ti, Zr, Hf, 
V. Nb, Ta, Cr, Mo and W, with adjoining individual layers 
differing from each other in at least one metallic element. 

7. Piston ring in accordance with claim 6, wherein at least 
one individual layer of the periodicity includes Ti Zr N. 
Ti Al N, Cr Si N, Cr Zr N, Cr Ti N or Cr 
V. N. 

8. Piston ring in accordance with claim 1, wherein at least 
one undercoating is provided between the carrier material 
and the wear-resistant layer. 

Friction 
Coefficient 

O.O85 
0.055 
O.OSO 

9. Piston ring in accordance with claim 8, wherein the 
undercoating consists of at least one of the metals from the 
group of Ti, Zr, Hf, V, Nb, Ta, Cr, Mo and W. 

10. Piston ring in accordance with claim 1, wherein the 
thickness of a periodicity amounts to 30 nm to 1 Lum. 

11. Piston ring in accordance with claim 10, wherein the 
thickness of an individual layer amounts to 15 nm to 150 nm. 
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12. Piston ring in accordance with claim 11, wherein the 
thickness of the multilayer system amounts to 10 um to 50 
lm. 

13. Piston ring in accordance with claim 12, wherein the 
multilayer system is applied by means of a PVD process. 5 

14. Piston ring in accordance with claim 12, wherein the 
multilayer system is applied by means of an electric arc 
process. 

15. Piston ring in accordance with claim 12, wherein the 
multilayer system is applied by means of a CVD process. 10 

16. Piston ring in accordance with claim 10, wherein the 
thickness of a periodicity amounts to 60 nm to 120 nm. 

17. Piston ring in accordance with claim 12, wherein the 
thickness of the multilayer system amounts to 10 um to 30 
lm. 15 
18. A piston ring made of a carrier material of steel or a 

cast material, and 
with a wear-resistant coating made of a periodic multi 

layer system, 
with each periodicity consisting of at least two individual 20 

layers of metal nitrides, wherein 
adjoining layers within a periodicity have different metal 

lic elements and that the thickness of an individual 
layer amounts to a 15 nm, wherein 

adjoining individual layers within a periodicity each 25 
include at least one doping element selected from the 
group consisting of aluminum, silicon, and carbon; and 
wherein 

the adjoining individuals layers are not doped with the 
same element from the group consisting of aluminum, 30 
silicon, and carbon. 

k k k k k 


