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COMPLEX-SHAPED FORGED PISTON OfL GALLERIES

CROSS-REFERENCE TORELATED APPLICATION
{8001} This application claims the benefit of LS, Uility Patent Application Mo,
13/078,813, filed March 23, 2016, which is incorporated herein by reference in its entirety.
TECHNICAL FIELD
{0082} The invention relates generally to pistons for internal combustion engines,
particularly diese] engines, and more particularly 10 pistons having oil galleries.
BACKGROUND
8063] It is known in internal combustion engine applications, particularly with
respect (o diesel engines, o provide pistons with bodies formed with a closed gallery for
cooling oil. The oil circulates through the gallery and cools parts of the piston which are
susceplible to damage from the heat of combustion. The outer rim around the combustion
bow! of the piston is particularly susceptible 10 damage when overheated.
{8004] The cocling galleries are generally annular or ring-shaped with constant cross-
sections and are provided inside the piston ring beli and adjacent the top wall and outer rim of
the piston bedy, The gallery is bounded by an inner wall adjacent the combustion bowl. The
oil galleries can be cither open or closed. If closed, the gallery channel is closed at the
botiom by a bottom wall. For closed galleries, inlets can be provided in the bottom wall for
receiving cooling oil into the gallery, or the cooling oil could be supplied (o the galleries by
other nieans,
{0005} Traditionally, the combustion bowls of diesel engines have circular symmetric
shapes and have smooth unbroken surfaces from the outer rims to the depressed center
portions. Today, however, new bowls are being designed with non-traditional or complex
shapes. It is understood that these non-traditional shapes are utilized in order to burn fugl

more effectively and with less undesirable emissions. However, the complex bow! shapes
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makes the cooling of the bowls and outer rims with conventional piston galleries more
- difficult. Conventional machining with turning operations will not provide oil galleries with
similar or corresponding complex shapes as the complex shaped combustion bowls.
8836} If the differences in structure between the combustion bowls and the off
galleries create walls with significantly different thicknesses, or walls which are too thick to
be adequately cooled by the oil being circulated in the ol galleries, then “hot spots” in the
piston can occur where the material can overheat. Hot spot areas can creste weak spots In the
piston where the material could crack or fail. If a piston fails, this creates an engine failure
causing major expense and perhaps 8 new engine for the vehicle.
SUMMARY OF THE INVENTION
{8007} One aspect of the invention provides a pision for an internal combustion
engine formed with a complex combustion bowl desiga to reduce overheating concems. The
pistont includes an upper portion of a ring belt depending from the outer rim, and a
combustion bow! depending inwardly from the outer rim opposite the ring belt. The
combustion bow! includes at least one protrusion, and typically a plurality of protrusions
spaced from one ancther circumferentially about the center axis. A lowsr member of the
piston includes a lower portion of the ring belt joined to the upper portion of the ring bell.
The lower member also includes side walls depending from the ring belt, and the side walls
are spaced from one another by pin bosses presenting a pin bore.
008} Another aspect of the invention provides a method of manufacturing & piston.
The method includes providing an upper crown member including an outer rim extending
circumierentially around a center axis, 8 combustion bow! depending inwardly from the outer
rim, and an upper portion of a ring bell depending from the outer rim opposite the
combustion bowl. The combustion bow! includes at least one protrusion. The method further

includes providing a lower member including a lower portion of the ring belt and side walls
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depending from the ring belt, the side walls being spaced {rom one another by pin bosses
presenting a pin bore; and joining the lower portion of the ring belt to the upper portion of the
ring belt.

BRIEF DESCRIPTION OF THE DRAWINGS
{6609] These and other features and advantages of the present invention will become
more readily appreciated when considered in connection with the following detailed
description and appending drawings, whergin:
{00018} FIGURE | ilustrates a piston with a closed oif gallery sccording o one
example embodiment.
{00011} FIGURES 24, 2B and 20 schematically Hlustrate three examples of complex
combustion bowls.
168812} FIGURE 3 is a schematic plan view of s piston crown depicting a
representative complex shape of a combustion bowl,
{08613} FIGURE 4 is 5 cross-section of the pistos crown as shown in Figure 1 taken
along line 4-4 and in direction of the arrows.
{60614} FIGURE § is another cross-section of the piston crown similar 1o Figure 4,
following machining-turning of at least one surface of the oi gallery,
{80015} FIGURE & is a flow chart of an embodiment of a system and method in
accordance with the present invention.
{00016} FIGURE 7 is a perspective visw of a piston including a combustion bow! with
a complex shape according to another example embodiment.
{B0817] FIGURE 8 is a cross-section of an upper crown member of the pision of
Figure 7 before joining 1o a lower member,
{BOB18] FIGURE 9 is a cross-sectional view of the piston of Figure 7 afler joining the

upper crown member to the lower member,
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{08019 FIGURE 10 is a flow chan of an example method used to form the piston of
Figure 7.

DETAILED DESCRIPTION
{68824} A representative piston 100 in which the present invention can be utilized if
the combustion bow! has a complex shape is shown in Figure 1. The piston 100 includes a
piston crown member 10 and 2 lower member 102 which includes sidewslls 104 and pin
bosses 106. The piston crown 10 and lower member 102 are fixedly secured together,
preferably by friction welding, to form the complete piston 104,
108021} The piston 100 has an oll gallery in which ol is circulated in order to maintain
the temperature of the piston, particularly the upper surface, combustion bow! and outer rim
within acceptable temperature limits, The oif gallery includes an oil gallery channel 105
positioned in the crown member 10. The off gallery can be either opened or closed as well
known in the ant. If closed, the bottom wall of the oil gallery is typically included as part of
the lower member 102,
{08622] A piston ¢rown member 10 with a representative complex combustion bowl
{2 is depicted in Figure 3. The shape of the bowl 12 is essentially a square shape with four
sides 13, 16, 17 and 18, In the shape depicied, the sides are straight with rounded comers 21,
22,23 and 24,
{80833} it is to be understood that the shape of the combustion bowl and the linearity
of the sides 15-18 is merely one example of 8 complex combustion bowl. In accordance with
the invention, the combustion bow! can have any perimeter or internal shape, with any
number of sides or side portions. The sides and internal surfaces can alse have any shape,
such as being straight as shown or eurved or arced, and can have sections or portions which

are siraight, curved or arced, or have bumps, protrusions, recesses, ribs and the like. In
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addition, the comners 21-24, or the intersections or joints between the side portions, can have
any shape, and can protrude into the bow! or be recessed from it
{80824 The shape of the piston bow! can be complex either in its outer periphery, as
shown in Figure 24, be complex in the radially inner arcas of the bowl, as shown in Figure
2B, or be complex with respect to both the outer periphery and the inner areas as shown in
Figure 2C. Figures 2A, 2B and 2C are representative of these thres general types of complex
shaped combustion bowls. The present invention provides an oil gallery and oll gallery
channel that can accommodate combustion bowls with such complex shapes.

8025} The piston crown and the entire piston are made of s stee! material. The shaps
of the piston crown 10 is formed by a forging process.

{84826} In accordance with an example embodiment of the invention, the ofl gallery
channel in the pision crown is made by the same process as the combustion bowl, or portions
thereof. In the embodiment shown, the ol gallery channel is made by a forging process,
followed by a machining process.

{00027} I accordance with an example embodiment, the forging die for forming the
combustion bowl and the forging die for forming the oil gallery channel have corresponding
shapes, The two dies have similar straight sections and similar curved sections that
correspond {0 one another,

{60028} A cross-section of the piston erown 10 afier the forging process is shows in
Figure 4, The forging process forms an annular groove 30 that does not necessarily have a
circumferential uniform width "W" or a uniform depth “D". The width of the groove 30 is
greater in the portions where the sides of the combustion bow{ are furthest from the outside
surface of the piston crown, These arcas are designated by the numeral 40 in Figure 3.
Similarly, the arcas where the groove 30 is the narrowest is ai the corners or intersections

between the side portions,
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1800 The depth D of the groove 30 made by the forging is dependent on the dies
used in the forging process. There is a practical limil w0 the depth that forging dies can
peneirate in a steel crown member and still be used repeatedly before they need replacing or
refurbishing.

{88381 As g subsequent step in forming the oil galleries in accordance with an
example embodiment of the invention, the shape of the oil gallery is machined to the shape
shown in Figure 5. In one step in the machine processing, 3 machining tool represented by
the member 30 is inserted into the ofl gallery 30 formed by the furging process (in the
direction of arrow 32} and used to finish the outer surface of the oil gallerv channel and to
form an annular groove 60, entirely around the bowl. This machine-turning extends the ofl
gallery channel into the upper reaches of the piston crown {near the top ring groove and
adjacent the lop face or outer rim 80 of the piston). The groove 60, which is fully machined,
exiends above the initial channel 30 made in the forging process.

{08031} "Machine-turning” or simply "uming” is a machining process in which a
cutling tool, typically a non-rotary tool bit, moves linearly while the workpiece rotates, such
as on & lathe. "Maching turning” can refer to such a cutting or finishing operation on either
the internal surfaces or the external surfaces of a workplecs. In machining some of the
surfaces of an ofl gallery channel thercon, the machine-tuming finishes or forms internal
surfaces.

186632} The machine-turning processing can also be used to machine and finish some
of the tnner surfaces of the oil gallery channel 30, such as surface 31. Due to the complex
shape in the ofl gallery in order to follow the complex shape of the combustion bowl, a
plurality ef bumps or recesses can be formed on the inside gallery surface by the forging die
in the forging process. Due to the turning procedure used in the machining process, the

recesses and areas between bumps are left unfinished (i.e. not machined) in this siep. lnner
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gallery channel surfaces 32 and 33 in Figure § are not finished and remain in their original
condition after forging,

{66833 in Figure 3, the outer circumference of the finished annular groove 60 is
indicated by hidden line 60", In addition, an inner finished surface of the complex shaped oil
gailery (such as surface 31} is indicated by the hidden line 30°. The areas (e.g. recesses) left
unfinished are indicated by the reference numerals 32 and 33 in Figure 5. An ol gallery
channel having the shape 30 shown in Figure 4 can be formed by a forging die.

{80034} in a typical forging operation, the ofl gallery channel in the lower surface of
the piston crown member 1 will be formed at the same time that another forging die s
forming the complex shaped combustion bow! on the upper surface or upper side of the
piston crown member.

100835] The inventive process provides an annular oil gallery for a piston which hasa
similas or substantially the same perimeter inner shape as the outer perimeter shape of a
compiex-shaped combustion bowl. This minimizes the thicknesses of the wall areas 76
between the oif gallery and combustion bowl 12 snd makes the wall thicknesses around the
cutside of the combustion bow! uniform. Due o practical limits of the forging and
machining processes, the thicknesses of all of the walls will not be exactly the same around
the circumference of the combustion bowl. The present invention, however, makes the wall
thickness 7¢ as thin and uniform as practical around the entire off gallery. This allows oil
introduced in the oil gallery when the piston is finished to maintain the temperature of the
bowl wall surfaces and outer rim 80 within appropriate Himits and avoids harmful hot spots,
{80836} With the present invention, thick wall sections which can create hot spots are
minimized or eliminated. Areas of a piston which overheat {also called "hot spois”} can
create weak spots that could crack or fail. Failure of pistons in this manner could lead to

expensive repairs, and possibly to the replacement of the engine,
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{0037 Preferred cooling for a piston can be provided when the walls have g uniform
thickness and are relatively thin. Pistons with thinner walls also have less weight which
provides less strain on the engine. This resulis in better gas mileage and less harmifu
emissions,

{B0838] Figure 6 presents a flow chart 108 of an example method of forming an ol
gallery channel In a piston crown that corresponds in shape to the shape of a complex
combustion bowl in the piston crown. First, 8 pision crown member is made of a steel
material 110, This can be done by any conventional manufacturing procedure.

{0039 Then, a complex shaped combustion bowl is formed in the top or upper
surface of the piston crown member 112, This step is formed by a steel forging process.
{00048} At the same time or thereafler, an oil gallery channel 30 is formed in the lower
surface or lower side of the piston crown member with a shape that is similar to, or
corresponds io, the shape of the combustion bowl. This is shown in box 114, This step is
also performed by a forging procass, and preferably simultaneously with forging the bowl.
{00641} Finally, the oil gallery channel in the piston crows member is machine
finished 116 to enlarge Hs size and bring it closer 10 the ocuter rim 80 of the pision crown
member and the combustion bowl. In this step, an annular groove 60 is formed by a cutting
tool, and the other surfaces of the gallery channel which can be finished by a machine-turning
operation {1.e. other than recesses and areas betweesn bumps) can be finished as desived.
{00042} Another example piston 200 with the complex combustion bowl 212 &
generally shown in Figures 78, The crown member 210 of the example piston 210 s
manufaciured by forging 1o create the complex combustion bow! 212, The crown member
210 includes an outer rim 280 extending circumferentially around a center axis.  The
combustion bowl 212 depends fnwardly from the outer rim 280 and includes at least one

protrusion 226 extending inwardly from the outer rim 280, In this example embodiment of
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Figures 7-9, the combustion bowl 212 includes a pair of protrusions 226 disposed opposite
one another. Allernatively, the piston 200 can include a greater number of protrusions 226,
for example four, five to eight, or up to ten protrusions 226 spaced from one another
circumferentially along the outer rim 280, In the example embodiment, the protrusions 226
are equal in size, the protrusions 226 are spaced from one another by equal distances, and
gach protrusion 226 extends from the outer rim 280 io a base of the combustion bowl 212.
However, the protrusions 226 could comprise different sizes and shapes, and could be spaced
by non-equal distences. In the cxample embodiment of Figure 7-9, the base of the
combustion bowl 212 extends upwardly from the protrusions 226 o form an apex al the
center axis, However, the combustion bow! 212 could comprise other shapes. The
protrusions 336 of this example embodiment also present a sharp point between the outer rim
280 and the base of the combustion bow! 212, and the spaces between the protrusions 226
present a concave surface.

{00843} The crown member 218 further includes an undercrown surface 231 facing
opposite the combustion bowl 212, Portions of the undercrown surface 231 located opposite
the protrusions 226 are lefl in an as-forged condition, and portions of the undercrown surface
231 located opposite the spaces between the protrusions 2268 are machined.  The machined
portions are those which will ultimately form a portion of the oil cooling gallery 230, An
upper portion of a ring belt 228 including a plurality of ring grooves depends from the outer
rim 280 opposite the combustion bow! 212, An upper portion of an inner rib 238 exiends
downward from the undercrown surface 231 and circumferential about the center axis.
Figure § s a cross-section of the crown member 210 before joining the crown member 21810
the lower member 202,

AR The lower member 202 of the example piston 200 of Figures 7-9 includes a

lower portion of the ring belt 228 presenting a plurality of ring grooves and joined 1o the

i
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upper portion of the ring belt 228, The lower member 202 of the piston 200 also includes a
tower portion of the inner rib 238 joined to the upper portion of the inner rib 238. In the
example embodiment, hybrid induction welding is used o join the crown member 210 to the
lower member 202, Figure 9 is a cross-section of the crown member 210 and the lower
member 202 after the joining step.  However, other joining methods could be used, for
example friction welding, laser welding, another welding technigue, or gluing. The lower
mermber 202 also includes the fower wall 242 extending from the ring belt 228 to the inner rib
238. The ring belt 228, lower wall 242, inner rib 238, and undercrown surface 231 together
form a cooling gallery 230 thercbetween which extends circumferentially around the center
axis of the piston 200. The lower member 202 of the piston 200 also includes sidewalls 204
depending from the ring belt 228, and the sidewalls 204 are spaced from one another by
intervening pin bosses 206, Each pin boss 206 is formed with 2 pin bore 244,

LHEIERY Another aspect of the invention provides 3 method of manufacturing the
example piston 200 shown in Figures 7-9. Figure 10 is a flow chart listing the general steps
of manufacturing the piston 200 according to an example embodiment. {n this example
embodiment, the method begins by forging 8 metal material, such as steel, to form the upper
crown member 210, The forging step includes forming the outer rim 280 and the combustion
bowl 212 including the at least one protrusion 226, or plurality of protrusions 226 spaced
from one another circumferentially along the ouler rim 280, The upper crown member 210 s
alse forged to include the upper portion of the ring belt 228 depending from the outer rim 280
opposite the combustion bowl 212, According (o the example embodiment, the forging step
includes cither hot forging at tomperatures greater than 950° © or warm forging at
temperatures ranging from 750 to 9507 €. Also according to the example embodiment, afler
forming the complex combustion bowl 212 during the forging step, no further machining of

the combustion bowl 212 is conducted.  However the outer rim 280 s partially machined,
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and the combustion bowl 212 could optionally be machined in some aress of the combustion
bowl 212, The lower member 202 can be formed by forging, casting, or another method,
[80646] The method further includes machining pontions of the undercrown surface
231 located opposite the combustion bow! 212 of the forged crown member 210 before
joining the crown member 210 to the lower member 202. In the example embodiment, the
methed can include partial machining of portions of the undercrown surface 231 which will
form the ofl cooling gallery 238, Also, according to the example embodiment, the machined
portions of the undercrown surface 231 are located opposite the spaces between the
protrusions 226. Portions of the undercrown surface 231 located opposite the protrusions 226
are left a5 forged and unmachined. The method can also include machining the annular
groove 260 around the piston 200. As shown in Figure 8, the machined annular groove 260 is
focated adjacent the ring beit 228,

{00047} Afier the machining siep, the method includes joining the upper crown
member 210 to the lower member 202, The joining step includes joining the lower portion
of the inner rib 238 to the upper portion of the inner rib 238, joining the upper postion of the
ring belt 228 to the lower portion of the ring belt 228, and thus forming the cooling gallery
230 between the inner rib 238, the ring belt 228, the lower wall 242, and the undercrown
suriace 231,

{H0048] The example method includes hybrid induction welding to join the upper
crown member 210 to the lower member 202, The hybrid induction welding technigue
includes heating the members 202, 210 by induction, and rotating the members 202, 210 less
than 360° relative 1o one another about the center axis immediately after joining. At the
conclusion of the hybrid induction welding step, the at least one protrusion 226 or protrusions

236 are located in g specific focation relative to the pin bore 244, However, the method of

il
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Jjoining the crown io the lower member could ahematively include another welding
technique, such as friction welding or laser welding, or gluing.

{80849} Although the invention has been described with respect to example
embodiments, }{ is to be also understood that it is not to be so limited since changes and
modifications can be made therein which are within the full scope of the following claims.

{80836} it is conlemplated that all features of all claims and of all ernbodiments can be

combined with each other, so long as such combinations would not contradict one another.
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CLAIMS

IR A piston, comprising:

an upper crown member including an outer rim extending circumierentially around a
center axis, an upper portion of a ring belt depending from the outer rim, a combustion bow!
depending inwardly from the outer vim opposite the ring belt, and the combustion bowl
including at least one protrusion;

8 lower member including a lower portion of the ring belt and side walls depending
from the ring belt, the side walls being spaced rom one another by pin bosses presenting a
pin bore, and the lower portion of the ring belt being joined to the upper portion of the ring

belt,

2. The piston of claim 1 including a plurality of the protrusions spaced from one another

circumferentially about 2 center axis.

kR The piston of claim 2, wherein the upper crown member includes an undercrown
surface opposite the combustion surface, portions of the undercrown surface located opposite
the protrusions are left in an as-forged condition, and portions of the undercrown surface

located opposite the spaces between the protrusions are machined.

4. The piston of claim 2, wherein the protrusions are equal in size and are spaced from

one another by equal distances.

L

The piston of claim 4, wherein each space between adjacent protrusions presents 2

concave surface,
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8. The piston of clalim 1, whereln each protrusion extends from the outer rim to a hase of
the combustion bowl, and the base of the combustion bow! extends upwardly from the at least

ons protrusion Lo form an apex at the center axis of the piston.

7. The piston of claim 1, wherein the upper crown member includes an undercrown
surface facing opposite the combustion surfhce, the upper crown member includes an upper
portion of an inner rib extending from the undercrown surface and cireumferential about the
cenier axis, the lower member includes a lower portion of the inner rib joined to the upper
portion of the inner rib, the lower member includes a lower wall sxiending from the lower
portion of the ring belt 1o the lower portion of the inner rib, and the inner rib and the ring belt

and the lower wall and the undercrown surface define s cooling gallery therebetween,

& The piston of claim 7, wherein the upper crown member includes a plurality of the
profrusions spaced from one another circumferentially about the center axis:

the protrusions are equal and size and are spaced from one another by equal distances;

each protrusion extends from the ouler rim to 8 base of the combustion howl;

the base of the combustion bowl extends upwardly from the protrusions o form an
apex al the center axis;

each space between the protrusions present 2 concave surface;

portions of the undercrown surface located opposite the protrusions are lefl in an as-
forged condition; and

portions of the undercrown surface locaied opposite the spaces between the

protrusions are machined.

i
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9, A method of manufacturing a piston, comprising the steps oft

providing an upper crown member including an outer rim extending circumferentially
around a center axis, a combustion bow! depending inwardly from the outer rim, an upper
portion of a ring belt depending from the outer rim opposite the combustion bowl, and the
combustion bowl including at least one protrusion;

providing & lower member Including 8 lower portion of the ring bell and side walls
depending from the ring belt, the side walls being spaced from one another by pin bosses
presenting a pin bore; and

joining the lower portion of the ring belt to the upper portion of the ring belt.

1, The method of claim 9, wherein the step of providing the upper crown member
includes forging a piece of materisl, and forming the combustion bowl with the at least one

profrusion during the forging step.

P, The method of claim 10, whereln the forging step includes bot forging at temperatures

greater than 950° C or warm forging at temperatures ranging from 750 10 950° C,

12.  The method of claim 10, wherein the forging step includes forming a plurality of the

protrusions spaced from one another circumferentially about 2 center axis.

3. The method of claim 12, wherein the upper crown includes an undercrown surface,
and including the step of machining portions of the undercrown surface located opposite the

spaces between the protrusions.
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14, The method of claim 13 including leaving portions of the undercrown surface located

opposite the protrusions as-forged snd unmachined,

3. The method of claim 14 including machining an annular groove along the undercrown
surface and extending around the piston, wherein the machined annular groove is located

between the as-forged portions and the ring belt.

I8, The method of claim 9, whereln no machining of the combustion bow! is conducted

afler the forging step.

-
e

The method of claim 9, wherein the joining step includes welding or gluing,

18, The method of claim 17, wherein the joining step includes hybrid induction welding,

19.  The method of claim 9, wherein the upper crown member includes an undercrown
surface facing opposite the combustion surface, the upper crown member includes an upper
portion of an inner rib extending from the undercrown surface and circumferential about the
center axis, the lower member inchudes a lower portion of the inner rib, the lower member
includes a lower wall extending from the lower postion of the ring belt to the fower portion of
the inner rib; and

the joining step includes joining the lower portion of the inner rib to the upper portion
of the inner rib, and forming a cooling gallery between the inner rib and the ring belt and the

lower wall and the undercrown surface.

e
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20, The method of claim 19, wherein the step of providing the upper crown member
includes forging a piece of material and forming the combustion bow! with a plurality of the
protrusions during the forging step, the protrusions being spaced from one another
circumferentially about a center axis:

the forging step includes hot forging at temperatures grester than 950° C or warm
forging at temperatures ranging from 75010 950° C;

the joining step including hybrid induction welding; and

further including the steps oft

machining portions of the undercrown surface Jocated opposite the spaces between
the protrusions before ﬁhejoining siep;

machining an annular groove extending along the undercrown surface and around the
piston before the joining step, wherein the machined annular groove is located between the
as-forged portions and the ring belt; and

leaving portions of the undercrown surfiice located opposite the protrusions as-forged

and unmachined,
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