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Hydraulic lash adjusterforuseina

valve operating machine
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Avalve operating mechanism for

operating a valve 5e in aninternal

combustion engine includes a hydraulic

lash adjuster 17b forimposing a 8
hydraulic pressure againstacam

follower 15b slidably engaging a

camshaft 12. The hydraulic lash adjuster

includes a plunger 27 slidably disposed
inacylinder 25 and defining an oil
chamber 28 communicating with a
pressure chamber 26 between the
plunger and the cylinder through a valve

hole 29Which can selectively be opened 22

and closed by a free-ball checkvalve 34. 3
The plunger 27 is normally urged by a
spring 35to move in a direction out of

the cylinder toward the cam follower.

The cam follower acts on an end of the

valve stem of the valve 5e through an

interlink mechanism 19 having an 55
adjusting device 37 for adjusting the

volume of the pressure chamber 26 of

the hydraulic lash adjuster.

21 12e]

=X W

vV 6746468l ¢ 99




'S TR
Y .. PR |
I

150CT.86- 24674

DFA

2135549

1/6




—
(8]

3

(kg/cm?)

COMPRESSIVE PRESSURE

IN COMBUSTION CHAMBER

o

2/6

AT -20°C IN CRANKING SPEED RANGE

®
®

{1 2.

e 8 ¢

FOR VALVE BOUNCING (rpm)

LIMIT ENGINE SPEED

03 05 06 o 08
VOLUME OF PRESSURE CHAMBER
CcC.

{763,

Of3 dA OTS Ol.6 O,l7 OT8
VOLUME OF PRESSURE CHAMBER (c.c.)




- b A NI1IUUJVUY XU

3/6

70

I

L7377,
4
O
A %
0
2!




4/6

AN /1 (’ \é
2 \ . : /@
| /
NN\
S WA
‘ -X{ -

\




2185549 .,




2185549

6/6




GB 2185549 A

10

15

20

25

30

35

40

45

55

60

65

SPECIFICATION
Hydraulic lash adjuster for use in a valve operating mechanism

The present invention relates to an internal combustion engine, and more particularly toa hydrauliclash
adjusterfor use in a valve operating mechanism in an internal combustion engine.

Japanese Laid-Open Patent Publication No. 60 {1985)-35106 discloses a valve operating mechanism having
hydraulic lash adjusters in an internal combustion engine. The valve operating mechanism includescam
followers operated by a single overhead camshaft for reciprocally actuating intake and exhaust valves. Some
of the cam followers act directly on the cam stems of intake valves, whereas the other cam followers acton
the cam stems of exhaust valves through respective interlink mechanisms including pusher rods. The
hydraulic lash adjusters are employed to eliminate any gap which would be created between the cam
followers and ends of the valve stems of the intake and exhaust valves. The valve operating mechanism of
this type is advantageous in that the hydraulic lash adjusters include plungers that are movable backand
forth to absorb the manufacturing errors of various components of the valve operating mechanism. With the
interlink mechanism used between one cam follower and the corresponding valve stem, the number of
components required is large, and so are accumulated machining errors of these components. Therefore, the
plunger of the hydraulic lash adjuster is required to move back and forth over a large stroke to make up forthe
accumulated machining errors, resulting in a corresponding large change inthe volume of the hydraulic
pressure chamber defined in the hydraulic lash adjuster.

The inventors have conducted experiments to determine how the volume of the hydraulic pressure
chamber of a hydraulic lash adjuster affects the performance of avalve operating machanism. The results of
the experiments are illustrated in Figures 2 and 3 of the accompanying drawings.

Figure 2 shows the relationship between the hydraulic pressure chamber volume and the compressive
pressure in the combustion chamber of the internal combustion engine atatemperature of —20°Cina
cranking speed range below a normal idling speed. lt will be understood from Figure 2 thatifthe volume of
the hydraulic pressure chamber is smaller than a certain level, the compressive pressure in the combustion
chamber drops abruptly. The reason for thisis that since the viscosity of oil inthe hydraulicpressure
chamberis increased at the low temperature, almost no oil flows from the hydraulic pressure chamberwhen
aloadisimposed on the plunger of the hydraulic lash adjuster. Therefore, the interval or stroke thatthe
plungeris retracted or plunges is so small that the plunger cannot absorb radial displacements ofthe rotating
camshaft, thus causing a corresponding intake or exhaust valve to fail to be closed properly.

Figure 3 shows the relationship between the volume of the hydraulic pressure chamber and the limit speed
of rotation of the engine above which the valve is caused to bound off its valve seat. Figure 3 clearlyindicates
that ifthe volume of the hydraulic pressure chamber is larger than a certain level, the valve tendsto be easily
bounced offthe valve seat. This is because the spring constant of the entire valve operating mechanismis
lowered by an increase in the volume of the hydraulic pressure chamber.

These experimental results show that the volume of the hydraulic pressure chamber of the hydrauliclash
adjuster should be of a certain appropriate valve in order to operate the valve operating mechanism properly.

The hydraulic lash adjuster of the type described above is disclosed in Japanese Laid-Open Patent
Publication No. 58(1983)-210309, for example. When the engine is at a high temperature during its operation,
the viscosity ofthe oil in the hydraulic pressure chamber is lowered to allow the plunger to retractan
increased depth when subjected to a load. This condition occurs to an even greater degree when theengine
is started at a high temperature and operates in a cranking speed range, i.e., beforethe engine speed reaches
anormal idling speed of about 700 rpm, because the speed at which intake and exhaust valves are openedis
very low and so are the load imposed on the plunger and the speed of movement thereof. Therefore, the low
viscosity oil leaks from the hydraulic pressure chamber through the gap between the plunger and the
cylinder in which the plunger is slidably disposed, thus causing the plungerto retract a stroke that may be
several times larger than the normal stroke. Heretofore, the oil that has leaked from the hydraulic pressure
chamber is discharged out of the cylinder and an oil chamber defined in the hydraulic lash adjusteris
required to contain a large amount of oil which is to be supplied into the hydraulic pressure chamberwhen
the plunger is extended upon release from the load. To meet this requirement, the oil pump employedfor
feeding oil to the oil chamber must be of alarge capacity.

The prior art hydraulic lash adjuster includes a check valve whichis normally closed by a spring. The
spring-loaded check valve is already closed before a compressive load is applied to the piunger. Atalow
temperature, the viscosity of oil in the hydraulic lash adjuster is high and substantially no oit leaks fromthe
hydraulic pressure chamber through the gap between the plunger and the cylinder. Consequently, any initial
stroke that the plunger retracts under acompressive load is extremely small. [f the camshaftis radially
displaced by manufacturing errors of componients of the valve operating mechanism during compression
and power strokes of the engine, the intake or exhaust valve associated with the hydraulic lash adjusteris
caused to remain lifted off the valve seat. When this happens, the engine will not start wellt atalow
temperature.

The above problem would be solved by increasing the volume ofthe hydraulic pressure chamberto
increase the initial stroke that the plunger would retract under a compressive load. However, increasing the
volume ofthe hydraulic pressure chamber is not desirable for the reason described above and leadstoa
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larger size of the hydraulic lash adjuster. In addition, the rigidity of the valve operating mechanism is lowered
to cause the intake and exhaust valves to jump or bounce off their valve seats.

Viewed from one aspect, the invention provides, in a valve operating mechanism for an internal
combustion engine, a hydraulic lash adjuster comprising a cylinder having a bottom, a plunger slidably
disposed in said cylinder, said plunger defining an oil chamber therein, a pressure chamber being defined
between said cylinder and said plunger atthe bottom of said cylinder, said plunger having a valvehole
providing fluid communication between said oil chamber and said pressure chamber, said plunger and said
cylinder having oil holes defined in side walls thereof and providing fluid communication between saidail
chamber and an oil distribution passage, spring means for normally urging said plunger in a direction out of
said cylinder away from the cylinder bottom, and check valve means disposed in said pressure chamberfor
selectively opening and closing said valve hole in response to a reduction and an increase, respectively, inoil
pressure in said pressure chamber. In a preferred embodiment, a valve cage is disposed in said pressure
chamber and is fixed to said plunger, said check valve means comprising a free ball loosely housed in said
valve cage.

Preferably, the mechanism includes a gap between the plunger and the cylinder, and the plunger has an oil
return passage defined in a side wall thereof and positioned axially between the oil hole of the plungerand
the pressure chamber and an annular passage defined in an outer peripheral surface ofthe plungerand
communicating with the oil return passage.

Itis preferred that the pressure chamber have the following dimensional relationship:

2=D/L=4
where D is the diameter of the pressure chamber and Lis the height of the pressure chamber.

Viewed from another aspect, the invention provides, a valve operating mechanism for operating avalvein
aninternal combustion engine, comprising a cam follower adapted slidably to engage a cam, a hydraulic
lash adjuster having a hydraulic pressure chamber forimposing a hydraulic pressure on said cam follower;
and an interlink mechanism engaging an opposite end of said cam follower for transmitting motion from said
cam follower to the valve, said interlink mechanism including an adjusting device for adjusting the volume of
said pressure chamber. In general the cam follower will engage a cam of a camshaft rotable aboutitsown
axis.

The adjusting device might, for example, comprise an adjustment bolt threaded through an end of arocker
arm for abutting engagement with the end of the valve stem of the valve, and a lock nut threaded overthe
adjustment boltfor fixing the adjustment bolt with respect to the rockerarm.

Viewed from another aspect, the invention provides, in a valve operating mechanism for aninternal
combustion engine, a hydraulic lash adjuster comprising a cylinder means having a closed bottom, aplunger
means slidably disposed in said cylinder means and having an oil chamber, a pressure chamber defined
between said plunger means and said closed bottom of the cylinder means, check valve means between said
oil chamber and pressure chamber for checking oil flow from said pressure chamber to said oilchamber,
means urging said plunger means away from said closed bottom relative to said cylinder means, means for
continually supplying oil to said oil chamber, and means for receiving and conducting oilunderpressure
leaking from said pressure chamber into said oil chamber for minimizing the quantity of oil required from
said means for continually supplying oil to said oil chamber.

Certain preferred embodiments of the invention will now be described by way of example and with
reference to the accompanying drawings, in which:-

Figure 1is afragmentary vertical cross-sectional view of acylinder head ofan internal combustion engine
incorporating a valve operating mechanism according to the presentinvention;

Figure 2is a graph showing the relationship between the volume of the hydraulic pressure chamber
defined in a hydraulic lash adjuster and the compressive pressure in a combustion chamberinan engineata
lowtemperature;

Figure 3is a graph showing the relationship between the volume ofthe hydraulic pressure chamber
defined in a hydraulic lash adjuster and the engine speed above which avalve associated with the hydralic
lash adjuster is caused to bounce offits valve seat;

Figure 4is afragmentary cross-sectional view of a valve operating mechanism employing a hydrauliclash
adjuster according to another embodiment of the present invention and a valve operatively coupledthereto;

Figure 5is an enlarged cross-sectional view of the hydrauliclash adjuster shown in Figure 4;

Figure 6is afragmentary cross-sectional view of a valve operating mechanism employing a hydrauliclash
adjuster according to still another embodiment of the present invention; and

Figure 7is an enlarged cross-sectional view of the hydrauliclash adjuster shownin Figure6.

Like or corresponding parts are denoted by like or corresponding reference characters throughoutthe
several views and for the differentembodiments.

Figure 1 shows one cylinder array or bank C of a V-shaped multicylinder internal combustion engine. The
cylinder bank C generally comprises a cylinder block 1and a cylinder head 2 fastened to the upperend ofthe
cylinderblock 1.

The cylinder head 2 has an array of combustion chambers 3 (only one shown) and intake and exhaust ports
4i, 4e opening into each of the combustion chambers 3. The intake and exhaust ports 4i, 4e can be opened
and closed by intake and exhaust valves 5i, 5e, respectively, slidably supported by valve guides 6, 7mounted
inthe cylinder head 2. The intake and exhaust valves 5i, 6e are inclined tothe axis Y ofthe cylinder so thatthe
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upper ends of the valves 5i, 5e are widely spaced from each other.

The intake and exhaust valves 5i,5e are operated by a valve operating mechanism 9 disposed in achamber
8defined inthe cylinder head 2. The valve stems of the intake and exhaust valves 5i, 5e extend upwardly into
the chamber 8. Valve springs 10, 11 are disposed around the valve stems and held undercompression
between retainers 5a, 5b and cylinder head members for normally urging the intake and exhaust valves bi, be
in a direction to close the intake and exhaust ports 4i, 4e. A single camshaft 12 is disposed above the intake
valve 5i and rotatably supported by the cylinder head 2 and a cam holder assembly 14 fastened thereto by
bolts 13. The camshaft 12 has a plurality of cams 12i, 12e for operating the intake and exhaust valves 5i, 5e,
respectively. Firstand second cam followers 15a, 15b are disposed underneath the camshaft 12ina
substantially V-shaped configuration and have respective slipper surfaces f1,f2 held in sliding contact with
the cams 12i, 12e, respectively, at their lower portions.

The first cam follower 15a has an upper end angularly movably supported by afirst hydraulic lash adjuster
17amountedin a hole 16 defined in the cylinder head 2. The lower end of the first cam follower 15aisheld
against the upper end of the valve stem of the intake valve 5i.

The second cam follower 15b has a lower end angularly movably supported by a second hydrauliclash
adjuster 17b mounted in a hole 18 defined in the cylinder head 2. The upper end of the second cam follower
15b acts on the upper end of the valve stem of the intake valve be through an interlink mechanism 19.

The interlink mechanism 19 comprises a pusher rod 20 having one end engaging the upper end ofthe
second cam follower 15b, and a bellcrank-shaped rocker arm 21 having an upper end engaging the opposite
end ofthe pusher rod 20 and a lower end engaging the upper end of the valve stem ofthe exhaust valvebe
through an adjusting device 37. The rocker arm 21 is pivotably supported by a rocker shaft 22 in the cylinder
head 2.

The adjusting device 37 comprises an adjustment bolt 38 adjustably threaded through the lower end ofthe
rocker arm 21 toward and held against the upper end of the valve stem of the exhaust valve 5e, and alock nut
39 by which the adjustment bolt 38 is fastened to the rocker arm 21 for fixing the adjustment bolt 38 inits
adjusted position with rsoect to the rocker arm 21. The adjustment bolt 38 has a tool knob 38a with whicha
suitable tool (not shown) is engageable for turning the adjustment bolt 38.

There are as many first hydraulic lash adjusters 17a as the number of the intake valves 5i, and there are as
many second hydraulic lash adjusters 17b as the number of the exhaust valves 5e. The first and second
hydrauliclash adjusters 17a, 17b are positioned at spaced horizontal intervals in alignment with thecylinders
ofthe cylinder bank C.

During operation of the engine, the camshaft 12inthe cylinder bank Cis operated by a crankshaft(not
shown) through a suitable synchronous power transmission mechanism (not shown) suchasa
belt-and-pulley mechanism.

Since the first and second hydraulic lash adjusters 17a, 17b are of an identical structure, only the second
hydraulic lash adjuster 17b will be described with reference to Figure 1.

The second hydraulic lash adjuster 17b mainly comprises a bottomed cylinder 25 disposed in the hole 18,
and a plunger 27 slidably fitted in the bottomed cylinder 25 and defining a hydraulic pressure chamber 26in
the cylinder 25. The plunger 27 has an outer hemispherical end 27a engaging a hemispherical cavity 15¢
defined in the lower end of the cam follower 15b. The plunger 27 has an oil chamber 28 defined therein and a
valve hole 29 which provides fluid communication between the pressure chamber 26 and the oil chamber 28.
The oil chamber 28 communicates with an oil distribution passage 32 through an oil hole 30 defined in aside
wall of the plunger 27 and an oil hole 31 defined in a side wall of the cylinder 25 in radial registration withthe
oil hole 30. The oil chamber 28 is always filled with oil fed from the oil distribution passage 32.

Ahat-shaped valve cage 33 is attached to the lower end of the plunger 27 and loosely accommodates
therein afree check valve ball 34 for opening and closing the valve hole 29. The check valve ball 34 ismovable
in a stroke which is limited by the valve cage 33. The check valve ball 34 opens the valve hole 29 when the oil
pressure in the pressure chamber 26 is reduced, and closes the valve hole 28 when the oil pressure inthe
pressure chamber 26 is increased. A compression coil spring 35is housed in the pressure cham ber 26 for
normally urging the plunger 27 in a direction to move upwardly out of the cylinder 25 through its open end.
The spring-biased outward movement of the plunger 27 is limited by an annular stopper 36 mounted onthe
open end of the cylinder 25.

Operation of the valve operating mechanism 9 thus constructed is as follows: While the engineisin
operation, the camshaft 12 is rotated about its own axis by the crankshaft via the non-illustrated synchronous
power transmission mechanism. When an intake stroke is started, the first cam follower, 15a isswung
downwardly by the cam 12i about the first hydraulic lash adjuster 17a to open the intake valve bi againstthe
resiliency ofthe springs 10, which then allows an air-fuel mixture to be introduced from the intake portdiinto
the combustion chamber 3. When an exhaust stroke is started, the second cam follower 15b is swung by the
cam 12e about the second hydraulic lash adjuster 17b to push the pusher rod 20, angularly pivoting the
rocker arm 21 to move the exhaust valve 5e in a direction to open the same against the resiliency of the
springs 11. An exhaust gas is now discharged passed the exhaust valve 5e from the combustion chamber3
into the exhaust port4e.

Atthis time, the second hydraulic lash adjuster 17b operates to eliminate any gap between the upper end of
the valve stem of the exhaust valve 5e and the adjustment bolt 38. More specifically, when the second cam
follower 15b is swung by the cam lobe of the cam 12e, the plunger 27 is pushed by the second cam follower
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15b toward the pressure chamber 26, and a small amount of oil flows from the pressure chamber 26through
the valve hole 29 into the oil chamber 28 to allow the plunger 27 to be initially depressed to a certain extent.
Thereafter, the check valve ball 34 closes the valve hole 29 to develop an oil pressure in the pressure chamber
26 for enabling the plunger 27 fo produce a bearing force to support the lower end of the second cam follower
15b. As a result, the second cam follower 15b is angularly pivoted aboutthe hemispherical end 27a ofthe
plunger 27 in the direction to push the pusher rod 20 thereby to open the exhaust valve 5e.

When the cam 12e moves past the cam lobe of the second cam follower 15b, the second cam follower 15b
returnsto permitthe exhaust vaive Be to close the exhaust port 4e under the resilient force of the springs 11.
The plunger 27, which is released of the load from the cam follower 15b, is now lifted under the resiliency of
the spring 35to cause the slipper surface f2 of the second cam follower 15b to engage the cam 12e. Thus, any
gap is prevented from being created between the upper end of the valve stem of the exhaust valve be and the’
adjustment bolt 38.

Asthe plunger 27 is lifted by the spring 35, the oil pressure in the pressure chamber 26 is lowered to open
the check valve 34 to introduce oil from the oil chamber 28 through the valve hole 29 into the pressure
chamber 26, thus making up for the previous ail discharge from the pressure chamber 26.

When the camshaft 12 is radially displaced toward the second cam follower 15b due to any off-center
movement or flexing movement while the exhaust valve 5e is being closed, the plunger 27 is depressed toan
initial depth, as described above, to absorb such radial displacement ofthe camshaft 12. Consequently, the
exahust valve 5e remains closed irrespective of the radial displacement of the camshaft 12. The exhaustvalve
Be isthus prevented from lifting off the valve seat even at alow temperature, and the engine can be started
weli under low-temperature conditions.

Inasmuch as the interlink mechanism 19 has many components, accumulated machining errors thereofare
relatively large. To prevent such accumulated machining errors from excessively reducing or increasing the
volume ofthe pressure chamber 26 of the second hydrauliclash adjuster 17b, the adjusting device 37 is
operated while the engine is notin operation, asfollows:

The adjustment bolt 38 is turned so as to be retracted away from the exhaust valve be. Theinterlink
mechanism 19 is therefore movedin a direction to permitthe plunger 27 of the second hydrauliclash adjuster
17b to be lifted under the force of the spring 35 to its upper stroke limit, whereupon the plunger 27 is stopped
by engagement with the annular stopper 36. Then, the adjustment bolt 38 isturned in the opposite direction
to move toward the exhaust valve 5e. At the time when there are no longer any gaps or backlash betweenthe
components of the interlink mechanism 19, the adjustment bolt 38 is additionally turned through agiven
number of turns to move toward the exhaust valve 5e for pushing the plunger 27 a prescribed interval into the
oil chamber 26 from the upper stroke limit against the resiliency of the spring 35. The volume of the pressure
chamber 26 is now adjusted to an appropriate level irrespective of the machining errors of the parts of the
interlinkmechanism 19. After the adjustment has been made, the lock nut 39 is fastened to fix the adjustment
bolt 38 with respect to the rockerarm 21.

With the volume of the pressure chamber 26 thus appropriately adjusted, the plunger 27 can be depressed
a prescribed initial interval upon application of a load from the exhaust cam 12e even at alowtemperature
when the viscosity of the oil in the pressure chamber 26 is high. The plunger 27 can therefore absorb radial
displacements of the rotating camshaft 12 to assure thatthe exhaust valve 5e is fully closed. Furthermore, the
spring constant ofthe entire valve operating mechanism 9 remains relatively large to prevent the exhaust
valve 5e from bouncing off its valve seat in a normal engine speed range.

The adjusting device 37 may be located anywhere in the interiink mechanism 19 as long as it can adjust the
volume ofthe pressure chamber 26 of the second hydraulic lash adjuster 17b. Although notshown, a
mechanism similar to interlink mechanism 19 also may be used to operatively couple the cam 12 to the intake
valve 5i.

Figures 4 and 5 illustrate a hydraulic lash adjuster 40 according to another embodiment ofthe present
invention, the hydraulic lash adjuster 40 being operatively coupledto the intake valve 5i. Since the hydraulic
lash adjuster 40 is substantially similar to the hydraulic lash adjusters 17aand 17b shownin Figure 1, only
different structural details will be described below. As shown in Figure 5, the oil hole 30 defined in the side
wall ofthe plunger 27 and the oil hole 31 defined in the side wall of the cylinder 25 are alwaysin
communication with each other through an annular passage 41 defined between the plunger 27 and the
cylinder 25. The hat-shaped valve cage 33 has a flange 33a which is anchored in place to the plunger 27 by a
retainerring 42.

The plunger 27, with its hemispherical end 27a fitted in a hemispherical cavity 15d inthe cam foliower 15a,
has an oil return hole 43 defined in a side wall thereof in fluid communication with an annular passage 44
defined in the outer peripheral surface of the plunger 27 and axially spaced from the annular passage 41
toward the pressure chamber 26. The oil chamber 28 communicates through the oil return hole 43 and the
annular passage 44 with a clearance gap 45 between the cylinder 25 and the plunger 27 slidably fitted inthe

60 cylinder 25.

While the cam follower 15a is being supported by the plunger 27 under the hydraulic pressure inthe
pressure chamber 26, oil tends to leak from the pressure chamber 26 into the gap 45 between the plunger 27
and the cylinder 25. However, such leaked oil flows from the annular passage 44 close to the pressure
chamber 26 through the oil return hole 43 into the oil chamber 28. Therefore, wasteful consumption of leaked

65 oilis prevented.
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Figures 6 and 7 show a hydraulic lash adjuster 50 according to still another embodiment of the present
invention, the hydraulic lash adjuster 50 being shown as being operatively coupled to the intake valve 5i. As
shown in Figure 7, the hydraulic lash adjuster 50 differs from the hydraulic lash adjuster 40 of Figure 5inthat
the oil chamber 28 communicates with the oil distribution passage 32 through an oil hole 51 defined in aside
wall of the plunger 27, an annular passage 52 defined between the plunger 27 and the cylinder 25and
communicating with the oil hole 51, an oil hole 53 defined in a side wall of the cylinder 25 in diametrically
opposite relation to the oil hole 51 and communicating with the annular passage 52, and an annuiar passage
54 defined in an outer peripheral surface of the cylinder 25 in communication with the oil hole 53 and opening
into the oil distribution passage 32.

The pressure chamber 26 is of a relatively flat configuration so that its dimensions are withinthe
relationship of 2 = D/L = 4where D is the diameter of the pressure chamber 26 (i.e., the inside diameter ofthe
cylinder 25) and L is the height of the pressure chamber 26.

The displacement, or spring constantk, of the hydraulic lash adjuster 50 under the load on the pressure
chamber 26 is generally expressed by:

k=av

where a: coefficient {mainly dependent on the oil viscosity);

D: diameter of the pressure chamber; and

V: volume of the pressure chamber.

The spring constant k governs the rigidity of the valve operating mechanism which employs the hydraulic
lash adjuster 50. The greater the spring constantk, the higher the rigidity ofthe valve operating mechanism,
and the higher the engine speed above which the exhaust valve be is apt to jump or bounce off its valve seat.
Therefore, the greater the spring constantk, the less the exhaust valve 5e is liable to jump or bounce offits
valve seat.

Assuming that the volume V is constant, the spring constant k can be increased by increasing the ratio D/L.
Ifthe spring constant k were excessively large, the stroke that the plunger 27 is slidingly moved would be
smallerthan a practical level. In view of this, the ratio D/L should preferably be inthe range of 2=D/L =4.

The flat configuration of the pressure chamber 26 also contributes to a reduction of the overall height ofthe
hydrauliclash adjuster 50, i.e., a smaller size thereof.

jtwill thus be seen that, at least in preferred embodiments of the invention, a valve operating mechanism
includes means for adjusting the volume of the hydraulic pressure chamber of a hydraulic lash adjustertoan
appropriate level even if accumulated machining errors of components ofthe valve operating mechanism
are large. Furthermore, the hydraulic lash adjusterin such a valve operating mechanism may be constructed
to consume a reduced amount of oil so that the capacity of an oil pump for feeding oil to the hydrauliclash
adjuster may be small. Furthermore, the hydrauliclash adjusterin such avalve operating mechanism
enables an engine to be started well at a low temperature, is small in size, and allows the valve operating
mechanism to be of high rigidity.

Although certain preferred embodiments have been shown and described, it should be understood that
many changes and modifications may be apparentto a person skilled inthe art, and itis intended thatany
such modifications are withinthe scope of the disclosure of this specification.

itisto be clearly understood that there are no particular features of the foregoing specification, or ofany
claims appended hereto, which are at presentregarded as being essential to the performance of the present
invention, and that any one or more of such features or combinations thereof may therefore be includedin,
added to, omitted from or deleted from any of such claims if and when amended during the prosecution of
this application or in the filing or prosecution of any divisional application basedthereon.

CLAIMS

1. Inavalve operating mechanism for an internal combustion engine, a hydraulic lash adjuster
comprising a cylinder having a bottom, a plunger slidably disposed in said cylinder, said plunger definingan
oil chamber therein, a pressure chamber being defined between said cylinder and said plunger atthe bottom
of said cylinder, said plunger having a valve hole providing fluid communication between said oil chamber
and said pressure chamber, said plunger and said cylinder having oil holes defined in side walls thereofand
providing fluid communication between said oil chamber and an oil distribution passage, spring meansfor
normally urging said plunger in a direction out of said cylinder away from the cylinder bottom, checkvalve
means disposed in said pressure chamber for selectively opening and closing said valve holein responsetoa
reduction and an increase, respectively, in oil pressure in said pressure chamber, and a valve cage disposed
in said pressure chamber and fixed to said plunger, said check valve means comprising a free ball loosely
housed in said valve cage.

2. Avalve operating mechanism as claimed in claim 1,including a gap between the plunger andthe
cylinder, wherein said plunger has an oil return passage defined in a side wall thereof and positioned axially
between said oil hole of said plunger and said pressure chamber and an annular passage defined in an outer
peripheral surface of the plunger and communicating with said oil return passage.
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3. Avalve operating mechanism as claimed in claim 1 or 2, wherein said oil holes of said plunger and said
cylinder are held in radial registration with each other and communicate with each otherthrough anannular
passage defined between said plunger and said cylinder.

4. Avalve operating mechanism as claimed in claim 1 or 2, wherein said oil holes of said plunger and said
cylinder are positioned in diametrically opposite relation to each other and communicate with each other
through an annular passage defined between said plunger and said cylinder.

5. Avalve operating mechanism as claimed in any preceding claim, wherein said cylinder hasan annular
passage defined in an outer peripheral surface thereof and communicating with said oil hole of said cylinder
and with the oil distribution passage.

6. Avalve operating mechanism as claimed in any preceding claim, wherein said pressure chamber
meets the dimensional relationship: '

2=D/IL=4

where D is the diameter of the pressure chamber and L is the height of the pressure chamber.

7. Avalve operating mechanism for operating a valve in an internal combustion engine, comprisinga
cam follower adapted slidably to engage a cam, a hydraulic lash adjuster having a hydraulic pressure
chamber forimposing a hydraulic pressure on said cam follower; and an interlink mechanism engagingan
opposite end of said cam follower for transmitting motion from said cam foliower to the valve, said interlink
mechanism including an adjusting device for adjusting the volume of said pressure chamber.

8. Avalve operating mechanism as claimedin claim 7, wherein said interlink mechanism comprises a
pusher rod having one end engaging said opposite end of the cam follower and a rocker arm having oneend
engaging an opposite end of said pusher rod, said adjusting device comprising an adjustment boltthreaded
through an opposite end of said rocker arm for abutting engagement with an end of the valve stem ofthe
valve, and alock nutthreaded over said adjustment bolt for fixing the adjustment bolt with respect to said
rockerarm.

9. Inavalve operating mechanism for an internal combustion engine, a hydrauliclash adjuster
comprising a cylinder means having a closed bottom, a plunger means slidably disposed in said cylinder
means and having an oil chamber, a pressure chamber defined between said plunger means andsaidclosed
bottom of the cylinder means, check valve means between said oil chamber and pressure chamberfor
checking oil flow from said pressure chamber to said oil chamber, means urging said plunger means away
from said closed bottom relative to said cylinder means, means for continually supplying oil to said oil
chamber, and means for receiving and conducting oil under pressure, leaking from said pressure chamber,
into said oil chamber for minimizing the quantity of oil required from said means for continually supplying oil
to said oil chamber.

10. Avalve operating mechanism as claimed in claim 9, wherein said means for receiving and conducting
oil comprises an annular passage between said cylinder means and plunger means adjacent said pressure
chamber and an opening communicating said annular passage with the oil chamber.

11. Avalve operating mechanism as claimed in claim 9 or 10, wherein said cylinder means and plunger
means are cylindrical so as to form acylindrical pressure chamber having a length L and diameter D related
asfollows,2=D/L=4.

12. Avalve operating mechanism for operating avalve in an internal combustion engine, substantially as
hereinbefore described with reference to Figure 1 or Figures 4 and 5 or Figures 6 and 7 of the accompanying
drawings.
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