2015/082246 A1 |11 000 0010 OO OO0 00

W

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2015/082246 Al

(51

eay)

(22)

(25)
(26)
(30)

1

(72

74

11 June 2015 (11.06.2015) WIPOIPCT
International Patent Classification: (81)
F16J 9/26 (2006.01)

International Application Number:
PCT/EP2014/075413

International Filing Date:
24 November 2014 (24.11.2014)

Filing Language: English
Publication Language: English
Priority Data:
102013 031391 2

6 December 2013 (06.12.2013) BR

Applicants: MAHLE METAL LEVE S/A [BR/BR]; Ro-
dovia Anhanguera, sentido interior, - capital, Km 49,7,
13210-877 Jundiai, Sao Paulo (BR). MAHLE INTERNA-
TIONAL GMBH [DE/DE]; Pragstralie 26-46, 70376 Stut-
tgart (DE).

Inventor: BRUNO, Rafael Antonio; Rua Santo Alberto
521 - Vila Sao Pedro, 04676-042 Sao Paulo (BR).

Agent: BRP RENAUD UND PARTNER MBB; Koénig-
stralie 28, 70173 Stuttgart (DE).

(84)

Designated States (uniess otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

(54) Title: PISTON RING AND HEAT TREATMENT PROCESS

5

Fig. 2

Fig. 6

(57) Abstract: The present invention relates to a piston ring, in particular a compression ring, provided with a base (2) of carbon
steel whose cross-section defines an outer lateral surface (3) slidably associable to the wall (D) of a cylinder, an upper surface (4) as -
sociable to the groove (C) of a piston (P), facing the piston crown and a lower surface (5) associable to the groove (C) of a piston
O (P), facing the piston skirt (S), wherein at least a portion of the lower surface (5) comprises a carbonitrided layer (7) that has a thick-
ness between 100pm and 300pm and hardness between 700HV and 1000HV.
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Specification of the Patent for "PISTON RING AND
HEAT TREATMENT PROCESS".

The present invention relates to a piston ring,
being in particular a first-groove ring, which meets
the performance requirements without having any type of
coating on its lower surface. The ring is based on
carbon steel and its lower surface is hardened by a
process of cementation or laser carbonitriding.

Description of the prior art

The first-groove piston ring, also known as
compression ring, 1s the one that is subjected to the
largest forces and stresses when the engine is in
operation. When mounted in the first groove of the
piston, the ring moves slightly in the axial direction,
causing wear on its upper and lower surfaces, and not
only wear on the surface of the external diameter,
facing the cylinder wall.

One of +the most c¢ritical situations for wear
occurs at the moments when the piston moves towards top
dead centre (TDC), which generates interference of the
lower surface of the ring with the cylinder groove,
potentiating wear in that region. Another fairly
critical situation occurs at the beginning of the
expansion stroke (PCP), i.e. when the piston moves
towards bottom dead centre (BDC), also generating
interference on the lower surface.

One way of reducing this wear consists of applying
coatings on the ring. As a rule, these coatings have
advantageous properties with resgspect to hardness, which
allows good performance of the ring with respect to
wear; however, the low ductility of these hard coatings
causes undesirable fractures, often with the occurrence
of detachment, which reduces the useful 1life of the
piston ring.

As another aspect, there are coatings that have
good ductility wvalues and as a corollary resist
detachment quite well, but conversely they do not give
the desired performance with respect to wear

resistance.



WO 2015/082246

10

15

20

25

30

35

PCT/EP2014/075413

Various solutions for piston ring coating have
been proposed by experts in this area, some of which
are described below.

Japanese patent JP4452641 relates to a piston ring
comprising a ferrous-metal or aluminium base, a
nitrided layer and a coating in the form of a film of a
Cr-B-Ti-N alloy, applied by the PVD (physical vapour
deposition) process. This coating was designed so as to
offer good ©properties of hardness and ductility,
however its application generates an increase in the
cost of manufacture of the ring that may not be
commercially viable in some applications.

Japanese patent JP 3239610 relates to a piston
ring for use in the groove of a piston made of an
aluminium alloy (metal matrix composite - MMC). The
ring comprises a nitrided coating layer or a coating
formed only on the outer lateral surface. The hardness
of the upper and lower surfaces of the ring is from
about 400HV to 600HV, obtained by the cementation or
hardening process.

US patent 4,531,985 relates to a piston ring whose
outer surfaces are treated in a chamber with a gaseous
mixture of a gas with carbon and a gas with nitrogen,
at a temperature between 450°C and 650°C. The
proportions of the gases have values between 25:75 and
75:25 and this gas mixture provides carbonitriding of
the surfaces of the ring. The surfaces of the ring are
finished mechanically before the treatment.

A piston ring based on carbon steel whose lower
lateral surface has a cemented or carbonitrided layer
with thickness between 100pm and 300pm and hardness
between 700HV and 1000HV has not yet been developed and
described.

Aims of the invention

One aim of the present invention is a piston ring
based on carbon steel whose lower surface is hardened
by a process of cementation or laser carbonitriding.

Another aim of the present invention is a piston

ring based on carbon steel whose lower surface 1is
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carbonitriding to give a cemented or carbonitrided
layer with thickness between 100um and 300um and
hardness between 700HV and 1000HV.

Brief description of the invention

The aims of the present invention are achieved
with a piston ring, in particular a compression ring,
provided with a carbon steel base whose cross-section
defines an outer gsurface slidably associable to the
wall of a cylinder, an upper surface associable to the
groove of a piston, facing the piston crown and a lower
lateral surface associable to the groove of a piston,
facing the piston skirt, wherein at least a portion of
the lower surface comprises a carbonitrided layer that
has a thickness between 100pm and 300pm and hardness
between 700HV and 1000HV.

The aims of the present invention are also
achieved by a heat treatment process for treating at
least a portion of the lower surface of the piston ring
defined in the ©preceding paragraph, comprising the
following steps:

Step (i): covering at least a portion of the lower
surface of the ring with a covering of carbon black or
any other carbon-based compound; and

Step (ii): application of a laser beam on the
covering of carbon black applied with precise control
of location and depth.

The laser beam is applied and heats the spot until
the austenitizing temperature 1s reached, promoting
diffusion of carbon atoms present in the covering of
carbon black from the surface towards the interior of
the base.

Step (ii) comprises rapid cooling of the region
where the laser beam is applied for formation of
martensite.

Brief description of the drawings

The present invention will be described in more
detail below, based on an embodiment example

represented in the drawings. The figures show:
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Fig. 1 - is a schematic partial view of a
compression ring mounted on an engine piston that moves
towards TDC, illustrating a critical situation of wear
of its lower surface.

Fig. 2 - is an enlarged photograph of a section of
the piston ring according to the present invention, on
its lower surface.

Fig. 3 - is a schematic view of equipment for the
process of laser carbonitriding applied to the piston
ring according to the present invention.

Fig. 4 - is a schematic comparative view of the
lower surface of the piston ring before and after the
process of laser carbonitriding.

Fig. 5 - 1is a schematic sectional view of the
piston ring according to the present invention before
the process of laser carbonitriding.

Fig. 6 - 1is a schematic sectional view of the
piston ring according to the present invention after
the process of laser carbonitriding.

Fig. 7 - is a chart of wear of the piston ring
according to the present invention compared with other
piston rings of the prior art.

Detailed description of the figures

The piston ring according to the present invention
was developed after long studies with the objective of
providing a long useful life and a cost of production
that makes it viable for commercial application for
engines.

Piston rings undergo wear not only on their outer
surface that faces the c¢ylinder wall. The constant
friction of the ring with the piston groove leads to
wear on 1its upper surfaces (facing the piston top or
crown) and lower surfaces (facing the piston skirt).

The first-groove piston ring, also known as
compression ring, 1s the one that is subjected to the
largest forces and stresses when the engine is in
operation. When the engine 1is running, the compression
ring, which is mounted in the (first) piston groove,

moves slightly in the axial direction, causing wear on
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its upper and lower surfaces. One of the most critical
wear situations occurs at the moment when the piston
moves towards top dead centre (TDC), which generates
interference of the lower surface of the ring with the
piston groove, potentiating wear in that region. This
situation occurs thousands of times per minute in
normal operation of an engine and is shown
schematically in Fig. 1.

Preferably, but not necessarily, piston ring 1
according to the present invention 1is a compression
ring, but it 1is obvious that it may assume other
configurations, such as that of a second-groove ring or
of an o0il scraper ring, without the resultant invention
leaving the scope of protection of the appended claims.

Regardless of its sgspecific constitution, ring 1
according to the present invention meets the
performance requirements without having any type of
coating or nitriding on its lower surface, but does
have hardening on at least a portion of this surface by
means of a process of cementation or laser
carbonitriding. Another imperative characteristic for
this carbonitriding process to be effective is that the
base material from which ring 1 1is constituted 1is
carbon steel, with any required or desirable
composition.

Describing essentially, ring 1 according to the
present invention is provided with a base 2 of carbon
steel whose cross-section may assume the most wvaried
configurations provided that they define an outer
lateral surface 3 slidably associable to the wall D of
a cylinder, an upper surface 4 associable to the groove
C of a piston P, facing the piston crown and a lower
surface 5 associable to the groove C of a piston P,
facing the skirt S of the piston.

This is the basic geometry for a compression ring
to perform its required function. A non-limiting
configuration of the cross-section of the ring 1 may be

seen in Fig. 6.
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It is precisely a portion of the lower surface 5,
or all of it, that undergoes the process of laser
carbonitriding that will be described hereunder, and
that increases the surface hardness in that region,
greatly reducing the wear of the ring in constant
friction with the piston groove.

Cementation or carbonitriding is a thermochemical
treatment that consists of introducing carbon and/or
nitrogen into the surface of a carbon-steel component
with the aim of increasing the surface hardness. The
carbon and/or nitrogen atoms supplied by a source
material are inserted on the basis of heating of the
region that is to undergo cementation, as will be
described below. Then the surface is cooled rapidly,
and the higher carbon content in the surface layers
leads to an increase in surface hardness, increase in
wear resistance and increase in tensile fatigue
strength. Another characteristic feature resulting from
this process is a change (generally increase) in grain
size.

The rapid temperature drop and the higher carbon
content adjacent to the surface lead to transformation
of austenite to martensite, whereas the area not
cemented still has a ferrite and/or pearlite
microstructure, which is predominant in carbon steel,
with higher ductility.

More specifically, ring 1 according to the present
invention undergoes a process of cementation or laser
carbonitriding. For this, the equipment employed for
carrying out the process comprises a source that emits
laser rays, which serve as a heat source of high power
and precision, activating the transfer of carbon and/or
nitrogen from a source material.

The great advantage of this process, relative to
the existing technologies, besides the intrinsic
disadvantages/characteristics of a c¢oating that may
crack and spall, lies in the possibility of careful
control of the wvariables of this process so as to

obtain the desirable tribological characteristics in
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the treated region. More sgspecifically, the ability to
manipulate the source of laser rays for treating very
small areas with great precision, with appropriate
thermal control, of the depth to which diffusion of
carbon and/or nitrogen is desired, and of the path of
the laser beam combined with high <capacity for
automation of this process makes 1its use extremely
advantageous.

In this connection, in extensive investigations,
the applicant worked on all the wvariables until the
ideal strength properties of the treated lower surface
5 were achieved.

Fig. 3 shows, schematically, the equipment 10 for
carrying out the process of carbonitriding with the
laser beam 13. It comprises a source that emits laser
rays 11, an optional mirror 12 for guiding this beam
and one or more focusing lenses 14 to allow focusing of
the entire spectrum of the laser beam 13 on quite a
small area or point, thereby ensuring both high heating
power and very precise control of the area be treated.

Preferably, the surface to be treated 5 is applied
in an environment in the presence of a gas based on
nitrogen, for the purpose of making diffusion of this
element possible.

Describing essentially, the heat treatment process
for treating at least a portion of the lower surface b5
of the piston ring according to the present invention
is an invention included in the scope of protection of
the appended claims and comprises step (i), of covering
at least a portion of the lower surface 5 of the ring
with a covering of carbon black 6 or any other carbon-
based compound; and step (ii), of application of a
laser beam 13 on the covering of carbon black 6 applied
with precise control of location and depth.

In step (ii), the laser beam 13 is applied and
heats the surface 5 until the austenitizing temperature
is reached, promoting diffusion of carbon atoms present
in the covering of carbon black (6) and the nitrogen

atoms present 1in the gaseous atmosphere from the
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surface 5 towards the interior of the base. Step (ii)
further comprises rapid cooling of the region where the
laser beam is applied for formation of martensite.
Formation of the carbonitrided layer 7 is illustrated
schematically in Fig. 4.

Describing in more detail, the laser beam causes
rapid melting of the material, but as it is applied for
a short time and only on the surface, the rest of the
material remains at its initial temperature, called
cold temperature hereinafter, and functions as a heat
barrier. Thus, there is a large temperature gradient in
the transition region between the molten material and
the rest of the material that remained at the cold
temperature. The result is rapid solidification as soon
as application of the laser beam ceases.

For all sources emitting laser rays, the exposure
time (or pulse) has a considerable influence on the
depth of material that will be melted. Of course, long
exposure times provide deeper fusion. Since a material
melted to a greater depth obviously means a longer time
that it remains in the molten state, there will be more
time available for diffusion of one or more alloying
elements (such as carbon or nitrogen) there. Thus, a
material melted to a greater depth and for a longer
time results in the formation of more dilute alloys,
and vice-versa.

Other wvariables in the process are the power of
the laser beam, the thickness of the covering of carbon
black and the nature of the gaseous atmosphere in which
the process takes place.

Regardless of its gspecific configuration, the
resultant ring 1 has, finally, a lower surface 5 in
which the portion treated comprises a carbonitrided
layer 7 that has a thickness between 100pm and 300um
and hardness between 700HV and 1000HV. More preferably,
the carbonitrided layer 7 has a thickness of
substantially 100pum and also has a transition layer 5'

with a thickness of substantially 200upm, which begins
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at a depth of 100pm and reaches a depth of 300um
reckoned from the outer surface.

Use of the laser carbonitriding technique is quite
advantageous as it offers benefits in comparison with
the coating processes when it 1is desired to confer
strength on specific surfaces of the piston ring. To
summarize, the advantages are as follows:

- increase in toughness on the surface treated by
diffusion of carbon, when compared with the prior art;

- increase in the useful 1life of the piston ring
(and, by inference, of the engine as a whole) through
the increase in wear resistance in the place treated;

- possibility of extending the use of piston rings
of carbon steel to more demanding applications (engines
where the rings must meet more exacting performance
requirements); and

- possibility of localized treatment, minimizing
the undesirable influence of the temperature in other
regions of the component.

The chart shown in Fig. 7 illustrates the values
of wear resistance of the present ring 1 when compared
to rings currently in use. Tests confirmed that ring 1
according to the present invention displays reduced
wear values, almost as good as that displayed by rings
of nitrided stainless steel (GNS3S) with 60um and rings
of grey cast iron (GCI), and far more advantageous than
that displayed by rings of nodular cast iron (NCI) and
by rings of Cr-3i steel.

A preferred embodiment example having been
described, it must be understood that the scope of the
present invention comprises other possible wvariations,
thus being limited only by the content of the appended

claims, including possible eguivalents.
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CLAIMS

1. Piston ring provided with a base (2) of carbon
steel whose <cross-section defines an outer lateral
surface (3) slidably associable to the wall (D) of a
cylinder, an upper surface (4) associable to the groove
(C) of a piston (P), facing the piston crown and a
lower surface (5) associable to the groove (C) of a
piston (P), facing the piston skirt (S), characterized
in that at least a portion of the lower surface (5)
comprises a carbonitrided layer ('7) that has a
thickness between 100um and 300um and hardness between
700HV and 1000HV.

2. Ring according to Claim 1, characterized in
that the carbonitrided layer (7) has a thickness of
substantially 100um.

3. Ring according to Claim 2, characterized in
that 1t comprises a transition layer (5') with a
thickness of substantially 200um.

*4, Ring according to Claim 5, characterized in
that the transition layer (5') begins at a depth of
100um and reaches a depth of 300um reckoned from the
outer surface.

5. Ring according to Claim 1 or 2, characterized
in that the carbonitrided 1layer (7) consists of an
austenite matrix retained with martensite platelets
incorporated.

6. Ring according to any one of the preceding
claims, characterized in that the carbonitrided layer
(7) is obtained by the process of laser carbonitriding.

7. Ring according to any one of the preceding
claims, characterized in that the outer surface (3) has
a coating applied by the process of physical wvapour
deposition (PVD).

8. Heat treatment process for treating at least a
portion of the lower surface (5) of the piston ring
defined in Claims 1 to 7, characterized in that it

comprises the following steps:
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Step (i): covering at least a portion of the lower
surface (5) of the ring with a covering of carbon black
(6) or any other carbon-based compound; and

Step (ii): application of a laser beam on the

5 covering of carbon black (6) applied with precise
control of location and depth.

9. Process according to Claim 8, characterized in
that, in step (ii), the laser beam is applied and heats
the sgspot until the austenitizing temperature 1is

10 reached, promoting diffusion of carbon atoms present in
the covering of carbon black (6) from the surface
towards the interior of the base.

10. Process according to Claim 8 or 9,
characterized in that step (ii) comprises rapid cooling

15 of the region where the laser beam is applied for
formation of martensite.

11. Process according to Claim 8, 9 or 10,
characterized in that, in step (ii), the laser beam is
applied in an environment in which a gas containing

20 nitrogen predominates.
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