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1. 

3,139,870 
NTERNAL COMBUSTON ENGINES WITH 

FOUR WAVES 
Achie Cario Sampietro, 60 Marte Drive, 

Bloomfield Hiis, Mich. 
Filled Jan. 3, 1962, Ser. No. 64,102 

8 Claims. (C. 123-32) 
The present invention relates to internal combustion 

engines and provides improved cylinder head arrange 
ments for such engines. 
An object of the invention is to provide improved valve 

rocker arm mountings and improved cam arrangements 
which permit favourable location of the valves and in 
jectors or spark plugs. 
A further object is to provide an internal combustion 

engine with valves so disposed as to permit favourable 
location of the injectors or spark plugs from the point 
of view of obtaining good combustion efficiency. 

Further objects and advantages of the invention will 
become apparent from the following description of pre 
ferred embodiments of the invention given by way of 
example only, and to be read in conjunction with the ac 
companying drawings. 

In the drawings: 
FIG. 1 is a plan of a cylinder head unit according to 

one embodiment of the invention; 
FIG. 2 is a section on the line II-II of FIG. 1; 
FIG. 3 is a section, partly cut away, on the line III-II 

of FIG. 1; 
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FIGS. 4 and 5 are views of alternative supports for the 

valve rocker arms of the unit shown in FIGS. 1 and 2; 
FIG. 6 is a diagrammatic plan of an alternative cylinder 

head unit according to the invention, some parts being 
omitted for greater clarity; 

F.G. 7 is a section, partly cut away, on the line 
VII-VII of FIG. 6; 
FIG. 8 is a section on the line VIII-VIII of FIG. 6; 

and 
FIG. 9 is a plan of an alternative form of rocker arm 

for the unit shown in FIG. 6. 
The drawings show cylinder head units for compression 

ignition engines, but the invention may be applied equally 
to spark ignition engines the spark plug being placed in the 
same position as the injector. 

In the drawings, the invention is shown as applied to 
only one cylinder head unit, but the invention may be 
applied to engines with more than one cylinder. 

Referring to FIGS. 1, 2 and 3 of the drawings, a cyl 
inder head 1 formed with a combustion chamber 10 hav. 
ing a flat upper surface is provided with two identical 
circular inlet ports 2 and two smaller identical circular 
exhaust ports 3. The inlet ports 2 are symmetrically 
located with respect to the cylinder head 1 on opposite 
sides of a central plane of the cylinder head extending 
transversely of the longitudinal axis of the engine. The 
centres of the inlet ports 2 are on the same side of a cen 
tral plane of the cylinder head which is normal to the 
above-mentioned transverse plane and extends longitudi 
nally of the engine. The present engine has a number of 
cylinders (only one of which is shown) located in line 
along its central longitudinal plane. 
The exhaust ports 3 are also located on opposite sides 

of said transverse plane in symmetrical positions with re 
spect to the cylinder head 1. The centres of the exhaust 
ports 3 are on the opposite side of said longitudinal plane 
from the centres of the inlet ports 2. 
An injector 6 is located between the four ports 2, 2 

and 3, 3 near the central axis of the cylinder head 1 and 
combustion chamber. The injector 6 may be in some 
cases offset slightly towards the smaller exhaust ports so 
that no excessively narrow and therefore weak neck of 
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metal is formed in the cylinder head. By arranging the 
injector between four valves, a position is achieved for 
it which is beneficial from the point of view of achieving 
proper mixing of the fuel and the air to achieve combus 
tion efficiency and fuel economy. 

In the case of a spark ignition engine, the spark plug 
is located at the same position as the injector 6 in the 
present engine with similar beneficial results in achieving 
combustion efficiency. 
The valve stems of inlet and exhaust valves 14 and 15 

respectively of the present engine are disposed parallel 
to one another and to the central axis of the cylinder 
head 1. 

For operating the valves and the injector 6 of the pres 
ent engine a camshaft 8 is provided and is journalled in 
bearings mounted in lugs such as that shown at 7 in 
FIG. 1. A single camshaft 8 extends across all the cylinder 
head units of the engine and operates all the valves and 
injectors. The present invention thus enables important 
savings to be made in the number of parts required for 
the engine while at the same time providing the advan 
tages of an overhead camshaft with a simpler construc 
tion than those employing two camshafts. 
The camshaft 8 extends in the longitudinal direction 

of the engine, i.e. parallel to the line of cylinders, and is 
provided with three cams 11, 12 and 13 to operate the 
valves and the injector respectively. 
The camshaft 8 is also provided with similar cams to 

operate the valves and injectors of each of the other 
cylinders. 
The cams 11 and 13 are identical in shape and have the 

same angular position on the camshaft 8 and each is ar 
ranged to operate one of the exhaust valves 14 and one 
of the inlet valves 5. 
A separate rocker 6 is provided for operating each 

exhaust valve 14. In this embodiment the rockers 16 
are made of channel-shaped metal but alternative shapes 
may be used. The rockers 16 are supported for rocking 
movement on a rod 17 extending parallel to the camshaft 
8 and mounted in the lugs 7 which support the camshaft. 
One end of each rocker 16 is provided with an abutment 

22 which engages the top of the corresponding valve stem 
23. At the other end, each rocker 16 is provided with 
a roller 24 to engage the cam 11 or 13. 

Each exhaust valve stem 23 is urged upwardly by a 
coil spring 25 located on the valve stem and engaged 
under a disc 26 secured on the valve stem. The lower end 
of the spring 25 is engaged against the cylinder head 1. 

Since the abutment 22 on the rocker 16 is urged up 
wardly, the end of the rocker carrying the roller 24 is 
urged downwardly and the roller 24 is thus urged into 
contact with the corresponding cam 11 or 13. As the 
camshaft 8 rotates and the raised portions of the cams 
come under the rollers 24, the rollers will be forced up 
wardly and the abutments 22 will be forced downwardly 
thus opening the valves 14. 
A separate rocker 31 is provided for operating each in 

let valve 15 and is also made of channel-shaped metal. 
Each rocker 31 is formed near one end with an inwardly 
projecting, i.e. re-entrant, part-spherical seat 32 the outer, 
i.e. concave, surface of which is engaged on a part-spheri 
cal end portion 33 of an elongated member constituted by 
a stud 34. The stud 34 is screwed into a socket in the 
cylinder head 1 and secured with a lock nut 39. At the 
end remote from the seat 32, each rocker 31 is formed 
with an abutment 35 which engages the top of the valve 
stem 36 of the corresponding valve 15. Each valve 15 
is urged upwardly by a spring 37 engaged under a disc 
38 secured on the valve stem 36. 

Each rocker 31 carries a roller 41 at a position inter 
mediate its ends. The roller 41 engages with the corre 
sponding can 11 or 13 and is forced downwardly to open 
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the valve 15 when the raised part of the cam comes in 
contact with the roller. 
The injector 6 is operated by a channel-shaped metal 

rocker 42 one end 43 of which is secured to the stem 44 
of the injector. At the other end, the rocker 42 is pro 
vided with a roller 45 which is in engagement with the 
can 2. The rocker 42 is mounted for rocking move 
ment on the rod 17 between the two rockers 16. 

In a spark ignition engine, the rocker 42 and the cam 
16 would be omitted. 

Referring to FIGS. 4 and 5, there are shown alternative 
mountings for the two rockers 16 and for the rocker 
42. The rockers 3 are mounted in the same way in the 
two constructions, but the rockers 3 shown in F.G. 5 
are a slightly different shape from those shown in FIGS. 
1 and 2. 
Each rocker 6 in the alternative construction is 

mounted for rocking movement on a part-spherical end 
portion 4 of an obliquely downwardly projecting elon 
gated member constituted by a rod 5. The rod 5 is fixed 
ly secured to a part (not shown) rigid with and above the 
cylinder head . 
The end portion 4 is engaged in a part-spherical seat 9 

formed in the bottom of the channel-shaped rocker 16. 
One advantage of this form of mounting for the rockers 

16 is that the rods 5 are subjected substantially to only 
longitudinal stresses and are thus better able to resist de 
flections than the rods 17 in the mounting shown in FIGS. 
1 and 2. 

In order to enable a similar alternative mounting to be 
adopted for the rocker 42, which is located between the 
two rockers 16, and at the same time to ensure that no 
part of the rocker 42 or its support will foul the inlet 
valves, the construction shown in FIG. 4 is adopted. In 
this construction, the rocker 42 is formed with a part 
spherical re-entrant portion 46 and the rocker is supported 
for rocking movement by engagement of the re-entrant, 
i.e. convex, face of the portion 46 with a part spherical 
re-entrant end of an obliquely downwardly projecting 
rod 47. 
The rocker 42 is formed at one end with an abutment 

43 to engage the top of the stem 44 of the injector and 
is provided at the other end with a roller 45 to engage 
the cam 12. 
The embodiment shown in FIGS. 6 to 8, again has a 

number of cylinders and on each cylinder head valve 
rockers 50 are arranged to radiate from the central axis 
of the combustion chamber and the valves are operated 
by cams 51 and 52 on an overhead camshaft 53 extending 
across the cylinder head with its axis in a central longitu 
dinal plane CLP of the engine. 

This arrangement is made possible by forming the cams 
51 and 52 so that they are "conical' in shape, i.e. have a 
basic shape which is constituted by the frustum of a cone 
on which is superimposed the raised portion of the cam. 
The generating lines of the base portion of the cam and 
of the raised portion lie on the surfaces of a family of 
cones all of which Subtend the same angle at the vertex. 
The vertices of the cones are on the same axis but at differ 
ent positions along the axis. See for example FIG. 6 
where the vertices of the highest and lowest portions of 
the cams are shown. 

Contact between the follower and the cam is along a 
generating line of the conical surfaces. The lifting profile 
of the cam is determined in the usual way and will differ 
slightly according to the follower mechanism used. 

In this embodiment the rockers are pivotally mounted 
on downwardly projecting elongated supports shown 
generally at 54 in FIG. 7. Each support 54 comprises a 
rod 55 in which a longitudinally extending oil duct 56 is 
provided. The rods 55 are fixedly mounted in a part 
(not shown) which is rigid with the cylinder head. 
Over the lower end of each rod 55 is fitted a generally 

cylindrical sleeve 57 having a part-spherical end 58 which 
is engaged in a correspondingly shaped socket formed in 
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the rocker 50. The sleeve 57 is urged downwardly by a 
tapered helical spring 59 located between the end 58 of 
the sleeve 57 and a washer 62 in contact with the end of 
the rod 55. The spring 59 also urges the washer 62 
against the lower end of the rod 55. The washer 62 is 
provided with an aperture or apertures 63 through which 
oil can pass only when the washer 62 is forced away from 
the lower end of the rod 55 by the pressure of the oil in 
the duct 56. The oil thus admitted to the space enclos 
ing the spring 59 pushes the rocker 53 downwards against 
the valve stem and the cam. When the cam starts to lift 
the rocker, sleeve 57 is pushed upwards compressing the 
oil in the space and forcing the washer 62 against its 
seat. Oil cannot escape from the space except for a small 
leakage between the sleeve 57 and the rod 55, and the 
upward movement is therefore quickly arrested. It 
amounts to approximately 0.003 in. in a typical case and 
the movement is taken account of in the cam design. The 
washer 62 acts as a one-way valve in allowing oil to enter 
the space enclosing the spring 59 to take up the clearance 
and in sealing up the return route. This mounting for the 
rocker 58 provides for automatic adjustment to accom 
modate wear. 

Each rocker 59 is provided at one end with an abutment 
65 which, in this case, FIG. 7, is in engagement with the 
cam 52. At the other end, each rocker 50 is provided 
with an abutment 66 which is in engagement with the 
top of the stem 67 of a valve 68. The valve stem 67 is 
slidably located in a guide-way 69 in the cylinder head 
and the valve 68 is urged upwardly against its seat 72 by 
a spring 73 engaged between the cylinder head and a disc 
74 Secured on the valve stem 67. The valve 68 closes an 
exhaust port 75, one of two exhaust ports 75 and 76 lo 
cated in Symmetrical positions in the cylinder head with 
respect to the transverse axis VIII-VIII of FIG. 6. 
Two inlet ports 77 and 78 are also provided, the two inlet 
ports and the two exhaust ports being located on opposite 
sides of a central longitudinal plane CLP through the 
engine. 
The exhaust port 75 and the inlet port 77 are located 

on the opposite side of a central transverse plane 
(VIII-VIII of FIG. 6) through the cylinder head and 
combustion chamber from the inlet port 73 and the ex 
haust port 76. 
As shown in FIG. 8, the present valve operating mech 

anism enables a truly part-spherical combustion chamber 
to be achieved and the injector 81 is located at the central 
point of the wall of the chamber symmetrically located 
between the four ports 75, 75, 77, 73. This location for 
the injector 81 is especially advantageous from the point 
of view of obtaining efficient combustion of the fuel. 
The injector is operated by a cann 82 on the camshaft 

53 through the agency of a rocker 84 which engages the 
operating plunger 85 of the projector at a point approxi 
mately mid-way between the ends of the rocker. A roller 
86 is mounted on one end of the rocker 34 and is engaged 
against the cam 82. At the other end, the rocker 34 
is formed with a part-spherical socket 87 which is engaged 
on a part-spherical support 88 formed on the end of a 
stud 89 screwed into a socket 90 in the cylinder head and 
Secured against inadvertent loosening by a lock nut 91. 
An alternative form of rocker 94 for operating the 

valves is shown in FIG. 9. In place of the abutment 65, 
the rocker 94 is provided with a conical roller 95 which 
engages one of the conical rollers, in this case 52 on the 
shaft 53. The roller 95 is arranged to rotate about an 
axis not at right-angles to the rocker 94 in order to bring 
the roller and the cam 52 into proper contact. 

I claim: 
1. An internal combustion engine having a cylinder 

head with at least one combustion chamber, two inlet ports 
opening into said chamber on one side of a central longi 
tudinal plane through the chamber, and two exhaust ports 
opening into said chamber on the opposite side of said 
plane, spring-loaded inlet and exhaust poppet valves con 
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trolling flow of gas through said inlet and exhaust ports 
respectively, a single camshaft extending above said cylin 
der head parallel to said longitudinal plane, two cams 
provided on said camshaft to operate said inlet valves and 
said exhaust valves, means interposed between each of 
said cams and a corresponding inlet valve, said means con 
sisting of a separate unitary rigid rocker, means interposed 
between each cam and a corresponding exhaust valve, said 
means consisting of a separate unitary, rigid rocker, where 
by upon timed rotation of said cam shaft, each of said 
cams operates in sequence, respective ones of said inlet 
and exhaust valves. 

2. An internal combustion engine having a cylinder 
head with at least one part-spherical combustion chamber, 
two radial exhaust ports opening into said chamber on 
one side of a central longitudinal plane through said 
chamber, two radial inlet ports opening into said cham 
ber on the opposite side of said plane, spring-loaded inlet 
and exhaust poppet valves controlling flow of gas through 
said ports and disposed radially of said part-spherical 
combustion chamber, a single timed cam-shaft extending 
above said cylinder head and located in said central longi 
tudinal plane, two conical cams provided on said cam 
shaft, each of said cams being arranged to operate in 
sequence one inlet valve and one exhaust valve, Said 
cams comprising a basic portion constituted by a frustum 
of a cone the axis of which is coincident with the axis of 
the camshaft, and a raised portion superimposed on said 
basic portion, the basic portion and the raised portion 
having generating lines which lie on the surfaces of a 
family of cones all of which subtend the same angle at 
the vertex, and the vertices of which lie at different posi 
tions along the axis of the camshaft, a separate unitary 
rigid rocker being interposed between each cam and the 
corresponding inlet valve and a separate unitary rigid 
rocker being interposed between each cam and the cor 
responding exhaust valve, each rocker having a surface 
shaped for line engagement with the corresponding con 
ical cam. 

3. An internal combustion engine according to claim 1, 
wherein the camshaft is disposed to one side of the four 
valves and the rockers for the pair of valves nearer the 
camshaft are each supported at corresponding ends for 
rocking movement, the other ends of the rockers engaging 
the valve stems and the cams engaging these rockers at 
positions intermediate the ends of the rockers; and the 
rockers for the pair of valves further from the camshaft 
are each supported at corresponding positions intermediate 
their ends for rocking movement, corresponding ends of 
the rockers engaging the valve stems and the cams en 
gaging the other ends of these rockers. 
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4. An internal combustion engine according to claim 3, 

and including a fuel injector located centrally of the com 
bustion chamber between thc four valves, a further cam 
on said camshaft and located between said two cams, a 
further rocker for operating the injector interposed be 
tween said further cam and the injector, and a downwardly 
projecting support rigid with the cylinder head support 
ing said rocker for rocking movement, said support hav 
ing a part-spherical concave surface formed on its lower 
end and engaged with a corresponding part-spherical con 
veX Surface formed on the further rocker. 

5. An internal combustion engine according to claim 2, 
wherein the rockers radiate from the central vertical axis 
of the combustion chamber. 

6. An internal combustion engine according to claim 
5, and including a separate conical roller provided on each 
rocker for engagement with the corresponding conical 
Ca 

7. An internal combustion engine according to claim 5, 
including a separate support for each rocker, each support 
being formed with a part-spherical end surface and each 
rocker being formed with a part-spherical seat engaged 
with said end. 

8. An internal combustion engine according to claim 7, 
wherein each of said supports comprises a cylinder formed 
with a longitudinally extending duct for oil, a cylindrical 
sleeve having a hemispherical end portion fitted over said 
cylinder, a washer having at least one aperture located 
against the end of said cylinder with said sleeve, a spring 
arranged to urge said washer against said end and seal said 
aperture whereby oil under pressure in said duct will push 
said washer away from said end and pass through said 
aperture to urge the rocker away from said cylinder 
whereas light upward movement of the rocker will cause 
said washer to seal against said end preventing egress of 
oil from the hemispherical end portion and providing a 
fixed fulcrum for the rocker. 
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