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Description

BACKGROUND OF THE INVENTION

1. Technical Field

[0001] This invention relates generally to pistons used in diesel engine applications.

2. Related Art

[0002] US 6,155,157, for example discloses a monobloc piston fabricated of two steel parts being fixedly attached to
one another. The upper part is provided with an upper surface having a combustion bowl formed therein. In an annular
ring belt wall there are formed a plurality of ring grooves. An internal oil gallery is formed circumferentially between walls
within a head portion of the piston body, wherein a top of said oil gallery extends above a top edge of an upper ring
groove of said plurality of ring grooves. A piston skirt is formed as one movable piece with a pair of pin bosses having
pin bores aligned along a common pin bore axis.
[0003] The requirement that modern diesel engines be manufactured with improved emission control has resulted in
diesel engines being made with ever increasing cylinder pressures. In such diesel engines, the pressure can reach as
high as 300 bar cylinder pressure, which enables the engine to maintain current power levels and fuel economy while
meeting the strict emission requirements.
[0004] The increased cylinder pressure of modern diesel engines has placed an increased demand on the structural
integrity, cooling effectiveness, and performance of diesel engine pistons which reciprocate in the pistons cylinders to
generate power. Some diesel engine pistons which once performed satisfactorily are unable to meet the increased
demands of the modern diesel engine.
[0005] It is an object of the present invention to improve on conventional diesel engine pistons that can perform
satisfactorily under the increased demands of the modern diesel engine.

SUMMARY OF THE INVENTION

[0006] A monobloc piston constructed according to a presently preferred embodiment of the invention includes a
piston body fabricated of at least two steel parts joined by a weld joint. The piston body has an outer annular ring belt
wall extending between an upper surface of the piston body and a lower region of the ring belt wall spaced from the
upper surface. A plurality of ring grooves are formed in the ring belt wall and include an upper ring groove having a top
edge. A combustion bowl is formed in the upper surface and defined in part by a combustion bowl wall. An inner annular
support wall is spaced radially inwardly from the outer ring belt wall and is joined to the outer ring belt wall and upper
end by the combustion bowl wall and at a lower end by a lower wall defining an internal oil gallery between the walls. A
top of the oil gallery extends above the top edge of the upper ring groove. A pair of depending pin bosses have pin bores
aligned along a pin bore axis. A piston skirt is formed as one immovable piece with the pin bosses having upper and
lower surfaces.
[0007] The piston has the following dimensional relationships:

ISMD = 42 - 55% of BD, where ISMD is a mean diameter on the inner support wall and BD is an outer diameter of
the ring belt wall,
ISW = 3 - 8% of BD, where ISW is a sectional width of the inner support wall,
CH > 53% of BD where CH is a compression height measured between the pin bore axis and the upper surface,
TLH > 4% of BD, where TLH is a top land height measured between the top of the upper ring groove and the upper
surface,
SL = 30 - 80% of BD, where SL is a length of the skirt measured between the upper and lower ends of the skirt,
SW = 2.5 - 6.5% of BD, where SW is a thickness of the skirt, and
GA = 150 - 250 % of BD2 and GV=5 - 20% of BD2 x CH, where GA is the area and GV is a volume of the oil gallery.

[0008] A piston manufactured according to the invention has the advantage of providing sufficient structural integrity,
cooling effectiveness and performance that enables it to operate in modern diesel engines having cylinder pressures
reaching as high as 300 bar.
[0009] The piston has the further advantage of providing such a high performance piston in a compact, material efficient
construction.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0010] 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 appended drawings, wherein:

Figure 1 is a perspective view of a piston constructed according to a presently preferred embodiment of the present
invention;
Figure 2 is a cross-sectional view taken along lines 2-2 of Figure 1; and
Figure 3 is a cross-sectional view taken along lines 3-3 of Figure 1.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

[0011] Figures 1 - 3 show a closed gallery monobloc piston generally at 10 constructed according to a presently
preferred embodiment of the invention, and includes a piston body 11 fabricated of at least two parts 13, 15 welded
together across a weld joint 70 to define an internal oil cooling gallery 32 of the piston body 11. The piston body 11
includes an upper head portion 12 having an outer generally cylindrical ring belt wall 14 extending between an upper
face 16 or surface of the head portion 12 and a lower region 18 spaced from the upper face 16. The ring belt wall 14 is
formed with a plurality of ring groves 20, 22 and 24 machined into an outer surface 26 of the ring belt wall 14. The outer
surface 26 has a predetermined diameter BD, designated as the bore diameter in Figures 2 and 3. As shown best in
Figure 2, the ring belt wall 14 has a predetermined thickness or width, designated RBW, corresponding to the thickness
of the ring belt wall inwardly from the base of the ring grooves 20, 22 and 24.
[0012] The head portion 12 is formed with a combustion bowl 28 machined into the upper face 16 of the head portion
12 radially inwardly from the ring belt 14 and presenting a contoured combustion bowl wall 30. The head portion 12 has
a predetermined top land high designate TLH, measured from the top of the upper ring groove 20 and the upper surface
16 as shown in Figure 2.
[0013] The piston 10 has an internal, annular oil gallery 32 having an outer wall defined in part by the ring belt wall
14 and upper wall defined by the combustion bowl wall 30. The oil gallery 32 is further bound by an inner annular support
wall 34 which is spaced radially inwardly from the ring belt wall 14 and extends between the combustion bowl wall 30
and a lower circumferentially extending wall 36 which further extends between the inner support wall 34 and ring belt
wall 14 in spaced relation to the combustion bowl wall 30 and closes off the bottom of the oil gallery 32. The inner support
wall 34 has a predetermined inner support wall width, designated ISW, and defines an inner support mean diameter,
designated ISMD, of predetermined dimension as illustrated in Figure 2. The top of the oil gallery 32 extends above the
top of the upper ring groove 20 by a predetermined distance designated GRP in Figure 3.
[0014] As shown best in Figure 2, a pair of pin bosses 38 extend downwardly from the head portion 12 and have inner
faces 40 which are spaced axially from one another to define a space 42 for receiving the upper end of a connecting
rod therein. The pin bosses 38 are formed with aligned pin bores 44 along pin bore axis A. The pin bores 44 receive a
wrist pin (not shown) which couples the piston 10 to the connecting rod (not shown). The piston 10 has predetermined
compression height, designated CH in Figure 2, measured between the pin bore axis A and the top surface 16 of the
head portion 12.
[0015] The piston 10 is formed with an integral piston skirt 46 formed as one immovable piece with the pin bosses
(i.e. is formed as a structural part or extension of the pin bosses) which extends downwardly from the ring belt wall 14
of the head portion 12 and is coupled to each of the pin bosses 38 on opposite sides of the piston. The piston skirt 46
extends between a lower surface 48 and an upper surface 50. The skirt 46 has a predetermined skirt length, designated
SL, measured between the lower and upper surface 48, 50 of the skirt, as shown in Figure 2 and a predetermined skirt
width, designated SW, as shown in Figure 2. An oil groove 52 is machined into the outer surface 26 of the ring belt wall
14 adjacent its lower region 18. separating the outer surface 26 of the ring belt from an outer surface 54 of the skirt 46
and defining the upper surface 50 of the skirt 46. The groove 52 does not extend through to the gallery 32 nor to the
interior of the skirt 46 and is preferable aligned radially with the bottom wall 36 of the gallery 32. The oil groove 52 extends
circumferentially about the piston 10, but is interrupted in the region of the pin bosses 38, such that the oil groove 50
opens up to the recess outer planar faces 56 of the pin bosses 38 as illustrated in Figure 2, permitting any oil gathered
in the oil groove 52 to drain downwardly back into the crank case across the region of the outer faces 56. As shown in
Figure 3, piston rings 58, 60 and 62 are accommodated in the ring grooves 20, 22 and 24, respectively, while the oil
groove 52 is free of any piston rings.
[0016] The space 42 between the pin bores is open to the combustion bowl wall 30. Thus, there is a space 64 below
the combustion bowl wall 30 and radially bound by the inner support wall 34 that is open to the space 42 between the
pin bores. The oil gallery 32 is formed with one or more oil inlets, schematically shown at 66 in Figure 2, that communicate
with one or more corresponding oil jets (not shown) in operation of the piston for directing cooling oil into the oil gallery
32 to cool the surrounding walls of the gallery 32 with a known "cocktail-shaker" action of the oil as a result of the
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reciprocating movement of the piston 10 in operation. Oil introduced to the oil gallery 32 is permitted to escape through
one or more discharge ports, schematically shown at 68 in Figure 3, into the inner space 64 for drainage back into the
crack case (not shown).
[0017] To form the closed oil gallery 32, the piston 10 may be initially formed from two or more component parts
machined with the oil gallery features which are subsequently joined to one another to form the closed gallery 32 in a
subsequent joining operation. In the illustrated embodiment, the piston 10 is formed from separate upper and lower
crown parts which are joined by welding, and preferably by friction welding, across weld joint 70, shown in Figure 2.
[0018] The piston 10 is fabricated of steel and has the following dimensional relationships that enable the piston to
operate successfully under high cylinder pressures in the vicinity of 300 bar; 

[0019] The position of the inner support wall 34 is critical to supporting the combustion bowl wall 30 under extreme
pressures without introducing unwanted bending moments. 

[0020] The section of the inner support wall 34 is critical to sustain the buckling loads imparted by the high pressure,
but must not be too wide so as to allow conduction of heat to the pin bores 38. 

[0021] This dimensional relationship is necessary in order to enable the piston to be formed as two parts and subse-
quently friction welded.

[0022] TLH values less than 4% impart excessively high temperatures to the top ring groove 20. 

[0023] In order to provide sufficient cooling to the top ring groove 20, it is necessary for the oil gallery 32 to extend
above the top of the upper ring groove 20. 

[0024] This dimensional relationship assures that the piston skit provides sufficient guidance and load carrying capacity
and acceptably low friction levels. 

[0025] This dimensional relationship assures that the skirt is sufficiently strong to withstand the loads imparted to it
while maintaining adequate flexibility during operation of the piston. 
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[0026] This area and volumetric relationship assures that the cooling gallery is sufficiently large to carry enough oil to
adequately cool the piston during operation.
[0027] Obviously, many modifications and variations of the present invention are possible in light of the above teachings.
It is, therefore, to be understood that within the scope of the appended claims, the invention may be practiced otherwise
than as specifically described. The invention is defined by the claims.

Claims

1. A monobloc piston (10), comprising:

a piston body (11) fabricated of at least two steel parts joined by a weld joint (70), said piston body (11) having
an outer annular ring belt wall (14) and an upper surface (16), the outer annular ring belt wall (14) extending
downward from said upper surface;
a plurality of ring grooves (20, 22, 24) formed in said ring belt wall (14) including an upper ring groove (20)
having a top edge;
a combustion bowl (28) formed in the upper surface (16) of said body portion and defined in part by a combustion
bowl wall (30);
an inner annular support wall (34) spaced radially inwardly of the outer ring belt wall (14) and joined to said
outer ring belt wall (14) at an upper end by said combustion bowl wall (30) and at a lower end by a lower wall
(36) and defining an internal oil gallery (32) between said walls, a top of said oil gallery (32) extends above said
top edge of said upper ring groove (20);
a pair of depending pin bosses (38) having pin bores (44) aligned along a pin bore axis A;
a piston skirt (46) formed as one immovable piece with the pin bosses (38) having upper and lower surfaces
(48, 50);

characterised by the following dimensional relationships:

ISMD = 42 - 55 % of BD, where ISMD is a mean diameter on the inner support wall (34) and BD is an outer
diameter of the ring belt wall (14),
ISW = 3 - 8 % of BD, where ISW is a selectional width of the inner support wall (34),
CH > 53 % of BD where CH is a compression height measured between the pin bore axis A and the upper
surface (16),
TLH > 4 % of BD, where TLH is a top land height measured between the top of the upper ring groove (20) and
the upper surface (16).
SL = 30 - 80 % of BD, where SL is a length of the skirt (46) measured between the upper and lower ends (48,
50) of the skirt, SW = 2.5 - 6.5 % of BD, where SW is a thickness of the skirt (46), and
GA = 150 - 250 % of BD2 and GV = 5 - 20 % of BD2 x CH, where GA is the area and GV is a volume of the oil
gallery (32).

2. The monobloc piston (10) of claim 1 characterised in that said weld joint (70) comprises a friction weld joint.

Patentansprüche

1. Monoblock-Kolben (10), mit:

einem Kolbenkörper (11), der aus mindestens zwei Stahlteilen hergestellt ist, die durch eine Schweißnaht (70)
miteinander verbunden sind, wobei der Kolbenkörper (11) eine äußere ringförmige Wand (14) und eine obere
Fläche (16) aufweist, wobei die äußere ringförmige Wand (14) sich von der oberen Fläche nach unten erstreckt;
mehreren in der äußeren ringförmigen Wand (14) ausgebildeten ringförmigen Nuten (20, 22, 24), die eine obere
ringförmige Nut (20) mit einer oberen Kante aufweisen;
einer in der oberen Fläche (16) des Körperabschnitts ausgebildeten Brennraummulde (28), die teilweise durch
eine Brennraummuldenwand (30) definiert ist;
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einer inneren ringförmigen Stützwand (34), die von der äußeren ringförmigen Wand (14) radial nach innen
beabstandet und an einem oberen Ende durch die Brennraummuldenwand (30) und an einem unteren Ende
durch eine untere Wand (36) mit der äußeren ringförmigen Wand (14) verbunden ist und einen inneren Ölkanal
(32) zwischen den Wänden definiert, wobei sich eine Oberseite des Ölkanals (32) über die obere Kante der
oberen ringförmigen Nut (20) erstreckt;
einem Paar sich nach unten erstreckenden Bolzenaugen (38) mit Bolzenöffnungen (44), die entlang einer
Bolzenöffnungsachse A ausgerichtet sind; und
einer Kolbenschürze (46), die als ein einstückiges Teil mit den Bolzenaugen (38) ausgebildet ist und eine obere
und eine untere Fläche (48, 50) aufweist;

gekennzeichnet durch die folgenden Abmessungsbeziehungen:

ISMD = 42 - 55% von BD, wobei ISMD einen mittleren Durchmesser der inneren Stützwand (34) und BD einen
Außendurchmesser der äußeren ringförmigen Wand (14) bezeichnen;
ISW = 3 - 8% von BD, wobei ISW eine Querschnittsbreite der inneren Stützwand (34) bezeichnet;
CH > 53% von BD, wobei CH eine Verdichtungshöhe bezeichnet, gemessen zwischen der Bolzenöffnungsachse
A und der oberen Fläche (16);
TLH > 4% von BD, wobei TLH eine obere Steghöhe bezeichnet, gemessen zwischen der Oberseite der oberen
ringförmigen Nut (20) und der oberen Fläche (16);
SL = 30 - 80% von BD, wobei SL eine Länge der Kolbenschürze (46) bezeichnet, gemessen zwischen dem
oberen und dem unteren Ende (48, 50) der Kolbenschürze;
SW = 2,5 - 6,5% von BD, wobei SW eine Dicke der Kolbenschürze (46) bezeichnet; und
GA = 150 - 250% von BD2, und GV = 5 - 20% von BD2�CH, wobei GA die Fläche und GV ein Volumen des
Ölkanals (32) bezeichnen.

2. Monoblock-Kolben (10) nach Anspruch 1, dadurch gekennzeichnet, dass die Schweißnaht (70) eine
Reibschweißnaht ist.

Revendications

1. Piston monobloc (10), comportant :

un corps de piston (11) fabriqué en au moins deux parties en acier réunies par un joint soudé (70), ledit corps
de piston (11) ayant une paroi de ceinture de segment annulaire extérieure (14) et une surface supérieure (16),
la paroi de ceinture de segment annulaire extérieure (14) s’étendant vers le bas à partir de ladite surface
supérieure,
une pluralité de gorges de segment (20, 22, 24) formées dans ladite paroi de ceinture de segment (14) incluant
une gorge de segment supérieure (20) ayant un bord supérieur,
un bol de combustion (28) formé dans la surface supérieure (16) de ladite partie de corps et défini en partie
par une paroi de bol de combustion (30),
une paroi de support annulaire intérieure (34) espacée radialement vers l’intérieur de la paroi de ceinture de
segment extérieure (14) et réunie avec ladite paroi de ceinture de segment extérieure (14) à une extrémité
supérieure par ladite paroi de bol de combustion (30) et à une extrémité inférieure par une paroi inférieure (36)
et définissant une canalisation d’huile intérieure (32) entre lesdites parois, un dessus de ladite canalisation
d’huile (32) s’étend au-dessus dudit bord supérieur de ladite gorge de segment supérieure (20),
une paire de bossages d’axe dépendants (38) ayant des alésages d’axe (44) alignés le long d’un axe d’alésage
d’axe A,
une jupe de piston (46) formée comme une pièce immobile, les bossages d’axe (38) ayant des surfaces supé-
rieure et inférieure (48, 50),

caractérisé par les relations dimensionnelles suivantes :

ISMD = 42 à 55 % de BD, où ISMD est un diamètre moyen sur la paroi de support intérieure (34) et BD est un
diamètre extérieur de la paroi de ceinture de segment (14),
ISW = 3 à 8 % de BD, où ISW est une largeur sélective de la paroi de support intérieure (34),
CH > 53 % de BD, où CH est une hauteur de compression mesurée entre l’axe d’alésage d’axe A et la surface
supérieure (16),
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TLH > 4 % de BD, où TLH est une hauteur de couronne de piston mesurée entre le dessus de la gorge de
segment supérieure (20) et la surface supérieure (16),
SL = 30 à 80 % de BD, où SL est une longueur de la jupe (46) mesurée entre les extrémités supérieure et
inférieure (48, 50) de la jupe,
SW = 2,5 à 6,5 % de BD, où SW est une épaisseur de la jupe (46), et
GA = 150 à 250 % de BD2 et GV = 5 à 20 % de BD2 � CH, où GA est l’aire et GV est un volume de la canalisation
d’huile (32).

2. Piston monobloc (10) selon la revendication 1, caractérisé en ce que ledit joint soudé (70) comporte un joint soudé
par friction.
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