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WAVE MECHANISM 

Helmuth A. Meinecke, Grosse Pointe, Mich. 
Application March 2, 1945, Serial No. 580,643 

(C. 23-90) 18 Claims. 
1. 

This invention relates to wave mechanism for 
internal combustion engines and more particu 
larly to hydraulic tappet mechanism for operat 
ing the exhaust and intake valves of Such en 
gines, an important object of the invention being 
to provide an improved hydraulic tappet of the 
self-adjusting or compensating type constructed 
and operable in improved manner to automati 
cally vary the performance characteristics of the 
engine. 

Heretofore, hydraulic tappets in commercial 
use have been employed in the operation of ex 
haust, and intake valves for the purpose of elimi 
nating tappet adjustment as well as providing 
automatic compensation or take-up for play or 
looseness between the tappet body and camshaft 
Consequent to clearance necessary for valve stem 
expansion, which in the case . Of conventional 
mechanical tappets frequently results in noisy 
operation of the valves. A conventional come 
pensating tappet of the hydraulic type usually 
comprises a tubular tappet body having in the 
upper end thereof a plunger contacting the valve 
stem with the space in the tappet body below 
the plunger divided into two hydraulic chambers, 
the lower of which acting at all times as the 
reservoir for the other. A one way check valve is 
generally interposed between the chambers to 
prevent the oil or hydraulic medium from re 
turning to the reservoir chamber, the construc 
tion being Such that oil is trapped in the upper 
chamber during Operation and provides an in 
compressible hydraulic column through which 
the thrust of the cam is positively transmitted 
to the valve without any appreciable lost motion, 
thus ensuring a constant and predetermined tim 
ing of the valve and a fixed opening and closing 
Operation thereof. 
One of the aims of the present invention is to 

provide a hydraulic tappet mechanism which will 
not only possess any or all of the advantages of 
the conventional self-adjusting or compensating 
tappet but additional important advantages in. 
the improvement of the performance of the en 
gine and in permitting efficient operation over a 
Wider power and Speed range. It is Well known 
that an engine designed with high speed timing 
and large valve areas to given an early opening 
and late closing of the valve, as well as a rela 
tively wide or large opening thereof, will produce 
up to at least one third more maximum power, 
but an engine so timed will either not run or will 
operate very inefficiently at low speeds. Con 
versely, an engine designed with low speed tim 
ing and Small Valve areas will operate advan 
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2 
tageously at low speeds but will not give efficient 
performance at high speeds. In view of these 
limitations it is customary to provide valve sizes 
and timing which are a compromise between the 
tWO extremes, yet whether such engines are 
equipped with ordinary mechanical tappets or 
Conventional hydraulic compensating tappets the 
Operation and performance characteristics are 
not satisfactory at the low and high speed limits 
of the particular engine, and furthermore the 
maximum power available in the engine is not 
utilized. 

It is an object of the invention to overcome 
these disadvantages and to provide an engine 
having an improved hydraulic mechanism opera 
ble to vary the size of valve opening and the tim 
ing thereof in accordance with the engine speed 
So as to enable the engine to perform efficiently 
throughout the range from low to high speed 
While at the same time increasing the power out 
put thereof. 
A further object of the invention is to provide 

an engine in which the effective maximum open 
ing of the valve, the timing thereof and the cam 
design are Such as are suitable for high speed 
Operation and maximum power output, these 
characteristics being obtained at high speed 
operation by transmitting the cam thrust to the 
valve without appreciable lost motion. However, 
the construction is such that as the speed is re 
duced a progressively increasing lost motion or 
telescoping action is introduced in the tappet 
mechanism between the cam and the valve alter 
ing the Valve timing and reducing the lift or ef 
fective opening of the valve so as to maintain 
efficient operation. The compensating action is 
progressive between maximum high and low 
Speeds and at the latter limit the lost motion or 
telescoping action of the tappet mechanism is 
greatest, thus affording the proper timing and 
valve opening needed to enable the engine to per 
form properly at the low speed limit. 
A further object of the invention is to provide 

a Self-adjusting or compensating hydraulic tap 
pet mechanism wherein means is provided for 
maintaining and ensuring efficient and uniform 
operation irrespective of changes in viscosity of 
the oil or other lubricating medium occasioned 
by variations in the temperature thereof. 

Still another object of the invention is to pro 
vide a hydraulic tappet device having a chamber 
interposed between telescoping parts of the tap 
pet through which oil is circulated during opera 
tion, means being provided for controlling the 
oil circulation in accordance with the operating 
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speed of the engine to vary the telescoping ac 
tion of the tappet parts, and means in addition 
being provided for progressively varying the ef 
fective circulatory passage for the oil so as to 
compensate for variations in the viscosity of the 
oil due to changing oil temperatures. 
Other objects of this invention will appear in 

the following description and appended claims, 
reference being had to the accompanying draw 
ings forming a part of this specification wherein 
like reference characters designate correspond 
ing parts in the Several views. 

Fig. 1 is a fragmentary side elevation illustrat 
ing a portion of an internal combustion engine 
embodying the present invention. 

Fig. 2 is an enlarged section taken substantially 
through lines 2-2 of Fig, 1 looking in the direc 
tion of the arrowS. 

Fig. 3 is a vertical section taken substantially 
through lines 3-3 of Fig. 1 looking in the direc 
tion of the arroWS. 

Fig. 4 is an enlarged fragmentary sectional 
view, in part similar to Fig. 2, illustrating an ad 
justed position of the thermally responsive con 
trol valve. 

Fig. 5 is a view somewhat similar to Fig. 4 illus 
trating a modification of the thermally responsive 
control valve. 

Fig. 6 is a graph illustrating typical examples 
of valve opening for one cycle of engine Opera 
tion utilizing high speed and average Speed timing 
obtainable by virtue of the present invention. 

Figs. 7, 8 and 9 illustrate diagrammatically the 
time of opening and closing of the intake and 
exhaust ports during one cycle of engine operation 
in which low speed, high speed and average speed 
time, shown respectively in these views, are ob 
tained by virtue of this invention. 

Fig. 10 is a fragmentary Sectional view, in part 
similar to Fig. 2, illustrating a further embodi 
ment of the invention. 

Fig. 11 is a view in part similar to Fig. 2 illus 
trating another embodiment of the invention. 

Fig. 12 is a view Similar to Fig. 11 illustrating 
a further embodiment. 

Before explaining in detail the present inven 
tion it is to be understood that the invention is 
not limited in its application to the details of 
construction and arrangement of parts illustrat 
ed in the accompanying drawings, since the in 
vention is capable of other embodiments and of 
being practiced or carried out in various ways. 
Also it is to be understood that the phraseology 
or terminology employed herein is for the pur 
pose of description and not of limitation. 
In the drawings Several embodiments of the 

invention are illustrated as applied to an in 
ternal combustion engine of the multi-cylinder 
type comprising a cylinder block 20 bored at 
spaced intervals to receive a number of valve 
stem sleeves or bushings 2. The exhaust and in 
take valves 22 of the engine are of the poppet or 
mushroom type having depending valve stems 23 
Slidable in the guides 2. Surrounding the lower 
portions of the valve stems are compression 
Springs 24 held in place at their lower ends by 
Spring retainers 25, these springs normally urging 
the valves against their seats in accordance with 
conventional practice. 

Referring to the embodiment of the invention 
illustrated in Figs. 1 to 4 inclusive, the lower por 
tion 20a of the cylinder block below the valve 
Springs is formed with a number of vertically ex 
tending bores in line with the valve stems and 
adapted to slidingly receive a like number of tubu 
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4 
lar tappet bodies 26 each terminating in a flat 
head 26a engageable by a cam lobe 27 Secured to 
the camshaft 28 of the engine. Inasmuch as each 
of the valves 22 is controlled and operated in the 
same manner in accordance with the present in 
vention, a description of the mechanism for ac 
complishing this purpose applicable to one valve 
Will Suffice. 
The tappet body 26 is formed with a cylindrical 

chamber 29 and within the upper end of this 
chamber is fitted the cylindrical head 30a of a 
plunger 30 engageable With the lower end of the 
valve stem 23. The head 30a of the plunger has 
a close sliding fit within the chamber 29 such as 
to prevent any appreciable leakage of oil past the 
plunger during operation of the tappet body. The 
plunger 30 has a depending stem 3 fixed thereto 
and extending centrally through the chamber 29 
and terminating at its lower end at a point spaced 
from the bottom of the chamber. Surrounding 
the stem 3 is a relatively light compression Spring 
32 held in position between the plunger and the 
bottom of the chamber 29. 
The tappet body 26 is machined to provide a 

lower annular groove 33 communicating with the 
chamber 29 through the medium of a number of 
ports or holes 34. In constant communication 
with the oil groove 33 is an inlet oil duct 35 formed 
in the boss 20a of the cylinder block, this oil duct 
leading from a main oil inlet conduit 37 extend 
ing longitudinally in the cylinder block and con 
nected to a Source of lubricating oil such as the 
oil Stimp forming part of the lubrication system 
of the engine. There is preferably mounted with 
in the oil passage 37 or 35 a conventional spring 
preSSed one-way check valve, similar for exam 
ple, to the construction of Fig. 10 or Figs. 11 and 
12, which normally is held open by the oil pres 
Sure to allow oil to flow through the passages into 
the groove 33 and thence through ports 34 into 
the interior of the tappet body. This check valve 
will close when the cam raises the tappet body 
thus tending to force oil out of the chamber 29 
through paSSage 35. The check valve will also 

, close when the flow of oil ceases, such as when 
the engine is not running, in order to prevent oil 
draining out of the tappet body. The conduit 37 
is in communication with a number of oil ducts 
35 which Supply oil under pressure to the vari 
ous tappet bodies 26 of the engine. 
The tappet body 26 is machined to provide an 

upper annular oil groove 38 similar to the groove 
33 and spaced a suitable distance thereabove. 
The groove 38 communicates with the chamber 
29 in the tappet body through the medium of a 
number of portS or holes 39 and is also in constant 
communication with an outlet oil duct 40 formed 
in the portion 20a of the cylinder block. The oil 
duct 40 is formed intermediate its ends with an en 
larged cylindrical recess within which is mounted 
a rotatable valve 4 having a passage 4 a there 
through connecting the ends of the oil duct 40 
and through which oil may flow into a sump or 
trough 42. Excess oil overflowing from this 
trough will Spill through the opening 43 and re 
turn to the Crankcase of the engine. 
The cylindrical valve 4 extends longitudinall 

through the portion 20d of the cylinder block and 
is provided with a duct or passage 4 a for each 
of the tappet bodies of the engine. Secured to 
one end of the valve 4, as shown in Figs. 1 and 
3, is a crank arm 44 pivotally connected at its 
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Outer end at 45 to the upper end of a plunger 46 
attached to a Sylphon type thermostat 47 
Secured within a chamber 48 into which oil over 
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flows from trough 42. A drain hole 49 is provided 
in the bottom of chamber 48. 
By virtue of this construction it will be seen 

that the thermostat 47, which may be of any 
conventional type, is responsive to the tempera 
ture of the lubricating oil in the engine crank 
case. Hence, expansion and contraction of the 
thermostat, consequent to variations in the oil 
temperature, will shift the plunger 46 vertically, 
thus turning the crank arm 44 and partially 
rotating the valve 4, such as from the position 
shown in Fig. 2 to that shown in Fig. 4, or 
vice versa. Thus, it will be seen that rota 
tion of the valve 4f out of its fully open posi 
tion shown in Fig. 2 will progressively restrict 
the passage of oil through the duct 40 from 
the chamber 29 into the sump or trough 42 
The construction is such that the valve 4 will 
be in its fully open position, shown in Fig. 2, 
when the lubricating oil in the engine lubrication 
system is at its lowest operating temperature, such 
as at the time of starting the engine, and when 
the viscosity of the oil is greatest. Since the 
thermostat 47 is exposed to the oil within the 
chamber 48, the temperature of which corre 
sponds substantially to the temperature of the 
oil in the lubricating system, the thermostat will 
expand progressively as the temperature of the 
oil rises and the viscosity thereof decreases. As 
a consequence, the valve 4 will progressively move 
toward closed position in proportion to the ten 
perature of the oil and the decrease in viscosity 
thereof. The construction, however, is such that 
the valve at no time will fully close off the duct 
40 connecting the chamber 29 in the tappet body 
with the sump or trough 42. By this construc 
tion resulting in varying the oil outlet passage 40 
in accordance with the viscosity of the oil, it will 
be seen that the operating characteristics of the 
tappet mechanism will remain constant and the 
same operating characteristics will be maintained 
regardless of the temperature of the oil. 
The embodiment illustrated in Fig. 5 is in all 

respects substantially the same as the embodi 
ment illustrated in Figs. 1 to 4 inclusive and above 
described with the exception that a different 
thermally responsive means is provided for con 
trolling the effective outlet passage of oil from 
the tappet body in accordance with the ten 
perature and viscosity of the oil. In Fig. 5 the 
upper annular groove 38 in the tappet body is in 
constant communication. With an angularly ex 
tending passage 50 in the portion 20a of the 
cylinder block. The passage 50 leads into a 
longitudinally extending Sump or trough 5 corre 
sponding substantially to the trough 42 of the 
previous embodiment. Riveted to one wall of this 
trough is one end of a bi-metal heat responsive 
spring 53 which is provided at its free end with a 
semi-spherical valve 52 located opposite the upper 
end of the oil duct or passage 50. The bi-metal 
spring 53 is at all times submerged in the oil within 
the trough 5 and is responsive to the tempera 
ture of the oil therein. A rise in temperature of 
the oil produces an outward deflection or expan 
sion of the spring thereby moving the valve 52 
toward the end of the passage 50 and progressively 
restricting the outlet of this passage. The valve 
is prevented from fully closing off the passage by 
means of a projecting stop 54 engageable with the 
end of the spring. Thus, it will be seen that the 
valve 52 controlled by the bi-metallic Spring 53, 
which is defected in one direction or the other 
in accordance with the oil temperature within 
the sump or trough 5, functions in the same 
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manner as the thermostatically controlled valve 
4 to vary the effective passage connecting the 
tappet body with the trough in accordance with 
the temperature and viscosity of the oil. 

In the embodiment illustrated in Fig. 10 the 
tappet body 26 is provided with a solid partition 
26b above the lower end thereof against which 
the spring 32 bottoms. By this construction the 
stem 3 of the plunger 30 and the return spring 
32 for the tappet body are somewhat shorter than 
the corresponding construction illustrated in the 
previous embodiment. The head 26a of the tap 
pet, which is engaged by the cam 27, is in this 
embodiment made as a separate part having a 
cylindrical extension press fitted into the lower 
end of the tappet body. Immediately above the 
bottom wall 26b of the chamber 29 the tappet 
body is drilled to provide a number of oil ducts 
or holes 55 which communicate with an annular 
oil groove 56 formed in the boss 20a of the cylin 
der block. This groove is in constant communi 
cation with a passage 57 within which is Suitably 
mounted a one-way check valve 58 backed by a 
light Spring. The check valve will close when 
the cam commences to raise the tappet body 
thus tending to force oil out of the tappet chan 
ber. The passage 57 leads into the lower end 
of a Sump Or trough 59 extending longitudinally 
of the cylinder block. A pliable sealing ring 60 
is mounted in the cylinder block in engagement 
with the tappet body for the purpose of prevent 
ing the reservoiror slump 59 from draining when 
the engine is idle. The tappet body is drilled 
to provide a number of upper ports or holes 6 
which are in communication with an upper an 
nular groove 62 similar to the groove 56 but 
Spaced a suitable distance thereabove. Com 
municating with this oil groove is an oil outlet 
paSSage 63 plugged at its outer end but com 
municating through a top port 64 with a cham 
ber 65 closed at its upper end by means of a 
removable cap 65a. The port 64 is controlled by 
means of a check valve 66 which is adapted to 
Open under preSSure of oil flowing out of the 
tappet body through the passage 63 into the 
chamber 65. A tapered port 6 effects communi 
cation between the chamber 65 and the upper 
end of the reservoir or sump 59 and this port 
is controlled by means of a correspondingly 
tapered valve 68 carried by an expansible and 
contractible bi-metallic spring 69 secured to the 
wall of the reservoir. Oil from the engine lubri 
cation System flows through a pipe O into the 
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reservoir 59, which is open to the atmosphere, 
maintaining this reservoir filled at all times to 
overflowing. Oil flowing into the reservoir from 
the pipe 70 passes through a fine wire mesh 
screen 7 which acts as a baffle to prevent the 
passage of air or gaseous oil bubbles into the 
inlet paSSage 57 leading to the interior of the 
tappet body. 

It will be understood that since the position 
of the valve 68 is controlled by the bi-metallic 
Spring 69, which is deflected in one direction or 
the other in accordance with the oil temperature 
Within the trough 59, it will function in the same 
manner as the valves 4 and 52 to vary the effec 
tive passage connecting the tappet chamber 29 
With the trough in accordance with the tem 
perature and viscosity of the oil. The valve 68 
may be prevented from fully closing by means 
of a stop 69a, on the Spring 69 engageable with 
the valve housing. 

Heretofore, Serious disadvantages and limita 
tions have been encountered in conventional in 



2,484,109 
7 

ternal combustion engines on account of the 
fact that the effective opening of the exhaust 
and intake valves and the time of opening and 
closing thereof have been fixed or constant. 
These characteristics have been governed by the 
size of valve and the contour of the cam Selected 
for the particular engine. No appreciable varia 
tion in these characteristics occur in the opera 
tion of the conventional engine throughout the 
speed range thereof. As a result an engine with 
a predetermined valve timing will only give 
Satisfactory performance Within a given Speed 
range. For example, an engine having valve 
sizes and timing selected to permit efficient Op 
eration at relatively low speeds will be limited 
as to its upper Speed range and Will not produce 
the power obtainable from an engine timed for 
high speed operation. In Fig. 7 there is illus 
trated a typical low speed timing diagram in 
which the curve ac represents the degrees of open 
ing of the intake valve between the lines ac' and 
ac', and the curve g represents the degrees of 
opening of the exhaust valve between lines y' 
and gy'. The intake valve with this timing ar 
rangement opens at a point 5 before top dead 
center and closes at a point 35 after bottom 
dead center. The exhaust valve opens 45° be 
fore bottom dead center and closes 5 after top 
dead center. A relatively small overlap of the 
valves occurs with this timing permitting low 
speed operation. Fig. 8, on the other hand, illus 
trates a typical timing diagram for a high speed 
engine having much higher maximum power out 
put but incapable of operating efficiently at low 
Speed. In this case the period of opening of the 
intake valve is from line ac' to line ac', the valve 
opening 43 before top dead center and closing 75° 
after bottom dead center. The period of opening 
of the exhaust valve is from 80° before bottom 
dead center to a point 32 after top dead center, 
The much greater overlap of the exhaust and 
intake valves in this case permits the desired 
high Speed operation and an engine timed in 
this manner Will produce at least one third more 
power than an engine timed according to the 
diagran of Fig. 7 but Will not function at low 
Speeds. 

Engines timed as in Figs. 7 and 8 are generally 
designed for special purposes. Hence, engines 
constructed for general purposes are given a 
compromise timing between these extremes such 
as indicated in the diagram of Fig. 9 which repre 
Sents a typical average speed timing in which 
the intake valve opens at 10 before top dead 
center and closes at a point 40° after bottom 
dead centar. The exhaust valve in this case 
opens at 50° before bottom dead center and closes 
at 10 after top dead center. 

It is possible by virtue of the present invention 
to obtain the advantages of the timing shown 
in all of the diagrams of Figs. 7, 8 and 9, hence 
enabling the engine to operate efficiently at maxi 
mum low and high speeds and throughout the 
Speed range therebetween. Accordingly, the ex 
haust and intake valve areas may be made large 
to give the maximum openings needed for maxi 
mum engine speed and the cams 27 designed so as 
to time the opening and closing of the valves and 
give the maximum lift to the valves at the top 
speed selected, such as the high speed perform 
ance available with a timing diagram shown in 
Fig. 8. However, by introducing into the tappet 
mechanism in accordance with the present in 
vention a telescoping action which varies in direct 
proportion to the engine speed it is possible to 
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8 
alter both the effective valve openings and the 
normally set timing shown, for example, in Fig. 8 
and to progressively vary this timing as well as 
reduce the amount of effective opening of the 
valves so that a low speed timing, Such as illus 
trated in Fig. 7, or an average speed timing, such 
as illustrated in Fig. 9, will result at predeter 
mined stages in the engine operation. In other 
words, by virtue of the telescoping action of the 
tappet mechanism the timing and effective open 
ing of the valves will be automatically altered to 
give the timing and valve opening needed for 
most efficient operation at all speeds. The varia 
tion in valve lift and, hence, the effective opening 
of the valves based on the timing shown in FigS. 
8 and 9 are graphically illustrated in Fig. 6. The 
curves A and B in this view are found by plotting 
successive points on the graph representing the 
lift or amount of opening of the valve, measured 
in inches, for each degree of angular motion of 
the cam shaft during a complete cycle of oper 
ation. - 

The telescoping action of the tappet mechanism 
to vary the timing and effective opening of the 
valves, as above described, Will be readily under 
stood by reference to the operation of the device 
shown in Fig. 2. With the parts positioned as 
shown oil will circulate through the chamber 29 
in the tappet body 26, entering from inlet passage 
35 through ports 34 and exhausting through ports 
39 into outlet passage 40. As the tappet body 26 
is lifted by the cam 27 the column of oil 29 will 
decrease in height so long as the passage 40 is . 
uncovered by the oil groove 38 since oil during 
this time will be forced out of chamber 29 into 
the outlet passage 80. While this occurs the tap 
pet body will telescope on the plunger head 30a, 
moving upwards relatively to it without raising 
the valve. A lost motion between these parts is 
created delaying the time of commencement of 
the opening of the valve, and this latter will not 
occur until the outlet passage 40 is covered and 
an incompressible column of oil remains in the 
tappet body by the closing of the inlet and outlet 

As Soon as the oil 
grooves 33 and 38 move upwards out of com 
munication with the passages 35 and 40 the thrust 
of the cam will be transmitted through the col 
umn of oil in the tappet body to the plunger head 
30a, thereby raising the valve 22. The telescop 
ing action of the tappet body and plunger 30a will 
compress the spring 32 and, hence, during closing 
movement of the valve the expansion of the 
spring will force the tappet body downwardly and 
ensure constant contact thereof with the cam, 

It will be apparent that the amount of oil 
forced or pumped out of the tappet body through 
groove 38 into outlet passage 40 during the initial 
rise of the tappet body under the thrust of the 
cam will depend upon the length of time that 
the outlet passage is in communication with the 
groove. Furthermore, it will be apparent that 
the extent of telescopic action or lost motion 
travel of the tappet body relatively to the plunger 
head 30a will depend upon the amount of oil 
forced out of the tappet body before the oil in 
chamber 29 becomes an incompressible column 
by having no outlet therefrom. Hence, at the 
slowest speed of the engine the telescopic action 
will be greatest, since the passage 40 remains un 
covered for the longest interval of time. This re 
sults in a late opening of each valve, such as il 
lustrated in Fig. 7. Moreover, since the telescopic 
action is greatest at this speed the cam will lift 
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the valve the least height thus providing the min 
imum effective opening past the valve. 
As the engine speed is gradually increased the 

passages 35 and 40 will remain uncovered for 
gradually shorter intervals of time, and, hence, 
the circulation of oil through the tappet chamber 
29 will progressively decrease. This will be ac 
companied by a progressive increase in height of 
the Solid column of oil in the chamber causing the 
cam to commence its lift of the valve at progres 
sively earlier stages. In other words, as the re 
ciprocation of the tappet body increases in rapid 
ity, due to increasing speed of rotation of the can 
shaft, less and less oil will circulate through the 
tappet chamber 29 and be forced out of the cham 
ber into the outlet passage since the passages 35 
and 40 will be uncovered by the grooves 33 and 
38 for increasingly shorter intervals of time. As 
the height of the solid or incompressible Column 
of oil in the tappet chamber increases, the height 
that the cam lifts the valve 22 will progressively 
and proportionately increase, and furthermore 
the timing of each valve will change giving an 
increasingly earlier opening and later closing 
thereof, 
the oil grooves 33 and 38 will reciprocate into and 
out of registry with the oil passages so rapidly 
that no appreciable amount of oil will enter or 
leave the tappet chamber and, hence, the oil col 
umn in the chamber will remain at substantially 
maximum height and provide substantially a pos 
itive connection between the tappet body and 
plunger 30. At this time there will be no appre 
ciable telescopic action or lost motion between the 
tappet body and plunger and, hence, the valve 
operation will be substantially the same as if the 
tappet body and plunger were one piece. Under 
these conditions the maximum power output will 
be available with a high speed valve timing Such 
as shown in Fig. 8 accompanied by maximum lift 
and effective opening of the valve as shown in 
Fig. 6. 
The operation of the device shown in the em 

bodiment of Fig. 10 is substantially the same as 
that above described in connection with the en 
bodiment of Fig. 2. In the construction of Fig. 
10 the ports 55 and 6 in the tappet body 26 re 
ciprocates during rotation of the cam shaft rela 
tively to the oil grooves 56 and 62 which are in 
constant communication with the inlet and outlet 
pasages 57 and 63 respectively. Thus, recipro 
cation of the tapped body under the action of the 
cam 27 will result in making and breaking com 
munication between the ports 55 and 6 leading 
from the tappet chamber 29 and the inlet and 
outlet grooves 56 and 62. Hence, as in the pre 
vious embodiment, the amount of oil circulating 
through the tappet chamber 29 will be governed 
by the interval of time that this chamber is in 
communication with the inlet and outlet passages 
during each reciprocating cycle. Accordingly, 
as the speed of the engine and the speed of rota 
tion of the cam shaft progressively increase, the 
height of the incompressible column of oil in the 
chamber 29 will progressively and proportion 
ately increase, thereby resulting in proportion 
ately increasing the height that the cam lifts the 
valve 22. At the same time the valve Will be given 
an increasingly earlier Opening and later closing. 

In each of the embodiments shown in FigS. 2 
and 10 it will be noted that the stem 3 depend 
ing from the plunger 30 terminates at its lower 
end at a predetermined distance from the botton 
wall of the tappet chamber 29. During normal 
operation the telescoping action of the tappet 

At or near the top speed of the engine 
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body 26 with respect to the plunger head 30a 
Will not be sufficient to cause the bottom of the 
tappet chamber to engage the lower end of the 
stem 3. However, in the event the oil supply 
fails the tappet body will rise sufficiently under 
the thrust action of the cam to cause the bottom 
of the tappet chamber to engage the lower end 
of the stem 3 and thereby lift the valve 22. The 
stem 3 thus performs two functions, namely, 
as a guide for the light spring 32 and also a safety 
means for ensuring operation of the valve in the 
event of failure of the oil supply. 

In the embodiment of the invention illustrated 
in Fig. 11 the construction in many respects is 
Similar to the embodiment of Fig. 2 differing 
therefrom primarily in the provision of inertia, 
means for assisting in varying the effective circu 
latory flow of oil or other liquid medium into and 
out of the chamber 29 during the reciprocation 
of the tappet body. In this embodiment also 
there is interposed in the inlet passage 35 a spring 
preSSed One-Way check valve 58 similar to that 
illustrated in Fig. 10. In Fig. 11 the outlet pas 
sage 40 has an upper angular extension 4.0a ter 
minating in a valve seat engaged by a tapered 
valve 75a carried by a weight or inertia member 
5 mounted within a chamber 6. The inertia, 
member 75 is guided for vertical movement by a 
downwardly projecting guide stem 77 secured to a 
closure disk 8 for the chamber 6. The stem is 
slidable freely in a guide hole 9 in the member 
75 and the chamber 6 at its lower end is provided 
With an outlet port or duct 80 for the flow of oil 
from the chamber into a sump or trough 74 which 
may be supplied with oil from the lubricating sys 
ten of the engine in the same manner as shown 
and described in connection with the embodiment 
of Fig. 10. 
In the operation of the device shown in Fig. 11, 

as the can 27 forces the tappet body 26 outwardly 
in a Valve opening direction oil will be forced or 
pumped out of the chamber 29 through the pas 
sage 40 and at the same time the check valve 58 
in the inlet passage 35 will close. Thus, oil is 
discharged from the chamber as the tappet body 
moves outwardly from the position of Fig. 11 in 
which the passages 35 and 40 are fully uncovered. 
This flow of oil progressively diminishes in volume 
until interruption thereof occurs when the oil 
grooves 33 and 38 move out of registry with these 
passages. As in the previous embodiments the 
Volumetric discharge of oil from the tappet cham 
ber during the outward movement of the tappet 
body will depend upon the speed of reciprocation 
of the tappet body. 
The Weight of the inertia member 75 is so se 

lected that normally the pressure of oil dis 
charged through the outlet passage 40 will lift the 
inertia member and permit oil to flow past the 
valve 4.0a into the chamber 76 and thence through 
port 80 into the trough 74. At the slowest speed 
of the cam shaft the interval of time in which 
the passage 40 is uncovered will be sufficient to 
overcome the inertia of the member 75 and lift 
the valve 75a off its seat a Sufficient distance to 
permit a free flow of oil out of the passage 40. 
AS this interval of time is reduced by acceleration 
of the engine the weight 75 will be displaced up 
Wardly from its Seat to a less and less extent 
owing to the reduction in the time interval neces 
Sary to overcome its inertia. Hence, during this 
accelerating period less and less oil will be per 
mitted to flow out of the chamber 29 past the 
valve 75a and, consequently, the height of the 
incompressible column of oil in the chamber 29 
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will progressively increase accompanied by a 
progressive decrease in the telescoping action 
of the tappet body 26 and plunger 30. This re 
sults in a gradually earlier opening of the valve 
22, a later closing thereof, and a progressively in 5 
creasing height to which the valve opens. It will 
be apparent that when the engine attains top 
speed, a point is reached in which the reciproca 
tion of the tappet body 26 and the pumping in 
pulses thereof are so close together or so rapid, 10 
that not sufficient intervals of time will be avail. 
able to overcome the inertia of the member 75 
and, hence, the circulatory flow of oil through the 
tappet body will substantially cease, producing 
substantially a solid column of oil between the 15 
bottom of the tappet chamber and the plunger 
30 and a substantially positive connection be 
tween the tappet body and plunger. Under Such 
conditions these members will operate in unison 
without appreciable lost motion or telescopic ac- 20 
tion therebetween. The inertia, member 5 may 
be advantageously incorporated in any of the en 
bodiments of the present invention. As a result 
of its use, for example, no high degree of accuracy 
is needed in forming the ports in the tappet body 25 
and greater tolerances are permitted in determin 
ing the relative sizes, dimensions and Spacing of 
the ports and oil passages. t 
The embodiment illustrated in Fig. 12 COrre 

sponds in many respects to that shown in Fig. 30 
11 differing therefrom principally in the sub 
stitution of a spring pressed check valve in place 
of the inertia member 75. In Fig. 12 the Out 
let passage 8, corresponding to the passage 40 
in the previous embodiment, leads into a cham- 35 
ber 32 formed in a rib member which extends 
across or bridges the trough 83 which is supplied 
with oil from the lubrication . System in the 
manner shown in Fig. 10. The inner end of the 
passage 8 provides a seat for a check valve 84 40 
which is pressed against the seat by means of 
a compression spring 85 interposed between the 
valve and a closure disk 86. Oil entering the 
chamber 82 through the passage 8f flows into 
the trough 83 through an outlet duct or port 8. 45 
The operation of this embodiment is similar 

to that shown and described in connection with 
Fig. 11, the spring 85 being so selected as to 
weight or strength so as to cause the check valve 

: 84 to resist flow of oil from the tappet chamber 50 
through outlet passage 8 into the chamber 82 
and thence into the trough. As in the case of the 
inertia member 75, the check valve 84 will only 
open when sufficient interval of time is permitted 

12 
the discharge of oil from the chamber through 
the outlet passage, resulting in the tappet body 
telescoping a predetermined amount on the 
plunger 30. During this action the spring 32, 
interposed between the plunger and tappet body, 
Will be compressed. When the resistance to the 
discharge of oil from the chamber during Out 
Ward movement of the tappet body attains a 
magnitude sufficient to Overcome the resistance 
of the main valve spring 24, then the valve 22 
will immediately commence to rise from its seat. 
After the high point of the can has passed be 
yond the end of the tappet body the main valve 
Spring 24 will force the valve 22 into closed posi 
tion with the tappet body and plunger 30 in tele 
scoped relation. The spring 32 will then ex 
pand forcing the tappet body downwardly or in 
wardly to maintain its contact with the cam and 
at the same time forcing the plunger OutWardly 
to maintain its contact. With the end of the Wave 
stem 23. This action, resulting in a telescopic 
movement of the tappet body and plunger away 
from each other, will increase the volume of the 
tappet chamber 29 and, hence, cause oil to be 
drawn into the tappet chamber through the in 
let passage past the check valve therein. The 
check valve will close as soon as the expansion 
of the tappet chamber is completed or as soon 
as the cam commences to lift the tappet body 
in a succeeding valve Opening operation. 

claim: 
1. A cam actuated mechanism for actuating 

an engine valve, comprising a fixed body, a pair 
of coacting members arranged within said body 
in telescoping relation, one of said members hav 
ing a chamber adapted to contain a body of fluid 
through which the thrust of the cam is trans 
mitted to the other member for shifting the valve 
to open position, and inlet and Outlet conduit 
means in Said body adapted to communicate 
with ports in said chambered member for cir 
culating a fluid medium through said chamber 
in one position of said chambered member to 
permit relative telescoping movement of the 
members and for substantially interrupting said 
circulation in another position of Said chambered 
member to provide a substantially positive hy 
draulic connection between the members. 

2. A can actuated mechanism for actuating 
an engine valve, comprising a fixed body, a pair 
Of coacting members arranged within said body 
in telescoping relation, One of said members 
having a chamber adapted to contain a body 
of fluid through which the thrust of the cam is 

during the reciprocation of the tappet body to 55 transmitted to the other member for Shifting 
enable the pressure of oil in the outlet passage 
8 to overcome the inertia of the Spring 85. 
When the pumping impulses of the tappet body 
are so rapid that not sufficient interval of time 
is permitted to overcome the inertia of the 60 
spring, the check valve 8 will maintain the pas 
sage 8f substantially closed, thus building up' 
an incompressible body of oil of maximum height 
within the tappet chamber. 
In the operation of each of the embodiments 65 

of the invention where the engine speed is below 
its maximum, it will be seen that during each 
reciprocation of the tappet body a circulatory 
flow of oil into and out of the chamber in the 

: tappet body will be created. The amount of this 70 
flow will, of course, be governed by the speed 
of reciprocation of the tappet and will progres 
sively decrease as this speed increases. When 
the tappet body is raised by the cam a contrac 
tion of the tappet chamber will occur owing to 75 

the valve to Open position, and means including 
Spaced ports in said body opening into said 
chambered member for introducing a fluid me 
dium into said chamber and discharging it there 
from in one position of said chambered member 
to permit relative telescoping movement of the 
members and for restricting said introduction of 
fluid means in another position of said cham 
bered member to provide a substantially positive 
hydraulic connection between the members. 

3. A can actuated mechanism for actuating 
an engine valve, comprising a supporting body, 
a pair of coacting members arranged in said body 
in telescoping relation, one of said members 
comprising a tappet body having a chamber 
adapted to contain a liquid medium through 
which the thrust of the cam is transmitted to 
the other member for shifting the valve to open 
position, Spaced inlet and outlet conduits in said 
Supporting body, Spaced ports in said tappet body 
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adapted at times to effect communication be 
tween said chamber and conduits to permit rel 
ative telescoping movement of said members and 
adapted at other times to be in non-communi 
cating relation to said conduits to permit sub 
stantially positive movement of said merbet's 
in uniSon. 

4. A target mechanism for actuating the 
valve Of an engine, comprising a Supporting 
body, a pair of relatively movable members in 
Said body, one thereof having a chamber adapted 
to receive a body of liquid through which notion 
thereof is transmitted to the other member, in 
let and outlet conduit means in said supporting 
body through which said liquid flows in 
to and out of Said chamber intermittently to pro 
vide relative movement of the members and sub 
Stantially positive movement thereof in unison 
Sequentially, during One Valve actuating stroke, 
and means for varying the volumetric flow of 
liquid through Said conduit means during recip 
rocation of Said chambered member. 

5. A tappet mechanism for actuating the Wave 
of an engine, comprising a pair of relatively mov 
able members, one thereof having a chamber 
adapted to receive a body of liquid through which 
motion thereof is transmitted to the other mem 
ber, conduit means through which said liquid 
flows into and Out of said chamber to provide a 
circulatory path therefor at predetermined times, 
and inertia, means for varying the volumetric 
fiOW of liquid through said conduit means during 
reciprocation of said chambered member. 

6. A hydraulic tappet mechanism for actuating 
the valve of an engine, comprising a pair of rela 
tively movable members adapted to have a hy 
draulic medium interposed therebetween in a 
chamber in one thereof, a Support within 
Which the chambered member is reciprocable, in 
let and outlet conduits in said support, and ports 
in said chambered member adapted to communi 
cate with said conduits to permit relative move 
ment of said members at one time and adapted to 
reciprocate relative to said conduits during re 
ciprocation of the chambered member to vary 
said relative movement. 

7. A hydraulic tappet mechanism for actuating 
the Walve of an engine, comprising a pair of rela 
tively movable members adapted to have a hy 
draulic Inedium interposed therebetween in a 
chamber in One thereof, a Support within which 
the chambered member is reciprocable, inlet and 
outlet conduits in said Support, ports in said 
chambered member adapted, to effect communi 
cation between said chamber and conduits to 
permit relative movement of said members at one 
time and adapted to reciprocate relative thereto 
during reciprocation of the chambered member 
to vary said relative movement, and means for 
varying the flow of said hydraulic medium 
through one of said conduits. 

8. A hydraulic tappet mechanism for actuating 
the valve of an engine, comprising a pair of rela 
tively movable members adapted to have a hy 
draulic medium interposed therebetween in a 
chamber in One thereof, a Support Within which 
the chambered member is reciprocable, inet and 
outlet conduits in said Support, ports in said 
chambered member adapted to effect communi 
cation between said chamber and conduits and 
adapted to reciprocate into and out of communi 
cation with said conduits during reciprocation of 
the chambered member, and means for varying 
the flow of Said hydraulic medium, through one 
of Said conduits. 
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9. A hydraulic tappet mechanism for actuat 
ing the valve of an engine, comprising a pair of 
relatively movable members adapted to have a 
hydraulic medium interposed therebetween in a 

5 chamber in one thereof, a support within which 
the chambered member is reciprocable, inlet and 
outlet conduits in said support, ports in said 
chambered member adapted to communicate 
with said conduits to permit relative movement 
of said members at one time and adapted to re 
ciprocate relative thereto during reciprocation of 
the chambered nember to vary said relative 
movement, and means responsive to the temper 
ature of said hydraulic medium for varying the 
flow thereof through one of said conduits. 

10. A hydraulic tappet mechanism for actuat 
ing the valve of an engine, comprising a pair of 
relatively movable members adapted to have a 
hydraulic medium interposed therebetween in a 
chamber in one thereof, a Support within which 
the chambered member is reciprocable, inlet and 
Outlet conduits in Said Support, ports in Said 
chambered member adapted to communicate 
with said conduits to permit relative movement 
of said members at One time and adapted to re 
ciprocate relative thereto during reciprocation of 
the chambered member to vary said relative 
movement, and thermostatically controlled Valve 
means responsive to the temperature of Said hy 
draulic medium for varying the flow thereof 
through one of Said conduits. 

11. A hydraulic tappet mechanism for actuat 
ing the valve of an engine, comprising a pair of 
relatively movable members adapted to have a 

35 hydraulic medium interposed therebetween in a 
chamber in one thereof, a support within which 
the chambered member is reciprocable, inlet and 
Outlet conduits in said support, ports in said 
chambered member adapted to communicate 
With said conduits to permit relative movement 
of said members at one time and adapted to re 
ciprocate relative thereto during reciprocation 
of the chambered member to vary said relative 
movement, and means controlled by the temper 
ature of Said hydraulic medium for varying the 
flow thereof from the inlet conduit through said 
chambered member and thence through the out 
let conduit. 

12. A hydraulic tappet mechanism for actuat 
ing the valve of an engine, comprising a fixed 
housing, a pair of relatively movable recipro 
Cable members mounted in said housing, one 
thereof having a chamber to receive a body of 
liquid through which motion of Such member is 

55 transmitted to the other member to open the 
valve, an inlet conduit, in said housing through 
which liquid is fed to the chambered member, an 
Outlet conduit in said housing spaced from said 
inlet conduit and through which liquid is dis 

60 charged from the chambered member, and 
Spaced ports in the chambered member adapted 
to register with said conduits and through which 
the liquid intermittently flows from the inlet 
Conduit into said chamber and thence into the 

65 outlet conduit during reciprocation of said cham 
bered member. 

13. A hydraulic tappet mechanism for actu 
ating the valve of an engine, comprising a fixed 
Support, a pair of relatively movable reciprocable 

70 members mounted in said support, one thereof 
having a chamber to receive a body of liquid 
through which motion of such member is trans 
mitted to the other member to open the valve, 
an inlet conduit in said Support through which 

75 liquid is fed to the chambered member, an outlet 

O 

15 

20 
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conduit in said support through which liquid is 
discharged from the chambered member, Spaced 
ports in the chambered member adapted to regis 
ter with said conduits and through which the 
liquid intermittently flows from the inlet conduit 
into said chamber and thence into the outlet con 
duit during reciprocation of Said chambered 
member, and means for varying the flow of the 
liquid through one of said conduits. 

14. A hydraulic tappet mechanism for actu 
ating the valve of an engine, comprising a pair 
of relatively movable reciprocable members, one 
thereof having a chamber to receive a body of 
liquid through which motion of such member is 
transmitted to the other member to open the 
valve, an inlet conduit through which liquid is 
fed to the chambered member, an outlet conduit 
through which liquid is discharged from the 
chambered member, port means in the cham 
bered member through which the liquid inter 
mittently flows from the inlet conduit into said 
chamber and thence into the outlet conduit dur 
ing reciprocation of said chambered member, and 
inertia, means for varying the flow of the liquid 
through one of said conduits. 

15. A hydraulic tappet mechanism comprising 
a support having a cylindrical bore, a reciprocable 
tappet body in said bore having a liquid cham 
ber, a plunger associated with said body and 
adapted to receive the thrust of said tappet body 
through the column of liquid in said chamber, 
and spaced conduits in Said support opening 
into said bore and adapted to register with ports 
in said tappet body for feeding liquid into the 
chamber and for discharging it therefrom in 
amounts varying in substantially inverse propor 
tion to the speed of reciprocation of said tappet 
body. 

16. A hydraulic tappet mechanism comprising 
a support having a cylindrical bore, a reciprocable 40 
tappet body in said bore having a liquid cham 
ber, a plunger telescoped with said body and 
adapted to receive the thrust of said tappet body 
through the column of liquid in said chamber, 
and Spaced conduits in Said support opening into 
said, bore and, adapted to intermittently register 
with ports in Said tappet body during the recipro 
cation of the tappet body for intermittently in 
troducing liquid into said chamber and discharg 
ing it therefrom. 
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17. In a hydraulic tappet mechanism for an 

engine valve, a fixed housing, a reciprocable cam 
actuated tappet body in said housing, a plunger 
telescoped in said body and responsive to recipro 
cation of the body through the medium of a 
column of liquid within a chamber in said body, 
and a pair of conduits in Said housing spaced 
apart in fixed relation in the direction of recipro 
cation of said tappet body for introducing liquid 
into the chamber and discharging it therefrom in 
amounts varying Substantially in inverse propor 
tion to the speed of reciprocation of said tappet 
body. 

18. In a hydraulic tappet mechanism for an 
engine valve, a housing, a reciprocable cam actu 
ated tappet body in said housing, a plunger tele 
Scoped in Said body and responsive to reciproca 
tion of the body through the medium of a column 
of liquid within a chamber in said body, and 
a pair of conduits in Said housing spaced apart 
in fixed relation in the direction of reciprocation 
of Said tappet body for introducing liquid into 
Said chamber and for discharging the same there 
from, the amount of liquid so introduced and dis 
charged being controlled by the reciprocation of 
Said tappet body to vary the effective height of 
Said column of liquid and thereby vary the stroke 
of the plunger with relation to the stroke of the 
tappet body. 

HELMUHA. MEINECKE. 
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