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Description

[0001] This invention relates to an engine valve actu-
ating system and more particularly to an improved
arrangement for achieving variable valve actuation (tim-
ing and/or lift) in the operation of an engine valve. In
addition the invention relates to an improved lash
adjustment arrangement useable in engine valve actua-
tion.

[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
obtain improved performance across the entire speed
and load range. One of these features is variable valve
actuation which includes both changing the valve timing
and/or the valve lift. Obviously, these present substan-
tial challenges to the engineer considering that the
adjustment 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] It was, therefore, a principal object of our ear-
lier invention to provide an improved variable valve actu-
ating mechanism that was relatively simple in
construction and which lent itself to incorporation in
multi-valve engines.

[0005] This was achieved by providing a valve operat-
ing mechanism comprised of a single cam shaft having
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
operating portion for direct cooperation with the valve
stem for operating the valve. Means provided a selec-
tive coupling of the second rocker arm to the first rocker
arm for effecting actuation of the valve through the first
rocker arm. Thus, by providing different characteristics
of the cam and rocker arms, varying lift and/or duration
was achieved.

[0006] 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
rocker arms. This utilized a conventional type of adjust-
ing screw.

[0007] The use of the adjusting screw somewhat com-
plicates the overall valve mechanism and further
requires sufficient clearances so that the screw can be
adjusted and so that the relative movement between the
rocker arms can be accommodated.

[0008] i is, therefore, a principal object of this inven-
tion to provide an improved construction of this type
wherein the interrelationship between the two rocker
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arms is simplified while adjustment potential is still
maintained.

[0009] This invention is adapted to be embodied in the
valve actuating mechanism for operating a single pop-
pet valve of an engine through cooperation with the
stem thereof. The valve operating mechanism is com-
prised 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. Afirst of the rocker arms has an operating portion
for direct cooperation with the valve stem for operating
the valve. Means provide a selective, adjustable cou-
pling 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.

[0010] The invention is now described in detail in con-
nection with the drawings.

Figure 1 is a top plan view looking at the valve actu-
ating mechanism associated with a single cylinder
of an internal combustion engine constructed in
accordance with a first embodiment of the earlier
invention, 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
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 arrange-
ment 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
rocker arm acting through the first rocker arm.
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Figure 11 is a partially schematic view showing an
induction system for the engine and an ancillary
intake control system that may be utilized in con-
junction with the various valve operating embodi-
ments 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 oper-
ated 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 then 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 a top plan view, in part similar to Fig-
ures 1 and 12, and shows yet another embodiment
of the prior invention mechanism employing varia-
ble 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
arrangement 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.

[0011] 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
incorporated herein, because the inventive structure,
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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
apparent, the adjusting mechanism for adjusting the
interrelationship 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.

[0012] Referring now in detail to the drawings and ini-
tially to the embodiment of Figures 1-10, a portion of a
cylinder head assembly of an internal combustion
engine 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
because the invention deals, as aforenoted, with a valve
actuating mechanism for engines. Therefore, when any
details of the construction of the engine are not illus-
trated, they may be considered to be conventional.
Those skilled in the art will be able to determine from
the following description how the invention can be uti-
lized with a wide variety of engines.

[0013] In all of the embodiments illustrated, the
depicted engine and cylinder head 31 are of the four
valve cylinder type. This is because the invention has
particular utility with multi-valve engines, for reasons
which will become apparent. However, the invention can
be utilized with engines having any number of valves
including only two valves per cylinder or more than two
valves in any number.

[0014] 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.

[0015] As best seen in Figures 3-5 and 10, each cyl-
inder of the engine is served by a pair of intake pas-
sages 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 portions 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.
[0016] Attheir upper ends, keeper retainer assemblies
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.

[0017] Referring now primarily to Figures 1 and 2, a
cam shaft, indicated generally by the reference numeral
44, is journaled in the cam carrier 43 by bearing sur-
faces formed by it and bearing caps which are not illus-
trated. 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 refer-
ence 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
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known manner.

[0018] 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
retainer of this remaining valve.

[0019] 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
actuation during such time as the second rocker arm 49
is not coupled to it. This coupling method will be
described later.

[0020] 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 out-
wardly 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 different lift, this cam lobe 46 may also be configured
to provide slightly different timing through its coopera-
tion with the first rocker arm 48.

[0021] Adjacent the follower surface 63, the rocker
arm 49 is provided with a protrusion 64 that receives an
adjusting screw 65. This adjusting screw 65 operates in
conjunction with a coupling mechanism to, at times,
control the operation of the first rocker arm 48. That
mechanism will be described very shortly.

[0022] In order to maintain the rocker follower surface
63 in engagement with the cam lobe 46, a biasing
arrangement shown in Figure 3 is provided. As seen in
this Figure, a spring carrier 66 is fixed to the cam carrier
33 in a known manner. The spring carrier 66 is provided
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.

[0023] 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-
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ment with the cam lobe 46.

[0024] 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.
[0025] 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
numeral 76, is slidably supported within this bore. This
coupling plunger member 76 has a head or top portion
77 which is positioned to be and is engaged during the
running of the engine by the screw 65.

[0026] 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 consant 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 opera-
tion is to be accomplished. Also in some views the
position of the plunger member 76 in the bore may not
be the true position depending upon the lift characteris-
tics of the respective cams 45 and 46 and specifically
that of their lobes.

[0027] The coupling plunger member 76 is formed
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.

[0028] 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.

[0029] 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.

[0030] 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
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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.

[0031] When the cam lobe 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
motion under this operation.

[0032] 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
rocker 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 accordance with a desired control strategy. One
such strategy will be described later by reference to the
embodiment of Figure 11.

[0033] 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
member 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 coupled condition as clearly shown in Figure 10. By
comparing Figure 10 with Figure 5, this greater lift con-
dition can be readily appreciated.

[0034] When the hydraulic pressure in the passage 93
and area 92 is relieved, the spring 87 will urge the lock-
ing plunger 88 back to its disengaged position as shown
in Figures 4-7.

[0035] Referring back to Figures 1 and 2, it will be
seen that the rocker arm 51 and cam lobe 47 that oper-
ate the remaining intake valve which does not have its
lift varied in this embodiment. The rocker arm 51 has a
follower surface 94 that is engaged by the cam lobe 47.
An adjusting 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.
[0036] Figure 11 is a view that shows one way in
which this mechanism may operate. This view shows
the induction system schematically and it now will be
described 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
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intake passages 35 associated therewith have also
been indicated by the same suffixes, i.e., 35-2 and 35-1.
[0037] In accordance with this embodiment, an air
inlet 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.

[0038] 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.

[0039] 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 opti-
mum performance under low-speed and low-mid range
running. The cam lobe 46 and rocker arm 49 are cou-
pled for a higher range of operation and may provide a
substantially greater lift so as to improve the perform-
ance under higher speeds and loads.

[0040] 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
maintain the throttle valve 105 in a closed position dur-
ing low-speed and low-to-medium mid-range running.
[0041] As the speed and load increase, 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.

[0042] The foregoing example is only one type of strat-
egy that can be employed and the maximum lift for the
valves 37-1 and 37-2 can be either the same or different
depending upon the particular engine and taning
arrangement selected, as already noted.

[0043] Figures 12 and 20 show another embodiment
of the invention wherein both of the intake valves 37-1
and 37-2 are provided 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 addi-
tional lobes 151 and 152 for operating the rocker arms
48 and 49 associated with the remaining valve 37-2.
[0044] 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
arrangement, as shown, the initial lift for the valve 37-2
is less than that of the valve 37-1 but the maximum lift
provided by the cam lobes 46 and 152 can be the same.
[0045] 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
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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
understand the construction and operation of this
embodiment.

[0046] 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
larger as indicated by the respective cam lobe portions.
[0047] Figure 23 also shows a different biasing
arrangement 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
numerals.

[0048] In this 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
necessary to permit those skilled in the art to practice
the invention.

[0049] In each of the 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
follower surfaces of the rocker arms 59 and 63 must be
relatively narrow in order to permit a compact construc-
tion.

[0050] 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
embodiment which is generally the same as the embod-
iment of Figures 12-20 but also permits the use of the
biasing arrangement as seen in Figures 15 and 23.
[0051] This embodiment differs from that earlier
embodiment 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
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area 63 of the second rocker arms to be substantially
wider. Also the cam lobes 46 and 152 may be so wid-
ened. Thus, wear can be reduced and also the entire
cylinder head construction can be made more compact.
[0052] 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 an 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.

[0053] It is also to be understood that this type of
adjusting arrangement can be utilized in all of the
embodiments of this application and those other
embodiments of the prior application that are not carried
through herewith.

[0054] 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 actu-
ation.

Claims

1. Avalve operating mechanism for operating a single
poppet valve of an engine through cooperation with
the stem thereof, said valve operating mechanism
being comprised of a single cam shaft having a pair
of adjacent cams, a pair of adjacent pivotally sup-
ported rocker arms, each of said rocker arms being
operated by a respective one of said cams, a first of
said rocker arms having an operating portion for
direct engagement with the valve stem for operating
the valve directly, and means for selectively cou-
pling the second of said rocker arms to said first
rocker arm including a replaceable adjusting shim
for effecting actuation of the valve therefrom
through said first rocker arm by the cam associated
with said second rocker arm.

2. A valve operating mechanism as set forth in Claim
1, wherein both of the rocker arms are journaled on
the same rocker arm shaft.

3. A valve operating mechanism as set forth in Claim
1 or 2, wherein the lift second cams and first and
second rocker arms provide a different lift for the
actuated valve.

4. A valve operating mechanism as set forth in Claim
3, wherein the lift provided by the second cam and
second rocker arm is greater than that provided by
the first cam and the first rocker arm.
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A valve operating mechanism as set forth in Claim
4, wherein the means for selectively coupling the
second rocker arm to the first rocker arm comprises
actuating means carried by the second rocker arm
and engageable by means of the replaceable
adjusting shim with coupling means carried by the
first rocker arm for actuating the first rocker arm.

A valve operating mechanism as set forth in Claim
5, wherein the coupling means comprises a plunger
slidably supported within a bore formed in the first
rocker arm and which plunger is engaged by the
actuating means of the second rocker arm, and
means for coupling said plunger against movement
to the first rocker arm for effecting simultaneous
movement of said rocker arms, the replaceable
adjusting shim being removeably supported in said
plunger.

A valve operating mechanism as set forth in Claim
6, wherein the coupling means comprises a pin sli-
dably supported in the first rocker arm and engage-
able with a bore formed in the plunger for locking
the plunger against sliding movement in the bore.

A valve operating mechanism as set forth in any of
Claims 1 to 7, wherein the valve has a spring that is
associated with it for maintaining the first rocker
arm in engagement with the first cam and further
including a separate biasing spring for urging the
second rocker arm into engagement with the sec-
ond cam.

A valve operating mechanism as set forth in Claim
8, wherein the second spring is engaged with an
arm of the second rocker arm that is spaced from its
actuating portion and which spring bears against
the engine body.

A valve operating mechanism as set forth in any of
Claims 1 to 9, wherein there is provided a second
poppet valve for serving the same combustion
chamber of the engine and wherein the second
poppet valve is adjacent the first mentioned poppet
valve.

A valve operating mechanism as set forth in Claim
10, wherein both poppet valves communicate with
the combustion chamber.

A valve operating mechanism as set forth in Claim
11, wherein the second poppet valve is operated by
a third cam through a third rocker arm.

A valve operating mechanism as set forth in Claim
12, wherein the all of the rocker arms are supported
on the same rocker arm shaft.
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A valve operating mechanism as set forth in Claim
13, the valves are both intake valves.

A valve operating mechanism as set forth in Claim
14, wherein the first valve is operated with a low lift
by the first cam and the first rocker arm and a
higher lift by the second cam and the second rocker
arm acting through the first rocker arm and wherein
the third cam and the third rocker arm provide a lift
for the second valve that is higher than that of the
first cam and the first rocker arm on the first valve.

A valve operating mechanism as set forth in Claim
15, wherein separate intake passages serve the
intake valves and further including a control valve in
the intake passage serving the second valve con-
trolled in response to engine running conditions
and opened under only high speed, high load con-
ditions.

A valve operating mechanism as set forth in any of
Claims 10 to 16, wherein the second valve is oper-
ated by first and second rocker arms each cooper-
ating with a respective cam lobe to provide a
different lift and further including means for selec-
tively coupling the first and second rocker arms
associated with the second valve with each other
for varying the lift of the second valve.

A valve operating mechanism as set forth in Claim
17, wherein the first rocker arms for the two valves
are disposed adjacent each other on the rocker arm
shaft.

A valve operating mechanism as set forth in Claim
18, wherein the lift provided by the first cam and
first rocker arm of one of the valves is different from
that provided by the first cam and first rocker arm of
the other valve.

A valve operating mechanism as set forth in Claim
17, wherein the second rocker arms are disposed
adjacent each other on the same rocker arm shait.

A valve operating mechanism as set forth in Claim
20, wherein the lift provided by the first cam and
first rocker arm of one of the valves is different from
that provided by the first cam and first rocker arm of
the other valve.

A valve operating mechanism as set forth in any of
Claims 17 to 21, wherein one of the rocker arms for
each of the valves is a common rocker arm that is
capable of actuating both of the valves.

A valve operating mechanism as set forth in Claim
22, wherein the one rocker arm is the second rocker
arm.
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A valve operating mechanism as set forth in Claim
23, wherein the one rocker arm cooperates with a
single second cam.

A valve operating mechanism as set forth in any of
Claims 1 to 24, wherein the means for selectively
coupling the second rocker arm to the first rocker
arm is hydraulically operated.

A valve operating mechanism as set forth in Claim
25, wherein both of the rocker arms are journaled
on the same rocker arm shaft.

A valve operating mechanism as set forth in Claim
26, the rocker arm shaft is hollow and the hydraulic
pressure is transmitted through the rocker arm
shaft.

A valve operating mechanism as set forth in Claim
27, wherein the means for selectively coupling the
second rocker arm to the first rocker arm comprises
actuating means carried by the second rocker arm
ad engageable by means of the replaceable adjust-
ing shim with coupling means carried by the first
rocker arm for actuating the first rocker arm.

A valve operating mechanism as set forth in Claim
28, wherein the coupling means comprises a
plunger slidably supported within a bore formed in
the first rocker arm and which plunger is engaged
by the actuating means of the second rocker arm,
the replaceable adjusting slum being removeably
supported in said plunger, and hydraulically oper-
ated means for coupling said plunger against move-
ment relative to the first rocker arm for effecting
simultaneous movement of the rocker arms.

A valve operating mechanism as set forth in Claim
29, wherein the coupling means comprises a pin
slidably supported in the first rocker arm and
engageable with a bore formed in the plunger for
locking the plunger against sliding movement in the
bore, the hydraulic pressure acting on said pin.
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