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Piston for an internal combustion engine

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a piston for an internal combustion engine, hav-
ing a lower part and an upper part that are welded together to create a one-piece
piston. The lower part has at least a piston skirt, and the upper part has at least a
piston crown, a circumferential top land, and a circumferential ring belt provided
with ring grooves. The lower and upper parts are welded together and form a cir-
cumferential, closed cooling channel between them. A funnel-shaped oil inlet is
forged into the lower part to allow for oil to be sprayed into the cooling channel in
an efficient manner.

2. The Prior Art

In pistons with closed cooling channels, it is necessary to provide an inlet through
which cooling oil is sprayed. This inlet is usually provided through the floor of the
cooling channel and communicates with the underside of the piston in the area
just outside the pin boss. Oil is sprayed in via a nozzle through this inlet to cool
the piston during operation. The spray angle is of great consideration, as better
cooling is achieved with a wider angle as the oil enters the cooling channel.

There have been several attempts to construct an oil inlet that maximizes the
cooling efficiency of the oil. For example, US Patent No. 5,730,090 to Kling et al.
discloses a piston having an oblong oil inlet and a curved skirt wall that helps di-
rect the oil spray to enter the inlet. US Patent No. 7,051,684 to Bauer shows a pis-
ton having an insert in the cooing channel cover. The insert is shaped so as to be
wider on the bottom so it can concentrate the oil entering the cooling channel, and
is shaped to distribute the oil efficiently throughout the channel.

WQQ97/48896 to Nardi discloses a piston having an oil inlet that is wider at the
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bottom than at the entrance to the cooling channel. The walls of the oil inlet are
tapered to deflect the oil to the inside of the cooling channel. The oil inlet is
formed as a channel through the piston base portion. While this solution can be
effective, the resulting piston suffers from excess weight, as the material required
to create the elongated oil inlet extends entirely around the circumference of the
piston.

SUMMARY OF THE INVENTION

It is therefore an object of the present invention to provide a piston for an internal
combustion engine having a closed cooling channel and a funnel shaped oil inlet
that is forged into the piston base body, without adding significantly to the weight
of the piston.

This object is accomplished by a piston for an internal combustion engine, that is
formed from an upper part connected to a lower part. The upper part has a piston
crown, a combustion bowl, and a ring belt extending circumferentially around the
piston upper part. The lower part contains pin bosses and a piston skirt. A circum-
ferential cooling channel is formed by joining the upper part and lower part and
has a floor formed by the lower part. Each of the upper and lower parts has inner
and outer circumferential walls that terminate in joining surfaces. The joining sur-
face of the outer circumferential wall of the upper part is joined to the joining sur-
face of the outer circumferential wall of the lower part, and the joining surfaces of
the inner circumferential walls of the upper and lower parts are also joined by
brazing or welding, and one such example would include friction welding. The
closed cooling channel is thus formed between the joined inner and outer circum-
ferential walls.

There is at least one oil inlet formed in one piece with the piston lower part, pref-
erably by forging. The inlet has a lower extremity and an upper extremity that
terminates at the floor of the cooling channel. A bore extends through the oil inlet
from the lower extremity up though the floor of the cooling channel. The circum-
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ference of the bore decreases from the lower extremity to the upper extremity, so
the oil inlet forms a funnel shape. The oil inlet is formed on one side by an interi-
or wall of the piston skirt, and on an opposite side by a circumferential collar con-
nected to the piston skirt.

In one embodiment, the oil inlet is located adjacent one of the pin bosses, and the
collar is connected one end to the piston skirt and on another end to an interior
wall of the respective pin boss.

The funnel shape of the oil inlet maximizes the amount of cooling oil that can en-
ter the cooling channel, as the oil that is sprayed into the inlet is deflected off of
the slanted walls and can enter the cooling channel at various angles. For best
results, the ratio of the area of the bore at the upper extremity to the area of the
bore at the lower extremity is in the range of 1:2 to 1:8.

The bore can be non-circular, i.e., oblong, at the lower extremity and circular or
non-circular at the upper extremity. The oblong shape at the lower extremity al-
lows for the use of a split oil jet that emits a non-circular spray. Aligning the jet
with the shape of the lower extremity causes the oil inlet to collect the maximum
amount of oil possible and feed it to the cooling channel, without excessive splash
back.

In one embodiment, the area of the inner wall of the piston skirt that forms the oll
inlet has an axial groove therein, which defines one of the sides of the bore.

The collar and thus the oil inlet itself preferably has an axial height of between 5
and 12 mm. But it is appreciated the height of the collar is related to the size of
the piston and the available clearance between the piston and the connecting rod.
In some forms, the collar height may exceed 20mm to further increase the collec-
tion of oil into and through the cooling channel. The collar has an interior wall and
an exterior wall joined by a curved bottom. The curved bottom preferably has a
radius of curvature of 4-15 mm. In a preferred embodiment, there are two oil in-
lets, disposed approximately 180’ from each other. In this case, one of the inlets is
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used as an oil outlet, to allow the oil to drain back out of the cooling channel.

BRIEF DESCRIPTION OF THE DRAWINGS

Other objects and features of the present invention will become apparent from the
following detailed description considered in connection with the accompanying
drawings. It is to be understood, however, that the drawings are designed as an
illustration only and not as a definition of the limits of the invention.

In the drawings, wherein similar reference characters denote similar elements
throughout the several views:

o FIG. 1 shows a cross-sectional view of the piston according to the
invention;

o FIG. 2 shows a side and bottom view of the piston;

. FIG. 3 shows a bottom view of the piston; and

o FIG. 4 shows the oil spray pattern through the oil inlet in a cross-

sectional view.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

Referring now in detail to the drawings and, in particular, FIGS. 1-3 shows a a pis-
ton 10 according to the invention, with the cross-sectional view of FIG. 1 taken
along lines I-1 of FIG. 3. Piston 10 is formed from an upper part 20 having a pis-
ton crown 21, a ring belt 22 and a combustion bowl 23. Lower part 30 is com-
prised of two pin bosses 31 and a skirt 32. A closed cooling channel 40 is formed
between upper part 10 and lower part 20, by joining inner and outer circumferen-
tial walls 24, 25, of upper part 20, with inner and outer circumferential walls 34, 35
of lower part 30, by brazing or welding, to enclose cooling channel 40.

To allow cooling oil to enter cooling channel 40, at least one oil inlet 50 is provid-
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ed, which penetrates through a floor of cooling channel 40. QOil inlet 50 has a bore
51 surrounded by a collar 52 that extends between skirt 32 and pin boss 31. Col-
lar 52 is forged in one piece with lower part 30. Bore 51 extends into the inner
wall of skirt 32 in area 53. Collar 52 and inner skirt wall 36 form oil inlet 50, which
has a funnel shape, as shown in FIG. 1. Bore 51 in the lower extremity of inlet 50
has a larger diameter d, than the diameter d, in the upper extremity that extends
into cooling channel 40. For example, d4 can be 16 mm and d; is preferably be-
tween 20 mm and 45 mm. In particular, bore 51 in the lower extremity of oil inlet
50 has an area that is between 2 and 8 times the area of bore 51 in the upper ex-
tremity at the floor of cooling channel 40.

Collar 52 has an interior wall 54 and an exterior wall 55 joined by a curved bottom
56. Curved bottom 56 preferably has a radius of curvature of 4-15 mm. Interior
wall 54 is slanted so as to create the funnel shape of oil inlet 50.

As shown in FIG. 3, there can be two oil inlets 50 located on opposite sides of pis-
ton 10. Bore 51 in each inlet 50 has an oblong shape 60 with diameter d, at the
lower end of inlet 50. This shape is beneficial when using a split oil nozzle 70 as
shown in FIG. 4, as the oblong shape of the spray 71 exiting the nozzle 70 is cap-
tured fully by bore 51, and is directed through bore 51 into cooling channel 40
with minimal splash back.

By configuring the oil inlet 50 via collar 52, very little additional material is re-
quired to configure the funnel-shaped oil inlet. This minimizes the weight of the
piston, leading to enhanced performance. Configuring oil inlet 50 as an oblong
inlet in the bottom portion maximizes oil capture, especially when using a split oll
nozzle. In addition, the forging of the funnel-shaped oil inlet reduces the second-
ary operations typically required to create a funnel around the inlet bore. For ex-
ample, the forged inlet may reduce or eliminate the insert along with a press-fit or
threading operation to secure the insert into the bore, reducing the manufacturing
cost of the piston.

Accordingly, while only a few embodiments of the present invention have been
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shown and described, it is obvious that many changes and modifications may be
made thereunto without departing from the spirit and scope of the invention.
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Claims

A piston for an internal combustion engine, comprising:

- an upper part having a combustion bowl, a top land, and a ring belt ex-
tending circumferentially around the piston upper part,

- a lower part connected to the upper part, the lower part having pin bosses
and a piston skirt;

- a circumferential cooling channel formed by the upper part and lower part
and having a floor formed by the lower part; and

- at least one oil inlet formed in one piece with the piston lower part, the at
least one oil inlet having a lower extremity and an upper extremity, the
upper extremity terminating at the floor of the cooling channel, the oil inlet
having a bore extending from the lower extremity though the floor of the
cooling channel, wherein a circumference of the bore increases from the
upper extremity to the lower extremity, wherein the oil inlet is formed on
one side by an interior wall of the piston skirt, and on an opposite side by
a circumferential collar connected to the piston skirt.

2. The piston according to claim 1, wherein the collar is connected one
end to the piston skirt and on another end to an interior wall of one of the
pin bosses.

3. The piston according to claim 1, wherein the ratio of an area of the
bore at the upper extremity to the area of the bore at the lower extremity is
in the range of 1:2 to 1:8.

4. The piston according to claim 1, wherein the bore is non-circular at
the lower extremity.

5. The piston according to claim 1, wherein the area of the inner wall of
the piston skirt that forms the oil inlet has an axial groove therein, said
groove defining a side of the bore.
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6. The piston according to claim 1, wherein the oil inlet is made by
forging.

7. The piston according to claim 1, wherein the collar has an axial
height of between 5-12 mm.

8. The piston according to claim 1, wherein the collar has an interior
wall and an exterior wall joined by a curved bottom.

9. The piston according to claim 8, wherein the curved bottom has a
radius of curvature of 4-15 mm.

10. The piston according to claim 1, wherein the upper part is welded to
the lower part.

11. The piston according to claim 1, wherein there are two oil inlets, dis-
posed approximately 180 from each other.
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