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This invention relates to automatic compen- draulic column against which the end of the 
Sating tappets for operating valves of internal plunger will bear when it is forced downwardly 
combustion engines, and more especially to im- into the tappet body. 
provements in the construction and arrange- In practical application of tappets, various 

5 ment of compensating mechanism for tappets of problems have been encountered, one of which is 
Such character. the problem of providing adequate means for 
The principal object of the invention is to im- separating and bleeding air or compressible gas 

prove the art of automatic compensating tap- from the hydraulic medium, carried in the res 
pets especially adapted for operating moveable ervoir of the tappet and of supplying substan 

10 parts of internal combustion engines. tially air-free and gas-free medium to the COm 
Another object is to provide an improved hy- pression chamber so that the plunger will rest 

draulic tappet construction including a deep on as nearly as possible a hydraulic column 
non-drain oil receptacle reversibly disposed with which is substantially incompressible when the 
in the tappet body, so that the tappet may be plunger is forced against the valve stem. An 

15 employed in upright, inverted, or any desired other problem has been to provide a tappet con 
angular position. struction provided with such air separation 
A further object of the invention is to provide means which can be installed in other than 

a novel arrangement of resilient means for urg- Substantially vertical upright positions. Another 

5 

O 

5 

ing the plunger of a hydraulic tappet construc- problem has been to urge the plunger outwardly 
20 tion outwardly against a valve stem, or the like, from the tappet body in such a manner that 

and to maintain a supply of liquid within the mechanical sticking of the plunger and tappet 20 
compression chamber for such plunger. body will not occur, so that the plunger will 
A further object is to provide novel means not be cocked or misaligned so as to cause un 

and method of seating a valve for controlling the even wear of the same and of the bore in which 
25 trapping of liquid within such compression it is received, and so that travel of the plunger 

chamber, and for regulating the possible travel will be restricted to desired limits. Other prob 
of Such valve with respect to its seat. lems have been experienced in providing a valve 
Another object of the invention is to provide for controlling the trapping of hydraulic medium 

a compensating tappet construction including in the compression chamber and in insuring that 
30 a separate element yieldably moveable with re- such a valve will not stick on its seat and will 

spect to the tappet body within adjustable lim- be restricted to the proper amount of travel 
... its for taking care of worn or otherwise out-of- with respect to such valve seat. Another prob 
true cam surfaces in conjunction with hydraulic lem has been to take care of worn out or other 
compensating means operable with respect to wise out-of-true can Surfaces. . 

35 such element for compensating for variations in These problems have been solved by providing 
length of certain moveable elements of an inter- a tappet construction in which the parts con 
nal combustion engine, such variations being due tained within the tappet body may be reversibly 
to different operating conditions of the engine. arranged therein so that the tappet may be 
The type of tappet to which this invention re- installed in vertically upright, inverted, hori 

(), lates comprises a tappet body provided with an Zontal, or in angularly disposed positions, or 
enlarged cam engaging end, roller, or equiva- may be employed in rotary radial engines and 
lent cam engaging means, and a tubular body still provide for the induction of solid or sub 
which extends therefrom and contacts, or sup- stantially incompressible medium into the com 
ports elements which contact, with the valve pression chamber of the tappets. A novel ar 

45 stem. . Such tappet is usually provided with a rangement of spring or resilient means has been 
bore which forms an oil reservoir or well for provided which urges the plunger outwardly and 
containing oil or other suitable hydraulic medi- at the same time prevents mechanical sticking, 
um. It is usual practice also to fit a reciprocable improper alignment of the plunger with respect 
plunger in the upper end of the bore, to provide to the tappet body, and limits plunger travel. 

ii) a spring or other resilient means to urge the A novel means anti method for properly seat 
plunger outwardly out of the bore and against ing the compression chamber valve and for fix 
the value stem, and to provide a valve controlled ing the travel of such valve has also been pro 
compression chamber into which the oil or other vided. The tappet has also been provided with 
liquid medium is introduced upola the outward means for yieldably and adjustably compensat 
movement of the plunger so as tas provide a hy- ing for incorrect cam surfaces, such as worn or 
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2 
otherwise out-of-true surfaces of the valve op 
erating cam. 
Other objects, features and advantages will 

become apparent from the following description 
and appended claims. 

For the purpose of illustrating the genus of 
the invention, various concrete embodiments are 
shown in the accompanying drawings, in which: 

Figure 1 is a fragmentary, vertical section 
taken through an inverted valve and tappet ar 
rangement of an internal combustion engine, 
said parts being shown in elevation; 

Fig. 2 is an enlarged section taken on the line 
2-2 of Figure 1. 

Fig. 3 is a similar view of parts shown in Fig. 
2 with the parts assembled for use in an upright 
vertical arrangement of valve tappets as they 
are more conventionally employed, 

Fig. 4 is a more or less diagrammatic sectional 
view, certain parts being shown in elevation, of 
tappets arranged for operating valve of a sta 
tionary radial engine, 

Fig. 5 is a similar view depicting a step in the 
assembling and seating of a compression cham 
ber valve, 

Fig. 6 is a vertical section taken through a 
hydraulic tappet, also provided with compensat 
ing means for taking care of worn or otherwise 
Out-of-round surfaces of valve operating cams, 
and 

Fig. 7 is a central vertical section taken 
through another form of hydraulic tappet and 
illustrates another way of compensating for worn 
or out-of-true surfaces of valve operating cams. 

Referring to the drawings, and more especially 
to FigS. 1 and 2, numeral 0 indicates a valve 
reciprocably mounted within a valve guide fl, 
and adapted to be seated against a valve seat 2 
by means of a valve Spring f3. The valve 0 
is adapted to be operated by a cam 4 through 
the intermediary of a tappet, indicated generally 
at 5. The tappet 5 is reciprocably mounted in 
a guide 6 arranged in axial alignment with re 
spect to valve guide . A closed hydraulic 
chamber may be provided adjacent the guide 
6 for supplying liquid, usually oil from the 
lubricating system of the internal combustion 
engine to the tappet 5. An inlet conduit 20 
is provided for conducting liquid from a suitable 
source of liquid under pressure to the cham 
ber 7. 
The conduit 20, in usual practice, supplies oil 

under pressure from the lubricating system of 
the internal combustion engine. The chamber 

is so constructed as to provide air separation 
means by providing an air vent passage 2 ex 
tending from the top of the chamber 7 through 
the Wall of this chamber and through the guide 
f6 to the clearance between the tappet 5 and 
the bore of the guide fs at a point adjacent the 
top of Such guide, and an outlet passage 22 
leading from the bottom of the chamber f7 
through the wall of said chamber and through 
the guide. 6 for supplying the liquid, such as 
oil, to the interior of the tappet 5. The cham 
ber 7 functions as a settling or air separation 
chamber allowing contained air or gases to float 
to the top of the liquid and to be vented from 
the chamber through the vent assage 2 and 
the clearance between the tappet 5 and guide 
16 so that substantially gas-free and air-free 
liquid will be supplied from the bottom of the 
chamber 7 to the interior of the tappet. In 
this manner substantially incompressible liquid 
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medium is supplied for operating compensating 
means contained within the tappet 5. 

Reference may now be had to Fig. 2 which 
depicts more in detail the specific construction 
of the tappet 5. This tappet includes a cylin 
dirical body portion 23 provided with a longi 
tudinally extending bore 24 open at one end as 
indicated at 25 and closed at the opposite end 
by any desired form of cam-engaging means 
such as a mushroom-like cam engaging portion 
26 provided with a hard metal wear piece 27. 
A separate cylinder 30 and an oil receptacle 3 
are mounted for reciprocation. Within the bore 
24 of the tappet body 23 and arranged in end 
to-end relation. The separate cylinder 30 is 
provided with a longitudinal bore 32 open at its 
upper end 33 and partially closed at the lower 
end by means of a boss portion. 34. The boss 
portion 34 is provided with two cylindrical re 
cesses 36 and 37, the recess 37 being disposed at 
the Outer extremity of the boss portion. A liquid 
conduit 40 provided with an enlarged head por 
tion 4 is adapted to be press fitted within these 
recesses. The enlarged portion 4 Occupies but 
a portion of the length of the cylindrical recess 
36 and the main body of the conduit extends to 
a point adjacent to the closed bottom portion 
of the oil receptacle 3. A ball valve retainer 
42 of cup-like form is press fitted into the re 
mainder of the recess 36 in inverted position. 
The bottom wall of the valve retainer 42 is 
provided with apertures 43 for permitting the 
paSSage therethrough of oil or other suitable 
liquid medium. A ball valve 44 is disposed 
Within the retainer 42 for limited movement 
therein and normally rests against a valve seat 
45 provided at the upper end of the bore of the 
Conduit means 40. 
The plunger 46 is reciprocably mounted within 

the bore 32 of the separate cylinder 30 and is 
preferably made up of two pieces 47 and 48, cen 
trally bored for lightness and welded together as 
indicated at 50. The plunger 46 is closed at the 
ends thereof and the outer end is slightly 
Crowned for contact either with the inner surface 
of the cam engaging head 26 of the tappet body 
23 in the arrangement illustrated in Figs. 1 and 
2, or with the stem of a valve, such as O of Fig. 
1, in the arrangement illustrated in Fig. 3 and 
later to be described. 
The upper end 33 of the separate cylinder 30 

is provided with a recess 5 opening inwardly 
toward the center of the bore 32 and outwardly 
of the open end of the separate cylinder. The 
lower end coil of a spring 52 is adapted to be re- ; 
ceived within the recess 5 and expanded there 
in so as frictionally to fix one end of the spring 
to the separate cylinder. The plunger 46 is pro 
vided with a peripheral recess extending from 
approximately the central portion thereof to a 
point adjacent the outer end of the plunger, a 
recess being made slightly more shallow adjacent 
the outer ends of the plunger for engagement with 
the upper end coil of the spring 52 which con 
tracts thereon frictionally to fix the outer end 
of the plunger to the remaining end of the 
Spring 52. By making the recess 53 deeper inter 
2nediate the portion engaging the outer end of 
the Spring 52 and the central portion of the 
plunger, the Spring will be free from iraterfer 
ence or frictional engagement with the plunger 
except at the point of attachment therebetween. 
The Spring 52 is fixed at one end to the plunger 
and at the opposite end to the separate cylinder 
So as to produce a slight oscillation between the 
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plunger and cylinder during its reciprocation cylinder 30 and plunger 46 assembled as a unit 
SO as to prevent mechanical sticking between the 
parts. The spring 52 is preferably made of rec 
tangular sections having the longer dimensions 
of the Sections of each coil extending longitu- . 
dinally, of the spring so as to weaken the same 
laterally and provide a spring which will not ex 
ert lateral forces upon the plunger So as to cause 
cocking or misalignment of the plunger with 
respect to the separate cylinder and produce un 
even wear therebetween. The margin of the re 
cess 53 arranged adjacent the longitudinal center 
of the plunger 46 provides a shoulder 54 coop 
erable with the lower end coil of the spring 52 to 

20 

limit outward movement of the plunger with 
respect to the separate cylinder and thus prevent 
the plunger from lifting the valve to such an 
extent that it will hit the cylinder head of an 
internal combustion engine. 
The provision of the recess 5 at the interior 

end surface of the separate cylinder 30, aside 
from allowing the lower end coil of the spring 52 
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between the plunger and cylinder. 
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to be arranged therein so as to limit the out 
ward movement of the plunger 46, also affords 
protection of the upper marginal edge 55 of the 
bore 32 so that burrs or other irregularities will 
not be produced at this junction line in the event 
that the separate cylinder is dropped or hit by 
other objects prior to its assembly within the 
tappet. The separate cylinder 30 is provided 
primarily to facilitate the fitting of the plunger 
48 within the separate cylinder .30. So that the 
desired leak-down rate between the cylinder and 
plunger will be obtained. To this end the sepa 
trate cylinder is preferably made of a more ma 
chinable metal than that of which the tappet 
body is composed. The bore 32 and the periph 
eral surface of the plunger 46 may be formed 
within the proper mechanical limits and these 
surfaces made sufficiently smooth so that the de 
sired leak-down rate between the plunger and 
the separate cylinder will be afforded. By pro 
viding the recess 5A at the interior end surface 
of the bore 32 instead of in an exterior surface 
of the separate cylinder, the end 33 of such 
separate cylinder more or less protects the mar 
ginal edge 55 of the bore 32 so that no burrs or 
other irregularities will be formed in such mar 
ginal edge to interfere with the fit of the plunger 
so as to undesirably affect the leak-down rate 

After all the 
plungers and separate cylinders for an internal 
combustion engine have been properly surfaced 
within the desired mechanical limits the sepa 
rate cylinders are filled to the desired level with 
a light liquid, such as kerosene, and the plung 
ers, prior to having the springs 52 assembled 
thereon, are placed within the separate cylinders 
with weights of equal mass arranged upon the 
top surface of each of the plungers and the 
time of the descent of the plungers within the 
cylinders taken. Where marked differences be 
tween the time of the descent of the plungers 

65 
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Within the cylinders occur, plungers are inter 
changed within the different cylinders until it 
has been ascertained that the leak-down rate 
for each of the plunger and cylinder assemblies 
is substantially constant. The Springs 52 are 
then assembled with reference to the cylinder 
and plunger assemblies. The method of assem 
bling the conduit means 40, valves 44 and valve 
retainers 42 will be described more in detail with 
reference to Fig. 5. 
Reference may now also be had to Fig. 3 

which illustrates the oil receptacle 3, separate 

3 

within the tappet body in the reverse direction 
from that indicated in Fig. 2. In order to re 
versibly arrange the oil receptacle, cylinder and 
plunger units within the tappet body, the length 
Of each of these parts is so maintained that, 
With the plunger 46 in normal operating posi 
tion, a port 56 through the wall of the oil re 
ceptacle will cooperate with a port 57 through 
a Wall of the tappet so that the oil receptacle, 
cylinder and plunger are assembled in the posi 
tion shown in Fig. 2, as well as that shown in 
Fig. 3. The ports 56 and 57 are accordingly 
arranged equi-distant from the end surface of 
the closed end of the oil receptacle and from 
the end surface of the closed end of the plunger 
46 with the latter in normal operating position. 
An opening 58 is provided through the wall of 
the tappet body 23 adjacent to the head of cam 
engaging portion 26 to prevent trapping of air : 
within the tappet body when the parts adapted 
to be contained therein are arranged as indi 
cated in Fig. 2 or as indicated in Fig. 3. 
The tappet assembled as shown in Fig. 2 is 

adapted to operate in conjunction with an over 
head valve operating cam shaft as indicated in 
Fig. 1. The tappet assembly arranged as indi 
cated in Fig. 3 is adapted to operate in conjunc 
tion with a cam operated shaft disposed below 
the valve tappet. 
The valve tappet construction shown in Fig. . 

2 is adapted to operate either in vertical or in 
verted position using identical parts, the tappet 
assembled in either way being adapted to oper 
ate in either of the above indicated positions or 
in any angular position therebetween, includ 
ing a horizontal position. This tappet construc 
tion is thus adapted for use in radial engines. 

Referring to Fig. 4, an arrangement of tappets 
for a stationary radial engine is disclosed. In 
this construction a plurality of tappet guides 
6 are mounted in a suitable support 60 with 

their axes extending radially from a can shaft 6 
and a plurality of tappets are disposed within 
these guides for Operation by means of a cam 62 
fixed to the shaft 6. The three tappets arranged 
above the axis of the shaft 6 are assembled 
in the manner indicated in Fig. 3 and the lower 
two tappets are assembled as indicated in Fig.2 
so that the conduit means 40 will extend to 
points adjacent the bottons of the oil re 
ceptacles 3 . . It is to be understood, however, 
that one or more of the tappets assembled 
either in the manner shown in Fig. 2 or as indi 
cated in Fig. 3 would operate if it were necessary 
to dispose them in a horizontal position. It is 
preferred, when feasible, to assemble the tappets 
a 5 so that the conduit means 40 will extend down 
Wardly in a substantially vertical direction so as 
to increase the effective vertical height of the 
oil receptacle 3 for the purpose of obtaining . 
better separation of air from the oil supplied to 
the interior of the compensating mechanism of 
the tappets. In the case of rotary radial engines 
all the tappets would be assembled in the man 
ner shown in Fig. 2 and in the two tappets dis 
posed below the axis of the cam shaft 6 in Fig. 
4, centrifugal motion of the tappets drawing 
the oil towards the closed ends of the oil re 
ceptacle 3 so that the lighter constituents, or 
air contained therein will be forced toward the 
center of the tappets and bled or vented through 
the clearance provided between the separate 
cylinder and the tappet body and through the 
opening 58. 
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It is also noted that the disposition of the 

tappets as indicated in Figs. 2, 3, and 4 prevents 
draining of the oil receptacles 3 during periods 
When the engine is idle. 

Referring to Figs, 2 or 3 and 5, the method of 
assembling a conduit 40, a valve 44, and a valve 
retainer 42 will be here described. As previously 
indicated, the conduit means 40 make a drive 
or press fit within the boss portion 34 of the 
Separate cylinder 30 with sufficient tightness to 
maintain the conduit means in place and to 
prevent material leakage of oil between the 
tappet cylinder and the conduit means. A tool 
65, ilustrated in Fig. 5, comprises a head por 
tion 66, a stem 67 and a work engaging means 
68, the latter being in the form of an inverted 
cylindrical cup portion adapted to fit the recess 
36 so as to be guided thereby with the recess 7C 
therein adapted similarly to fit the ball valve 44. 
The end of the Work engaging portion is dis 
posed adjacent the upper surface of the enlarged 
portion 4 of conduit means 40 and the tool 65 
employed to drive or press the conduit means 4C 
into position. The ball 44 is disposed within 
the cylindrical recess O of the work engaging 
means 68, the recess 70 being of sufficient depth 
So that the ball will press a valve seat 45 into 
the head portion 4 of conduit means 40. The 
width of the valve seat 45 is made sufficient so 
that the ball valve 44 will effectively seal the 
upper end of the bore of conduit means 40. A 
Wide valve seat would have a tendency to cause 
sticking of the ball valve and interfere with the 
Operation of the hydraulic compensating means. 
The definite depth of the cylindrical recess 70 
of the tool 65 also enables the ball valve to be 
given the desired travel with respect to the valve 
Seat 45. The means for restricting the travel 
of the ball valve with respect to the valve seat 
45 is preferably in the form of the valve re 
tainer 42 perforated at the botton -surface 
thereof as indicated at 43 in Figs. 2 and 3, the 
cylindrical interior recess of the retainer 42 
being of a slightly larger diameter than that of 
the recess 70 of the tool 65 so as more loosely 
to receive the ball valve. The depth of the 
recess 7 is slightly greater than the depth of 
the recess 70 of the work engaging portion 68 
of tool 65 so that the ball valve is permitted a 
slight amount of travel away from the seat 
45. The depth of the recess is made of a 
definite predetermined value so that as the re 
tainer 42 is pressed into the recess 36 to abut 
the head portion 4, the ball valve 44 will be 
restricted to the desired amount of travel. 

In the operation of the present construction, 
as the cam 4 or 62 rotates with the tappet head 
26 contacting the dwell portion of the cam, the 
tappet body 23 moves toward the axis of the 
cam shaft under the influence of the valve 
Spring, such as 3 of Fig. 1. Normally, in a 
rigid and non-expansible type of tappet, the 
preSSure of the valve stem against the end of 
the tappet would cease shortly before the tappet 
reaches the dwell portion of the cam, thus re 
lieving substantially all the pressure of the valve 
upon the tappet. In the present construction, 
however, when the pressure of the valve stem 
ceases, the coil spring 52 will urge the plunger 
46 outwardly and maintain its contact with 
either the valve stem or the head portions 26 
of a tappet body 23. The outward movement 
of the plunger 46 will reduce the pressure in the 
space between the end of the plunger 46 and the 
bottom of the separate cylinder 30 and permit 
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the ball valve 44 to raise from its seat 45, under 
the relatively greater pressure in the oil recep 
tacle 3, and permit oil from the receptacle 3 
to flow past the ball valve 44 and fill the space 
between the end of the plunger 46 and the bot 
tom of the separate cylinder 30. This space is 
Ordinarily termed the compression chamber of 
the tappet. As the tappet body is moved away 
from the axis of the can shaft by rotation of 
the cam, the ball valve will either be on its seat 
or SOOn Will be pressed on to its seat to close 
off the compression chamber within the tappet 
and trap the oil then contained therein, thus 
providing a substantially incompressible hy 
draulic column which will maintain the 
plunger 46 in firm contact with the valve stem 
fC or with the head portion 26 of the tappet 
body So as to force the closed end of the oil 
receptacle 3 into firm contact with the valve 
Stem fo On cam engaging head of the tappet 
body. In the arrangements shown in Figs. 1 
and 2, either the closed end of the oil receptacle 
or the closed outer end of the plunger 46 will be 
maintained in firm contact with the valve stem 
O during the entire stroke of the tappet. The 

pressure of the plunger 46 against the trapped 
oil in the compression chamber normally may 
cause a slight leakage of oil around the edges of 
the plunger, the leakage thus obtained being 
determined by the leak-down rate between the 
plunger and the bore 32 of the separate cylin 
der 30. The oil so eliminated will be replaced 
as the cycle of operation repeats and the pres 
Sure of the valve stem upon the plunger is re 
lieved when the tappet rides upon the dwell 
portion of the cam and permits the spring 52 
to force the plunger 46 outwardly, thus permit 
ting the ball valve 44 to raise from its seat and 
admit more oil into the compression chamber 
between the end of the plunger 46 and the bot 
ton of the Separate cylinder 30, as previously 
described. 

It is essential that the hydraulic column be 
neath the plunger 46 be as incompressible and 
as rigid as possible when oil is trapped in the 
compression chamber in order to permit accu- . 
rate and dependable adjustment and timing of 
the valve Operation. Some air or gas will in 
evitably be contained in the oil which is pumped 
into the oil receptacle 3 of the tappet and this 
air or contained gas will rise to the top of the 
oil receptacle. This contained air or gas will 
leak or be bled from between the end surface 
of the open end of the oil receptacle 3 and 
the shoulder 73 provided adjacent the boss por 
tion 34 of the tappet cylinder and thence 
through the clearance provided between the sep 
arate cylinder and the tappet body. 
When the tappets are arranged in vertically 

disposed positions as indicated in Figs. 1 to 3, 
inclusive, or the upper tappet of Fig 4 it is 
noted that the full vertical heights of practi 
cally the whole of the oil receptable 3, i.e., the 
distance from the open end thereof to the bot 
tom of the conduit means 40 is available for 
air separation within the oil receptacle. 
the tappet disposed in inclined position as in 
dicated by the four remaining tappets of Fig. 4, 
the effective vertical heights for air separation 
from the oil within the oil receptacle will be re 
duced, however, it is noted that even with the 
tappets of the present construction arranged 
in horizontal positions that the distance from 
the end of the tappet means body to the bore 
of the oil receptacle 3 f is sufficient to effect 
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Separation of air or gases of the oil contained 
within the receptacle 3. The tappet has been 
found to operate satisfactorily in a horizontal 
position. 

Reference may now be had to Fig. 6 in which 
a modified form of tappet is disclosed in which 
in addition to means in the form of hydraulic 
compensating mechanism, employed to compen 
sate for difference in length of parts of the valve 
operating means due to expansion and contrac 
tion of certain parts thereof, caused by differ 
ent Operating conditions of the engine, further 
means is provided for compensating for WOrn 
Or Out-of-true surfaces of the valve operating 
cam. In this construction a valve tappet body 
8 is provided with a stepped bore 82 so as to 
afford a shoulder 83, facing the open end of 
the tappet body. The lower end of the tappet 
body is closed and provided with suitable cam 
engaging means, which may be in the form of 
a roller 84 adapted to engage a cam 85. A sep 
arate cylinder 86 is disposed in the larger 
diametered portion of the said bore 82, the lower 
end of the cylinder shouldering against the an 
nular shoulder 83 to restrict or limit the depth 
to which the separate cylinder may be projected 
within the bore 82. The smaller diametered 
portion of the bore 82 serves as an oil receptacle 
for the hydraulic compensating mechanism. 
The lower end of the separate cylinder 86 is 
partially closed by a boss portion 87 which serves. 
as a mounting for the conduit means 88, corre 
sponding to the conduit means 40 of the previ 
ously described embodiment. A ball valve 90 
and a valve retainer 9 corresponding to the 
valve 44 and retainer 42 of the previously de 
scribed embodiments are mounted within the 
boss portion 87 in practically the same manner 
as above described. Oil or other suitable liquid, 
under pressure, is admitted through ports 92 to 
the interior of the oil receptacle portion of the 
stepped bore 82. An adjustable limiting means 
is also provided for restricting the outward 
movement of the separate cylinder 86 with ref 
erence to the tappet body 8. The tappet body 
8 is provided with a recess 92 in the interior 
surface and adjacent the open end thereof which 
is internally threaded for the reception of an 
externally threaded adjustment sleeve 93. A 
lock nut 94 is also threaded on the exterior Sur 
face of the adjustment sleeve 93 to lock the lat 
ter in the desired position with respect to the 
tappet body 8. The separate cylinder 86 is re 
cessed radially inwardly adjacent the upper mar 
ginal edge thereof to provide a shoulder 95 
adapted to abut the lower end of the adjust 
ment sleeve 93. A spring 96 is enclosed within 
the oil receptacle portion of the stepped bore 
of the tappet body in compressed condition be 
tween the closed end of the tappet body at the 
lower end of the separate cylinder. The Spring 
normally biases the separate cylinder 86 against 
the inner end or the adjusting sleeve 93. A 
plunger 97 is disposed for reciprocation within 
the bore of the separate cylinder 86, these parts 
being formed within the desired mechanical 
limits to provide the desired leak-down rate be 
tween the plunger and the separate cylinder. A 
spring lee frictionally engages a shoulder por 
tion to at the upper end of the separate cylin 
der 6 and at the opposite end similarly engages the plungers adjacent its upper end to yield 
ably urge the plunger 97 outwardly with respect 
to the separate cylinder. When the camroller 

rides on the dwell portion of the cam 85, the 

the compression chamber. 

5 
spring Oo will urge the plunger. 97 outwardly to 
reduce the pressure within the compression 
chamber located between the lower end of the 
plunger 97 and the bottom of the separate cyl 
inder 86 so as to draw hydraulic medium within 

As the cam lifts 
the tappet, the ball valve 90 Will close the pas 
Sage through the conduit means 88, trapping the 
hydraulic medium within the compression cham 
ber and providing a substantially solid hydraulic 
column below the plunger 97. 
The hydraulic compensating mechanism of this 

tappet construction is adapted to compensate 
for inequalities in the length of operating parts 
of the valve actuating mechanism due to ex 
pansion and contraction of the parts during va 
rious operating conditions of an internal com 
bustion engine. When the cam 85 presents a 

0. 
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WOrn. Or Out-of-true surface the adjustment 
sleeve 93 may be backed outwardly of the tape 
pet body 8 to allow a slight reciprocation of the 
tappet body 8 with reference to the separate 
cylinder 86. The spring 96 yields to compensate 
for the Out-of-true Surface of the cam 85. If 
the surface of the cam 85 is not out-of-true the 
adjustment sleeve 93 may be threaded inwardly 
of the tappet body until the separate cylinder 86 
is locked against movement with respect to the 
tappet body. As Wear of the can occurs or 
the surface of the cam is found to be out-of 
true, the adjustment sleeve 93 may be backed 
outwardly of the tappet body by an amount equal 
to the amount by which the surface of the cam 
85 is out-of-true. This prevents the tappet, 
mechanism from maintaining the valve of its 
seat and prevents noise in the operation of the 
valve, 
A self-aligning cap 02 may be provided at 

the upper end of the plunger 97. The plunger 
9 is provided with a recess 3 extending ion 

- gitudighally thereof for the reception of a re 
silient sleeve portion 04 provided by cutting a 
plurality of slots longitudinally of such sleeve 
portion as indicated at 05. The position of the 
slots O5 provides resilient portions which makes 
the cap self-aligning with respect to squaring 
up the face of the flange With the end of the 
plunger and also allows the sleeve portion to 
be self-fitting within the bore in the plunger 
without requiring that these parts be made 
within close mechanical limits. 

Reference may now be had to Fig. 7 which 
illustrates a modified form of tappet adapted to 
provide a definite amount of compressibility of 
the tappet for the purpose of compensating for 
worn or out-of-true working surfaces of the op 
erating cam for the tappet. In this construction, 
the tappet body 23, is provided with a stepped 
bore 24 forming a shoulder f30 which is adapted 
to abut the shoulder 73 on the lower end of a 
separate cylinder 30 to limit the inward move 
ment of the separate cylinder with respect to the 
tappet body. No separate oil receptacle is pro 
vided in this construction, however, the lower 
portion of the stepped bore 24 provides an oil 
receptacle 3 within the lower end of the tap 
pet body 23. A solid plunger 46 is recipro 
cably mounted within the bore 32 of the sepa 
rate cylinder 30 and is adapted to be biased 
outwardly with respect to the separate cylinder 
by means of a spring 52 constructed and ar 
ranged to correspond with the spring 52 of the 
construction shown in Figs. 2 and 3. The sepa 
rate cylinder 30, tubular conduit means 40, 
ball valve means 44 and ball valve retainer 
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42 are constructed and arranged to function in 

the same manner as the corresponding elements 
30, 40, 44, and 42 of the construction shown in 
Figs. 2 and 3. A port 57, corresponding to the 
port 57 of the first described embodiment, is 
provided for admitting liquid under pressure to 
the tappet body to supply liquid medium for the 
compensating mechanism arranged therein. In 
this embodiment, instead of providing for re 
Siliently opposed movement of the Separate cyl 
inder with respect to the tappet body as ill 
lustrated in Fig. 6, the hydraulic medium of 
the compression chamber is rendered slightly 
compressible so as resiliently to oppose inward 
relative movement of the piston with respect to 
the separate cylinder. 
A small bore 75 leads upwardly from the in 

ner end of the plunger f46 to provide a cham 
ber of a predetermined volume for trapping 
air or other compressible medium therein, which 
compressible medium is adapted to yield in re 
sponse to increases of pressure of the liquid 
medium contained within the compression cham 
ber of the tappet. Since the boring 75 opens 
downwardly, a definite amount of compressible 
medium, such as air or compressible gas from 
the liquid medium utilized in the compensating 
mechanism of the tappet, will be trapped with 
in the bore. The remainder of the air or gas 
contained within the liquid medium will be bled 
or vented through the clearance provided be 
tween the plunger f46 and the bore 32 of the 
separate cylinder 30. The compressible medium 
contained within the boring 75 will provide the 
tappet with a definite amount of compressibility 
for the purpose of compensating for worn or 
otherwise out-of-true working surfaces of the op 
erating cam for the tappet. The size of the boring 
may be varied to provide the desired amount of 
compressibility of the tappet for compensating 
purposes. 

Referring back to Fig. 3 of the drawings, it 
is noted that essentially the same expedient 
may be employed in the reversible tappet con 
struction shown in Fig. 3 by providing borings 
f76 in the lower end of the plunger 46. In the 
case of hollow plunger, such as shown in Fig. 3, 
Ít is preferred to employ a plurality of bOrings 
arranged other than coincident with the axis 
of the plunger so that the borings may be made 
at points affording sufficient depth of metal for 
such borings without puncturing the lower end 
closure of the plunger. These borings contain 
the proper quantity of air or other compressible 
medium to provide a definite amount of com 
pressibility of the tappet to compensate for worn 
or otherwise out-of-true working surfaces of the 
operating cam. The size and number of borings 
f76 may be varied to suit the needs of a par 
ticular valve cam. 
As many changes could be made in the above 

constructions and many apparently Widely dif 
ferent embodiments of this invention could be 
had without departing from the spirit thereof, 
it is intended that all matter contained in the 
above description or shown in the accompany 
ing drawings shall be interpreted as illustrative 
and not in a limiting Sense. 
What I claim is: 
1. In a valve tappet, the combination with a 

tappet body provided with a longitudinal bore 
closed at one end and opera at the other, of hy 
draulic compensating mechanism including an 
oil receptacle and reversibly receivable in said 
bore so that the ceceptacle can be disposed in 
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substantially upright position for both substan 
tially upright and Substantially inverted posi 
tions of the tappet body. 

2. In a valve tappet, the combination with a 
tappet body provided with a longitudinal bore 
closed at one end and open at the other, of 
hydraulic compensating mechanism including an 
oil receptacle and a separate cylinder both 
reciprocably received in said bore, a valve con 
trol passage adjacent one end of said cylinder, 
conduit means communicating at One end with 
Said paSSage and at its other end with the in 
terior of Said receptacle at a point adjacent the 
bottom of said oil receptacle, and means for ad 
mitting oil to said receptacle, said hydraulic 
compensating mechanism being reversibly re 
ceivable in said tappet body, whereby said mech 
anism may be arranged so that the other end of 
the conduit dips into oil in Said receptacle for 
all positions of said tappet body. 

3. A hydraulic valve tappet comprising a tu 
bular tappet body closed at one end, a tubular 
Oil receptacle reciprocably received in Said tap 
pet body and closed at one end, a tubular cylin 
der reciprocably received in Said tappet body 
and provided with a valve controlled paSSage 
adjacent One end thereof, the remaining ends 
of Said tappet body, oil receptacle, and cylinder 
being open, and a plunger reciprocably received 
in Said cylinder, Said oil receptacle and separate 
cylinder being assembled in end to end relation 
in the bore of said tappet body with the open end 
of Said receptacle abutting that end of said sepa 
rate cylinder which includes the valve controlled 
passage and said tubular body being adapted re 
Versibly to receive said cylinder, plunger and oil 
receptacle assembly. 

4. In a valve tappet, the combination with a 
tappet body provided with a longitudinal bore 
closed at one end and open at the other, of 
hydraulic compensating mechanism including an 
oil receptacle and a separate cylinder both recip 
rocably received in said bore, a valve controlled 
paSSage adjacent One end of said cylinder, said 
oil receptacle being provided with an open and 
a closed end, Said cylinder being provided with 
8, Shoulder adjacent said valve controlled pas 
Sage, the open end of said oil receptacle being 
arranged in abutting relation against said 
shoulder, a plunger reciprocably received in 
Said cylinder with one end of the plunger ex 
tending outwardly therefrom, conduit means 
communicating at one end with said passage 
and at its other end with the interior of said 
oil receptacle adjacent the closed end of the 
latter, both said tappet body and said oil re 
ceptacle being provided with ports through the 
Walls thereof and adapted to register both when 
the hydraulic compensating mechanism is as 
Sembled with the closed end of the oil receptacle 
abutting the closed end of the tappet body, and 
When the mechanism is assembled with the out 
Wardly projecting end of the plunger abutting 
the closed end of the tappet body. 

5. In a valve tappet, hydraulic compensating 
mechanism including a longitudinally recipro 
cable plunger, a cylinder for said plunger and 
provided with an open end, and a coil spring 
extending between the open end of said cylinder 
&nd the Outer end of Said plunger, an end coil 
of Said Spring contracting inwardly and fric 
tionally engaging an outer surface of said plung 
er, and the Opposite end coil of said spring ex 
panding outwardly and frictionally engaging 
an inner surface of said cylinder, said plunger 
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being provided with a shoulder engageable with 
said last-named end coil of said spring to limit 
outward movement of said plunger with respect 
to said cylinder. 

6. In a valve tappet, hydraulic compensating 
means including a longitudinally reciprocable 
plunger, a cylinder for said plunger and pro 
vided with an open end, a recess in said cylinder 
opening into the bore of said cylinder and out 
Wardly of the open end thereof, and a coil 
spring having an end disposed in said recess 
and expanding outwardly frictionally to engage 
the side wall of said recess, said plunger being 
recessed intermediate its ends and on the outer 
periphery thereof to provide opposed shoulders 
thereon, the end coil at the opposite end of said 
spring engaging one of said shoulders and con 
tracting inwardly frictionally to engage said 
plunger, the remaining shoulder on said plunger 
being engageable with the expanding coil of said 
spring to limit outward movement of the plunger 
with respect to said cylinder. - 

7. In a valve tappet, hydraulic compensating 
mechanism including a longitudinally recipro 
cable plunger, a cylinder for said plunger and 
provided with an axially concentric boss portion 
at one end thereof, said boss portion being pro 
vided with two axially concentric cylindrical re 
cesses therein of different diameters, the smaller 
diametered recess being arranged at the out 
er end of the boss portion, a tubular element 
projecting longitudinally through said boss and 
outwardly of said cylinder and provided with 
a radially outwardly enlarged and cylindrical 
portion, at one end adapted to make a press fit 
in a portion of the larger diametered recess in 
said boss portion, said enlarged end of the 
tubular element being provided with a narrow 
valve seat at the end of the bore of said ele 
ment, a ball valve arranged in said larger di 
ametered recess of said boss portion, and a 
cup shaped ball retainer disposed in inverted 
position in said larger diameter recess, and mak 
ing a press fit therein, said retainer being pro 
vided with passages through the bottom portion 
thereof; and arranged to limit travel of said 
ball with respect to said valve seat. 

8. In a valve tappet, the combination with a 
tappet body provided with a longitudinal bore 
closed at one end and open at the other, hy 
draulic compensating mechanism including a 
separate cylinder reciprocally received in said 
bore said cylinder being provided with a pair 
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of endwise directed shoulders arranged one ad 
jacent each end thereof, said tappet body being 
provided with a shoulder arranged to engage 
one of the shoulders on said cylinder to limit 
inWard movement of the cylinder in Said bore, 
an adjusting sleeve threaded to the tappet body 
adjacent the open end of said bore and engage 
able with the other shoulder on said cylinder 
for adjustably limiting outward movement of 
the cylinder in said bore, and resilient means 
for urging said cylinder outwardly of said tap 
pet body. 

9. In a valve tappet, the combination with 
a tappet body provided with a longitudinal bore 
closed at one end and open at the other, hy 
draulic compensating mechanism including a 
separate cylinder reciprocably received in said 
bore, said cylinder being provided with a pair. 
of endwise directed shoulders arranged one ad 
jacent each end thereof, said tappet body being 
provided with a shoulder arranged to engage 
one of the shoulders on said cylinder to limit 

7 
inward movement of the cylinder in said bore, 
and an adjustable nut threaded to the tappet 
body adjacent the open end of Said bore and en 
gageable with the other, shoulder on said cylin 
der for adjustably limiting outward movement 
of the cylinder in said bore, resilient means for 
urging said cylinder outwardly of said tappet 
body, and means for admitting liquid under 
pressure to the tappet body to supply liquid 
medium for said compensating mechanism and 
also for urging said cylinder outwardly of said 
tappet body. 

10. The combination. With a valve. Operating 
cam, of a tappet comprising a tappet body, a 
Separate cylinder reciprocally mounted in said 
body, means for limiting movement of said cyl 
inder in said tappet body towards said operat 
ing cam, adjustable means for limiting move 
ment of said cylinder in said tappet body away 
from said cam, resilient means for urging the 
cylinder away from said cam, and towards said 
adjustable limiting means, and hydraulic com 
pensating mechanism including a plunger recip 
rocably mounted in said cylinder and means 

be for admitting and trapping liquid medium 
tween said plunger and said cylinder. - 

11. In a valve tappet, the combination with a 
tappet body provided with a longitudinal bore 
closed at one end and open at the other, hy-, 
draulic compensating mechanism including a 
separate cylinder reciprocably mounted in said 
bore, of endwise directed shoulders arranged one 
at each end of said separate cylinder, a fixed 
shoulder on said tappet body for limiting move 
ment of the cylinder within said bore towards 
the closed end thereof, adjustable means car 
ried by said tappet body adjacent the open end 
of Said bore for adjustably limiting movement of 
said cylinder in the direction of the open end. 
of said bore, and a coil spring arranged in said 
bore between the closed ends thereof and the 
inner end of said cylinder for urging the cyl 
inder towards said adjustable limiting means. 

12. The combination with a valve operating 
cam, of a tappet comprising a tappet body, hy 
draulic compensating mechanism including a 
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plunger, reciprocally mounted in said tappet body, 
spring means for biasing said plunger outwardly 
with respect to said tappet body, and valve means 
for admitting and trapping liquid medium within : 
the tappet body so as to extend said plunger 

F outwardly relative to the tappet body, and other 
means for biasing said plunger outwardly rela 
tive to said tappet body and yieldable to conn 
pensate for out-of-true Working Surfaces of said 
valve operating cam. ... ' 

13. The combination with a valve operating 
cam, of a tappet comprising a tappet body, a 
Separate cylinder in said tappet body, hydrau 
lic compensating mechanism including a plunger 
reciprocably mounted in said cylinder, spring 
means for biasing Said plunger outwardly with 
respect to said separate cylinder, and valve 
means for admitting and trapping liquid medium 
between said plunger and . Said cylinder, and 
other compensating means for biasing said 
plunger outwardly relative to said tappet body 
and yieldable to compensate for out-of-true 
working surfaces of said valve operating cam. 

14. In a hydraulic valve tappet, the combina 
tion with a tappet body provided with a bore 
substantially closed at one end and open at the 
other, of hydraulic compensating mechanism in 
cluding a separate cylinder, an oil receptacle, a 
plunger reciprocable in said separate cylinder, 
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and a spring for expanding said plunger and 
separate cylinder assembly, said compensating 
mechanism being reciprocably and reversibly re 
ceivable in the bore of said tappet body. 

15. In a hydraulic valve tappet, a tappet body 
having a longitudinal bore closed at one end, a 
separate cylinder disposed in said bore, a plung 
er in said separate cylinder, spring means for 
biasing said plunger outwardly with respect to 
said separate cylinder, said separate cylinder 
making a slidable fit in the bore of said tappet 
body for venting gas from the bore of the tap 
pet body through the clearance between said 
separate cylinder and the tappet body. 

16. In a hydraulic valve tappet, a tappet body 
having a longitudinal bore closed at one end, a 
separate cylinder disposed in said bore, a plung 
er in said separate cylinder, spring means for 
biasing said plunger outwardly with respect to 
said separate cylinder, and a tubular portion 
of reduced diameter on one end of said separate 
cylinder, and projecting downwardly into the 
bore of said tappet body, said separate cylinder 
making a slidable fit in the bore of Said tappet 
body. 

17. In a hydraulic valve tappet, a tappet body 
having a longitudinal bore closed at its lower 
end, a separate cylinder disposed in the upper 
part of said bore, the lower part of said body 
including a liquid reservoir, a plunger in Said 
separate cylinder, spring means for biasing Said 
plunger outwardly with respect to said separate 
cylinder, and a tubular portion of reduced diam 
eter on the lower end of said separate cylinder 
and projecting into the reservoir in the lower 
part of the tappet body, said separate cylinder 
making a slidable fit in the bore of the tappet 
body for venting gas from Said reservoir at a 
point above the lower end of said tubular 
portion. 

18. In a hydraulic valve tappet, a tappet body 
having a longitudinal bore closed at one end, 
a separate cylinder disposed in Said bore, a 
plunger in said separate cylinder, Spring means 
for biasing said plunger outwardly with respect 
to said separate cylinder, and a tubular portion 
of reduced diameter on one end of Said separate 
cylinder and projecting downwardly into the 
bore of said tappet body, Said separate cylinder 
being free of surface grooves and paSSages in 
the wall portions thereof and making a slidable 
fit in the bore of said tappet body for venting 
gas from such bore at a point above the lower 
end of said downwardly projecting tubular 
portion. 

19. In a hydraulic valve tappet, a tappet body 
having a longitudinal bore closed at its lower 
end, a separate cylinder disposed in the upper 
part of said bore, the lower part of Said body 
including a liquid reservoir, a plunger in Said 
separate cylinder, Spring means for biasing said 
plunger OutWardly With respect to said separate 
cylinder, and a tubular portion of reduced diam 
eter on the lower end of the separate cylinder 
and projecting into the reservoir in the lower 
part of the tappet body, said separate cylinder 
being free of passages or grooves in the wall por 
tion thereof and making a slidable fit in the 
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bore of the tappet body for venting gas from 
said reservoir at a point above the lower end 
of said tubular portion. 

20. In a hydraulic valve tappet, a tappet body 
having a longitudinal bore closed at one end, a 
separate cylinder composed of a more machin 
able metal than that composing said tappet body 
and disposed in Said bore, a plunger in Said 
separate cylinder, spring means for biasing Said 
plunger outwardly with respect to Said separate 
cylinder, and a tubular portion of reduced diam 
eter on one end of said separate cylinder and 
projecting downwardly into the bore of said 
tappet body, said separate cylinder making a 
slidable fit in the bore of Said tappet body for 
venting gas from said bore at a point above 
the lower end of Said downwardly projecting 
tubular portion. 

21. In a hydraulic valve tappet, a tappet body 
having a longitudinal bore closed at its lower 
end, a Separate cylinder composed of a more 
machinable metal than that composing said 
tappet body and disposed in the upper part of 
said bore, the lower part of said body including 
a liquid reservoir, a plunger in said separate 
cylinder, spring means for biasing Said plunger 
outwardly with respect to said separate cylinder, 
and a tubular portion of reduced diameter on 
the lower end of the separate cylinder and pro 
jecting into the reservoir in the lower part of 
said body, said separate cylinder making a 
slidable fit in said bore for venting gas from said 
reservoir at a point above the lower end of said 
tubular portion. 

22. In a hydraulic valve tappet, a tappet body 
having a longitudinal bore closed at its lower 
end, a separate cylinder disposed in said bore, 
a plunger in said separate cylinder, spring means 
for biasing said plunger outwardly with respect 
to Said separate cylinder, Saidi separate cylinder 
being provided with an axially bored boss por 
tion at the lower end thereof, a suction tube 
preSS fitted into the bore of said boss portion 
and projecting downwardly into the bottom por 
tion of the bore in Said tappet body, said sepa 
rate cylinder making a slidable fit in the bore 
of Said tappet body for venting gas from the 
bore of the tappet body at a point above the 
lower end of said suction tube. 

23. In a hydraulic valve tappet, a tappet body : 
having a longitudinal bore closed at its lower 
end, a Separate cylinder disposed in the upper 
part of said bore, the lower part of said body 
including a liquid reservoir, a plunger in said 
Separate cylinder, Spring means for biasing said : 
plunger outwardly with respect to said separate 
cylinder, said Separate cylinder being provided 
with an axially bored boss portion at the lower 
end thereof, a Suction tube and a valve cage 
press fitted into the bore of said boss portion, 
said Suction tube projecting downwardly into 
the bottom portion of Said reservoir, said sepa 
rate cylinder being free of passages, or grooves 
in the Wall portions thereof and making a slid 
able fit in the bore of the tappet body for vent 
ing gas from said reservoir at a point above the 
lower end of Saidi Suction tube. 
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