
;Z[e3eWTl.6dT9<- WO 00I61935 , ' PCT/DK00/00123 G00001 "` 1 A piston and a
piston rod for an internal combustion engine The present invention relates
to a piston for an internal combustion engine, the piston having a piston 5
top which, at a distance from the longitudinal centre axis of the piston,
has an abutment surface extending in the circumferential direction of the
piston and being adapted to be clamped against an abutment surface on a
piston rod. 10 JP 8-218940 describes a piston for a diesel engine, the
piston top of the piston having an internal downwardly projecting
peripheral rib, which is clamped against a piston rod by means of bolts. In
a radially cross-sectional view, the rib has a semi-circular 15 projection
abutting on a corresponding semi-circular recess in the piston rod. As a
consequence of expansions in the piston top by heating thereof, the rib can
perform an angular rotation in relation to the piston rod, the
semi-circular projection being able to turn in 20 the recess, whereby a
maximum abutment surface is maintained at a11 times for transmission of
force between the rib and the piston rod. This results in a constant, even
load on the rib, whereby fatigue fractures, particularly around the thread
of the bolts, can 25 be avoided. JP 8-210180 shows a piston for a diesel
engine, in which the piston top, in addition to being clamped against the
piston rod by an internal rib, is also clamped against it at a downwardly
facing abutment 30 surface on the outer wall of the piston top, thus
distributing the load between piston and piston rod across these two
clamping locations. The abutment surface at the outer wall is semi-circular
to have the same effect as described for JP 8-218940. inseeae   WO 00I61935
2 PCT/DK00/00123 However, as a consequence of the very large dynamic loads
transmitted from the piston top to the piston rod, the material on the
contact surfaces between piston top and piston rod in prior-art pistons
sometimes tends to 5 degenerate to some degree. The object of the present
invention is to provide a piston that has a better stability of the
abutment surface transmitting the load from the piston top to the piston
rod. 10 In view of this, the piston according to the invention is
characterized in that the abutment surface of the piston top comprises a
first surface, which, in a radially cross-sectional view) extends in a
straight line and forms an angle of between 2 and 88 with a 15 normal plane
to the longitudinal centre axis of the piston, and a secondary surface,
which forms an angle of less than 178 or more than 182 with the first
surface . The abutment surface may thus comprise two surfaces 20 each of
which, in a radially cross-sectional view of the piston, is defined by a
straight line, the lines being mutually angled by at least 2. This provides
an extremely stable transmission of the dynamic forces from the piston top
to the piston rod, since the possibility 



25 of even very small mutual displacements of the abutment surfaces of the
piston top and the piston rod, respectively, is reduced and the risk of
degeneration of the material on the contact surfaces is substantially
reduced. 30 In pistons where the dynamic influences acting on the piston
top in operation seek to press its abutment surface towards the
longitudinal centre axis of the piston in relation to the abutment surface
of the piston rod, the first surface of the piston top may, in the 35
radially outward direction, incline away from the top   Wa 00/61935 3
PCT/DK00/00123 side of the piston facing the combustion chamber, thus
counteracting displacement of the abutment surface of the piston in
relation to the abutment surface of the piston rod. 5 The present invention
also relates to a piston rod for an internal combustion engine, the piston
rod having an abutment surface which is located at a distance from its
longitudinal centre axis, extends in the circumferential direction of the
piston rod and is adapted to be 10 clamped against an abutment surface of a
piston top. The piston rod according to the invention is characterized in
that the abutment surface of the piston rod comprises a first surface
which, in a radially cross-sectional view, extends in a straight line and
15 forms an angle of between 2 and 88 with a normal plane to the
longitudinal centre axis of the piston, and a secondary surface which forms
an angle of less than 178 or more than 1B2 with the first surface. In the
radially outward direction, the first surface may 20 incline towards the
opposite end of the piston rod. Thereby the advantages described above are
achieved. The piston or the piston rod may be adapted so that its first
surface) in a radially cross-sectional view, forms an angle of 3  - 20  ,
and preferably 5  - 13  , 25 with a normal plane to the longitudinal centre
axis of the piston or the piston rod. This allows a suitable proportion
between the extent of the contact surface between piston top and piston rod
in the direction of the centre axis and the radial direction, respectively.
30 As the largest load occurs in the axial direction, abutment surfaces
extending in the direction of the centre axis will deform differently along
their mutual contact surface owing to the elasticity of the material. It is
therefore desirable to limit the extent of the 35 contact surface in the
direction of the centre axis.   WO 00/61935 



4 PCT/DK00/00123 Furthermore, the secondary surface may be substantially
parallel with the normal plane to the longitudinal centre axis of the
piston or the piston rod. This provides a good proportion between the
transmission of 5 the axial and the radial forces. As mentioned, the axial
forces are larger, and a surface at right angles to the centre axis
transmits these forces best. Furthermore such a surface is cheaper to
manufacture than, for example, a conical surface. 10 The first surface may
be radially outermost in relation to the secondary surface. Additionally,
the abutment surface may extend over a distance which, in the direction of
the centre axis, is less than 0.5 times and preferably less than 0.2 15
times the distance over which it extends in the radial direction. This
limits the extent of the contact surface in the direction of the centre
axis, and the mutual displacement of the abutment surfaces clamped against
each other is reduced as explained above. 20 A recess, preferably having
soft roundings, may be formed between the first surface and the secondary
surface . The present invention furthermore relates to a ring or an annular
member for being clamped between a piston 25 and a piston rod. The member
is characterized in that it has a first abutment surface of a shape
substantially corresponding to the shape of the abutment surface of the
piston, and a secondary abutment surface of a shape substantially
corresponding to the shape of the abutment 30 surface of the piston rod.
The ring or the annular member may be made of another material than the
piston top or the piston rod, allowing for the use of a material having
especially favourable contact properties in relation to the 35 material of
the piston top or the piston rod. The ring   WO 00/61935 5 PCT/DK00/00123
material may, for example) be softer or harder than the material of the
piston top or the piston rod. The invention will now be explained in more
detail below by means of examples of embodiments with reference 5 to the
schematic drawing, in which Fig. 1 is a cross-sectional view of a
conventional piston mounted on a piston rod, 



Fig. 2 is a radially cross-sectional view of an enlarged segment of a
piston mounted on a piston rod, l0 with abutment surfaces according to the
invention, Figs. 3 to 9 are cross-sectional views corresponding to that of
Fig. 2 of different embodiments, Figs. 10 and 11 are cross-sectional views
corresponding to that of Fig. 2 of embodiments having an 15 annular member
clamped between piston top and piston rod, Fig. 12 is a cross-sectional
view of the abutment surfaces of the piston top and the piston rod in a
cold condition of a conventional piston as shown in Fig. 1, 20 and Fig. 13
is a cross-sectional view corresponding to that of Fig. 12, but of the
abutment surfaces of a piston and a piston rod according to the invention,
also in a cold condition. 25 Fig. 1 shows a conventional piston 1 mounted
on a piston rod 2. The piston is intended for a two-stroke diesel engine
and, depending on engine size, may be manufactured in different sizes with
diameters typically in the interval from 250 mm to 1000 mm. 30 During the
combustion in the engine, the cylinder pressure above the piston rises to a
maximum combustion pressure, which may, for example, be between 160 and 200
bar, and simultaneously the temperature at the upper end of the cylinder
rises to more than 500C. The piston 35 transmits very large loads to the
piston rod, and heavy   WO 00/61935 6 PCT/DK00/0012~ demands are therefore
made on the joint between piston 1 and piston rod 2. The piston 1 has a
cylinder-shaped piston top 3 formed as an integral element, which may
possibly be 5 cast and which comprises a top wall 4, the upper surface of
which may be concave or convex and possibly faced with a special
heat-resistant facing welded on, a downwardly extending cylinder-shaped
outer wall 5 forming the upper part of the outer surface of the 10 piston,
and in the lower part of which several piston rings, not shown, are
embedded in a known manner in circular grooves, and an also downwardly
extending cylindrical rib-shaped area 6, which is located inside the outer
wall 5 and has a lower horizontal abutment 15 surface 7 clamped in a known
manner against an upper abutment surface 9 of the piston rod 2 by means of
a number of bolts 8. The rib 6 is therefore the supporting member which
transmits the large forces between the piston 1 and the piston rod 2 during
operation of the 20 engine. The abutment surfaces 7, 9 of the piston top 3
and the piston rod 2, respectively, are conventionally formed at right
angles to the centre axis of the piston, but one or both surfaces may be
slightly conical so that 25 the abutment surface 7 of the rib 6 and the
abutment surface 9 of the piston rod 2 in the cold condition of the piston
1, when it is not clamped against the piston rod 2, have a gap of a few
micrometres at the radially outermost rim thereof, see Fig. 12, where this
gap is 



30 exaggerated for the sake of clarity. The gap is partially equalized when
the piston top 3 is clamped against the piston rod, and as the piston top 3
expands most in the central area of the top wall 4 upon heating to
operating temperature, a small angular rotation of the 35 rib-shaped area 6
occurs in the direction of the arrow,   W.fl 00/61935 7 PCT/DK00/00123 thus
providing complete equalization of the gap, a uniform contact pressure
across the entire extent of the abutment surfaces 7, 9 and an even load on
the ribshaped area 6. Furthermore, the abutment surface 7 of 5 the piston
top 3 is typically formed with an annular recess 10 so that the material of
the rib in the recess 10 will not abut on the abutment surface 9 of the
piston rod and therefore can be machined to a rougher tolerance, see Fig.
12. Some of the through holes for the 10 clamping bolts 8 can communicate
with the oil chamber between the piston top 3 and the skirt by means of
bores, not shown, and as the bolt holes intercommunicate via the recess l0,
any oil captured in the bolt holes and the recess 10 can escape, which
prevents an inappro 15 priate build-up of pressure in the recess 10. Figs.
2 to 9 show different embodiments according to the invention of the
abutment surfaces 7, 9 of the piston top 3 and the piston rod 2,
respectively, the same reference numerals being used for corresponding 20
elements as for the conventional piston in Fig. 1. It appears that the
abutment surface 7 of the piston top 3 comprises a radially outermost first
surface 11 and a radially innermost secondary surface 12. The abutment
surface 9 of the piston rod 2 comprises a first surface 25 13 opposite to
and corresponding to the shape of the first surface 11 of the piston top 3,
and a secondary surface 14 opposite to and corresponding to the shape of
the secondary surface 12 of the piston top 3. Corresponding to the
conventional design, the surfaces 30 11, 12, 13, 14 can in practice have an
intermediate recess 10 machined to a rougher tolerance, thus providing a
more economical manufacture, see Fig. 13. The recess 10 may possible
comprise or extend into a rounding 16, which forms a stress-reducing soft
transi 35 tion between the first and the secondary surfaces,   WO 00/61935
8 



PCT/DK00/00123~ respectively, as shown in Figs. 7 and 9. Likewise, the
first surfaces 11, 13 and the secondary surf aces 12 , 14 , respectively,
may be formed so that in a cold and unclamped condition of the piston top 3
they extend with 5 an increasingly thin gap between them so that at the
radially outermost rim of the abutment surfaces 7, 9 a gap of a few
micrometres occurs, see Fig. 13. During operation this provides an even
distribution of stress in the rib-shaped area 6 as explained above. 10 In a
radially cross-sectional view of the piston 1, the first surfaces 11, 13
and the secondary surfaces 12, 14 extend in a straight line and are
mutually angled, thus providing a very stable clamping of the abutment
surfaces 7, 9. Influences on the abutment 15 surfaces owing to the very
large dynamic loads on the piston during operation can thus be reduced, as
mutual movements as small as just a few micrometres of the abutment
surfaces 7, 9 can be counteracted, and this can reduce the risk of
unfortunate injurious effects, such 20 as fretting, on the abutment
surfaces 7, 9. Fig. 2 shows an embodiment in which, in the radially outward
direction, the first radially outermost surfaces 11, 13 incline away from
the top wall 4 of the piston top, and the secondary surfaces 12, I4 are ,
25 substantially at right angles to the centre axis of the piston 1 so that
radially inward displacements of the rib 6 at its abutment surface 7 are
counteracted. This effect can also be obtained by the embodiment of Fig. 4,
in which the secondary radially innermost surfaces 30 12, 14 incline away
from the top wall 4 of the piston top. Figs . 3 and 5 show embodiments in
which a displacement of the abutment surface 7 of the rib 6 radially away
from the centre axis of the piston 1 is counter 35 acted, the abutment
surfaces 7) 9 in these embodiments   WO 00/61935 9 PCT/DK00/00123 in a
radially cross-sectional view being substantially mirrored about an axis
extending through the rib-shaped area 6 in parallel with the centre axis of
the piston 1, compared with the embodiments of Figs. 2 and 4. 5 Figs. 6 to
9 show embodiments in which a displacement of the abutment surface 7 of the
rib-shaped area 6 is radially prevented in both directions in relation to
the abutment surface 9 of the piston rod 2, as both the first surfaces 11,
13 and the secondary surfaces 12, 10 14 are mutually angled and angled in
relation to the normal plane to the centre axis of the piston 1. Fig. 9,
for example, shows an embodiment in which the secondary radially innermost
surfaces 12, 14 are more steep in relation to the normal plane to the
centre axis 



15 than the first surfaces 11, 13, whereby substantially radially inward
movements of the abutment surface 7 of the rib 6 are counteracted. It
should be noted that the extent of the secondary surfaces 12, 14 in the
axial direction of the piston is limited to reduce the 20 possible mutual
movement thereof owing to different dynamic compression of the material in
the piston top and the piston rod, respectively. Figs. 10 and 11 show
embodiments in which an annular member 15 is clamped between the abutment
25 surface 7 of the piston top 3 and the abutment surface 9 of the piston
rod 2. The annular member 15 has abutment surfaces having shapes
corresponding to the shapes of the abutment surfaces 7, 9 of piston top 3
and piston rod 2, and may be an insert, for example, 30 carrying nozzles
for coolant or the like, or it may be a ring of a material having
especially good contact properties in relation to the material of the
piston top 3 and the piston rod 2. Although the invention has been
described for a 35 piston having a rib-shaped area 6 located inside the
WO 00/61935 10 PCT/DK00/00123 outer wall, it is clear that the abutment
surfaces 7, 9 according to the invention can be used on pistons having
other designs with abutment surfaces at a distance from the centre axis of
the piston; the 5 abutment surfaces may, for example, be formed at the
outer wall of a piston top, or both on an internal ribshaped area and at
the same time at an outer wall. The abutment surfaces may also be located
on piston top and piston skirt, respectively, and possibly at the same 10
time between piston skirt and piston rod, the piston skirt then being
considered an annular member clamped between piston and piston rod, or as
part of the piston top or of the piston rod. It is also clear that the
abutment surfaces 7, 9 may extend continuously or 15 discontinuously in the
circumferential direction of the piston, and that bolts for clamping
together the piston top 3 and the piston rod 2 can extend through the
abutment surfaces 7, 9 or outside thereof.   W.O 00I61935 11 PCT/DK00/00123



P A T E N T C L A I M S 1. A piston (1) for an internal combustion engine,
the piston having a piston top (3) which, at a distance from the
longitudinal centre axis of the piston, has an 5 abutment surface (7)
extending in the circumferential direction of the piston and being adapted
to be clamped against an abutment surface (9) of a piston rod (2), c h a r
a c t a r i z a d in that the abutment surface (7) of the piston top
comprises a first surface (11) , 10 which, in a radially cross-sectional
view, extends in a straight line and forms an angle of between 2  and 88
with a normal plane to the longitudinal centre axis of the piston ( 1 ) ,
and a secondary surface ( 12 ) which forms an angle of less than 178 or
more than 182 with the 15 first surface (11) . 2. A piston (1) according to
claim 1, c h a r a c t a r i z a d in that in the radially outward
direction the first surface (11) inclines away from the top side (a) of the
piston (1) facing the combustion 20 chamber. 3. A piston rod (2) for an
internal combustion engine, the piston rod having an abutment surface (9)
which is located at a distance from its longitudinal centre axis, extends
in the circumferential direction 25 of the piston rod and is adapted to be
clamped against an abutment surface (7) of a piston top (3), c h a r a c t
a r i z a d in that the abutment surface (9) of the. piston rod (2)
comprises a first surface (13) which, in a radially cross-sectional view,
extends in a 30 straight line and forms an angle of between 2 and B8 with a
normal plane to the longitudinal centre axis of the piston rod (2), and a
secondary surface (14) which forms an angle of less than 178 or more than
182 with the first surface (13) .   WO 00I61935 12 PCT/DK00/00123 ~~ 4 . A
piston rod ( 2 ) according to claim 3 , c h a ra c t a r i z a d in that,
in the radially outward direction, the first surface (13) inclines towards
the opposite end of the piston rod (2). 5 5. A piston (1) or a piston rod
(2) according to any one of the preceding claims, c h a r a c t a r i z a d
in that the first surface (11, 13), in a radially cross-sectional view,
forms an angle of 3 20  , and preferably 5  - 13  , with a normal plane to
the 10 longitudinal centre axis of the piston (1) or the piston rod ( 2 ) .
6. A piston (1) or a piston any one of the preceding claims, i z a d in
that the secondary 15 substantially parallel with the longitudinal centre
axis of the pi rod ( 2 ) . rod (2) according to c h a r a c t a r  



surface (12, 14) is normal plane to the ston (1) or the piston 7. A piston
(1) or a piston rod (2} according to any one of the preceding claims, c h a
r a c t a r  2 0 i z a d in that the first surface ( 11, 13 ) is radial ly
outermost in relation to the secondary surface ( 12 , 14 ) . 8. A piston
(1) or a piston rod (2) according to any one of the preceding claims, c h a
r a c t a r i z a d in that the abutment surface (7, 9) extends 25 over a
distance which, in the direction of the centre axis, is less than 0.5 times
and preferably less than 0.2 times the distance over which it extends in
the radial direction. 9. A piston (1) or a piston rod (2) according to 30
any one of the preceding claims, c h a r a c t a r i z a d in that a recess
(10), preferably having soft soundings (16) , is formed between the first
surface (11, 13 ) and the secondary surf ace ( 12 , 14 ) . 10. A ring or an
annular member (15) for being 35 clamped between a piston (1) according to
claims 1, 2   WO 00/61935 13 PCT/DK00/00123 or 5 - 9 and a piston rod (2)
according to claims 3 9 , c h a r a c t a r i z a d in that the ring or the
annular member has a first abutment surface (17) of a shape substantially
corresponding to the shape of the 5 abutment surface (7) of the piston (1),
and a secondary abutment surface (18) of a shape substantially
corresponding to the shape of the abutment surface (9) of the piston rod
(2). 11. A ring or an annular member (15) according to 10 claim 10, c h a r
a c t a r i z a d in that the ring or the annular member is made of another
material than the piston top ( 3 ) or the piston rod ( 2 ) , and preferably
of a material which is softer or harder than the material of the piston top
(3) or the piston rod (2). .A,.A`.A&.A.A.AL.A,.AL.A&.As .A2 .A.A&e&!,j   B 
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