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(57) Abrégée/Abstract:

An unmachined cylinder head casting for producing a cylinder head for internal combustion engines powered with Diesel fuel has a
sealing surface (2) intended for mounting in the finished state on a corresponding sealing surface of an engine block and designed
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(57) Abrege(suite)/Abstract(continued):

on a sealing surface section (8) of the unmachined cylinder head casting (1), the thickness (D) of section (8) In the casting state
exhibiting a machining allowance (D_,) In relation to its set thickness (D ) obtained after a material-removing finishing of the sealing

surface (2), the sealing surface (2) further including a combustion chamber region (3) associated with the combustion chamber
formed In the engine block. According to the Iinvention, an optimum load-bearing capacity of this type of cylinder head (1) Is
achieved in a simple manner, in that the machining allowance (D,,) of the sealing surface section (3) in the combustion chamber
region (3) of the sealing surface (2) amounts to maximum 15 % of the machining allowance (D_,) of the sealing surface section (8)

In the remaining region of the sealing surface. Also disclosed is a finished cylinder head produced from the unmachined cylinder
head casting according to the invention, and a process for producing the same.
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ABSTRACT

The invention relates to an unfinished cylinder head casting
for producing a cylinder head for internal combustion
engines powered with diesel fuel, having a sealing surtface
(2), intended for mounting in the finished state on a
corresponding sealing surface of an engine block, and
designed on a sealing surface section (8) of the unfinished

-

cylinder head casting (1), the thickness (D) ot section (8)

in the casting state exhibiting a machining allowance (Dz2)

in relation to its set thickness (D,), obtalined after a

material-removing finishing of the sealing surface (2), the
sealing surface (2) further including a combustion chamber

region (3), associated with a combustion chamber formed 1n

the engine block. In the case of such a cylinder head (1),
according to the invention an optimum load-bearing capacity

is achieved in a simple manner in that the machining

allowance (Dy3) of the sealing surface section (8) 1in the

combustion chamber region (3) of the sealing surface (2)

P

amounts to a maximum of 15% of the machining allowance (Dgz2)

of the sealing surface section (8) in the remalning region

of the sealing surface. Likewise the invention relates to a

by

finished cylinder head produced from an unfinished cylinder

head casting according to the invention and a process for

producing the same.

Fig. 1 is meant for the abstract.
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SI/cs 050327WO
18 July 2006

UNFINISHED CYLINDER HEAD CASTING, CAST CYLINDER HEAD FOR
DIESEL INTERNAL COMBUSTION ENGINES AND PROCESS FOR PRODUCING
AN UNFINISHED CYLINDER HEAD CASTING

The 1nvention relates to an unfinished cylinder head casting

for producing a cylinder head for internal combustion

engines powered with diesel fuel, having a sealing surface

intended for mounting in the finished state on a

corresponding sealing surface of an engine block, and

F

designed on a sealing surface section of the unfinished

cylinder head casting, the thickness of the section in the

casting state exhibiting a machining allowance in relation

to 1ts set thickness, obtained after a material-removing
finishing of the sealing surface, the sealing surface
further 1ncluding a combustion chamber region, associlated

with a combustion chamber formed in the engine block.

Moreover the 1nvention relates to a cylinder head, cast from
a metal melt, for internal combustion engines powered with
diesel fuel, having a sealing surface intended for mounting

on a corresponding sealling surface of an engine block,

obtained by material-removing finishing, including a
combustion chamber region, which 1s associated with a

combustion chamber formed in the engine block.

Finally the invention also relates to a process for casting

an unfinished cylinder head casting, wherein a metal melt,

in particular a light alloy melt, is casted into a mould,
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which for reproducing the unfinished cylinder head casting

comprises a mould cavity, which has a periphery reproducing
a sealing surface on said unfinished cylinder head casting,
and wherein after casting, solidification and demoulding of
the unfinished cylinder head casting, the sealing surface 1s
finished through machining, by removing casting material
over a thickness in the region of the sealing surface, 1n
order to produce a finished sealing surface for mounting on

a corresponding sealing surface of an engine block.

In the case of cylinder heads for internal combustion
engines powered with diesel fuel, particularly 1in the case

of direct fuel injection engines, the combustion chamber

region does not have dome-shaped geometry, as is usually the

case with cylinder heads for petrol engines, but 1s
incorporated evenly into the equally flat sealing surface,

by which the diesel cylinder head rests in the installed

H

state against the sealing surface, associated therewith, of

the respective engine block. The combustion chamber region
of the cylinder head in this way lies 1in the sealing plane

of the engine block.

In order to be able to produce the sealing surface with the

precision necessary for a permanently assured tight seat, 1in

i

the case of the unfinished cylinder head casting, a

machining allowance, which is removed during finishing of
the cylinder head, is usually pre-cast. 1In practice the
additional thickness of the section, carrying the sealing

F

surface, of the unfinished cylinder head casting, provided

as machining allowance and removed 1in the course ot
finishing usually amounts to 2 mm - 3 mm. The mechanical
removal of this thickness enables the sealing surface to be

produced with extreme precision and the necessary evenness.
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In service the combustion chamber region of the cylinder

head is loaded to the maximum due to the high pressures and
high temperatures arising in the case of diesel engines.
This load, in particular with cylinder heads cast from light
metallic alloys, on the valve seats and valve crosspieces
usually incorporated in their combustion chamber regions,
lJeads to increased crack susceptibility. This

susceptibility is particularly problematic under

consideration of the desire for cylinder heads with even

higher load-bearing capacity, which on the part of the

manufacturers and users of diesel engines is greater in view

of the requirement for as much power output as possible.

Just at the time when the cylinder heads are to be made of a
light alloy material, for example an aluminium alloy, these

demands have only been able to be met till now with

" el
—

substantial technical effort as regards the alloy, design or

production. Thus the load-bearing capacity of the valve
seats in the region of the combustion chamber can be
improved for example by incorporating elements made of metal
with higher load-bearing capacity in the casting. The effort

linked with incorporating the valve seats in the casting and

the measures necessary for their sufficiently solid

integration in the light alloy of the cylinder head however
entails additional production costs. The same applies toO
the possibility of increasing the strength and elongation

properties of the combustion chamber region by additional

heat treatment.

With this background the object of the invention was to
create an unfinished cylinder head casting, capable of being
produced in a simple way, from which a cylinder head for
diesel engines with optimum load-bearing capacity can be

manufactured in a simple manner. Likewise a cylinder head
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for diesel engines produced accordingly, in particular cast

from a light metallic alloy followed by machining is to be

indicated, which also permanently satisfies the 1increased
demands for optimum load-bearing capacity of such cylinder
heads. Finally the invention is also aimed at providing a

sultable process for producing such cylinder heads.

With regard to the casting blank this object was achieved on

the basis of an unfinished cylinder head casting of the type

described initially, in that with such unfinished castings,
the machining allowance of the sealing surface section 1n
the combustion chamber region of the sealing surface,

according to the invention, amounts to a maximum of 15% of

the oversize of the sealing surface section in the remaining

region of the sealing surface.

The invention is based on the recognition that the static
and dynamic characteristics of the combustion chamber
region, included by the sealing surface of the cylinder head

to be produced, are considerably affected by the

configuration of the cast structure. Special significance 1n

this case is attributed to the structural quality

substantially dependent on the solidification rate.

During casting of the light alloy melt, solidification 1s
controlled by heat extraction via the mould and 1s quickest
at the contact area between the mould and the melt casted
into the mould. As the invention proposes limiting the
thickness of the machining allowance in the combustion
chamber region to a minimum, 1t has now been achieved that
the quickly solidified cast structure adjacent to the
surface in the combustion chamber region, also after the
material-removing finishing, which 1s unavoidable for

producing the necessary evenness of the sealing surface, 1s
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not removed but remains intact on the surface of the
combustion chamber region. The mechanical characteristics
are correspondingly good there, compared with the more
slowly solidified strata of the cast cylinder head lying
further inside. The combustion chamber region thus contains
the best-solidified structure and therefore has a higher

load-bearing capacity over a longer service life.

As regards a cylinder head for internal combustion engines

powered with diesel fuel, possessing the features initially

detailed, the solution of the object indicated above
accordingly consists in that the cylinder head according to
the invention exhibits a cast structure, which corresponds

to the cast structure in the combustion chamber region

adjacent to its surface, which is present in the region of

the sealing surface, adjacent to the surface before 1its

material-removing finishing.

Finally the solution according to the invention of the
object indicated above with regard to a process of the type
initially described proposes that the periphery of the mould
comprises an elevation, which forms a combustion chamber

.

region in the sealing surface of the unfinished cylinder

head casting, wherein the elevation has a surface extending
substantially parallel to the periphery, which 1s arranged
at a distance from the sealing surface, amounting to at

H

least 85% of the thickness of the material removed in the

course of the material-removing finishing of the sealing

surface.

Tt is common to the various embodiments of the invention
that the combustion chamber region formed 1in the sealing
surface of the cylinder head is already produced when

casting the cylinder head so near to final dimension that
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only a minimum amount of material is removed at most 1n the
combustion chamber region during the material-removing
finishing of the sealing surface, which after casting 1s

unavoidable for producing its evenness. In this way a

quickly solidified cast structure of fine texture remains 1n
the combustion chamber region, included by the sealing

surface, of the finished cylinder head.

Practical investigations have shown that the cylinder heads
designed and produced according to the invention, 1n theilr
respective combustion chamber region, have tensile

strengths, which are greater by 5% to 15% than the tensile

strengths of conventionally designed and machined cylinder

heads produced from the same cast alloys. Also these

investigations have shown ductility of the inventive

cylinder heads increased by 15% - 25%, compared to

conventional cylinder heads.

The characteristic improvements achieved according to the

invention can be further optimized by minimizing the

machining allowance in the combustion chamber reglon of the

sealing surface. Accordingly advantageous configurations of
the invention propose limiting the machining allowance 1n

the combustion chamber region to a maximum of 10%, 1in

particular 7% and even more preferably to a maximum of 4% of

the oversize of the sealing surface section in the remaining

region of the sealing surface. Thus 1n the case of an

unfinished cylinder head casting configured according to the

_

invention, the oversize of the thickness in the combustion

chamber region for example lies between 0.1 mm and 0.2 mm,
while in the remaining sealing surface, 1including the
combustion chamber region 1t can in a conventional way

continue to be 2 mm - 3 mm.
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The invention is described in detail below on the basis of a

drawing illustrating an exemplary embodiment, 1n each case

there being shown schematically:

Fig. 1 a cutout in cross section of an unfinished
cylinder head casting, cast out of a conventional

aluminium cast alloy;

Fig. 2 a cutout in cross section of a mould for casting
the unfinished cylinder head casting, illustrated
in Fig. 1;

Fig. 3 a cutout in cross section of a cylinder head

finished from the unfinished cylinder head casting

shown in Fig.l1l.

The unfinished cylinder head casting 1 on 1ts lower side, 1n

the assembled condition, has a sealing surface 2, which

P

extends over the entire width and length of the unfinished

cylinder head casting 1. The sealing surface 2 is formed

substantially evenly already 1n the unfinished casting raw

state 1llustrated in Fig. 1.

The sealing surface 2 includes a combustion chamber region

3, which 1s associated with a combustion chamber of an
engine block, not i1llustrated here. A valve seat 4 for an
inlet valve, not illustrated, and a valve seat 5 for an
exhaust valve, also not 1llustrated, are formed 1n the
combustion chamber region 3. Additionally cooling passages
6, 7 are formed in the unfinished cylinder head casting 1,
the connection port of which for joining to corresponding
passages of the engine block opens out 1n the sealing

surface 2 at a distance from the combustion chamber region

3.
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The sealing surface 2 is carried with the combustion chamber

region by a sealing surface section 8 extending over the

width and length of the unfinished cylinder head casting 1.

This sealing surface section 8 arranged 1in the area between
the sections, running parallel to the sealing surface 2, of
the cooling passages 6, 7, said sealing surface 2 1s also

described in technical parlance as "combustion chamber

deck".

In the region of the sealing surface 2 the thickness D of

the sealing surface section 8 in the casting raw state 1s

thicker by a machining allowance Dz; than the set thickness

P

D, of the sealing surface section 8 in the finished state

illustrated in Fig. 3. In practice the machining allowance

Dy, amounts to 2 mm for example.

In contrast to the region of the sealing surface 2 the
sealing surface section 8 in the combustion chamber region 3

is only slightly thicker than the prescribed set thickness D,

in the finished state. Thus the machining allowance Dz3 1n
the combustion chamber region amounts to only 0.1 mm, that
is to say 5% of the machining allowance Dz, 1n the case of

the unfinished cylinder head casting 1.

In consequence of the minimized thickness of the machining

allowance Dy3; the unfinished cylinder head casting 1 1n the

combustion chamber region 3 has, on the basis of i1ts free
surface, a fine cast structure throughout a depth T, due to

the quickly progressed solidification, which extends up 1nto

the region of the set thickness D, of the finished cylinder

head Z. In the region of the sealing surface 2 however only

a relatively coarse structure 1s present 1n the region of

the set thickness D,, since due to the distance from the free
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surface of the sealing surface 2, which 1s greater as a

result of the larger machining allowance Dg,, the aluminium

casting material is solidified more slowly there than 1in the

strata near the surface.

For casting the unfinished cylinder head casting 1 a mould
100 is provided, which with its sidewalls 101, 102 and 1its
base 103 encompasses a mould cavity (104). Casting cores
105 in this case serve to reproduce the valve seats 4, 5 and

the cooling passages 6 or 7 of the unfinished cylinder head

casting 1.

In order on the one hand to produce the sealing surface 2

and on the other hand the combustion chamber region 3 formed
in the sealing surface 2 of the unfinished cylinder head
casting 1, a flat periphery 106 associated with the mould

F

cavity 104, is formed on the base 103 of the mould 100. In

its section associated with the combustion chamber region 3

of the unfinished cylinder head casting, this has an

elevation 107, the outer contour of which corresponds to the

shape of the combustion chamber region 3. The elevation 107
in this case has on its free upper side a flat surface 108,
which is aligned parallel to the periphery 106. The heilight

H, at which the surface 108 is arranged above the periphery

P

106, in this case amounts to 95% of the machining allowance

Do to be cast in the region of the sealing surface 2 onto

the unfinished cylinder head casting 1, therefore 1.9 mm 1in

the present case.

During finishing of the unfinished cylinder head casting 1
the thick machining allowance Dz, 1n the region of the
sealing surface 2 and the machining allowance Dz3 1n the
combustion chamber region 3 are removed by materlal-removal,

so that an even sealing surface F, which changes seamlessly
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into the equally flat combustion chamber region R 1ncluded
thereby, is formed on the finished cylinder head Z. The

amount of material removed in the region of the sealing
surface 2 in this case 1is so great that only the relatively
coarse cast structure is present on the free face of the
finished sealing surface F. In contrast the fine cast

structure resulting from the quick solidification adjacent

to the surface is still present in the combustion chamber

region R of the finished cylinder head Z, due to the very
much reduced amount of material removed there. Thls ensures
that increased strength and improved elongation values are
present in the combustion chamber region R of the finished

cylinder head 7.

After mounting the finished cylinder head Z on the sealing
surfaces, associated therewith, of the engine block, not

shown here, the combustion chamber region R and the sealing

surface F encompassing 1t, of the cylinder head Z lie 1n the
same sealing plane. The combustion chamber region R 1n this

case covers the combustion chamber, associated therewith, of

the engine block.
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REFERENCE SYMBOLS

N

=

a0 O ™ e
-

100

101,

103
104
105
106
107
108

102

unfinished cylinder head casting

sealing surface of the unfinished cylinder head
casting

combustion chamber region

valve seats

cooling passages

sealing surface section of the unfinished cylinder

head casting 1

mould

sidewalls

base of the mould 100
mould cavity

casting cores
periphery

elevation

surface of the elevation 107

thickness of the sealing surface section 8

set thickness of the sealing surface section 8 1n
the finished state

machining allowance

machining allowance 1in the combustion chamber
region 3
height, at which the surface 107 1s arranged above
the periphery 1060

sealing surface of the cylinder head Z

combustion chamber region of the cylinder head 2
depth,

throughout which a fine, quickly solidified

structure 1s present

finished cylinder head
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CLAIMS

Unfinished cylinder head casting for producing a
cylinder head for internal combustion engines powered

with diesel fuel, having a sealing surface (2) intended

for mounting in the finished state on a corresponding

sealing surface of an engine block, and designed on a
sealing surface section (8) of the unfinished cylinder
head casting (1), the thickness (D) 1in the casting

state exhibiting a machining allowance (Dz;) in relation

to its set thickness (D,) obtained after a materlal-

removing finishing of the sealing surface (Z2), the

sealing surface (2) further including a combustion
chamber region (3), associated with a combustion

chamber formed in the engine block, characterized 1in

that the machining allowance (Dz3) of the sealing

surface section (8) in the combustion chamber region

(3) of the sealing surface (2) amounts to a maximum oOf

15% of the machining allowance (Dz;) of the sealing

surface section (8) in the remaining region of the

sealing surface.

Unfinished cylinder head casting according to claim 1,

characterized in that the machining allowance (Dgz3) of
the sealing surface section (8) in the combustion

chamber region (8) amounts to a maximum of 10% of the

machining allowance (Dz;) of the sealing surface section

(8) in the remaining region of the sealing surface (2).

Unfinished cylinder head casting according to claim 1,
characterized in that the machining allowance (Dgz3) of
the sealing surface section (8) in the combustion

chamber region (8) amounts to a maximum of 7% of the
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machining allowance (D) of the sealing surface section

(8) in the remaining region of the sealing surface (Z2).

Unfinished cylinder head casting according to claim 1,
characterized 1n that the machining allowance (Dgz3) of
the sealing surface section (8) 1n the combustion
chamber region (8) amounts to a maximum of 4% of the
machining allowance (Dz;) of the sealing surface section

(B) 1n the remaining region of the sealing surface (2).

Unfinished cylinder head casting according to any one

of the above claims, characterized 1n that the sealing

surface (2) and the combustion chamber region (3) are

formed substantially evenly.

Unfinished cylinder head casting according to any one

of the above claims, characterized 1n that at least one

valve seat (4, 5) 1is formed in the combustion chamber

region (3).

Unfinished cylinder head casting according to any one

of the above claims, characterized in that it is cast

from a light metallic alloy, 1in particular an aluminium

alloy.

Cylinder head, cast from a metal melt, in particular a

light alloy melt, for internal combustion engines

powered with diesel fuel, having a sealing surface (F)
intended for mounting on a corresponding sealing
surface of an engine block, produced by material-
removing finishing, associated with a combustion
chamber formed in the engine block, characterized in
that the cylinder head (Z) 1in the combustion chamber

region (R) adjacent to its surface has a cast
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structure, which corresponds to the cast structure,
which is present in the region of the sealling surface

(F) adjacent to the surface before its material-

removing finishing.

Cylinder head according to claim 8, characterized 1in
that the sealing surface (F) and the combustion chamber

region (R) are formed evenly.

Cylinder head according to any one of claims 8 or 9,
characterized in that at least one valve seat (4, 5) 1s

formed in the combustion chamber region (R).

Cylinder head according to any one of claims 8 to 10,

characterized in that it consists of a light alloy

melt, in particular an aluminium melt.

Process for casting an unfinished cylinder head casting
(1), wherein a metal melt, in particular a light alloy
melt, is cast into a mould (100), which comprises a

mould cavity (104) reproducing the unfinished cylinder
head casting (1), having a periphery (106), reproducing
a sealing surface (2) on the unfinished cylinder head

casting (1), and wherein after casting, solidification

and formation of the unfinished cylinder head casting

(1), the sealing surface (2) 1s finished through
material-removing, by casting material being removed
over a thickness in the region of the sealing surface
(2), 1n order to produce a finished sealing surface (F)
for mounting on a corresponding sealing surface of an
engine block, characterized in that the periphery (106)
of the mould has an elevation (107) which forms a

combustion chamber region (3) in the sealing surface

(2) of the unfinished cylinder head casting (1), by the
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elevation (107) having a surface (108) extending
substantially parallel to the periphery (106), which 1s
arranged at a distance (H) from the sealing surface,
amounting to at least 85% of the thickness (Dz2) of the
material removed in the course of the material-removing

finishing of the sealing surface (2).
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