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An intake or exhaust valve for an internal combustion 
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VARIABLE VALVE OPENING FOR AN INTERNAL 
COMBUSTION ENGINE 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application claims the bene?t of US. Provi 
sional Application No. 60/352,953, ?led on Jan. 30, 2002. 

BACKGROUND OF THE INVENTION 

[0002] There are times When it may be desirable for intake 
and exhaust valves of an internal combustion engine to open 
less than the full stroke driven by the camshaft. This affects 
engine performance as a function of speed and may improve 
fuel ef?ciency and reduce emissions. With a smaller valve 
opening less air or fuel-air mixture may be draWn into the 
cylinder and/or exhaust may be discharged less rapidly. The 
timing of the intake and the exhaust valves of a cylinder may 
also be regulated so that there is little, if any, overlap When 
both valves are partly open. 

[0003] The present invention relates to internal combus 
tion engines With rocker arms for operating the valves. The 
rocker arms are pivoted by pushrods engaging a rotating 
camshaft and the rocker arms open valves to the engine 
cylinders. In such arrangements, a valve opens a certain 
distance in direct proportion to the eccentricity of the cam or 
stroke of a pushrod. 

[0004] In an engine employing this invention, the cam 
remains the same and the stroke of the pushrod remains the 
same. Means are provided, hoWever, for reducing the stroke 
of the valve relative to the stroke of the pushrod. Broadly, 
this is accomplished by permitting the rocker arm pivot to 
move. 

BRIEF SUMMARY OF THE INVENTION 

[0005] An internal combustion engine has intake and 
exhaust valves, each pivoted betWeen their ends, With one 
end engaged by a pushrod and the other end engaged by a 
valve stem. The pivot supporting the rocker arm is selec 
tively movable pivot betWeen a loWer rest position and an 
upper lock position determined by liquid trapped in a 
volume Which is closed in response to upWard movement of 
the pivot. The pivot has an intermediate lock position 
betWeen the rest position and the upper lock position. 

[0006] Other features gradually start the valve opening 
before or upon the pivot reaching a lock position. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] Embodiments of hoW this is done are illustrated in 
the folloWing draWings Wherein: 

[0008] FIGS. 1, 2 and 3 illustrate semi-schematically 
operation of a valve in an internal combustion engine in 
three different valve and rocker arm positions; 

[0009] FIG. 4 is a longitudinal cross-section through the 
operating mechanism for moving the rocker arm pivot; 

[0010] FIG. 5 is a partial transverse cross-section through 
the loWer end of the control plug and surrounding tube of a 
prototype embodiment of operating mechanism; 

[0011] FIG. 6 is a longitudinal cross-section through a 
second embodiment of operating mechanism; 
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[0012] FIG. 7 is a graph of valve lift as a function of time; 

[0013] FIGS. 8 and 10 are cross-sections of the second 
embodiment in different positions during stroke of the 
pushrod; and 

[0014] FIGS. 9 and 11 are graphs like that in FIG. 7 With 
different points on the curve illustrated. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0015] SomeWhat broadly stated, the concept is to permit 
the center pivot of the rocker arm to move in response to the 
pushrod until it reaches an adjustable “stop” and then further 
stroke of the pushrod opens the valve. Opening the valve 
after reaching the stop may, hoWever, start too rapidly. Thus, 
means are provided for gradually starting valve opening 
before or upon reaching the lock position. 

[0016] This is illustrated in the ?rst three draWings. These 
draWings are schematic transverse cross-sections through a 
head 10 for an engine illustrating one pushrod 11, rocker arm 
12 and valve 13. The pushrod is activated by a cam 14 on the 
engine camshaft and engages one end of the rocker arm. The 
rocker arm pivot 16 is mounted transverse to a tube 17 
secured to the head. The opposite end of the rocker arm 
engages the stem 18 of an intake or exhaust valve. When the 
camshaft is rotated so this cam is in its minimum diameter 
position, the pushrod is retracted and the valve is closed as 
illustrated in FIG. 1. When the camshaft rotates so that the 
top of the cam 14 engages the pushrod, the rocker arm pivots 
to press the valve stem, compress the valve spring 20 and 
open the valve, as illustrated in FIG. 2. 

[0017] FIG. 3 illustrates What occurs in practice of this 
invention. When the cam pushes on the pushrod, the mecha 
nism mounted on the end of the tube 17 supporting the pivot 
permits the pivot to move aWay from the engine head. The 
parts are con?gured so that the force required to compress a 
spring 38 and move the pivot is less than required to 
compress the valve spring and open the valve. After a 
selected stroke or movement of the pivot aWay from the 
head, it reaches an end position (an adjustable “stop” 
described hereinafter) and further advance of the pushrod 
forces pivoting of the rocker arm and depression of the valve 
stem, thereby opening the valve. Since the pivot has moved 
to a neW position, the stroke of the valve stem and hence 
opening of the valve are less than When the pivot Was in its 
original position as illustrated in FIGS. 1 and 2. 

[0018] In a typical engine, the rocker arm has its pivot 
(Which typically has tWo bearings) on a shaft connected to 
the head. The pivot is held doWn by a nut on the shaft and 
is thereby ?xed in position. In the embodiment illustrated in 
FIG. 4, the shaft is replaced by a tube 17 on Which the pivot 
is mounted. The full pivot structure is not illustrated in FIG. 
4, but it comprises a central shaft 18 transverse to the tube 
17, and needle bearings on Which the rocker arm is mounted. 
The portions illustrated are supports that do not tilt With the 
rocker arm. Instead of a nut on the tube to hold the rocker 
arm pivot in a ?xed position, there is an actuator mechanism 
at the top end of the tube to permit the pivot to move. (It is 
to be understood that top, bottom, upper, loWer, above or 
beloW are used herein relative to the draWings for conve 
nience of description and do not necessarily relate to engine 
orientation.) Because of this actuator, the entire rocker arm 
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assembly, including the pivot shaft 19 on Which the rocker 
12 is mounted, can slide up and doWn on the tube 17. The 
loWer-most position of the pivot assembly is against the head 
10, as illustrated in FIG. 4. The pivot assembly can move 
upWardly along the tube a distance controlled by the actua 
tor. 

[0019] An inner sleeve 21 ?ts into the upper end of the 
tube and is held doWn against a shoulder 22 by a threaded 
cap 23. Arotatable plug 24 ?ts through the cap into the inner 
sleeve and is secured to the sleeve by a roll pin (not shoWn) 
in a transverse hole 26. Thus, the inner sleeve rotates With 
the plug. Alight spring 27 presses doWnWardly on a disk 28 
to form a check valve in the inner sleeve. 

[0020] An outer sleeve 29 ?ts around the outside of the 
tube and is sealed to the tube by O-rings to de?ne an annular 
chamber 31. A number of circumferential slots 32 are 
provided through the Wall of the tube and the inner sleeve 21 
to provide ?uid communication betWeen the annular cham 
ber 31 and the interior of the inner sleeve above the check 
valve. These slots remain open at all times and are Wide 
enough to eXtend a major part of the circumference of the 
tube and inner sleeve, respectively, leaving only enough 
metal betWeen the slots for mechanical support. Desirably, 
there is a different number of slots in the tube and in the 
sleeve so that, regardless of rotational position of the inner 
sleeve relative to the tube, there is a maXimum open cross 
section for radial ?uid ?oW. 

[0021] One, tWo or more radial holes eXtend through the 
Wall of the tube near the shoulder 22 to provide controllable 
?uid communication betWeen the interior of the tube 17 and 
the annular chamber 31. TWo such holes are illustrated in 
FIG. 4; a ?rst hole 33 Which is relatively long and a second 
hole 34 Which is relatively short. The drafting convention 
used illustrates the holes as if fully seen, even though all or 
part of the holes may be obscured by other parts of the 
structure in a longitudinal cross section along the centerline 
of the mechanism. Thus, the hole 34 may be seen, but the 
hole 33 could be hidden by the end of the plug. Similarly, 
tWo ovals are draWn Within the cross-hatched portion of the 
tube. These are presented to shoW the relative heights of tWo 
additional holes otherWise completely hidden in this vieW. 
(This may be further recogniZed by reference to FIG. 5). 

[0022] The loWer end of the inner sleeve 21 is cut aWay for 
half of its circumference from its loWer end to a level 36 a 
short distance beloW the check valve. When the inner sleeve 
is rotated to one position, the loWer end Which is not cut 
aWay lies in front of the radial holes 33 and 34 through the 
Wall of the tube, thereby preventing ?uid ?oW betWeen the 
interior of the tube and annular chamber. When the inner 
sleeve is rotated 90°, as illustrated in FIG. 4, for eXample, 
the shorter hole 34 is in the cut-aWay portion and ?uid How 
is permitted through the hole 34 While the longer hole 33 
remains blocked by the loWer end of the sleeve Which is not 
cut aWay. Upon an additional 90° of rotation, both the holes 
33 and 34 are open for ?uid ?oW. 

[0023] Thus, there are three control positions for the inner 
sleeve. 

[0024] 1. Both holes are closed. 

[0025] 2. The shorter hole is open and the longer hole is 
closed. 
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[0026] 3. Both holes are open. 

[0027] It should be recogniZed that the illustrated embodi 
ment With three active positions With half of the loWer end 
of the sleeve cut aWay, is just one embodiment. The amount 
cut aWay might be different, or a different number of holes 
of differing lengths provided through the Wall of the tube. 

[0028] The inside of the tube 17 is connected through a 
passage 35 (FIGS. 1 to 3) to a source of pressuriZed ?uid, 
conveniently lubricating oil for the engine at the pressure 
delivered by the oil pump. A typical pressure of about 30 psi 
is ample for operation of the actuator. The oil is not used for 
hydraulic actuation, it serves as an incompressible ?uid to 
provide a hydraulic block or adjustable stop. 

[0029] When the inner sleeve is rotated to a position Where 
the portion that is not cut aWay blocks all of the holes 
through the Wall of the tube, the pivot location of the rocker 
arm remains in its loWer-most position, as illustrated in FIG. 
4, just as if it Were held in place by a nut. Engine oil is inside 
the inner sleeve and annular chamber. There is no place for 
it to go, so it blocks movement of the outer sleeve along the 
length of the tube. 

[0030] Assume, hoWever, that the inner sleeve is rotated so 
that one of the radial holes 34 is open for ?uid ?oW, as 
illustrated in FIG. 4. Since the shorter hole 34 is open, oil 
can ?oW freely betWeen the inside of the tube and the 
annular chamber 31, and also through the radial slots 32 into 
the space in the inner sleeve above the check valve. NoW, 
When the pushrod presses against an end of the rocker arm, 
there is a force transmitted from the rocker pivot to the outer 
sleeve 29 by a tubular link 37 around the tube 17. Since the 
spring 38 biasing the outer sleeve 29 toWard its doWnWard 
position is much Weaker than the valve spring, the link and 
outer sleeve can move up, thereby permitting the pivot to 
move up. Oil in the annular chamber can ?oW through the 
shorter hole 34 into the inside of the supporting tube 17 as 
the chamber gets shorter. 

[0031] HoWever, When the loWer end Wall 39 of the 
annular chamber reaches the top of the hole 34 through the 
Wall of the tube, such How is blocked. At this moment, there 
is a trapped volume of oil Within the inner sleeve and 
reduced volume of the annular chamber. Since ?oW from 
this volume is substantially prevented, there is a hydraulic 
block to further upWard movement of the outer sleeve. When 
this block occurs, movement of the pivot of the rocker arm 
along the tube is immediately arrested. Further stroke of the 
pushrod then pivots the rocker arm so that the opposite end 
presses on the valve stem and opens the valve. Since the 
pivot point is noW located above its rest position against the 
block (as illustrated in FIG. 4), the stroke of the valve and 
valve opening are proportionately reduced. It Will also be 
noticed that there is also a change in timing; the valve begins 
opening later and closes earlier. 

[0032] As the cam continues to rotate and the pushrod 
retracts, the rocker arm pivots back under the force of the 
valve spring, the valve closes and forces tending to lift the 
rocker arm pivot off of the head are reduced so that the 
spring 38 on the outer sleeve can push the rocker arm pivot 
back toWard its loWer position adjacent the head. As soon as 
the loWer end Wall of the annular chamber passes the upper 
end of the hole 34, oil pressure Within the tube can augment 
the return force of the spring. The check valve permits oil to 
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?oW into the volume in the inner sleeve and the annular 
chamber to prevent the outer sleeve from locking in an upper 
position. 

[0033] The actuator mechanism that sets the location of 
the hydraulic block to movement of the pivot selects that 
location in response to rotation of the inner sleeve. A 
servomotor 41 is linked to the plug 24 Which is keyed to the 
inner sleeve. The servomotor is controlled by an engine 
computer Which selects the desired servomotor setting as a 
function of engine operating conditions, primarily engine 
speed. The conventional engine computers on most models 
of automobiles are suitable. When instructed by the com 
puter, the servomotor rotates the plug and inner sleeve 
through a selected angle to open (or close) one or more of 
the holes through the Wall of the tube. 

[0034] Thus, there is a stop With adjustable increments for 
movement of the pivot. The ?rst position of this stop is With 
the inner sleeve rotated so that all of the holes through the 
Wall of the tube are blocked. The pivot cannot move along 
the tube. Additional adjustable stop positions are With one, 
tWo or more such holes open. 

[0035] For example, in one prototype, as illustrated in 
FIG. 5, one-half of the loWer end of the inner sleeve is cut 
aWay, leaving one half 66 of the circumference intact to 
block holes through the tube. There are four radial holes 
67-70 of four differing heights through the Wall of the tube. 
One of the holes 67 has a short longitudinal extent along the 
tube. The next hole 68 has a someWhat longer longitudinal 
extent. The third hole 69 has a still longer longitudinal 
extent. The fourth and ?nal hole 70 has the longest longi 
tudinal extent. That is, the upper edges of each of the 
respective holes is successively further from the pivot than 
the preceding hole. These holes extend circumferentially 
less than halfWay around the circumference of the tube. 

[0036] Thus, in such an embodiment, there are ?ve control 
positions With none of the holes open, one, tWo, three, or all 
four holes open, respectively. In the illustration of FIG. 5, 
the plug is rotated so that the cutaWay portion is opposite the 
three shortest holes 67, 68 and 69. The remaining portion of 
the loWer end of the plug lies in front of the longest of the 
holes 70, thereby blocking ?oW through that hole. Locking 
of the stroke of the pivot aWay from its rest position occurs 
When the shoulder in the outer sleeve reaches the upper edge 
of the longest open hole 69. With the three shorter holes 
open, the control of pivot position is in the fourth of the ?ve 
possible positions. Having a larger number of holes provides 
greater control of the degree of opening of the valve. It Will 
also be apparent that a single hole might be used for just tWo 
valve opening positions, one for idling and one for faster 
engine operating speed, for example. 

[0037] In the illustrated embodiment, the holes through 
the Wall of the tube are round or oval. It may be desirable to 
make the upper end of such a hole V-shaped so that oil How 
is more gradually restricted as the outer sleeve approaches 
the hydraulic block position Where the loWer end Wall of the 
annular chamber blocks the hole. The addition of How 
resistance just before the complete hydraulic block can 
reduce impact-type loading. 

[0038] As illustrated, the tube 17 is merely inserted into 
the head. The tube needs to be inserted into the head a 
selected distance, and also needs to be oriented correctly so 
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that the holes are aligned properly for coverage by the inner 
sleeve as it is rotated by the servomotor. There are several 
Ways of doing this, some of Which are more convenient than 
others for retro-?tting existing engines. One Way, for 
example, is to align the tube With the head by means of a key 
or non-round mounting hole and secure it to the head by a 
nut threaded into a counterbore. Shoulders set the depth of 
the tube into the head. Different lengths of link 37 may also 
be used. 

[0039] Several things are to be understood With respect to 
this disclosure. The valve and rocker arm described and 
illustrated may be for either intake or exhaust. The rocker 
arm is illustrated asymmetrically, i.e., the end engaging the 
pushrod is shorter than the end engaging the valve stem, and 
the description states that the pivot is in the “center”. This is 
a matter of convenience in nomenclature and is not intended 
as a requirement that the pivot be geometrically centered on 
the rocker arm, only that it is betWeen the tWo ends of the 
rocker arm. 

[0040] Also, the passage for bringing engine oil to the tube 
supporting the rocker arm is shoWn passing through the 
head. It is more convenient to have a shorter passage coming 
through the top of the head than the bottom. Other changes 
from the design illustrated Will be apparent, and this embodi 
ment is illustrated solely for convenience in describing the 
invention. 

[0041] In the embodiment illustrated, it appears that a 
servomotor is provided for the individual actuator. HoWever, 
it may be preferable to have a single servomotor linked to 
several actuators. Thus, for example, all of the actuators for 
both intake and exhaust, may be linked together to respond 
together. A Wire With about the stiffness of a bicycle Wheel 
spoke is adequate for rotating the inner sleeves synchro 
nously. The holes through the tube Wall through Which oil 
?oWs may be different for intake and exhaust if different 
responses are desired in the intake and exhaust valves. 
Alternatively, all the intake actuators may be linked together 
separately from linkage to all of the exhaust actuators. 
Separate linkages may be used on halves of a V-8 engine, for 
example. 

[0042] In the exemplary embodiment, O-rings are used for 
hydraulic seals in the actuator mechanism. The dynamic 
seals in the actuator mechanism may be metal or polymer 
seals for enhanced lifetime. It may be noticed that there is an 
unsealed path betWeen the outside of the inner sleeve and the 
inside of the tube, and betWeen the outside of the tube and 
the loWer end Wall of the annular chamber When the actuator 
mechanism is in hydraulic block. Thus, minor ?uid How may 
occur betWeen the annular chamber and inside of the tube 17 
When the outer sleeve has reached the hydraulic block 
position. With a tight ?t betWeen the parts, the amount of 
?uid How is negligible at engine operating speeds and 
additional seals are not considered necessary. 

[0043] Absolute sealing to the outside is not important 
since everything involved is bathed in engine oil inside the 
rocker arm cover. Furthermore, some leakage is actually 
desirable for start-up. The volume Within the inner sleeve 
and annular chamber is nearly a dead-end Without ?oW 
through of oil. Air trapped Within that volume is like a 
compressible spring and interferes With forming a de?nite 
stop for movement of the pivot. Venting or “leakage” of air 
from that volume is therefore desirable. Some leakage may 
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be provided by making one of the nearly static seals less than 
perfect, or by leaving a tiny “Weep hole”. The seal around 
the plug 24 may be betWeen the plug and cap 23 instead of 
to the inner sleeve. The thread of the cap can then serve as 
a slightly leaky labyrinth seal. This Would permit deletion of 
the seal ring betWeen inner sleeve and tube. 

[0044] A preferred Way of bleeding air from the actuator 
is by making the plug 24 by poWder metallurgy so that it has 
a controlled porosity. This can be fabricated so that air can 
?oW relatively freely, but the higher viscosity of oil limits 
How to an acceptable amount. 

[0045] A short run-in period may be desirable to assure 
venting of air in a neW installation of actuator (either for a 
neW engine or a retro?t). Thereafter, the actuator volume 
should stay ?lled Without signi?cant draining of oil When the 
engine is shut off. Viscosity of oil in the air venting path 
should prevent in-?oW of air since the only force is gravity 
acting on the oil. 

[0046] If such draining after an engine is shut off is 
believed to be a shortcoming, an electronically valved 
accumulator may be connected to the tube on the closed side 
of a check valve in the tube to supply engine oil under 
pressure as soon as the ignition is turned on and even before 
oil pressure is applied from the oil pump. Such an added 
check valve in the tube someWhere beloW the actuator Would 
also minimiZe draining of oil from the actuator volume 
While an engine is shut off. 

[0047] In another embodiment for incremental adjustment 
of the hydraulic block position, the inner sleeve may be free 
to plunge longitudinally in the tube instead of rotating. A 
different arrangement of holes through the Wall of the tube 
at successively higher locations is used and/or the inner 
sleeve is cut aWay differently. Several arrangements are 
apparent for multiple increments of adjustable stop posi 
tions. Such an embodiment is particularly Well suited to an 
engine Where there are just tWo hydraulic block positions, 
hole open and hole closed, since the plunging sleeve can be 
readily controlled With a tWo position solenoid instead of a 
servomotor. 

[0048] Alternatively, instead of having an adjustable stop 
employing a hydraulic block, a mechanical stop may be used 
With a solenoid controlling the mechanical stop. The sim 
plest embodiment of this is believed to be one Where the 
force of pushrod and valve spring are not enough to cause 
motion of the rocker arm pivot from its position adjacent the 
head, against the force of a spring. A solenoid is used to 
augment the force acting on the spring and permit movement 
of the pivot. Asmaller solenoid is needed than if the solenoid 
provided the resistance to movement of the pivot. 

[0049] Asolenoid in lieu of a servomotor may also be used 
for rotating an inner sleeve in a tWo position, hydraulic block 
embodiment. 

[0050] It has been mentioned that control of the servomo 
tor and hence sleeve position may be responsive to engine 
rotational speed. It is desirable to also have the actuator 
responsive to throttle settings so that changes in rpm can be 
anticipated and changes in pivot position made earlier. 
Manifold pressure and other engine operating parameters 
may also be considered in an algorithm for controlling the 
servomotor or solenoid. 
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[0051] A second embodiment of operating mechanism for 
valve control is illustrated in FIGS. 6, 8 and 10 in positions 
Where the pivot is in its rest position With valve closed, the 
pivot partly lifted, and fully lifted, respectively. FIGS. 7, 9 
and 11 are the same graph of valve lift as a function of time 
With three points indicated on the respective copies of the 
graph corresponding to the three draWings 6, 8 and 10, 
respectively. 

[0052] In the draWings 6, 8 and 10, several of the parts are 
indicated With reference numerals corresponding like parts 
in the ?rst embodiment as illustrated in FIG. 4, plus 100. 
Thus, for eXample, the pushrod is identi?ed as 11 in FIG. 4 
and 111 in FIG. 6. Other parts that differ from FIG. 4 have 
neW reference numerals. 

[0053] The second embodiment of operating mechanism 
for lifting the pivot of a rocker arm provides a different 
arrangement for bringing engine oil to the operating mecha 
nism and, at least partly because of this, there are some 
differences in the structural details. The second embodiment 
also includes springs that modify the curve of lifting and 
closing the valve, thereby minimiZing “hard” impacts. Thus, 
for eXample, the valve decelerates just before reaching the 
valve seat, so there is more of a soft landing than a hard 
impact as the valve closes. This is desirable, since the valve 
may open and close more than a billion times during its 
useful life, and the high stresses of hard impact could result 
in fatigue failure of some of the operating parts. 

[0054] The operating mechanism is mounted on the engine 
head (not shoWn) by a shaft 46 on Which the rocker arm 
pivot 119 is ?tted. Connection of the shaft to the head is not 
illustrated, since hoW this is done is immaterial. The shaft is 
holloW at its upper end and receives a plug 124 Which 
eXtends out of the end. As in the ?rst embodiment, the plug 
is connected to a rotary actuator (not shoWn in the second 
embodiment), Which rotates the plug to control the lifting of 
the pivot. A nut 47 is threaded onto the plug and locked in 
place so as to rotate With the plug. It serves to hold a Washer 
48 adjacent an O-ring seal for an oil supply manifold 49. 
Engine oil in the manifold enters the holloW interior of the 
head mounting member 46 by Way of holes 51 through sides 
of the rotatable plug. 

[0055] Engine oil also passes through holes near the top of 
an axial lubrication tube 52. Oil passes through the lubri 
cation tube to a transverse passage 53 in the shaft 46 so it can 
enter the space inside an outer sleeve 129 and lubricate the 
sliding members and rocker arm pivot. This is, in effect, a 
bypass of engine oil from the supply manifold 49 through 
the operating mechanism (instead of around it or before it) 
and does not affect operation of the mechanism. 

[0056] The outer sleeve sits on the rocker arm pivot and is 
biased upWardly by the pivot to permit movement of the 
pivot When the pushrod 111 starts the valve opening cycle, 
for eXample. 

[0057] A cap 123 is threaded onto the upper or outer end 
of the holloW shaft and, among other things, secures the 
rotatable plug in a ?Xed axial position. The cap also supports 
a ring 54 held in place by a C-clip 56. The ring serves as a 
seat for Belleville Washer springs betWeen the ring and the 
movable outer sleeve 129. In the illustrated embodiment, 
there are four thin, and therefore “soft,” Belleville Washer 
springs 57. Next to these are tWo thick, and therefore stiff, 
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Belleville Washer springs 58. These springs resist lifting of 
the upper sleeve 129, and hence lifting of the rocker arm 
pivot. 
[0058] Opposite the loWer end of the rotatable plug, there 
are radial passages 134 through the Wall of the holloW shaft. 
These communicate With the annular chamber 131 betWeen 
the shaft and outer sleeve. The loWer end of the rotatable 
plug has longitudinally extending slots 59 so that, upon 
rotation of the plug, the slots may be aligned With the radial 
passages 134 or a solid portion of the plug betWeen the slots 
may obstruct the radial passages. As in the ?rst embodiment, 
there is a check valve 128 Which prevents oil ?oW out of the 
annular chamber 131 or permits ?oW into that chamber to 
keep the pivot from locking in a position aWay from its 
loWer, rest position. 

[0059] When the plug is rotated so that the solid portions 
block the radial passages through the shaft, the annular 
chamber 131 is closed off by the plug at one end and by the 
check valve at the opposite end. If the pushrod presses on the 
end of the rocker arm When the chamber is closed, oil in the 
chamber cannot escape, and the outer sleeve is locked in 
position. This prevents the rocker arm pivot from lifting 
from its rest position (as illustrated in FIG. 6), and the 
rocker arm operates the valve in the traditional manner. In 
other Words, the stroke of the valve opening and closing is 
controlled as a direct function of the height of the cam. 

[0060] When the plug is rotated so that one or more of the 
radial passages are open, actuation of the pushrod by the 
cam applies a force that tends to lift the pivot of the rocker 
arm and the outer sleeve 129, as Well as pressing doWn 
Wardly on the valve stem. The outer sleeve is free to move, 
since oil in the annular chamber can be displaced through the 
passages back toWard the oil manifold. Such a partial stroke 
of the outer sleeve is illustrated in FIG. 8. Such movement 
of the outer sleeve can continue until the shoulder 139 
reaches the upper end of the radial passages. At this point, 
the volume of the annular chamber above the shoulder is 
?xed and oil trapped in the chamber stops further motion of 
the outer sleeve. This upper lock position is illustrated in 
FIG. 10. Further stroke of the pushrod as operated by the 
cam results in further opening of the valve, as the pivot for 
the rocker arm remains ?xed at its upper limit. 

[0061] The Belleville springs 57, 58 modulate the move 
ment of the rocker arm pivot and valve stem so that initially 
the rocker arm pivot moves in response to movement of the 
push rod Without signi?cant movement of the valve stem. 
Further along in the stroke of the pushrod, both the valve 
stem and the pivot move in response to further movement of 
the pushrod. When all of the Belleville springs are com 
pletely compressed, only the valve stem moves in response 
to further movement of the pushrod. 

[0062] This is represented in the graphs of FIGS. 7, 9 and 
11. In each of these graphs, the upper curve represents the 
lift of the valve (i.e., the valve opening) in response to the 
cam. This is the situation, for example, When the rotatable 
plug obstructs the radial passages into the annular chamber. 
The rocker arm pivot is locked in its rest position, and the 
pushrod, in effect, acts directly on the valve stem. The loWer 
curve in the graphs represents the lift (opening) of the valve 
in response to the pushrod When the plug is rotated so that 
a radial passage is open and the rocker arm pivot can lift off 
of its rest position. This loWer curve is represented, at least 

Nov. 27, 2003 

schematically, as about one-third of the lift of the valve 
When the pivot is locked in position. This height of the loWer 
curve is arbitrary and, in a typical engine, the actual valve 
opening may be in the order of from about one-third to about 
three-fourths of the fully opened valve. 

[0063] Assume that there is no modulation of the valve 
opening by the springs: The graphs have been draWn With 
ten units along the time or duration axis. If We assume that 
the desire is to have the valve open after three units of time 
and to close three units before the end of the normal valve 
stroke, this, in effect, eliminates the loWer portion of the 
upper curve of normal valve operation and leaves only the 
rounded center peak. 

[0064] It should be noted that during normal valve opera 
tion entirely in response to movement of the pushrod, the 
upper curve has a typical bell shape With loW slope ends near 
the axis (point Ain FIG. 7). This bell shaped curve of valve 
opening is a result of grinding the cam to give a someWhat 
sloW start to valve opening and a deceleration as the valve 
reaches the valve seat (at the right end FIG. 7). 

[0065] HoWever, if there is no modulation of the valve 
opening When one of the radial passages is open, the valve 
starts and stops movement someWhat abruptly, as indicated 
by the portion of the upper curve above the dashed line 
across FIG. 7. This occurs since the valve commences 

opening (and closes) in a steep portion of the cam pro?le. 

[0066] Instead of such an abrupt opening and closing of 
the valve, What is desired is a ?attened bell curve resembling 
the loWer curve in FIGS. 7, 9 and 11. It can be seen that this 
curve has in?ections that start the valve moving gradually 
and also decelerate the valve near the end of its stroke. This 
is effected by the Belleville Washers, Which collectively 
form a progressive rate spring. The composite spring formed 
by the thinner and thicker Belleville Washers provides a ?rst 
portion of the stroke of the spring Which is smoothly 
continuous, With a relatively loW slope of a force/displace 
ment curve. This occurs as the relatively softer thin 
Belleville springs 57 compress. There is a relatively larger 
displacement of the outer sleeve for a given force during this 
part of the stroke. (Since the denominator is larger, the 
force/displacement slope is loWer.) The spring rate of 
Belleville Washers is approximately linear. Thus, tWice as 
much force compresses the springs tWice as far. The force 
applied for compressing the springs increases as they com 
press, and concomitantly the force applied to the valve stem 
by the rocker arm also increases. 

[0067] The loW slope force/displacement continues until 
the inner Belleville springs 57 are completely compressed, 
as illustrated in FIG. 8. This corresponds to point B in FIG. 
9. The spring constants of the Belleville springs and the 
valve spring 120 are selected so that, as the force is initially 
applied to the Belleville springs, there is no signi?cant 
movement of the corresponding valve stem. Eventually, 
hoWever, and before the thinner Belleville springs are com 
pletely compressed, the force rises to a level Where the valve 
spring is also slightly compressed, and the valve begins to 
open. This produces the small “tail” at the bottom end of the 
loWer curve in the graphs, i.e., the portion betWeen point A 
in FIG. 7 and point B in FIG. 9. 

[0068] In addition to compressing the thinner Belleville 
springs, the increasing force compresses the thicker 
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Belleville springs 58, but until the thinner Belleville springs 
are completely ?attened, this compression is minor. When 
the thinner springs are completely compressed, as illustrated 
in FIG. 8, there is a discontinuity in the force/displacement 
curve and the second portion has a relatively higher slope, 
as the thicker Belleville springs are compressed. Since this 
force increases more rapidly than before, the opening of the 
valve is accelerated until the hydraulic block occurs and the 
Belleville springs are all completely compressed, as illus 
trated in FIG. 10. This could occur, for example, at point C 
on the loWer curve in FIG. 11. From then on, the movement 
of the valve is in direct response to the pro?le of the cam. 

[0069] The reverse occurs as the valve closes. The pushrod 
retracts as forced by the valve spring, folloWing the pro?le 
of the cam until a point is reached Where the force acting 
through the rocker arm pivot and outer sleeve is loW enough 
that the thicker Belleville springs begin to expand again. 
This forces the pivot doWnWardly, and, When the thicker 
Belleville springs are essentially completely expanded, the 
thinner Belleville springs also begin to expand. The move 
ment of the pivot doWnWardly is essentially the same as its 
upWard movement, hence the closing side of the loWer curve 
is essentially a mirror image of the opening side. There is an 
in?ection to a curved “tail” that gradually approaches the 
valve closed position, making for a soft landing of the valve 
on the valve seat. 

[0070] It Will be recogniZed that the curves illustrated in 
the graphs are schematic for purposes of illustration. In the 
event a non-symmetrical cam is used to operate the pushrod, 
both the upper and loWer curves may be asymmetrical 
instead of the mirror image bell curves illustrated. The 
signi?cant feature of a “tail” at each end of the loWer curve 
for soft take-off and landing remain, hoWever. 

[0071] The progressive rate spring provided by the 
Belleville Washers has a ?rst relatively loWer spring rate, 
While the thinner Belleville springs compress, and a higher 
spring rate as the thicker Belleville springs compress (and 
vice versa, as the springs expand). The illustrated embodi 
ment has four “soft” thin Belleville springs and tWo stiffer 
thick Belleville springs. Different numbers of springs and 
spring rates of the individual Washers may be used to 
achieve the desired shape of the lift versus time curve. One 
may, for example, use a three-stage progressive spring With 
one, tWo or three thin Belleville springs, one, tWo or three 
springs With intermediate spring constant, and one, tWo or 
three thick Belleville springs. Clearly, the permutations to 
obtain a desired change in spring rate can be easily provided. 
Essentially any desired modulation of valve movement can 
be achieved With a combination of springs. 

[0072] In an additional embodiment, not illustrated, one or 
more Belleville springs is added betWeen the rocker arm 
pivot and the operating mechanism that goes into hydraulic 
lock. In the embodiment illustrated in FIG. 6, for example, 
there is an outer sleeve 129 extending all the Way from the 
pivot to the Belleville springs at the top. The loWer part of 
this sleeve provides clearance for tilting of the rocker arm. 
This additional embodiment essentially splits this sleeve 
into tWo sleeves With the Belleville spring(s) betWeen the 
tWo sleeves. In other Words, there is a spring betWeen the 
pivot and the hydraulic lock operating mechanism. 

[0073] The loWer Belleville spring is stiff enough that it 
does not de?ect until the valve spring begins to compress 
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and the pushrod moves to open the valve. The valve spring 
begins to compress as the pushrod moves to open the valve. 
The stiffness of the Belleville spring is suf?cient that both 
springs compress, hoWever, and there is an opening of the 
valve gradually at the beginning. When the loWer Belleville 
spring is completely compressed (i.e. metal-to-metal) the 
opening of the valve tracks the cam. Thus, When the cam 
begins to lift the valve, it simultaneously lifts the pivot and 
the valve for a short distance, and thereafter, When the 
Belleville is completely compressed, only the valve contin 
ues to lift. 

[0074] This action occurs regardless of Whether the oper 
ating mechanism is open or closed. That is, even When the 
rotatable plug closes all the passages and hydraulic block 
prevents any motion of the pivot, there is still a small 
movement of the pivot. Only about 0.03 inch motion is 
suf?cient to provide a loWer velocity opening of the valve in 
the initial part of its stroke. When the plug is set so that one 
or more passages is open, the loWer spring Works in series 
With the hydraulic block to stop the pivot at an upper lock 
position. 
[0075] LikeWise, this spring serves as a cushion upon 
return of the pivot to its rest position and assures a soft 
landing of the valve on the valve seat. Near the end of the 
closing stroke, the Belleville spring expands and sloWs the 
expansion of the valve spring. Instead of a single Belleville 
spring, a plurality of such springs may be used to cause the 
pivot to move against a progressive rate spring to modulate 
valve opening. 

[0076] Such Belleville spring(s) beloW the pivot may be 
used alone or in combination With the modulating spring 
above the pivot. Aprogressive rate spring above the sleeve 
may not be needed When the loWer Belleville spring is 
suf?ciently stiff to effect gradual opening of the valve in the 
initial part of its stroke. Arelatively light spring to return the 
operating mechanism and pivot to their rest position may be 
enough. 
[0077] Such an embodiment is readily achieved by adding 
one or more Belleville springs in a gap indicated by the 
arroW A in FIG. 4, betWeen the outer sleeve 29 and the link 
37. 

[0078] It should be recogniZed that although the embodi 
ments described and illustrated prefer Belleville spring 
Washers, other equivalent springs may also be used. 

What is claimed is: 
1. An internal combustion engine having intake and 

exhaust valves comprising: 

a pushrod; 

a rocker arm having a pivot betWeen its ends and having 
one end engaged by the pushrod; 

a valve stem engaging the other end of the rocker arm; 

an adjustable stop having at least tWo positions for the 
rocker arm pivot, a lock position elevated above a rest 
position; and 

a progressive rate spring Which is deformed before the 
pivot reaches the lock position, a ?rst portion of the 
stroke of the spring being smoothly continuous With a 
relatively loWer force/displacement slope and a second 
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portion of the stroke of the spring being smoothly 
continuous With a relatively higher force/displacement 
slope 

2. An internal combustion engine according to claim 1 
Wherein the lock position comprises a hydraulic block. 

3. An internal combustion engine according to claim 1 
Wherein the lock position is enabled by rotation. 

4. An internal combustion engine according to claim 1 
Wherein the adjustable stop comprises: 

an at least partially holloW member on Which the rocker 
arm pivot is free to slide; 

an outer sleeve engaging the rocker arm pivot and free to 
slide on the outside of the member; 

an annular chamber betWeen the outside of the member 
and the inside of the outer sleeve; 

a hole through a Wall of the member betWeen the inside 
of the member and the annular chamber; and 

an obstruction Which permits ?oW or blocks ?oW through 
the hole. 

5. An internal combustion engine according to claim 4 
Wherein the obstruction comprises an inner sleeve in the 
member With an end portion adjacent to the hole and the end 
portion con?gured to either open or close the hole. 

6. An internal combustion engine according to claim 1 
further comprising an additional lock position betWeen the 
lock position and the rest position. 

7. An internal combustion engine according to claim 6 
Wherein the rest and tWo lock positions are selected by 
rotation. 

8. An internal combustion engine having intake and 
eXhaust valves comprising: 

a pushrod; 

a rocker arm pivoted betWeen its ends and having one end 
engaged by the pushrod; 

a valve stem engaging the other end of the rocker arm; 

a selectively movable pivot supporting the rocker arm, the 
movable pivot having a loWer rest position and an 
upper lock position, the upper lock position being 
determined by liquid trapped in a volume Which is 
closed in response to upWard movement of the pivot; 
and 

the pivot having an intermediate lock position betWeen 
the rest position and the upper lock position. 

9. An internal combustion engine according to claim 8 
Wherein the intermediate lock position is also determined by 
liquid trapped in a volume Which is closed in response to 
upWard movement of the pivot. 

10. An internal combustion engine according to claim 8 
Wherein the pivot is retained in the rest position by liquid 
trapped in a volume Which is closed. 

11. An internal combustion engine according to claim 8 
comprising: 

a radially extending passage through Which liquid can 
pass; 

a ?rst sleeve controllably movable for closing or opening 
one end of the passage; and 
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a second sleeve movable in response to movement of the 
pivot for closing or opening the other end of the 
passage. 

12. An internal combustion engine according to claim 11 
Wherein the ?rst sleeve is rotatable and the second sleeve 
moves longitudinally. 

13. An internal combustion engine according to claim 11 
further comprising a second radially extending passage 
through Which liquid can pass, one of the passages having an 
upper edge further from the pivot than the upper edge of the 
other passage. 

14. An internal combustion engine having intake and 
eXhaust valves comprising: 

a pushrod; 

a rocker arm having a pivot betWeen its ends and having 
one end engaged by the pushrod; 

a valve stem engaging the other end of the rocker arm; 

an adjustable stop having at least tWo positions for the 
rocker arm pivot, namely a lock position elevated 
above a rest position; and 

means for gradually starting valve opening before or upon 
the pivot reaching the lock position. 

15. An internal combustion engine according to claim 14 
further comprising an additional lock position for the pivot 
betWeen the rest position and the lock position. 

16. An internal combustion engine according to claim 14 
Wherein the lock position is reached When hydraulic block 
occurs in a closed chamber. 

17. An internal combustion engine according to claim 16 
Wherein a selection is made betWeen the rest position and the 
lock position of the pivot by rotating a member for changing 
the volume of the closed chamber 

18. An internal combustion engine according to claim 17 
comprising: 

a servo motor connected to the rotating member; 

means for sensing engine rotational speed; and 

a computer control for moving the servo motor in 
response to engine rotational speed. 

19. A method of operating an internal combustion engine 
having intake and eXhaust rocker arms mounted on pivots 
for opening engine valves comprising moving a rocker arm 
pivot against a progressive rate spring in response to move 
ment of a pushrod. 

20. A method of operating an internal combustion engine 
having intake and eXhaust rocker arms mounted on pivots 
for opening engine valves, each rocker arm engaged by a 
pushrod at one end and a valve stem at the opposite end, 
comprising: 

moving a rocker arm pivot in response to movement of a 
pushrod Without signi?cant movement of the corre 
sponding valve stem; 

moving both the valve stem and the pivot in response to 
further movement of the pushrod; and 

moving only the valve stem in response to further move 
ment of the pushrod. 

21. A method of operating an internal combustion engine 
having intake and eXhaust rocker arms mounted on pivots 
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for opening engine valves, each rocker arm engaged by a 
pushrod at one end and a valve stem at the opposite end, 
comprising: 

moving a rocker arm pivot in response to movement of a 
pushrod; and 

selecting presence or absence of movement of the rocker 
arm pivot by rotation of a control member. 

22. A method of operating an internal combustion engine 
having intake and exhaust rocker arms mounted on pivots 
for opening engine valves, each rocker arm engaged by a 
pushrod at one end and a valve stem at the opposite end, 
comprising: 
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moving a rocker arm pivot in response to movement of a 
pushrod; and 

using a hydraulic block to hold the rocker arm pivot in or 
near a rest position; 

using a hydraulic block to stop the pivot movement at an 
upper lock position; and 

using a hydraulic block to stop the pivot movement at an 
intermediate lock position betWeen the rest position and 
the upper lock position. 


