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VARIABLE VALVE TIMING AND LIFT 
STRUCTURE FOR FOUR CYCLE ENGINE 

BACKGROUND OF THE INVENTION 

[0001] This invention relates to an internal combustion 
engine and more particularly to variable valve timing and lift 
arrangement for such engines. It has been recognized that 
the performance of an internal combustion engine can be 
improved throughout the entire running range if a variable 
valve timing and lift arrangement is employed in connection 
With the engine. By changing the valve opening character 
istics during engine running, it is possible to optimiZe the 
valve timing and lift for each running condition. 

[0002] One Way this has been done is by providing a ?rst 
cam and a second cam that rotate together and Wherein one 
of the cams is moved to a retracted position during the 
rotation so that the other can controls the valve operation 
during one engine running phase. By shifting the normally 
disabled cam to an engaged or operative position, it is 
possible to then change the timing and lift characteristics. 
HoWever, the types of mechanisms that have been proposed 
for this purpose are quite complicated and subject to dif? 
culty in operation and transition from one phase to the other. 

[0003] It, therefore, a principal object to this invention to 
provide an improved variable valve timing and lift arrange 
ment for an internal combustion engine. 

[0004] It is further object to this invention to provide a 
variable valve timing and lift mechanism employing tWo 
different cams, each of Which is operative to control the 
valve timing during a speci?c engine running condition With 
the running conditions controlled by each cam being differ 
ent. 

[0005] It is a further object to this invention to provide an 
improved variable valve timing mechanism of the type set 
forth in the preceding paragraph Wherein the transition can 
be made easily and at any time during the engine running 
characteristics. 

[0006] It is a further object to this invention to provide an 
improved variable valve timing mechanism for an internal 
combustion engine Wherein the number of components 
required operating a plurality of valves is reduced. 

SUMMARY OF THE INVENTION 

[0007] One feature of the invention is adapted to be 
embodied in an internal combustion engine that has a 
combustion chamber. At least one gas ?oW passage com 
municates With the combustion chamber through a valve 
seat and a poppet valve controls the How through the valve 
seat. A camshaft is journalled for rotation about a camshaft 
aXis. A ?rst cam having a ?rst lift characteristic is ?Xed for 
rotation With the camshaft. A second cam is associated With 
the camshaft and has a second lift characteristic different 
from the ?rst lift characteristic of the ?rst cam. A valve 
actuator is associated With the ?rst and second cams for 
transmitting their rotational movements to reciprocation of 
the poppet valve. A coupling device is provided for selec 
tively permitting relative rotational movement betWeen the 
camshaft and the second cam so that the ?rst cam controls 
the entire opening and closing cycle of the poppet valve and 
for coupling the second cam for rotation With the camshaft 
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about the camshaft aXis so that the second cam controls at 
least a part of the opening and closing operation of the 
poppet valve. 

[0008] Another feature of the invention is adapted to be 
embodied in an internal combustion engine as set forth in the 
preceding paragraph and Wherein a second poppet valve is 
provided for opening and closing a second valve seat in the 
combustion chamber and a third cam. The cams are juxta 
posed axially on the camshaft and one of the ?rst and second 
cams have portions for controlling the opening and closing 
cycles of both of the poppet valves. The other of the ?rst and 
second cams controls at least a portion of the opening and 
closing of only one of the poppet valves and the third cam 
controls at least a portion of the opening and closing cycle 
of the other of the poppet valves. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] FIG. 1 is a cross sectional vieW taken through one 
of the intake valves and one of the exhaust valves seats of 
a single cylinder of the cylinder head portion of an internal 
combustion engine constructed in accordance With an 
embodiment of the invention. 

[0010] FIG. 2 is a vieW looking in the direction perpen 
dicular to the plane about Which FIG. 1 is taken and shoWs 
the valves associated With the intake side of tWo cylinders of 
the cylinder head. 

[0011] FIG.3 is an enlarged cross sectional vieW taken 
through the aXis of the intake camshaft as shoWn in FIG. 2 
as shoWing the relationship betWeen one of the loW speed 
cams and the camshaft. 

[0012] FIG. 4 is a cross sectional vieW taken along the line 
4-4 of FIG. 3. 

[0013] FIG. 5 is a cross sectional vieW, in part similar to 
FIG. 3, but shoWs the relationship betWeen the camshaft and 
the high speed cams. 

[0014] FIG. 6 is a cross sectional vieW taken along the line 
6-6 of FIG. 5. 

[0015] FIG. 7 is a cross sectional vieW, in part similar to 
that of FIG. 6, but shoWs another embodiment of the 
invention. 

[0016] FIG. 8 is a cross sectional taken along the line 8-8 
of FIG. 5 and shoWs the high speed cam in its disengaged 
non-valve operating position. 

[0017] FIG. 9 is a cross sectional vieW, in part similar to 
FIG. 8, and shoWs the high speed cam in its engaged, valve 
operating position. 
[0018] FIGS. 10 through 16 are cross sectional vieWs 
taken through one of the intake valves and shoWing the 
condition When the intake valve is opened and closed solely 
under the control of the loW speed cam. 

[0019] FIGS. 17 through 23 are cross sectional vieWs, in 
part similar to those of FIGS. 10 through 16, and shoW hoW 
the eccentric bearing support for the high speed cam permits 
it to move in a radial direction so that it Will not effect the 
operation of the valve. 

[0020] FIGS. 24 through 29 are a sequential series of 
cross sectional vieWs, in part similar to FIGS. 10 through 
16 and shoW When the high speed cam is controlling the 
operation of the valve. 
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DETAILED DESCRIPTION 

[0021] Referring noW in detail to the drawings and ini 
tially primarily to FIGS. 1 and 2, an internal combustion 
engine constructed in accordance With an embodiment of the 
invention is shoWn in part and is identi?ed generally by the 
reference numeral 51. Since the invention deals primarily 
With the actuation for the valves of the engine 51 and since 
the engine is of the tWin overhead cam, four valves per 
cylinder type, only the cylinder head assembly has been 
shoWn in the draWings. It is believed that those skilled in the 
art Will readily understand hoW to apply this invention to 
engines having any other type of general construction and 
incorporating any type of cylinder block, piston and crank 
shaft arrangement. 

[0022] The engine 51 is comprised of a main cylinder head 
member, indicated generally by the reference numeral 52, 
Which has a loWer sealing surface 53 that is adapted to be 
sealingly engaged With an associated cylinder block, Which 
is not shoWn for the reasons aforenoted. This cylinder head 
loWer sealing surface 53 surrounds a recess 54 Which 
functions to cooperate With the associated cylinder bore and 
head of the piston to form the combustion chamber of the 
engine. Since at top dead center the recess 54 de?nes the 
major portion of the clearance volume of the cylinder, at 
times it Will be referred to as the “combustion chamber”. 

[0023] A pair of intake passages 55 extend through the 
cylinder head member 52 from an intake opening formed in 
an outer surface 56 of one side of the cylinder head member 
52. This opening may be a common opening 57 if a Siamese 
type valve arrangement is chosen. It should be readily 
apparent, hoWever, that the arrangement can also be utiliZed 
With separate intake passages, each having its oWn opening 
in the cylinder head outer surface 56. 

[0024] The intake passages 55 terminate at the combustion 
chamber surface 54 in valve seats 58 Which may be formed 
as inserts particularly if the main cylinder head member 52 
is formed from lightWeight material such as aluminum or 
aluminum alloy. These valve seat inserts may be suitably 
positioned in the cylinder head member 52, for example by 
press ?tting, metallurgical bonding or the like. 

[0025] A pair of intake valves indicated generally by the 
reference numeral 59 and having stem portions 61, are 
supported for reciprocation in the cylinder head member 52 
by respective valve guides 62. These intake valves 59 are 
urged to their closed positions by means of coil compression 
spring assemblies 63 that are engaged With keeper retainer 
assemblies, indicated generally by the reference numeral 64, 
for urging the valves 59 and speci?cally the head portions 65 
thereof into closed seating relationship With the valve seats 
58. These intake valves 59 are opened by an intake camshaft 
assembly, indicated generally by the reference numeral 66 
and Which Will be described in more detail later. 

[0026] On the side of the cylinder head member 52 
opposite the intake passages 55, there are provided a pair of 
exhaust passages 67 Which, like the intake passages 55 may 
be Siamese if desired. In that case, these exhaust passages 
67, merge to a common opening 68 formed in an outer 
surface 69 of the cylinder head Which is opposed to the 
cylinder head intake side outer surface 56. The exhaust 
passages 67 extend from valve seats 71 Which are formed in 
a suitable manner, like the intake valve seats 58. 
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[0027] Poppet type exhaust valves 72 control the opening 
and closing of the valve seats 71. Like the intake valves 59, 
the exhaust valves 72 are urged toWard their closed positions 
by coil spring assemblies 73 that operate against keeper 
retainers 74. This urges heads 75 of the exhaust valves 72 
into sealing engagement With the seats 71. Also like the 
intake valves 59, the exhaust valves 72 have stem portions 
76 that are slidably supported in guides 77. 

[0028] Thimble tappets 78 and 79 are associated With each 
of the intake valves 59 and exhaust valves 72, respectively. 
These thimble tappets 78 and 79 transmit motion from the 
intake camshaft assembly 66 and an exhaust camshaft 
assembly 81 to the valves 59 and 72 for effecting their 
opening. 
[0029] In the illustrated embodiment, a variable valve lift 
and/or timing arrangement is employed betWeen each of the 
intake and exhaust camshaft assemblies 66 and 81 and the 
respective intake and exhaust valves 59 and 72. Because 
these mechanisms can be the same, only the description of 
one Will be made referring noW to the remaining ?gures and 
primarily initially to FIG. 2. 

[0030] Each camshaft assembly 66 and 81 has associated 
With it a respective cam arrangement, indicated generally by 
the reference numeral 82 for operating the respective valves. 
In the illustrated embodiment the cam arrangement 82 is 
comprised of a pair of high speed cams 83 Which are, in the 
illustrated embodiment, integrally formed With a connecting 
barrel shape non-cam portion 84. These high speed cams 83 
are spaced suf?ciently to overlap the respective valve 
thimble tappets 78 and 79 of both valves for a given 
cylinder, both in the case of the intake valves 59 and exhaust 
valves 72. 

[0031] These high speed cams 83 are journalled on the 
respective camshaft assemblies 66 or 81 by an intermediate 
eccentric bearing 85 and may be either coupled for rotation 
With the respective camshaft assemblies 66 and 81 or 
rotatable independently of it as Will be described shortly. 
The high speed cams 83 are bounded on their outer periph 
eries by loW speed cams, indicated generally by the refer 
ence numeral 86. 

[0032] The camshaft assemblies 66 and 81 are both driven 
by a timing drive Which includes a respective toothed 
sprocket 87 that can be driven either by belt, chains or a gear 
arrangement and Which is associated With respective cam 
shaft With a variable valve timing mechanism, indicated 
generally by the reference numeral 88, for altering the valve 
timing of both the intake and exhaust valves 59 and 72 in 
addition to changing their lift characteristics in the manner 
noW to be described by principle reference to FIGS. 3 
through 29. 

[0033] Referring ?rst primarily to FIGS. 3 and 4, the loW 
speed cams 86 are comprised of lobe portions 89 Which are 
shaped to provide the appropriate degree of lift and rate of 
lift and heal portions 91 Which provide no lift and permit the 
associated valves 59 or 72 to be maintained in their closed 
positions. In the illustrated embodiment, these loW speed 
cams 86 are ?xed for rotation With the respective camshaft 
assemblies 66 or 81 by means of pins 90 Which may be 
pressed or otherWise ?t into suitable bores formed in both 
the cams 86 and respective camshaft assemblies 66 or 81. 

[0034] The high speed cams 83 are formed With lobes 92 
that are con?gured to provide the appropriate or desired 
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amount of valve lift and also rate of opening and closing of 
the valve. In the illustrated embodiment, this lift is greater 
than that of the loW speed cams 86 and the timing of opening 
and closing is also approximately the same as the loW speed 
cams 86 but the rate of opening and closing is higher. Of 
course, it Will be readily apparent to those skilled in the art 
that other relationship can be chosen betWeen the high speed 
cams 83 and the loW speed cams 86. 

[0035] In this embodiment, the radius of heel portions 93 
of the high speed cams 83 is the same as the heel portions 
91 of the loW speed cams 86. The high speed cams 83 have 
an inner bore that is complimentary to a cylindrical outer 
bore of the eccentric bushings 85. HoWever, the center of 
this bore, indicated by the point or line 94 in FIGS. 17 
through 23 is eccentric to the camshaft axis 95 of the 
respective camshaft assembly 66 or 81. This eccentricity is 
indicated by the dimension “t” in FIGS. 17 and 21 depend 
ing upon Which side of the camshaft axis 95 the high speed 
camshaft center 94 is displaced to. 

[0036] The coupling mechanism for controlling the rela 
tionship of the high speed cams 83 to the respective cam 
shaft assemblies 66 or 81 includes tWo components. The ?rst 
of these components, appear best in FIG. 6 and comprises 
a locating plunger, indicated by the reference numeral 96 
that is slidably supported in a bore 97 of the respective 
camshaft assemblies 66 or 81 and Which is biased by coil 
compression spring 98. The spring 98 causes its tip portion 
99, Which is hemispherical, to be received in a machined 
semi-cylindrical slot 101 formed in the high speed cam 83. 
This arrangement maintains a roughly approximate relation 
ship betWeen the cam lobe portions 92 and 89 of the high and 
loW speed cams 86 and 83, respectively. 

[0037] As may be seen in FIG. 6, this relationship is 
located axially outWardly of the ends of the eccentric 
bearing 85 so that this bearing Will not have its rotational 
position interfered With. Also, this relationship further traps 
the eccentric bearing 85 in the barrel shape non-cam portion 
84 of the high speed cams 83. 

[0038] Although a plunger, such as the plunger 96 is a 
preferred relationship, it is not necessary to utiliZe the 
plunger as a coil spring of greater length, indicated at 102 in 
FIG. 7 may also be employed Without using a plunger. 

[0039] As Will become apparent later, as long as the high 
speed cam 83 is not rotatably coupled to the respective 
camshaft assemblies 66 or 81, it Will not control the opening 
and closing of the associated valves 59 or 72. 

[0040] At the other axial end of the eccentric bushings 85, 
there is a provided a locking pin, indicated generally by the 
reference numeral 104 Which performs the function of 
selectively coupling the high speed cams 83 for rotation With 
respective camshaft assemblies 66 or 81. This locking pin 
104 has a smaller diameter portion 105 that extends through 
a smaller diameter opening 106 of a counter bored opening 
formed radially through the respective camshaft assembly 
66 or 81. 

[0041] A headed portion 107 of these locking pins 104 is 
received in the larger diameter bore 108 of this counter bore. 
A light coil compression spring 109 is received in this 
counter bore 108 and normally urges the locking pin 104 to 
its released position as shoWn in FIG. 8. In this position, the 
headed portion engages a stop 111 that is press ?t into the 
counter bore portion 108. 
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[0042] When the locking pin 104 is actuated to its locking 
position as shoWn in FIG. 9, it Will be received in a 
complimentary counter bore 112 formed in the heel portion 
93 of the high speed cams 83. This positioning is done by 
supplying oil under pressure to the counter bore 108. This 
pressure is supplied through a supply passage 113 that is 
drilled axially through the camshaft under a suitable control. 

[0043] This suitable control operates so as to depressuriZe 
the supply passage 113 under loW and mid range running 
conditions so that the loW speed cams 86 control the 
operation of the respective valves 59 or 72. This operation 
can be best understood by considering FIGS. 10 through 16 
and 17 through 23. 

[0044] As may be seen in FIGS. 10 and 17, When the 
respective camshaft, in this case the intake camshaft assem 
blies 66 rotates sufficiently so that the high speed and loW 
speed cam portions 89 and 92, respectively, engage the 
thimble tappets 78 on their lift portion, the high speed cam 
Will be permitted to retract slightly by causing rotation of the 
eccentric bushing 85 in a direction opposite to the direction 
of camshaft rotation as shoWn in FIG. 11. When this occurs, 
the axis 94 of the high speed cam 83 Will be displaced as 
seen in FIG. 18, thus permitting relative rotation betWeen 
the camshaft assembly 66 and the high speed cam 83. 

[0045] This condition continues during the lift cycle so 
that the high speed cam 83 Will continue be retracted and 
only the loW speed cam 86 Will operate the valve. 

[0046] Thus, although the angular position of the high 
speed cam 83 relative to the loW speed cam 86 Will be 
maintained relatively constant, the high speed cams 83 and 
speci?cally their lobe portions 92 Will not effect any move 
ment of the valve. That is, at maximum lift the lobe 92 of the 
high speed cam 83 retracts the distance L (See FIG. 14). As 
seen in these ?gures, this operation continues through the 
complete rotation of the intake camshaft assembly 66 and 
can repeat as long as the ?uid passageWays 113 are not 
actuated. 

[0047] When the control, hoWever, determines to effect 
high speed cam operation, then the ?uid passageWay 113 is 
activated and the locking pin 104 Will move to its engaged 
position as shoWn in FIG. 9 and the high speed cam 83 Will 
be coupled for rotation With the respective camshaft assem 
blies 66 or 81. Under this condition, the lift characteristics 
Will be as set forth in FIGS. 24 through 29 Wherein the high 
speed cam lobe portion 92 Will control the opening move 
ment of the respective valve. 

[0048] Under this condition, the loW speed cam 86 does 
not contact the associated thimble tappet 78 or 79 and hence, 
Will not effect the valve position unless this portion has a 
part that extends beyond that of the high speed cam lobe 
portion 92, Which is not the case in this embodiment but 
Which may be used in some circumstances. That is, it is 
possible With this arrangement to provide a lift for the high 
speed operation Wherein the loW speed cam 86 may cause 
some initial opening of the valve or may retard its closing 
depending upon the design choice. HoWever, the maximum 
lift portion is alWays controlled by the high speed cam lobe 
portion 92. 

[0049] In the illustrated embodiment, the eccentric bush 
ing 85 is permitted to rotate relative to the associated 
camshaft While the high speed cams 83 are selectively or 
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coupled or uncoupled for rotation With the respective cam 
shaft. Another arrangement is possible Where the selective 
coupling occurs betWeen the camshaft and the eccentric 
bushing 85. If this is done, then the high speed cam Will be 
automatically coupled to the camshaft by its positioning 
With the eccentric bushing 85. 

[0050] Therefore, it should be clear from the foregoing 
description that the described embodiments of the invention 
provide a very effective and relatively simple Way for 
changing the lift characteristics of a valve during engine 
running. Of course, the foregoing description is that of 
preferred embodiments and various changes and modi?ca 
tion may be made Without departing from the spirit and 
scope of the invention, as de?ned by the appended claims. 

1. An internal combustion engine having a combustion 
chamber, at least one gas ?oW passage communicating With 
said combustion chamber through a valve seat, a poppet 
valve for controlling the How through said valve seat, a 
camshaft journalled for rotation about a camshaft axis, a ?rst 
cam having a ?rst lift characteristic ?xed for rotation With 
said camshaft, a second cam associated With said camshaft 
for relative rotation, said second cam has a second lift 
characteristic different from said ?rst lift characteristic of 
said ?rst cam, a valve actuator associated With said ?rst and 
said second cams for transmitting their rotational move 
ments to reciprocation of said poppet valve, and a coupling 
device for selectively permitting relative movement betWeen 
said camshaft and said second cam so that said ?rst cam 
controls the entire opening and closing cycle of said poppet 
valve and for coupling said second cam for rotation With said 
camshaft about said camshaft axis so that said second cam 
controls at least a part of the opening and closing cycle of 
said poppet valve. 

2. An internal combustion engine as set forth in claim 1 
Wherein the coupling device maintains the angular phase 
positions of the ?rst and second cams regardless of Which 
cam is controlling the opening and closing cycle of the 
poppet valve. 

3. An internal combustion engine as set forth in claim 1 
Wherein the maximum valve lift provided by the second cam 
is greater than that of the ?rst cam. 

4. An internal combustion engine as set forth in claim 3 
Wherein the coupling device maintains the angular phase 
positions of the ?rst and second cams regardless of Which 
cam is controlling the opening and closing cycle of the 
poppet valve. 

5. An internal combustion engine as set forth in claim 4 
Wherein the coupling device shifts the axis about Which the 
second cam rotates When the ?rst cam controls the entire 
opening and closing cycle of the poppet valve so that the 
second cam does not control the opening and closing cycle 
of said poppet valve. 

6. An internal combustion engine as set forth in claim 1 
Wherein the coupling device comprises an eccentric bushing 
having a cylindrical bore coaxially received on the camshaft 
and an cylindrical outer surface eccentrically disposed to 
said cylindrical bore and received in a complimentary bore 
formed in the second cam and a selectively operable lock for 
coupling one of said eccentric bushing and said second cam 
for rotation With said camshaft so that both said second cam 
and said eccentric bushing rotate in unison With said cam 
shaft. 
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7. An internal combustion engine as set forth in claim 6 
Wherein the selectively operable lock ?xes the second cam 
for rotation With the camshaft. 

8. An internal combustion engine as set forth in claim 6 
Wherein the coupling device further maintains the angular 
phase positions of the ?rst and second cams regardless of 
Which cam is controlling the opening and closing cycle of 
the poppet valve. 

9. An internal combustion engine as set forth in claim 8 
Wherein the portion of the coupling device that maintains the 
angular phase positions of the ?rst and second cams regard 
less of Which cam is controlling the opening and closing 
cycle of the poppet valve comprises a resiliently biased 
member engaged betWeen the camshaft and said second 
cam. 

10. An internal combustion engine as set forth in claim 9 
Wherein the selectively operable lock is operative to axially 
limit the movement of the eccentric bushing relative to the 
camshaft in at least one axial direction. 

11. An internal combustion engine as set forth in claim 10 
Wherein the resiliently biased member is operative to axially 
limit the movement of the eccentric bushing relative to the 
camshaft in an axial direction opposite to the axial direction 
controlled by the selectively operable lock. 

12. An internal combustion engine as set forth in claim 6 
Wherein the selectively operable lock is operative to axially 
limit the movement of the eccentric bushing relative to the 
camshaft in at least one axial direction. 

13. An internal combustion engine as set forth in claim 1 
Wherein the ?rst cam and the second cam are juxtaposed 
axially on the camshaft. 

14. An internal combustion engine as set forth in claim 6 
Wherein the ?rst cam and the second cam engage adjacent 
surfaces of a common folloWer for transmitting their rota 
tional movements to reciprocation of said poppet valve. 

15. An internal combustion engine as set forth in claim 1 
further including a second poppet valve for opening and 
closing a second valve seat in the combustion chamber and 
a third cam and Wherein the cams are juxtaposed axially on 
the camshaft and one of said ?rst and said second cams has 
cam portions for controlling the opening and closing cycle 
of both of said poppet valves, the other of said ?rst and 
second cams controlling the opening and closing cycle of 
only one of said poppet valves and said third cam controls 
at least a portion of the opening and closing cycle of the 
other of said poppet valves. 

16. An internal combustion engine as set forth in claim 15 
Wherein the cam having the cam portions for controlling the 
opening and closing cycle of both of the poppet valves 
comprises the second cam. 

17. An internal combustion engine as set forth in claim 16 
Wherein the coupling device comprises an eccentric bushing 
having a cylindrical bore coaxially received on the camshaft 
and an cylindrical outer surface eccentrically disposed to 
said cylindrical bore and received in a complimentary bore 
formed in the second cam and a selectively operable lock for 
coupling one of said eccentric bushing and said second cam 
for rotation With said camshaft so that both said second cam 
and said eccentric bushing rotate in unison With said cam 
shaft. 

18. An internal combustion engine as set forth in claim 17 
Wherein the selectively operable lock ?xes the second cam 
for rotation With the camshaft. 
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19. An internal combustion engine as set forth in claim 18 
wherein the coupling device further maintains the angular 
phase positions of the ?rst and second cams regardless of 
Which cam is controlling the opening and closing cycle of 
the poppet valve. 

20. An internal combustion engine as set forth in claim 19 
Wherein the portion of the coupling device that maintains the 
angular phase positions of the ?rst and second cams regard 
less of Which cam is controlling the opening and closing 
cycle of the poppet valve comprises a resiliently biased 
member engaged betWeen the camshaft and said second 
cam. 
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21. An internal combustion engine as set forth in claim 19 
Wherein the selectively operable lock is operative to axially 
limit the movement of the eccentric bushing relative to the 
camshaft in at least one aXial direction. 

22. An internal combustion engine as set forth in claim 21 
Wherein the resiliently biased member is operative to axially 
limit the movement of the eccentric bushing relative to the 
camshaft in an aXial direction opposite to the aXial direction 
controlled by the selectively operable lock. 


