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[57] ABSTRACT 
A valve operating mechanism for operating a plurality 
of valves of a particular cylinder of an internal combus 
tion engine includes a camshaft rotatable in synchro 
nism with rotation of the internal combustion engine 
and having at least one cam. At least one of a plurality 
of cam followers slidably engages the cam for selec 
tively operating the valves according to a cam pro?le of 
the cam. The cam followers are selectively intercon 
nected and disconnected to operate the valves in differ 
ent speed ranges of the internal combustion engine, the 
speed ranges including a range in which all of the valves 
remain inoperative. The camshaft has one or two annu 
lar raised portions in addition to the cam, and the cam 
followers include one or two cam followers which 
slidably engage the raised portion or portions. The 
valves remain inoperative by the annular portion or 
portions and are operated in a high-speed range by the 
cam, or selectively in low- and high-speed ranges by 
low- and high-speed ranges. 

12 Claims, 7 Drawing Sheets 
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VALVE OPERATING MECHANISM FOR 
INTERNAL COMBUSTION ENGINE 

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

BACKGROUND OF THE INVENTION 

The present invention relates to a valve operating 
mechanism for an internal combustion engine, including 
a camshaft rotatable in synchronism with the rotation of 
the internal combustion engine and having integral 
cams for operating a pair of intake or exhaust valves, 
and rocker arms or cam followers angularly movable 
supported on a rocker shaft for opening and closing the 
intake or exhaust valves in response to rotation of the 
cams. 

Japanese Laid-Open Patent Publication No. 
59(l984)-2262l6, for example, discloses a valve operat 
ing mechanism for use in an internal combustion engine 
having a plurality of intake or exhaust valves per engine 
cylinder. Some of the intake or exhaust valves remain 
closed when the engine operates at a low speed. If the 
intake or exhaust valves of a particular engine cylinder 
of a multicylinder internal combustion engine could be 
kept inoperative in order to cutoff the operation of the 
particular engine cylinder, fuel consumption would be 
reduced by stopping the operation of the intake or ex 
haust valves of the particular engine cylinder while the 
engine operates in a low-speed range. However, no 
satisfactory devices have been available in the part to 
achieve such a task. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a 
valve operating mechanism for an internal combustion 
engine, which is of a relatively simple structure, for 
making the intake or exhaust valves of a particular en 
gine cylinder inoperative for better fuel economy. 
According to the' present invention, there is provided 

a valve operating mechanism for operating a plurality 
of valves of a particular cylinder of an internal combw 
tion engine, comprising a camshaft rotatable in synchro 
nism with rotation of the internal combustion engine 
and having at least one cam, a plurality of cam followers 
at least one of which slidably engages the cam for selec 
tively operating the valves according to a cam pro?le of 
the cam, and means for selectively interconnecting and 
disconnecting the cam followers to operate the valves 
in different speed ranges of the internal combustion 
engine, the speed ranges including a range in which all 
of the valves remain inoperative. 
The camshaft has one or two annular raised portions 

in addition to the cam, and the cam followers include 
one or two cam followers which slidably engage the 
raised portion or portions. The valves remain inopera 
tive by the annular portion or portions and are operated 
in a high-speed range by the cam, or selectively in low 
and high-speed ranges by low- and high-speed cams. 
The above and other objects, features and advantages 

of the present invention will become more apparent 
from the following description when taken in conjunc 
tion with the accompanying drawings in which pre 
ferred embodiments of the present invention are shown 
by way of illustrative example. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a vertical cross-sectional view of a valve 
operating mechanism according to an embodiment of 
the present invention, the view being taken along line 
1-1 of FIG. 2; 
FIG. 2 is a plan view of the valve operating mecha 

nism shown in FIG. 1; 
FIG. 3 is a cross-sectional view taken along line III 

—III of FIG. 1, showing first and second cam followers 
connected to each other; 
FIG. 4 is a cross-sectional view similar to FIG. 3, 

showing the first and second cam followers discon 
nected from each other; 
FIG. 5 is a vertical cross-sectional view of a valve 

operating mechanism according to another embodiment 
of the present invention, the view being taken along line 
V-V of FIG. 6; 
FIG. 6 is a plan view of the valve operating mecha 

nism shown in FIG. 5; 
FIG. 7 is a cross-sectional view taken along line VII 

—VII of FIG. 6; 
FIG. 8 is a cross-sectional view taken along line VIII 

—VIII of FIG. 5, showing first through third cam fol 
lowers disconnected from each other; 

FIG. 9 is a cross-sectional view similar to FIG. 8, 
showing the first through third cam followers intercon 
nected; 

FIG. 10 is a plan view of a valve operating mecha 
nism according to still another embodiment of the pres 
ent invention; and 
FIG. 11 is a plan view of a valve operating mecha 

nism according to a still further embodiment of the 
present invention; 
FIG. 12 is a cross-sectional view taken along line 

XII-XII of FIG. 11; 
FIG. 13 is a cross-sectional view taken along line 

XIII-XIII of FIG. 12, showing a mechanism for actuat 
ing the valve operating mechanism of FIG. 11; 
FIG. 14 is a plan view of a valve operating mecha 

nism according to a yet still further embodiment of the 
present invention; and 
FIG. 15 is a cross-sectional view similar to FIGS. 8, 

9 and 13, showing a mechanism for actuating the valve 
operating mechanism of FIG. 14. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Like or corresponding parts are denoted by like or 
corresponding reference characters throughout several 
views. 

FIGS. 1 and 2 show a valve operating mechanism 
according to an embodiment of the present invention. 
The valve operating mechanism is incorporated in an 
internal combustion engine for use with a particular 
engine cylinder having a pair of intake valves la, 1b for 
introducing an air-fuel mixture into a combustion cham 
ber de?ned in an engine body. 
The valve operating mechanism comprises a cam 

shaft 2 rotatable in synchronism with rotation of the 
engine at a speed ratio of l with respect to the speed of 
rotation of the engine. The camshaft 2 has an annular 
raised portion 3 and a cam 5 which are integrally dis 
posed on the circumference of the camshaft 2. The 
valve operating mechanism also has a rocker shaft 6 
extending parallel to the camshaft 2, and ?rst and sec 
ond rocker arms or cam followers 7, 8 angularly mov 
ably supported on the rocker shaft 6 and held against 
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the cam 5 and the raised portion 3, respectively, on the 
camshaft 2. The intake valves la, 1b remain closed or 
inoperative by the raised portion 3 in a low-speed range 
of the engine. 
The camshaft 2 is rotatably disposed above the engine 

body. The raised portion 3 is disposed in a position 
corresponding to an intermediate position between the 
intake valves la, lb, as viewed in FIG. 2. The earn 5 is 
positioned substantially in line with the intake valve 1b. 
The raised portion 3 has a circumferential pro?le in the 
shape of a circle corresponding to the base circle 5b of 
the cam 5. The cam 5 has a cam lobe 5a projecting 
radially outwardly from the base circle 5b. 
The rocker shaft 6 is ?xed below the camshaft 2. The 

?rst cam follower 7 pivotally supported on the rocker 
shaft 6 is aligned with the cam 5, and the second cam 
follower 8 pivotally supported on the rocker shaft 6 is 
aligned with the raised portion 3. The cam followers 7, 
8 have on their upper surfaces cam slippers 7a, 8a, re 
spectively, held in sliding contact with the cam 5 and 
the raised portion 3, respectively. The second cam fol— 
lower 8 includes a pair of arms 8b, 80 having distal ends 
positioned above the intake valves 1a, 1b, respectively. 
Tappet screws 12, 13 are threaded through the distal 
ends of the arms 8b, 8c and have tips engageable respec 
tively with the upper ends of the valve stems of the 
intake valves 1a, lb. 

Flanges 14, 15 are attached to the upper ends of the 
valve stems of the intake valves 1a, 1b. The intake 
valves 1a, lb are normally urged to close the intake 
ports by compression coil springs 16, 17 disposed under 
compression around the valve stems between the 
?anges 14, 15 and the engine body. 
A bottomed cylindrical lifter 19 is disposed in abut 

ment against a lower surface of the ?rst cam follower 7. 
The li?er 19 is normally urged upwardly by a compres 
sion spring 20 of relatively weak resiliency interposed 
between the li?er 19 and the engine body for resiliently 
biasing the cam slipper 7a of the ?rst cam follower 7 
slidably against the cam 5. 
As illustrated in FIG. 3, the ?rst and second cam 

followers 7, 8 have confronting side walls held in sliding 
contact with each other. A selective coupling 21 is 
operatively disposed in and between the ?rst and sec 
ond cam followers 7, 8 for selectively disconnecting the 
cam followers 7, 8 from each other for relative displace 
ment and also for interconnecting the cam followers 7, 
8 for their movement in unison. 
The selective coupling 21 comprises a piston 23 mov 

able between a position in which it interconnects the 
?rst and second cam followers 7, 8 and a position in 
which it disconnects the ?rst and second cam followers 
7, 8 from each other, a circular stopper 24 for limiting 
the movement of the piston 23, and a coil spring 25 for 
urging the stopper 24 to move the piston 23 toward the 
position to disconnect the ?rst and second cam follow 
ers 7, 8 from each other. 
The second cam follower 8 has a ?rst guide hole 26 

opening toward the ?rst cam follower 7 and extending 
parallel to the rocker shaft 6. The second cam follower 
8 also has a smaller-diameter hole 28 near the closed end 
of the ?rst guide hole 26, with a step or shoulder 27 
being de?ned between the smaller-diameter hole 28 and 
the ?rst guide hole 26. The piston 23 is slidably ?tted in 
the ?rst guide hole 26. The piston 23 and the closed end 
of the smaller-diameter hole 28 de?ne therebetween a 
hydraulic pressure chamber 29. 
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4 
The second cam follower 8 has a hydraulic passage 

30 defined therein in communication with the hydraulic 
pressure chamber 29. The rocker shaft 6 has a hydraulic 
passage 31 defined axially therein and coupled to a 
source (not shown) of hydraulic pressure through a 
suitable hydraulic pressure control mechanism. The 
hydraulic passages 30, 31 are held in communication 
with each other through a hole 32 de?ned in a side wall 
of the rocker shaft 6, irrespective of how the second 
cam follower 8 is angularly moved about the rocker 
shaft 6. 
The ?rst cam follower 7 has a second guide hole 35 

opening toward the second cam follower 8 in registra 
tion with the ?rst guide hole 26 in the second cam fol 
lower 8. The circular stopper 24 is slidably ?tted in the 
second guide hole 35. The ?rst cam follower 7 also has 
a smaller-diameter hole 37 near the closed end of the 
second guide hole 35, with a step or shoulder 36 de?ned 
between the second guide hole 35 and the smaller-diam 
eter hole 37 for limiting movement of the circular stop 
per 24. The ?rst cam follower 7 also has a through hole 
38 de?ned coaxially with the smaller-diameter hole 37. 
A guide rod 39 joined integrally and coaxially to the 
circular stopper 24 extends through the hole 38. The 
coil spring 25 is disposed around the guide rod 39 be 
tween the stopper 24 and the closed end of the smaller 
diameter hole 37 . 
The piston 23 has an axial length selected such that 

when one end of the piston 23 abuts against the step 27, 
the other end thereof is positioned just between and 
hence lies ?ush with the sliding side walls of the ?rst 
and second cam followers 7, 8, and when the piston 23 
is moved into the second guide hole 35 until it displaces 
the stopper 24 into abutment against the step 36, said 
one end of the piston 23 remains in the ?rst guide hole 
26 and hence the piston 23 extends between the ?rst and 
second cam followers 7, 8. The piston 23 is normally 
urged toward the ?rst cam follower 7 under the resil 
iency of a coil spring 33 disposed in the hydraulic pres 
sure chamber 29 and acting between the piston 23 and 
the closed bottom of the smaller-diameter hole 28. The 
resilient force of the spring 33 set under compression in 
the hydraulic pressure chamber 29 is selected to be 
smaller than that of the spring 25 set in place under 
compression. 

Operation of the valve operating mechanism will be 
described with reference to FIGS. 3 and 4. When the 
engine is to operate in a low-speed range, the selective 
coupling 21 is actuated to disconnect the ?rst and sec 
ond cam followers 7, 8 from each other as illustrated in 
FIG. 4. More speci?cally, the hydraulic pressure is 
released by the hydraulic pressure control mechanism 
from the hydraulic pressure chamber 29, thus allowing 
the stopper 24 to move toward the second cam follower 
8 under the resiliency of the spring 25 until the piston 23 
abuts against the step 27. When the piston 23 engages 
the step 27, the mutually contacting ends of the piston 
23 and the stopper 24 lie ?ush with the sliding side walls 
of the ?rst and second cam followers 7, 8. Therefore, 
the ?rst and second cam followers 7, 8 are held in mutu 
ally sliding contact for relative angular movement. 
With the ?rst and second cam followers 7, 8 being 

thus disconnected, the ?rst cam follower 7 is angularly 
moved in sliding contact with the cam 5, whereas the 
second cam follower 8 is held in sliding contact with the 
raised portion 3. Since the raised portion 3 does not 
impose any camming action on the second cam follower 
8, the intake valves 1a, 1b remain closed. The swinging 
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movement of the ?rst cam follower 7 which is caused 
by the cam 5 does not affect the intake valves la, 1b as 
the ?rst cam follower 7 is disconnected from the second 
cam follower 8 at this time. Any frictional loss of the 
valve operating mechanism is relatively low because 
the ?rst cam follower 7 is held in sliding contact with 
the cam 5 under the relatively small resilient force of the 
spring 20. 

During low-speed operation of the engine, therefore, 
the intake valves la, lb remain closed or inoperative for 
reducing fuel consumption. 
For high-speed operation of the engine, the ?rst and 

second cam followers 7, 8 are interconnected by the 
selective coupling 21, as shown in FIG. 3. More speci? 
cally, the hydraulic pressure chamber 29 of the selective 
coupling 21 is supplied with hydraulic pressure to cause 
the piston 23 to push the support 24 into the second 
guide holes 35 against the resiliency of the spring 25 
until the stopper 24 engages the step 36. The ?rst and 
second cam followers 7, 8 are not connected to each 
other for angular movement in unison. 
At this time, the second cam follower 8 is caused to 

swing the ?rst cam follower 7. Therefore, the intake 
valves 1a, 1b alternately open and close the respective 
intake ports at the valve timing and valve lift according 
to the pro?le of the cam 5. 
FIGS. 5 through 9 show a valve operating mecha 

nism according to another embodiment of the present 
invention. 
The valve operating mechanism comprises a cam 

shaft 2 rotatable in synchronism with rotation of the 
engine at a speed ratio of Q with respect to the speed of 
rotation of the engine. The camshaft 2 has a pair of 
annular raised portions 3 and a cam 5 which are inte 
grally disposed on the circumference of the camshaft 2, 
the cam 5 being disposed between the raised portions 3. 
The valve Operating mechanism also has a rocker shaft 
6 extending parallel to the camshaft 2, and ?rst through 
third cam followers 7, 8, 9 angularly movably supported 
on the rocker shaft 6 and held against the cam 5 and the 
raised portions 3, respectively, on the camshaft 2. A pair 
of intake valves 1a, 1b remains inoperative by the raised 
portions 3 in a low-speed range of the engine. 
The camshaft 2 is rotatably disposed above the engine 

body. The cam 5 is disposed in a position corresponding 
to an intermediate position between the intake valves 
1a, 1b, as viewed in FIG. 6. The raised portions 3 are 
positioned substantially in line with the intake valves 1a, 
1b, respectively. The raised portions 3 have a circum< 
ferential pro?le in the shape of a circle corresponding to 
the base circle 5b of the cam 5. The earn 5 has a cam 
lobe 5a projecting radially outwardly from the base 
circle 5b. 
The rocker shaft 6 is ?ned below the camshaft 2. The 

?rst cam follower 7 pivotally supported on the rocker 
shaft 6 is aligned with the cam 5, on the second and 
third cam followers 8, 9 pivotally supported on the 
rocker shaft 6 are aligned respectively with the raised 
portions 3. The cam followers 7, 8, 9 have on their 
upper surfaces cam slippers 7a, 8a, 9a, respectively, held 
in sliding contact with the cam 5 and the raised portions 
3, respectively. The second and third cam followers 8, 9 
have distal ends positioned above the intake valves 1a, 
1b, respectively. Tappet screws 12, 13 are threaded 
through the distal ends of the cam followers 8, 9 and 
have tips engagable respectively with the upper ends of 
the valve steps of the intake valves la, 1b. 
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6 
Flanges 14, 15 are attached to the upper ends of the 

valve stems of the intake valves 1a, 1b. The intake 
valves 1a, 1b are normally urged to close the intake 
ports by compression coil springs 16, 17 disposed under 
compression around the valve stems between the 
?anges 14, 15 and the engine body. 
A bottomed cylindrical lifter 19 is disposed in abut 

ment against a lower surface of the ?rst cam follower 7. 
The lifter 19 is normally urged upwardly by a compres 
sion spring 20 of relatively weak resiliency interposed 
between the lifter 19 and the engine body for resiliently 
biasing the cam slipper 7a of the frst cam follower 7 
slidably against the cam 5. 
As illustrated in FIG. 8, the ?rst and second cam 

followers 7, 8 have confronting side walls held in sliding 
contact with each other. A ?rst selective coupling 21 is 
operatively disposed in and between the ?rst and sec 
ond cam followers 7, 8 for selectively disconnecting the 
cam followers 7, 8 from each other for relative displace 
ment and also for interconnecting the cam followers 7, 
8 for their movement in unison. Likewise, the ?rst and 
third cam followers 7, 9 have confronting side walls 
held in sliding contact with each other. A second selec 
tive coupling 22 is operatively disposed in and between 
the ?rst and third cam followers 7, 9 for selectively 
disconnecting the cam followers 7, 9 from each other 
for relative displacement and also for interconnecting 
the cam followers 7, 9 for their movement in unison. 
The ?rst and second selective couplings 21, 22 are of 

an identical construction, and hence only the ?rst selec 
tive coupling 21 will hereinafter be described in detail. 
The ?rst selective coupling 21 comprises a piston 23 

movable between a position in which it interconnects 
the ?rst and second cam followers 7, 8 and a position in 
which it disconnects the ?rst and second cam followers 
7, 8 from each other, a circular stopper 24 for limiting 
the movement of the piston 23, and a coil spring 25 for 
urging the stopper 24 to move the piston 23 toward the 
position to disconnect the ?rst and second cam follow 
ers 7, 8 from each other. 
The ?rst cam follower 7 has a ?rst guide hole 26 

opening toward the second cam follower 8 and extend 
ing parallel to the rocker shaft 6. The ?rst cam follower 
7 also has a smaller-diameter hole 28 near the closed end 
of the ?rst guide hole 26, with a step or shoulder 27 
being de?ned between the smaller-diameter hole 28 and 
the ?rst guide hole 26. The piston 23 is slidably ?tted in 
the ?rst guide hole 26. The piston 23 and the closed end 
of the smaller-diameter hole 28 de?ne therebetween a 
hydraulic pressure chamber 29. 
The ?rst cam follower 7 has a hydraulic passage 30 

de?ned therein in communication with the hydraulic 
pressure chamber 29. The rocker shaft 6 has a hydraulic 
passage 31 de?ned axially therein and coupled to a 
soruce (not shown) of hydraulic pressure through a 
suitable hydraulic pressure control mechanism. The 
hydraulic passages 30, 31 are held in communication 
with each other through a hole 32 de?ned in a side wall 
of the rocker shaft 6, irrespective of how the ?rst cam 
follower 7 is angularly moved about the rocker shaft 6. 
The second cam follower 8 has a second guide hole 

35 opening toward the ?rst cam follower 7 in registra 
tion with the ?rst guide hole 26 in the ?rst cam follower 
7. The circular stopper 24 is slidably ?tted in the second 
guide hole 35. The second cam follower 8 also has a 
smaller-diameter hole 37 near the closed end of the 
second guide hole 35, with a step or shoulder 36 de?ned 
between the second guide hole 35 and the smaller-diam 
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eter hole 37 for limiting movement of the circular stop 
per 24. The second cam follower 8 also has a through 
hole 38 de?ned coaxially with the smaller-diameter hole 
37. A guide rod 39 joined integrally and coaxially to the 
circular stopper 24 extends through the hole 38. The 
coil spring 25 is disposed around the guide rod 39 be 
tween the stopper 24 and the closed end of the smaller 
diameter hole 37. 
The piston 23 has an axial length selected such that 

when one end of the piston 23 abuts against the step 27, 
the other end thereof is positioned just between the 
hence lies flush with the sliding side walls of the ?rst 
and second cam followers 7, 8, and when the piston 23 
is moved into the second guide hole 35 until it displaces 
the stopper 24 into abutment against the step 36, said 
one end of the piston 23 remains in the ?rst guide hole 
26 and hence the piston 23 extends between the ?rst and 
second cam followers 7, 8. The hydraulic passage 31 is 
shared by the ?rst and second selective couplings 21, 22, 
which are therefore actuated simultaneously under ?uid 
pressure supplied via the hydraulic passage 31. 

Operation of the valve operating mechanism will be 
described with reference to FIGS. 8 and 9. When the 
engine is to operate in a low-speed range, the ?rst and 
second selective couplings 21, 22 are actuated to discon 
nect the ?rst through third cam followers 7, 8, 9 from 
each other as illustrated in FIG. 8. More speci?cally, 
the hydraulic pressure is released by the hydraulic pres 
sure control mechanism from the hydraulic pressure 
chamber 29, thus allowing the stopper 24 to move 
toward the ?rst cam follower 7 under the resiliency of 
the spring 25 until the piston 23 abuts against the step 
27. When the piston 23 engages the step 27, the mutu 
ally contacting ends of the piston 23 and the stopper 24 
of the ?rst selective coupling 21 he ?ush with the slid 
ing walls of the ?rst and second cam followers 7, 9. 
Likewise, the mutually contacting ends of the piston 23 
and the stopper 24 of the second selective coupling 22 
lie ?ush with the sliding side walls of the ?rst and third 
cam followers 7, 9. Thus, the ?rst, second, and third 
cam followers 7, 8, 9 are held in mutually sliding 
contact for relative angular movement. 
With the ?rst through third cam followers 7, 8, 9 

being thus disconnected, the second and third cam fol 
lowers 8, 9, which slidingly contact the raised portions 
3, are not angularly moved, keeping the intake valves 
1a, 1b closed. The second and third cam followers 8, 9 
are not affected by the angular movement of the ?rst 
cam follower 7 in sliding contact with the cam 5. Any 
frictional loss of the valve operating mechanism is rela 
tively low because the ?rst cam follower 7 is held in 
sliding contact with the cam 5 under the relatively small 
resilient force of the spring 20. 
During low-speed operation of the engine, therefore, 

fuel consumption is reduced inasmuch as the intake 
valves la, lb remain closed or inoperative. 
When the engine is to operate at a high speed, the ?rst 

through third cam followers 7, 8, 9 are interconnected 
by the first and second selective couplings 21, 22, as 
shown in FIG. 9, by supplying hydraulic pressure into 
the hydraulic-pressure chambers 29 of the ?rst and 
second selective couplings 21, 22. More speci?cally, the 
pistons 23 are forced by the supplied hydraulic pressure 
into the second guide holes 35 while pressing the stop 
pers 24 against the resilient forces of the springs 25 until 
the stoppers 24 are pressed against the steps 36. The ?rst 
through third cam followers 7, 8, 9 are interconnected 
by the ?rst and second selective couplings 21, 22 so that 
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they are caused to swing in unison by the cam 5. As a 
consequence, the intake valves 1a, lb alternately open 
and close the respective intake ports at the valve timing 
and valve life according to the pro?le of the cam 5. 
FIG. 10 shows a valve operating mechanism accord 

ing to still another embodiment of the present invention. 
The camshaft 2 has a cam 5 and a pair of adjacent 

annular raised portions 3 disposed on one side of the 
cm 5. The ?rst and third cam followers 7, 9 are held in 
sliding contact with the raised portions 3, respectively, 
and engage the intake valves 1a, lb, respectively. The 
second cam follower 8 is held in sliding contact with the 
cam 5. The intake valves la, 1b are controlled in differ 
ent speed ranges by the mechanism shown in FIGS. 8 
and 9. In the low-speed range, the intake valves 1a, lb 
remain closed or inoperative since the ?rst and third 
cam followers 7, 9 are not angularly moved. In the 
high-speed range, the intake valves la, 1b are caused to 
alternately open and close their intake ports according 
to the cam pro?le of the cam 5. 

According to a still further embodiment shown in 
FIGS. 11 and 12, the camshaft 2 has an annular raised 
portion 3, a low-speed cam 4, and a high-speed cam 5 
which are integrally disposed on the camshaft 2, the 
annular raised portion 3 being positioned between the 
low- and high-speed cams 4, 5. The raised portion 3 has 
a circumferential pro?le in the shape of a circle corre 
sponding to the base circles 4b, 5b of the low- and high 
speed cams 4, 5. The low-speed cam 4 has a cam lobe 4a 
projecting radially outwardly from the base circle 4b, 
and the high-speed cam 5 has a cam lobe 5a projecting 
radially outwardly from the base circle 5b to a greater 
extent than the cam lobe 4a, the cam lobe 5a also having 
a larger angular extent than the cam lobe 4a. 
The ?rst cam follower 7 is held in sliding contact 

with the raised portion 3, whereas the second and third 
cam followers 8, 9 are held in sliding contact with the 
low- and high-speed cams 4, 5, respectively. The ?rst 
cam follower 7 has a pair of arm ends engageable with 
the upper ends of the valve stems of a pair of intake 
valves 1a, lb. 
The ?rst through third cam followers 7, 8, 9 shown in 

FIG. 11 are operated by a mechanism as shown in FIG. 
13. The structure of FIG. 13 is substantially similar to 
that of FIGS. 8 and 9, except that a steel ball 33 is forci 
bly ?tted in the hydraulic passage 31 to divide it into 
two independent passages for separately operating the 
?rst and second selective couplings 21, 22. In the low 
speed range, the first through second cam followers 7, 
8, 9 are disconnected from each other as shown in FIG. 
8, and hence the intake valves 1a, lb remain closed as 
the ?rst cam follower 7 is not caused to swing. In the 
medium-speed range, the ?rst and second cam followers 
7, 8 are interconnected, while the ?rst and third cam 
followers 7, 9 are disconnected from each other, as 
shown in FIG. 13. Thus, the intake valves 1a, 1b are 
operated by the low-speed cam 4. In the high-speed 
range, the ?rst through third cam followers 7, 8, 9 are 
interconnected as shown in FIG. 9 to enable the intake 
valves 1a, lb to be operated by the high-speed cam 5. 
FIG. 14 shows a valve operating mechanism accord 

ing to a yet still further embodiment of the present 
invention. In FIG. 14, the low-speed cam 4 is positioned 
between the high-speed cam 5 and the annular raised 
portion 3. The ?rst and second cam followers 7, 8 are 
held in sliding contact with the low- and high-speed 
cams 4, 5, and the third cam follower 9 engaging the 
intake valves 1a, lb is held in sliding contact with the 
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raised portion 3. The mechanism shown in FIG. 15, 
which is similar to FIGS. 8 and 9 and identical to that of 
FIG. 13, is employed to control the intake valves 1a, 1b. 
In the low-speed range, the ?rst through second cam 
followers 7, 8, 9 are disconnected from each other as 
shown in FIG. 8, and hence the intake valves 1a, 1b 
remain closed. In the medium-speed range, the ?rst and 
third cam followers 7, 9 are interconnected, while the 
?rst and second cam followers 7, 8 are disconnected 
from each other, as shown in FIG. 15. Thus, the intake 
valves 1a, 1b are operated by the low-speed cam 4. In 
the high-speed range, the ?rst through third cam fol 
lowers 7, 8, 9 are interconnected as shown in FIG. 9 to 
operate the intake valves 1a, lb according to the cam 
pro?le of the high-speed cam 5. 
While the intake valves 1a, 1b are shown as being 

operated by each of the valve operating mechanisms, 
exhaust valves may also be operated by the valve oper 
ating mechanisms according to the present invention. In 
such a case, unburned components clue to exhaust gas 
turbulence can be reduced in low-speed operation of the 
engine, whereas high engine output power and torque 
can be generated by reducing resistance to the flow of 
an exhaust gas from thee combustion chamber in high 
speed operation of the engine. 
Although certain preferred embodiments have been 

shown and described, it should be understood that 
many changes and modi?cations may be made therein 
without departing from the scope of the appended 
claims. 
We claim: 
1. A valve operating mechanism for operating a plu 

rality of valves of a particular cylinder of an internal 
combustion engine, comprising: 

a camshaft rotatable in synchronism with rotation of 
the internal combustion engine and having at least 
one cam; 

a plurality of cam followers, one of which slidably 
engages with said cam for selectively operating the 
valves according to a cam pro?le of said cam; and 

means for selectively interconnecting and disconnect 
ing said cam followers to operate the valves differ 
ently in different speed ranges of the internal com 
bustion engine, said speed ranges including a range 
in which all of the valves remain inoperative. 

2. A valve operating mechanism according to claim 1, 
wherein said camsha? has two annular raised portions 
with one positioned on each said of said cam, said cam 
followers including cam. followers which slidably en‘ 
gage said raised portions, respectively, for controlling 
said valves, said means including means for selectively 
keeping said valves inoperative in said range with said 
raised portions and operating said valves in a high-speed 
range with said cam. 

3. A valve operating mechanism according to claim 1, 
wherein said camshaft has an annular raised portion 
positioned adjacent to said cam, said cam followers 
including a cam follower which slidably engages said 
raised portion for controlling said valves, said means 
including means for selectively keeping said valves 
inoperative in said range with said raised portion and 
operating said valves in a high-speed range with said 
cam. 

4. A valve operating mechanism according to claim 1, 
wherein said camshaft has two adjacent annular raised 
portions positioned on one side of said cam, said cam 
followers including cam followers which slidably en 
gage said raised portions, respectively, for controlling 
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said valves, said means including means for selectively 
keeping said valves inoperative in said range with said 
raised portions and operating said valves in a high-speed 
range with said cam. 

5. A valve operating mechanism according to claim 1, 
wherein said camshaft has an annular raised portion, a 
low-speed cam, and a high-speed cam, said raised por 
tion being positioned between said low- and high-speed 
cams, said cam followers including cam followers 
which slidably engage said low- and high-speed cams, 
respectively, and a cam follower which slidably en 
gages said raised portion for controlling said valves, 
said means including means for selectively keeping said 
valve inoperative in said range with said raised portion 
and operating said valves in a low-speed range with said 
low-speed cam and in a high-speed range with said high 
speed cam. 

6. A valve operating mechanism according to claim 1, 
wherein said camshaft has an annular raised portion, a 
low-speed cam, and a high-speed cam, said low-speed 
cam being positioned between said raised portion and 
said high-speed cams, said cam followers including cam 
followers which slidably engage said low- and high 
speed cams, respectively, and a cam follower which 
slidably engages said raised portion for controlling said 
valves, said means including means for selectively keep 
ing said valves inoperative in said range with said raised 
portion and operating said valves in a low-speed range 
with said low-speed cam and in a high-speed range with 
said cam. 

7. A valve operating mechanism for operating a plu 
rality of valves of a particular cylinder of an internal 
combustion engine, comprising: 

a camshaft carrying an annular raised portion for 
maintaining said valves in a closed condition and 
cam means having a cam pro?le for sequentially 
opening and closing said valves, 

?rst cam follower means slidably engaging said raised 
portion and operatively connecting said valves 
thereto, 

second cam follower means slidably engaging said 
cam means, and 

means for selectively interconnecting and disconnect~ 
ing said ?rst and second cam followers at a prede 
termined condition of engine operation whereby 
said raised portion is effective to operate said 
valves during one range of engine operation and 
said cam means is effective to operate said valves 
during another range of engine operation. 

8. A valve operating mechanism as recited in claim 7 
in which said cam means includes a cam pro?le com 
prising a base circle and a cam lobe extending radially 
therefrom and said annular raised portion has a diameter 
corresponding substantially to that of said base circle. 

9. A valve operating mechanism as recited in claim 8 
in which said ?rst cam follower means is a bifurcate 
member effective to operatively connect said valves to 
said raised portion. 

10. A valve operating mechanism as recited in claim 
9 in which said cam means includes a low-speed and a 
high-speed cam and said interconnecting and discon 
necting means including means for connecting and dis 
connecting said second cam follower means to said ?rst 
cam followers means for operation of said ?rst cam 
follower means in response to either said raised portion, 
said low-speed cam or said high-speed cam. 

11. A valve operating mechanism as recited in claim 
10 in which said interconnecting and disconnecting 
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means are effective to selectively connect said ?rst cam 
follower means with the adjacent second cam follower 
means. 

12. A valve operating mechanism as recited in claim 
11 in which said ?rst cam follower means is positioned 
intermediate the respective of said second cam follower 
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means and said interconnecting and disconnecting 
means are effective to selectively connect said ?rst cam 

follower means with either or both of said respective 
second cam follower means. 
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