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(54) CAMSHAFT SUPPORT STRUCTURE

(57)  Support bases (4) for supporting camshafts (5,
6) in a rotatable manner are mounted on the cylinder
head (1) of an internal combustion engine. The support
bases (4) are provided so as to be separated from each
other in the axial direction of the camshafts (5, 6). Each
ofthe supportbases (4) comprises bearing portions (45b,
45c) which support the camshafts (5, 6) and a through-

hole (41 d) which extends in the axial direction of the
camshafts (5, 6). Arod (7) is inserted through the through-
holes (41d), and the rod (7) restricts the bearing portions
(45b, 45c¢) from being displaced from positions at which
the bearing portions (45b, 45c) are located while the in-
ternal combustion engine is stopped and cold.
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Description
TECHNICAL FIELD

[0001] The presentinventionrelates toacamshaft sup-
port structure that includes support bases, which are
mounted on the cylinder head of an internal combustion
engine and support camshafts to be freely rotational.

BACKGROUND ART

[0002] Conventionally, this type of camshaft support
structure has been proposed in, forexample, Patent Doc-
ument 1. According to the camshaft support structure
disclosed in Patent Document 1, the support bases,
which support the camshafts to be freely rotational, are
provided apart from one another in the axial direction of
the camshafts.

[0003] With this structure, the weight of the internal
combustion engineisreduced as compared to a structure
in which an outer frame for connecting the support bases
is provided, as in a ladder-frame camshaft housing, by
the weight corresponding to the outer frame.

PRIOR ART DOCUMENTS
[0004]

Patent Documents
Patent Document 1: Japanese Laid-Open Patent
Publication No. 2010-209796

SUMMARY OF THE INVENTION
Problems that the Invention is to Solve

[0005] When an engine is operated, the temperature
of the cylinder head is increased by receiving heat of
exhaust gas, causing the cylinder head to be thermally
deformed. Since the support bases are arranged to abut
against the cylinder head, the support bases are ther-
mally deformed by receiving heat from the cylinder head.
This deteriorates alignment of bearing portions, which
are formed in the support bases and support the cam-
shafts. As a result, problems may arise such as an in-
crease in rotational sliding resistance of the camshafts.
[0006] According to the structure disclosed in Patent
Document 1, the amount of heat that the support bases
receive from the cylinder head is reduced as compared
to the structure with the ladder-frame camshaft housing
by the amount corresponding to the outer frame. The
thermal deformation amount of the support bases is thus
reduced to some extent. If, however, the invention is ap-
plied to an internal combustion engine in which the ex-
haust gas temperature is further increased such as an
internal combustion engine provided with a forced-induc-
tion device, the amount of heat that the support bases
receive from the cylinder head is further increased. In
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this case, there are limitations in favorably reducing de-
terioration in the alignment of the bearing portions of the
support bases.

[0007] Accordingly, it is an objective of the present in-
vention to provide a camshaft support structure that fa-
vorably reduces deterioration in the alignment of bearing
portions of support bases, which support camshafts, due
to engine operation.

Means for Solving the Problems

[0008] Means for solving the above issues and advan-
tages thereof will now be discussed.

[0009] To achieve the foregoing objective and in ac-
cordance with one aspect of the presentinvention, a cam-
shaft support structure mounted on a cylinder head of an
internal combustion engine includes support bases for
supporting a camshaft to be freely rotational. The support
bases are arranged apart from one another in an axial
direction of the camshaft. Each support base has a bear-
ing portion, which supports the camshaft, and a through
hole, which extends in the axial direction of the camshatft.
The through holes receive a rod, which restricts the bear-
ing portions from being displaced from an arrangement
position at which the bearing portions are located when
the internal combustion engine is stopped and cold.
[0010] With this structure, the bearing portions of the
support bases mounted on the cylinder head of the in-
ternal combustion engine support the camshaft to be
freely rotational. Since the support bases are arranged
apart from one another in the axial direction of the cam-
shaft, the contact area between the support bases and
the cylinder head is reduced as compared to the structure
with an outer frame for connecting the support bases,
such as a ladder-frame camshaft housing. This reduces
the amount of heat received from the cylinder head, thus
reducing thermal deformation of the support bases
caused by the received heat.

[0011] Furthermore, with this structure, since the rod
is inserted in the through holes formed in the support
bases, the support bases are restricted from being ther-
mally deformed by the heat received from the cylinder
head.

[0012] The rod is assembled to the cylinder head to-
gether with the support bases in a state in which the rod
is inserted in the through holes. The cylinder head is as-
sembled to the cylinder block with head bolts. The top
surface of the cylinder head is slightly distorted from a
flat state due to the axial tightening force of the head
bolts. The rod is thus maintained in a state pressed by
the inner walls of the through holes, and secured to the
support bases.

[0013] The structure thus favorably reduces deteriora-
tion in the alignment of the bearing portions of the support
bases, which support the camshaft, due to engine oper-
ation. The rod is preferably made of material having high-
er rigidity than the support bases. According to this em-
bodiment, thermal deformation of the support bases is
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reduced in an appropriate manner. In a case in which the
support bases are made of aluminum alloy, for example,
the rod may be made of stainless-steel, which has higher
rigidity than the aluminum alloy.

[0014] As a specific structure of the support bases,
each support base preferably includes a receiving mem-
ber, which is mounted on the cylinder head and receives
the camshaft, and a cap member, which is mounted on
atop surface ofthe receivingmember and forms the bear-
ing portion together with the receiving member. In this
case, the through hole is preferably formed in the receiv-
ing member.

[0015] In this case, the support bases preferably re-
ceive both an exhaust camshaft and an intake camshaft,
which each serve as the camshaft, and the through holes
are preferably formed closer to the exhaust camshaft
than to the intake camshaft.

[0016] Intheinternal combustion engine, high-temper-
ature exhaust gas is discharged to an exhaust passage
through exhaust valves. The thermal deformation of the
cylinder head is thus greater in the region closer to the
exhaust camshaft. In this point, according to the above
embodiment, the through holes in which the rod is insert-
ed are formed closer to the exhaust camshaft than to the
intake camshaft. That is, the rod is arranged close to the
region of the receiving members of the support bases
where the amount of heatreceived from the cylinder head
is great and the degree of thermal deformation is great.
The region of the support bases in the vicinity of the ex-
haust camshaft where the amount of heat received from
the cylinder head is great is thus restricted from being
thermally deformed in an appropriate manner.

[0017] Intheinternal combustion engine provided with
a forced-induction device, since the temperature of ex-
haust gas is higher than that without the forced-induction
device, the thermal deformation amount of the support
bases caused by heat received from the cylinder head
is great. Furthermore, in the internal combustion engine
provided with a forced-induction device, since the pres-
sure in the cylinders is higher than that without the forced-
induction device, the cylinder head is significantly de-
formed by fluctuation of the pressure in the cylinders of
the internal combustion engine. As a result, the deforma-
tion amount of the supportbases mounted on the cylinder
head is increased. As described above, in the internal
combustion engine provided with a forced-induction de-
vice, although with the camshaft support structure that
does not include the outer frame for the support bases,
the alignment of the bearing portions of the support bases
is likely to deteriorate due to engine operation. Applying
the present invention to such an internal combustion en-
gine favorably reduces deterioration in the alignment of
the bearing portions of the support bases due to engine
operation.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018]
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Fig. 1 is a plan view illustrating a planar structure of
an internal combustion engine according to a first
embodiment of the present invention as viewed from
above an exhaust camshaft and an intake camshaft;
Fig. 2 is a cross-sectional view taken along line A-A
of Fig. 1, illustrating a cross-sectional structure of
the internal combustion engine; and

Fig. 3 is a side view schematically illustrating a side
structure of the top surface of the cylinder head and
the support bases mounted on the top surface in the
longitudinal direction of the cylinder head.

MODES FOR CARRYING OUT THE INVENTION

[0019] A camshaft support structure of a double over-
head camshaft (DOHC) inline 4-cylinder internal com-
bustion engine according to one embodiment of the
present invention will now be described with reference
to Figs. 1 to 3. The internal combustion engine of the
present embodiment is provided with an exhaust driven
forced-induction device.

[0020] Fig. 1 shows a planar structure of an internal
combustion engine as viewed from above an exhaust
camshaft and an intake camshaft. Fig. 2 shows a cross-
sectional structure of the internal combustion engine tak-
en along line A-A of Fig. 1.

[0021] A cylinderhead 1, which is provided with a valve
mechanism including exhaust valves and intake valves,
is provided on the top surface of a cylinder block 2 as
shown in Fig. 2. The cylinder block 2 and the cylinder
head 1 are tightened with head bolts 3 in a known manner
(see Figs. 2 and 3).

[0022] An exhaust camshaft 5 provided with exhaust
cams 51 for opening and closing the exhaust valves and
an intake camshaft 6 provided with intake cams 61 for
opening and closing the intake valves are arranged on a
top surface 1 a of the cylinder head 1 to be parallel to
each other. More specifically, five support bases 4 for
supporting the camshafts 5, 6 to be freely rotational are
mounted on the top surface 1 a of the cylinder head 1.
Only one of the support bases 4 is shown in Fig. 2.
[0023] The support bases 4 are arranged apart from
one another in an axial direction L of the camshafts 5, 6
as shown in Fig. 1. More specifically, the support bases
4 are arranged to be perpendicular to the axial direction
L of the camshafts 5, 6.

[0024] Eachofthe supportbases4 includesareceiving
member 41 located on the top surface 1 a of the cylinder
head 1, and an exhaust side cap member 42 and an
intake side cap member 43, which are located on the top
surface of the receiving member 41 as shown in Fig. 2.
Semi-circular lower recesses 41 b, 41 ¢ are formed on
the top surface of each receiving member 41 at positions
corresponding to the camshafts 5, 6.

[0025] A semicircular upper recess 42b is formed on
the bottom surface of each exhaust side cap member 42
at a position corresponding to the associated lower re-
cess 41 b. Each lower recess 41 b and the associated
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upper recess 42b form a circular bearing portion 45b,
which supports one of cam journals 5a of the exhaust
camshaft 5 (see Fig. 1).

[0026] Furthermore, a semicircular upper recess 43c
is formed on the bottom surface of each intake side cap
member 43 at a position corresponding to the associated
lower recess 41 c. Each lower recess 41c and the asso-
ciated upper recess 43c form a circular bearing portion
45c, which supports one of cam journals 6a of the intake
camshaft 6 (see Fig. 1).

[0027] Two bolt holes are formed in each exhaust side
cap member 42 and the associated receiving member
41 in an axial direction C of the cylinders with the exhaust
camshaft 5 located in between. The receiving member
41 and the exhaust side cap member 42 are tightened
to the cylinder head 1 with bolts 44L, 44S inserted in the
bolt holes.

[0028] Furthermore, each intake side cap member 43
and the associated receiving member 41 are coupled to
the cylinder head 1 with other bolts 44L in the same man-
ner as each exhaust side cap member 42 and the asso-
ciated receiving member 41.

[0029] In a state in which the support bases 4 are
mounted on the cylinder head 1 with the bolts 44L, 44S,
the cylinder head 1 is assembled to the cylinder block 2
with the head bolts 3. The cylinder head 1, the cylinder
block 2, and the support bases 4 are all made of an alu-
minum alloy.

[0030] In the present embodiment, a through hole 41
d, which extends in the axial direction L of the camshafts
5, 6, is formed in each receiving member 41 as shown
in Fig. 2. Each through hole 41 d is formed at a position
closer to a center position Pex of the exhaust camshaft
5 than to a middle position Pc between the center position
Pex of the exhaust camshaft 5 and a center position Pin
of the intake camshaft 6 in a direction perpendicular to
the axial direction L of the camshafts 5, 6. In other words,
the through holes 41 d are formed closer to the exhaust
camshaft 5 than to the intake camshaft 6.

[0031] A rod 7 made of stainless-steel is inserted in
the through holes 41 d. That is, the rod 7 is made of
material having higher rigidity than the support bases 4.
In the present embodiment, the outer diameter of the rod
7 is slightly smaller than the inner diameter of the through
holes 41 d. The bolts 44S located closer to the rod 7 than
to the exhaust camshaft 5 are shorter than the other bolts
44L so as not to interfere with the rod 7.

[0032] Operation of the present embodiment will now
be described.
[0033] The camshafts 5, 6 are supported to be freely

rotational by the bearing portions 45b, 45c of the five
support bases 4 mounted on the cylinder head 1. Since
the support bases 4 are located separate from one an-
other in the axial direction L of the camshafts 5, 6, the
contact area between the support bases 4 and the cyl-
inder head 1 is reduced as compared to a case in which
an outer frame for connecting the support bases is pro-
vided, as in a ladder-frame camshaft housing. The
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amount of heat received from the cylinder head 1 is thus
reduced, which reduces thermal deformation of the sup-
port bases 4 caused by receiving heat.

[0034] Since forced induction is performed by the
forced-induction device in the internal combustion engine
of the present embodiment, the temperature of exhaust
gas is increased as compared to the internal combustion
engine without a forced-induction device. This increases
the thermal deformation amount of the support bases 4
caused by receiving heat from the cylinder head 1. Fur-
thermore, since the pressure in the cylinders is also in-
creased as compared to the internal combustion engine
without the forced-induction device, the cylinder head 1
is deformed significantly as the pressure in the cylinders
of the internal combustion engine fluctuates. The defor-
mation amount of the support bases 4 mounted on the
cylinder head 1 is consequently increased. As described
above, in the internal combustion engine provided with
the forced-induction device, the alignment of the bearing
portions 45b, 45¢ in the support bases 4 is likely to de-
teriorate due to engine operation although with the cam-
shaft support structure of the present embodiment that
does not include the outer frame for the support bases 4.
[0035] Inthis respect, since the rod 7 is inserted in the
through holes 41d formed in the support bases 4 in the
present embodiment, the support bases 4 are favorably
restricted from being thermally deformed due to heat re-
ceived from the cylinder head 1.

[0036] Furthermore, inthe internal combustion engine,
high-temperature exhaust gas is discharged to the ex-
haust passage through the exhaust valves. Thermal de-
formation of the cylinder head 1 is thus increased toward
the region close to the exhaust camshaft 5. In this re-
spect, with the above-mentioned structure, the through
holes 41d in which the rod 7 is inserted are formed at
positions closer to the exhaust camshaft 5 than to the
intake camshaft 6. That is, the rod 7 is arranged in the
vicinity of the regions in the receiving members 41 of the
support bases 4 where the amount of heat received from
the cylinder head 1 is great and the degree of thermal
deformation is great. Thermal deformation of the receiv-
ing members 41 in the vicinity of the exhaust camshaft
5 is thus reduced in an appropriate manner.

[0037] Furthermore, the rod 7 is assembled to the cyl-
inder head 1 together with the support bases 4 in a state
in which the rod 7 is inserted in the through holes 41 d.
The cylinder head 1 is further assembled to the cylinder
block 2 with the head bolts 3 in a state in which the support
bases 4 and the rod 7 are assembled to the cylinder head
1. In this embodiment, the top surface 1 a of the cylinder
head 1 is slightly distorted from a flat state due to the
axial tightening force of the head bolts 3 as shown in Fig.
3. The rod 7 is thus maintained in a state pressed by the
inner walls of the through holes 41 d, and secured to the
support bases 4. For the illustrative purposes, the distor-
tion of the top surface 1 a of the cylinder head 1 is exag-
gerated and the rod 7 is omitted in Fig. 3.

[0038] The camshaft support structure of the present
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embodiment as described above has the following ad-
vantages.

(1) The support bases 4 are arranged apart from one
another in the axial direction L of the camshafts 5,
6. Furthermore, the bearing portions 45b, 45c, which
support the camshafts 5, 6, and the through holes
41 d, which extend in the axial direction L of the cam-
shafts 5, 6, are formed in the support bases 4. The
rod 7 is inserted in the through holes 41 d to restrict
the bearing portions 45b, 45c from being displaced
from the arrangement position at which the bearing
portions 45b, 45c are located when the internal com-
bustion engine is stopped and cold. With this struc-
ture, in the support bases 4, which support the cam-
shafts 5, 6, the alignment of the bearing portions 45b,
45c is favorably restricted from deteriorating due to
engine operation. The state in which the internal
combustion engine is stopped and cold refers to a
state in which operation of the internal combustion
engine is stopped and the influence of heat caused
by the previous engine operation can be ignored.
(2) The rod 7 is made of material having higher ri-
gidity than the support bases 4. More specifically,
the support bases 4 are made of an aluminum alloy,
and the rod 7 is made of stainless-steel, which has
higherrigidity than the aluminum alloy. With this con-
figuration, thermal deformation of the support bases
4 is reduced in an appropriate manner.

(3) The through holes 41 d are formed closer to the
exhaust camshaft 5 than to the intake camshaft 6.
This structure appropriately reduces thermal defor-
mation of the receiving members 41 in the vicinity of
the exhaust camshaft 5 where the amount of heat
received from the cylinder head 1 is great.

[0039] The camshaft support structure of the present
invention is not limited to the structure illustrated in the
above described embodiment, but may be modified as
follows.

[0040] In the above-described embodiment, the
present invention is applied to an internal combustion
engine provided with an exhaust driven forced-induction
device, that is, a turbocharger. The present invention
may, however, be applied to an internal combustion en-
gine provided with an engine driven forced-induction de-
vice, or a supercharger.

[0041] In the above-described embodiment and the
modified embodiment, the present invention is applied
to an internal combustion engine provided with a forced-
induction device. The present invention, however, is not
only applied to an internal combustion engine provided
with a forced-induction device, but may be applied to an
internal combustion engine without a forced-induction
device. In this case, although the amount of heat the sup-
port bases receive from the cylinder head is small as
compared to that received by the engine provided with
the forced-induction device, the alignment of the bearing
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portions of the support bases is favorably restricted from
deteriorating due to engine operation in the same manner
as the above-described embodiment.

[0042] As in the above-described embodiment, it is
preferable that the through holes 41d be formed closer
to the exhaust camshaft 5 than to the intake camshaft 6
to prevent thermal deformation of the receiving members
41 in the vicinity of the exhaust camshaft 5 where the
amount of heat received from the cylinder head 1 is great.
The present invention, however, is not limited to this, but
through holes may be formed at, for example, the middle
position Pc between the exhaust camshaft 5 and the in-
take camshaft 6. In this case also, thermal deformation
of the receiving members is restricted to some extent.
[0043] In the above-described embodiment, one
through hole 41d is formed in each of the support bases
4. Instead, two or more through holes may be formed in
each of the support bases 4, and two or more rods may
be provided corresponding to the number of the through
holes. This further reduces thermal deformation of the
support bases.

[0044] The rod 7 made of stainless-steel is illustrated
in the above-described embodiment, but the rod may be
made of any material that has higher rigidity than the
support bases. Description of the Reference Numerals
1...cylinder head, 1 a...top surface, 2...cylinder block,
3...head bolt, 4...support base, 41...receiving member,
41 a...abutment surface, 41 b, 41 c...lower recesses, 41
d...through hole, 42...exhaust side cap member,
42b...upper recess, 43...intake side cap member,
43c...lowerrecess, 44...bolt, 45b, 45c¢...bearing portions,
5...exhaust camshaft, 5a...cam journal, 51...exhaust
cam, 6...intake camshaft, 6a...cam journal, 61...intake
cam, 7...rod.

Claims

1. A camshaft support structure mounted on a cylinder
head of an internal combustion engine, the camshaft
support structure comprising support bases for sup-
porting a camshaft to be freely rotational, the struc-
ture being characterized in that
the support bases are arranged apart from one an-
other in an axial direction of the camshaft, each sup-
port base has a bearing portion, which supports the
camshaft, and a through hole, which extends in the
axial direction of the camshaft, and
the through holes receive a rod, which restricts the
bearing portions from being displaced from an ar-
rangement position at which the bearing portions are
located when the internal combustion engine is
stopped and cold.

2. The camshaft support structure according to claim
1, characterized in that the rod is made of material
having higher rigidity than the support bases.
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The camshaft support structure according to claim
1 or 2, characterized in that

each support base includes a receiving member,
which is mounted on the cylinder head and receives
the camshaft, and a cap member, which is mounted
on a top surface of the receiving member and forms
the bearing portion together with the receiving mem-
ber, and

the through hole is formed in the receiving member.

The camshaft support structure according to any one
of claims 1 to 3, characterized in that

the support bases receive both an exhaust camshaft
and an intake camshaft, which each serve as the
camshaft, and

the through holes are formed closer to the exhaust
camshaft than to the intake camshaft.

The camshaft support structure according to any one
of claims 1 to 4, characterized in that the internal
combustion engine includes a forced-induction de-
vice.
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