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2,502,933 

ROCKER BOX LUBRICATION SYSTEM 

George B. Du Bois, Radburn, and William G. 
Ovens, Midland Park, N. J., assignors to 
Wright Aeronautical Corporation, a corpora 
tion of New York 

Application June 26, 1944, Serial No. 542,120 
(C. 184-6) 12 Cairns. 

This invention relates to valve gear lubrication, 
and is particularly directed to means for lubricat 
ing the waive gear of the lower cylinders of a 
radial cylinder engine, 
The valve gear for each cylinder valve of a 

radial cylinder engine generally comprises a 
rocker arm, pivotally mounted on the cylinder 
head and disposed within a rocker box, the rocker 
arm having its one end operatively engaging a 
valve stem and its other end operatively engaging 
a hollow push rod, reciprocated by an engine 
driven cam. The valve gear for the valves of 
the upper engine cylinders are generally preS 
sure lubricated by metered quantities of oil fed 
through the hollow push rod, the oil draining by 
gravity back into the engine Crank case from 
the rocker box through a tubular housing Sur 
rounding the push rod. Obviously, such a gravity 
return oil circulating System cannot be used for 
lubricating the valve gear of any of the lower 
engine cylinders. The wave gear of these lower 
engine cylinders are conventionally lubricated by 
allowing a limited quantity of oil to drain into the 
rocker boxes, and therefore, there is no circulation 
of oil through such valve gear. Accordingly, it 
is an object of this invention to provide a new 
and improved method and means for lubricating 
the valve gear of the lower cylinders of a radial 
cylinder engine. It is a further object of this 
invention to provide a new lubrication system for 
the valve gear of the lower engine cylinders 
Whereby oil is circulated through Such valve gear 
and their associated rocker boxes. 

Specifically, the invention comprises means to 
Supply lubricating oil directly to the rocker box 
housing through the annular passage between the 
push rod and the usual tubular casing surround 
ing the push rod. With this arrangement, oil 
accuinulates within the rocker box, and by provid 
ing a bleed opening in the valve tappet, at the 
upper end of the push rod, the gas pressure with 
in the rocker is effective to force the oil into the 
rocker arm bearing, through the oil passages in 
the rocker arm and push rod and out into the 
engine Crank case through the aforementioned 
bleed opening. It is also an object of this inven 
tion in an alternative proposal to utilize the recip 
rocal movement of the valve gear for operating a 
pump to help remove the oil from the rocker 
OX. 
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Other objects of this invention will become 
apparent upon reading the annexed detailed de 
scription in connection with the drawing in 
Which: 

Figure is a schematic front view of a radial 
cylinder engine; 

Figure 2 is a Sectional view through the valve 
gear of a lower cylinder of the engine and en 
bodying the invention; 

Figure 3 is an enlarged view of the valve tappet 
embodied in Figure 2; 

Figure 4 is a development of the exterior of a 
portion of the valve tappet; 

Figure 5 is a view illustrating a modification of 
a portion of Figure 2; 

Figure 6 is a view Similar to Figure 2 of a modi 
fication; 

Figure 7 is a Sectional view of a further modi:--- 
fication; and 

Figure 8 is a sectional view taken along line 8-8 
of Figure 7. 

Referring to the drawing, a conventional radial 
cylinder internal combustion engine C is pro 
vided with a crank case ili 2 about which a, plu 
rality of radially disposed cylinders f4 are 
mounted. Each cylinder is provided with a cylin 
der head 6, and a pair of rocker boxes 8 are 
integrally formed therewith for the cylinder in 
take and exhaust valves. In each rocker box, a 
rocker arm 2) is pivotally mounted about a rocker 
arm bolt 2, carried by the walls of the rocker 
box. One end of each rocker arm is provided 
With a roller 22, adapted to engage the end of a 
Valve stem 24 of a valve 26. The valve 26 is 
Slidably mounted within a valve guide 28 in the 
cylinder head and is urged toward closed position 
by Spring means 3. 
The other end of the rocker arm is provided 

With an adjusting nut 32 having a spherical bear 
ing Seat adapted to engage the outer end of a 
hollow push rod 34. The other end of the push 
rod is engaged by the spherical seat formed at 
One end of a hollow valve tappet comprising hol 
low interfitted members 36 and 37 urged apart by 
a Spring 38. The valve tappet 36, 3 is slidably 
mounted within a valve tappet guide 39 carried 
by the engine crank case 2. The other end of 
the valve tappet 36, 3 is provided with cam foll 
lower roller 49, which is arranged for engagement 
by engine driven cam means 4. A tubular cas 
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ing 42 is disposed about the push rod 34 and is 
Secured at one end to the valve tappet guide 39 
and at its other end to its associated rocker box. 
The structure So far described is quite conven 
tional. 

In the conventional lubricating arrangement, 
the Supply of oil for the rocker boxes of the lower 
cylinders consistS of the oil Wlaich leaks OutWard 
between the valve tappet Socket and valve guide 
parts, there being no other paSSages for either 
Supply or return of oil. In Such an arrangement, 
the Supply of oil can be controlled only by indirect 
means, and there is no circulation and return of 
oil Iron these lower rocker boxes. 

In the present invention, oil for lubricating 
the valve gear of the lower engine cylinders is 
Supplied under pressure to the paSSage 44 formed 
in the crank case Supporting structure about each 
Valve tappet guide 39. Each valve tappet guide 
39 is provided with a radial opening 46 coin 
municating With the supply passage 44, and dur 
ing engine Operation, an annular groove 48 about 
the exterior Surface of the valve tappet member 
37 is periodically brought into alignment with 
this opening 46. The valve tappet member 37 is 
also provided with an axially extending flat or 
groove 50 on its exterior Surface, establishing 
communication between the groove 48 and the 
interior of the tubular casing 42. Thus, when 
the annular groove 48 is in communication with 
the opening 46, oil is fed therethrough to the 
flat 50, tubular casing 42, and thence into the 
rocker box connected thereto. With this con 
Struction the axial position of the annular groove 
48 about the valve tappet determines the length 
of time the groove is in communication with the 
paSSage 46 during each tappet actuation, thereby 
controlling the quantity of oil metered to the 
rocker box. 

In Figure 2, the valve tappet 36, 37 is shown 
in its valve opening or actuated position, and 
accordingly, the annular groove 48 is in Com 
munication. With the passage 46, while in the 
enlarged view of Figure 3 the valve tappet is 
shown in its non-actuated position. The rela 
tive disposition of the annular groove 48 and the 
groove or flat 50 is best seen in the development 
of the exterior surface of the tappet member 3: 
in Figure 4. 
The push rod 34 is hollow, and its lower end 

communicates with a paSSage 45 leading to the 
rocker arm roller bearing 52, while its upper end 
communicates with the hollow valve tappet 36, 
37 which is provided with a hole 54 communicat 
ing with the interior of the crankcase around 
the roller 40 and through the open inner end 55 
of the tappet guide 39. The hole 54 is disposed 
at the inner end of the tappet member 37 directly 
under the cam follower roller 40. That is, the 
passage 45, the hollow push rod, the hollow valve 
tappet, and hole 54, together define a vent pas 
Sage establishing communication between a point 
within the rocker box and the crank case. There 
fore, with an excess quantity of oil supplied to 
the rocker box, the rocker box will fill with oil 
approximately to the level indicated at 5 in 
Figure 2, at which level the rocker box end of 
the vent passage is submerged in the oil. The 
gas pressure within the rocker box will prevent 
the oil from rising appreciably beyond this level, 
by forcing the oil out into the crank case through 
this vent paSSage. 

If the valve 26 is an exhaust valve, there will 
always be a Substantial gas pressure within the 
rocker box, because there always is a tendency 
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4. 
for the transmission of the engine exhaust pres 
Sul’e into the rocker box through the Space be 
tween the valve stem and valve guide. Similarly, 
if the valve 26 is an intake valve and the engine 
is provided with a Supercharger maintaining a 
manifold preSSure above atmospheric pressure, 
there always is a tendency for the transmission 
of this manifold pressure into the rocker box 
through the Space between the valve stem and 
its guide. The provision of such a supercharger 
is general practice on aircraft engines. 
With the above described arrangement, al 

though the groove 48 is positioned so as to meter 
a Surplus quantity of oil to the rocker box, the 
gas pressure within the rocker box prevents the 
rocker box from filling up completely by forcing 
the exceSS oil out through a discharge passage 
into the crank case. In other Words, there is a 
continual circulation of oil through the rocker 
box flood lubricating the rocker arm bearing, and 
in addition, the rocker box does not fill up with 
oil. 
By discharging the oil through the valve tappet 

opening 54 into the crank case, the valve tappet 
guide 39 provides a stand pipe extending into 
the crank case, thereby preventing drainage of 
Crank case oil back into the rocker box. Also, 
if desired, an oil passage 56 may be provided 
through the back of the rocker arm adjusting nut 
32 as illustrated in Figure 5. This latter arrange 
ment facilitates the return of oil to the crank case 
by by-passing the passage 45 in the rocker arm. 

Figure 6 illustrates a further modification in 
which an inertia pump is incorporated within 
the push rod in Order to help remove the oil 
from the rocker box. This pump comprises a 
hollow Spring balanced plunger member 60 slid 
ably disposed within the push rod and urged to 
an intermediate position therein by springs 62 
and 64, respectively disposed between the plunger 
and the two ends of the push rod. A ball-type 
check valve 66 is disposed between the One end 
of the Spring 62 and the adjacent end of the 
plunger 60, and a second ball-type check valve 
68 is disposed between one end of the Spring 64 
and the adjacent end of the push rod. With this 
arrangement, the inertia, plunger 60 tends to 
Stand still while the push rod reciprocates and 
therefore, on the downstroke of the push rod, oil 
is drawn into the lower or outer end of the push 
rod and is forced out of the upper or inner end 
of the push rod, while on the upstroke of the 
push rod, oil is displaced through the plunger 60 
from its lower end to its upper end. Except for 
the provision of the inertia, pump in the hollow 
push rod, the modification of Figure 6 is similar 
to Figure 2 and like parts have been designated 
by like reference numerals. 
Instead of providing an inertia-type pump 

within the push rod as illustrated in Figure 6, 
a conventional piston-type pump may be dis 
posed within the rocker box for pumping the 
rocker box oil back of the crank case through 
the hollow push rod. Such an arrangement is 
illustrated in Figures 7 and 8 in which a pump 
cylinder 70 is carried by the rocker box cover 
72, and a piston 74 disposed within the cylinder 
70 is urged outwardly against the rocker arm 75 
by a Spring 76. A passage 78 formed within the 
rocker box cover opens into the pump cylinder 
through opening 80 and into the rocker box 
through a check valve 82. If desired, a light 
Spring (not shown) may urge the valve 82 up 
Wardly against its seat. The passage 78 also 
communicates with a passage 84 extending up 
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One side Wall on the rocker. box cover. The Side 
wall passage 84 is counterbored at 86 for receive 
ing a check Valve 88 urged downwardly against 
its seat by a spring 90. The passage 84 communi 
cates With a paSSage 92 in the Side Wall of the 
rocker b0X proper which leads up into communi 
cation with a hollow rocker arm bolt, 94 and a 
radial opening 96 establishes communication be 
tween the hollow rocker arm bolt and the rocker 
arm bearing 95 as best Seen in Figure 8. A paS 
Sage 97 extends from the rocker arm bearing 95 
to the hollow push rod as in the previous 
modificationS. 
With the construction of Figures 7 and 8, 

upon reciprocation of the rocker arm, the pump 
piston operates to pump oil out through the 
check valve 88 to the rocker arm bearing and 
through the rocker arm passage 97 and the hol 
low push rod into the engine crank case. Dur 
ing the downstroke of the piston T4, the check 
valve 82 closes, while the piston forces the oil 
within the cylinder 70 up through the check 
valve 88 and thence through the rocker arm 
passage 97 and the hollow push rod into the 
engine crank case. On the spring return stroke 
of the piston 74, the check valve 88 closes to 
prevent the return of oil back into the rocker 
box from the push rod, while the check valve 32 
opens to permit the pump cylinder 0 to refill 
with oil. As illustrated, the rocker arm 75 is 
provided with a plane bearing 95, which type of 
bearing has much less end leakage than the 
roller bearings illustrated in Figures 2 and 6. If 
a roller bearing were provided in Figures 7 and 8, 
it might be necessary to provide bearing end 
Seals in Order to limit, the leakage of oil out 
through the bearing ends. 

In all modifications, lubricating oil enters the 
rocker boxes for the lower cylinders to lubricate 
the rocker arm bearing, and the oil level in these 
rocker boxes rises until it closes the lower or 
Outer end of the escape passage of the rocker 
box gases through the associated hollow push 
rods. The escaping rocker box gas pressure, 
either alone or assisted by pumps, prevents the 
oil from rising above this level by forcing the 
Surplus oil up through the push rods into the 
crank case. In this way the rocker arm bearings 
for the lower cylinders are flood lubricated, and 
yet the rocker box does not fill up with oil, the 
Surplus oil returning to the engine crank case 
through the hollow valve operating push rods. 
While we have described our invention in de 

tail in its present preferred embodiment, it will 
be obvious to those skilled in the art, after un 
derstanding our invention, that various changes 
and modifications may be made therein without 
departing from the spirit or scope thereof. We 
aim in the appended claims to cover all such 
modifications and changes. 
We claim as our invention: 
l. In an internal combustion engine, a valve, 

a rocker arm operatively engaging said valve, a 
housing enclosing said arm, a hollow push rod 
mounted for reciprocation by said engine and it 
Operatively engaging said aim, a tubular casing 
Surrounding Said push rod, means for supplying 
lubricating oil to Said housing through said tubu 
lar . Ca.Sing, and means disposed Within Said hol 
low push rod and responsive to reciprocation 
thereof for removing lubricating oil from said 
housing through said push rod. 

2. In an engine having a crank case, a valve, 
a valve gear for operating said valve comprising 

for said rocker arm into which the stem of Said 
valve projects for operative engagement by said 
rocker arm, said push rod being mounted for 
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a rocker arrin and a hollow push rod, a housing 75 

reciprocation by said engine and extending in 
a direction downwardly from the engine crank 
case into said housing into operative engagement 
with said rocker arm, a tubular casing surround 
ing said push rod, means to Supply lubricating 
oil to said housing through the annular passage 
within the tubular casing about the push rod, and 
pump means responsive to operation of said valve 
gear for removing lubricating oil from said hous 
ing through said push rod. 

3. In an internal combustion engine having a 
crankcase, a Valve, a valve operating mechanism, 
a housing for Said mechanism, a push rod ex 
tending in a direction downwardly from said 
crankcase to said housing and operatively engag 
ing said valve operating mechanism for operat 
ing said valve, a tubular casing Surrounding said 
push rod and extending in a direction down 
wardly from said crankcase to said housing but 
terminating short of the bottom end of said 
push rod means for supplying lubricating oil to 
said housing through the annular passage with 
in the tubular casing about the push rod, and 
means for returning oil from said housing to said 
crankcase, said last mentioned means including 
an oil passageway extending longitudinally 
through said push rod and communicating at its 
upper end with the interior of Said crankcase 
and communicating at its lower end With the 
interior of said housing. 

4. In an internal combustion engine having a 
crankcase, an engine cylinder valve, a housing 
into which the stem of said valve projects, a 
rocker arm within said housing operatively en 
gaging said valve stem, a valve operating push 
rod extending in a direction downwardly from 
said crankcase into said housing and operatively 
engaging said rocker arm, a tubular casing Sur 
rounding said push rod and extending in a di 
rection downwardly from said crankcase to said 
housing but terminating short of the bottom end 
of said push rod, means for supplying lubricat 
ing oil to said housing through the annular pas 
sage within the tubular casing about the push 
rod, and means for returning oil from Said hous 
ing to said crankcase, said last mentioned means 
including an oil passageway extending longitudi 
hally through said push rod and communicating 
at its upper end with the interior of said crank 
case and communicating at its lower end with 
the interior of said housing. 

5. In an internal combustion engine having a 
crankcase, an engine cylinder valve, a housing 
into which the stem of said valve projects, a 
rocker arm within said housing operatively en 
gaging said valve stem, a valve operating push 
rod extending in a direction downwardly from 
said crankcase into said housing and having one 
end operatively engaging Said rocker arm, a 
valve tappet slidably supported by said crank 
case and operatively engaging the other end of 
said push rod, a tubular casing surrounding said 
push rod and extending in a direction down 
wardly from said crankcase to said housing but 
terminating short of the bottom end of said push 
rod, means for supplying lubricating oil to said 
housing through the annular passage within the 
tubular casing about the push rod, and a passage 
way for returning oil from said housing to said 
crankcase, said passageway including a passage 
extending longitudinally through said push rod 
and a paSSage extending through said tappet and 
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communicating with said push rod passage, Said 
tappet projecting a substantial distance into Said 
crankcase with the discharge end of Said tappet 
passage opening into the crankcase adjacent the 
inner end of Said tappet. 

6. In an engine having a crankcase; a valve; 
a housing; valve operating mechanism. Within 
said housing operatively connected to Said valve; 
a wave-operating push rod mounted for recipro 
cation by said engine and extending in a direction 
downwardly from said engine crankcase into Said 
housing into operative engagement with Said 
mechanism, said push rod being hollow to form 
at least a portion of a passage between Said 
housing and crankcase; a tubular casing Sur 
rounding said push rod to form an annular Space 
about said push rod; means for Supplying lubri 
cating oil to said housing through Said annular 
space, said housing being subjected to a gas pres 
sure, during engine operation, in excess of the 
pressure within said crankcase, the arrangement 
being such that the pressure differential between 
said housing and crankcase urges oil from Said 
housing through said passage when the oil with 
in said housing covers the housing end of Said 
paSSage. 

7. In an internal combustion engine having a 
crankcase; a valve; valve operating mechanism 
connected to said valve; a housing for said mech 
anism; a hollow push rod mounted for recipro 
cation by said engine and having One end Opera 
tively engaging said mechanism for Operating 
said valve; means for supplying lubricating oil 
to said housing; and pump means disposed with 
in said hollow push rod and responsive to re 
ciprocation thereof for removing lubricating oil 
from said housing through said rod. 

8. In an internal combustion engine having a 
crankcase; a valve; valve operating mechanism 
connected to said valve; a housing for Said mech 
anism, said mechanism and its housing being 
disposed below said crankcase; a hollow valve 
operating push rod mounted for reciprocation 
by said engine and disposed between said crank 
case and housing and having one end operatively 
engaging said mechanism; a tubular casing Sur 
rounding said push rod; means for Supplying 
lubricating oil to said housing through the an 
nular space within the tubular casing about the 
push rod; and pump means disposed within the 
hollow push rod and responsive to reciprocation 
of said rod for removing lubricating oil from 
Said housing through said rod. 

9. In an internal combustion engine having a 
crankcase; a valve; valve operating mechanism 
connected to said valve; a housing for said mech 
anism, said mechanism and its housing being 
disposed below said crankcase; a push rod dis 
posed between said crankcase and housing and 
having one end operatively engaging said mech 
anism for operating said valve in response to 
reciprocation of said rod; a sleeve carried by Said 
crankcase; a valve tappet slidably supported by 
said crankcase within said sleeve and operatively 
engaging the other end of said push rod for re 
ciprocating said rod; a tubular casing surround 
ing said push rod and having one end forming 
a continuation of said sleeve and having its other 
end opening into said housing, said sleeve and 
tappet having a passage therebetween communi 
cating with the annular space within said tubular 
casing about said push rod; an oil supply pas 
sageway intermittently communicating with said 
passage during reciprocation of Said tappet 
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8 
ing from said passage and through said annular 
space; and a passageway extending longitudi 
nally through said push rod for returning oil 
from said housing to Said crankcase. 

10. In an internal combustion engine having 
a crankcase; a valve; Valve operating mecha 
nism connected to said valve; a housing for said 
mechanism, said mechanism and its housing be 
ing disposed below said crankcase; a push rod 
disposed between said crankcase and housing and 
having one end operatively engaging Said mech 
anism for operating said valve in response to 
reciprocation of said rod; a sleeve carried by 
said crankcase; a valve tappet slidably supported 
by said crankcase within said sleeve and Opera 
tively engaging the other end of Said push rod 
for reciprocating said rod; a tubular casing Sur 
rounding said push rod and having one end 
forming a continuation of said sleeve and having 
its other end opening into said housing, Said 
sleeve and tappet having a passage therebetween 
communicating at one end with the annular 
space within said tubular casing about Said push 
rod; an oil supply passageway intermittently 
communicating with the other end of Said paS 
sage during reciprocation of said tappet whereby 
lubricating oil is supplied to Said housing from 
said passage and thence through Said annular 
space; and a passageway for returning oil from 
said housing to said crankcase, Said passageway 
including a passage extending longitudinally 
through said push rod and a passage extending 
through said tappet and communicating with 
said push rod passage, said tappet projecting a 
substantial distance into said crankcase with 
the discharge end of Said tappet passage opening 
into the crankcase adjacent the inner end of 
said tappet. 

11. In an engine having a crankcase, a valve, 
a housing into which the stem of said valve pro 
jects, valve operating mechanism within Said 
housing operatively engaging said valve stem, a 
valve-operating push rod mounted for reciproca 
tion by said engine and extending in a direction 
downwardly from said engine crankcase into said 
housing and into operative engagement With said 
mechanism, said push rod being hollow to form 
at least a portion of a passage between Said 
housing and crankcase, a tubular casing Sur 
rounding said push rod, means for supplying 
lubricating oil to said housing through the an 
nular space within the tubular Casing about the 
push rod, said housing being Subjected to a gas 
pressure during engine operation in excess of 
the pressure within said crankcase, the arrange 
ment being such that the pressure differential 
between said housing and crankcase urges oil 
from Said housing through said passage when 
the oil within Said housing covers the housing 
end of Said passage. 

12. In an engine having a crankcase, an engine 
exhaust valve, a housing into which the Stem 
of said valve projects, valve operating mecha 
nism. Within Said housing Operatively engaging 
Said valve stem, a valve-operating push rod 
mounted for reciprocation by said engine and 
extending in a direction downwardly from Said 
engine crankcase into said housing and into op 
erative engagement with said mechanism, said 
push rod being hollow to form at least a portion 
of passage between said housing and crankcase, 
a tubular casing Surrounding said push rod and 
extending in a direction downwardly from said 
Crankcase to said housing but terminating short 

whereby lubricating oil is supplied to said hous- 75 of the bottom end of the push rod, means for 
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supplying lubricating oil to said housing through UNITED STATES PATENTS 
the annular space within the tubular casing about Number Name Date 
the push rod, said housing being Subjected to 1,256.242 Marmon ----------- Feb. 12, 1918 
a gas pressure during engine operation resulting 1885290 PirinOli -------------- Nov. 29, 1932 
from leakage of engine exhaust gases therein 5 2043,539 Davis........June 5, 1936 
from around said valve stem, the gas preSSure 203,605 Hersey et al. --------- Mar. 9, 1937 
differential between said housing and crankcase 2.123 681 Willgoos ----------- July 12, 1938 
urging oil from Said housing through Said paSSage 2.306 554 Morehouse Dec. 25. 1942 
when the oil within Said housing covers the 2366701 DOman -- Jan ?. ?945 
housing end of said paSSage. L SJSSSSSSSS JLLLSL LS S S S S S S S S S S • ?? ??? 

GEORGE B. DU BOIS, 2,381,339 Doman ———————————— Aug. 7, 1945 
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Number Country Date 
REFERENCES C TED 344,623 Italy -------------- July 18, 1936 
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