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The present invention relates generally to valve tappets
or lifters for internal-combustion engines and which are
automatically operable to compensate for expansile or
contractile clearance between the parts of the valve drive
train, and more especially relates to novel and impr_oved
mechanism for incorporation in said valve drive train to
maintain a desirable clearance therein under all engine
operating conditions. .

Broadly, this invention concerns novel mechanism, in-
terposed in the valve drive train of an internal-combustion
engine between the valves and the camshaft, which mecha-
nism is adapted to automatically maintain zero-clearance
in said valve train during engine operations while accom-
modating a clearance gap operably adapted to control
said mechanism to adjust in one direction only and simul-
taneously compensate for thermal expansion and contrac-
tion of the parts.

To this end, my invention provides novel means for
initial manual adjustment (in accordance with known
thermal-responsive characteristics of the particular en-
gine) of an element included in the mechanism whereby
a predetermined clearance gap is establishable in the
linkage of the valve drive train; means for locking the
said adjustable element in the selected position of adjust-
ment; novel means for utilizing the fluid pressure of the
engine lubrication system in cooperation with a preloaded
compression spring, or either per se, for resisting closure
of said gap from its normal cold-engine status, said gap
being subject to slight variations therein resulting from
thermal changes only in said valve train drive when the
engine is in operation; novel valve lifter means of the
mechanical extensible type adapted to automatically ab-
sorb or eliminate in cooperation with said hydraulic-
spring means, any backlash due to wear etc. that may
develop in said valve train external to the aforesaid clear-
ance gap; and other inter-related and combined arrange-
ments of elements to produce the novel operativeness of
the mechanism, as will appear.

A further important object of my invention is the pro-
vision in mechanically-operated valve tappets of the type
under consideration of novel combined ratchet and fric-
tion clutch mechanism operatively disposed between the
principal body parts of such tappets, and operable re-
sponsive to engine camshaft rotation to separate the body
parts automatically to take up all backlash or play be-
tween the camshaft and valve without interfering with
the proper seating of the valve under all engine operating
conditions, and which, moreover, will automatically com-
pensate for expansion and contraction caused by thermal
changes in the engine.

Preferably, the clearance gap in the valve drive train
is manually established with the engine cold, allowance
for the expansion factor only being thus requisite.

Heretofore, numerous attempts have been made to elim-
inate backlash in the mechanism interposed between the
camshaft and the stem of the engine valve which is to be
intermittently opened and closed. As a general rule, the
resultant prior disclosures have been directed to improve-
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ments in the valve lifter mechanism per se, whereas my
invention contemplates not only a novel and improved
lifter construction, but additionally contemplates the in-
corporation of a novel assembly of elements adapted to
provide a force-transmitting connection of limited yield-
able character between the upper end of the push rod and
one end of the rocker arm element included in such valve
train. As a result, the present invention provides an ar-
rangement which insures optimum valve operation irre-
spective of the thermal conditions of the engine, and
which automatically obviates the heretofore periodically
required adjustment of tappets to eliminate noise and
SO on.

The primary object of my invention therefore is to pro-
vide, for incorporation in the valve drive train of a con-
ventional internal-combustion engine, an improved one-
way adjustable valve lifter mechanism to automatically
compensate for backlash in combination with a two-way
adjustable clearance mechanism responsive to expansion
and contraction of the engine due to thermal changes,
whereby to maintain substantially zero-clearance in said
valve train during engine operations by the inter-coopera-
tive relation obtaining between said mechanisms.

It is a further object of the invention to facilitate the
attainment of the recited primary objective by the provi-
sion of novel mechanical lifter mechanism of the com-
pensating type which is automatically adjustable in one
direction only, and when actuated by a cam on the cam-
shaft, is adapted to intermittently effect the cyclic open-~
ing and closing of a conventional engine valve in silent
fashion, and efficiently.

Further, it is an object of this invention to facilitate the
attainment of said primary objective by the provision of
means for manually setting the backiash absorbing mech-
anism when the engine is cold, whereby to establish a
selected clearance gap in the valve train which may vary
in extent respomsive to thermal conditions only of the
engine, but cannot be varied in consequence of the oper-
ative action of said lifter mechanism after lost-motion in
the valve drive linkage has been taken up by the latter.

An important object is to provide in an automatically
adjustable valve lifter mechanism, manually-adjustable
means whereby a given clearance of backlash condition
within the valve drive train may be established and so
maintained by operation of the aforesaid lifter mechanism.

A further object related to that next above is to associ-
ate with said manually-adjustable means, novel mechani-
cal lifter mechanism of the automatically compensating
type which is adapted to adjust in one direction only, and
further adapted to maintain zero-clearance substantially
in the mechanism of said valve drive train at all points
except at the established clearance point aforesaid.

A novel provision related to the two immediately pre-
ceding objects resides in the said manually-adjustable
means once it has been adjusted to provide a predeter-
mined cold-engine clearance, in that such clearance can-
not be altered in consequence of the aforesaid lifter mech-
anism operation after lost-motion external to the clearance
setting has been taken up, the latter mechanism being
unidirectionally operative only to take up backlash out-
side of said predetermined clearance.

A further important object of the present invention is
to associate with automatically adjustable tappets, novel
manually-adjustable means whereby a given clearance in
the valve drive mechanism may be established at will and
which is subject to automatic modulation within the range
of said clearance to compensate for expansion and con-
traction due to variable thermal conditions of the engine,
and wherein operations of said tappet are only effective to
maintain substantially zero-clearance between the parts
of the valve drive mechanism external to those parts con-
trolling the aforesaid given clearance.
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An object importantly related to the object next above
is to associate with said manually-adjustable means, novel
mechanical valve lifter mechanism of the automatically
compensating type and which is adapted to adjust in a
lengthening direction only to maintain substantially said
zero-clearance in said valve drive mechanism, said manual

cans being effective at all times to prevent said lifter
mechanism from over-adjusting said drive mechanism.

A further salient object relating to the aforesaid novel
manually-adjustable means is the inclusion of novel com-
bined spring and hydraulic pressure means operable joint-
1y or separately to accommodate expansion and contrac-
tion of the valve drive linkage due to thermal changes
only, said valve drive system including means for lubri-
cating the parts therecf from the engine pressure lubri-
cating system which also supplies the hydraulic pressure
for the manual clearance means.

There are other objects, features and advantages which
the instant invention provides. These will be set forth in
the course of the detailed description of the construction
and operaticn of the invention to follow with reference to
the accompanying drawing, which exhibits two exemplary
embodiments of the inventicn in the valve drive train of
an otherwise conventional internal-combustion engine.

In the drawings:

Figure 1 is a vertical secticnal view with some elements
portrayed in elevation, of an internal-combustion engine
incorporating the valve lifter mechanism of the present
invention;

Figure 2 is an enlarged horizontal sectional view taken
substantially along the line 7T—II of Figure 1, this view
exhibiting especially the toothed ratchet under surface of
a rotatable sleeve included in the mechanism;

Figure 3 is an enlarged horizontal sectional view taken
substantially along the line III—iiI of Figure 1, this view
exhibiting particularly a circular series of leaf-spring pawls
adapted to cooperate with the ratched under surface of
said rotatable sleeve whereby to actuate the latter;

Figure 4 is an enlarged horizontal sectional view taken
on the line IV—IV of Figure 1, this view portraying
especially a series of circumferentially spaced spherical
elements and the raceways wherein they are operatively
retained for purposes to appear;

Figure 5 is an enlarged view, partly in section and
partly in elevation, of a fragmentary portion of Figure 1,
this view more clearly presenting features of my valve
lifter mechanism which may not appear clearly in said
Figure 1;

Figure 6 is an exploded perspective view, partly in eleva-
tion and partly in section, of the internally threaded ad-
justing head, the torque sleeve associated therewith, and
the torque spring associated with said sleeve;

Figure 7 is a perspective view of the said torque sleeve
spring per se; and

Figure 8 illustrates a slight modification, being a repro-
duction of a fragmentary portion of Figure 1, a compres-
sion spring appearing in the latter view being omitted.

Referring to the drawings, and particularly to Figure 1,
a preferred embodiment of my invention is shown in-
corporated in a conventional internal-combustion engine,
fragmentarily shown and designated by the numeral 10.
Such an engine includes a plurality of valves, one of
which is exemplarily shown at 12, and includes an integral
stem portion 14 slidably mounted in a bushing 6. A rela-
tively heavy compression spring I8 about said stem
normally biases the valve to closed position, as is well
understood.

Numeral 19 designates a rocker arm pivotally mounted
intermediate its ends on an oil distributicn pipe 20. One
end 21 of said rocker arm is normally in contact with the
upper ead surface of the valve stem i4, whereby clock-
wise movement of the rocker arm about ifs pivotal mount-
ing will open the valve 12 against the force of spring 18.

In accordance with the concepts of my invention, the
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counterbored as at 24 for reasons to appear. The counter-
bore 24 is internally threaded, and the bore 23 is in fluid
communication with the cil distribution pipe 20 via
successively enlarged diagonal passageways 25, 26, and
27 formed in said arm, and an aligned discharge port 29
provided in the pipe 20, as shown.

A check valve assembly 30, which includes a valve seat
member press-fitted into the passageway 27 and a ball
normally maintained seated against said member by a
conical compression spring in the passageway 28, is pro-
vided as clearly shown, and for a reason to be explained.

THustrated in broken lines and designated 34, is the
camshaft of the engine. Numeral 36 indicates 2 cam on
said shaft, said cam including a concentric portion 38
and a lobe portion 40. Interposed between cam 36 and
rocker arm 19 is a valve train, generally designated 42,
adapted to oscillate said rocker arm responsive to the rota-
tion of the camshaft 34, whereby to intermittently effect
the opening and closing of the valve 12 ,as is well under-
stood.

The valve train 42 herein disclosed incorporates the
novel mechanism comprising the instant invention. That
is to say, my invention contemplates the attainment of its
objectives by the provision of what will be termed a pre-
determined clearance mechanism, generally designated 44,
positioned for illustrative purposes only in the rocker arm
end 22; the provision of a novel valve lifter mechanism,
designated generally by the numeral 46, which is in contact
at its lower end with the cam 36 and is actuated by the
latter; and the provision of axially aligned restrictive pass-
ageways in the conventional push rod 48, in its connector
socket member 5@, and in a component of the aforesaid
clearance mechanism 44, as will be explained in more de-
tail hereinafter.

With particular reference now to the predetermined
clearance mechanism 44, it is seen to include a cup-shaped.
hollow piston member 52 having a depending shank 53
which terminates in a substantially spherical portion 54
seated in a semi-circular socket 56 of the connector mem-
ber 56. The piston member 52 is slidably operable in
bore 23 between a split lock or retainer ring 58 and the
reduced depending shank €% of a screw member 62 ad-
justably engaging the threaded counterbore 24 as shown
in Figure 1, and also in the Figure 8 modification.

Numeral 64 indicates a gap or clearance which obtains
between shank 60 and the upper surface of the bottom
wall of cup-shaped pisten member 52. The extent of the
gap 64 is obviously variable dependent upon engine re-
quirements as is understood. Any specific cold-engine
gap may be normally maintained by the lock nut 68, as
should be obvious.

Interposed between said bottom wall of the cup-shaped
piston member 52, and the under surface of the top wall
defining the bore 23, is a compression spring 68 which
normally biases said piston downwardly against the re-
tainer ring 58, as demonstrated in Figure 1. However as
will be clarified hereinafter, and as demonstrated in Figure
8, inclusicn of the spring 68 is not requisite for the
operativeness of the aforesaid novel clearance mechanism
44.

From the foregoing it should be apparent that the gap
64 may be selectively increased or decreased by means of
the screw member 6Z; that the resultant disposition of the
shank 60 relative to the bottom of the piston cup may be
maintained by means of lock nut 66; and that when the
engine is in operation, oil under pressure from the dis-
tribution pipe 20 will enter the bore 23 above the piston
member 52 via port 29, check-valve valve assembly 30,
and connecting passageways 26 and 25. In the embodi-
ment presented in Figure 1, this oil pressure aids and abets
the spring 68 in normally biasing the piston 52 down-
wardly against the retainer ring 58 to bring the shank 53
into engagement with the push rod socket 56 in which
disposition of the.parts, the valve drive gear is free of

other end 22 of the rocker arm is bored as at 23, and. 75 backlash. In the embodiment presented in Figure 8, the;
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oil pressure per se normally seats the piston against said
retainer ring.

It should comsequently be manifest that the mecha-
nism 44 exhibits a hydraulic dashpot arrangement (spring-
loaded in the Figure 1 embodiment but not in the Figure
8 embodiment), including a manually dispositionable ele-
ment 60 for establishing a predetermined limit stroke of
the dashpot movable piston member 52.

Obviously the oil introduced as described above, also
serves to lubricate the piston 52, but impounding of the oil
is obviated to enable modulation of the clearance gap 64
by the provision of a restricted passageway 70 in the
depending shank 53 of said piston, a similar passageway
71 in the socket member 59, and a similar passageway 72
extending the full length of push rod 48. As clearly seen
in Figure 1, these three passageways are in alignment and
are all of a much smaller diameter than that of the diago-
nal passageway 25. With this arrangement, the clearance
mechanism 44 is operative to compensate for thermal
changes in the engine and the movable elements of the
valve gear train are also lubricated, the oil flowing
through the said aligned passageways 70, 71, and 72 and
onto the lifter mechanism -46, and therefrom into the
engine sump for recircuiation, as will appear.

In the modified Figure 8 embodiment, the passageways
7% and 72 are omitted, a plurality of angularly disposed
passageways 74 provided in the socket member 50 being
substituted therefor. With this arrangement, the spher-
ical portion 34 combines with the semi-circular socket 56
to form what will be termed a valve which is designated
75, and the function of which will be explained here-
inafter.

The lifter mechanism 46 of the valve train 42 is located
directly above the camshaft 34 in a conventional cylinder
portion 76 of the engine 10, said cylinder being modified
with a counterbore at the outer end to form an annular
internal shoulder 77. Said mechanism includes a cup-
shaped piston member 78 havizg a bottom wall 86 which,
as will appear, is at all times maintained in contact with

the cam 36, and a cylindrical side wall 82. Said bottom 4

wall 88 has formed therein one or more oil drainage
ports 84, and centrally, a socket 86 for the reception of
the lower reduced extremity 88 of a stem 98 which pro-
jects above the top marginal edge of the piston side wall
82. The thus projecting section 92 of said stem is pro-
vided in the present embodiment with left-hand threads to
cooperate with the right to left ome-way adjusting move-
ments of the mechanism 46 as viewed from Figures 1
and 5, preferably of square contour as illustrated, for en-
gagement with mating internal threads provided in the
circular side wall 94 of what will be termed an adjustable
head member 96.

As seen most clearly in Figure 5, the horizontal top
wall 93 of head member $6 is dished out to provide an
arcuate seat 109 for the rounded lower extremity 73 of
push rod 48, and has formed therein an opening 102 for
constantly lubricating the threaded connection referred
to in the preceding paragraph. With reference alsc to
Figure 6, the side wall 94 of the head member has an
external annular groove therein for the reception of a
split retainer ring 164, and terminates at its lower end in
an outwardly projecting annular flange 166.

The mechanism 46 further comprises a combined
ratchet and friction clutch mechanism which includes a
torque sleeve 168; a torque sleeve spring 110; the inter-
nally threaded thimble $6; a substantially cup-shaped
ratchet member 113; a tubular pawl carrier 114; and a
compression spring 116.

The torque sleeve 108 is exhibited perspectivewise in
Figure 6, and terminates at each end in an internal circular
flange 118 having a pair of diametrically opposed slots
120 therein. Externaily, the sleeve 168 is seen to have
a pair of diametrically opposed splines 122, each extend-
ing longitudinally from end to end of said sleeve.

The torque sleeve spring 116 per se is perspectively
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depicted in Figure 7; its disposition within the torque
sleeve 108 is exhibited in Figure 6. Split longitudinally
as at 124, said spring has at each end thereof a pair of
diametrically opposed projections or lugs 126 formed in-
tegrally with its body portion. Preferably but not neces-
sarily, these lugs are each approximately 90° distant
from the split 124. In assembled disposition, the lugs 126
engage in the slots 12§ of the torque sleeve, whereby mani-
festly and as will appear, said sleeve 108 and the spring
119 provide an assembly which may be actuated rotation-
ally and axially as a unit.

The ratchet member 132 includes a bottom wall 128
through which the stem 90 extends, and a cylindrical side
wall 130 which terminates at its upper end in a lateral
flange 132 the under surface of which has formed therein
a circular series of closely generated ratchet teeth 134,
as portrayed especially in Figures 2 and 5. The internal
periphery of the member 112 is provided with a pair of
longitudinaily extending diametrically opposite grooves
135 which embrace the splines 122 of the torque sleeve
in the assembled mechanism, as shown particularly in
Figures 2 and 3.

The pawl carrier 114, which is designed to cooperate
with the said ratchet member 112 in a manner and for
a purpose tc be explained, includes a tubular body por-
tion 136 which terminates at its upper end in a laterally
projecting annular flange portion 138, and a plurality of
flexible pawl elements 140 each rigidly attached at one
end to the upper surface of the flange 138 as illustrated in
Figure 3.

The diameter of the flange 132 coincides with that of
the flange 138, so that both of said flanges extend in super-
imposed relation into an annular recess 142 provided
therefor between the circular shoulder 77 and a split re-
tainer ring engaging an annular groove in the cylinder
portion 76, as best seen in Figure 5. The latter view
also discloses that the free segments of the pawls 140
project angularly upwardly above the top surface of flange
138 into engagement with the ratchet teeth 134, and that
said split retainer ring 144 overlies the marginal edge
portion of the flange 132.

The compression spring 216 is interposed about the
stem member 90 between the bottom wall 80 of the
piston 78 and the bottom wall 128 of the raichet member
112. With this arrangement, the flange 132 is maintained
in frictional engagement with the retainer ring 144,
whereby to obviate fortuitous rotary movements of the
ratchet member and to operatively stabilize the parts of
the lifter unit 46 in their relatively adjusted positions. In
other words, all rotational movements of the ratchet
member 11% are positive movements imparted thereto by
the pawl carrier 114. This compression spring possesses
the additional function of restoring the normal relative
positioning of the piston member 78 and pawl carrier 114
after the piston member 78 has been posiiively moved
by the engine cam 36 to actuate the ratchst mechanism
148, 134 during which latter operation, the aforesaid rela-
tive relation normally obtaining between the piston and
pawl carrier is taken up. Restoration of said relative
niovement between the piston member 78 and pawl carrier
134 by the spring 116 being effective with the bottom wall
20 in contact with the closing ramp and base circle of
the cam 36.

Reverting again to the piston member 78 and with ref-
erence particularly to Figures 4 and 5, it is noted that
the cylindrical wall 82 of sald member incorporates a
plurality of circular openings 146, three being illustrated.
Each opening 146 surrounds a spherical element or ball
148, and each ball is maintained by the wall of cylinder 76
in engagement with one of three circumferentially equally
spaced angularly disposed arcuate raceways 159, the latter
being formed in the tubular body portion 136 of the pawl
carrier 114. It is important to further consider here
that the positive upward thrusts and the opposing action
of the spring 116 reciprocably act on the piston member
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78 to produce slight axial movements thereof relatively
to the pawl carrier member 114, which movements are
instantly and simultaneously converted into oscillatory
movement of said carrier member relatively to the mem-
ber 78. These oscillating movements adjust the pawls
149 relatively to the toothed member 112 and into en-
gagement with the teeth thereof, thereby rotatably raising
the head member 96 to adjust the parts of the valve drive
train in accordance with the backlash present therein.
With refercnce to the split ring 184 associated with the
head member 86, it is noted that the projectiag portion of
said ring overlies the uppper end of the torque sleeve 183,
so that it should be manifest that said head member, said
sleeve and the torque sleeve spring 118 are limited to axial
movements as a unit in an upward direction only.

Operation

It will be assumed that with the engine 19 cold, the
clearance mechanism 44 has been manually adjusted in
accordance with known characteristics of said engine so
as to insure that a gap 64 will obtain between the shank
69 and the piston member 52 when in operation, heat
generated by the engine results in the expansion of these
elements. It is further to be observed that the mech-
anism 44 has been designated hereinbefore as “the
predetermined clearance mechanism,” becauss the pre-
selected clearance gap 64 is variable only in consequence
of the heat responsive expansion of the engine block and
the parts which define the gap.

With the enginc 18 cold, the spring 13 maintains the
valve 12 closed and simultaneously biases the rocker arm
in a counterclockwise direction, the compression spring
68 being inherently strong enough to preserve the selected
gap clearance 64. One of the features which the mech-
anism 44 of this invention provides should however be
noted in this connection. That is to say as an inspection
of Figure 1 visibly indicates, the coaventional spring 18
is obviously capable of overcoming the compressive re-
sistance of the spring 63, so that positive seating of the
valve 12 is automatically assured at all times despite the
established clearance gap 4.

Assuming now that the engine 18 is energized so that
the camshaft 34 rotates in a counterclockwise direction
as viewed in Figure 1, the valve drive train 42 remains
in the status thereof iliustrated so long as the concentric
portion 38 of cam 36 rides along the undersurface of
lifter piston bottom wall 89. Simultaneously with the
energization of the engine, the oil pump associated there-
with initiates the fiow of oil under pressure through the
distribution pipe 22. Passing through discharge port 29,
the oil unseats the ball of the check-valve assembly 36,
and thus flows cnwardly via passageways 26 and 25 into
the chamber formed by the bore 23. However, as here-
inbefore noted, although oil pressure is thus built wp in
said chamber because of the restricted size of the con-
duit formed by passageways 78, 71 and 72 relative to
that of the passageway 25, the oil is not impounded but
proceeds downwardly via said conduit, lubricating those
elements of the valve drive train including the lLifter
mechanism 46, which are interposed betweea the rocker
arm end 22 and the camshaft 34.

In the Figure 1 embodiment of the mechanism 44, bailt
up oil pressure serves to aid and abet the compression
spring &8 in the maintenance of the established or auto-
matic variations in clearance gap 64. In the Figure 3
embodiment however, said spring is dispensed with, the
pressure of oil serving as the sole clearance gap main-
tenance medinm.

Now as the shaft 34 approaches the completion of a
revolution, the non-cencentric lobe portion 49 of cam
36 incrementaliy elevates the lifter mechanism piston
member 78 whereby, in a manner which will now be
explained, to unscat the valve 12 until when the apex of
said lobe is verpendicularly disposed, the said valve
momentarily occupies its fully opened disposition, and
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- member 78, the latter is elevated or lifted axially.

instantly thereafter begins to approach its fully closed
disposition for a repetition of its actuating cycle. There-
fore, during each revolution of the camshaft, as the cam
lobe 48 engages against the undersurface of the piston
As a
resuli, the ball elements 148 move upwardly also, thereby
rotating the pawl carrier 114 to the left as viewed in
Figure 5. In so doing, the pawls 140 eifect the incre-
mental leftward rotation of the ratchet member 112 by
the interengagement of said pawls and the teeth 134, The
raichet member 112 in turn rotates the torque sleeve 108
because of the splined connections 122—135, and ob-
viously also, the sleeve spring 118 since the lugs 126
of the latter extend into the slots 129 of the torque sleeve.
Further, in consequence of the longitudinal split 124 in
the torque-sleeve spring, the latter frictionally engages
the intermally threaded head member 96 so that this
member 946 is also rotated to the left.

Therefore, from the immediately foregoing and earlier

. description, it should be apparent that upward axial move-

ment of the piston member 78 automatically effects the
simultaneous rotation as a wunit of pawl carrier 114,
ratchet member 112, torque sleeve 108, and torque-
sleeve spring 118, and axial extension of head member
26. This entire unit rotates leftwardly as viewed in
Figures 1 and 5, and therefore clockwise as viewed in
Figure 3.

In consequence of this rotary movement, the adjustable
head member 96 simultaneously also moves vertically
upwardly by reason of its engagement with the threaded
upper end 92 of the stem member $9. Bearing in mind
that the oil pressure built up in chamber 23 above the
piston member 52, augmented by the expansive force of
compression spring 68, is sufficient to yieldably maintain
the established clearance gap or any reduction thereof,
the said upward movement of the member 96 elevates the
push rod 48 thereby actuating the rocker arm 19 in a
clockwise direction to cpen the valve 12, as should be
manifest. Obviously, the effectiveness of the hydraulic
dashpot arrangement of the mechanism 44 is insured by
the ball check-valve assembly 36 while the engine is run-
ning,

Further elaborating on the operational behavior of the
clearance mechanism aforesaid, it is desired to point out
that the valve closure springs 18 when the engine is
stopped with certain of the valves in unseated open con-
dition, are effective on the spring 63 supplemented by
the pressure charged hydraulic dashpot comprising the
mechanism 44 tending to close the existent gap 64 aided
by possible leakdown via push rod end seats 56 and 106,
This condition is brought about when pressure on the
oil in the engine pressure lubricating system ceases, thus
enabling the biasing effect of the springs 18 to continuous-
1y act cn the static fiuid corfined in the dashpot chamber
and thereby cause a gradual discharge therefrom via pas-
sageways 70, 72 or 74 and seats aforesaid back to the
engine sump. The afcresaid condition obtains where the
ball-socket connections 54, 56 and 73, 168 at opposite
end respectively of the push rod 48 fail to be fitted in
fluid-tight sealing relationship. In the event, the clear-
ance mechanism gap 64 becomes closed in the manner
abovedescribed, upon restarting the engine, before maxi-
mum idling speed is reached, the pressure from the engine
Iubricating pump supplemented by the pretensioned spring
%8 is sufficient to gquickly restore the clearance gap 64
to its normal status as determined by the existent thermal
condition of the engine. This novel restorative feature
of the present invention is effected in the manner just
described while the lifter assembly 46 is being recipro-
cated slowly. Such slow reciprocating velocitics of the
lifter unit impart a relative rotational movement to the
piston member 78 with respect to the sleeve member 136
influenced by inertia differences of the members and the
ball-raceway connections 148, 15¢ therebetween; but upon
increase of the reciprocating velocities of said members
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responsive fo maximum idling or higher engine speeds,
the piston member 78 tends to move in a straight line
causing the connected sleeve member 136 to rotate rela-
tively with respect thereto with consequent operation of
the ratchet mechanism 134, 146 to adjust the valve drive
gear lengthwise if backlash is existent therein, otherwise,
due to resistance of the mechanism 44, such operation of
the lifter unit would be ineffective to adjust despite its
uninterrupted operation aforesaid.

From the foregoing, it will be appreciated that one of
the primary purposes of the clearance gap 64 is to prevent
interference with proper seating of the engine valves due
to expansion and contraction. Without this gap, which
resists lengthening of the valve gear train after backlash
has been eliminated, the lifter mechanism 46 with a cold
engine would remove all play in the valve actuating link-
age causing frequent unseating of the valves, or at least
interfere with the tight closing thereof when the engine
becomes hot with consequent burning of the valves and
inefficient operation of the eangine, However, with the
gap, whenever expansion of the engine and valve drive
parts cccur due to heat tending to unseat the valves, the
gap modulates to compensate for such expansion but at
all times is effective to prevent the one-way backlash
adjusting operation of the valve lifter assembly 46 from
modifying said gap in excess of its predetermined status
or any variations within its limits. Thus, the lifter mech-
anism 4§ is operatively prevented from changing the status
of the gap 64 responsive to the compression spring 68
and/or fiuid-pressure charged dashpot 64 comprising the
clearance mechanism 44, whereby all play in excess of
the gap is taken up by operation of the lifter unit 46,
whereupon said unit is rendered ineffective to adjust de-
spite its continued operation responsive to rotation of the
engine driven camshaft.

Therefore, the clearance mechanism 44 and lifter unit
4% are operatively inter-dependent to ccoperatively pro-
duce and maintain substantially zero-lash adjustment be-
tween the engine-driven cam and valves for improved
engine operating efficiency and quietness with minimum
wear on the parts. In addition, the clearance mechanism
46 possesses the distinctive novel feature of providing a
predetermined cold engine gap which is capable of modu-
lating within its limits only, such modulation occurring
according to therimal changes in the engine with the ex-
tent of gap change being determined solely by such ther-
mal conditions, and in no case is the predetermined gap
fully taken up with each valve operating cycle except
where thermal conditions of the engine induce, mor is
a wider gap condition required to render operation of
the lifter unit 46 effective to take up existent backlash.

It is important to note here that, as pointed out above,
the cold-engine clearance gap 64, or any modulation
therein responsive to thermal changes in the engine, is
never fully closed during valve opening operations where
the hydraulic dashpot 44 is utilized since slight emission
of oil through passageway 72, or 74 enables only slight
contraction of the gap against the oil-pressure charged
chamber 23. However, should the thermal change in
the engine be of such magnitude that the operating gap
64 is substantially reduced to almost closed status, then
opening of the engine valve 14 causes the end wall of
the piston element 52 to engage the confronting face of
the manually-adjustable pin 69, thus a solid one-way con-
nection is formed for transmitting the thrust action of
the engine cam through the linkage to open the selected
valve 14. Upon the valve becoming fully seated in closed
condition the oil pressure combined with the force ex-
erted by the compression spring 68 quickly restores the
operating gap 64 according to the thermal operating con-
dition of the engine in readiness for another valve open-
ing cycle. 1In the case where the compression spring 68
alone is employed to reset the clearance gap after com-
pletion of each valve opening cycle, since this spring is
of less strength than the valve closure spring 18, it fol-
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lows that with inatiguration of a valve opening cycle it
is additionally compressed to the extent of the existent
gap 64 so that the end wall of the piston 52 engages the
confronting end of the stem 60 to form such solid one-
way connection through which the action of the engine
cam is transmitted to the push rod 48 and rocker arm 19
to open the valve 14 as is understood. Upon closure
of the engine valve, spring 68 instantly restores the clear-
ance gap 64 according to the thermal condition of the
engine structure in readiness for another valve opening
cycle. It is thus seen that the novel relationship between
the one-way adjusting tappet 46 and the two-way adjust-
ing gap means 44 provides for one-way adjustments to
remove wear-lash only from the valve drive gear while
the clearance gap accommodates two-way adjustments
within a predetermined maximum obtaining with cold-
engine, to compensate for expansion and contraction re-
sulting from engine operation. After wear has been taken
up by the tappet mechanism 46 its operation to further
adjust in a lengthening direction is prohibited by the hy-
draulic and/or spring forces within the mechanism 44.

From the foregoing statement of the mode of operation
of the present tappet mechanism, it should be manifest
that the tappet 46 and clearance mechanism 44 are op-
erably inter-dependent to bring about the movel advan-
tages described. If the tappet 46 were eliminated com-
pensation for thermal changes only would, in such case,
be provided by the clearance mechanism 44, thus in time,
a noisy valve operation would result from the wear factor
alone. On the other hand, were the gap mechanism 44
eliminated the tappet 46 would over-adjust, since at cold-
engine the normal backlash set in the valve drive linkage
would be taken up and upon expansion due to engine
operation, the engine valves would not effectively close
resulting in reduced engine efficiency and possible power
failure. The tappet 46 operation is in a lengthening di-
rection only making the clearance mechanism 44 requisite
to obtain substantially zero-lash in the valve drive gear
with the present compensating mechanism.

Installation of the lifter unit of the present invention
should be made during cold engine, with the adjustable
head member %6 threaded down on its complemental
threaded section on the stem member 96 to provide, for
example, .025 to .030 inch lost-motion in the valve drive
parts with the engine valves freely seated; whercupon,
starting the engine will enable the dashpot clearance mech-
anism 44 to become fully charged with oil from the en-
gine pressure lubricating system prior to the backlash
aforesaid being eliminated by operation of the lifter unit
46 responsive to separation of the head member 96 rel-
atively to the stem member into operative contact with
the push rod 48 and rocker arm 19 to effectively .and
quietly open and close the selected engine valve as is
understood. '

Reverting now to that portion of the operational de-
scription wherein the incremental elevation of the piston
member 78 was treated, it is deemed advisable to elab-
orate somewhat on the axial-rotational cooperation of
the balls 148 and their raceways 150 in actuating the
pawl carrier 114. Thus, as the piston 78 ascends with
the balls 148 confined in the openings 146 between said
raceways 150 and the cylinder wall 76, the pawl carrier
114 is caused to rotate clockwise in consequence of im-
pact thrust upwardly of said piston, and to rotate counter-
clockwise when the force of the spring 116 is effective to
lower said piston 78 relatively to the paw! carrier 114
upon the bottom wall 80 engaging the closing ramp and
base circle of the cam 36. The piston 78 moves bodily
axially, but does not rotate with respect to the pawl car-
rier, because of the frictional contact obtaining between
the cylindrical piston wall 82 and the wail of engine
cylinder 76. Therefore, a sudden thrust applied to the
piston 78 will cause the balls and associated raceways to
rotate the pawl carrier alternately in one, then in the
other direction as the thrust is applied and released.
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The camshaft 34 revolves continuously as is under-
stood, so that subsequent to the complete opening of the
engine valve 12, cam lobe 49 passes from beneath the
central region of the under-surface of piston 78 which
then returns to the position thereof illustrated in Figure
1. In so doing, the pawl carrier 114 is caused to rotate
counterclockwise as a result of the previously explained
coaction of the balls 148 and their associated raceways
159. Consequently the adjustable head member 96 is
lowered as the compression spring 18 effects the counter-
clockwise rotation of the rocker arm and returps the
valve 12 to closed position.

It should be observed that during valve closing opera-
tions as well as during valve opening operations, the ciear-
ance gap 64 remains adjusted in accordance with thermal
conditions of the engine, as previously emphasized. In
other words, considering the Figure i embodiment of the
mechanism 44, the body of oil under pressure in cham-
ber 23 in conjunction with the spring 63 functions to
maintain substantially the established clearance gap which
is subject to slight variations only within said gap and sole-
ly in comsegquence of expansion and contraction of the
parts responsive to and as a result of temperature changes
in the engine. Considering the Figure 8 embediment of
said mechanism, the body of oil under pressure in cham-

er 23 performs the said function per se, that is without
the aid of a spring such as the spring 68 aforesaid.

From the foregoing it should be apparent that this in-
vention provides novel means incorporated in an otherwise
conventional valve drive train for alternately opening
and closing the valve 12 in a quiet and efficient manner.

Assuming now that a backlash condition should develop
at any point in the valve train linkage except at the afore-
said clearance gap, then the novel valve lifter mechanism

46 will automatically effect a compensating adjustment ¢

to immediately eliminate the backlash, and restore the
linkage to substantially zero-clearance condition.

To this end, it is noted that the length of the angularly
disposed raceways 158 is greater than necessary for nor-
mal lifter operations when backlash is absent in the link-
age. 1t should be apparent therefore, that a backlash cr
lost-moticn condition in the linkage will be automatically
eliminated so to speak, immediately subsequent to its
inception, because the instantaneously obtaining dimin-

ished resistance to the upward movement of the member ¢

96 accommodates the requisite additional elevation of
the latter to immediately restore substantially zero-clear-
ance.

Further discussiag the operation of the clearance mech-
anism 44, and particularly with respect to the functional
behavior of the spring 68 and associated dashpot in re-
lation to the split tubular torque-transmitting spring 116,
it is desired to stress that the pre-energized tension of
the spring 68 is sufficiently strong to prchibit the spring
116 from adjustably turning the head 98 notwithstanding
operations of the lifter unit 46 are effective to rotate the
torgue-siceve 188 intermittently. As the torque-sleeve
rotates step-by-step with each engine valve opening op-
cration of the lifter unit 46, the head 9§ is urged in a cor-
responding direction of rotation by the clamping action
of the spring 119 on the outer cylindrical surface of the
said head. Under such conditions, however, the torgue-
sleeve 188 can only rotate intermittently relatively to the
head 96 as accommodated by the frictional engagement
between the spring 118 and said head with backlash con-
ditions in the valve drive parts substantialiy at zero since
the head 96 can adjustably rotate only when backlash is
present. Moreover, the hydraulic dashpot when charged
with fluid under pressure froem the engine pressure lubri-
cating system, likewise prevents the torque-sleeve 108
from adjustably turning the head 96 in response to valve
lifter operations following backlash elimination thereby.

Thus it may be said that the forces of the pre-tensioned
spring 6% and the pressure charged hydraulic dashpot act-
ing separately or together offer sufficient axial thrust re-
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sistance on the head 96 to prevent rotation thereof by the
tappet 46 while backlash conditions in the valve drive train
are substantially at zero with the clearance mechanism
44 at any adjusted positions within the predetermined
clearance gap 64 to compensate for engine expansion and
contraction as the case may be. Siated differently, opera-
tions of the lifter unit 46 are incapable of overruling the
adjusted condition of the clearance mechanism 44, said
lifter unit being operable to maintain substantially zero-
clearance between the valve drive parts without affecting
the settings within the clearance gap 64 which latter are
automatically effected once the correct predetermined
clearance gap is manually established in the manner al-
ready described.

Reference is again made to the structure and operation
of the novel ratchet mechanism comprising the flexible
pawls 140 and cooperating teeth 134 carried by the an-
nular flanges 138 and 132, respectively. These pawls are
constructed of rectangular strips of springy material and
are secured at one end as by rivets to the upper end face
of member 114 in circumferentially equally spaced rela-
tion, while their free flexible ends are angularly disposed
upwardly for coaction with the aforesaid confronting
ratchet teeth 134 which latter are closely generated ra-
dially in the underface of the annular flange 132. The
osciliatory action of the member 114 previously referred
to causes the pawls 149 to progressively flex into and out
of engagement with the teeth 134 to thus produce a ratch-
eting effect therebetween on said driven member 112 with
conssquent intermittent rotation of said driven member
in one direction only. Thus minute initial portions of
the axial reciprocations of the lifter unit 46 in effecting
a cyclical opening and closing of a selected engine valve
12 are converted into said oscillatory movements of the
pawl carrier member 134 by the ball and raceway con-
nections 148, 158 operably incorporated between said pawl
member and the drive member 78. During engine valve
actuations, the ball and raceway connections 148, 150
are rendered inoperative to produce the above described
rotary motion but with the engine valve closed, said con-
nections are capable of axially adjusting to effect rela-
tive oscillation of member 114 thereby correspondingly
rotating the member 112 in the one direction which move-
ment is transmitted through the torque-sleeve 108 to
frictionally adjust the head 96 as required to eliminate sub-
stantially such backlash as may be present in the valve
drive linkage, otherwise the sleeve 108 will rotate rela-
tively to the head without imparting any movement thereto.

In view of the drawings and reference to the preceding
description, it is believed prolix to further elaborate on
the disclosed means for lubricating the valve drive train.
Briefly however, it is noted that in the Figure 1 disclosure,
the oil flow is direct from source 20 through the linkage
and ultimately via opening 182 to the lifter mechanism
46, thence to the engine sump via drainage ports 84.

In the modified Figure & disclosure the oil flow is con-
trolled by the previously referred to valve arrangement
designated by the numeral 75. Said valve arrangement
s0 to speak, hermetically seals or impounds substantially
the body of oil within chamber 23, except, however, for
losses due to pressure leakby at the lower end of the pas-
sage 70 which forms the valve 75 to close off said passage
by engagement with the central surface portion of the
concavity in the upper end of the push rod 48. This valve
is closed on the upstroke of said push rod in opening an
engine valve, thus compensating for the absence of the
spring 63 included in the Figure 1 disclosure. On each
downstroke however, the valvular hermetic seal is relaxed
sufficiently to enable a guantity of c¢il to escape via the
passage 79 and diagonal passageways 74, and to flow
downwardly on the outer surface of the push rods onto
the lifter units 46, thence to the engine sump for recircu-
lation via drainage ports 84.

If the engine equipped with this modified structure is
stopped, the fluid pressure charge in the chamber formed
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between the bore 23 and piston 52, created during opera-
tion of the engine will not maintain the clearance status
of the mechanism 44 due to loss of pressure via passage-
ways 78, 72 or 74 and ball-socket connections 54, 56
and 73, 100 influenced by the action of spring 18 when
a valve is open but upon restarting the engine the oil
pressure from the engine lubricating system would be
effective to instantly restore the gap of the clearance
mechanism 44 to its status as determined by the existent
thermal condition of the engine. This re-establishing
of the clearance gap precedes operation of the lifter as-
sembly 46 to adjust in one direction to lengthen the valve
drive gear which latter, if effective coincidentally, would
prevent restoration of the clearance gap as aforesaid,
notwithstanding the engine may have reached substan-
tially maximum idle speed at which the lifter unit is
reciprocated at what may be termed “slow velocities,”
such action of the lifter unit causing the piston member
78 to rotate relatively with respect to the ball and race
connected sleeve member 136 due to differences in the
inertia status of these two members and as a consequence
the ratchet mechanism shown in Figures 2 and 3 cannot
operate to modify the length of the valve drive gear while
the gap status aforesaid of the clearance mechanism is
temporarily closed. However, upon speeding up the en-
gine with consequent increase in the velocity of the rela-
tively movable parts of the lifter assembly, the piston
member 78 which carries the balls 148 tends to move in a
straight line with respect to the connected sleeve member
136 having the angular raceways 156 on its outer surface.
This action of the piston member 78 is converted auto-
matically by the ball and raceway connections into ro-
tary motion of the sleeve member 136 in a counterclock-
wise direciion as viewed from the bottom of Figure 5 to
thus operate the pawls 140 into engagement with the
shoulders of the ratchet teeth 234 causing a lengthening
adjustment in the lifter assembly to be effected should a
backlash condition be existent. From the foregoing, it is
seen, that upon starting the engine the operational se-
quence of the clearance mechanism 44 and lifter assem-
bly 46 to adjust is such that the clearance mechanism is
charged with pressure fluid to restore the gap prior to
any lengthening operation of the lifter unit as may be
required to take-up play in excess of the existent thermal
status of the engine, and that such operation of the lifter
unit to lengthen should a backlash condition exist, should
be effective immediately prior to the engine reaching
maximum idling speed. Considering the terminology
used in the foregoing description and in the appended
claims, the identifying expressions and/or terms employed
are intended to convey meanings which include the range
of reasonable equivalents in the patent sense. For ex-
ample, the expressions “wear,” “backlash,” and “lost-
motion” are intended to convey similar meanings with
respect to exclusive idle travel within the valve drive gear,
while such expressions as “operating clearance,” “clear-
ance gap,” “relative movement,” etc. relate to the opera-
tional characteristic ¢f the lifter mechanism as is under-
stood. The terms “upper,” “vertically,” “top,” “bottom,”
“lower,” “upwardly,” and other directional words or char-
acters are intended to have only relative connotation for
convenience in describing the structure as illustrated in
the drawings, and are not intended to be interpreted as
requiring any special orientation with regard to associated
structure external to the present disclosure.

Further considering the operational characteristics of
the ball and raceway connections 148, 158 which opera-
tively interconnect the piston member 78 and the pawl
carrier 1314, in relation to the reciprocable movements
imparted to the piston 78 by the engine cam 36 and the
compression spring 116, it is desired to emphasize that
when the spring 116 is employed to actuate the head 96
through its backlash adjusting phase, then reversal of the
operating connections for the ratchet mechanism would
be required; such as, disposition of the raceways 150 in
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the opposite direction in relation to their engaging balls
148, opposite positioning of the pawls 140 and cooperat-
ing teeth 134 and the threaded connection of the head
member 86. Thus the present invention provides utiliza-
tion of either the upward cam thrust of the piston 78 to
adjust for backlash elimination and subsequently open the
engine valve; or the final portion of the lowering move-
ment of the member 78 under influence of the compression
spring 116 to effect backlash adjustment upon the engine
valve becoming closed in readiness for another cyclical
opening and closing thereof. Moreover, the presence of
limited controlied-backlash in the valve drive train is
desirable for efficient engine operation free of valve mal-
functions which novel advantage is provided by utilizing

5 only the initial portions of lifter unit reciprocations to

define the degree of backlash present in the valve drive
parts essential to enable operation of the backlash adjust-
ing mechanism 140, 134 whereby the valve drive parts
outside of those comprising the clearance mechanism 44,
are operatively maintained in their relative zero-clearance
relation substantially.

From the preceding description augmented by an in-
spection of the drawings, it is believed that a comprehen-
sive understanding of the instant invention may be had.
It is to be understocd however, that my invention shall
not be limited to the precise details of structure illustrated
and described. That is to say, my invention contemplates
any and all modifications, substitutions of parts and equiv-
alents in structure which may fall within the scope of the
claims hereunto appended.

I claim as my invention:

1. Mechanism interposed between the camshaft and
the valve included in the valve drive train of an internal-
combustion engine, comprising: a valve lifter unit having
a frictional element mechanically operable in response to
the rotations of said camshaft to automatically adjust in
a lengthening direction only to eliminate backlash only
in said valve drive train; adjustable clearance mechanism
including a yieldable force-transmitting connection oper-
ably controlling the operation of the lifter unit to adjust
as aforesaid and for establishing a predetermined clear-
ance gap in the valve drive train, whereby said mechanism
is operable automatically to vary said clearance within
the limits of said gap according to contraction and ex-
pansion due to thermal conditions resulting from engine
operations; and manually-adjustable means incorporated
in said clearance mechanism for selectively establishing
said predetermined clearance gap therein.

2. In an internal-combustion engine including a cam-
shaft, a valve, and an actuatable drive train for controlling
the action of said valve: a lifter mechanism having a
frictional element mechanically operable by a cam on said
camshaft to actuate said drive train for intermittently
opening said valve; self-adjustable means in the lifter
mechanism for eliminating a backlash condition only
should one exist or develop in the drive train; clearance
establishing mechanism operably interposed between the
cam and valve included in said drive train to provide a
gap normally predetermined relative movement therebe-
tween; manually-adjustable means in the last-named
mechanism for establishing said predetermined relative
movement therein; and a preloaded compression spring
combining with oil under pressure from the pressure lu-
bricating system for automatically opposing decrease in
said relative movement during engine operation.

3. In a reciprocable push rod and a valve drive train of
the character described including a rocker arm pivotally
mounted on an oil distribution pipe of an internal-com-
bustion engine, clearance establishing mechanism inter-
posed in said drive train between one end of the push rod
and the adjacent end of said rocker arm, said mechanism
including: a cup-shaped hollow piston member slidably
positioned in a bore formed in the designated end of the
vocker arm and retained therein by means of a split re-
tainer ring; an integral shank depending from the piston
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and terminating in a substantially spherical portion seated
in a semi-circular socket provided on said one end of the
push rod; a manually-adjustable screw member engaging
a reduced counterbore in the rocker arm and having an
integral depending shank extending into the cup-shaped
piston to establish a selected gap between said shank and
the inner surface of the end wall of the piston; a lock nut
for maintaining the screw member in the selected position
of adjustment; means for introducing oil under pressure
from said oil distribution pipe into the chamber formed
by said bore above the piston aforesaid to yieldahly op-
pose closure of said selected gap during opening of the
corresponding engine valve; and one-way adjustable mech-
anism actuated by said engine, and operably controllable
to adjust by said clearance mechanism, tc compensate
for any backlash in the valve drive train external to the
selected gap aforesaid.

4. In a reciprocable push rod and a valve drive train of
the character described including a rocker arm pivetally
mounted on an oil distribution pipe of an internal-com-
bustion engine, clearance establishing mechanism inter-
posed in said drive train between cne end of the push
rod and the adjacent end of said rocker arm, said mech-
anism including: a cup-shaped hollow piston member
slidably positicned in a bore formed in the designated
end of the rocker arm and retained therein by means of a
split retainer ring; an integral shank depending from the
piston and terminating in a substantially spherical portion
seated in a semi-circular socket provided on said cne end
of the push rod; a manually-adjustable screw member
engaging a reduced counterbore in the rocker arm and
having an integral depending shank extending into the
cup-shaped piston to establish a selected gap between
said shank and the inner surface of the end wall of the
piston; a lock nut for maintaining the screw member
in the selected position of adjustment; a preloaded com-
pressicn spring interposed about said depending shank
between the end wall of said piston and the wall surround-
ing said reduced counterbore in the rocker arm to yield-
ably oppose closure of said selected gap; means for
introducing oil under pressure from said oil distribution
pipe into the chamber formed by said bore above the
piston aforesaid to supplement the action of said com-
pressicn spring; and one-way adjustable mechanism ac-
tuated by said engine, and operably controllable to ad-
just by said clearance mechanism, to compensate for any
backlash in the valve drive train external to the selected
gap aforesaid.

5. The valve drive train set forth in claim 3 wherein
the means for introducing oil under pressure from the
reciied distribution pipe includes a plurality of successive-
iy enlarged diagonal passageways formed in the rocker
arm, a discharge port formed in said pipe and disposed
in alignment with said passageways, and a check-valve
assembly interposed in said passageways between the dis-
charge port and the passageway of smallest diameter, the
latter having direct fluid communication with the recited
pressure chamber in a2 non-interfering plane with the
movement of the cup-shaped piston.

6. The valve drive train set forth in claim 4 wherein
the means for introducing oil under pressure from the
recited disiribution pipe includes a plurality of successive-
1y enlarged diagonal passageways formed in the rocker
arm, a discharge port formed in said pipe and disposed in
alignment with said passageways, and a check-valve as-
sembly interposed in said passageways between the dis-
charge port and the passageway of smallest diameter,
the [atter having direct fluid communication with the
recited pressure chamber in a non-interfering plane with
the movement of the cup-shaped piston.

7. A valve lifter mechanism including: a cup-shapsd
piston axially reciprocable in a cylinder of an internal-
combustion engine in response to the rotation of the
engine camshaft, said piston having an end wall and a
cylindrical side wall; a socket formed centrally in the

10

40

50

60

70

i5

inner side of said end wall; a stem member fixed at one
end in said socket with a section of its other end provided
with threads; an adjustable head member having an inter-
nally threaded cylindrical sids wall in threaded engagement
with said threaded section of the stem member; means
rotatable in response to the axial reciprocations of said
pisten for rotating said head member in one direction
only to effect simultaneous unthreading movements there-
of; means for preventing axial displacement of said last-
mentioned means with respect to said cylinder; and pre-
loaded spring means for cooperating with said piston to
rotate said rotatable means and stabilize the latter in
its adjusted positions.

8. A valve lifter mechanism including: a cup-shaped
piston axially reciprocable in a cylinder of an internal-
combustion engine in response to the rotation of the
engine camshafi, said piston having an end wall and a
cylindrical side wall; a socket formed centrally in the
inner side of the end wall; a stem member fixed at one
end in said socket with a section of its other end provided
with threads; an axially extendible head member having
an internally threaded cylindrical side wall in threaded
engagement with said threaded section of the stem mem-
ber; an external annular flange adjacent one end of said
head member; an exiernal annular groove provided with
a split retainer ring on the head member spaced from said
annular flange for retaining the head member and torque
sleeve in assembled relationship therebetween a torque
slesve disposed about the head member; a longitudinally
split torque sleeve spring mounted in said torque sleeve
for endwise movement therewith in frictionally engaging
relation with said head member to extend the same; a
rotatable cup-shaped ratchet toothed member having a
splined connection with said torque sleeve; a tubular pawl
carrier including a movable pawl operatively engaging the
teeth of the ratchet member aforesaid; means responsive
to the axial reciprocations of said piston for effecting in-
cremental rotations of the pawl carrier; an internal an-
nular groove in the wall of said cylinder adapted fo re-
ceive a split retainer ring for presenting axial displacement
of the ratchet member and paw! carrier with respect to
said cylinder; and a preloaded compression spring inter-
posed about a portion of said stem member between the
end walls respectively of the piston and the pawl carrier
for stabilizing the latter during rotary movements there-
of against the last mentioned retainer ring.

9. The valve lifter mechanism of claim 8§ wherein the re-
cited means for effecting incremental rotations of the pawl
carrier comprises a plurality of circumferentially equally
spaced angularly disposed arcuate raceways formed in
the tubular body portion of the pawl carrier, an identical
plurality of circumferentially spaced circular openings
formed in the cylindrical side wall of the piston, and a
spherical element disposed in each of said circular open-
ings and maintained in engagement with its raceway by
the wall of the cylinder wherein said piston is reciprocable.

10. The vaive lifter mechanism of claim 8 wherein the
recited adjustable head member terminates at its outer
end into a horizontally disposed concave wall to provide
an arcuate seat for the rounded extremity of a valve drive
train push rod; and wherein said wail has formed cen-
trally therein an opening for the admission of lubricant
to the recited threaded section of the stem member.

11. In a valve lifter mechanism interposed between the
lower extremity of a valve train push rod and the cam-
shaft of an internal-combustion engine: a rotatable and
simultaneously vertically movable head member having
a threaded bore closed at its upper end which engages
said lower extremity of the push rod; an external annular
flange adjacent the lower end of said head member; a
cup-shaped ratchet member ierminating at its upper end
in a laterally projecting annular flange the under surface
of which has formed therein a circular series of radially
disposed ratchet teeth; an external annular groove in the
side wall of said head member spaced from its upper end
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aforesaid, adapted to receive a split retainer ring; a torque
sleeve having a split sleeve spring encircling said head
member between the annular flange and split retainer ring
aforesaid and operably interposed between said ratchet
and head members; means for locking said torque sleeve
and ratchet member for conjoint rotational movement and
for enabling relative axial movement thereof; a tubular
pawl carrier terminating at its upper end in a laterally
projecting annular flange the diameter of which cor-
responds to that of the ratchet member flange; a plurality
of flexible paw! elements attached at one end to the upper
surface of said carrier flange and disposed in operative
engagement with the teeth of said ratchet member;
means for insuring the cooperative disposition of said
ratchet teeth and pawl elements; a cup-shaped piston
reciprocable by said camshaft in a bore of said engine,
said piston including a bottom wall and a cylindrical side
wall, the upper portion of the latter surrounding the lower
portion of the tubular pawl carrier; a socket formed cen-
trally in said piston bottom wall; a stem member fixed at
its lower end in said socket and which extends upwardly
through the bottom wall of the pawl carrier and ter-
miinates at its upper end in a square-threaded segment
in threaded engagement with said threaded bore of said
adjustable head member; a plurarity of circumferentially
equally spaced angularly disposed arcuate raceways
formed in said lower portion of the pawl carrier; a plurality
of similarly spaced ball elements each surrounded by a
circular opening provided therefor in the piston side wall
and maintained in operative engagement with said race-
ways by the wall of the cylinder wherein the piston is
reciprocably disposed; and preloaded spring means for
stabilizing the ratchet member and pawl carrier in rela-
tive operated disposition.

12. In combination with the valve drive train of internal-
combustion engine having a push rod, a valve lifter
mechanism including: a camshaft reciprocated cup-shaped
piston; a cup-shaped ratchet member; a tubular pawl
carrier having a movable pawl element cooperatively dis-
posed relative to said ratchet member; a rotatable and
simultaneously movable internally threaded head mem-
ber operably engaging one end of the push rod of said
drive train; a torque sleeve having a splined connection
with said ratchet member, to provide relative axial move-
ment therebetween; a longitudinally split torque sleeve
spring in frictional engagement with the head member and
having at each end thereof a pair of diametrically op-
posad projections extending into complemental slots pro-
vided therefor in said torque sleeve; a stem member
projecting from the inside of the piston end wall with a
section of its opposite end externally threaded for recep-
tion of the threaded head member; an external annular
groove formed on the head member in longitudinally
spaced relation to an external annular flange formed there-
on, for the reception of a split retainer ring for maintain-
ing the torque sleeve and spring in assembled relation-
ship on the head member; means effective for maintaining
the piston, ratchet member and pawl carrier aforesaid in
cooperative disposition; and a plurality of ball elements
carried by the piston, each operably engaging complemen-
tal angularly disposed arcuate raceways, whereby os-
cillatory movement is imparted to the pawl carrier during
each reciprocatory stroke of said piston in response to
the rotation of said camshaft.

13. A valve actuating device for an internal-combustion
engine comprising relatively extensible members mechani-
cally connected for converting limited axial movement of
one member into predetermined rotary movement of the
other member, mechanism including a frictional element
operably associated with one of said members to unidirec-
tionally followup and maintain the extending movements
of said members in response to the axial-rotational move-
ments of said members aforesaid, and hydraulic pressure
means operably associated with one of said members
normally establishing a predetermined cold engine gap
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therebetween and operable to modulate said gap within the
limits of its predetermined status according to thermal
expansion and contraction of the engine and simultane-
ously prohibit the extending movements aforesaid with-
out interrupting operation of said mechanism relatively
to the extensible members.

14. A valve actuating device according to claim 13 plus
manually-adjustable means for establishing said predeter-
mined gap.

15. A valve actuating device according to claim 14 in
which the action of said hydraulic pressure means is
supplemented by a pre-energized spring.

16. A valve actuating device according to claim 14 in-
cluding in combination an engine valve and a valve-
actuating cam, said device being operaibly disposed be-
tween said valve and cam.

17. A valve actuating device according to claim 15
including in combination an engine valve and a valve-
actuating cam, said device being operably disposed be-
tween said valve and cam.

18. A valve actuating device according to claim 13 in
which the mechanical connection between the extensible
members comprise a plurality of circumferentially spaced
elements carried by one of said members engaging comple-
mentary angularly disposed raceways carried by the other
member.

19. The combination according to claim 12, including
oil passageway means incorporated in the valve drive
train and lifter mechanism for restrictively conducting
oil from the distribution pipe aforesaid of the engine pres-
sure lubricating system, to lubricate said drive train and
mechanism, and return oversupply thereto back to the
engine sump.

20. The combination according to claim 19, including a
fluid-pressure charged clearance mechanism operably in-
corporated in said passageway means, comprising: a pre-
determined contractible gap in said valve drive train;
manually settable means for establishing said gap; and
operative connections between said clearance mechanism
and lifter mechanism for enabling said gap to control ad-
justing operations by the latter responsive to the restric-
tive flow aforesaid of oil through said passageway means.

21. In valve operating mechanism for internal-combus-
tion engines, the combination with a valve and a valve-
actuating cam of a cam-operated valve actuating device
operably interposed between said cam and valve, com-
prising: a plurality of relatively movable members; means
interconnecting certain of said members for inducing in-
termittent relative separation only of a pair of said mem-
bers different from said certain members; friction clutch
means operably disposed between said pair of members
responsive to limited relative movement of said certain
members, and normally effective to separate said pair of
members to the extent of existent lost-motion between the
cam and said valve; a fluid-pressure charged device
operably disposed between the first-mentioned device and
said valve, and operable to normally provide a predeter-
mined cold-engine gap between said cam and valve, to
accommodate modulation of said gap automatically with-
in the limits thereof according to thermal changes in the
engine, and to simultaneously prohibit the operation of the
first-mentioned device to be effective to separate said pair
of members in excess of said lost-motion; means effective
to maintain cooperative relationship between all of said
members; manually settable means for establishing the
predetermined gap status in said fluid-pressure device; a
source of pressure-fluid production; fluid passageway
means for controlling fluid under pressure from said source
to charge the fluid-pressure device; and check-valve means
including a spring-loaded movable element for preventing
pressure conditions within said fluid-pressure device from
working against said source during valve opening cycles.

22. The invention as defined in claim 21 including
modulatory preloaded compression spring means for sup-
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plementing the action of said fluid-pressure device for the
purpose.

23. In valve operating mechanism for internal-
combustion engines, the combination with a valve and
a valve-actuating cam of a cam-operated valve actuating
device operably disposed between said cam and valve,
comprising: a plurality of relatively movable members;
means interconnecting certain of said members for in-
ducing intermittent relative separation only of a pair of
said members different from said certain members; fric-
tion clutch means operably disposed between said pair
of members responsive to limited relative movement of
said certain members, and normally effective to separate
said pair of members to the extent of existent lost-
motion between the cam and said valve; a spring-loaded
device operably disposed between the first-mentioned
device and said valve for prohibiting the operation of the
first-mentioned device to be effective to separate said
pair of members in excess of said lost-motion; a pre-
determined cold-engine operating gap defined by two
spaced elements operably associated with said spring-
loaded device, said gap being adapted to modulate auto-
matically within the limits thereof according to thermal
-changes in the engine; means effective for maintaining
co-operative relationship between said movable members;
and manually settable means for adjusting one of said

spaced elements to establish the predetermined gap status.
© 24.In compensating tappet mechanism for the valves of
an internal-combustion engine including a cam-actuated
tappet body having a longitudinal cylindrical bore closed
at one end and opened at the other: a pair of interfitting
cylindrical members rotatable relatively and in unison in
said bore with each member having an outturned annular
end flange in overlying relationship adjacent the open end
of said bore; means for operationally stabilizing said mem-
bers with respect to each other and said bore; one-way
rotational drive mechanism operably disposed between
said interfitting members; means for imparting oscillatory
movement to one of said members responsive to recip-
rocating movement of said tappet body; a threaded stem
centrally disposed within said bore and fixed at one end
to the end wall thereof; a cylindrical element having a
threaded longitudinal bore closed at one end, for engaging
the threaded portion of the stem aforesaid; a friction
clutch having a split radially contractible sleeve con-
nected to a carrier sleeve for unison movement therewith,
the carrier sleeve being slidably splined to the other
interfitting member with the split sleeve disposed in clamp-
ing engagement about the cylindrical element whereby
one-way rotation of the split sleeve is transmitted to the
cylindrical element for elevating the latter relatively to
said stem to eliminate backlash only from the valve drive
train; clearance mechanism having a predetermined cold-
engine operating gap and a co-operating hydraulic pres-
sure charged chamber supplemented by a preloaded com-
pression spring; a pair of elements operatively associated
with said last-mentioned mechanism and adapted to be
biased in opposite directions by said hydraulic and spring
forces into engagement with the cylindrical element and
engine valve respectively, when backlash is eliminated,
to establish said predetermined gap and accommodate two-
way adjustments in the valve drive train as defined by the
limits of said gap, to compensate for thermal changes only,
the biasing force on said pair of elements being of such
magnitude as to resist change within said gap by opera-
tion of the one-way rotational mechanism after backlash
has been eliminated thereby; and manually-adjustable
means operably associated with one of said pair of ele-
ments for establishing said cold-engine gap.

25. In compensating tappet mechanism for the valves
of an internal-combustion engine including a cam-actuated
tappet body having a longitudinal cylindrical bore closed
at one end and open at the other: a pair of interfitting
cylindrical members rotatable relatively and in unison in
said bore with each member having an outturned annular
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end flange in overlying relationship adjacent the open end
of said bore; means for operationally stabilizing said mem-
bers with respect to each other and said bore; one-way
rotational drive mechanism operably disposed between
said interfitting members; means for imparting oscillatory
movement to one of said members responsive to reciprocat-
ing movement of said tappet body; a threaded stem cen-
trally disposed within said bore and fixed at one end to
the end wall thereof; a cylindrical element having a
threaded longitudinal bore closed at one end, for engaging
the threaded portion of the stem aforesaid; a friction
clutch having a split radially contractible sleeve connected
to a carrier sleeve for unison movement therewith, the car-
rier sleeve being slidably splined to the other interfitting
member with the split sleeve disposed in clamping engage-
ment about the cylindrical element whereby one-way
rotation of the split sleeve is transmitted to the cylindrical
element for elevating the latter relatively to said stem to
eliminate backlash only from the valve drive train; clear-
ance mechanism having a predetermined cold-engine
operating gap and a co-operating hydraulic pressure
charged chamber; a pair of elements operatively asso-
ciated with said last-mentioned mechanism and adapted
to be biased in opposite directions by said hydraulic force
into engagement with the cylindrical element and engine
valve respectively, when backlash is eliminated, to estab-
lish said predetermined gap and accommodate two-way ad-
justments in the valve drive train as defined by the limits
of said gap, to compensate for thermal changes only, the
biasing force on said pair of elements being of such mag-
nitude as to resist change within said gap by operation of
the one-way rotational mechanism after backlash has
been eliminated thereby; and manually-adjustable means
operably associated with one of said pair of elements for
establishing said cold-engine gap.

26. In compensating tappet mechanism for the valves of
an internal-combustion engine including a cam-actuated
tappet body having a longitudinal cylindrical bore closed
at one end and open at the other: a pair of interfitting
cylindrical members rotatable relatively and together in
said bore with each member having an outturned annular
end flange in overlying relationship adjacent the open end
of said bore; means for operationally stabilizing said mem-
bers with respect to each other and said bore; one-way
rotational drive mechanism operably disposed between
said interfitting members; means for imparting oscillatory
movement to one of said members responsive to reciprocat-
ing movement of said tappet body; a threaded stem cen-
trally disposed within said bore and fixed at one end to
the end wall thereof; a cylindrical element having a
threaded longitudinal bore closed at one end, for engaging
the threaded portion of the stem aforesaid; a friction
clutch having a split sleeve radially contractible con-
nected to a carrier sleeve for unison movement therewith,
the carrier sleeve being slidably splined to the other inter-
fitting member with the split sleeve disposed in clamping
engagement about the cylindrical element whereby one-
way rotation of the split sleeve is transmitted to the cylin-
drical element for elevating the latter relatively to said
stem to eliminate backlash only from the valve drive
train; clearance mechanism having a predetermined cold-
engine operating gap and co-operating spring-pressure
loaded chamber; a pair of ¢lements operatively associated
with said last-mertioned mechanism and adapted to be
biased in opposite directions by said spring force into en-
gagement with the cylindrical element and engine valve
respectively, when backlash is eliminated, to establish said
predetermined gap and accommodate two-way adjust-
ments in the valve drive frain as defined by the limits of
said gap, to compensate for thermal changes only, the
biasing force on said pair of elements being of such
magnitude as to resist change within said gap by opera-
tion of the one-way rotational mechanism after backlash
has been eliminated thereby; and manually-adjustable
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means operably associated with one of said pair of ele- 1,663,345  LieVre -l Mar. 20, 1928
ments for establishing said cold-engine gap. 1,673,478 Addyman . _________ June 12, 1928
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