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Description

[0001] This invention relates to an engine valve actu-
ating system and more particularly to an improved ar-
rangement for achieving variable valve actuation (timing
and/or lift) in the operation of an engine valve comprising
an improved lash adjustment arrangement.

[0002] As is well-known, many factors in an internal
combustion engine represent a design compromise.
Generally, the compromise is between achieving good
low-speed performance and economy and high output
and high power. There has been proposed a wide vari-
ety of devices, however, so as to permit the engine char-
acteristics to be adjusted during its running, so as to ob-
tain improved performance across the entire speed and
load range. One of these features is variable valve ac-
tuation which includes both changing the valve timing
and/or the valve lift. Obviously, these present substan-
tial challenges to the engineer considering that the ad-
justment must be made when the engine is running.
[0003] A wide variety of mechanisms have been pro-
posed for achieving either or both of the variable valve
timing and variable valve lift. For the most part, however,
they are fairly complex and add significantly to the com-
plexity of the valve train.

[0004] EP-A-0 452 671 discloses a valve actuating
mechanism comprising a rocker shaft rotatably support-
ed to a cylinder head of an engine and having eccentric
large-diameter portions formed as bushings on the way
of the rocker shaft, rocker arms including a first rocker
arm rotatably mounted directly on the rocker shaft and
second and third rocker arms rotatably mounted on the
bushings with the first rocker arm being interposed ther-
ebetween, and a cam assembly including first, second
and third cam members which drive the first, second and
third rocker arms, respectively. The second and third
cams have the same cam profiles and the first cam has
a cam profile different from those of the second and third
cams. A driving mechanism for rotating the rocker shaft
is connected to one end of the rocker shaft and com-
prises a hydraulic cylinder, a rack connected thereto and
a pinion formed on the one end of the rocker shaft so as
to be engaged with the rack from the upper side of the
cylinder head. A stopper mechanism for controlling a
sliding position of the rocker shaft is composed of a stop-
per groove formed to the cylinder head, a stopper screw
engaged with the stopper groove and a stopper member
disposed to the other end portion of the rocker shaft.
[0005] It was, therefore, a principal object of our ear-
lier invention (see EP-A-834 647) to provide an im-
proved variable valve actuating mechanism that was rel-
atively simple in construction and which lent itself to in-
corporation in multi-valve engines.

[0006] This was achieved by providing a valve oper-
ating mechanism comprised of a single cam shaft hav-
ing a pair of adjacent cams. A pair of adjacent, pivotally
supported rocker arms, each cooperated with a respec-
tive one of the cams. A first of the rocker arms had an
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operating portion for direct cooperation with the valve
stem for operating the valve. Means provided a selective
coupling of the second rocker arm to the first rocker arm
for effecting actuation of the valve through the first rock-
er arm. Thus, by providing different characteristics of the
cam and rocker arms, varying lift and/or duration was
achieved.

[0007] In order to provide the coupling between the
first and second rocker arms and to adjust for wear and
other conditions, a mechanism was provided for permit-
ting adjustment in the relationship between the two rock-
er arms. This utilized a conventional type of adjusting
screw.

[0008] The use of the adjusting screw somewhat com-
plicates the overall valve mechanism and further re-
quires sufficient clearances so that the screw can be ad-
justed and so that the relative movement between the
rocker arms can be accommodated.

[0009] Itis, therefore, a principal object of this inven-
tion to provide an improved construction of this type
wherein the interrelationship between the two rocker
arms is simplified while adjustment potential is still main-
tained. This object is achieved with the features of claim
1.

[0010] Thisinventionis adapted to be embodiedinthe
valve actuating mechanism for operating a single pop-
pet valve of an engine through cooperation with the stem
thereof. The valve operating mechanism is comprised
of a single cam shaft having a pair of adjacent cams. A
pair of adjacent, pivotally supported rocker arms, each
cooperate with a respective one of the cams. A first of
the rocker arms has an operating portion for direct co-
operation with the valve stem for operating the valve.
Means provide a selective, adjustable coupling of the
second rocker arm to the first rocker arm for effecting
actuation of the valve through the first rocker arm. This
coupling includes a replaceable adjusting shim. Thus,
by providing different characteristics of the cam and
rocker arms, varying lift and/or duration can be
achieved, adjustment is simplified and the construction
can be more compact.

[0011] The invention is now described in detail in con-
nection with the drawings.

Figure 1 is a top plan view looking at the valve ac-
tuating mechanism associated with a single cylin-
der of an internal combustion engine constructed in
accordance with a first embodiment of the earlier
invention (see EP-A-834 647), with the cam cover
for the engine removed.

Figure 2 is an exploded view showing the same
components illustrated in Figure 1 but illustrating
only the cam shaft and the rocker arms associated
therewith.

Figure 3 is a cross-sectional view taken along the
line 3-3 of Figure 1 and illustrates one of the rocker
arms and its association with the cam shaft.
Figure 4 is a cross-sectional view taken along the
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line 4-4 of Figure 1 and shows the valve in its closed
position.

Figure 5 is a cross-sectional view, in part similar to
Figure 4, and shows the valve in its open position
when opened by the first rocker arm.

Figure 6 is an enlarged cross-sectional view taken
along the same plane as Figures 4 and 5, and
shows the same condition in Figure 4, i.e., with the
valve closed.

Figure 7 is a cross-sectional view taken along the
line 7-7 of Figure 6.

Figure 8 is a cross-sectional view taken along the
same plane as Figure 6 and shows the arrangement
when the second rocker arm is coupled to the first
rocker arm and is effective to operate the first rocker
arm and the valve therethrough.

Figure 9 is a cross-sectional view taken along the
line 9-9 of Figure 8.

Figure 10 is a cross-sectional view, in part similar
to Figures 4 and 5, but shows the valve in its fully
opened position when operated by the second rock-
er arm acting through the first rocker arm.

Figure 11 is a partially schematic view showing an
induction system for the engine and an ancillary in-
take control system that may be utilized in conjunc-
tion with the various valve operating embodiments
disclosed herein.

Figure 12 is a view, in part similar to Figure 1, and
shows another embodiment of the prior invention
where both valves of the same cylinder are operat-
ed by variable valve actuating mechanisms.
Figure 13 is a partially exploded view, in part similar
to Figure 2, but shows the cam shaft and rocker
arms of this embodiment.

Figure 14 is a cross-sectional view taken along the
line 14-14 of Figure 12 and shows this intake valve
in its opened position when opened by the first cam
lobe.

Figure 15 is a cross-sectional view taken along the
line 15-15 of Figure 12 and shows when the first
intake valve is opened by the second cam lobe.
Figure 16 is an enlarged cross-sectional view taken
along the same plane as Figure 14, but shows the
operating mechanism when the valve is being
opened by the first cam lobe.

Figure 17 is a cross-sectional view taken along the
line 17-17 of Figure 16.

Figure 18 is a cross-sectional view taken along the
line 18-18 of Figure 12 showing the second intake
valve closed.

Figure 19 is an enlarged cross-sectional view taken
along the same plane as Figure 18 and shows the
valve actuating coupling arrangement between the
second rocker arm and the valve.

Figure 20 is a cross-sectional view taken along the
line 20-20 of Figure 19.

Figure 21 is atop plan view, in part similar to Figures
1and 12, and shows yet another embodiment of the
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prior invention mechanism (see EP-A-834 647) em-
ploying variable valve actuating mechanism for
both valves associated with a single cylinder of the
engine.

Figure 22 is an exploded view, in part similar to Fig-
ures 2 and 13, but shows the cam shaft and rocker
arms for this embodiment.

Figure 23 is a cross-sectional view, in part similar
to Figure 3, but shows the other type of biasing ar-
rangement for the second rocker arm used with this
embodiment.

Figure 24 is a top plan view, in part similar to Figure
12, but shows an embodiment in accordance with
this invention.

Figure 25 is an enlarged cross-sectional view taken
along the line 25-25 of Figure 24.

[0012] Before describing in detail all of the embodi-
ments, it should be noted that the embodiments of Fig-
ures 1-10, 11, 12-20, and 21-23 are substantially the
same as embodiments shown and described in EP 0
834 647 A1. A description of these embodiments is in-
corporated herein, because the inventive structure,
shown in detail in Figures 24 and 25 of the application,
can be utilized with any of the types of structures shown
in the prior application. That is, and as will become ap-
parent, the adjusting mechanism for adjusting the inter-
relationship between the first and second rocker arms
rather than using adjusting screws, as illustrated in the
mentioned embodiments can be replaced by the shim
type adjusting arrangement shown in Figures 24 and 25.
[0013] Referring now in detail to the drawings and in-
itially to the embodiment of Figures 1-10, a portion of a
cylinder head assembly of an internal combustion en-
gine is illustrated and is identified generally by the ref-
erence numeral 31. Only a portion of the engine is illus-
trated and specifically the cylinder head thereof be-
cause the invention deals, as aforenoted, with a valve
actuating mechanism for engines. Therefore, when any
details of the construction of the engine are not illustrat-
ed, they may be considered to be conventional. Those
skilled in the art will be able to determine from the fol-
lowing description how the invention can be utilized with
a wide variety of engines.

[0014] In all of the embodiments illustrated, the de-
picted engine and cylinder head 31 are of the four valve
cylinder type. This is because the invention has partic-
ular utility with multi-valve engines, for reasons which
will become apparent. However, the invention can be
utilized with engines having any number of valves in-
cluding only two valves per cylinder or more than two
valves in any number.

[0015] The cylinder head assembly 31 includes a
main cylinder head member 32 which has an upper sur-
face which carries a bearing and cam carrier 33 and
which is closed by a cam cover 34.

[0016] As best seen in Figures 3-5 and 10, each cyl-
inder of the engine is served by a pair of intake passages
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35 that terminate in valve seats 36 which are valved by
poppet-type intake valves, indicated generally by the
reference numeral 37. These valves 37 have head por-
tions 38 that cooperate with the valve seats 36 and stem
portions 39 that are slidably supported in valve guides
41 affixed to the cylinder head member 32.

[0017] At their upper ends, keeper retainer assem-
blies 42 retain spring assemblies 43 that act between
the keeper retainer assemblies 42 and the cylinder head
for biasing the valves 37 to their closed positions, as is
well-known in this art.

[0018] Referring now primarily to Figures 1 and 2, a
cam shaft, indicated generally by the reference numeral
44, is journaled in the cam carrier 33 by bearing surfaces
formed by it and bearing caps which are not illustrated.
The cam shaft 44 has three lobes comprised of a first,
center lobe 45, a second lobe 46, and a third lobe 47.
Associated with these lobes 45-47 are first, second and
third rocker arms, indicated generally by the reference
numerals 48, 49 and 51. These rocker arms 48, 49 and
51 are all journaled on a common rocker arm shaft 52
that is carried by the cam carrier member 33 in any
known manner.

[0019] As may be best seen from Figure 1, the cam
lobes 45 and 46 and their cooperating rocker arms 48
and 49 are associated with one of the valves 37, the
keeper retainer of which is indicated by the reference
numeral 42-1. The remaining cam lobe 47 and rocker
arm 51 are associated with and operate the remaining
intake valve 37 and their association is indicated by the
reference numeral 42-2, which identifies the keeper re-
tainer of this remaining valve.

[0020] The first rocker arm 48 is a rocker arm which,
under all conditions, operates the associated intake
valve having a retainer 42-1. This rocker arm 48 has a
follower portion 59 which is engaged with the cam lobe
45 and which is actuated by it. An actuating portion 61
extends integrally outwardly from the area adjacent the
cam follower 59 and carries an adjusting screw 62 at its
outer end which cooperates with the tip of the stem 39
of the associated valve. Thus, this rocker arm generally
operates as a conventional rocker arm for the valve ac-
tuation during such time as the second rocker arm 49 is
not coupled to it. This coupling method will be described
later.

[0021] Referring now primarily to Figures 1-3, the sec-
ond rocker arm 49 and its cooperation with the cam lobe
46 will be described. The rocker arm 49 has an outward-
ly extending arm which forms an integral follower 63 that
is engaged by the cam lobe 46. At this point, it should
be noted that the cam lobe 46 is of a larger lift and larger
diameter than that of the cam lobe 45. This is readily
apparent from Figure 10. In addition to providing a dif-
ferent lift, this cam lobe 46 may also be configured to
provide slightly different timing through its cooperation
with the first rocker arm 48.

[0022] Adjacent the follower surface 63, the rocker
arm 49 is provided with a protrusion 64 that receives an
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adjusting screw 65. This adjusting screw 65 operates in
conjunction with a coupling mechanism to, at times, con-
trol the operation of the first rocker arm 48. That mech-
anism will be described very shortly.

[0023] In order to maintain the rocker follower surface
63 in engagement with the cam lobe 46, a biasing ar-
rangement shown in Figure 3 is provided. As seen in
this Figure, a spring carrier 66 is affixed to the cam car-
rier 33 in a known manner. The spring carrier 66 is pro-
vided with a plurality of pockets, one for each rocker arm
49. A spring arrangement, indicated by the reference
numeral 67, is supported in each of these pockets.
[0024] The spring arrangement includes an outer cyl-
inder member 68 which defines a bore in which a sliding
biasing member 69 is provided. The sliding biasing
member 69 is biased by a coil compression spring 71
into engagement with a further follower surface 72
formed on a portion of the rocker arm 49 that extends
in somewhat diametrical opposition to the portion that
forms the follower surface 63. Thus, the spring 71 acting
through the biasing member 69 and rocker arm surface
72 will maintain the rocker arm follower 63 in engage-
ment with the cam lobe 46.

[0025] The mechanism for selectively coupling the
rocker arm 49 to operate the rocker arm 48 will now be
described by particular reference to Figures 4-10. Fig-
ures 4 through 7 show this coupling mechanism, which
is indicated generally by the reference numeral 73, in
the disengaged condition so that the first rocker arm 48
operates without any control or interference from the
second rocker arm 43. Under this condition, the cam
lobe 45 and first rocker arm 48 control the degree of
maximum opening and timing of opening of the valve 37
with the fully-opened position being shown in Figure 5.
[0026] The rocker arm 48 has a boss portion 74 that
is formed adjacent its follower surface 59 but below it.
A cylindrical bore 75 is formed in this boss 74. A coupling
plunger member, having a configuration shown in Fig-
ures 4-10 and indicated generally by the reference nu-
meral 76, is slidably supported within this bore. This cou-
pling plunger member 76 has a head or top portion 77
which is positioned to be and is engaged during the run-
ning of the engine by the screw 65.

[0027] As may be best seen in Figures 6 and 8, the
lower end of the bore 74 is partially closed by a cap 78
which forms an engagement for a biasing spring 79 that
acts on the lower end of the coupling plunger member
76. This spring 79 keeps the coupling plunger member
76 and specifically its surface 77 in constant engage-
ment with the adjusting screw 65. It should be apparent,
however, that if desired, some clearance may be main-
tained in this gap depending upon how the valve oper-
ation is to be accomplished. Also in some views the po-
sition of the plunger member 76 in the bore may not be
the true position depending upon the lift characteristics
of the respective cams 45 and 46 and specifically that
of their lobes.

[0028] The coupling plunger member 76 is formed
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with a bore 81 that extends from a flat surface 82 formed
in a side thereof by a machined recess 83. Received
within the bore 81 is a return spring arrangement that is
comprised of a pair of end caps 85 and 86 that are urged
apart by a coil compression spring 87.

[0029] In the uncoupled state when only the cam 45
is operating the valve 37, this compression spring 87
causes the retaining member 83 to be urged to a posi-
tion where a flat surface of it is coextensive with the sur-
face 82. Under this condition the surface 82 is engaged
by a slidable locking member 88.

[0030] The locking member 88 is slidably supported
within a bore 89 that extends through the rocker arm 48
below its journal on the rocker arm shaft 51. The outer
end of this bore 89 is closed by a closure plug 91 and
in the uncoupled state, the locking member 88 is abut-
tingly engaged with this closure plug 91.

[0031] The cooperation of the locking member 88 with
the side of the surface 82 will permit reciprocation of the
coupling plunger member 76 in the bore 75 between the
position shown in Figure 4 which represents the closed
condition and the position shown in Figure 6 which
shows the condition when the intake valve 37 is opened
to its maximum lift during the time when the cam lobe
45 is operating the rocker arm 48 so as to control the
timing and lift of the valve 37. Rotation of the plunger
member 76 in the bore 75 is, however, precluded by this
co-action.

[0032] Whenthe camlobe 46 operates the rocker arm
49 to begin its lift, then the coupling plunger member 76
will be driven downwardly in the bore 75 as shown in
Figure 6. Under this condition, no additional movement
of the rocker arm 48 will occur and thus there is lost mo-
tion under this operation.

[0033] It should be noted that in the retracted position
of the locking member 88, a gap 92 is provided between
it and the end closure 91. This gap communicates with
an oil control passage 93 that extends through the rock-
er arm shaft 51 and rocker arm 48. The rocker arm shaft
51 is hollow and hydraulic fluid pressure may be exerted
selectively through this passage 73 to the area 92 in ac-
cordance with a desired control strategy. One such strat-
egy will be described later by reference to the embodi-
ment of Figure 11.

[0034] When this passage 93 is pressurized, as
shown in Figures 8 and 9, the locking plunger 83, when
it registers with the bore 81, will act on the retainer mem-
ber 86 and force it inwardly and compress the spring 87.
At this time, the rocker arms 48 and 49 will be coupled
together and the rocker arm 49, because of its greater
lift and timing, will actually control the opening degree
of the valve so as to provide a greater lift under this cou-
pled condition as clearly shown in Figure 10. By com-
paring Figure 10 with Figure 5, this greater lift condition
can be readily appreciated.

[0035] When the hydraulic pressure in the passage
93 and area 92 is relieved, the spring 87 will urge the
locking plunger 88 back to its disengaged position as
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shown in Figures 4-7.

[0036] Referring back to Figures 1 and 2, it will be
seen that the rocker arm 51 and cam lobe 47 operate
the remaining intake valve, which does not have its lift
varied in this embodiment. The rocker arm 51 has a fol-
lower surface 94 that is engaged by the cam lobe 47.
An aajusting screw 95 carried at the tip of this rocker
arm cooperates with the stem of this valve to operate it
in a normal manner. Varying types of lift arrangements
may be employed and different lift ratios and/or valve
timing between the non-variable actuated valve and the
variable actuated valve. That is the lift and/or timing of
the valve operated by the cam 47 may be the same as
that provided by either of the cams 45 or 46 associated
with the other valve or different from either of them.
[0037] Figure 11is aview that shows one way in which
this mechanism may operate. This view shows the in-
duction system schematically and it now will be de-
scribed by reference to that Figure. In this Figure, the
normally or non-variably actuated valve is indicated by
the reference numeral 37-2, while the variably actuated
valve is indicated by the reference numeral 37-1. The
intake passages 35 associated therewith have also
been indicated by the same suffixes, i.e., 35-2 and 35-1.
[0038] In accordance with this embodiment, an air in-
let device, indicated by the reference numeral 101,
draws atmospheric air through an inlet opening 102 in
which a manually actuated throttle control valve 103 is
positioned. The air inlet device 101 forms a plenum
chamber 104 that communicates with the runners 35-1
and 35-2 of each cylinder.

[0039] A control valve 105 is provided in the runner
35-2 and is operated by a servo motor 106 under the
control of an ECU, indicated generally by the reference
numeral 107.

[0040] In this embodiment, the intake valve 37-1 and
its operation is adjusted to optimize primarily the low and
mid-range performance of the engine. Thus, the cam
lobe 45 and rocker arm 48 can be tailored for optimum
performance under low-speed and low-mid range run-
ning. The cam lobe 46 and rocker arm 49 are coupled
for a higher range of operation and may provide a sub-
stantially greater lift so as to improve the performance
under higher speeds and loads.

[0041] Thus, the control strategy for the ECU is to
sense throttle position or load and engine speed and be
mapped so as to activate the servo motor 106 and main-
tain the throttle valve 105 in a closed position during low-
speed and low-to-medium mid-range running.

[0042] Asthe speed and loadincrease, however, then
the ECU effects opening of the control valve 105 by the
servo motor 106. Thus, the engine can provide very
good performance under a wide variety of speeds and
loads due to the use of the variable valve actuating
mechanism and the control valve 105.

[0043] The foregoing example is only one type of
strategy that can be employed and the maximum lift for
the valves 37-1 and 37-2 can be either the same or dif-
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ferent depending upon the particular engine and tuning
arrangement selected, as already noted.

[0044] Figures 12 and 20 show another embodiment
wherein both of the intake valves 37-1 and 37-2 are pro-
vided with a variable valve actuating mechanism. In this
particular embodiment, the cam shaft is provided with,
in addition to, the lobes 45 and 46, for actuating the first
intake valve 37-1, with additional lobes 151 and 152 for
operating the rocker arms 48 and 49 associated with the
remaining valve 37-2.

[0045] It should be noted that the rocker arms 48 and
49 associated with the second intake valve 37-2 are mir-
ror images so as to permit the two rocker arms 48 to be
positioned next to each other and the other two rocker
arms to be spaced more widely. With this type of ar-
rangement, as shown, the initial lift for the valve 37-2 is
less than that of the valve 37-1 but the maximum lift pro-
vided by the cam lobes 46 and 152 can be the same.
[0046] In this embodiment, because the rocker arms
associated with each of the valves 37-1 and 37-2 are
the same as those associated with the primary valve of
the embodiment of Figures 1-10, many of the figures
showing this embodiment are the same as that previ-
ously described. Therefore, Figure 14 is basically the
same as Figure 5; Figure 15 is basically the same as
Figure 3; Figures 16 and 17 are basically the same as
Figures 6 and 7 and Figures 19 and 20 are basically the
same as Figures 8 and 9. Because of these similarities,
it is believed that further description of this embodiment
is not necessary to permit those skilled in the art to un-
derstand the construction and operation of this embod-
iment.

[0047] Figures 21 -23 show yet another embodiment.
In this embodiment, the rocker arms are reversed from
the position utilized in Figures 12 through 21. That is,
the direct actuating rocker arms 48 are disposed out-
wardly of the indirect acting rocker arms 49. Again, var-
ying lift arrangements may be employed. As illustrated
in this embodiment, the initial lift of the valve 37-1 is sub-
stantially greater than that of the remaining valve 37-2
while the maximum lift also is larger but only slightly larg-
er as indicated by the respective cam lobe portions.
[0048] Figure 23 also shows a different biasing ar-
rangement for the second rocker arms that is like that
used in the embodiment of Figure 15. Since these are
the only main differences from former embodiments,
components which are the same or substantially the
same have been identified by the same reference nu-
merals.

[0049] Inthis embodiment, the second rocker arms 48
have, on the opposite side from their follower surfaces
59, a protruding portion 251 that is engaged by a spring
return mechanism which is in essence the same as that
employed in and shown in detail in Figure 3. However,
this return mechanism 67 is mounted directly in the cyl-
inder head member 32 rather than on the cam carrier
33. In all other regards, this embodiment is the same
and thus, further description of it is not believed to be
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necessary to permit those skilled in the art to practice
the invention.

[0050] Ineach ofthe embodiments described, in order
to permit a compact assembly, obviously the adjusting
screw 65 and its associated rocker arm must be config-
ured in relation to the cam lobes and specifically the cam
lobe 45, so as to not present any interference. This has
some spatial disadvantages. It also dictates that the fol-
lower surfaces of the rocker arms 59 and 63 must be
relatively narrow in order to permit a compact construc-
tion.

[0051] Next is described the added embodiment of
this application, that of Figures 24 and 25 which avoids
these disadvantages. Figures 24 and 25 show an em-
bodiment which is generally the same as the embodi-
ment of Figures 12-20 but also permits the use of the
biasing arrangement as seen in Figures 15 and 23.
[0052] This embodiment differs from that earlier em-
bodiment only in the way in which the two rocker arms
48 and 49 cooperate with each other so as to avoid the
necessity of utilizing the adjusting screws 65. As may
be seen in Figure 24, this permits the bearing area 63
of the second rocker arms to be substantially wider. Also
the cam lobes 46 and 152 may be so widened. Thus,
wear can be reduced and also the entire cylinder head
construction can be made more compact.

[0053] In this embodiment, the portion of the rocker
arm 63 which previously carried the adjusting screw 65
merely overlie an adjusting pad 201 (Figure 25) that is
received in a complimentary recess formed in the upper
portion of the plunger assembly 73 and specifically the
member 76 thereof. The height or thickness of this shim
201 can be varied so as to provide the desired clearance
and avoid the use of an adjusting screw. In addition, this
arrangement provides a larger wear area between the
two rocker arms 49 and 48 and thus also reduces wear.
In all other regards, this construction is the same as that
previously described.

[0054] Itis also to be understood that this type of ad-
justing arrangement can be utilized in all of the embod-
iments of this application and those other embodiments
of the prior application that are not carried through here-
with.

[0055] From the foregoing description, it should be
readily apparent to those skilled in the art that the vari-
ous embodiments disclosed provide a very effective and
compact arrangement for achieving variable valve ac-
tuation.

Claims

1. Avalve operating mechanism for operating a single
poppet valve (37) of an engine through cooperation
with the stem (39) thereof, said valve operating
mechanism being comprised of a single cam shaft
(44) having a pair of adjacent cams (45, 46), a pair
of adjacent pivotally supported rocker arms (48,
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49), each of said rocker arms (48, 49) being oper-
ated by a respective one of said cams (45, 46), a
first (48) of said rocker arms (48, 49) having an op-
erating portion (61) for direct engagement with the
valve stem (39) for operating the valve (37) directly,
the valve operating mechanism being character-
ized by means (73) for selectively coupling a sec-
ond (49) of said rocker arms (48, 49) to said first
rocker arm (48) comprising a plunger (76) slidably
supported within a bore (75) formed in said first
rocker arm (48), a replaceable adjusting shim (201)
engaged by actuating means (63) carried by said
second rocker arm (49), said plunger (76) being en-
gaged by said replaceable adjusting shim (201),
and means for coupling said plunger (76) against
movement relative to the first rocker arm (48) for
effecting simultaneous movement of the rocker
arms (48, 49) to actuate the valve (37), through said
first rocker arm (48), by the cam (46) associated
with said second rocker arm (49).

A valve operating mechanism as set forth in Claim
1, wherein both of the rocker arms (48, 49) are jour-
naled on the same rocker arm shaft (52).

A valve operating mechanism as set forth in Claim
1 or 2, wherein the first and second cams (45, 46)
and first and second rocker arms (48, 49) provide a
different lift for the actuated valve (37).

A valve operating mechanism as set forth in Claim
3, wherein the lift provided by the second cam (46)
and second rocker arm (49) is greater than that pro-
vided by the first cam (45) and the first rocker arm
(48).

A valve operating mechanism as set forth in any of
Claims 1 to 4, wherein the replaceable adjusting
shim(201) is removabley supported in said plunger
(76).

A valve operating mechanism set forth in Claim 5,
wherein the coupling means comprises a pin (88)
slidably supported in the first rocker arm (48) and
engageable with a bore (81) formed in the plunger
(76) for locking the plunger (76) against sliding
movement in the bore (75).

A valve operating mechanism as set forth in any of
Claims 1 to 6, wherein the valve (37) has a spring
(43) that is associated with it for maintaining the first
rocker arm (48) in engagement with the first cam
(45) and further including a separate biasing spring
(71) for urging the second rocker arm (49) into en-
gagement with the second cam (46).

A valve operating mechanism as set forth in Claim
7, wherein the second spring (71) is engaged with
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14.
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17.

an arm (72) of the second rocker arm (49) that is
spaced from its actuating portion (63) and which
spring (71) bears against the engine body.

A valve operating mechanism as set forth in any of
Claims 1 to 8, wherein there is provided a second
poppet valve (37) for serving the same combustion
chamber of the engine and wherein the second pop-
pet valve (37) is adjacent the first mentioned poppet
valve (37).

A valve operating mechanism as set forth in Claim
9, wherein the second poppet valve (37) is operated
by a third cam (47) though a third rocker arm (51).

A valve operating mechanism as set forth in Claim
10, wherein the all of the rocker arms (48, 49, 51)
are supported on the same rocker arm shaft (52).

A valve operating mechanism as set forth in Claim
11, wherein the valves (37) are both intake valves.

A valve operating mechanism as set forth in Claim
12, wherein the first valve (37) is operated with a
low lift by the first cam (45) and the first rocker arm
(48) and a higher lift by the second cam (46) and
the second rocker arm (49) acting through the first
rocker arm (48) and wherein the third cam (47) and
the third rocker arm (51) provide a lift for the second
valve (37) that is higher than that of the first cam
(45) and the first rocker arm (48) on the first valve
(37).

A valve operating mechanism as set forth in Claim
13, wherein separate intake passages (35-1, 35-2)
serve the intake valves (37-1, 37-2) and further in-
cluding a control valve (105) in the intake passage
(35-2) serving the second valve (37-2) controlled in
response to engine running conditions and opened
under only high speed, high load conditions.

A valve operating mechanism as set forth in any of
Claims 10 to 14, wherein the second valve (37-2) is
operated by first and second rocker arms (48, 49)
each cooperating with a respective cam lobe (151,
152) to provide a different lift and further including
means (73)for selectively coupling the first and sec-
ond rocker arms (48, 49) associated with the sec-
ond valve (37-2) with each other for varying the lift
of the second valve (37-2).

A valve operating mechanism as set forth in Claim
15, wherein the first rocker arms (48) for the two
valves (37-1, 37-2) are disposed adjacent each oth-
er on the rocker arm shaft (52).

A valve operating mechanism as set forth in Claim
16, wherein the lift provided by the first cam (45)
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and first rocker arm (48) of one (37-1) of the valves
is different from that provided by the first cam (151)
and first rocker arm (48) of the other valve (37-2).

A valve operating mechanism as set forth in Claim
15, wherein the second rocker arms (49) are dis-
posed adjacent each other on the same rocker arm
shaft (52).

A valve operating mechanism as set forth in Claim
18, wherein the lift provided by the first cam (45)
and first rocker arm (48) of one (37-1) of the valves
is different from that provided by the first cam (151)
and first rocker arm (48) of the other valve (37-2).

A valve operating mechanism as set forth in any of
Claims 1 to 19, wherein the means (73) for selec-
tively coupling the second rocker arm (49) to the first
rocker arm (48) is hydraulically operated.

A valve operating mechanism as set forth in Claim
20, wherein the rocker arm shaft (52) is hollow and
the hydraulic pressure is transmitted through the
rocker arm shaft (52).

Patentanspriiche

1.

Ventilbetatigungsmechanismus zur Betatigung ei-
nes einzelnen Tellerventils (37) eines Motors durch
Zusammenarbeit mit dessen Schaft (39), wobei der
Ventilbetatigungsmechanismus eine einzelne Nok-
kenwelle (44), die ein Paar benachbarter Nocken
(45, 46) aufweist, und ein Paar benachbarter
schwenkbar gehaltener Kipphebel (48, 49) auf-
weist, wobei jeder der Kipphebel (48, 49) durch ei-
nen jeweiligen der Nocken (45, 46) betatigt wird, ein
erster (48) der Kipphebel (48, 49) einen Betati-
gungsabschnitt (61) fir einen direkten Eingriff mit
dem Ventilschaft (39) zur direkten Betatigung des
Ventils (37) aufweist, wobei der Ventilbetatigungs-
mechanismus gekennzeichnet ist durch eine Ein-
richtung (73) zur selektiven Kopplung eines zweiten
(49) der Kipphebel (48, 49) mit dem ersten Kipphe-
bel (48), die einen Kolben (76), der verschiebbar in
einer Bohrung (75) gehalten ist, die in dem ersten
Kipphebel (48) ausgebildet ist, ein austauschbares
Einstellplattchen (201), das mit einer Betatigungs-
einrichtung (63) in Eingriff steht, die durch den
zweiten Kipphebel (49) getragen ist, wobei der Kol-
ben (76) mit dem austauschbaren Einstellplattchen
(201) in Eingriff steht, und eine Einrichtung zur
Kopplung des Kolbens (76) gegen eine Bewegung
relativ zum ersten Kipphebel (48) zum Bewirken ei-
ner gleichzeitigen Bewegung der Kipphebel (48,
49) aufweist, um das Ventil (37) durch den ersten
Kipphebel (48) mit Hilfe des Nockens (46), der mit
dem zweiten Kipphebel (49) verbunden ist, zu be-
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14
tatigen.

Ventilbetatigungsmechanismus nach Anspruch 1,
wobei beide Kipphebel (48, 49) auf derselben Kipp-
hebelwelle (52) gelagert sind.

Ventilbetdtigungsmechanismus nach Anspruch 1
oder 2, wobei die ersten und zweiten Nocken (45,
46) und ersten und zweiten Kipphebel (48, 49) ei-
nen unterschiedlichen Hub fir das betétigte Ventil
(37) bereitstellen.

Ventilbetdtigungsmechanismus nach Anspruch 3,
wobei der durch den zweiten Nocken (46) und zwei-
ten Kipphebel (49) bereitgestellte Hub gréRer als je-
ner ist, der durch den ersten Nocken (45) und den
ersten Kipphebel (48) bereitgestellt wird.

Ventilbetdtigungsmechanismus nach einem der
Anspriiche 1 bis 4, wobei das austauschbare Ein-
stellplattchen (201) entfernbar im Kolben (76) ge-
halten ist.

Ventilbetdtigungsmechanismus nach Anspruch 5,
wobei die Kopplungseinrichtung einen Stift (88) auf-
weist, der verschiebbar im ersten Kipphebel (48)
gehalten ist und mit einer Bohrung (81) in Eingriff
bringbar ist, die im Kolben (76) ausgebildet ist, um
den Kolben (76) gegen eine gleitende Bewegung in
der Bohrung (75) zu verriegeln.

Ventilbetdtigungsmechanismus nach einem der
Anspriche 1 bis 6, wobei das Ventil (37) eine Feder
(43) aufweist, die mit ihm in Verbindung steht, um
den ersten Kipphebel (48) in Eingriff mit dem ersten
Nocken (45) zu halten und ferner eine getrennte
Vorspannungsfeder (71) vorgesehen ist, um den
zweiten Kipphebel (49) in einen Eingriff mit dem
zweiten Nocken (46) zu dricken.

Ventilbetatigungsmechanismus nach Anspruch 7,
wobei die zweite Feder (71) mit einem Arm (72) des
zweiten Kipphebels (49) in Eingriff steht, der von
seinem Betatigungsabschnitt (63) beabstandet ist,
und wobei die Feder (71) gegen den Motorkdrper
gelagert ist.

Ventilbetatigungsmechanismus nach einem der
Anspriiche 1 bis 8, wobei ein zweites Tellerventil
(37) vorgesehen ist, um dieselbe Verbrennungs-
kammer des Motors zu bedienen und wobei das
zweite Tellerventil (37) dem erstgenannten Teller-
ventil (37) benachbart ist.

Ventilbetatigungsmechanismus nach Anspruch 9,
wobei das zweite Tellerventil (37) durch einen drit-
ten Nocken (47) durch einen dritten Kipphebel (51)
betéatigt wird.
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Ventilbetatigungsmechanismus nach Anspruch 10,
wobei alle Kipphebel (48, 49, 51) auf derselben
Kipphebelwelle (52) gehalten sind.

Ventilbetatigungsmechanismus nach Anspruch 11,
wobei die Ventile (37) beide EinlaBventile sind.

Ventilbetatigungsmechanismus nach Anspruch 12,
wobei das erste Ventil (37) mit einem niedrigen Hub
durch den ersten Nocken (45) und den ersten Kipp-
hebel (48) und einem héheren Hub durch den zwei-
ten Nocken (46) und den zweiten Kipphebel (49)
betéatigt wird, der durch den ersten Kipphebel (48)
wirkt, und wobei der dritte Nocken (47) und der drit-
te Kipphebel (51) einen Hub fiir das zweite Ventil
(37) bereitstellen, der hoher als jener des ersten
Nockens (45) und des ersten Kipphebels (48) auf
das erste Ventil (37) ist.

Ventilbetatigungsmechanismus nach Anspruch 13,
wobei getrennte EinlaRkanale (35-1, 35-2) die Ein-
laBventile (37-1, 37-2) bedienen und ferner ein
Steuerventil (105) im EinlaBkanal (35-2) vorgese-
hen ist, der das zweite Ventil (37-2) bedient, das als
Reaktion auf Motorbetriebsbedingungen gesteuert
wird und nur unter Umstanden einer hohen Dreh-
zahl und hoher Belastung geéffnet wird.

Ventilbetatigungsmechanismus nach einem der
Anspriiche 10 bis 14, wobei das zweite Ventil (37-2)
durch erste und zweite Kipphebel (48,49) betatigt
wird, die jeweils mit einer jeweiligen Nockennase
(151, 152) zusammenarbeiten, um einen unter-
schiedlichen Hub bereitzustellen, und ferner eine
Einrichtung (73) vorgesehen ist, um die ersten und
zweiten Kipphebel (48, 49), die mit dem zweiten
Ventil (37-2) in Verbindung stehen, miteinander se-
lektiv zu koppeln, um den Hub des zweiten Ventils
(37-2) zu variieren.

Ventilbetatigungsmechanismus nach Anspruch 15,
wobei die ersten Kipphebel (48) fir die beiden Ven-
tile (37-1, 37-2) benachbart zueinander auf der
Kipphebelwelle (52) angeordnet sind.

Ventilbetatigungsmechanismus nach Anspruch 16,
wobei sich der Hub, der durch den ersten Nocken
(45) und den ersten Kipphebel (48) eines der Ven-
tile (37-1) bereitgestellt wird, von dem unterschei-
det, der durch den ersten Nocken (151) und ersten
Kipphebel (48) des anderen Ventils (37-2) bereitge-
stellt wird.

Ventilbetatigungsmechanismus nach Anspruch 15,
wobei die zweiten Kipphebel (49) benachbart zu-
einander auf derselben Kipphebelwelle (52) ange-
ordnet sind.
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Ventilbetatigungsmechanismus nach Anspruch 18,
wobei sich der Hub, der durch den ersten Nocken
(45) und ersten Kipphebel (48) eines der Ventile
(37-1) bereitgestellt wird, von dem unterscheidet,
der durch den ersten Nocken (151) und ersten Kipp-
hebel (48) des anderen Ventils (37-2) bereitgestellt
wird.

Ventilbetatigungsmechanismus nach einem der
Anspruche 1 bis 19, wobei die Einrichtung (73) zur
selektiven Kopplung des zweiten Kipphebels (49)
mit dem ersten Kipphebel (48) hydraulisch betatig-
bar ist.

Ventilbetatigungsmechanismus nach Anspruch 20,
wobei die Kipphebelwelle (52) hohl ist und der Hy-
draulikdruck durch die Kipphebelwelle (52) Gbertra-
gen wird.

Revendications

Un mécanisme d'actionnement de soupape pour
actionner une soupape en champignon (37) unique
d'un moteur a combustion par coopération avec sa
tige (39), ledit mécanisme d'actionnement de sou-
pape étant constitué d'un arbre a cames unique (44)
ayant une paire de cames (45, 46) adjacentes, une
paire de culbuteurs (48, 49) supportés a pivotement
adjacents, chacun desdits culbuteurs (48, 49) étant
actionné par l'une respective desdites cames (45,
46), un premier (48) desdits culbuteurs (48, 49)
ayant une partie d'actionnement (61) devant venir
en contact direct avec la tige de soupape (39) pour
actionner directement la soupape (37), le mécanis-
me d'actionnement de soupape étant caractérisé
par des moyens (73) pour coupler sélectivement un
deuxiéme (49) desdits culbuteurs (48, 49) audit pre-
mier culbuteur (48), comprenant un piston (76)
monté a coulissement dans un alésage (75) formé
dans ledit premier culbuteur (48), une cale d'ajus-
tement (201) remplagable mise en prise par des
moyens d'actionnement (63) portés par ledit
deuxiéme culbuteurs (49), ledit piston (76) étant mis
en prise par ladite cale d'ajustement (201) rempla-
cable et des moyens pour coupler ledit piston (76)
contre tout déplacement par rapport audit premier
culbuteur (48) pour effectuer un déplacement simul-
tané des culbuteurs (48, 49) afin d'actionner la sou-
pape (37), par l'intermédiaire dudit premier culbu-
teur (48), par la came (46) associée audit deuxiéme
culbuteur (49).

Un mécanisme d'actionnement de soupape selon
la revendication 1, dans lequel les deux culbuteurs
(48, 49) tourillonnent sur la méme tige de culbuteur
(52).
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Un mécanisme d'actionnement de soupape selon
la revendication 1 ou 2, dans lequel la premiére et
deuxiéme cames (45, 46) et les premier et deuxié-
me culbuteur (48, 49) produisent une levée diffé-
rente pour la soupape (37) actionnée.

Un mécanisme d'actionnement de soupape selon
la revendication 3, dans lequel la levée produite par
la deuxiéme came (46) et le deuxiéme culbuteur
(49) est supérieure a celle produite par la premiére
came (45) et le premier culbuteur (48).

Un mécanisme d'actionnement de soupape selon
I'une quelconque des revendications 1 a 4, dans le-
quel la cale d'ajustement (201) remplagable est
supportée de fagcon amovible dans ledit piston (76).

Un mécanisme d'actionnement de soupape selon
la revendication 5, dans lequel les moyens de cou-
plage comprennent une tige (88) supportée a cou-
lissement dans le premier culbuteur (48) et suscep-
tible de venir en prise avec un alésage (81) formé
dans le piston (76) pour verrouiller le piston (76)
contre tout déplacement coulissant a l'intérieur de
I'alésage (75).

Un mécanisme d'actionnement de soupape selon
I'une quelconque des revendication 1 a 6, dans le-
quel la soupape (37) a un ressort (43) qui est asso-
cié a elle pour maintenir le premier culbuteur (48)
en prise avec la premiere came (45) et comprenant
en outre un ressort de déplacement (71) séparé de-
vant placer le deuxieme culbuteur (49) en contact
avec la deuxiéme came (46).

Un mécanisme d'actionnement de soupape selon
la revendication 7, dans lequel le deuxieme ressort
(71) est mis en prise avec un bras (72) du deuxiéme
culbuteur (49) espacé de sa partie d'actionnement
(63) et le ressort (71) portant contre le bloc moteur.

Un mécanisme d'actionnement de soupape selon
I'une quelconque des revendications 1 a 8, dans le-
quel est prévue une deuxiéme soupape en cham-
pignon (37) pour servir la méme chambre de com-
bustion du moteur a combustion et dans lequel la
deuxiéme soupape en champignon (37) est montée
de fagon adjacente a la premiére soupape en cham-
pignon (37) mentionnée.

Un mécanisme d'actionnement de soupape selon
la revendication 9, dans lequel la deuxieme soupa-
pe en champignon (37) est actionnée par une troi-
siéme came (47) par l'intermédiaire d'un troisiéme
culbuteur (51).

Un mécanisme d'actionnement de soupape selon
la revendication 10, dans lequel la totalité des cul-
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buteurs (48, 49, 51) sont supportés sur le méme ar-
bre de bras de culbuteur (52).

Un mécanisme d'actionnement de soupape selon
la revendication 11, dans lequel les soupapes (37)
sont les deux des soupapes d'admission.

Un mécanisme d'actionnement de soupape selon
la revendication 12, dans lequel la premiére soupa-
pe (37) est actionnée avec une faible levée par la
premiére came (45) et le premier culbuteur (48) et
avec une plus grande levée par la deuxieme came
(46) et le deuxieme culbuteur (49) agissant par I'in-
termédiaire du premier culbuteur (48) et dans lequel
la troisieme came (47) et le troisiéme culbuteur (51)
produisent une levée pour la deuxiéme soupape
(37) qui est supérieure a celle de la premiére came
(45) et du premier culbuteur (48) sur la premiére
soupape (37).

Mécanisme d'actionnement de soupape selon la re-
vendication 13, dans lequel des passages d'admis-
sion (35-1, 35-2) séparés desservent des soupapes
d'admission (37-1, 37-2) et en outre incluant une
soupape de commande (105) placée dans le pas-
sage d'admission (35-2) desservant la deuxiéme
soupape (37-2) commandée en réponse aux con-
ditions de fonctionnement du moteur a combustion
et ouverte uniguement dans des conditions de hau-
te vitesse et de forte charge.

Un mécanisme d'actionnement de soupape selon
I'une quelconque des revendications 10 a 14, dans
lequel la deuxiéme soupape (37-2) est actionnée
par les premier et deuxiéme culbuteurs (48, 49),
chacun coopérant avec un lobe de came (151, 152)
respectif pour produire une levée différente et in-
cluant en outre des moyens (73) pour coupler sé-
lectivement les premier et deuxiéme culbuteurs (48,
49) associés a la deuxieme soupape (37-2) l'un
avec l'autre pour faire varier la levée de la deuxieme
soupape (37-2).

Un mécanisme d'actionnement de soupape selon
la revendication 15, dans lequel les premiers culbu-
teurs (48) des deux soupapes (37-1, 37-2) sont dis-
posés de fagon adjacente I'un a l'autre sur l'arbre a
culbuteur (52).

Un mécanisme d'actionnement de soupape selon
la revendication 16, dans lequel la levée produite
dans la premiere came (45) et le premier culbuteur
(48) d'une (37-1) des soupapes est differente de
celle produite par la premiére came (151) et le pre-
mier culbuteur (48) de l'autre soupape (37-2).

Un mécanisme d'actionnement de soupape selon
la revendication 15, dans lequel les deuxiémes cul-
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buteurs (49) sont disposés de fagon adjacente I'un
a l'autre sur le méme arbre de culbuteur (52).

Un mécanisme d'actionnement de soupape selon
la revendication 18, dans lequel la levée produite
par la premiére came (45) et le premier culbuteur
(48) d'une (37-1) des soupapes est différente de
celle produite par la premiére came (151) et le pre-
mier culbuteur (48) de I'autre soupape (37-2).

Un mécanisme d'actionnement de soupape selon
I'une quelconque des revendications 1 a 19, dans
lequel les moyens (73) pour coupler sélectivement
le deuxiéme culbuteur (49) sur le premier culbuteur
(48) sont a actionnement hydraulique.

Un mécanisme d'actionnement de soupape selon
la revendication 20, dans lequel I'arbre a culbuteur
(52) est creux et la pression hydraulique est trans-
mise a travers l'arbre a culbuteur (52).

10

15

20

25

30

35

40

45

50

55

11

20



EP 0908 604 B1

—————

52

- 64

S SRR | S S

KS;

65

49
i 72

Bttt DU L B

49 |

B R L b b T RS PP ST S

Figure 1

12



EP 0908 604 B1

44

—

e e - —

——— . o}

95

A et e ot ]

Figure 2

13



EP 0908 604 B1

g

7 7 7 7 7 2 2 L2 Ll L L L L L L L L L L L L)

Figure 3

14



EP 0908 604 B1

N
N
N
N
N
N
51 \
N {
{ 91
X N—T
33 61 } N | 76
|
42 WY
N
73 j
43 75 ' N
... 74 \
\ .
\
35
T N—
39
32 41
37
\
38

Figure 4

15



EP 0908 604 B1

33

42

43

41

37 —

38

36

5

igure

F

16



EP 0908 604 B1

>
65 /A
48
51
93
o/\ 7
64 31
82
3 . 89
76 e 88 92
- 87 .. 86
{ 75 -
7 74 / 79 k
85 by
Figure 6
78
82 88
89
%////
\\\\\\‘\YE > |
92 91

93
74

Figure 7

17



65

EP 0908 604 B1

/ %
64
51
.48
93
77 )
73
~ ,/\9
76 - 82
81
75 91
o 89
<, 92
88\,
9 85 186 .
79
74
Figure 8
78
75 81
ss 93 89
| /
Z AR
..\87 /// 1
B L — 9
85 < // ' <
XN /\\\{\\;;,
T e 92 48

18

Figure 9



33

32'\

42

43

35

EP 0908 604 B1

V4

41

37 —

36

Figure 10

19

73

) SO SN S S SN SRS A S A 4 AN 4 A4

38




EP 0908 604 B1

b
T~O
v~

1T 2.nb1g

Nnod

NdY=N

peo]

€01

co1
I01

14128

c-LE

I-LE

20




EP 0908 604 B1

18

/33

) ! HE]
i! h
Ml __ __
N Q1 . a
S~
LS 8 9
Y GRS G /
TR
hoa e
il 1
+||- ) ' :
® @ | ©
i
_r,l..uv__ 2
\ 1 1 10
- ~
( _ K] R
® AN
~* 3! um\_q =
|
t @) !}
= $ "_ “m @
=t 1 |
- 1 1 10
B EUIRE N S/
1 Vo
) lell
w1
f—l ||||| / 3
©

Figure 12

21



EP 0908 604 B1

152
/

151

45

1

Figure 13

22



EP 0908 604 B1

N
N
D
\
48 N
45 51 |
N
N
62 N
'y N
61 \
N
\
42-1 s
N j
43 74
\... \
35
"‘ 39
41
32 — | .
37'1 PSS

38-1

Figure 14

23



EP 0908 604 B1

//////7///////7/////////!

NS

g o A LT M YT 2

67

69

72

N 39-1

Figure 15

24



EP 0908 604 B1

v
65 //

48
51
93
X 17

64 31
23 8281 89

76 A ss 92

. 87 .
{ s - 86
17 74 / 79 R
85 g
Figure 16
78
82 88
75

BANNAN N N\

W/////

\\N\\LF>,

92
76 : 93 91
74

Figure 17

25



EP 0908 604 B1

151
\
{
59 \
51 |
N
: N
N
AN \‘\ \
N
42-2 \
N
76 |
A N
43-2 ) N
\. \
32 41
N 37-2
\
38-2
Figure 18

26



EP 0908 604 B1

/65 N
64
51
.48
93
73
— X 20
76 82
75 91
89
87
- 92
( 88\
20 * 5 ., 86
79
74
Figure 19
78
88 93 89
;o [
7 ANCAN
\:87 //'// 91
o5 ~- 7.
77 N\ /\
92
A 48

27

Figure 20



EP 0908 604 B1

/"33

™~

! H !
1 ! __ N
_" "_ S
) I 2 W
— L 4
T
M/r? m\“T
I
@hnv_m@ @
o i !
T i [g s
{ 1 1 -
S— 3
m\? | 88! ¥
H I
\’/—
SROse
2| B
: Ly
JA W1 I— - J/
-_ -u
R
U o
T

Figure 21

28



EP 0908 604 B1

151

152
/

Figure 22

29



EP 0908 604 B1

oz 2 2 2 Z ra z 2z Z va Z

Figure 23

30




EP 0908 604 B1

25
!4-
N\ (7=9)
R BV S/ { .
o8| 45 151 o 152
A {
AT _O_'}
T 4250 (o |2
{
Y -r— 63
63 1 i
\ "1"— 49
! ) \>\ck
| \
/' PR—
48 48 /
/ \ L

25

Figure 24

31



EP 0908 604 B1

38

e 25

igur

F

32



	bibliography
	description
	claims
	drawings

