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57 ABSTRACT 
Several embodiments of cylinder head and valve train 
configurations for an overhead valve internal combus 
tion engine that permits increased valve area without 
interference and while maintaining simplified valve 
actuation. In each embodiment one pair of valves is 
operated by one camshaft and lies on one side of a plane 
containing the axis of the cylinder. Three other valves 
are positioned primarily on the other side of the plane 
and reciprocate about axes that are not parallel with 
each other. These axes, however, intersect so that each 
of these three valves may be operated by the same cam 
shaft. In one embodiment of the invention the intersec 
tion of the valves axis is coincident with the axis of 
rotation of the respective cam shaft so as to permit 
direct actuation of the valves. In another embodiment 
the intersection lies substantially along a plane that 
intersects the stems of the valves when they are closed 
to facilitate operation of multiple valves from a single 
can lobe by means of a single rocker arm. 

6 Claims, 6 Drawing Sheets 

  

    

  

  



U.S. Patent Jan. 7, 1992 Sheet 1 of 6 Re. 33,787 

On fissaeft f S SN &&. S 
1W A 

  

  

  

  

  

  



Re. 33,787 Sheet 2 of 6 

Figure 3 

SQL 

Jan. 7, 1992 U.S. Patent 

  

  

  

  

  



U.S. Patent Jan. 7, 1992 Sheet 3 of 6 Re. 33,787 

65 
74 79 

Y 

f As ?prays (2) say (25 N Z - G N aN 
S. 22- is S. 

77 7 SSS 
71 NWSSSS N NY 5. 

ey 

  



U.S. Patent Jan. 7, 1992 Sheet 4 of 6 Re. 33,787 

R 

  

  

  

  

  



Re. 33,787 Sheet 5 of 6 Jan. 7, 1992 U.S. Patent 

Figure 9 

  



U.S. Patent Jan. 7, 1992 Sheet 6 of 6 

Figure II 

  



Re. 33,787 
1. 

FOUR-CYCLE ENGINE 

Matter enclosed in heavy brackets appears in the 
original patent but forms no part of this reissue specifica 
tion; matter printed in italics indicates the additions made 
by reissue. 

BACKGROUND OF THE INVENTION 

This invention relates to a four-cycle engine and 
more particularly to an improved valve and combustion 
chamber arrangement for such an engine. 
As is well known, the performance of a four-cycle 

engine may be improved through the use of multiple 
intake and/or exhaust valves. By using multiple valves, 
the valve area communicating with each chamber may 
be increased. The use of multiple valves permits an 
increased valve area without increasing the inertia of 
individual valve components as would be true if merely 
larger valves were employed. Hence, higher engine 
speeds may be attained through the use of multiple 
valves. In addition, the use of multiple valves permits a 
greater valve area in a given combustion chamber area. 
The use of multiple valves, however, does present some 
difficulties. As a number of valves in a given chamber is 
increased, it is necessary to place the valves so that they 
do not interfere with each other during their opening 
and closing movement. In addition, the use of a greater 
number of valves may complicate the actuating system 
for the valves. 

It is, therefore, a principal object of this invention to 
provide an improved and simplified multiple valvear 
-rangement for an internal combustion engine. 

It is a further object of the invention to provide a 
multiple valve arrangement wherein more than one 
valve is operated by the same can shaft. 

It is desirable to provide a direct valve actuation 
wherein the can lobes act directly on the valves to 
operate them. Such an arrangement reduces the com 
plexity of the valve train and further permits higher 
speeds due to the lower inertia. However, where multi 
ple valves are employed, and particularly if a greater 
number of valves than two for either the intake or ex 
haust are employed, it has been difficult if not impossi 
ble to provide such direct action on all valves. 

It is, therefore, yet a further object of this invention 
to provide a combustion chamber for an engine that 
permits the use of multiple, directly actuated valves. 

SUMMARY OF THE INVENTION 

A first feature of this invention is adapted to be em 
bodied in a valve train for an internal combustion en 
gine that comprises a camshaft and a plurality of valves 
operated by the camshaft, at least two of which com 
municate with the same chamber of the engine. In ac 
cordance with this feature of the invention, the two 
valve reciprocate about respective axes that are not 
parallel to each other. 
Another feature of the invention is also adapted to be 

embodied in a valve train for an internal combustion 
engine. In accordance with this feature of the invention, 
the valve train includes a cam shaft and at least three 
valves operated by the can shaft and which communi 
cate with the same chamber of the engine. In accor 
dance with this feature of the invention, the three valves 
each reciprocate about a respective axis and the axis of 
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one of the valves is not parallel to the axes of the re 
maining valves. 
Yet another feature of this invention is adapted to be 

embodied in a combustion chamber for a reciprocating 
engine. In accordance with this feature of the invention, 
a cylinder head forms a closure for a cylinder bore and 
defines at least in part the engine combustion chamber. 
The cylinder head is configured with at least two valves 
of the same function that lie on one.side of a plane con 
taining the axis of the cylinder bore. At least three 
valves of a different function also lie within the combus 
tion chamber. One of these three valves is positioned 
further from the plane than the other two valves and 
these three valves lie predominantly on the other side of 
the plan plane than the first two mentioned valves. 
When the valves are described in the specification 

and claims thereofas being of "the same function," this 
is intended to refer to the valves as being either all 
intake valves or all exhaust valves. When the term "dif 
ferent function" is employed herein, it is intended to 
refer to exhaust valves if the "sane function" valves are 
intake valves, or intake valves if the "same function' 
valves are exhaust valves. 
Yet another feature of the invention is adapted to be 

embodied in a valve train for an internal combustion 
engine having a can shaft and a plurality of valves 
operated by the same shaft. In accordance with this 
feature of the invention, the camshaft is provided with 
a single lobe for operating a plurality of valves. A single 
rocker arm is provided and is supported for pivotal 
movement with a follower portion adapted to be en 
gaged by the can lobe for pivoting the rocker arm. The 
rocker arm has individual finger portions adapted to 
cooperate with each of the valves for operating the 
valves upon pivotal movement of the rocker arm. 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a cross-sectional view taken through a sin 
gle cylinder of a multiple cylinder internal combustion 
engine employing this invention, and is taken generally 
along the line 1-1. 

FIG. 2 is a cross-sectional view taken along the line 
2-2 of FIG. 1, and also shows generally the combus 
tion chamber configuration. 

FIG. 3 is a partial cross-sectional view taken along 
the line 3-3 of FIG. 1. 
FIG. 4 is a cross-sectional view taken generally along 

the line 4-4 of FIG. 2. 
F.G. 5 is a cross-sectional view, in part similar to 

FIG. 1, and is taken generally along the line 5-5 of 
FIG. 6, showing another embodiment of the invention. 
FIG. 6 is a cross-sectional view taken along the line 

6-6 of FG. S. 
FIG. 7 is a cross-sectional view taken along the line 
- of FG, 6. 
FIG. 8 is a cross-sectional view taken along the line 

8- of FIG. 7. 
FIG. 9 is a cross-sectional view, in part similar to 

FIGS. 4 and 7, and shows a still further embodiment of 
the invention. 

F.G. 10 is a cross-sectional view taken along the line 
10-10 of FG. 9. 
FIG. 11 is a partially schematic, perspective view 

showing the intake flow paths generated by the embodi 
ments of FIGS. 1 through 4, 5 through 8, and 9 and 10. 
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DETALED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 
Embodiment of FIGS. 1 through 4 

In FIGS. 1 through 4 the reference numeral 11 indi 
cates generally an in-line four-cycle internal combustion 
engine constructed in accordance with a first embodi 
ment of the invention. Although all embodiments of the 
invention are described in conjunction with an engine 
of this cylinder number and configuration, it should be 
readily apparent that this invention is adapted to be 
employed with engine engines of other cylinder 
numbers and of other configurations. Since the inven 
tion is directed primarily toward the valve train and 
combustion chamber configuration, only this portion of 
the engine has been illustrated in detail, and for the same 
reason only the constructed construction associated 
with one of the cylinders in each embodiment will be 
described. 
The engine includes a cylinder block 12 that is 

formed with cylinder bores 13. Pistons (not shown) are 
supported for reciprocation in the cylinder bores 13 and 
drive the crankshaft (which is also not shown) in a 
known manner. A cylinder head 14 is affixed to the 
cylinder block 12 in a known manner. The cylinder 
head 14 is formed with individual cavities 15 that coop 
erate with the cylinder bores 13 and respective pistons. 
At times the cavities 15 will be referred to as the com 
bustion chamber. 
The cylinder head 14 is formed with intake passages 

that communicate with each combustion chamber 15. 
The intake passages consist of pairs of first intake pas 
sages 16 that extend through an intake side of the cylin 
der head 14 and which terminate at respective intake 
ports. The passages 16 are configured as shown in FIG. 
1. Between the intake passages 16, the cylinder head 14 
is formed with a third intake passage 17 for each com 
bustion chamber 15. The intake passage 17 also termi 
nates at an intake port. As will be desribed described 
the intake port associated with the passage 17 is dis 
posed between the ports formed by the passages 16 and 
is disposed outwardly of a plane 18 that contains the 
axis of the cylinder bore 13. 

Intake valves 19 cooperate with valve seats formed in 
the intake ports associated with the intake passages 16 
so as to control the flow of intake charge into the com 
bustion chamber 15. An intake valve 21 cooperates with 
a valve seat formed at the intake port associated with 
the intake passage 17. The intake valves 19 reciprocate 
along respective parallel axes, indicated by the line 22 
(FIG. 2). The intake valves 19 are supported for recip 
rocation along the axes 22 by valve guides 23 that are 
pressed into the cylinder head 14. The intake valve 
22 21 for each cylinder 13 reciprocates along an axis 

24 (FIG. 4) as defined by a valve guide 25 that is also 
pressed into the cylinder head 13. The axis 24 is not 
parallel to the axis 22 for a reason to be described. 
The axes 22 and 24 all intersect the axis of rotation 0 

of an intake camshaft, indicated generally by the refer 
ence numeral 26. The intake can shaft 26 is supported 
for rotation in a can tower 27 that is affixed to the 
cylinder head 14 in a known manner. Bearing caps 28 
are affixed at spaced locations to the can tower 27 and 
cooperate with the cam tower to journal the intake can 
shaft 26. Because the intake valve axes 22 and 24 inter 
sect the axis of rotation 01 of the can shaft 26, it is 
possible to directly operate each of the intake valves 19 
and 21. The cam shaft 26 is provided with a first pair of 
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4. 
lobes 29 that engage tappet followers 31 that are recip 
rocally supported in the valve tower 27 and which 
contact the stems of the intake valves 19 for their direct 
actuation. The camshaft 29 is also provided with a 
lobe 32 between the lobes which cooperates with a 
tappet follower 31 for directly actuating the intake 
valves waive 21. 
Valve springs 33 encircle each of the intake valves 19 

and 21 and act against keeper spring retainer assemblies 
34 of for urging the valves 19 and 21 to their closed 
positions. 
The reciprocal axes 22 of the intake valves 19 lie at an 

angle as to the plane 18 (FIG. 1). The axis 24 of the 
intake valves 21 lie at an angle a to the plane 18. The 
angle a1 is greater less than the angle a 3. That is, the 
axes 22 of the intake valves 19 are at a lesser greater 
angle to the cylinderbore axis than is the axis 24 associ 
ated with the intake valve 2. As a result, the intake 
valve 21 is spaced radially outwardly from the plane 18 
toward the periphal edge of the cylinder bore 13, as 
clearly shown in FIG. 2. This arrangement permits the 
three intake valves 19, 21 all to reciprocate between 
their open and closed positions without interference 
with each other, while at the same time maximizing 
intake valve area. Due to this different angle relative to 
the camshaft rotational axis 0, the cam lobe 32 is ad 
wanced relative to the can lobes 29 so that all intake 
valves 19 and 21 will be operated simultaneously. Of 
course, if desired, a different valve timing might be 
employed. Since the axes 22 and 24 all intersect the cam 
shaft axis 0, it is possible to operate more than two 
intake valves from the same can shaft. 

Exhaust passages 35 extend through the side of the 
cylinder head 14 opposite to the intake passages 16 and 
17. There are a pair of exhaust passages 35 associated 
with each cylinder bore 13 in connection with the en 
bodiment, The exhaust passages 35 terminate in exhaust 
ports and valve seats. Exhaust valves 36 cooperate with 
the valve seats and exhaust ports for controlling the 
communication of the combustion chamber 15 with 
exhaust passages 35. The exhaust valves 36 are sup 
ported for reciprocation about respective axes 37 by 
means of valve guides 38 that are pressed into the cylin 
der head 14. The exhaust valve axes 37 lie at angle a to 
the plane 18. The angle a2 is liss greater than the 
angle a1 of the intake valves 21 but greater less than 
the angle as of the intake valves 19. 
The exhaust valve axes 37 intersects the axis of rota 

tion 02 of an exhaust can shaft 38. The exhaust cam 
shaft 38 is rotatably journaled in the can tower 27 and 
is journaled by the can tower 27 and bearing caps 39 
that are affixed in a known manner to the valve tower 
27. Because the axes 37 intersects the exhaust can axes 
0, it is possible to directly actuate the exhaust valves 36. 
For this purpose the exhaust can shaft 38 is provided 
with lobes 4 that engage tappet followers 42 which, in 
turn, directly actuate the exhaust valves 36. 

Valve springs 43 encircle the exhaust valves 36 and 
engage keeper spring retainer assemblies 44 for urging 
the exhaust valves 36 to their closed position. 
As may be readily seen from FIG. 2, the centers of 

the exhaust valves 36 lie on a plane 45 that is offset from 
the plane 18 on the side opposite the intake valves 19 
and 21, 
A threaded spark plug opening 46 is formed in the 

cylinder head 14 on the plane 18 and at the center of the 
respective cylinder bore 13. A cam shaft cover 47 is 
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affixed in any suitable manner to the cam tower 27 so as 
to enclose the can shafts 26 and 38. The cover 47 is 
formed with openings 48 that are aligned with the spark 
plug openings 46 to permit insertion and removal of the 
spark plugs. 

Embodiment of FIGS. 5 through 8 
An engine constructed in accordance with a second 

embodiment of this invention is identified generally 
generally by the reference numeral 61. The engine 61 
has its intake and exhaust valves and intake and exhaust 
ports arranged as in the embodiment of FIGS. 1 
through 4. Thus, these components have been identified 
by the same reference numeral and a detailed descrip 
tion of similar components will not be repeated. This 
embodiment differs from the embodiment of FIGS. 1 
through 4 in that the intake and exhaust valves 19, 21 
and 36 are not directly actuated by the cam shafts. 
Rather, the valves 19, 21 and 36 are operated by rocker 
followers, as will be described. 
The axes of reciprocation 22 of the intake valves 19 

are, as in the previously described embodiment, parallel 
to each other and lie at angle a 3 to the plane 18, The axis 
of reciprocation 24 of the intake valve 21 lies at angle 
a1 to the plane 18, also as in the previously described 
embodiment. As in the previously described embodi 
ment, the axes 22 and 24 all intersect along a line. How 
ever, in this embodiment the line of intersection is not 
coincident with the axis of rotation of the actuating cam 
shaft. Rather, in this embodiment the axes of reciproca 
tion 22 and 24 intersect along a line 62 (FIG. 8) which 
generally lies along the center portion of the stems of 
the valves 19 and 21 when these valves are in their 
closed positions. 

in this embodiment an intake camshaft 63 is rotatably 
supported directly in the cylinder head 14 by means of 
bearings formed in the cylinder head 14 and bearing 
caps 64 that are affixed to the cylinder head 14. In ac 
cordance with this embodiment of the invention, the 
intake can shaft 63 has only a single lobe 65 for operat 
ing all of the intake valves 19 and 21 associated with 
each cylinder bore 13. In this embodiment the axis of 
rotation of the can shaft 63, which axis is identified by 
the line 66 (FIG. 8), is disposed outwardly from the 
plane 18 relative to the line 62 of intersection of the axes 
22 and 24. A rocker arm assembly, identified generally 
by the reference numeral 67, is provided for each cylin 
der and is journaled in the cylinder head 14 on a respec 
tive rocker arm pivot 68. As may be readily seen from 
FIG. 8, the rocker arm 67 has a pair of outer finger 
portion 69 and a central finger portion 71. Adjusting 
screws and jam nuts 72 are associated with each of the 
finger portions 69 and 71 for coaction with the respec 
tive valve 19, 21 so as to transmit pivotal movement of 
the rocker arm assembly 67 into reciprocation of the 
respective intake valves. As is well known, the adjust 
ing screw, jam nut assembly 72 permits adjustment of 
the clearance between the rocker arm 67 and the respec 
tive intake valve 19, 21. 
The exhaust valves 36 are similarly operated by 

means of an exhaust cam shaft 73 that is journalled in 
the cylinder head 14 on its exhaust side by means of 
integral bearings and bearing caps 74. The exhaust can 
73 has individual lobes 75 that cooperate with bifur 
cated rocker arm assemblies, indicated generally by the 
reference numeral 76, which are supported on rocker 
arm pivots 77. Adjusting screws and jam nuts 78 trans 
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6 
mit the pivotal movement of the rocker arms 76 into 
reciprocation and exhaust valves 36. 
A cam cover 79 is affixed to the cylinder head 14 to 

enclose the valve actuating mechanism. The can cover 
79 is formed with spark plug access openings 81 to 
permit insertion and removal of spark plugs from the 
cylinder head spark plug openings 46. 

Embodiment of FIGS. 9 and 10 
The reference numeral 101 illustrates an internal 

combustion engine having a valve train constructed in 
accordance with a still further embodiment of the in 
vention. As with the embodiments of FIGS. 1 through 
4 and FIGS. 1 through 8, the orientation of the valves 
and main components are the same and for that reason 
these components have been identified by the same 
reference numerals and detailed description of them 
will not be repeated. Like the embodiment of FIGS. 5 
through 8, the intake valves and exhaust valves of 
the this embodiment are operated through rocker 

arm assemblies rather than directly as in the embodi 
ment of Figures 1 through 4. Thus, the axes of recipro 
cation of the intake valves all intersect the line 62 which 
lies generally along the center of the stems of the intake 
valves. Unlike the embodiment of FIGS. 5 through 8, 
however, this embodiment employs an individual 
rocker arm for operating each valve. Therefore, only 
this portion of the construction will be described in 
detail and reference may be had to the description of the 
remaining embodiment for components which are not 
described in this embodiment, and for that reason have 
been identified by the same reference numerals. 

In this embodiment an intake cam shaft 102 is jour 
naled directly by the cylinder head 14 and by bearing 
caps 64 that are affixed to the cylinder head 14. The 
intake cam shaft 102 rotates about the axis 66. In this 
embodiment the intake can shaft 102 is provided with 
individual lobes comprising a pair of lobes 103 and an 
intermediate lobe 104. The lobes 103 coacts with the 
intake valves 19 whereas the lobe 104 cooperates with 
the intake valve 21. 
A rocker arm 105 is provided for each intake valve 

19, 21 and is supported for pivotal movement by means 
of a respective pivot assembly 106 carried in the cylin 
der head 14. Each pivot assembly 106 may constitute 
either a mechanically adjustable assembly of a known 
type or an automatic, hydraulically operated tappet 
assembly of any known type; thus, lash adjustment is 
afforded by the individual pivots 106. 
The exhaust valves which are not shown in this em 

bodiment are operated by individual rocker arm assem 
blies which are the same as those employed in connec 
tion with the intake valves 19, 21. For that reason, this 
portion of the assembly has not been illustrated, nor is 
description believed to be necessary. 

It should be readily apparent that the described con 
figuration permits valve area and, hence, breathing of 
the engine to be maximized without resulting in interfer 
ence between the valves. Furthermore, by providing 
the offsetting of one valve relative to other valves of the 
same function, while maintaining intersection of their 
reciprocal axes at the appropriate location, it is possible 
to actuate all of the valves of the same function from a 
single cam shaft. 

In addition to affording a larger valve area and re 
duced inertia, the described valve placement also pro 
motes more uniform charging of the cylinder and better 
scavenging of it. FIG. 11 is a schematic view that shows 
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generally the flow pattern of the intake charge which 
would be typical of each of the described embodiments. 
As seen in this figure, the intake charge flowing through 
the intake passages 16 past the intake valves 19 gener 
ally follows the pattern of lines S and S2. The flow 
through the intake passage 17 past the intake valves 21 
follow the path indicated by the arrow S3. Because of 
the lesser greater inclination of the intake valves 19 
to the center plane 18, the charge flowing through the 
intake passages 16 will impinge on the opposing portion 
of the cylinder wall 13 and be directed generally toward 
the center of the wall. The charge from the intake pas 
sage 17 will not impinge upon the cylinder wall as soon 
and, hence, this charge will be directed more toward 
the center of the cylinder bore 13. As the piston C 
moves upwardly, the flow from the intake passages 16, 
as indicated by the arrows S2 and S2 will impinge on the 
head of the piston and be redirected to flow in a gener 
ally circumferential direction to improve charge distri 
bution within the combustion chamber 15. 

In the illustrated embodiments there are three intake 
valves and only two exhaust valves. It is believed to be 
readily apparent to those skilled in the art that an ar 
rangement may be employed with the exhaust valves 
similar to that employed with the intake valves so that 
three exhaust valves may also be utilized. Furthermore, 
more than three valves of each function may also be 
used in conjunction with the engine. Various other 
changes and modifications may be made without de 
parting from the spirit and scope of the invention, as 
defined by the appended claims. 

clain: 
1. A valve train for an internal combustion engine 

having a generally concave combustion chamber dis 
posed at one end of a cylinderbore having an axis com 
prising an overhead can shaft, a plurality of poppet 
valves having head portions and stem portions and 
operated by said camshaft, at least two of said valves 
communicating with said combustion chamber of the 
engine, the improvement comprising said two valves 
being reciprocal about respective axes that are not par 
allel to each other and each of which is inclined at an 
acute angle to said axis of the associated cylinder bore 
and which intersects a plane containing said cylinder 
bore axis on the head side of the respective of said 
valves, the tips of the stems of said valves being dis 
posed radially inwardly toward said cylinder bore axis 
from an axial extension of said cylinderbore, the axis of 
reciprocation of said valves intersecting at a common 
line, said common line intersects the axis of rotation of 
said can shaft. 

2. A valve train as set forth in claim 1 wherein the 
valves are directly actuated by the cam shaft and the 
axis of rotation of the can shaft is disposed at a lesser 
distance from the cylinder bore axis that than the 
radius of the cylinder bore. 

3. A combustion chamber configuration for an inter 
nal combustion engine defined in part by a cylinder 
head adapted to communicate with a cylinder bore, a 
pair of valves serving the same function and lying 
within said cylinder head on one side of a plane contain 
ing the axis of the cylinder bore, a pair of valves posi 
tioned in said cylinder head and lying substantially on 
the other side of said plane but having a part thereby 
lying on said one side of said plane and performing a 
different function, a third valve positioned within said 
cylinder head on said other side of said plane and spaced 
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further from said plane of the said other function valves, 
said third valves also serving said other function. 

4. A combustion chamber as set forth in claim 3 
wherein the same function valves are exhaust valves 
and the other function valves are intake valves. 

5. In a valve train for an internal combustion engine 
having a generally concave combustion chamber dis 
posed at one end of a cylinder bore having an axis com 
prising an overhead cam shaft, a plurality of poppet 
valves having head portions and stems and directly 
operated by said cam shaft, at least two of said valves 
communicating with said combustion chamber of the 
engine, the improvement comprising said two valves 
being reciprocal about respective axes that are not par 
allel to each other and each of which is inclined at an 
acute angle to said axis of the associated cylinder bore 
and which intersects a plane containing said cylinder 
bore axis on the head side of the respective of said 
valves, the tips of the stems of said valves being dis 
posed radially inwardly toward said cylinder bore axis 
from an axial extension of said cylinder bore. 

6. A valve train as set forth in claim 5 wherein the 
plane containing the cylinder bore axis extends parallel 
to the axis of rotation of the can shaft. 

7. A valve train wherein for an internal combus 
tion engine having a generally concave combustion 
chamber disposed at one end of a cylinder bore having 
an axis comprising an overhead cam shaft, a plurality of 
poppet valves having head portions and stems and di 
recty operated by said cam shaft, at least two of said 
valves communicating with said combustion chamber 
of the engine, the improvement comprising said two 
valves being reciprocal about respective axes that are 
not parallel to each other and each of which is inclined 
at an acute angle to said axis of the associated cylinder 
bore and which intersects a plane containing said cylin 
der bore axis on the head side of the respective of said 
valves, the tips of the stems of said valves being dis 
posed radially inwardly toward said cylinder bore axis 
from an axial extension of said cylinder bore, said two 
valves performing the same function. 

8. A valve train as set forth in claim 7 wherein the 
two valves are both intake valves. 

9. A valve train as set forth in any of claims 5, 7, or 8 
wherein the axis of reciprocation of the valve intersect 
a common line. 

10. A valve train for an internal combustion engine 
having a generally concave combustion chamber dis 
posed at one end of a cylinderbore having an axis com 
prising an overhead cam shaft, a plurality of poppet 
valves having head portions and stem portions and 
operated by said can shaft, at least two of said valves 
communicating with said combustion chamber of the 
engine, the improvement comprising said two valves 
being reciprocal about respective axes that are not par 
allel to each other and each of which is inclined at an 
acute angle to said axis of the associated cylinder bore 
and which intersects a plane containing said cylinder 
bore axis on the head side of the respective of said 
valves, the tips of the stems of said valves being dis 
posed radially inwardly toward said cylinder bore axis 
from an axial extension of said cylinder bore, the axis of 
reciprocation of said valves intersecting at a common 
line, said common line of intersection lying substantially 
along the stens of said valves. 

11. A valve train as set forth in claim 10 further in 
cluding a single rocker arm pivotally supported by the 
engine and having a follower part engaged with a single 
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lobe on the cam shaft for operating all of the valves 
coacting with the same chamber of the engine, said 
rocker arm having finger portions cooperating with 
each of the valves. 

12. A valve train as set forth in claim 10 wherein the 
means for operating the valves from the camshaft com 
prises a rocker arm associated with each valve and 
pivotally supported by the engine, and by follower 
means on each said rocker arm cooperating with a re 
spective can on the cam shaft. 

13. A valve train as set forth in claim 10 wherein the 
two valves perform the same function. 

14. A valve train as set forth in claim 10 wherein the 
two valves are both intake valves. 

15. A valve train for an internal combustion engine 
comprising a cylinder bore closed by a cylinder head, a 
camshaft journaled for rotation relative to said cylinder 
head, three poppet valves operated by said can shaft 
and supported for reciprocation by said cylinder head, 
at least two of said valves being reciprocal about paral 
lel axes, the third valve reciprocating about an axis that 
is not parallel to the axis of the first two valves, all of 
said axes intersect a common axis, said two of said 
valves having their heads disposed closer to said cylin 
der bore than said third valve when said valves are in 
their closed position, said valves all serving the same 
function. 

16. A valve train as set forth in claim 15 wherein the 
common line intersects the axis of rotation of the cam 
shaft. 

17. A valve train as set forth in claim 16 wherein the 
valves are directly actuated by the can shaft. 

18. A valve train as set forth in claim 15 wherein the 
common line of intersection lies substantially along the 
stems of the valves. 

19. A valve train as set forth in claim 8 further in 
cluding a single rocker arm pivotally supported by the 
engine and having a follower portion engaged with a 
single lobe on the can shaft for operating all of the 
valves coacting with the same chamber of the engine, 
said rocker arm having a finger portion cooperating 
with each of the valves. 

20. A valve train as set forth in claim 18 wherein the 
means for operating the valves from the camshaft com 
prises a rocker arm associated with each valve and 
pivotally supported by the engine, and having follower 
means on each said rocker arm cooperating with a re 
spective can on the can shaft. 

21. A valve train as set forth in any of claims 15, 16, 
17, 18, 19, or 20 further including a plurality of addi 
tional valves communicating with the sane chamber 
and serving a different function. 

22. A valve train as set forth in claim 21 further in 
cluding a second camshaft for operating the additional 
valves. 

23. A valve train for a an internal combustion 
engine having a generally concave combustion chamber 
disposed at one end of a cylinder bore having an axis 
comprising an overhead can shaft, a plurality of 
poppet valves having head portions and stem 
tions and operated by said camshaft, at least two of 
said valves communicating with said combustion 
chamber of the engine, the improvement compris 
ing said two valves being reciprocal about respec 
tive axes that are not parallel to each other and 
each of which is inclined at an acute angle to said 
axis of the associated cylinder bore and which 
intersects a plane containing said cylinder bore axis 
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on the head side of the respective of said valves, the 
tips of the stems of said valves being disposed radi 
ally inwardly toward said cylinder bore axis from 
an axial extension of said cylinder bore, the axis of 
reciprocation of said valves intersecting at a com 
mon line, a third valve operated by the cam shaft, 
communicating with the combustion chamber and 
reciprocal about an axis parallel to the axis of one 
of the two first mentioned valves. 

24. A valve train as set forth in claim 23 further in 
cluding plurality of additional valves, the first men 
tioned valves serving one function and the additional 
valves serving another function. 

25. A valve train as set forth in claim 24 wherein the 
additional valves are operated directly by another cam 
shaft. 

26. A valve train as set forth in claim 25 wherein the 
additional valves have their heads lying on one side of a 
plane containing an axis of a cylinder bore forming a 
part of the engine chamber, the first mentioned two 
valves being positioned closer to said plane than the 
third valve, the first two mentioned valves and the third 
valve lying substantially on the opposite side of the 
plane from the additional valves. 

27. A valve train as set forth in claim 23 wherein the 
valves all serve the same function. 

28. A valve train as set forth in claim 27 wherein the 
axis of reciprocation of the valves intersects a common 
line. 

29. A valve train as set forth in claim 28 wherein the 
common line intersects the axis of rotation of the can 
shaft. 

30. A valve train as set forth in claim 29 wherein the 
valves are directly actuated by the can shaft. 

31. A valve train as set forth in claim 28 wherein the 
common line of intersection lies substantially along the 
stems of the valves. 

32. A valve train as set forth in claim 31 further in 
cluding a single rocker arm pivotally supported by the 
engine and having a follower portion engaged with a 
single lobe on the can shaft for operating all of the 
valves coacting with the same chamber of the engine, 
said rocker arm having finger portions cooperating 
with each of the valves. 

33. A valve train as set forth in claim 31 wherein the 
means for operating the valves from the camshaft com 
prises a rocker arm associated with each valve and 
pivotally supported by the engine, and having follower 
means on each said rocker arm cooperating with a re 
spective can on the can shaft. 

34. A valve train for an internal combustion engine 
having a generally concave combustion chamber disposed 
at one end of a cylinder bore having an axis, said valve 
train comprising an overhead camshaft, a plurality of pop 
pet walves having head portions and stem portions and 
operated by said camshaft, at least two of said valves com 
municating with said combustion chamber of the engine, 
the improvement comprising said no walves being recipro 

por. 60 cal about respective axis that are not parallel to each other 
and each of which is an inclined at an acute angle to said 
axis of the associated cylinder bore and which intersects a 
plane containing said cylinder bore axis on the head side of 
the respective of said valves, said valves being actuated by 
said camshaft, the axis of rotation of said camshaft being 
disposed at a lesser distance from said cylinder bore axis 
than the radius of said cylinder bore, said valves being 
operated by direct actuation from said camshaft, 
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35. A valve train for an internal combustion engine as set 45. A combustion chamber configuration for an internal 
forth in claim 34 wherein the line intersects the axis rota- combustion engine as set forth in claim 44 further includ 
tion of the camshaft. ing a spark plug supported within the cylinder head and 

36. A walve train for an internal combustion engine disposed away from the intersection of said cylinder head 
having a generally concave combustion chamber disposed 5 portions and in proximity to the cylinder bore axis. 
at one end of a cylinder bore having an axis, said valve 46. A combustion chamber configuration for an internal 
train comprising an overhead camshaft, a plurality of pop- combustion engine as set forth in clain 45 wherein the 
pet walves having head portions and stem portions and sguish area is defined at least in part by a pair of angularly 
operated by said camshaft, at least two of said walves com- related sections defined outwardly of an area encompassed 
municating with said combustion chamber of the engine, 10 by a respective one of the second pair of valves and the fifth 
the improvement comprising said two valves being recipro- wave, said angularly related sections being disposed at an 
cal about respective axis that are not parallel to each other angle to each other and at an angle to the plane. 
and each of which is an inclined at an acute angle to said 47. A combustion chamber configuration for an internal 
axis of the associated cylinder bore and which intersects a combustion engine as set forth in clain 46 wherein the 
plane containing said cylinder bore axis on the head side of 15 sguish area is farther defined by a portion disposed out 
the respective of said valves the stems of said walves lying on wardly from the cylinder bore axis from the first pair of the 
one side, of said plane, said valves being actuated by said walves and extends generally parallel to the plane. 
camshaft, the axis of rotation of said camshaft being dis- 48, a combustion chamber configuration for an internal 
posed on said one side of said plane at a lesser distance combustion engine as set forth in claim 45 wherein the 
from said plane than the radius of said cylinder bore. 20 sguish area is defined by an area disposed outwardly of the 

37. A valve train for an internal combustion engine asset first pair of walves from the cylinder bore axis and which 
forth in claim 36 wherein the axis of reciprocation of the extends generally parallel to the plane. 
two valves intersect along a line that extends parallel to the 49. A valve train for an internal combustion engine as set 
plane containing the cylinder bore axis. forth in clain 42 wherein the farther including rocker arm 

38. A valve train for an internal combustion engine as set 25 means for operating the second pair of valves and the fifth 
forth in claim 36 further including a third valve reciprocal walve from a camshaft. 
about a respective axis parallel to the axis of reciprocation 50. A valve train for an internal combustion engine as set 
of one of the other valves, forth in claim 49 wherein the rocker arms means comprises 

39. A valve train for an internal combustion engine as a plurality of rocker arms that are inclined at an obtuse 
set forth in claim 38 wherein the axis of reciprocation of 30 angle to the plane. 
the two valves intersect along a line that extends paral- 51. A valve train for an internal combustion engine asset 
lel to the plane containing the cylinder bore axis. forth in claim 50 wherein the rocker arms are pivotally 

40. A wave train for an internal combustion engine as set supported outwardly of the point where the camshaft en 
forth in claim 39 wherein the walves are operated by direct gages the rocker arms 
actuation from the camshaft. 35 52. A combustion chamber configuration for an internal 
4. M valve train for an internal combustion engine asset combustion engine as set forth in claim 42 wherein the 

forth in claim 40 wherein the line intersects the axis of second pair of valves reciprocate along axes that are paral 
rotation of the camshaft. lel to each other and at an acute angle to the plane, said 

42. A combustion chamber configuration for an internal fifth valve also lying at an acute angle to said plane but at 
combustion engine defined in part by a recess in the lower 40 a different acute angle that the acute angle of said second 
face of a cylinder head adapted to communicate with a pair of walves. 
cylinder bore, a first pair of valves serving the same func- 53. A valve train for an internal combustion engine asset 
tion and lying within said cylinder head on one side of a forth in claim 52 wherein the axis of reciprocation of the 
plane containing the axis of said cylinder bore, a second second pair of wahres and the fifth walve intersect along a 
pair of valves positioned in said cylinder head and lying on 45 line that extends parallel to the plane containing the cylin 
the other side of said plane and performing a different der bore axis. 
function, a fifth valve positioned within said cylinder head 54. A walve train for an internal combustion engine as set 
on said other side of said plane and spaced further from forth in claim 53 wherein the second pair of valves and the 
said plane than said second pair of walves, said fifth walve fifth walve are operated by direct actuation from a cam 
serving the same function as said second pair of valves, the 50 shaft. 
portion of said cylinder defining the seats of said second 55. At valve train for an internal combustion engine asset 
pair of valves and said fifth valve forming an inclined area forth in claim 54 wherein the line intersects the axis of 
and forming with the portion of said cylinder defining the rotation of the camshaft, 
seats for said one function valve a wedge shaped combus- 56. A combustion chamber configuration for an internal 
tion chamber with the intersection of said cylinder head 55 combustion engine as set forth in clain 52 wherein the first 
portions lying on said one side of said plane. pair of walves reciprocate along a parallel axes that lie at an 

43. A combustion chamber configuration for an internal acute angle to the plane on the other side thereaffrom the 
combustion engine as set forth in claim 42 further includ- second pair of valves and the fifth walve. 
ing a spark plug supported within the cylinder head and 57. A combustion chamber configuration for an internal 
disposed away from the intersection of said cylinder head 60 combustion engine as set forth in claim 56 wherein the 
portions and in proximity to the cylinder bore axis, acute angle of the first pair of wales is greater than the 

44. A combustion chamber configuration for an internal angle of the axis of reciprocation of the fifth valve and less 
combustion engine as set forth in claim 42 wherein the than the angle of reciprocation of the second pair of walves, 
recess formed in the cylinder head lies at least in part 58. A combustion chamber configuration for an internal 
within the area defined by the cylinder bore, a sguish area 65 combustion engine as set forth in claim 56 wherein the 
is formed between the head of a piston reciprocating in the acute angle of reciprocation of the first pair of valves is 
cylinder bore and a surface of the cylinder head facing the greater than the acute angle of reciprocation of the fifth 
cylinder bore on at least one side of said recess, valve, 
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59. A combustion chamber configuration for an internal 72. A valve train for an internal combustion engine asset 
combustion engine as set forth in claim 56 wherein the first forth in claim 66 wherein the line of intersection of the axis 
pair of valves is operated by a first camshaft disposed on of reciprocation of the first pair of valves and the fifth valve 
one side of the plane and the second pair of valves and fifth is spaced at a distance from the plane less than the radius 
valve is operated by a second camshaft disposed on the 5 of the cylinder bore. 
other side of said plane, the distance between said second 73. A valve train for an internal combustion engine asset 
camshaft and said plane being less than the distance be- forth in claim 72 wherein the first pair of valves and the 
heen said first camshaft and said plane. fifth walve comprise intake valves and the second pair of 

60. A valve train for an internal combustion engine asset walves comprise exhaust valves. 
forth in claim 59 further including rocker arm means for 10 7. A valve train for an internal combustion engine 
operating the walves from the respective camshaft, having a generally concave combustion chamber formed in 
6. A Walve train for an internal combustion engine as set the lower surface of a cylinder head disposed at one end of 

forth in claim 60 wherein the rocker arm means comprises a cylinder bore having an axis, said valve train comprising 
a plurality of rocker arms that are inclined at an obtuse a plurality of poppet walves having head portions and stem 
angle to the plane. 15 portions, at least no of said valves communicating with 

62. A valve train for an internal combustion engine as set said combustion chamber of said engine, said two valves 
forth in claim 60 wherein the rocker arms are pivotally being reciprocal about respective axis that are not parallel 
supported outwardly of the point where the camshaft en- to each other and each of which is inclined ar an acute 
gages the rocker arm. angle to the axis of the associated cylinder bore and which 

63. A Walve train for an internal combustion engine 20 intersects a plane containing said cylinder axis on the head 
having a generally concave combustion chamber disposed side of the respective of said valves, an overhead camshaft 
at one end of said cylinder bore and having an axis, said rotatably supported relative to said cylinder head on the 
valve train comprising a plurality of poppet walves having same side of said plane as the heads of said valves, and 
head portions and stern portions, two of said valves being rocker arm means for operating said two valves from said 
reciprocal about respective axis that are not parallel to each 25 camshaft, said rocker arm means having a first portion 
other and each of which is inclined at an acute angle to said engaged with the tips of said valves and a second portion 
axis of said cylinder bore and which intersects a plane engaged with said camshaft for pivoting said rocker arms, 
containing said cylinder bore axis on the head side of the said second portion being positioned at a point closer to the 
respective of said valves, the heads of said two walves being lower surfaces of said cylinder head than said first portion. 
disposed substantially on side of said plane, a second pair of 30 75. A cylinder head construction for an internal combus 
poppet valves having their head portions disposed on the tion engine for closing a cylinder bore, a pair of valves 
other side of said plane, the stems of said first pair of valves supported for reciprocation within said cylinder head and 
intersecting at a line that is disposed at a distance lesser lying substantially on one side of a plane containing the 
ithan the distance from the cylinder bore axis than the axis of said cylinder bore, a third valve positioned within 
radius of the cylinder bore. 35 said cylinder head on said one side of said plane, said 

64. A valve train for an internal combustion engine as set valves all serving the same function, coil spring means 
forth in claim 63 further including a first camshaft sup- encircling the stems of said valves for irging said valves 
ported on one side of said head for operating the first two of toward their closed position, a generally cylindrical spark 
said valves and a second camshaft rotatably supported on plug recess formed in said cylinder head by an upstanding 
the other side of said plane for operating said second pair of 40 wall disposed in proximity to said cylinder bore axis for 
poppet waives. receiving a sparkplug with its gap extending in the com 

65. A valve train for an internal combustion engine as set bustion chamber defined by said cylinder head and said 
forth in claim 64 further including a fifth valve performing cylinder bore, the coil spring means associated with said 
the same fianction as the first pair of valves and disposed on pair of valves lying on opposite sides of said wall and ex 
said one side of said plane and operated by said first cam- 45 tending inwardly toward said plane relative to said wall 
shaft, and nesting around said wall, the coil spring means associ 

66. A valve train for an internal combustion engine as set ated with the said third waive lying between the coil spring 
forth in claim 65 wherein the axis of reciprocation of the means of said pair of values and on the same side of said 
first pair of valves and of the fifth valve intersect along a plane and spaced outwardly from said plane and spaced 
line that extends parallel to the plane containing the cylin- 50 from said wall so that said spark plug recess and said wall 
der bore axis. is nested between said coil spring means, 

67. A valve train for an internal combustion engine as set 76. A cylinder head construction for an internal combus 
forth in claim 66 wherein the valves are operated by direct tion engine for closing a cylinder bore and defining a com 
actuation from the camshaft. bustion chamber therewith, a first pair of valves serving the 

68. A valve train for an internal combustion engine as set 55 same function and lying within said cylinder head on one 
forth in claim 67 wherein the line intersects the axis of side of a plane containing the axis of said cylinder bore, a 
rotation of the camshaft. second pair of valves positioned in said cylinder head and 

69. A walve train for an internal combustion engine asset lying substantially on the other side of said plane and 
forth in claim 66 further including rocker arm means for performing a different function, a fifth valve positioned 
operating the first pair of valves from a camshaft. 60 within said cylinder head on said other side of said plane 

70. A valve train for an internal combustion engine asset and serving the same fianction as said second pair of valves, 
forth in claim 69 wherein the rocker arm means comprises a first camshaft rotatably journalled on said one side of 
a plurality of rocker arms that are inclined at an obtuse said plane and having a pair of lobes for operating said first 
angle to the plane. pair of valves, and a second camshaft rotatably journaled 

71. A valve train for an internal combustion engine as set 65 relative to said cylinder head on said other side of said 
forth in claim 70 wherein the rocker arms are pivotally plane and having three lobes for operating said other func 
supported outwardly of the point where the camshaft en- tions valves, said camshafts each being journaled by a pair 
gages the rocker arms. of spaced apart bearings disposed on the respective side of 
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said plane, outwardly of this respective lobes of said can 
shafts, said bearings for each of said camshaft being spaced 
egual distances, 

77. A walve train for an internal combustion engine 
having a generally concave combustion chamber disposed 
at one end of said cylinder bore and having an axis, said 
walwe train comprising a plurality of poppet waves having 
head portions and stem portions, no of said walves being 
reciprocal about respective axis that are not parallel to each 
other and each of which is included at an acute angle to 
said axis of said cylinder bore and which intersects a plane 
containing said cylinder bore axis on the head side of the 
respective of said valves, the heads of said two walves being 
disposed substantially on side of said plane, a second pair of 
poppet walves having their head portions disposed on the 
other side of said plane, the tips of the stems of said first 
pair of waves being disposed closer to said plane than the 
tips of the other of said pair of valves. 

78. A walve train for an internal combustion engine as set 
forth in claim 77 further including a fifth poppet waive 
reciprocating on the same side of the plane as the first pair 
of poppet valve and inclined at said plane at an acute angle 
the same as the angle of one of said first pair of valves, the 
tip of the stem of said fifth valve being at the same distance 
from said plane as the tips of said first pair of walves, 

79. A walve train for an internal combustion engine as set 
forth in claim 78 further including a spark plug disposed 
within the combustion chamber substantially on the axis of 
the cylinder bore. 

80. A wave train for an internal combustion engine 30 
comprising a cylinder bore closed by a cylinder head, a 
camshaft journaled for rotation relative to said cylinder 
head, three poppet valves operated by said camshaft and 
supported for reciprocation by said cylinder head, at least 
two of said valves being reciprocal about parallel axis, the 
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third valve being reciprocal about an axis that is not paral 
lel to the axes of the first two of said valves, said first two 
of said valves having their heads disposed closer to said 
cylinder bore than said third valve when said walves are all 
in their closed position, said valves all serving the same 
function. 

81. A valve train for an internal combustion engine asset 
forth in claim 80 wherein the three poppet walves are intake 
walves and further including two poppet type exhaust walves 
disposed on the opposite side of a plane passing through the 
cylinder bore and passing through at least two of the intake 
walves. 

82. A wave train for an internal combustion engine asset 
forth in claim 81 further including a second camshaft 
journaled for rotation relative to the cylinder head and 
operating the exhaust walves. 

83. A combustion chamber as set forth in clain 4 
wherein the intake valves have a smaller head diameter 
ahan the exhaust walves. 

84. A cornbustion chamber as set forth in clain 4 
wherein the pair of intake valves reciprocate about respec 
tive parallel axes that lie at the same acute angle to the 
plane and the third intake valve reciprocates about an 
acute angle to the plane different than that of the pair of 
intake valves. 

85. A combustion chamber configured for an internal 
combustion engine as set forth in clain 84 wherein the axis 
of reciprocation of the third intake valve is at a lesser acute 
angle to the plane than the pair of intake valves, 

86. A combustion chamber as set forth in claim 4 further 
including a spark plug contained within the combustion 
chamber and lying substantially on the axis of the cylinder 
bore. 

k 
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