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Description

[0001] The presentinvention relates to a piston for use
in a compressor, particularly but not exclusively a swash
plate CO, compressor for a vehicle air-conditioning sys-
tem, and to a compressor incorporating such a piston.
[0002] US 5,387,091 describes a variable capacity
type swash plate compressor for an air-conditioning sys-
tem in a vehicle having a drive shaft and at least one
piston movable in a cylinder. A swinging swash plate of
the compressor is provided on each side with an annular
rail over which is fitted a semi-spherical inner sliding
shoe. The inner sliding shoes engage semi-spherical out-
er shoes machined on inner surfaces of a swash plate
receiving groove at the neck of a piston of the compres-
sor. This arrangement allows a separation between the
rotational movement that takes place between the swash
plate and the inner sliding shoes, and the translational
movement of the outer shoes and the piston.

[0003] InUS5,826,490is also described a swash plate
compressor but here awobble plate arrangement is used
between the piston and the drive shaft. The wobble plate
arrangement comprises a swash plate on which a wobble
plate is rotatably mounted and between the wobble plate
and the piston is arranged a bearing which allows move-
ments of the wobble plate relative to the piston in a cir-
cumferential direction. The wobble plate is able to rotate
freely both with respect to the swash plate and with re-
spect to the piston. The bearing comprises a slider shoe
arrangement in which a pair of part-spherical sliding
shoes are swivel mounted between two complementarily
formed outer shoes located in a recess of the piston, the
wobble plate being received between two opposed
smooth sliding surfaces of the sliding shoes respectively.
The two outer shoes are provided by bearing shells which
are fixed in the piston.

[0004] The use of bearing shells to form the outer
shoes attached to the piston in this compressor provides
several advantages, as follows.

- Itenables the piston to be hollowed out from its bot-
tom end so that its bulk is greatly reduced, enabling
the compressor to be optimally designed. As the pis-
tons are made of steel rather than aluminum, which
would be unsuitable for this design of compressor,
weight reduction becomes an important design con-
sideration.

- The shells have a simple shape and are relatively
easy to produce by machining.

- If a regulating screw is provided for adjustment of
the position of the piston-side bearing shell, the axial
clearance or play of the shells can be adjusted.
Hence, as the shells wear owing to the action of the
sliding shoes, the end play of the shells can be ad-
justed.
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- Thefactthatthe position of the shells can be adjusted
permits adjustment to take place to compensate for
less than precise manufacturing tolerances.

[0005] More generally, because wear takes place in
the bearing arrangement, the bearing shells have to be
appropriately designed by a suitable choice of materials
and optionally by a subsequent thermal treatment or
coating.

[0006] Itshould be appreciatedthatpressureis applied
to the piston-side bearing shell mainly during piston
movement on the compression stroke when the piston
rises from the bottom to the top of the cylinder. In contrast,
pressure is applied to the regulating-side bearing shell
mainly during the intake stroke, when the piston de-
scends from the top of the cylinder to the bottom. The
characteristic of the gas forces acting on the piston is
such that during the compression stroke, when the crank
angle of the piston is between 180° to 360°, the force
acting on the piston-side bearing shell is significantly
greater than that applied to the regulating-side bearing
shell during the intake stroke, when the crank angle of
the piston is approximately in the range 50° to 200°. In
addition to the gas forces, other forces caused by over-
shooting losses, and inertial losses will also act on the
bearing shells to produce wear.

[0007] Acritical factorin the design of bearing arrange-
ments for swash plate compressors is the so-called pv
value, which is the product of the applied surface pres-
sure and the velocity. As the wobble plate of a compres-
sor of the type disclosed in US 5,826,490 performs only
small rotational movements, the product of the surface
pressure and the velocity is small and the bearing shells
can be made with small dimensions, mainly taking into
accountonly the surface pressure. Essentially, therefore,
the size of the sliding shoes determines the size of the
complementarily formed bearing shells.

[0008] However, the arrangement described in US
5,826,490 has several drawbacks, in particular with re-
gard to the nature and design of the bearing shells. These
drawbacks have been primarily brought about by the de-
sire to mass produce the compressor, which involves
changing from steel to aluminum pistons. These draw-
backs include the following.

- The bearing shells may, and in fact do, rotate in their
seatinginthe piston. This causes wearin the seating,
which is especially pronounced when the piston is
made of aluminum.

- Rotation of the bearing shells in their seatings caus-
esfriction so that the mechanical losses of the driving
mechanism are increased.

- Ifaluminumis used as the piston material, then bear-
ing shells of the type described will create an unac-
ceptably high surface pressure on the piston-side
seating of the shells.
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- Theaforementioned drawback is increased in sever-
ity if the piston is made hollow as described in US
5,826,490 as here only an annular rim of the piston
is available as the seating surface for the piston-side
bearing shell.

- The use of a regulating screw to adjust the position
of the piston-side bearing shell increases the length
of the piston required and thus results in aincreased
overall length for the driving mechanism, and hence
the compressor as a whole.

- Anincreased overall length of the driving mechanism
of the compressor, in particular an increased length
of the swash plate and wobble plate, leads to a great-
ervariability of the centre of gravity of the compressor
whenitistilted, as happens for the purposes of power
control, and thus causes imbalance and noise, es-
pecially at higher speeds.

- Whilst the use of a piston-side bearing shell is useful
because it can be manufactured with a view to min-
imizing wear resistance by a suitable choice of ma-
terials and the use of hardening techniques and
wear-resistant coatings, the use of a regulating-side
bearing shell is not as useful. This is because the
surface pressures occurring on this side of the bear-
ing arrangement are normally significantly smaller
than that on the piston-side. In addition, the provision
of a regulating-side bearing shell increases the
length of the piston and therefore of the driving ar-
rangement of the compressor.

- If regulating screws are employed in compressors
comprising a larger number of pistons, for example
those with seven pistons, the quantity of assembly
work required to mass produce the compressor be-
comes excessive. However, without the use of reg-
ulating screws and the associated drilling through
the bottom of the piston necessitated thereby, inser-
tion of the bearing shells into the piston is very difficult
and, in the embodiment illustrated in US 5,826,490,
is practically impossible.

[0009] Furthermore, from EP 0 959 227 A2, a piston
for use in a vehicle air conditioning compressor is dis-
closed which comprises a cylindrical portion at one end
and a foot portion at its other end which foot portion can
accommodate a bearing for a swash or a wobble plate
arrangement of a compressor, wherein the piston has
been made from at least two individual parts which have
been joined together after separate manufacture, the cy-
lindrical portion and the foot portion being two of these
parts and being made of different materials from one an-
other, and wherein the piston comprises two parts which
have been bonded together to integrate the two parts
into a unitary whole. The cylindrical portion is made from
aluminum and the foot portion is made from steel and
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the piston comprises only two parts in the form of the
cylindrical portion and the foot portion which are joined
together after a separate manufacture.

[0010] The object of the present invention is to provide
a piston for use in a compressor, in particular as de-
scribed above, which overcomes or substantially miti-
gates the aforementioned disadvantages.

[0011] In particular, it is intended that in a piston ac-
cording to the present invention, the use of bearing shells
or shoes is eliminated and a more compact piston geom-
etry can be adopted to save space, whereby any degra-
dation of the components involved can be avoided.
[0012] According to a first aspect of the present inven-
tion there is provided a piston for use in a compressor
for a vehicle air conditioning system according to the pre-
amble of claim 1, the two parts of which have been joined
together by magnetic pulse welding.

[0013] Advantageously, the part made from steel is
made from a high-strength steel.

[0014] Preferably also, the part made from steel has
been surface hardened.

[0015] Preferably also, the cylindrical portion is hollow.
[0016] Preferably also, the foot portion comprises an
annular cap which closes an open end of the hollow cy-
lindrical portion when joined thereto.

[0017] Preferably also, the foot portion comprises a
skirt which is fitted inside the hollow cylindrical portion.
[0018] Preferably also, the foot portion defines a re-
cess into which a swash or wobble plate arrangement
can extend.

[0019] Preferably also, the foot portion defines a part-
spherical, pressure-bearing surface on a side of the re-
cess opposite to that adjacent the cylindrical portion,
which pressure-bearing surface transmits translational
forces to the piston in a direction away from the cylindrical
portion.

[0020] Preferably also, the foot portion defines a sec-
ond part-spherical, pressure-bearing surface on a side
of the recess adjacent the cylindrical portion, which pres-
sure-bearing surface transmits translational forces to the
piston in a direction towards the cylindrical portion.
[0021] Preferably also, the second part-spherical pres-
sure-bearing surface has a surface area which is sub-
stantially smaller than the cross-sectional surface area
of the cylindrical portion.

[0022] Preferably also, the second part-spherical,
pressure-bearing surface has a surface area that is com-
mensurate with that of the first part-spherical, pressure-
bearing surface.

[0023] Preferably also, the piston comprises two parts
which have been joined together by force fitment.
[0024] Preferably also, the piston comprises two parts
which have been joined together and which have subse-
quently been at least partially coated with a friction-re-
ducing coating. Such a coating may comprises a poly-
tetrafluoroethylene (PTFE) coating or an anti-friction lac-
quer coating.

[0025] According to a second aspect of the present
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invention there is provided a swash or wobble plate com-
pressor for a vehicle air conditioning system comprising
a piston according to the first aspect of the invention.
[0026] According to a third aspect of the present in-
vention there is provided a compressor for a vehicle air
conditioning system comprising a drive shaft, a swash or
wobble plate arrangement operatively connected to the
drive shaft, a piston with a cylindrical portion at one end
and a foot portion at its other end, a cylinder in which the
cylindrical portion can be reciprocated, and a bearing ac-
commodated in the foot portion that cooperates with the
swash or wobble plate arrangement to reciprocate the
piston as the drive shaft rotates, wherein the piston has
been made from at least two individual parts which have
been joined together after separate manufacture, the cy-
lindrical portion and the foot portion being two of these
parts and being made of different materials from one an-
other, wherein the piston comprises two parts which have
been bonded together to integrate the two parts into a
unitary whole and wherein the cylindrical portion is made
from aluminum and the foot portion is made from steel
and the piston comprises only two parts in the form of
the cylindrical portion and the foot portion which are
joined together after separate manufacture, character-
ized in that the two parts have been joined together by
magnetic pulse welding.

[0027] Preferably, the compressor comprises a wob-
ble plate arrangement comprising a swash plate on which
a wobble plate is rotatable mounted.

[0028] Preferably also, the wobble plate has two de-
grees of rotary freedom so that it can rotate jointly with
the swash plate and rotate relative to the swash plate.
[0029] Preferably also, the compressor has been de-
signed for the compression of CO,. Alternatively, the
compressor has been designed for the compression of
R134A.

[0030] In all of the aforementioned embodiments, the
cylindrical portion of the piston is made of aluminum and
the foot portion of the piston is made of steel.

[0031] First, the fact that the foot portion is made of
steel, it can be made much more compact in size and
shape than one made of aluminum because steel can
better withstand the forces to which the foot portion is
subjected. In particular, the first and second part-spher-
ical, pressure-bearing surfaces provided in the foot por-
tion can be made up to 50% smaller in area than those
provided in an aluminium foot portion and the use of bear-
ing shoes or shells can be dispensed with. Typically, the
diameters of the part-spherical, pressure-bearing surfac-
es will be in the range 8 mm to 12 mm inclusive. This
also means that the hemispherical sliding shoes against
which a swash or wobble plate arrangement of the com-
pressor acts and which are seated against the first and
second part-spherical, pressure-bearing surfaces can al-
so be made correspondingly smaller in size. In fact, typ-
ically the sliding shoes in a piston according to the present
invention have a weight in the region of 1.5 g whereas
those for use in conventional aluminium piston foot por-
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tions have a weight in the region of 7.0 g.

[0032] The pv value is relevant here as preferably the
piston according to the invention is used in a compressor
with a the wobble plate arrangement that performs only
small rotational movements so that the product of the
surface pressure and the velocity is small. Such a wobble
plate arrangement comprises a wobble plate that has two
degrees of rotary freedom so that it can rotate jointly with
the swash plate and rotate relative to the swash plate. A
consequence of the pv value being small is that the hemi-
spherical sliding shoes can be made with small dimen-
sions, mainly taking into account only the surface pres-
sure. The size of the sliding shoes also determines the
size of the complementarily formed part-spherical, pres-
sure-bearing surfaces provided in the foot portion, which
as indicated above can be made significantly smaller
than those in an aluminum foot portion, thus reducing the
machining operation time required to produce them with
consequent cost savings.

[0033] Second, as the foot portion of the piston 1 must
be dimensioned so that it is capable of withstanding the
forces which it must carry without deformation or crack-
ing, the capability of making it from steel rather than alu-
minum enable its dimensions to be kept to a minimum.
In this regard, the dimensions of a steel foot portion can
be made considerably smaller than an equivalent foot
portion made of aluminum in terms of width, length, and
depth. The depth of the foot portion relates to the degree
to which the foot portion protrudes radially beyond the
cylindrical portion.

[0034] Third, the use of an aluminum cylindrical portion
is also advantageous because they are lighter in weight
than steel cylindrical portions and can, in the present in-
vention, be made hollow. In addition, because it is ad-
vantageous to use a cylinder block made of aluminium
for similar weight-saving reasons, the use of a piston with
a cylindrical portion made of aluminium means that both
the cylindrical portion and the cylinder bore in which it
reciprocates exhibit the same tribological behaviour. In
particular, it is advantageous in compressors used in ve-
hicle air conditioning systems with pistons without rings
for there to exist a slight gap between the cylindrical por-
tion of the piston and the cylinder bore to permit a slight
leakage of gas to occur into the compressor casing. If
the cylindrical portion and the cylinder bore are made of
the same material, they have the same coefficient of ther-
mal expansion so that the gap will be constant along the
length of the cylindrical portion and under all thermal op-
erating conditions.

[0035] A further advantage arises when the cylinder
block and the cylindrical portion are made of the same
material because they both exhibit the same modulus of
elasticity. The forces transmitted to the piston during use
are not exclusively axial forces but comprise a substantial
radial component, which is dependent on the angle of
inclination of the swash or wobble plate arrangement.
The radial force component causes contact to occur be-
tween the cylindrical portion of the piston and the cylinder
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bore that leads to wear in the bore and consequent com-
pression and wear of the cylindrical portion of the piston.
If both of these components are made of the same ma-
terial and therefore with the same modulus of elasticity
the effects of the wear can be more controlled.

[0036] The presentinvention will now be described by
way of example with reference to the accompanying
drawings, in which:

Fig. 1 is a perspective side view of a conventional
aluminum piston;

Fig. 2 is a perspective view similar to that of Fig. 1
but of a piston according to the present invention;

Fig. 3 is a partial longitudinal cross-sectional view of
a piston according to the present invention in situ in
a swash plate compressor;

Fig. 4 is a longitudinal cross-section of the piston
shown in Fig. 3;

Fig. 5is a view similar to that of Fig. 4 but to a smaller
scale and showing an alternative means of joining
the components of the piston together; and

Fig. 6 is a view similar to that of Fig. 5 but showing
another means of joining the components of the pis-
ton together and a further modification.

[0037] In all the drawings, the same components or
components with the same function have been given the
same reference numeral.

[0038] A piston 1foruseinacompressorandasshown
in Figs. 2to 5 the drawings comprises a cylindrical portion
2 at one end and a foot portion 3 at its other end. The
foot portion 3 comprises a first part which forms an an-
nular cap 4 joined to an end of the cylindrical portion and
bridge 5 which defines a recess 6 that can accommodate
a bearing (not shown) for a swash or a wobble plate ar-
rangement of the compressor. On either side of the re-
cess 6, are formed first and second part-spherical, pres-
sure-bearing surfaces 7 and 8 to transmit translational
forces to the piston | from the swash or wobble plate
arrangement. The translational forces transmitted to the
first surface 7 (see Fig. 3) are in a direction away from
the cylindrical portion 2 in order, in use, to pull the piston
out of a cylinder bore of the compressor whereas those
transmitted to the second surface 8 are in a direction
towards the cylindrical portion 2 in order to push the pis-
ton 1 into the bore on the compression stroke of the pis-
ton.

[0039] The portions 2 and 3 are made of different ma-
terials and have been separately manufactured and have
been joined together into a unitary whole to form the pis-
ton 1, preferably a high strength steel, by working or by
deformation. The cylindrical portion 2 is made of alumi-
num (Al) and the foot portion 3 is made of steel (St),
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preferably a high-strength steel. As both the first and sec-
ond bearing surfaces 7 and 8 are formed in the steel foot
portion, their surface areas can be made of commensu-
rate size with one another and also significantly smaller
that the cross-sectional surface area of the cylindrical
portion 2.

[0040] As indicated above, if the relative sizes of the
first and second pressure-bearing surfaces 7 and 8 are
compared to those of a conventional solely aluminium
piston, as shown in Fig. 1, in which comparable parts
have been given the same reference numerals but with
a suffix 'A’ , it can be seen that they are approximately
50% smaller. Also, the width W, length L, and depth D
of the foot portion are considerably smaller than those
(WA, LA, DA) of the foot portion in the conventional pis-
ton.

[0041] As previously explained, in a swash plate com-
pressor 20, as shown in Fig. 3, comprising a wobble plate
arrangement 21 wherein the wobble plate 22 of the ar-
rangement has two degrees of rotary freedom so that it
can rotate jointly with a swash plate 23 and also rotate
relative to the swash plate 23, the size of the hemi-spher-
ical sliding shoes 24 and 25 can be considerably reduced.
This means, as indicated above, that the first and second
pressure-bearing surfaces 7 and 8 in contact with the
sliding shoes 24 and 25 respectively are also reduced in
size. This has considerable advantages for the compres-
sor 20 because the inner and outer diameters, ID and
OD respectively, of the compressor housing 26 can also
be reduced with consequent cost and space savings.
[0042] Making the piston 1 in two portions 2 and 3 has
the considerable further advantage that it enables the
most suitable form of manufacture to be used for each
part. In particular, the cylindrical portion 2 of the piston 1
is best produced using turning machinery as accuracy of
its cylindrical surface is most important. In contrast, the
foot portion 3 is best produced using milling machinery
because of the various surfaces, such as the surfaces 7
and 8, which must be accurately defined. Also, the foot
portion 4 can be manufactured initially with a relatively
accurate shape by casting or forging before being subject
to a finishing machining operation to define the various
surfaces accurately. Such machining is much more dif-
ficult to accomplish if the piston 1 is manufactured as a
unitary whole rather than in the various parts as proposed
by the present invention. The part of the piston made
from steel which is the foot portion 3 may also be surface
hardened prior to being joined to the other piston parts
to form the finished piston 1.

[0043] In a first embodiment, as shown in Figs. 3 and
4, the cylindrical portion 2 comprises a hollow aluminum
cylinder which is closed at its head 9 but closed by the
annular cap 4 of a steel foot portion 3 at its other end. In
this embodiment, the foot portion 3 is provided with a
skirt 10 that is force- or press-fitted into the hollow cylin-
drical portion 2 so that the foot portion 3 is jointed to the
cylindrical portion 2 around the cap 4. In addition, the foot
portion 3is bonded to the cylindrical portion 2 by magnetic
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pulse welding.

[0044] Inanembodiment not being a part of the inven-
tion, as shown in Fig. 5, the skirt 10 of the foot portion 2
comprises a slotted spring member defining axial slots
11 which is force fitted into the hollow cylindrical portion
2 and thereafter exerts outward radial forces on the cy-
lindrical portion 2 to retain itself in position.

[0045] As a result of the differences in the coefficient
of thermal expansion between the different materials
used for the parts of the piston 1, such as the cylindrical
portion 2 and the foot portion 3, it is preferable in both of
the above embodiments if, after these two portions have
been force fitted together, they can be integrated more
closely by magnetic pulse welding. This process is highly
suitable for joining a component made of aluminum to
one made of steel because it can cope with high loads.
[0046] As indicated above, according to the present
invention, magnetic pulse welding is used. This is a cold
welding process that again offers the advantage of not
requiring a molten phase between the two components,
which can again be of different materials. Also, the weld-
ed joint is stronger than the weaker of the two materials
being joined.

[0047] In magnetic pulse welding, the welded joint is
formed between two overlapping tubes, one being at
least partially inserted into the other. It will be appreciated
that it is therefore suitable for an arrangement as shown
in Fig. 5 where the steel skirt 10 of the foot portion 3 is
inserted into the hollow aluminum cylindrical portion 2 of
the piston 1. The process involves the discharge of a very
high current, which may be up to 2 million amps in some
instances, in an extremely short period of time, for ex-
ample in less than 100 microseconds, through a coil that
surrounds the components to be welded. The coil does
not contact the components but the discharged current
induces a very high eddy current in the outer component,
in this case the aluminum cylindrical component 2, which
as a result collapses and welds itself to the inner com-
ponent, in this case the skirt 10. It will be appreciated that
both the current in the coil and the eddy current in the
outer component create very strong magnetic fields but
in opposing directions so that they repel one another. As
the coil is stronger than the cylindrical portion 2. the por-
tion 2 moves away from the coil at a high velocity, which
is above its elastic limit, so that it becomes plastic and
as aresult collapses onto the inner tube to form the weld-
ed joint. The actual welding process last less than 100
microseconds and as a gap is needed between the com-
ponents for the process to work, tight tolerances between
the skirt 10 and the cylindrical portion 2 are not required.
[0048] Magnetic pulse welding is a cold process be-
cause it happens so rapidly. As a result, the components
are heated to no more than 30°C, which is too low to
cause any degradation of the metals involved. Also, the
welded joint becomes the strongest part of the assembly.
It can be used with any material that is conductive and
is therefore eminently suitable to weld aluminum to steel.
However, many other dissimilar and similar metals can
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be successfully welded, as well as the joining of metals
tonon-metals, where a metallurgical bond is not required,
for example a ceramic/metal joint.

[0049] Fig. 7 shows a different method (not belonging
to the present invention) of joining the cylindrical portion
2 to the foot portion 3 in which the skirt 10 of the foot
portion 3 and the interior cylindrical surface of the hollow
cylindrical portion 2 are provided with complementary
screw threads 12 so that the two portions 2 and 3 can be
screwed together. Alternatively, the annular cap 4 and
the cylindrical portion 2 may be tapped in order that the
two portions 2 and 4 can be joined together by the use
of mechanical fasteners, such as screws.

[0050] A further piston not belonging to the invention
is shown in Fig. 7; an additional part 14 comprising an
anti-rotation lock means located between the foot portion
3 and the cylindrical portion 2 is added. The lock means
comprises a ring 14 provided with at least one and pref-
erably two lateral projections 15, which may comprise
symmetrical wings, that support the piston 1 against an
adjacent wall surface of a casing of the compressor and
thereby inhibit rotation of the piston about its longitudinal
axis. The projections 15 need not be made excessively
thick as they will not be subjected to bending moments
because they project outwards from the main body of the
piston 1. This helps to keep the overall weight of the piston
1 low.

[0051] The ring comprising the lock means 14 is pref-
erably fitted to the foot portion 3 of the piston 1 in the
same manner as the cylindrical portion 2. In the illustrated
example, the inner annular face of the ring 3 is also pro-
vided with a screw thread in order that it can be screwed
onto the skirt 10 of the foot portion 3. Alternatively, it could
be force fitted on to a slotted spring skirt 10 prior to the
cylindrical portion 2, as described above with reference
to Fig. 5, and, if necessary, thereafter friction fused to
both the cylindrical and foot portions 2 and 3.

[0052] The ring 14 can be made of either aluminium
or steel but should preferably be made of the same ma-
terial as the casing of the compressor in order to reduce
wear between those parts of the ring 13, such as the
projections 15, which will contact the surface of the cas-
ing. In any event, in order to keep frictional forces be-
tween the foot portion 3 and the casing to a minimum, at
least the foot portion 3 and, if provided, the ring 14 can
be provided with a friction-reducing coating, such as a
polytetrafluoroethylene (PTFE) coating or an anti-friction
lacquer coating.

Claims

1. A npiston (1) for use in a compressor for a vehicle air
conditioning system comprising a cylindrical portion
(2) at one end and a foot portion (3) at its other end,
which foot portion (3) can accommodate a bearing
for a swash or wobble plate arrangement (21) of a
compressor (20), wherein



11 EP 1 384 886 B1 12

the piston (1) has been made from at least two indi-
vidual parts which have been joined together after
separate manufacture, the cylindrical portion (2) and
the foot portion (3) being two of these parts and being
made of different materials from one another, where-
in

the piston (1) comprises two parts (2, 3) which have
been bonded together to integrate the two parts into
a unitary whole, and wherein

the cylindrical portion (2) is made from aluminum and
the foot portion (3) is made from steel, and the piston
comprises only two parts in the form of the cylindrical
portion (2) and the foot portion (3) which are joined
together after separate manufacture,
characterised in that

the two parts (2, 3) have been joined together by
magnetic pulse welding.

A piston (1) as claimed in Claim 1,

characterised in that

the part made from steel is made from a high-
strength steel.

A piston as claimed in Claim 1 or Claim 2,
characterised in that
the part made from steel has been surface hardened.

A piston (1) as claimed in any of Claims 1 to 3,
characterised in that
the cylindrical portion (2) is hollow.

A piston (1) as claimed in Claim 4,

characterised in that

the foot portion (3) comprises an annular cap (4)
which closes an open end of the hollow cylindrical
portion (2) when joined thereto.

A piston (1) as claimed in Claim 4 or Claim 5,
characterised in that

the foot portion (3) comprises a skirt (10) which is
fitted inside the hollow cylindrical portion (2).

A piston (1) as claimed in any of Claims 1 to 6,
characterised in that

the foot portion (3) defines a recess (6) into which a
swash or wobble plate arrangement can extend.

A piston (1) as claimed in Claim 7,

characterised in that

the foot portion (3) defines a part-spherical, pres-
sure-bearing surface (7) on a side of the recess (6)
opposite to that adjacent the cylindrical portion (2),
which pressure-bearing surface (7) transmits trans-
lational forces to the piston (1) in a direction away
from the cylindrical portion (2).

A piston (1) as claimed in Claim 8,
characterised in that
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10.

11.

12.

13.

14.

15.

16.

17.

18.

the foot portion (3) defines a second part-spherical,
pressure-bearing surface (8) on a side of the recess
(6) adjacent the cylindrical portion (2), which pres-
sure-bearing surface (8) transmits translational forc-
es to the piston (1) in a direction towards the cylin-
drical portion (2).

A piston (1) as claimed in Claim 9,

characterised in that

the second part-spherical pressure-bearing surface
(8) has a surface area which is substantially smaller
than the cross-sectional surface area of the cylindri-
cal portion (2).

A piston (1) as claimed in Claim 9 or Claim 10,
characterised in that

the second part-spherical, pressure-bearing surface
(8) has a surface area that is commensurate with
that of the first part-spherical, pressure-bearing sur-
face (7).

A piston (1) as claimed in any of Claims 1 to 11,
characterised in that

it comprises two parts (2, 3) which have been joined
together by force fitment.

A piston (1) as claimed in any of Claims 1 to 12,
characterised in that

it comprises two parts (2, 3) which have been joined
together and which have subsequently been at least
partially coated with a friction-reducing coating.

A piston (1) as claimed in Claim 13,
characterised in that

the coating comprises a polytetrafluoroethylene (PT-
FE) coating or an anti-friction lacquer coating.

A swash or wobble plate compressor (20) for a ve-
hicle air conditioning system comprising a piston (1)
as claimed in any of Claims 1 to 14.

A compressor (20) as claimed in Claim 15,
characterised in that

it comprises a wobble plate arrangement (21) com-
prising a swash plate (23) on which a wobble plate
(22) is rotatable mounted.

A compressor (20) as claimed in Claim 16,
characterised in that

the wobble plate (22) has two degrees of rotary free-
dom so that it can rotate jointly with the swash plate
(23) and rotate relative to the swash plate (23).

A compressor (20) as claimed in any of Claims 15
to 17,

characterised in that

it has been designed for the compression of CO,
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19. A compressor (20) as claimed in any of Claims 15

to 17,
characterised in that
it has been designed for the compression of R134A.

Patentanspriiche

1.

Kolben (1) zur Verwendung in einem Kompressor
fur eine Fahrzeugklimaanlage, mit einem zylindri-
schen Abschnitt (2) an einem Ende, und einem
FuRabschnitt (3) an seinem anderen Ende, welcher
FuRabschnitt (3) ein Lager fiir eine Kipp- oder Tau-
melscheibenanordnung (21) eines Kompressors
(20) aufnehmen kann, wobei

der Kolben (1) aus mindestens zwei Einzelteilen
hergestellt wurde, die nach separater Herstel-
lung zusammengefiigt wurden, wobei der zylin-
drische Abschnitt (2) und der FuRabschnitt (3)
zwei dieser Teile sind und aus voneinander un-
terschiedlichen Materialien hergestellt sind, wo-
bei

der Kolben (1) zwei Teile (2, 3) umfasst, die mit-
einander verbunden wurden, um die beiden Tei-
le zu einem einheitlichen Ganzen zusammen-
zufligen, und wobei

der zylindrische Abschnitt (2) aus Aluminium
und der FuRabschnitt (3) aus Stahl hergestellt
ist, und der Kolben nur zwei Teile in Form des
zylindrischen Abschnitts (2) und des FuRab-
schnitts (3) umfasst, die nach separater Herstel-
lung zusammengefligt werden,

dadurch gekennzeichnet, dass
die beiden Teile (2, 3) durch Magnetimpulsschwei-
Ren zusammengefligt wurden.

Kolben (1) nach Anspruch 1,

dadurch gekennzeichnet, dass

das aus Stahl hergestellte Teil aus hochfestem Stahl
besteht.

Kolben nach Anspruch 1 oder 2,

dadurch gekennzeichnet, dass

das aus Stahl hergestellte Teil oberflichengehartet
wurde.

Kolben (1) nach einem der Anspriiche 1 bis 3,
dadurch gekennzeichnet, dass
der zylindrische Abschnitt (2) hohl ist.

Kolben (1) nach Anspruch 4,

dadurch gekennzeichnet, dass

der FulRabschnitt (3) eine ringférmige Kappe (4) um-
fasst, die ein offenes Ende des hohlen zylindrischen
Abschnitts (2) verschlieRt, wenn sie damit verbun-
den ist.
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6.

10.

11.

12.

13.

14.

Kolben (1) nach Anspruch 4 oder 5,

dadurch gekennzeichnet, dass

der FuBabschnitt (3) einen Mantel (10) umfasst, der
in das Innere des hohlen zylindrischen Abschnitts
(2) eingepasst ist.

Kolben (1) nach einem der Anspriiche 1 bis 6,
dadurch gekennzeichnet, dass

der FuBabschnitt (3) eine Ausnehmung (6) bildet, in
die sich eine Kipp- oder Taumelscheibenanordnung
erstrecken kann.

Kolben (1) nach Anspruch 7,

dadurch gekennzeichnet, dass

der FuRabschnitt (3) eine teilkugelférmige Druckla-
gerflache (7) auf einer Seite der Ausnehmung (6)
gegenliber derjenigen, die an den zylindrischen Ab-
schnitt (2) angrenzt, bildet, welche Drucklagerflache
(7) in einer Richtung vom zylindrischen Abschnitt (2)
weg Translationskrafte auf den Kolben (1) Gbertragt.

Kolben (1) nach Anspruch 8,

dadurch gekennzeichnet, dass

der FuRabschnitt (3) eine zweite teilkugelférmige
Drucklagerflache (8) auf einer Seite der Ausneh-
mung (6) angrenzend anden zylindrischen Abschnitt
(2) bildet, welche Drucklagerflache (8) in einer Rich-
tung zum zylindrischen Abschnitt (2) hin Translati-
onskrafte auf den Kolben (1) Gbertragt.

Kolben (1) nach Anspruch 9,

dadurch gekennzeichnet, dass

die zweite teilkugelférmige Drucklagerflache (8) ei-
nen Flachenbereich hat, der wesentlich kleiner ist
als der Querschnittsflaichenbereich des zylindri-
schen Abschnitts (2).

Kolben (1) nach Anspruch 9 oder 10,

dadurch gekennzeichnet, dass

die zweite teilkugelférmige Drucklagerflache (8) ei-
nen Flachenbereich hat, der gleich grof} ist wie der-
jenige der ersten teilkugelférmigen Drucklagerflache

7).

Kolben (1) nach einem der Anspriiche 1 bis 11,
dadurch gekennzeichnet, dass

er zwei Teile (2, 3) umfasst, die durch Kraftschluss
zusammengefiigt wurden.

Kolben (1) nach einem der Anspriiche 1 bis 12,
dadurch gekennzeichnet, dass

er zwei Teile (2, 3) umfasst, die zusammengefigt
wurden, und die anschlielend zumindest teilweise
mit einer reibungsmindernden Beschichtung be-
schichtet wurden.

Kolben (1) nach Anspruche 13,
dadurch gekennzeichnet, dass
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die Beschichtung eine Polytetrafluorethylen(PT-
FE)-Beschichtung oder eine reibungsmindernde
Lackbeschichtung umfasst.

Kipp- oder Taumelscheibenkompressor (20) fir eine
Fahrzeugklimaanlage mit einem Kolben (1) nach ei-
nem der Anspriiche 1 bis 14.

Kompressor (20) nach Anspruch 15,

dadurch gekennzeichnet, dass

er eine Taumelscheibenanordnung (21) mit einer
Kippscheibe (23) umfasst, auf der eine Taumel-
scheibe (22) drehbar angebracht ist.

Kompressor (20) nach Anspruch 16,

dadurch gekennzeichnet, dass

die Taumelscheibe (22) zwei Drehfreiheitsgrade hat,
sodass sie sich gemeinsam mit der Kippscheibe (23)
und in Bezug auf die Kippscheibe (23) drehen kann.

Kompressor (20) nach einem der Anspriiche 15 bis
17,

dadurch gekennzeichnet, dass

er zur Kompression von CO, ausgelegt wurde.

Kompressor (20) nach einem der Anspriiche 15 bis
17,

dadurch gekennzeichnet, dass

er zur Kompression von R134A ausgelegt wurde.

Revendications

Piston (1) destiné a étre utilisé dans un compresseur
pour un systéme de climatisation de véhicule, com-
portant une partie cylindrique (2) a une premiére ex-
trémité et une partie de pied (3) a son autre extrémité,
laquelle partie de pied (3) peut recevoir un palier
pour un agencement de disque en nutation ou pla-
teau oscillant (21) d’'un compresseur (20), dans le-
quel

le piston (1) a été réalisé a partir d’au moins deux
pieces individuelles qui ont été reliées ensemble
apres une fabrication séparée, la partie cylindrique
(2) et la partie de pied (3) étant deux de ces piéces
et étant constituées de matériaux différents I'une par
rapport a l'autre, dans lequel

le piston (1) comporte deux piéces (2, 3) qui ont été
liées ensemble pour intégrer les deux piéces en un
tout unitaire, et dans lequel

la partie cylindrique (2) est réalisée en aluminium,
et la partie de pied (3) est réalisée en acier, et le
piston comporte uniguement deux parties sous la
forme de la partie cylindrique (2) et de la partie de
pied (3) qui sont reliées ensemble aprés une fabri-
cation séparée,

caractérisé en ce que

les deux parties (2, 3) ont été reliées ensemble par
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10.

un soudage par impulsions magnétiques.

Piston (1) selon la revendication 1,

caractérisé en ce que

la partie réalisée en acier est réalisée en acier tres
résistant.

Piston selon la revendication 1 ou 2,
caractérisé en ce que
la partie réalisée en acier a été durcie en surface.

Piston (1) selon I'une quelconque des revendica-
tions 1a 3,

caractérisé en ce que

la partie cylindrique (2) est creuse.

Piston (1) selon la revendication 4,

caractérisé en ce que

la partie de pied (3) comporte un bouchon annulaire
(4) qui ferme une extrémité ouverte de la partie cy-
lindrique creuse (2) lorsqu'il y est joint.

Piston (1) selon la revendication 4 ou 5,
caractérisé en ce que

la partie de pied (3) comporte une jupe (10) qui est
agenceée a l'intérieur de la partie cylindrique creuse

(2).

Piston (1) selon I'une quelconque des revendica-
tions 1 a 6,

caractérisé en ce que

la partie de pied (3) définit un évidement (13) dans
lequel un agencement de disque en nutation ou pla-
teau oscillant peut s’étendre.

Piston (1) selon la revendication 7,

caractérisé en ce que

la partie de pied (3) définit une surface de support
de pression partiellement sphérique (7) sur un coté
de I'évidement (6) opposé a celui adjacent a la partie
cylindrique (2), ladite surface de support de pression
(7) transmettant des forces de translation au piston
(1) dans une direction s’éloignant de la partie cylin-
drique (2).

Piston (1) selon la revendication 8,

caractérisé en ce que

la partie de pied (3) définit une seconde surface de
support de pression partiellement sphérique (8) sur
un cbté de I'évidement (6) adjacent a la partie cylin-
drique (2), laquelle surface de support de pression
partiellement sphérique (8) transmet des forces de
translation au piston (1) dans une direction vers la
partie cylindrique (2).

Piston (1) selon la revendication 9,
caractérisé en ce que
la seconde surface de support de pression partiel-
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lement sphérique (8) a une surface superficielle qui
est sensiblement plus petite que la surface superfi-
cielle de coupe transversale de la partie cylindrique

).

Piston (1) selon la revendication 9 ou 10,
caractérisé en ce que

la seconde surface de support de pression partiel-
lement sphérique (8) a une surface superficielle qui
est proportionnelle a celle de la premiére surface de
support de pression partiellement sphérique (7).

Piston (1) selon I'une quelconque des revendica-
tions 1 a 11,

caractérisé en ce que

il comporte deux piéces (2, 3) qui ont été reliées en-
semble par un raccordement forcé.

Piston (1) selon I'une quelconque des revendica-
tions 1a12,

caractérisé en ce que

il comporte deux piéces (2, 3) qui ont été reliées en-
semble et qui ont ensuite été au moins partiellement
recouvertes d’un revétement de réduction de frotte-
ment.

Piston (1) selon la revendication 13,

caractérisé en ce que

le revétement comporte un revétement de polytétra-
fluoroéthyléne (PTFE) ou un revétement de vernis
antifrottement.

Compresseur a disque en nutation ou plateau os-
cillant (20) pour un systéme de climatisation de vé-
hicule, comportant un piston (1) selon 'une quelcon-
que des revendications 1 a 14.

Compresseur (20) selon la revendication 15,
caractérisé en ce que

il comporte un agencement de plateau oscillant (21)
comportant un disque en nutation (23) sur lequel un
plateau oscillant (22) est monté de maniére rotative.

Compresseur (20) selon la revendication 16,
caractérisé en ce que

le plateau oscillant (22) a deux degrés de liberté de
rotation, de sorte qu'il peut tourner conjointement
avec le disque en nutation (23), et tourner par rapport
au disque en nutation (23).

Compresseur (20) selon l'une quelconque des re-
vendications 15 a 17,

caractérisé en ce que

il a été congu pour la compression de CO,.

Compresseur (20) selon 'une quelconque des re-
vendications 15 a 17,
caractérisé en ce que
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10

il a été congu pour la compression de R134A.



EP 1 384 886 B1

Fig. 1
(Prior Art)

11

WA



gl s
777

2

20

Fig. 3



p oL

o
v@ NLLLL L LS L)

N

@ BN ANANAN
| )
| NAMANANANANAN

&7/ 77

77

_ =
S P\ oL

.‘Im




EP 1 384 886 B1

1
—2

<
Q
\

+

7

WJ

i
_
4

A

NN NN N N N

v

N

ig.

y

A./ NN N NN N NN

i
(9]
DX ¢ <« ™
— r
wn
-

atir At

14



9 .,M.E

e/ | M
777
U T

T TT 777N



EP 1 384 886 B1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

«  US 5387091 A [0002] «  EP 0959227 A2 [0009]
+  US 5826490 A [0003] [0007] [0008] [0008] [0008]

16



	bibliography
	description
	claims
	drawings

