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SWITCHING ELEMENT FOR A VALVE
TRAIN OF AN INTERNAL COMBUSTION
ENGINE

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

This application is a rveissue of U.S. Pat. No. 6,606,972 B2,
issued on Aug. 19, 2003, from U.S. application Ser. No.
10/246,278, filed Sep. 18, 2002.

FIELD OF THE INVENTION

The mvention concerns a switching element for a valve
train of an internal combustion engine for switching to dif-
terent valve lifts, said switching element comprising an outer
clement having an inner element arranged for axial displace-
ment therein, each of the outer and the inner element com-
prising a reception aligned to each other 1n a relative position,
at least one piston being arranged 1n at least one of the recep-
tions for sliding toward the other of the receptions to couple
the inner element to the outer element 1n said relative position,
and a high-position stop for defimng said relative position
being arranged between the inner and the outer element.

BACKGROUND OF THE INVENTION

A switching element of the pre-cited type 1s disclosed 1n the
generic prior art document DE 199 15 531 which shows a
switchable cam follower for a tappet push rod drive. The
high-position stop for defining the relative position 1s formed
by a piston-like element arranged 1n the iner element. This
piston-like element projects radially outward nto a longitu-
dinal groove of the outer element. In the axially extracted
state of the inner element from the outer element, the piston-
like element abuts against one end of the longitudinal groove.
The purpose of this 1s to create an aligned arrangement of a
coupling bore made 1n the outer element for a piston arranged
in the inner element for achieving coupling.

A drawback of this prior art 1s that an adjustment of lash 1n
the coupling is relatively complicated and cost-intensive. It 1s
clear that the reception (coupling bore) in the outer element
for receiving the piston must be configured with a slight lash
relative to the outer peripheral surface of the piston. This lash
and the high position differ from switching element to switch-
ing element due to fabrication conditions. The relatively wide
range ol variance of this mechanical idle travel 1n switching,
elements 1s, however, undesirable.

In other words, a lash, 1.e. an 1dle travel that the inner
clement undergoes relative to the outer element upon cou-
pling and loading by the cam till the outer element partici-
pates in the force flow from the cam can be compensated by an
appropriate dimensioning of the cam contour. In practice,
however, this results 1n a relatively large dispersion of lash.
This leads to an undesired variance of the overlap of the intake
and exhaust valves. Besides this, an undesired large amount
of wear occurs if the lash between the coupling piston and 1ts
surrounding reception 1s too large.

To keep the coupling lash or its variance within acceptable
limaits, the prior art has recourse to a grouping of the coupling
pistons. This procedure 1s extremely expensive from the point
of view of fabrication and measuring techniques. For
example, the switching eclements are first completely
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mounted, the lash 1s then measured following which, the
switching elements are dismounted again and an appropriate
piston 1s then chosen for coupling. It 1s equally conceivable to
group the high-position stops provided on the longitudinal
grooves of the outer elements.

OBJECTS OF THE INVENTION

It 1s an object of the invention to provide a switching
clement of the pre-cited type 1n which the aforesaid draw-
backs are eliminated by simple measures.

This and other objects and advantages of the invention will
become obvious from the following detailed description.

SUMMARY OF THE INVENTION

The mvention achieves the above objects by the fact that at
least one part of the high-position stop 1s configured as an
adjustable, separate element which 1n a particularly preferred
embodiment of the invention, 1s a piston-like element, a first
section of whose outer periphery 1s fixed 1n a recess of one of
the inner element and the outer element, and a second section
of whose outer periphery engages a guide such as a slot that 1s
made 1n the other of the inner element and the outer element
and has a length that 1s at least equal to a relative motion
between the inner element and the outer element. One end of
the guide forms a further part of the high-position stop, and at
least that end of the piston-like element that 1s situated oppo-
site said one end of the guide comprises a chamier that bears
against a complementary chamier of the said one end of the
guide 1n the relative position, said piston-like element being
axially displaceable 1n the relative position for establishing an
alignment of the receptions of the inner and the outer element.

Due to the fact that the piston-like element 1s axially dis-
placeable 1n 1ts recess and, 1n the 1deal case but not necessar-
ily, has a conical surface forming the high-position stop, the
aforesaid drawbacks are eliminated by simple measures Dur-
ing the assembly of the piston-like element to form the high-
position stop (pressing or screwing-in or any other method
familiar to the person skilled 1n the art) the mechanical 1dle
travel of the coupling element (piston) relative to 1ts surround-
ing reception can be adjusted by choosing different assem-
bling depths. This means 1n other words, that in the axially
extracted state of the inner element from the outer element,
the high-position stop of the invention enables the axis of the
reception for effecting coupling to be adjusted or brought into
alignment to the axis of the reception for the piston.

The scope of this invention extends explicitly not only to
switching elements such as cam followers 1n tappet push rod
drives or cup tappets and support elements for finger levers
but also to switching elements installed directly 1n lever-type
cam followers. The scope of this extension extends equally to
other mechanical locking devices that are installed, for
instance, in camshaft adjusters and the like for adjusting their
start position.

In a particularly simple variant of an embodiment of a
peripheral section of the piston-like element that cooperates
with the guide, this section has a generally conical configu-
ration as described above. This section or the entire outer
peripheral surface can also be precision worked by centerless
grinding or the like

The receptions for the piston and the recess for the piston-
like element extend preferably radially through the switching
clement that preferably has a cylindrical shape. I the piston 1s
arranged 1n the inner element, 1t 1s particularly advantageous
from the fabrication point of view if the recess of the mner
clement for fixing the piston-like element 1s aligned to the
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reception for the piston in the inner element. Advantageously,
in this case, a through-bore can be made.

According to further features of the invention when used 1n
a series ol switching elements for internal combustion
engines of the same type, a lash of the pistons relative to the
surrounding receptions, when coupled, 1s the same 1 all the
switching elements 1n their unloaded state, and a distance of
the pistons from stops of the surrounding receptions, which
stops are situated axially opposite the ends of the guides in the
coupled state, 1s also the same 1n all the switching elements 1n
their unloaded state. This applies, of course, only 1n the 1deal
case but the invention enables the vanance of the lash of the
clements to be kept within such narrow limaits that there 1s no,
or no noteworthy intluence on the valve overlap mentioned
above. The order of magnitude of this lash 1s 0.1 mm or
approximately this value, with a tolerance of +/-0.010 mm.
Thus, generally speaking, the lash or the 1dle travel 1s adjusted
to a predetermined value 1n the range of one tenth of a milli-
meter and the tolerance 1s 1n the range of one hundredth of a
millimeter.

The mvention will now be described more closely with
reference to the appended drawing.

BRIEF DESCRIPTION OF THE DRAWING

The sole FIGURE shows, i a longitudinal section, a
switching element of the invention made 1n the present case as
a roller tappet for a tappet push rod drive.

DETAILED DESCRIPTION OF THE DRAWING

The FIGURE discloses a switching element 1 that 1s con-
figured as a roller tappet. The switching element 1s designed
for switching to different valve lifts, in the present case, for
switching between a zero lift and a full lift. The switching
clement 1 comprises an outer element 2 1n whose recess 3 an
inner element 4 1s received for axial displacement.

On one end, the switching element 1 comprises a roller 5
for contacting a cam and acts at the opposite end through a
support 6 on a tappet push rod in lifting direction. In the
present example, the support 6 1s a part of a hydraulic lash
adjuster 7.

A lost motion spring 8 that does not need to be described
here, acts axially between the mner element 4 and the outer
clement 2. The inner element 4 comprises aradially extending
cylindrical reception 9 1n which a piston 10 for coupling the
inner element 4 to the outer element 2 1s recerved. The piston
10 1s biased radially outward by the force of a compression
spring 11a. In the relative position of the inner element 4 to the
outer element 2 shown 1n the FIGURE, a reception 11 1n the
outer element 2 1s situated opposite the piston 10. For cou-
pling, the piston 10 can be displaced partially into the recep-
tion 11 by the force of the compression spring 11a.

The mner element 4 comprises a recess 12 that 1s arranged
diametrically opposite and axially aligned to the reception 9.
A piston-like element 13 forming a high-position stop (and
also an anti-rotation device between the inner element 4 and
the outer element 2) extends with an iner peripheral section
14 1n the recess 12.

A radially outer peripheral section 15 of the element 13
extends into a guide 16 made as a longitudinal groove 1n the
outer element 2. The length of the guide 16 1s at least equal 1n
dimension to a relative travel of the mner element 4 to the
outer element 2 1n the deactivated or uncoupled state of the
switching element 1. An upper end 17 of the guide 16 defines
a stop for the adjustable, separate element 13 of the invention.
The outer peripheral section 135 of the element 13 has a coni-
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cal configuration. The end 17 comprises a chamifer 18 of
complementary shape to this conical configuration.

As described 1n detail above, it 1s possible with the adjust-
able, separate piston-like element 13, to realize 1n a very
simple manner from the fabrication point of view, an align-
ment of the reception 9 for the piston 10 to the reception 11 1n
the outer element 2. For achieving this, when the element 13
1s being pressed into the recess 12, 1t 1s pressed axially toward
the reception 9 for the piston 10 tlll the piston 10, of course 1n
the unloaded state of the switching element 1, 1s surrounded
by the reception 11 uniformly and with shgh‘[ lash upon
coupling. In this way, an i1dle travel that the inner element 4
undergoes with the piston 10 in the reception 11 relative to the
outer element 2 upon coupling to the outer element 2 and at
the onset of loading by the cam 1s uniformly small throughout
a series of switching elements 1 in internal combustion
engines of the same type.

What 1s claimed 1s:

1. A switching element for a valve traimn of an internal
combustion engine for switching to different valve lifts, said
switching element comprising an outer element having an
inner element arranged for axial displacement therein, each of
the outer element and the inner element comprising a recep-
tion aligned to each other 1n a relative position, at least one
piston being arranged in at least one of the receptions for
sliding toward the other of the receptions to couple the inner
clement to the outer element 1n said relative position, and a
high-position stop for defining said relative position being
arranged between the 1nner element and the outer element,
wherein at least one part of the high-position stop 1s config-
ured as an adjustable, separate piston element|, the adjust-
able, separate element 1s a piston-like element, a first section
of whose outer periphery 1s fixed 1n a recess of one of the inner
element and the outer element, and a second section of whose
outer periphery engages a guide that 1s made as a slot in the
other of the inner element and the outer element and has a
length that 1s at least equal to a relative motion between the
inner element and the outer element, one end of the guide
forms a further part of the high-position stop, and at least that
end of the piston-like element that 1s situated opposite said
one end of the guide comprises a chamier that bears against a
complementary chamier of the said one end of the guide in the
relative position, said piston-like element being axially dis-
placeable in the relative position for establishing an align-
ment of the receptions of the inner and the outer element]
having a configuration for entry into a recess of one of the
inner element and the outer element, opposite the receptions,
to position the at least one piston so that mechanical lash of
a predetermined value is provided between the at least one
piston and at least one of the receptions.

2. A switching element of claim 1, wherein [the second] a
section [of the outer periphery] of the [piston-like] separate
piston element has a conical configuration.

3. A switching element of claim 1, wherein the [piston-like}
separate piston element enables an alignment of the recep-
tions of the [inner] outer element and the [outer] inner ele-
ment so that upon coupling, 1n the unloaded state of the
switching element, the af /east one piston 1s uniformly sur-
rounded with slight lash by the reception 1 which 1t 1s
arranged.

4. A switching element of claim 1, wherein at least one of
[the] first and [the] second sections Jof the outer periphery] of
the [piston-like] separate piston element is ground by center-
less grinding.

5. A switching element of claim 1, wherein the at least one
piston and the [piston-like] separate piston element are
arranged 1n the inner element, and the recess of the nner




US RE44,364 E

S

element for fixing the [piston-like] separate pistor element is
aligned to the reception for the at least one piston 1n the inner
element.

6. A switching element of claim 1, wherein the piston and
the [piston-like] separate pistorn element are arranged in the
inner element, and the recess of the mner element for fixing
the [piston-like] separate piston element is made as a com-
mon bore with the reception for the piston in the mnner ele-
ment.

7. A series of switching elements of claim 1 for internal
combustion engines of a same type wherein the alignment of
the receptions of the [inner] outer element and the [outer]
inner element 1s realized by the high-position stops of the
switching elements so that a lash of the pistons, when
coupled, relative to the receptions 1n which they are arranged
1s the same 1n all the switching elements of the series 1n an
unloaded state of the switching elements.

8. A series of switching elements of claim 1 for internal
combustion engines of a same type wherein a distance of the
pistons, when coupled, from stops of the receptions in which
they are arranged 1s the same 1n all the switching elements of
the series in anunloaded state of the switching elements|, said
stops being situated axially opposite said one ends of the
guides in the coupled state].

9. A switching element of claim 1 configured as one of a
cam follower 1n a tappet push rod drive, a cup tappet and a
support element for a finger lever.

10. A switching element for a valve train of an internal
combustion engine for switching to different valve lifts, said
switching element comprising an outer element having an
inner element arranged for axial displacement therein, each
of the outer element and the inner element comprising a
reception aligned to each other in a relative position, at least
one piston being arranged in at least one of the veceptions for
sliding toward the other of the veceptions to couple the inner
element to the outer element in said relative position, and a
high-position stop for defining said rvelative position being
arranged between the inner element and the outer element,
wherein at least one part of the high-position stop is a sepa-
rate piston element adjustable for entry into a recess of one of
the inner element and the outer element, opposite the recep-
tions, wherein the separate piston element comprises a first
section having its outer periphery fixed in the recess of one of
the inner element and the outer element, and a second section
having its outer periphery engaging a guide that is made as a
slot in the other of the inner element and the outer element, the
guide having a length that is at least equal to a velative motion
between the inner element and the outer element.

11. A switching element of claim 10, wherein one end of the
guide forms a further part of the high-position stop, and at
least that end of the separate piston element that is situated
opposite said one end of the guide comprises a chamfer that
bears against a complementary chamfer of the said one end of
the guide in the relative position, the separate piston element
being axially displaceable in the relative position for estab-
lishing an alignment of the receptions of the outer element
and the inner element.

12. A switching element for a valve train of an internal
combustion engine for switching to diffevent valve lifts, said
switching element comprising an outer element having an
inner element arranged for axial displacement thervein, each
of the outer element and the inner element comprising a
reception aligned to each other in a relative position, at least
one piston being arranged in at least one of the veceptions for
sliding toward the other of the veceptions to couple the inner
element to the outer element in said relative position, and a
high-position stop for defining said relative position being
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arranged between the outer element and the inner element,
wherein at least one part of the high-position stop is config-
ured as an adjustable, separate element, the adjustable, sepa-
rate element is a piston element, having a first section dis-
posed in a vecess of the inner element and a second section
engaging a guide in the outer element, said piston element
being axially displaceable in the velative position and having
a configuration selected for establishing an alignment of the
receptions of the outer element and the inner element and for
positioning the at least one piston so that mechanical lash of
a predetermined value is provided between the at least one
piston and at least one of the receptions.

13. A switching element of claim 12, wherein one end of the
guide forms a further part of the high-position stop.

14. A switching element of claim 12, wherein at least that
end of the piston element that is situated opposite said one end
of the guide comprises a chamfer that bears against a comple-
mentary chamfer of the said one end of the guide in the
relative position.

15. A switching element for a valve train of an internal
combustion engine for switching to different valve lifts, said
switching element comprising an outer element having an
inner element arranged for axial displacement thervein, each
of the outer element and the inner element comprising a
reception aligned to each other in a relative position, at least
one piston being arranged in at least one of the veceptions for
sliding towavrd the other of the receptions to couple the inner
element to the outer element in said relative position, and a
high-position stop for defining said relative position being
arranged between the outer element and the inner element,
wherein at least one part of the high-position stop is config-
ured as an adjustable, separate element, the adjustable, sepa-
rate element is a piston element, having a first section dis-
posed in a recess of the inner element and a second section
engaging a guide in the outer element, said piston element
being axially displaceable in the relative position for estab-
lishing an alignment of the veceptions of the outer element
and the inner element, wherein the guide has a length that is
at least equal to a relative motion between the outer element
and the inner element.

16. A deactivatable lifter for a valve train of an internal
combustion engine, said deactivatable lifter comprising:

an outer element and an inner element positioned therein

and arranged for axial displacement within said outer

element to effect selective activation of an associated
valve in the train;

a lost motion spring positioned axially between the outer
element and the inner element, and acting on said inner
element;

each of the outer element and the inner element having an
opening aligned with each other in a relative position;

at least one coupling element being arranged in at least
one of the openings for sliding movement toward or
away from the other of the openings to couple to or
decouple from the outer element to effect activation or
deactivation, vespectively, of said associated valve; and

a stop member including a separate adjustable element
defining an upper limit of velative motion between said
outer element and said inner element of said lifter, the
separate adjustable element having a configuration to
position the at least one coupling element so that
mechanical lash of a predetermined value is provided
between the at least one coupling element and at least
one of the openings.

17. A deactivatable lifter of claim 16, wherein the prede-

termined value is on the order of 0.1 mm.
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18. A deactivatable lifter of claim 16, wherein at least one
of the outer element and the inner element is genervally cylin-
drical in shape.

19. A deactivatable lifter of claim 16, wherein the lost
motion spring is positioned in the outer element, underneath 5
a lower surface of the inner element.

20. A deactivatable lifter of claim 16, wherein the separate
adjustable element is adjustable to provide a selected assem-
bly depth.

21. A deactivatable lifter of claim 16, wherein the separate 10
adjustable element enables alignment between the openings
of the inner element and the outer element to be adjusted.

22. A deactivatable lifter of claim 16, wherein the lost
motion spring is positioned between a lower surface of the
inner element and a part of the outer element below the lower 15
surface of the inner element.

23. A deactivatable lifter of claim 22, wherein the part of
the outer element is an inner surface of the outer element.
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