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INTERNALLY COOLED VALVE HAVING A
VALVE BOTTOM, AND METHOD FOR THE
PRODUCTION THEREOF

[0001] The present invention relates to an internally
cooled valve having a valve base that is inserted by friction
welding.

[0002] Thus far, various methods have been used for
manufacturing hollow internally cooled valves for internal
combustion engines. It is known to close a valve stem by
friction welding. It is likewise known to insert a valve base
in order to close a cavity in an internally cooled valve.
Traditionally, for an installed valve the valve base is joined
to the valve head by electron beam welding or laser welding.
However, there are also other options for closing a cavity in
an internally cooled valve, for example by closing a bore-
hole in a valve stem.

[0003] It is desirable to have a method with which inter-
nally cooled valves, in particular having a hollow valve
head, so-called hollow head valves, may be easily and
cost-effectively manufactured.

[0004] The present invention relates to a method for
manufacturing an internally cooled valve whose valve base
has been joined to the valve head by friction welding, and a
valve that is manufactured using this method. Preferred
embodiments are described in the dependent claims.
[0005] According to a first aspect of the present invention,
a method for manufacturing an internally cooled valve is
provided. The method comprises providing a valve body
having a valve stem that ends in a valve head, wherein the
valve body has a cavity that is open toward the valve head,
providing a valve base element, and closing the cavity with
the valve base element by friction welding the valve base
element to the valve head. The valve base element has a
diameter that is smaller than that of the valve head. The
cavity that opens toward the valve base allows relatively
simple manufacture of an internally cooled valve with a
large cavity in the valve head, since an opening at the valve
base may be designed to be almost as large as a valve disk
diameter.

[0006] Previous joining methods such as electron beam
welding, laser welding, or the like have significant disad-
vantages with regard to the finished material properties. In
contrast, a friction welding operation may allow a high
material density and a uniform structure or a relatively
uniform structure transition.

[0007] For friction welding, one aspect relates to trans-
mission of the torque necessary for the friction welding,
which in the present case is very unfavorable, since the valve
stem to which the valve may be clamped is much thinner
than the diameter of the resulting friction weld seam. Thus,
there may be a risk of the valve disk twisting off from the
valve stem during the friction welding. This must be taken
into account in the design of the friction welding parameters.
[0008] To optimize the process parameters of the method,
it is also possible to optimize contact of the friction partners
in order to carry out welding in both the axial direction and
the radial direction. The valve base element to be welded
should be welded here not only in an axial direction, but also
in a radial direction, for which reason there is much less
information, based on experience, compared to pure friction
welding in the axial direction.

[0009] In one exemplary embodiment of the method, the
friction welding is carried out as inductive friction welding.
This embodiment allows the friction welding to be carried
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out with lower torque, which in particular may allow the
valve body to be clamped to the valve stem during the
welding to the valve base element, without the valve stem
being sheared off by torsional forces.

[0010] Another exemplary embodiment of the method
further comprises the cavity being at least partially filled
with a coolant such as sodium or a coolant containing
sodium, before the cavity is closed by friction welding.
Thus, after the opening is closed, the valve does not have to
be opened, filled, and closed again at the bottom of the valve
disk. For this purpose, the sodium should be filled into the
valve stem, and the valve stem should preferably be clamped
by a cooled chuck or a cooled collet.

[0011] In an additional preferred exemplary embodiment
of the method, the valve base element and/or the valve body
have/has an engagement structure. The valve base element
and/or the valve body may be centrally clamped by the
engagement structure. In addition, the engagement structure
may be designed in such a way that it allows increased
torque transmission to the valve base element and/or the
valve body. In particular, a central borehole is provided on
the valve base element. The valve base element may also be
provided with flank toothing that may be brought into
engagement with corresponding toothing on a drive element
to allow the torque to be transmitted during the friction
welding. The toothing extends in the circumferential direc-
tion, and the amplitude of the toothing extends in the axial
direction. The flank toothing may be designed as zigzag
toothing or as sawtooth toothing to allow large torques to be
transmitted. It is likewise possible to design the engagement
structure as a prism having 3, 4, 5, or 6 corners to allow
clamping of the engagement structure in a jaw chuck. In
addition, the rear side of the valve disk may be provided with
an engagement structure or entrainment structure that allows
a higher torque to be transmitted to the valve disk than
would be possible with the stem alone. In addition, an
introduction of force at the edge of the valve disk appears to
be problematic, since likewise only a relatively low torque
can be transmitted due to the small axial width of the valve
disk edge. The engagement structures on the rear side of the
valve disk and/or on the valve base element make it possible
to carry out friction welding in the first place.

[0012] In another exemplary embodiment of the method,
the method comprises removal and/or ablation of the
engagement structure. This may be achieved by grinding,
milling, or other machining or nonmachining methods. At
least a portion of the engagement structure is removed here.
A portion of the engagement structure may remain on the
valve disk and be used as cooling ribs, for example.

[0013] Another exemplary embodiment of the method
uses a valve base element and a valve body having a welding
surface contour, which in a friction welding operation pro-
duces a weld expulsion in the cavity in the form of a
(circumferential) cooling rib. During friction welding, a
weld expulsion that exits laterally from a weld gap generally
occurs. Since it is expected that a weld discharge will also
occur on the side of the cavity, the welding contour and the
other friction welding parameters may be selected in such a
way that the weld discharge that extends into the cavity has
the shape of a circumferential cooling rib in order to improve
heat transfer from the valve base or the edge of the valve
disk to the coolant. The shape of the resulting weld expul-
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sion may be influenced by the shape of the particular
welding surface contours and the form of the friction weld-
ing parameters.

[0014] In another embodiment of the method, the method
further comprises ablation or removal of an outer weld
expulsion. A weld expulsion on an outer side of the valve or
on the outside of the valve base may be removed after the
friction welding. It is also provided to remove an outer
friction weld expulsion after the friction welding, using
machining or nonmachining processes.

[0015] Another embodiment of the method further com-
prises producing a valve base element by sintering from a
valve base element green compact or brown compact. A
novel technology is applied to produce the valve base
element. By using sintered materials, it has become easier to
produce cooling ribs or other structures, for example to
influence coolant flow in the cavity. All design and configu-
ration parameters may be easily implemented during the
sintering, since during production of a green compact or
brown compact the material does not yet have the high
strength that is required for subsequent use and operation.
[0016] In one embodiment of the method, the valve base
element green compact or brown compact is produced by
pressing. In one preferred embodiment of the method, the
valve base element green compact or brown compact is
produced by metal powder injection molding. These meth-
ods allow quick, simple production of valve base element
green compacts or brown compacts without the need for
substantial machining effort. For the first time, it is possible
here to quickly and efficiently produce a valve base element
having a cooling or cooling liquid guide structure and an
engagement structure without the forming steps and machin-
ing usually required. It is further provided to remove a
binder from a valve base element green compact by thermal
or chemical debinding, and to convert it to a brown compact
before the brown compact is sintered by sintering to form the
final valve base element. It is likewise possible to regard the
thermal debinding as a method step of the sintering, the
green compact being heated so that thermal debinding takes
place before the actual sintering.

[0017] According to a further aspect of the present inven-
tion, a method is provided for producing a valve base
element by metal powder injection molding or pressing of a
valve base element green compact or brown compact and
subsequent sintering. The valve base element is preferably
produced by sintering technology, using metal powder injec-
tion molding for producing a valve base element green
compact with subsequent debinding, followed by sintering.
The valve base element thus obtained preferably has an
engagement structure on which the valve base element may
be connected to a valve body in a friction welding method.
[0018] According to a further aspect of the present inven-
tion, an internally cooled valve is provided that has been
manufactured using one of the methods described above.
The valve includes a valve body having a valve head and a
valve stem, wherein a cavity that extends into the valve head
is situated in the valve body, wherein the cavity is closed by
a valve base that is joined to the valve head by friction
welding. The type of joining may be determined by the weld
expulsion in the cavity that is typical for friction welding,
also on a finished valve, in which the valve is cut in the axial
direction, for example.

[0019] In one embodiment of the internally cooled valve,
the valve has a friction weld expulsion having the shape of
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a cooling rib on an inner side of the cavity. The cooling rib
in the valve head allows improved heat transfer from the
valve head to the coolant. The cooling rib or the two cooling
ribs, which may occur in a friction welding operation,
extend(s) from a preceding weld gap into the cavity.
[0020] In an additional exemplary embodiment of the
internally cooled valve, the valve base element is provided
with a cooling rib structure and/or flow-influencing structure
on a surface facing the cavity. The inner surface of the valve
base element may be provided with a structure that may
facilitate improved cooling or improved heat transfer to the
coolant, even outside a cooling rib that is produced by a weld
expulsion. In addition to or instead of cooling ribs, a flow
guide structure such as a stream conductor cone or a stream
bypass volute may be mounted on the valve base element in
order to distribute a coolant, flowing from the valve stem, in
the cavity in the valve head.

[0021] In one exemplary embodiment of the internally
cooled valve, the valve base element is produced by sinter-
ing and joined to the valve body by friction welding, and an
engagement element, on which the sintered valve base
element has been held during the friction welding to the
valve body, is at least partially removed.

[0022] The invention is explained in greater detail below
with reference to schematic figures.

[0023] FIGS. 1 and 2 show a perspective view of a valve
base element.
[0024] FIGS. 3 and 4 respectively illustrate a perspective

view and a sectional view of a valve body.

[0025] FIGS. 5 and 6 respectively show a beginning and
an end of a friction welding operation according to the
invention.

[0026] FIGS. 7 and 8 respectively illustrate a partial
sectional view and a partial perspective view of a valve
according to the invention.

[0027] FIG. 9 illustrates a valve base element that is
mounted on a friction welding mandrel.

[0028] Identical or similar reference numerals are used in
the description and in the figures to denote identical or
similar elements or components.

[0029] FIG. 1 shows a perspective view of a valve base
element 12. In the view in FIG. 1, a subsequent inner side
20 of the valve base element 12 and a cooling rib structure/
flow-influencing structure 14 are illustrated, which are
intended to uniformly distribute a coolant, flowing from
above from a hollow valve stem, in the valve head. An
engagement structure 16 or torque transmission element via
which a torque may be transmitted to the valve base element
12 during a friction welding operation is apparent at the
bottom of the valve base element 12. In a departure from the
illustration, a sawtooth profile may also be used to allow
even better torque transmission, even with low axial press-
ing or friction welding pressures.

[0030] FIG. 2 shows the valve base element 12 from FIG.
1 in a bottom view, the engagement structure 18 or the
torque transmission element being apparent here as flank
toothing. In the center, a borehole as a centering element 18
is situated on a bottom side of the valve base element 12.
[0031] FIGS. 3 and 4 respectively illustrate a perspective
view and a sectional view of a valve body. The valve bodies
4 each include a valve stem 6 and a valve disk 8. A cavity
10 for a coolant such as sodium or a sodium-containing
material that is liquid at operating temperature opens from
the side of the valve disk 8. Due to the opening at the valve
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base, on the one hand a structurally stable valve may be very
easily manufactured, and on the other hand a cavity that
extends over a large area of a diameter of the valve head 8
may be very easily produced in the valve body.

[0032] FIGS. 5 and 6 respectively show a beginning and
an end of a friction welding operation according to the
invention. In FIG. 5, the valve base element 12 together with
the cooling rib structure/flow-influencing structure 14, fac-
ing the cavity 10 of the valve body 4, is attached to the valve
body. The valve base element 12 is fixed or mounted on a
friction welding mandrel 24, while the valve body 4 itself is
clamped to the valve stem 6. At the beginning of the method,
the friction welding mandrel 24 is set in rotation, resulting
in heating of the contact surface between the valve base
element 12 and the valve body 4 due to frictional heat.
Further heating may also be provided using an additional
induction heater.

[0033] FIG. 6 illustrates an end of a friction welding
operation according to the invention. The valve base element
12 has been pressed into the valve body 4 after the particular
metals have heated enough to achieve sufficient deformabil-
ity. A friction weld expulsion is not illustrated here for the
sake of clarity.

[0034] FIG. 7 illustrates a partial sectional view of the
head of a valve 2 according to the invention. A protruding
residual portion of the valve base element 12 has been
removed in a machining operation, thus achieving an essen-
tially flat valve base. The valve base element 12 is joined to
the valve body 4 and the valve head 8 via the weld area or
the heat influencing zone 20. A friction weld expulsion
occurring on an outer side has likewise been removed. A
friction weld expulsion extends at an inner side 20 or in the
cavity 10. The friction weld expulsion 22 has been produced
in the form of a cooling rib by use of suitable process
parameters and an appropriate selection of material. This
may likewise improve the heat transfer from the valve head
8 to a coolant (not illustrated) situated in the cavity 10.
[0035] FIG. 8 shows a partial perspective view of a valve
2 according to the invention. The valve stem 6 ends in the
valve head 8. The opening in the cavity from FIG. 3 is closed
by the valve base element 12. The engagement elements of
the valve base element 12 from FIG. 2 have been removed.
Only a portion of the borehole of the centering element 18
is still discernible at the base of the valve head. The weld
area’heat influencing zone is indicated by dashed lines.
[0036] FIG. 9 illustrates a valve base element 12 that is
mounted on a friction welding mandrel 24. The friction
welding mandrel 24 is provided with structures that are
complementary to the engagement element 16 of the valve
base element 12 for transmitting a torque, and that are
complementary to the centering element 18 of the valve base
element 12. The shape of the engagement element/centering
element determines how, and how much, torque can be
transmitted, and whether the 16 [sic] valve base element 12
should or must be further clamped. Unlike the illustration,
sawtooth-shaped flank toothing is preferred in order to allow
the torque to be transmitted from the friction welding
mandrel 24 to the valve base element 12, independently of
an axial force component.

LIST OF REFERENCE NUMERALS

[0037] 2 internally cooled valve with friction-welded base
element
[0038] 4 blank/valve body of an internally cooled valve
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[0039] 6 valve stem of an internally cooled valve

[0040] 8 valve head of an internally cooled valve

[0041] 10 cavity of an internally cooled valve

[0042] 12 valve base element

[0043] 14 cooling rib structure/flow-influencing structure
[0044] 16 engagement structure of the valve base element
[0045] 18 centering element of the valve base element
[0046] 20 inner side of the valve base element

[0047] 22 weld area’heat influencing zone

[0048] 24 friction weld expulsion at an inner side of the

cavity, in the form of a cooling rib
[0049] 26 friction welding mandrel

1. A method for manufacturing an internally cooled valve,
comprising

providing a valve body having a valve stem that ends in

a valve head,

wherein the valve body has a cavity that is open toward

the valve head,

providing a valve base element, and

closing the cavity with the valve base element by friction

welding the valve base element to the valve head,
wherein

the valve base element and/or the valve body have/has an

engagement structure with which the valve base ele-
ment and/or the valve body are/is centrally clamped,
and/or a torque is transmitted to the valve base element
and/or to the valve body,

and wherein the

valve base element is fabricated as a green compact or

brown compact by metal powder injection molding and
sintered and wherein the valve base element is provided
with a cooling rib structure and/or flow-influencing
structure on a surface facing the cavity.

2. The method according to claim 1, wherein the friction
welding is carried out as inductive friction welding.

3. The method according to claim 1, further comprising at
least partially filling the cavity with a coolant before the
cavity is closed by friction welding.

4. The method according to claim 1, wherein the engage-
ment structure is subsequently removed and/or ablated.

5. The method according to claim 1, wherein the valve
base element and the valve body have a welding surface
contour, which in the friction welding operation produces a
weld expulsion in the cavity in a desired shape of a cooling
rib.

6. The method according to claim 5, wherein an outer
portion of the weld expulsion is subsequently removed.

7. An internally cooled valve having a valve body that
includes a valve head and a valve stem, the valve body
having a cavity extending into the valve head the cavity
being closed by a valve base that is joined to the valve head
by friction welding,

the valve base element and/or the valve body have/has an

engagement structure with which the valve base ele-
ment and/or the valve body may be centrally clamped,
and a torque may be transmitted to the valve base
element and/or to the valve body,

the valve base element being provided with a cooling rib

structure and/or flow-influencing on a surface facing
the cavity, and

wherein the valve base element is produced by sintering

from a valve base element green compact or brown
compact valve base element that is produced by metal
powder injection molding.
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8. The internally cooled valve according to claim 7,
including a friction weld expulsion on an inner side of the
cavity having the shape of a cooling rib which allows
improved heat transfer from the valve head to the coolant.

9. The internally cooled valve according to one of claim
7, wherein the valve base element is produced by sintering.

10. The method according to claim 3, wherein the coolant
is selected from sodium or a sodium-containing coolant.
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