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(54) DRIVE CAM AND VALVE OPERATING DEVICE FOR ENGINE

(57) Provided are a drive cam having an improved
wear resistant sliding surface that gives the drive cam
enhanced durability and a valve operating system in an
engine with such a drive cam. The drive cam 13a of the
present invention, made of a nitriding steel, has on its
sliding surface, a hardened surface formed by nitrocar-
burizing wherein the hardened layer lies on top of the
sliding surface. It is preferred that the driven mechanism
33 used in combination with the drive cam 13a has, in its
sliding surface against which the drive cam slides, a
chrome-plated layer and thereon a diamond-like carbon
coating.
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Description

Technical Field

[0001] The present invention relates to a drive cam for
use in a valve operating system in an engine and to an
engine valve operating system including such a drive
cam.

Background Art

[0002] A drive cam of the type that is configured to
rotate in association with rotation of a crankshaft in a
valve operating system in an engine is required to provide
a higher degree of wear resistance so that the sliding
surface of the drive cam against which a driven mecha-
nism (for example, a rocker arm, a tappet et cetera) slides
will not wear out. To this end, typical drive cams are con-
ventionally made of chilled cast iron having high wear
resistance. In addition, it has been well known in the art
that with a view to achieving further improvement of the
wear resistance, chilled cast iron is treated by various
types of surface hardening processes. For example, in
Patent Literature 1, there is disclosed a technique in
which a sliding part such as a cam made of chilled cast
iron is surface treated by a PVD process for formation of
a hardened coating on top of the sliding part, thereby to
achieve improvement in wear resistance. In addition, as
such a surface hardening process, there is a convention-
al surface hardening process in which subsequently to
formation of a drive cam by use of chilled cast iron, the
drive cam is treated by nitrocarburizing. This nitrocarbu-
rizing process allows for diffusion and penetration of the
nitrogen into the surface of the drive cam to form a com-
pound layer and a hardened layer (a diffusion layer),
whereby it is made possible to accomplish improvement
in wear resistance.
[0003] Patent Literature 2 discloses a technique ac-
cording to which the sliding surface of a rocker arm
against which the drive cam slides in the engine valve
operating system is chromized and then subjected to a
two-stage polishing process, thereby to give the rocker
arm improved wear resistance.
[0004] On the other hand, for example, Patent Litera-
ture 3 discloses a valve operating system of such a var-
iable valve timing type that the rotation motion of a drive
cam is converted by a pivot cam mechanism into the
reciprocation motion of a valve and the pivot angle range
of the pivot cam mechanism is changed, whereby to ac-
complish valve timing control in response to the engine
speed.

Citation List

Patent Literature

[0005]

Patent Literature 1: JP- A- 2004- 204762
Patent Literature 2: JP- A- 2010- 156247
Patent Literature 3: JP- A- 2009- 103083

Summary of Invention

Technical Problem

[0006] Recent engines with high driving power output
accompany an increase in the flow rate of air-fuel mixture
and as a result, the amount of valve lift increases. Along
with this, the pressure acting on the sliding surface tends
to grow. Particularly in a valve operating system of the
variable valve timing type, the pressing force exerted by
the  drive cam will increase in order that the valve is re-
ciprocated. Therefore, the sliding frictional force occur-
ring in the sliding surface of the drive cam increases. This
produces the problem that the sliding surface of the drive
cam tends to wear out extremely rapidly.
[0007] With the increase in pressure acting on the slid-
ing surface of the drive cam, there is a need to provide
improved wear resistance better than those achieved by
conventional surface processing. In particular, for the
case of a drive cam formed such that chilled cast iron is
treated, at its top surface, by nitrocarburizing for forma-
tion of a compound layer and a hardened layer, the com-
pound layer on top of the sliding surface tends to become
separated upon application of a large surface pressure
due to the fact that the compound layer on top of the cam
surface is a hard but fragile layer. Even a slight separation
of the compound layer easily gives rise to the develop-
ment of a total separation thereof. If the separation of the
compound layer proceeds, then the hardened layer will
be exposed. This produces the problem that the drive
cam decreases in wear resistance considerably due to
the fact that the hardened layer made of chilled cast iron
is low in wear resistance.
[0008] Therefore, an object of the present invention is
to provide a drive cam with an improved wear resistant
sliding surface that gives the drive cam enhanced dura-
bility and to provide a valve operating system with such
a drive cam for use in an engine.

Solution to Problem

[0009] Bearing in mind the above-described problems
with the prior art, the present invention was devised. The
present invention accordingly provides a drive cam hav-
ing a sliding surface and which drive cam  rotates in as-
sociation with rotation of a crank shaft in a valve operating
system in an engine. The drive cam is characterized in
that it comprises a nitriding steel and has on the sliding
surface a hardened layer formed by nitrocarburizing, the
hardened layer lying on top of the sliding surface.
[0010] In accordance with this configuration, the top of
the sliding surface of the drive cam is comprised of the
hardened layer and there is provided no compound layer
formed by nitrocarburizing, whereby the problem of sep-
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aration of the compound layer due to sliding of the drive
cam can be avoided. Although the hardened layer formed
by nitrocarburizing is exposed on the top of the sliding
surface of the drive cam in the present invention, the
hardened layer thus exposed is a hardened layer that is
formed by performing nitrocarburizing not on convention-
al chilled cast iron but on nitriding steel. Therefore, the
hardened layer of the present invention has enough hard-
ness and thickness thereby exhibiting a considerably
high level of wear resistance. As a result, the drive cam
of the present invention according to the aforesaid con-
figuration is improved significantly in wear resistance, as
compared to conventional drive cams having atop thereof
a compound layer formed by performing nitrocarburizing
on the chilled cast iron.
[0011] Preferably, the drive cam of the present inven-
tion is manufactured such that subsequently to forming
a hardened layer and a compound layer on the sliding
surface by nitrocarburizing, the compound layer is re-
moved. This method allows for easy manufacture of the
drive cam of the present invention.
[0012] Preferably it is arranged such that the hardened
layer is a layer having a Vickers hardness of 550HV100gf
or greater and a thickness in a range of 100 to 300 mi-
crometers. Because of this arrangement, the hardened
layer exposed on top of the sliding surface of the drive
cam comes to have enough hardness and thickness,
thereby making it possible for the drive cam of the present
invention to effect much better wear resistance.
[0013] Preferably, it is arranged such that the nitriding
steel is a nitriding steel with a bainite structure formed
therein. By subjecting such a nitriding steel to nitrocar-
burizing, there can be formed a hardened layer having
enough hardness and thickness, thereby making it pos-
sible for the drive cam of the present invention to effect
much better wear resistance.
[0014] The present invention relates also to a valve
operating system in an engine. This valve operating sys-
tem comprises: any one of the aforesaid drive cams; and
a driven mechanism having a sliding surface in contact
with the sliding surface of the drive cam and which driven
mechanism is driven by sliding against the drive cam.
This valve operating system employs a drive cam formed
in accordance with the present invention. That is, since
the sliding surface of the drive cam exhibits better wear
resistance, this makes it possible that even if the engine
is operated under rigorous conditions where the degree
of frictional force applied to the drive cam is great, the
valve operating system of the present invention is able
to provide good durability.
[0015] Preferably, it is arranged such that there are
formed in the sliding surface of the driven mechanism in
the valve operating system a chrome- plated layer and
thereon a diamond- like carbon coating. By  providing
the chrome- plated layer on the sliding surface of the
driven mechanism, it is made possible to enhance the
wear resistance of the driven mechanism. In addition, by
provision of the diamond- like carbon coating on top of

the chrome- plated layer, it is made possible to accom-
plish improvement in seizure resistance that can be a
problem when operated under rigorous conditions, while
simultaneously making it possible to accomplish im-
provement in wear resistance.
[0016] Preferably, it is arranged such that the chrome-
plated layer is formed by such polishing that it has a sur-
face roughness (Rz) of 0.5 micrometers or smaller and
that its period of corrugation of 0.1 micrometers or greater
is 50 micrometers or greater. Because of this arrange-
ment, the friction between the driven mechanism and the
drive cam is reduced, whereby it becomes possible to
control both the wear of the sliding surface of the driven
mechanism and the wear of the sliding surface of the
drive cam.
[0017] Preferably, it is arranged such that the diamond-
like carbon coating is a metal- containing diamond- like
carbon coating. Because of this arrangement, it is made
possible to accomplish improvement in seizure resist-
ance and improvement in wear resistance.
[0018] In the first embodiment of the present invention,
the driven mechanism is a mechanism having a sliding
surface in contact with the sliding surface of the drive
cam and another sliding surface in contact with a tappet.
In the valve operating system of the present embodiment,
the drive cam and the driven mechanism such as a rock
arm have respective sliding surfaces opposing each oth-
er and in addition the driven mechanism and the tappet
have respective sliding surfaces  opposing each other.
In this embodiment, it is possible to accomplish the ad-
vantageous effects of the present invention.
[0019] Preferably, it is arranged such that in the first
embodiment, the valve operating system is of the variable
valve timing type. What is meant here by the "valve op-
erating system of the variable valve timing type" is a sys-
tem that comprises a drive cam which rotates in associ-
ation with rotation of an engine crank shaft, a driven mem-
ber in contact with the drive cam; a pivot member mount-
ed to the driven member and which pivot member trans-
mits the movement of the driven member to the tappet;
and a relative position changing mechanism operable to
make a change in relative position between the driven
member and the pivot member. In such a valve operating
system of the variable valve timing type, it is likely that
the sliding surface of the drive cam will wear out due to
the fact that the surface pressure against the sliding sur-
face of the drive cam varies significantly. However, ac-
cording to the present invention, the sliding surface of
the drive cam will not wear out easily even in a valve
operating system of the variable valve timing type, which
is a preferable aspect.
[0020] In the second embodiment of the present inven-
tion, the driven mechanism includes a tappet with a slid-
ing surface in direct contact with the sliding surface of
the drive cam. In the valve operating system of the
present embodiment, the tappet is in direct contact with
the sliding surface of the drive cam and is equivalent to
the driven mechanism. Also in this embodiment, the ad-
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vantageous effects of the present invention can be ac-
complished.

Advantageous Effects of Invention

[0021] Thus, with the present invention, it becomes
possible to improve the wear resistance of a sliding sur-
face of a drive cam in an engine valve operating system
thereby resulting in improvement in durability. Even when
applied to a valve operating system of the variable valve
timing type to be operated under rigorous conditions
where the conventional drive cam tends to wear out in
the sliding surface, the present invention achieves im-
provement in wear resistance thereby providing better
durability.

Brief Description of Drawings

[0022]

Figure 1 is a cross sectional view showing a valve
operating system of the variable valve timing type
according to Embodiment 1 of the present invention
and in addition showing its adjacent area;
Figure 2 is an enlarged cross sectional view concep-
tually showing an area in the vicinity of the surface
of a nitriding steel after subjected to nitrocarburizing;
Figure 3 is an enlarged cross sectional view concep-
tually showing an area in the vicinity of the top of the
sliding surface of a drive cam according to the
present invention; and
Figure 4 is a cross sectional view showing in a de-
tached manner the major components of an engine
valve operating system according to Embodiment 2
of the present invention.

Description of Embodiments

[0023] Hereinafter, a description will be given in regard
to preferred embodiments of the present invention with
reference to the drawing figures.

(Embodiment 1)

[0024] Figure 1 is a cross sectional view showing valve
operating systems 11A, 11B in an engine and their ad-
jacent area in Embodiment 1. As shown in Figure 1, the
engine is of the double overhead camshaft (DOHC) type.
The engine includes a cylinder head 12 which is provided
with an intake port 12A and an exhaust port 12B, which
ports are in fluid communication with a combustion cham-
ber 14. There are arranged, above the cylinder head 12,
an intake-side drive camshaft 13 and an exhaust-side
drive camshaft 15, which camshafts are covered by a
cylinder head cover 16. The drive camshafts 13, 15 are
each coupled, through a rotation transmission mecha-
nism (not shown) such as a chain or the like, to a crank-
shaft (not shown) of the engine so that each drive cam-

shaft rotates in association with rotation of the crankshaft.
The cylinder head 12 is provided with an intake valve
mechanism 17A operable to selectively open or close
the combustion chamber 14 to the intake port 12A and
an exhaust valve mechanism 17B operable to selectively
open or close the combustion chamber to the exhaust
port 12B. The intake valve mechanism 17A performs an
open/close operation by the valve operating system 11A
on the intake side whereas the exhaust valve mechanism
17B performs an open/close operation by the valve op-
erating system 11B on the exhaust-side. The valve op-
erating systems 11A, 11B are of the variable valve timing
type. Because of the general similarity in configuration
of the intake side (the valve mechanism 17A and the
valve operating system 11A) and the exhaust side (the
valve mechanism 17B and the valve operating system
11B), a description will be given representatively in re-
gard to the intake side.
[0025] The intake valve mechanism 17A has a valve
element 20. The valve element 20 includes a flange por-
tion 20a for open/close of the intake port 12A and a stem
member 20b extending upward from the flange portion
20a. There is formed, at the upper end of the stem mem-
ber 20b, a groove. A cotter 21 is fitted into the groove.
And, a spring retainer 23 is mounted to the cotter 21.
And, a spring sheet 24 is mounted onto the upper surface
of the cylinder head 12, and a valve spring 22 is inter-
posed between the spring sheet 24 and the spring re-
tainer 23. Therefore, the valve element 20 is biased up-
ward by the valve spring 22, as a result of which the intake
port 12A is closed. In addition, a tappet 31 is mounted
onto the upper surface of the cotter 21.
[0026] The valve operating system 11A is provided
with a drive camshaft 13 configured to rotate in associ-
ation with rotation of the crankshaft of the engine, a drive
cam 13a firmly fixed to the drive camshaft 13 and a pivot
cam mechanism 32 which enters into contact with the
drive cam 13a for transmitting the movement of the drive
camshaft 13 to the tappet 31 of the intake valve mecha-
nism 17A. The pivot cam mechanism 32 has a driven
member 33 which enters into contact with the drive cam
13a, a pivot member 34 which pushes the tappet 31 of
the intake valve mechanism 17A and a relative position
changing mechanism operative to make a change in rel-
ative position between the driven member 33 and the
pivot member 34. The relative position changing mech-
anism has a control shaft 35 which supports in a pivotable
manner the pivot member 34, a coupling pin 36 which
couples the driven member 33 to the pivot member 34
in an angularly displaceable manner, a roller 37 which is
rotatably mounted to a part of the control shaft 35 so as
to support the driven member 33 against the  force ex-
erted from the drive cam 13a and a driven spring (not
shown) by which the driven member 33 is biased in the
direction of the drive cam 13a. The control shaft 35 is
angularly displaced by a motor (not shown), whereby
there is made a change in relative positional relationship
between the pivot member 34 and the driven member 33
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in the circumferential direction around the control shaft
35. This makes it possible that the valve open time and
the amount of lift of the valve element 20 can be varied.
[0027] The drive cam 13a is in contact with the driven
member 33 of the pivot cam mechanism 32. In the
present invention, the drive cam 13a is implemented by
a drive cam comprising a nitriding steel formed into a
predetermined shape by a forming process. The nitriding
steel used in the present invention is a conventional ni-
triding steel and more specifically, it is a special steel
intended for nitriding and therefore comprising an alloy
of aluminium (Al) and chrome (Cr) with adequate addi-
tions of manganese (Mn), molybdenum (Mo) and vana-
dium (V) so as to facilitate formation of a hard surface
layer. In the present invention, various types of nitriding
steels may be used, but it is preferable to select from
among them a nitriding steel with a bainite structure be-
cause of fast nitrocarburizing that allows for easy forma-
tion of a deeper hardened layer.
[0028] The nitriding steel that makes up of the drive
cam 13a is treated, at least in its sliding surface against
which the driven member 33 slides, by nitrocarburizing.
As the nitrocarburizing process, gas nitrocarburizing,
plasma nitrocarburizing, ion nitrocarburizing, tufftriding,
nitrosulphurizing et cetera have been known in the art,
and although their performance requirements are not lim-
ited to special  conditions, it is preferred that the process-
ing should be carried out 520 degrees Centigrade or low-
er in order to prevent the cam from strain resulting from
high-temperature heat processing. The present embod-
iment employed a gas nitrocarburizing process.
[0029] By the nitrocarburizing process, nitrogen diffus-
es and penetrates into the surface of the nitriding steel
thereby increasing the amount of nitrogen in the vicinity
of the surface of the nitriding steel. As a result, there is
formed as a topmost layer a compound layer made of
nitride while there is formed, under the compound layer,
a hardened layer formed by nitrogen diffusion. This layer
structure is depicted in Figure 2. Referring to Figure 2,
the hardened layer 52, i.e., a nitrogen diffused/penetrat-
ed layer, is formed on an unnitrided layer 53 free from
diffusion and penetration of the nitrogen. Formed on the
hardened layer 52 is the compound layer 51 made of
nitride. The compound layer 51 constitutes a topmost
layer.
[0030] The compound layer 51 is a topmost layer
formed on top of the surface of the nitriding steel after
treated by nitrocarburizing and which has a thickness
falling within the range of from about several micrometers
to about tens of micrometers. The compound layer 51 is
compositionally a layer formed of a complex nitride made
of iron, chrome et cetera. On the other hand, the hard-
ened layer 52 is called a diffusion layer and which is
formed immediately under the compound layer 51. There
are formed no iron nitrides in the hardened layer 52.
Therefore, the hardened layer 52 is either a layer in which
nitrogen is just solid-dissolved or a complex layer formed
such that nitrides of addition elements such as alumini-

um, chrome et cetera are diffused into a matrix in which
nitrogen is solid-dissolved.
[0031] Generally, compound layers formed by nitrocar-
burizing are hard but fragile and accordingly susceptible
to crack. Therefore, in the case of forming a drive cam
employing a nitriding steel having as a topmost layer a
compound layer, the compound layer tends to become
separated by application of a surface pressure during
operation therefore causing the problem with durability.
[0032] To cope with this problem, it is arranged that in
the present invention, the surface of the nitriding steel
constituting the drive cam 13a is treated by nitrocarbu-
rizing thereby forming a compound layer and a hardened
layer. This is followed by removal of only the compound
layer from the nitriding steel surface so that the hardened
layer is exposed as a topmost layer. Such a hardened
layer formed by nitrocarburizing on the nitriding steel has
enough hardness and thickness and therefore exhibits a
considerably high level of wear resistance. By the pres-
ence of such a hardened layer as a topmost layer on the
sliding surface of the drive cam, the wear resistance of
the drive cam is improved considerably. Referring to Fig-
ure 3, there is shown a layer structure in the surficial
vicinity of the sliding surface of the drive cam according
to the present invention. In Figure 3, the hardened layer
52 with diffusion and penetration of nitrogen is formed
overlying the unnitrided layer 53 free from diffusion and
penetration of nitrogen. However, the difference from Fig-
ure 2 is that the hardened layer 52 is exposed as a top-
most layer and there is no formation of the compound
layer 51 on the hardened layer 52.
[0033] It is preferred that the hardened layer formed
as a topmost layer on the sliding surface of the drive cam
according to the present invention is a layer that exhibits
a Vickers hardness of 500HV100gf or  greater. In addi-
tion, it is preferable that the hardened layer having such
a hardness has a thickness falling within the range of
from 100 to 300 micrometers. If the hardened layer com-
bines both hardness and thickness as described above,
it is made possible to provide further superior wear re-
sistance. In addition, in the unnitrided layer, the Vickers
hardness is substantially below 550 (for example, about
300) and therefore the hardness is poor.
[0034] The drive cam of the present invention can be
manufactured by the following steps to be carried out in
sequence which steps are:

(1) a step in which a drive cam of nitriding steel is
formed;
(2) a step in which at least the sliding surface of the
drive cam formed by the step (1) is treated by nitro-
carburizing whereby to form a hardened layer and a
compound layer; and
(3) a step in which the compound layer is removed
from the sliding surface so that hardened layer is
exposed as a topmost layer on the sliding surface.

[0035] In the step (3), the method of removing the com-
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pound layer from the sliding surface is not limited to a
particular method. For example, it is possible to employ
a conventional removal method such as mechanical pol-
ishing technique. In addition, in order to provide confir-
mation that the compound layer has been removed by a
removal process, it is possible to employ a method for
measuring the distribution of hardness at a cross section
of the sliding surface or a method for observing a sec-
tional structure of the sliding surface with the aid of an
electron microscope.
[0036] The inventors of the present invention had pre-
pared (i) four different types of drive cams having a sliding
surface with a hardened  layer and a compound layer
formed thereon by nitrocarburizing and (ii) another four
different types of drive cams having such a sliding surface
that the compound layer is removed after the nitrocarbu-
rizing process so that the hardened layer is exposed as
a topmost layer. All of these drive cams were subjected
to rotational sliding testing under specific conditions.
Then, the amount of wear of each of the drive cams was
measured at five specific locations on top of the sliding
surface. The results showed that at any of the measure-
ment points on top of the sliding surface, the amount of
wear was significantly reduced in the drive cams with
their compound layers removed. The result that by re-
moval of the compound layer, the amount of wear was
reduced on average to more than half was obtained. This
experimentally verified that by removal of the compound
layer from on top of the sliding surface, the wear resist-
ance of the sliding surface of the drive cam was improved
significantly.
[0037] In addition, it was also confirmed that in the ab-
sence of removal of the compound layer, the wear resist-
ance was worse, regardless of the thickness of com-
pound layer. Stated in another way, there were prepared
a drive cam with a sliding surface comprising a compound
layer as a topmost layer having a thickness of 3 microm-
eters and another drive cam with a sliding surface com-
prising a compound layer having a thickness of 16 mi-
crometers, and their amount of wear was measured in
the way as described above. The resulting measure-
ments showed that both of them had undergone consid-
erable wear. This result confirmed that the wear resist-
ance was not improved by reduction in thickness of the
compound layer. As described above, the requirement
for improving the wear resistance of the sliding surface
of the drive  cam is that the compound layer is removed
for the hardened layer to be exposed.
[0038] Next, a description will be given in regard to the
driven member 33 which is in contact with the drive cam
13a. The driven member 33 may be implemented by a
driven member that is prepared using a formed body
made of steel. More specifically, the formed body is treat-
ed at the top of its sliding surface (i.e., the sliding surface
against which the drive cam slides) by chrome plating.
The purpose of this chrome plating process is to provide
better wear resistance.
[0039] However, the inventors of the present applica-

tion found out that the employment of a chromized driven
member and a drive cam with removal of a compound
layer for a hardened layer to be exposed as described
above produced the problem that if operated in a valve
operating system of the variable valve timing type in
which the surface pressure varies wildly, the occurrence
of seizure was likely and the resistance to seizure (the
resistance to adhesion) was decreased accordingly.
More specifically, the problem that the material on the
surface of the drive cam was removed forcibly and then
adhered to the surface of the driven member arose. It
was estimated that this resulted from an intermetallic
bond occurring between the hardened layer on the sur-
face of the drive cam and the surface of the driven mem-
ber. A typical conventional drive cam is provided, atop
thereof, with a compound layer. Such a compound layer
serves as a protective coat capable of preventing an in-
termetallic bond because it is a form of ceramic, and it is
conceivable that the resistance to seizure has been con-
sidered out of the question. In the present invention, the
compound layer is removed from on top of the surface
of the drive cam, that is, the  drive cam has now no pro-
tective coat thereon. Consequently, it was conceivable
that under harsh operating conditions in a valve operating
system of the variable valve timing type, the material of
the drive cam came to adhere onto the top surface of the
driven member.
[0040] In order to avoid such a problem with the seizure
resistance, the inventors of the present application ex-
amined the possibility of additionally performing various
types of surface treatments on the sliding surface of the
chromized driven member (the sliding surface against
which the drive cam slides). However, if tin plating, Kan-
igen (registered trademark) plating (electroless nickel
plating), Kanifron (registered trademark) plating, or other
like plating is employed as a surface treatment, the plated
layer itself will become separated. This causes the sliding
surface of the driven member to wear out thereby result-
ing in failing to achieve improvement in seizure resist-
ance.
[0041] However, it was confirmed that if the sliding sur-
face of the chromized driven member was additionally
coated with a diamond- like carbon coating, this provided
a significant improvement in seizure resistance when
compared to the case of employing a driven member that
was treated only by a chrome plating process.
[0042] Here, the evaluation of the seizure resistance
was conducted based on the load when a seizure oc-
curred (hereinafter referred to as the "seizure load") .
There were prepared five sample driven members having
thereon only a chrome- plated layer and their seizure
load spread ranging from 10 to 70 kgf. There were vari-
ations causing instability and in addition, it was found that
in three of the five sample driven members, their seizure
load was 30 kgf or less, that is, their seizure resistant
properties were insufficient. On the other hand, there
were  prepared another three sample driven members
having, on a chrome- plated layer, a diamond- like carbon
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coating and their seizure load fell within the range of 40
to 50 kgf, that is, their seizure resistant properties were
good. In addition, it was found that their seizure resist-
ance remained stable at high level. As described above,
significant improvement in seizure resistance by forma-
tion of the diamond- like carbon coating was confirmed.
[0043] Besides the above-described improvement in
seizure resistance, it was confirmed that the wear resist-
ance of the surface of the drive cam was further improved.
In other words, by employment of a driven member
whose chrome-plated layer was coated with a diamond-
like carbon coating, the amount of wear of the surface of
the drive cam on which the hardened layer is exposed
as a topmost surface is reduced to about half as com-
pared to the case where there was employed a driven
member having thereon only a chrome-plated layer.
[0044] As can be seen from the above, it is preferable,
in terms of seizure resistance (adhesion resistance) and
wear resistance, that in the sliding surface of the driven
member (the sliding surface that enters into contact with
the drive cam), the chrome-plated layer is coated with a
diamond-like carbon coating. Accordingly, the present
embodiment employs, as the driven member 33, a driven
member having such a structure.
[0045] The diamond-like carbon coating in the driven
member is not limited to any particular type of coating as
long as it is formed of a coating of diamond-like carbon.
Diamond-like carbon is an amorphous hard coating com-
posed mainly of carbon. In the present invention, various
type of conventionally known diamond-like carbon coat-
ings  may be used. However, it is preferable, in terms of
toughness, adhesion to the chrome-plated layer and sei-
zure resistance, to employ a metal-containing diamond-
like carbon coating. The present embodiment employs a
tungsten-containing diamond-like carbon.
[0046] The diamond-like carbon coating may range in
thickness from about 1 to about 4 micrometres.
[0047] The chrome-plated layer formed under the dia-
mond-like carbon coating is effective to improve the ad-
hesion of the diamond-like carbon coating, while imped-
ing separation of the diamond-like carbon coating from
the driven member. Furthermore, it is also expected that
even if the diamond-like carbon coating becomes sepa-
rated under rigorous operating conditions, some degree
of seizure resistance will be provided.
[0048] It is preferable for the chrome- plated layer to
be pre- treated, at the sliding surface against which the
drive cam slides, by a polishing process, similarly to as
disclosed in Patent Literature 2 (JP- A- 2010- 156247) .
Owing to such polishing, the surface of the chrome plated
layer is controlled such that its surface roughness (Rz)
is 0.5 micrometers or smaller and in addition, the period
of corrugation of 0.1 micrometers or greater is 50 mi-
crometers or greater. This reduces the friction between
the driven member and the drive cam, thereby making it
possible to control the friction in the sliding surface of the
drive cam. Since the diamond- like carbon coating has
an extremely high surface hardness, it is preferable that

the surface roughness of a chrome- plated layer prior to
formation of a diamond- like carbon coating is precon-
trolled whereby to avoid the wear of the sliding surface
of the drive cam due to the diamond- like carbon coating.
[0049] After the chrome-plated layer is polished in the
way as described above, there is formed a diamond-like
carbon coating. It is possible to employ a conventional
technique to form a diamond-like carbon coating.

(Embodiment 2)

[0050] Figure 4 is a cross sectional view showing in a
detached manner the major components of an engine
valve operating system according to Embodiment 2 of
the present invention. This embodiment is similar to Em-
bodiment 1 but excludes the pivot cam mechanism 32,
and therefore the drive cam 13a is in direct contact with
the tappet 31.
[0051] The tappet 31 has on top of the sliding surface
(the sliding surface against which the drive cam slides)
of a formed body made of steel a chromed plated layer
and thereon a diamond-like carbon coating. As is the
case with the driven member 33 in Embodiment 1, this
improves seizure resistance thereby enhancing the wear
resistance of the drive cam to a further extent. The details
of the chrome-plated layer and the diamond-like carbon
coating are the same as in Embodiment 1.
[0052] Embodiment 2 is similar to Embodiment 1, with
the exception that the pivot cam mechanism 32 is not
provided and the tappet 31 has on top of its sliding surface
a chrome-plated layer and a diamond-like carbon coating
and in regard to the same points as Embodiment 1, their
description is omitted here.

Industrial Applicability

[0053] As has been described above, the drive cam
and the engine valve operating system of the present
invention allow for control of the degradation of the sliding
surface of the drive cam due to wear. Therefore, the
present invention can find a wide range of application to
engines for use in vehicles such as a motorbicycle and
so on.
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11 12 



EP 2 653 671 A1

8

5

10

15

20

25

30

35

40

45

50

55

17A intake valve mechanism

17B exhaust valve mechanism

20 valve element

31 tappet

32 pivot cam mechanism

33 driven member

34 pivot member

35 control shaft

36 coupling pin

37 roller

51 compound layer

52 hardened layer

53 unnitrided layer

Claims

1. A drive cam having a sliding surface and which drive
cam rotates in association with rotation of a crank
shaft in a valve operating system in an engine,
wherein said drive cam comprises a nitriding steel
and wherein said drive cam has on said sliding sur-
face a hardened layer formed by nitrocarburizing,
said hardened layer lying on top of said sliding sur-
face.

2. The drive cam as set forth in claim 1, wherein said
drive cam is manufactured such that subsequently
to forming said hardened layer and a compound lay-
er on said sliding surface by nitrocarburizing, said
compound layer is removed.

3. The drive cam as set forth in claim 1, wherein said
hardened layer is a layer having a Vickers hardness
of 550HV100gf or greater and a thickness in a range
of 100 to 300 micrometers.

4. The drive cam as set forth in claim 1, wherein said
nitriding steel is a nitriding steel with a bainite struc-
ture formed therein.

5. A valve operating system in an engine, said valve
operating system comprising:

a drive cam as set forth in any one of claims 1
to 4; and

a driven mechanism having a sliding surface in
contact with said sliding surface of said drive
cam and which driven mechanism is driven by
sliding against said drive cam.

6. The valve operating system as set forth in claim 5,
wherein there are formed in said sliding surface of
said driven mechanism a chrome-plated layer and
thereon a diamond-like carbon coating.

7. The valve operating system as set forth in claim 6,
wherein said chrome-plated layer is formed by such
polishing that it has a surface roughness (Rz) of 0.5
micrometers or smaller and that its period of corru-
gation of 0.1 micrometers or greater is 50 microme-
ters or greater.

8. The valve operating system as set forth in claim 6,
wherein said diamond-like carbon coating is a metal-
containing diamond-like carbon coating.

9. The valve operating system as set forth in claim 5,
wherein said driven mechanism is a mechanism hav-
ing a sliding surface in contact with said sliding sur-
face of said drive cam and another sliding surface in
contact with a tappet.

10. The valve operating system as set forth in claim 9,
further comprising, in addition to said drive cam, a
driven member in contact with said drive cam; a pivot
member mounted to said driven member and which
pivot member transmits the movement of said driven
member to said tappet; and a relative position chang-
ing mechanism operable to make a change in rela-
tive position between said driven member and said
pivot member.
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