L TR

& —

e

June 14, 1960 G. T. RANDOL 2,940,433
HYDRAULIC VALVE TAPPET
Filed Dec. 1, 1958 2 Sheets-Sheet 1

My /-\ g
e i)
"'lun"’"'”\ », ""” "”
’ vlle,,". e ’ S
' \ !

MR
Y@
(e

ADADN ovWw
S
|
==

- 70
8 I $
57 -
57
52
“/
354;
27
s 56
80
\ ( : S
97 20
25
13 Z

noventor



June 14, 1960 G. T. RANDOL 2,940,433

HYDRAULIC VALVE TAPPET

Filed Dec. 1, 1958 2 Sheets-Sheet 2

Fig.5.
Fig.4.
e .
(3
21 T\ o sa £
T 67a _\\\ ] 662/
23277 . '
0 N | e I 961202
! 40
: Nz
/‘\ 0z 2a
101 A5

102 Jio.

0! i i4 dra
750 | 500
- 53a
— \aa
\ %

s
\34&

27a” 614 iy 2

- e — gra
g9/a \ » 2542

34

=X Trderlor



United States Patent O

2,940,433
Patented June 14, 1960

o
1CC

2,940,433
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15 Claims, (CL 123—90)

My invention relates to valve tappets or lifters adapted
to automatically maintain substantially zero clearance in
the valve drive train of an internal-combustion engine,
and more particularly, the invention is concerned with
improvements related to and associated with the valve
tappet construction disclosed in my U.S. Patent No.
2,695,013 issued November 23, 1954.

The improvements above referred to comprise: a check-
valve of novel construction in the shape of a holiow
frustum of a cone to provide added rigidity against dis-
tortion under the high pressures to which.it is subjected,
and therefore affords improved sealing characteristics
under all operating pressures; a non-metallic abutment
element carried atop the conical-shaped check-valve nor-
meally in circular alignment with a ring-type non-metallic
element embedded in a suitable recess which encircles a
passageway through the lower closed end of the plunger
reservoir, to silence the impact of the inertia hammer
or weight to move the check-valve to open said passage-
way to accommodate relative adjustment between the
principal body members of the tappet; and a central stem
on which the inertia weight slides is fixed on the plunger
cap separate from the check-valve enabling the inertia
weight to slide relatively to the stem into and out of
engagement with the upper face of the abutment atop the
check-valve under influence of a conically-shaped expan-
sion spring encircling said stem above the weight with
said spring reacting between said weight and portion of
said stem adjacent its attachment to said plunger cap.

In a modified construction, the ceniral stem is fixed at
one end to the check-valve and a portion of the other end
is slidably supported in a centrally disposed bore in the
plunger cap whereby the inertia weight is capable of
sliding relatively to and in unison with the stem and en-
gages the check-valve to move simultaneously therewith
to open it. Accordingly, the action of the aforesaid en-
circling conical spring is also modified so that it moves
with the stem and relatively thereto in response to like
movements of the inertia weight in controlling the check-
valve.

A more specific object of my invention is to provide
a commercial design of the structure shown in my patent
above referred to, so that the novel concepts disclosed
may be marketed as original equipment or through after-
market channels as a replacement product.

" Objects and advantages not specifically set forth herein-
before will be noted in the course of the detailed descrip-
tion of the invention to follow with reference to the ac-
companying two sheets of drawings, wherein the pre-
ferred embodiment and a slightly modified embodiment
are illustrated:

Figure 1 is a fragmentary longitudinal sectional view,
partly in elevation, of an internal-combustion engine and
its valve drive gear or linkage, the view demonstrating
the disposition of the present self-adjusting tappet
assembly between the engine camshaft and the lower end
of the push-rod included in said linkage; .

Figure 2 is an enlarged longitudinal sectlonal view

10

2

" through the tappet assembly of Figure 1, with the cam-

shaft disposed substantially 90° to the plane of this longi-
tudinal section;

Figure 3 is a view similar to Figure 2, exhibiting the
changed status of certain parts of the tappet assembly in
response to another position of the camshaft to effect
opening of the corresponding engine valve; and

Figures 4, 4A and 5 are longitudinal sectional views
of a modified embodiment of the invention showing op-
erational sequences similar to Figures 2 and 3, said Figure
4A being a fragmentary view of Figure 4 on an enlarged

- scale for clarity of detail.
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" end of the cylindrical wall of the pluriger.

. Referring now to the drawings, and particularly to
Figures 1, 2 and 3, my invention is shown incorporated
in a conventional internal-combustion engine designated
as a whole by the letter E which has a plurality of poppet-
type valves one of which is shown at 10. A valve drive
gear or train, indicated generally at-11, is provided for
each valve of the engine, and is conventional in all
respects except for the valve tappet mechanism of the
present invention, which is embodied therein. ~The valve
drive train 11 extends between the valve 10 and the cam-
shaft 13 of the engine. The valve 10 may be of any
known construction and that selected for illustration in-
cludes a stem portion 14, guided in a collar 15, and hav-
ing.normally preloaded spring means 16 associated there-
with normally tending to close the valve. A rocker arm
17 pivotally mounted intermediate its ends on a suitable
rock shaft 18 is adapted to bear at one end 19 thereof
against the free upper end of stem 14 when rotated in
a counterclockwise direction as viewed in Figure 1, to
open valve 10 against the force of spring means 16. The
other end 26 of the rocker arm 17 has a hemispherical
recess (not shown) in its under surface to accommodate
the outer complemental end of a push-rod 21, the other
end of which bears against a dished fitting disposed in
the upper hollow end of a valve tappet generally desig-
nated T constructed in accordance with the present in-
vention and which will now be described in detail.

The valve tappet T, which is of cylindrical construc-
tion, is illustrated as slidably mounted in a bore 23
radially disposed, in respect to the axis of the cam-
shaft 13 in the block of the engine E so that the inner
end of the tappet T bears on the surface of the cam 25
allotted thereto.

Referring now to Figure 2 for a more complete under-
standing of the structure and functioning of the valve
tappet T, it will be seen that each of these comprises:
a first principal element disclosed as an outer body or
shell 26 having a working fit in its bore 23 in the block
of the engine, and having a closed bottom end 27 en-
gaging the surface of the cam as seen in this figure.
A second principal element of the tappet is disclosed as
a telescopically-related plunger 28 of cup-like form, the
outer cylindrical surface thereof sliding with a substan-
tially oil-tight fit within a complemental longitudinal
counterbore 29 in the shell part 26. The plunger 28
is closed at the bottom by a wall 30 having a centrally
disposed downwardly projecting spout 31 provided with
a passageway or port 32 therethrough. A compartment
or high pressure chamber 34 is seen to be confined be-
tween the walls of a longitudinal bore 35 which termi-
nates the inner end of said counterbore and the inmer
end wall 3% of the plunger 28, which chamber when
appropriately filied with oil and closed by. a movable
member or check-valve designated CV over the port 32
functions as a solid medium to cause lift of the valve
train by the cam acting on the bottom wall of the shell
26. The upper-end of the plunger 28 supports with a
snap-fit a push-rod thimble or cup 37 fitting within its
bore and having a circular flange 38 overlying the upper
The dished
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upper surface of the cup ‘provides accommodation for

the rounded lower end 39 of the push-rod 21. - For func-
tional cooperat’ve relationship, the part engaging the rod
end 39 is a conical taper as shown at 40. This provides
fora. lme contact between the rounded end of ‘the .push-
rod and the upper face of the cup 37 which serves more
or less to seal against the outflow of oil m -an upward

- dlrectlon

L I

, 4 . - .
of the tappet T before mcorporatron in an engme, a smt-
able split snap ring. 66 fits into -an approprlate internal
groove 67 adjacent the open end of the bore in the tap-
pet shell 26 and serves to-prevent displacement of the
plunger 28 from the tappet body 26 by the spring. 63
before the tappet is installed.

A plurality of angular passageways 68 are provrded

through the tapered wall of the: plunger cup 37 to pre-

There is thus- prov1ded a-more or less orl-tlght reservoir - -

41 beneath the thimble 37 and above the ‘bottom wall 30
of -the plunger 28. - This is constantly- supplied with ‘an
excess quantity of oil from the pressure lubricating sys-
tem of the engine E, the pump of the system. provrdmg
oil through -a “suitable conduit to the ‘chiannel 42-in-the
wall "of the bore 23 in the engine block (see F}gures 1
and 2).
with-a cncumferentral groove 43 in the oufer: surface- of
the wall of -the ‘tappet: shell 26 which in turn connects to
an iniier circular chanmnel 44 via 2 radlal bore or port 45
The cylmdncal outer: surface of the' plunger 28 is cir-
cumferentlally grooved at 46 to provide a passageway for
oit which comirnunicates through a:bore. or port 47 with
the reservoir 41:in the plunger.

The prev1ously mentioned ‘movable check-valve CV
- serveés to close the port-32 and comprises:-a conical cylin-
drical hollow portion 50 closed at its upper end by a‘wall

" 51,°and open at its bottom end which terminates in a cir-

cular ‘cufturned valve face or flange 52 disposed -at-right
angles to the axis of the tappet body T. - The principal
conical portion of the check-valve is dlsposed within ‘port

32 in cifcular ahgnment therewith,’ “said “portion being of -

~ smaller méan " diameter than said “bore: accommodates
passage of oil. thérebetween when said ﬂanoe 52 is out
of engagement wrth its complemental seat 53, the latter

terminating the lower end of the aforesaid- spout 31 mte-_

gral with the plunger 28. The ‘checkivalve is -influenced
‘at’ all times by -the blasmg action of & hght ~normally
preloaded helical “spring 55 reacting beiween- the valve

flange 52 and “the bottom wall 56 of a sprmv cage 57, -

The ‘normal pretensioned’ status of the spring 55 is pref-

erably of such- magmtude as to emable the check-valve )

ﬂange to dlsengage from the seat 53 thereby opemng

generally desrgnated M operably assoc1ated thcrew1th
“which will be described fully in-the course of the descrip-
tion to follow, said ovemdmg action becormng effective
despite differential pressures acting-on opposite sides- of
the check-valve CV. to. hold it closed. The’ sald sprmg
cage is in the nature of an mverted cylmdrlcal cup_hav-
ing its' open upper end formed as"a: circular flarige 58
to-provide a base seafing at 59 against the flat bottom
of the tappet plunger 28 surrounding the: spout 31. The
inner diameter of ‘the upper .or flanged portion' of the

spring cage provides a free clearance for the flanged seat
" of the check-valve CV while the lower reduced diameter
'por’uon provides a seat to stabilize the valve sprrng 55
in centralized relation with respect to the check-valve:
Thus this cage serves as a valve retainer and: spring. abut-
ment:and is prowded with a large central aperture - 61 fo
accommodate the free flow of cil around the check-valve
and through the port ‘32 .in its movement between the
_reservoir 41 and the high- pressure chamber ‘34 dunng

relative ‘adjustment of the_two prmcrpal ‘body parts 26 )

28 of ‘the tappet T as will appear.

“The plunver 28 is constaitly biased :outwardly- w1th
..respect 'to -shell" 26 tending to enlarge the ‘chamber- 34, .

‘by-an expansron heLcal-type sprmg 63 the upper end of

10

15
"This channel is in ‘continnous communication -

vent. possible compression -effects: between -the push-rod
end 39 and confrontlng tapered surface of the cup, as a
consequence of -the recrprocable moverient -of “the- cup
from which a stem or rod 70%is-supported in the Teser-
voir 41 by. pressfitting its upper: end into.a central bore

71 through the : apex of the plunoer cup 37, the lower end -

of said stem being “slightly -spaced from the upper énd

of the check-valve CV to accommodate movement of the
la,.ter to open- and close the port 32. A circular collar
72 integral with the stem is spaced from the upper, end

" of said stem to limit the depth to ‘which the ‘stem 'is in-

20

25

30 ¢

35

serted in the-hore 741, and-the undersrde of said -collar
serves as an abutment for the upper end -of a conical
expansion spring 74 -which encircles sard stem. - The
fower larger end. of this spring reacts on- the upper- face
of -an inertia member or weight 75 ‘having a-central bore

76 for slidably receiving the end portion of -the rod 70
below- the-coliar ‘72 whereby said inertia weight is capa-
bie of sndlng Toosely on-said rod.. "A ‘plurality- ‘of lon-
gltudmal bores 77 are -provided through. the. inertia

weight in spaced parallel -relation to the -axis thereof to
litate movement- of said-weight through the -mass ‘of
oil “surrounding it. ‘The aforesaid parts compnse the
pr 1ously ‘mentioned inertia mechanism IM.

motion ceases Attached to the outer surfacé of the end

: wall 51, asby a specral type ‘rivet: 80 or otherwise, of

40

45

50
'chamfered as’ at 82, 83 respectively to facilitate its hlgh

55
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the check-valve CV''is a non-metallic ‘(hard: rubber or

the llke) disc” 81, ‘the upper surface of which is ‘noz-.

rnally in the' same plane: with the undersurface: of the
inertia sleeve and -washer 79 -when the - check-valve is
open as’ rllustrated n Figure 2. Accordmgly, ‘when the
inertia member moves downwardly to-open the check-
valve the impact is sdently ‘received first by the disc 81
and then by the washer ‘79 whereby- silerit operation-is
obtamed rather than a metallic “click™" as would" be the
a were the 1mpact of the mertla member metal-to-
metal
The upper.and lower. edges of the inertia weight are

speed" movement through the oll contained in the reser-
voir ‘41. Obvrously, the mertza welght may move rela-
t1vely to the rod 70 -from its own inertia and the rapid
upward movement of the valve tappet,’ causmg compres-
sion of the spring 74. When the forces are in “the oppo-

“site dlrectlon, the -weight™ 75 'is ‘moved downwardly to-
“ward the check-valve CV with increased speed over that

resu}tmg from inertia alone the addrtxonal energy bemg
SLpphed by the expandmg action ‘of the inertial spring
74.. When the weight 75 stnkes the upper face of the
disc 81 on the’ check-valve CV 1t dnves the latter away

‘which- bears-on ‘the shoulder 64 at- the 3uncture of the.

. two diaieters of the sprmQ cage,” and the Tower end of
- which preferably fits into 2" pocket or bore 65-in ‘the

“bottom - wall-27 of the ‘outer-body- part 26." T‘ms ‘bore -

and. the:smaller chameter portion of the sprmg cage 55
’ ‘serve to” centralize’ spring 63.

To prevent separatron of ‘the two body parts 26 28'

70

;the' hquld in chamber 34 prov151on is made o prevent

inoperativeness of-the tappet T by mcorporatmg comple-

- mental’ internal circular.: -shoulders. in" confronting :nor-

75

mally” spaced relation at.85;86: on the tappet: body-ele-
ments 26, 28 réspectively,: whereby ‘these-shoulders be-
come engaged: during - the-lift portron ‘of‘the- tappet cycle
to open the engme valve notmthstandmg the checL-valve

: 5upper end ‘of ‘the valve’ port: 32 terminates ina
" counterbore: 78 which' provides an .- shaped ‘wall ‘recess
Jin” whlch is-embedded 2 non-metallic washer 79 ‘against
,whlch the inertia- ‘weight' normally tests when tappet
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CV is open thus disabling the function of the chamber
34 as a solid medium. :

Operation of the valve rappet mechanism T of the
first _embodiment of the invention is as follows:
. With the engine valve 10 in closed position as shown
in Figures 1 and 2, the various elements of the mecha-
nism T assume relative positions as illustrated in these
figures. Here the spring 63 between the tappet body
26 and plunger 28 expands the tappet in length between
the push-rod 21 and the base circle 90 of the cam 25
on the camshaft 13 so that the lower bottom end 27
of the tappet body 26 bears thereon with substantially
the force exerted by spring 63. The entire assembly T
is charged with oil from the pressure lubricating system
of the engine, as previously explained, such that any air
initially trapped in chamber 34 is slowly vented through
Jeakage between the plunger and bore of the tappet body
and replaced by oil during operation. The strength of
spring 55 is preferably less than spring 74 plus the static
weight of the inertia element 75 which enables the check-
valve CV to assume an open position as best demonstrat-
ed in Figure 2 when tappet motion ceases. Thus, the
check-valve is held lightly away from its seat 53 by such
differential forces acting on opposite sides of the check-
valve, so that the volume of oil in the chamber 34 may
decrease or increase by flow-through the open port 32
connected to the reservoir 41. This change in volume
of oil in chamber 34 results from shortening or lengthen-
ing of the relative disposition of the tappet body and
plunger to compensate for backlash, if present, in the
valve drive gear, whereupon closure of the check-valve
by the inertial effect on the weight 75 in response to the
lift portion of the tappet cycle traps the adjusted volume
of oil in chamber 34 to act as a solid body on the valve
drive train to open the selected engine valve 10 as is
understood.
_ As cam 25 rotates in a clockwise direction as viewed
in the figures, the opening ramp 91 thereon which merges
with the base circle with the lift, operatively engages
the underface of the bottom wall 27 of the tappet body
26 and begins to lift the same either with a quick lift,
if the cam contour is designed for the conventional type
of hydraulic valve tappet, or with a slower more gentle
lift if the cam is especially designed for the tappet of the
present invention. Under these circumstances movement
of the tappet being resisted by the engine valve spring
means 16 through the push-rod 21, tends to apply pressure
on the solid mass of oil in the chamber 34 between the
‘tappet body 26 and plunger assembly 28 which imparts
a pressure or hydraulic impact to the underside of the
check-valve CV which is normally minutely spaced from
its seat 53 in open condition upon closure of the engine
valve, and forces the check-valve CV to tightly close,
best demonstrated in Figure 3, thereby imprisoning the
oil within the chamber 34 in a sufficiently solid acting
mass to cause the parts of the tappet T to move in unison
and thus lift the engine valve 16 from its seat as though
a solid tappet were in place. The engine valve train
clearance having been substantially zero at the position
indicated by Figure 2 because of the action of the ex-
panding spring 63 between the two tappet body elements,
the action in operating the valve drive train is that of a
mechanical lifter with substantially zero-lash present.

When the cam opening ramp first engages the under-
face of the tappet, all parts associated therewith are
given a rapid upward thrust including the inertial weight
75 to tightly seat the check-valve CV without flexing it
due to the frustoconical design thereof. Being unre-
strained in its movement except by the light conical spring
74, the inertial member 75 moves more rapidly than the
other parts of the tappet assembly under the initial im-
petus and thus compresses the spring 74 so that the
inertial member moves, for example, up to the position
jllustrated in Figure 3 wherein its. lower face is seen to
be spaced well away from the upper closed end 51 of the
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check-valve CV. This condition obtains at feast until
the cam 25 reaches its position of maximum lift as illus-
trated in Figure 3 and during this movement the inertial
member is compressing the spring 74 and the spring 55
is assisting the pressurized fluid in chamber 34 to hold
the check-valve tightly sealed on its seat 53 against any
tendency, such as might come from vibration or the like,
to unseat it, thus insuring operation for this part of the
tappet cycle with substantially zero backlash and absolute-
ly quite operation of the engine valve train.

As the cam 25 progresses from maximum lift point
92 demonstrated in Figure 3 to the released or engine
valve closing ramp 93 position, the tappet T is lowered
and with it the engine valve 10 is closed by action of
spring means 16 best demonstrated in Figure 2. Under
these circumstances the downward movement of the tap-
pet leaves the inertia hammer 75 in the Figure 3 posi-
tion momentarily thus imparting lift to the inertia mem-
ber until the tappet body 26 rides off of ramp 93 onto the
base circle 98. Here, conditions reverse themselves, the
downward movement of the tappet T ceases, the inertia
of the member 75 no longer is sufficient to overcome
the expanding action of the spring 74 and the weight of
the member, both under influence of gravity and the
pressure of spring 74, moves the inertia member 75
rapidly downwardly into impact with the closed end 51
of the check-valve CV and thus drives it from its seat
as shown in Figure 2, despite the still considerable pres-
sure which may be behind it, thereby establishing fluid
communication between the chamber 34 and oil reservoir
41 whereby an appropriate movement of oil in the re-
quired direction take place. The springs 55, 74 are so
weighted that at periods of tappet rest the latter spring
plus the weight of the inertia hammer 75 substantially
counterbalance the former whereby the check-valve CV
is delicately held open. It is thus seen that rating the
spring 55 ‘o overcome the static weight of the inertia
hammer 75 and reaction from the spring 74 that the
check-valve CV may be caused to assume a lightly
closed condition with the tappet T at rest, or by rating
the spring 74 plus the weight of the inertia hammer 75
to overcome spring 55, the check-valve may be established
in a full open poistion of Figure 2. Accordingly by vary-
ing the weight of the inertia hammer 75 and the weight
of springs 55, 74 different adjusted -positions of the check-
valve CV with respect to its seat 53 may be had accord-
ing to the timing and sensitivity of operation desired as
may be dictated by the particular engine in which my
invention is to be incorporated.

It is important to observe here that the variations dis-
cussed in the paragraph next above regarding the strength
of spring 55 produce corresponding changes in the axial
position of the inertia mechanism IM following impact
to open the check-valve CV, while the tappet T is riding
the base circle 90 of the engine-driven cam 25. For ex-
ample, if the predetermined status of this spring is less
than the combined static weight of the inertia hammer
75 and expanding action of the spring 74, then the check-
valve after being opened to the position of Figure 2
by the downward throw of the hammer 75 accelerated
by the spring 74, would remain in this position while the
tappet T ds at rest riding the base circle of the engine-
driven cam 25, but were the pretensioned strength in-
creased sufficiently to support the static weight of said
hammer and expanding action of the spring 74, then the
check-valve CV would recover from the position of
Figure 2 induced by the impact of the hammer 75, to a
position closer to the seat 53 or lightly engaged there-
with in readiness for another lifting action by the cam
25 to open the selected engine valve 10. ‘Thus, the sensi-
tivity and timing of operation of the check-valve may be
varied from wide open to closed positions by varying the
relative pretensioned strengths of springs 55, 74 in rela-
tion to the weight of the inertia hammer 75, during the
base circle cam contact with the tappet body 26. In this
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manner, a greater .or less poruon .of ‘the initial portlon
- 1 am ramp 93.is employed to initiate the

i;ft portlon of the._ tappet- cycle .and’ ‘therefore;. the closer
the Icheck—valveﬂange 52 is to.its seat 53 the less leakby
: uguI ation.. of . the ,;openmg phase of the

b xlash_mto the valve dnve gear. .

If there has been over. compensanon o reduce the. clear-
ance to less than:zero (excess pressure on. the base c1rcle
‘of the cam 25) then .a certain.amount. of oil: may trans-

0 18.e1iecl
fer.back to_the reservoir 41, or if as a-result of tempera- -

ture_changes .or -wear in the valve. drive train, there has
been an accumulated. backlash,. this is. immediately taken
;'up under -action .of the. spring -63. forcing the tappet . T
10. elongate and-again reduce.the clearance to substantial-
" ly.zero. The slightly" tendency of the check-valve CV
10 open under-influence of its own-inertia is very material-
Iy augmented by ihe; acnon of the hammer blow of the
inertia member 75 moving. under the impetus of its spring
and thus complete opening of the check-valve is assured
under all cucumstances so that full compensatxon may be

The check—valve CV is held open under -the condx-
tions shown in Figure 2 during a substantial degree of the
.arc during which the tappet body 26 is riding on the base
. circle 90, but the momentum-exerted onthe hammer 75
is Jost: prior to-approaching the opening ramp. 91 so that
-the ~check-valve -CV..is -substantially - unloaded in" read-
iness -for-the spring 55 and. ensuing -hydraulic- impecu

when the tappet 1ifts -on- thls ramp to open the. engme :
valve 10

€l bodxment (F1gures 1—3) of my mvennon produces
maximum efficiency of the hydrauhc valve tappet T under
-all cucumstances -and that substantxally zero—lash 18
il}at the_ engme Valve is ‘open,mg ‘_and closlng “After the
engine valve 10 closing and when the tappet check-valve

C¥-is open as shows in Figure 2 there is some slight relief

of pressure-on the. heel or base -circle 9¢ of the cam 25
so that minimum wear results-on the:contacting parts.
'With the- tappet. check-valve CV opening and- closing
-once per-cycle. of the -tappet, careful- modulation and-ad-
justment -of the whole yalve train is achieved -that many
times, se that the backlash or clearance in the whole train

* 45 maintained. as-near zero as”feasible and -desirable, all -

:with the addition- of only a few simple and low-priced
‘parts -to what has been: considered as.the. normal or com-
- ‘mercial type of hydraulic valve tappet.

Modified. inertial mechanism and operation

Fhis -second--embodiment of -my invention .is illus-
trated- in Figures 4, 4A and 5, and in which correspond-
:ing parts.are designated by like reference numerals dis-
tinguished, -however, by- the addition of the letter a to
--each.

This modification differs essentially from the first dis-
closure-in the interaction of the rod 70, the check-valve
CV :and the .ineriial hammer 75 including the latter’s
-spring-74.

“The:upper-end of the rod 70a-is shdably disposed -in -

-the ‘bore 71a, and spaced from the apex of the plunger
~cup:37aiis} preferably an- abutment ring 181 carried on the
xed. “The lower: end of the rod 784 -is provided. with:a

reduced diameter - portion 102 to:produce- a-shoulder at

103 for-the- ring -101 o -bear agamst This-reduced
_ -portion pro;ec:s through a-hele-in the non-metallic -disc
“81a-and-the- -upper end’ wall 51a of ‘the-checksvalve GV

L 10 ngxdly secure these parts together as by peemnv over

Opefably dlsposed between the upper face of the inertial
: ,;ght 75a and ‘the abutment ring 161 is the comcal ex-

8 .
- pansion spring 74a.to add accelerating movement to-the
downward throw of the inertia hammer:75¢..
In operation, inertial effect on the hammer 75a is
supplemented by the inertial eﬂect on. em 70a car-
5 ried by the check—valve CV'to close sa1d valve, and- the
. spring 74a not only moves with’ the rod 0c. byt is-com-
- pressed: relatlvely thereto .by . the mert1a1 _action-on_the
‘hammer 75q during’its upward throw. - Accordingly, the
ard throw or ‘movement of the inertial hammer 73a
: pring 744 to supplement the action
teck-valve spring-55a to close the valye as.shown
in Flgure'_ 5,.such closure of. the chec& valve -CV -is
_alded by the inertial effect on the rod-70a. . .
‘The downward:throw of the. inertial’ welght 754 is.given
15 added acceleration by the compressed spring 744 to drive
the valve flange 524 from its complemental seat 53a.to
open the check-valve CV at the end of the closing partion
‘of the tappet. cycle as shown in Flgure 4 to,enable the vol-

all back]ash from the valve dnve gear as 1s undersiood
It 1s thus seen ‘that in the present modlﬁcatlon of my

whlle 1n the ﬁrst dlsclosure shown m Flgures 1—3 m—
25 clusive, the stem 78a is separate from the. check-valve CV
and attached only to the plunger cup 37a for movement
therew1th Alco it should be observed that. the mertlal

said. ,e
Th1s mod1ﬁcat1on is operatxonally smular to .the first
embodiment in respect to the timing and sensmvxty of
85 operation of the check-valve CV. which may :be varied

by changing the relative weights of the-springs. 55q, 74
and -the weight of the inertial hammer 75a. For. ex-
ample, Figure 4 demonsirates the static- welghts of the
stem 7la, -inertial hammer 75a and .spring 74a to be

40 oreater than the expansive force of the check-valve spring

55q with the tappet. substantiallyat rest thus estabhshmg
the check-valve in full open position, but if the force of
lthe spring 55a were increased suﬁimently to support- the
static weights of the above.three parts, then upon 1mpact
45 of the inertial hammer 75a with fhe check-valve.disc.81a
-and then the embedded abutment wagher ‘79q, the action
of spring:55a as the tappet rides the base circle 904 of
the cam 25a-would be. fo recover ‘the inertia mechamsm
IM until the valve flange 52a lightly engages its com-
50 plemental seat 53a in_readiness for the hydraulic. impact
to tightly close the check-valve and thus convert the tap-
pet T into a-solid body to ‘open-the selected engine valve
10. Accordmgly, this modification, with the tappet riding
the base cu‘cle 90a would establish the jnertial hammer
55 750 in engagement Wlth the -abutment- washer -79a. and
the check-valve .fully open as _demonstrated by~ Flgure 4,
or under the circumstances of the check-valve spring 552

being wexghted to support the static weight of the inertia -

mechanism IM, the latter would recover the. position of

60 its hammer 75a bemg spaced above the abutment washer
" 79¢ and the check-valve lightly seated in. closed  posi-
tion, such spacing of the hammer being determined . by
the -movement of the check—valve from wide- open. posi-

: ,t1on to fully closed posmon in response to. the downward

1o a-1 1ntermed1ate posmon wherem the check-vals?e en-
- Thus: by rating the: spring: 55a suffi-
able of restonng_thk,,._:h_k -

’90a of the cam 25a and prior to’ mauguranon of th
pOI‘tIOn of the tappet cycle. i
(I ~will -be_noted that.the two, principal: eletneets of

"N st
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the tappet T operate to eliminaté any backlash in the
valve drive tram, and both function during the time that
the tappet is riding the base circle of the engine-driven
cam. The first of these is the expansion spring 63 tend-
ing to separate these two elements or actually elongate

the tappet, and the second is the pressure on the oil.

from the engine lubricating system endeavoring to enter
the chamber 34 after the check-valve CV is driven from
its seat 53 by the impact of the inertial weight 75.

The present invention is particularly adapted as a re-
placement item for all valve tappet mechanisms whether
mechanical or hydraulic. While it is preferred that the
cam design be conventional, as shown on the drawing,
it is clear that the present invention will operate effi-
ciently with the particular cam design presently used for
commercial hydraunlic valve tappets where the opening
ramp- imparts a rapid rise to the tappet in order to pro-
vide the hydraulic impact on the check-valve CV to
insure closure thereof substantially at the instant of
initial tappet lift to prevent reintroduction of backlash
in the valve drive gear during the opening cycle of the
tappet T,

In 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 example, the expressions “member,”
“body,” “plunger,” “shell” are intended to include any
liquid filled casing and/or chamber having a pressure-
responsive movable assembly therein, whether such as-
sembly includes spring action, or some other force serv-
ing the same purpose. The terms “top,” “bottom,” “up-
ward,” “downward” and other directional words or char-
acters are intended to have only relative connotation for
convenience in describing the structure as illustrated, and
are not intended to be interpreted as establishing any
definite position of the tappet T or requiring any particu-
lar orientation with respect to associated structure ex-
ternal to the present disclosure.

It will be apparent that various changes, modifications
rearrangements and substitutions may be made in the
particular apparatus illustrated and described herein with-
out departing from the scope or fair meaning of the sub-
joined claims.

Having thus described my invention, I claim:

1. A hydraulic valve tappet having a pair of relatively
movable telescopically-related body members defining a
liquid chamber therebetween, a source of liquid, a nor-
mally preloaded compression spring for biasing said body
members apart and accommodating their movement rel-
atively toward each other, a valve port in one of said
body members normally open to establish' liquid com-
munication between said source and said chamber, the
improvement which comprises: a movable check-valve
having a hollow conical wall portion terminating at one
end in an outturned annular flanged face and the op-

posite end being closed by an end wall; a valve seat en-

circling said valve port for engagement by said flanged
face to close said valve port in response to pressure
buildup in said chamber; a normally preloaded compres-
sion spring for biasing said check-valve face toward
seated relation with respect to said valve seat to close said
valve port in cooperation with said pressure buildup; a
depending stem rigid with said ported body member and
disposed coaxially with respect to said body members;
and inertia means including a movable element having
spring action in one direction slidably disposed on said
stem and effective on the closed end of said check-valve
to open the same by displacing its flanged face out of
‘engagement with said valve seat during the relaxed por-
tion of the tappet cycle whereby relative adjustment be-
tween said body members is accommodated.

2. A hydraulic valve tappet according to claim 1 plus
means for limiting displacement of the two body mem-
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bers under influenée of the first-mentioned spring pnor o
installation in operating disposition.

3. A hydraulic valve tappef according to claim 1 in
which the said stem is rigidly attached to said check-
valve for movement therewith and is slidable in a hole
centrally disposed in the ported body member.

4. A hydraulic valve tappet having a pair of relatively
movable telescopically-related body members defining
a liquid chamber therebetween, a source of liquid, a
normally preloaded compression spring for biasing said
body members apart and accommodating their move-
ment relatively toward each other, a valve port in one
of said body members normally open to establish liquid
communication between said source of liquid and said
chamber, the improvement which comprises: a movable
check-valve having a hollow conical wall portion dis-
posed in said valve port and terminating at its lower end
in an outturned annular flanged face and the upper end
being closed by an end wall; a valve seat encircling said
valve port for engagement by said flanged face to close
said valve port in response to pressure buildup in said
chamber; a normally preloaded compression spring for
biasing said check-valve face toward seated relation with
respect to said valve seat to close said valve port in
cooperatlon with said pressure buildup; inertia means
comprising a weight slidably longitudinally of the tappet
relatively to the ported body member; and an elongated
depending cylindrical rod rigid with one of the body
members for slidably guiding the weight to strike the
closed end of the check-valve to -open the same against
its biasing spring when tappet motion stops during the
closing portion of the tappet cycle.

5. A hydraulic valve tappet according to claim 4 in-
cluding spring means positioned in encircling relation
with respect to said guiding stem above said weight to
be compressed by said weight during upward movement
of the tappet cycle.

6. A hydraulic valve tappet according to claim 5 in
which said spring means is operably disposed between

-an abutment rigid with the ported body member and the

said weight.

7. A hydraulic valve tappet according to claim 6 plus
a non-metallic washer embedded in a counterbore ter-
minating the upper end of said valve port for silencing
the impact of the downward movement of the weight in
opening the check-valve,

8. A hydraulic valve tappet according to claim 7 plus
a circular non-metallic disc carried on the outer surface
of the end wall of the check-valve, the upper face of
said disc being in circular alignment with the upper face
of said embedded washer aforesaid when the weight is
at the limit of its downward throw to place the check-
valve in open disposition.

9. A hydraulic valve tappet according to claim 8 in
which said spring means comprise a conical spiral sprmg
encircling -said guiding stem on which the welght is
slidable.

10. A hydraulic valve tappet including a cup-like outer
body member for cam-actuated reciprocation in an
engine block, a cup-like inner plunger member recip-
rocably disposed in said body portion to define a liquid
chamber therebetween, a normally preloaded expansion
spring operably disposed in said chamber tending to en-
large it, a push-rod cup carried atop of said plunger to
provide a liquid reservoir therein connectible to a source
of liquid, a port in the bottom of said plunger normally
open to connect the chamber and reservoir, the improve-
ment which comprises: a check-valve of hollow frusto-
conical configuration having an upper closed end and a
lower open flanged end located in said port for cooperat-
ing with the latter to close it; a spring cage carried on
the underneath side of the bottom of said plunger; a nor-
mally preloaded expansion spring operably disposed in
said cage for biasing said check-valve to close said port;
and an inertia weight effective to bear on the upper closed
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end of saxd check-valve urging it toward open condmon
with “respect-to said port;” and ‘means in’ sald T

_guiding said weight for’ rec1procatxon on the axis'of move- .

ment “of the tappet

il Inma hydrauhc compensatmg valve tappet for. in-
“ternal-combustion engines including a cam-actuated tappet
body having a longitudinal cylmdncal bore closed at one
end and open at the other, -a hollow pluuger assembly
recxprocable in :said bore and providing a hquld Teseryoir,
a source of liquid, sprmg means including a normally

‘tappet . body -and plungel assembly relatxvely to ‘each
other, a liquid chamber provzded between ‘the closed end

assembly, said port termmatmg in"a valve seat and B

‘adapted when open to mterconnect said hqmd reservoir

“and chamber the ‘improvement which comprlses an-in-
. wardly opening check-valve of ‘hollow fmsto—comcal con-

figuration ‘having an upper closed” end ‘and a2 lower ‘ter-

mmatmg ﬂange engageable w1th said valve seat to close

‘said valve port; sprmg means mcludmg a normalily pre-
‘loaded - expansmn spring for- biasing said chieck-valve
“flange into_engagement with said valve seat to close said
“valve'port; and inertia means operably associated  with
‘said’ check-valve for supplementm° the b1asmg action
-of-'said last‘named spring means to maintain- :said valve
port closed during- the 'lift portlon of the. tappet cycle
in: response to- tappet body-movement to open a selected
‘engine valve.

H2.:A hydrauhe valve tappet accordmg to claim 11

10
. preloaded compression spnng for ax1ally ‘elongating said

20

3

==

the check-valve in an oper

12

'm Wthh the merna means mclude a movable ‘element
i -sor

the\ Lift portxon’of the tappet cycle for acceleratmg the

fdownward movement of~ said movable . element . mto

impact -‘with the closed end of said check—valve to ‘open
the valve port substannally at the arrested pomt of tappet
motion.

-13.-A -hydraulic -valve .tappet according to claim ‘12
in which the inertia means® “include” means for” s1lencmg
and-limiting the eﬂecnveness of ‘the movable element on
ing direction. -

i4. A hydraulic valve tappet accordmg to claim 12
in whxeh Lhe second—named sppno means are’ i

mally close - the sald valve gort' when* the tappet ‘body
is af rest.

15.°A ‘hydrauiic valve tappet accordmg to cla1m 12
in wluch the second-named: spring means -are mcapable
of overcoming the third-named spring means. and static
weight -of said movable element whereby said check-
valve normally opens the valve port when ‘the tappet
body is at rest .
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