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Description

This invention relates to turbocharger apparatus and
it relates more especially to variable turbocharger appa-
ratus.

Different types of turbocharger apparatus are
known, see for example EP-A-0034915 and
DE-A-3244190. One known type of turbocharger appa-
ratus comprises a housing, a compressor mounted for
rotation in the housing, a turbine mounted for rotation in
the housing, a first inlet for enabling air to be conducted
to the compressor, an outlet for air from the compressor,
a second inlet for enabling exhaust gases from an engine
to be conducted to the turbine, and a chamber which sur-
rounds the turbine and which receives the exhaust gases
from the second inlet before the exhaust gases are con-
ducted to the turbine. This known type of turbocharger
apparatus is such that there is a fixed gap through which
the exhaust gases in the chamber can pass to the tur-
bine. The size of this gap is chosen to be a compromise
between the various different sizes of gap that are ideally
required for different engine operating conditions. This
means that, for most engine operating conditions, the
gap is not exactly correct and the turbocharger appara-
tus thus operates at less than its optimum performance.
For example, with a relatively small gap, the turbocharg-
er apparatus gives a quick response but excessive pres-
sure tends to build up in the chamber. With a large gap,
the build up of excessive pressure in the chamber is
avoided but then the response time of the turbine appa-
ratus is slow.

In EP-A-0034915 it is disclosed that air pressure re-
acting against springs is used to control the position of
movable vanes. There is also a reference to the alterna-
tive use of some form of helical groove and an air cylin-
der, or an air cylinder and rod linkage. Precise construc-
tions are not mentioned nor suggested and, furthermore,
it is believed that they would not work satisfactorily in var-
iable turbocharger apparatus.

It is an aim of the present invention to obviate or re-
duce the above mentioned problems.

Accordingly, this invention provides variable turbo-
charger apparatus comprising a housing, a compressor
mounted for rotation in the housing, a turbine mounted
for rotation in the housing, a first inlet for enabling air to
be conducted to the compressor, an outlet for air from
the compressor, a second inlet for enabling exhaust gas-
es from an engine to be conducted to the turbine, a
chamber which surrounds the turbine and which re-
ceives the exhaust gases from the second inlet before
the exhaust gases are conducted to the turbine, and a
piston which is positioned between the turbine and the
housing and which is slidable backwards and forwards
to form a movable wall separating the turbine from the
chamber which surrounds the turbine, the piston having
a plurality of vanes, the piston being such that in its
closed position it terminates short of an adjacent part of
the housing so that there is always a gap between the
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end of a piston and the adjacent part of the housing
whereby exhaust gases from the chamber can always
pass through the gap to act on the turbine, the piston
being such that in its open position the gap is increased,
and the piston being biased to its closed position against
pressure from exhaust gases in the chamber during use
of the variable turbocharger apparatus whereby the pis-
ton slides backwards and forwards to vary the gap in de-
pendence upon engine operating conditions, and the
variable turbocharger apparatus being characterised in
that the piston is moved by fork means which locates in
a groove in the piston.

The fork means enables the piston to be moved
backwards and forwards in an axial direction without
forcing the piston to one side and thus causing it to bind
in the variable turbocharger apparatus. Preferably, the
fork means extends partially around the piston to engage
the piston at two points which are on opposite sides of
the piston.

Preferably, the piston comprises a cylindrical body
portion having the groove provided at that end of the
body portion remote from the gap. Preferably, at the
grooved end of the piston, there is a lug for receiving a
pin for preventing rotation of the piston.

The piston will usually be arranged to slide in a cy-
lindrical part of the housing.

Preferably, the fork means is located on a shaft that
is mounted in the housing. The shaft may be connected
to an actuator valve which enables movement to be ap-
plied to the fork means.

The fork means is preferably a bifurcated fork but
other types of fork means may be employed.

The variable turbocharger apparatus may include an
air bleed passage which leads from the outlet for air from
the compressor to the actuator valve, the air bleed pas-
sage enabling air to be directed against a diaphragm in
the actuator valve in order to cause movement of the ac-
tuator valve, whereby movement of the actuator valve
can be transmitted to the fork means and the piston in
dependence upon air bleed pressure. The air bleed pres-
sure will usually be dependent upon the speed of rotation
of the compressor.

As an alternative to using air which is bled from the
compressor, a separate air supply may be used. Thus,
for example, the separate air supply may be provided by
a small separate electronic compressor. Also, mi-
cro-processors can be used to monitor a selected pa-
rameter or parameters and to compute the position of
the piston to give the required piston position.

The variable turbocharger apparatus may be one in
which the piston is provided with a lug which co-operates
with a pin for preventing rotation of the piston.

In a first embodiment of the invention, the variable
turbocharger apparatus is one in which the vanes on the
piston co-operate with vanes provided on or engaging
the turbine housing. The vanes on or engaging the tur-
bine housing are preferably on an insert secured to the
turbine housing. If desired however the vanes may be
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cast as part of the turbine housing. In the first embodi-
ment of the invention, the vane arrangement may allow
a close down of over 50% between the vanes in the
closed position, whilst maintaining the vanes in an over-
lapping position when in the open position, so that the
vanes are able to direct all the available gases at an ap-
propriate angle onto the turbine.

In a second embodiment of the invention, the vanes
on the piston co-operate with slots in a heat shield. The
heat shield may have a chamber into which the vanes
project, the chamber being sealed tight so as to prevent
gas leakage to a low pressure side of the turbine. In the
second embodiment of the invention, the vane arrange-
ment may be one in which the heat shield has through
slots which accommodate inlet vanes mounted on the
piston, the inlet vanes entering into the chamber which
is a part of the back of the heat shield. The advantage of
this design is that the vanes are always in the gas flow
to direct the gases at an appropriate angle onto the tur-
bine.

Usually, the piston will be spring biased to its closed
position. Preferably, the piston is spring biased to its
closed position by a single coil spring. Advantageously,
the single coil spring is axially positioned inside the ac-
tuator valve. In alternative embodiments of the variable
turbocharger apparatus, more than one spring may be
employed. Also, if desired, biasing means other than
springs may be employed.

The variable turbocharger apparatus may include
sealing means for forming a sliding seal between the pis-
ton and the housing. The sealing means may comprise
at least one sealing piston ring.

Preferably, only one sealing piston ring is employed
but more than one sealing piston ring may be employed
if desired. The or each sealing piston ringmay be located
in a cylindrical body portion of the piston. Alternatively,
the or each sealing piston ring may be mounted in the
housing.

The end of the piston adjacent the gap may be
chamfered. This chamfered end of the piston may help
to prevent the build up of products of combustion at this
point with some types of engine, for example 2- and 4-
stroke petrol driven engines.

If desired, the variable turbocharger apparatus may
include at least one bearing against which the sealing
means slides backwards and forwards. When a bearing
is employed, it is preferred that the bearing be located in
the housing adjacent the cylindrical body portion of the
piston.

The variable turbocharger apparatus may include a
heat shield. Preferably, the variable turbocharger appa-
ratus includes a heat shield which is positioned inside
the piston such that the piston is slidable backwards and
forwards over the heat shield. The heat shield may be
mounted over the bearing housing so as to leave an air
space between the bearing housing and the heat shield.

The heat shield may have a flange at one end so
that it can be held in position on the bearing housing by
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screws or by any other desired and appropriate means.

Advantageously, the housing is separable into at
least two parts. This may facilitate assembly of the vari-
able turbocharger apparatus and it may also facilitate fix-
ing of the variable turbocharger apparatus in various en-
gine compartments of various vehicles. The housing
may be separable into three parts comprising two end
parts and a central part.

The variable turbocharger apparatus may advanta-
geously include a chamber in which the fork means lo-
cates, the piston being such as to cover the chamber to
prevent a heat build-up on the fork means and to prevent
aturbulent gas flow at an exit part of the turbine.

The variable turbocharger apparatus may be one in
which the piston has an end in which is mounted a con-
ical diffuser, the conical diffuser being for facilitating gas
extraction from the turbine.

The variable turbocharger may advantageously be
one in which the piston includes at least one solid piston
ring.

The variable turbocharger apparatus may be one in
which the piston is mounted inside the turbine housing
such that the piston slides directly over the turbine to al-
low a large gas exit area. This in effect means that the
turbine is so constructed that it does not have a trim part.

The present invention also extends to an engine
when provided with the variable turbocharger apparatus.
The engine may be any general type of engine including
diesel and petrol driven engines.

Embodiments of the invention will now be described
solely by way of example and with reference to the ac-
companying drawings in which:

Figure 1 is a cross section through first variable tur-
bocharger apparatus;

Figure 2 is a side view of the piston shown in Figure
1;
Figure 3is an end view of the piston shown in Figure
2;

Figure 4 is an end view of part of the first variable
turbocharger apparatus;

Figure 5 is a side view of a heat shield showing an
air gap over a bearing housing;

Figure 6 is a cross section through an air actuator
valve;

Figure 7 is a cross section through second variable
turbocharger apparatus;

Figure 8 is a cross section through third variable tur-
bocharger apparatus;

Figure 9 is a cross section through fourth variable
turbocharger apparatus;

Figure 10 is an end view of the second, third and
fourth variable turbocharger apparatus shown in
Figures 7, 8 and 9;

Figure 11 is an end view of a heat shield provided
with vanes;

Figure 12 is a side view of the heat shield shown in
Figure 11;
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Figure 13 illustrates how the vanes enter slots;
Figure 14 is a side view showing a first vane arrange-
ment in an open position;

Figure 15 is a side view showing the first vane
arrangement of Figure 14 in a closed position;
Figure 16 is a cross sectional view showing a second
vane arrangement in an open position;

Figure 17 is a cross sectional view showing the sec-
ond vane arrangement in a closed position;

Figure 18is an endview of the second vane arrange-
ment;

Figure 19 is a side view showing the vanes of the
second vane arrangement in an open position; and
Figure 20 is a side view showing the vanes of the
second vane arrangement in a closed position.

Referring to Figures 1 to 6, there is shown first var-
iable turbocharger apparatus 2. The variable turbocharg-
er apparatus 2 comprises a housing 4 and a compressor
6. The compressor 6 has blades 8. The compressor 6 is
mounted for rotation in the housing 4 by being mounted
on a central shaft 10. A turbine 12 is also mounted for
rotation in the housing 4 by being mounted on the shaft
10. The turbine 12 has blades 14.

The housing 4 has a first inlet 16 for enabling air to
be conducted to the compressor 6. The housing 4 also
has an outlet 18 for air from the compressor. The outlet
18 enables air from the compressor 6 to be conducted
to an engine (not shown).

The housing 4 has a second inlet 20 for enabling
exhaust gases from the engine to be conducted to the
turbine 12. A chamber 22 surrounds the turbine 12 and
this chamber 22 receives the exhaust gases from the
second inlet 20 before the exhaust gases are conducted
to the turbine 12. The chamber 22 may be regarded as
a volute-shaped toroidal chamber.

A piston 24 is positioned between the turbine 12 and
the housing 4. The piston 24 is slidable backwards and
forwards to form a movable wall separating the turbine
12 from the chamber 22 which surrounds the turbine 12.

The piston 24 is such that in its closed position it ter-
minates short an adjacent part 26 of the housing 4 so
that there is always a gap 28 between the end 30 of the
piston 24 and the adjacent part 26 of the housing 4. This
means that exhaust gases from the chamber 22 can al-
ways pass through the gap 28 to act on the blades 14 of
the turbine 12. The piston 24 is such that in its open po-
sition, the gap 28 is increased.

The piston 24 is biased to its closed position against
pressure from exhaust gases in the chamber 22 during
use of the variable turbocharger apparatus 2 so that the
piston 24 slides backwards and forwards to vary the gap
28 in dependence upon engine operating conditions.
The piston 24 is biased by means of an actuator valve 7.

As can be seen from Figures 1 and 2, the piston 24
comprises a cylindrical body portion 34 having a groove
36 at that end of the body portion 34 remote from the gap
28.
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As can best be seen from Figures 1 and 4, fork
means in the form of a bifurcated fork 21 is located in the
groove 36. The fork 21 is also fitted to a shaft 54 which
can rotate in a bearing housing 68. On top of the shaft
54 is a metal bar 91 which is connected to the actuator
valve 7. The actuator valve 7 thus acts as control means.

When the pressure starts to exceed a given level se-
lected by the strength of a spring 95, see Figure 6, the
air pressure inside a housing 9 of the actuator valve 7
pushes a flexible diaphragm 98, thereby displacing the
piston 24 to a more open position. The piston 24 acts as
an area control element piston 24. The displacing of the
piston 24 to a more open position in turn increases the
flow area 28 and reduces the velocity of the gases en-
tering the turbine 12.

As shown in Figures 1 to 6, the first variable turbo-
charger apparatus 2 includes sealing means in the form
of a sealing piston ring 52. The sealing piston ring 52 is
for forming a sliding seal between the piston 24 and the
housing 4. The sealing piston ring 52 is located in the
turbine housing 66. The sealing piston ring 52 can alter-
natively be located in the piston 24 as shown by dotted
lines 58 in Figure 2.

The end 30 of the piston 24 is chamfered as shown
so that any products of combustion from the exhaust
gases in the chamber 22, which may tend to build up on
the part of the piston 24 forming the movable wall, may
tend to break away and thus not hinder the sliding move-
ment of the piston 24.

The variable turbocharger apparatus 2 includes a
heat shield 17. The heat shield 17 has a flange 19. The
heat shield 17 is mounted with screws 20 over the bear-
ing housing 68. Figure 5 shows an air gap between the
bearing housing 68 and the heat shield 17. In an alter-
native construction, a sealing ring may be located in the
heat shield 17 as shown in Figure 5 by dotted lines 5. In
a further alternative construction, the sealing ring may
be located inside the bore of the piston 24, as shown in
Figure 1 by dotted lines 75, to operate on the outside of
the heat shield 17.

An advantageous feature of the first variable turbo-
charger apparatus shown in Figures 1 to 6 is that the
housing 4 is separable into two end parts 64,66 and a
central part 68. This may facilitate positioning of the var-
iable turbocharger apparatus 2 in various required posi-
tions in various engine compartments in vehicles or in
otherapparatus. The end part 64 is secured to the central
part 68 by means of a cir-clip 70. The end part 66 is se-
cured to the central part 68 by locking washers 72 which
are held in position by bolts 74. The end part 64 forms a
compressor housing, the end part 66 forms a turbine
housing, andthe central part 68 forms a bearing housing.

The variable turbocharger apparatus 2 is also pro-
vided with an oil intake pipe 76 for providing oil for bear-
ings (not shown) on the shaft 10. The shaft 10 is formed
with a friction welded head 78 at one end. The other end
of the shaft 10 is screw threaded as shown to receive a
nut 80, which is effective to hold the compressor 6 in po-
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sition. An oil return pipe 82 is also provided for enabling
the oil provided for the bearings via the oil intake pipe 76
to drain away.

The second inlet 20 is provided with a flange 86. The
flange 86 has bolt holes 88 so that the flange 86 can be
bolted to an exhaust outlet (not shown) of the engine.

The compressor 6 is surrounded by a chamber 90
which is somewhat similar to the chamber 22. In order
to prevent the loss of air from the chamber 90 as the air
passes to the outlet 18, a seal in the form of an O-ring
seal 92 is provided as shown.

By being able to vary the size of the gap 28, the ex-
haust gases from the engine are able to drive the turbine
12 at substantially always the required rate to enable the
compressor 6 to provide the amount of air required by
the engine from the variable turbocharger apparatus 2,
via the outlet 18.

The bleeding of air along the air bleed passage 60
is effective to act on the actuator valve 7 to cause the
piston 24 to slide towards its open position in which the
size of the gap 28 is increased. After the exhaust gases
have driven the turbine 12, they are exhausted via an
exhaust outlet 94 formed in the housing 4.

As shown in Figure 2, the piston 24 is provided with
an annular groove, shown by the dotted lines 58, for re-
ceiving the sealing piston ring 52. Alternatively, the seal-
ing piston ring 52 may be located in the housing 4 as
shown in Figure 1. Also shown in Figure 2, is the groove
36 for receiving the fork 21.

Figures 2, 3 and 4 show that on the piston 24 there
is a lug 146 which may have a slot 144 as shown, or a
hole (not shown), for location on to a pin 142. The pin
142 may be mounted in the bearing housing 68 as
shown, or alternatively in the turbine housing 66. The pin
142 and the lug 146 are provided to prevent rotation of
the piston 24.

As shown in Figure 3, the piston 24 is such that the
face 100 of the end 30 is provided with vanes 102. The
vanes 102 are oriented so that they direct the incoming
gas flow in a tangential direction to provide the appropri-
ate gas flow. The vanes 102 are cut or otherwise provid-
ed in the end 30 of the piston 24. Vanes 104 are also
provided in the turbine housing 66,the vanes 104 being
provided in the form of an insert 31 as shown in Figure
1. Alternatively, the vanes 104 may be cast into the tur-
bine housing 66. The angular positions of the vanes
102,104 in the turbine housing 66 and the piston 24 are
such that the vanes 102 on the piston 24 are interposed
with the vanes 104 in the turbine housing 66. Relative
displacement of the piston 24 varies the extent of overlap
of the vanes 102,104.

Referring to Figure 7, there is shown second varia-
ble turbocharger apparatus in which similar parts as in
Figure 1 have been given the same reference numerals
and will not again be described. In Figure 7, the relative
positions of the fork 21 and the piston 24 have been
changed so that the piston 24 operates in the opposite
direction to that shown in Figure 1.
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Figure 7 also shows how the heat shield 17 is used
as an insert to hold the vanes 104. The insert is also
shown in Figure 11 and Figure 12. Figures 11 and 12
show respectively an end view and a side view of the
heat shield 17, provided with the vanes 104.

Referring to Figure 8, there is shown third variable
turbocharger apparatus in which similar parts as in Fig-
ure 7 have been given the same reference numerals and
will not again be described. In Figure 8, a trim 136 as
shown in Figure 7 on the turbine 12 has been removed.
This is to allow a larger exit area from the turbine 12. The
piston 24 is slightly different in that the piston 24 termi-
nates in a conical diffuser 132.

Figure 9 shows fourth variable turbocharger appa-
ratus 2 which is similar to the variable turbocharger ap-
paratus 2 shown in Figure 8 but which employs a longer
piston 24 to prevent gases building up in an area 134.
Also, turbulent gas flow in the area 134 and turbulent gas
flow leading to the outlet of the variable turbocharger ap-
paratus 2 is avoided or reduced. The longer piston 24 of
Figure 9 also has the conical diffuser 132.

Referring now to Figure 10, there is shown an end
view of turbocharger apparatus 2 which may be the var-
iable turbocharger apparatus 2 shown in either of Fig-
ures 7, 8 or 9. Again similar parts as in the previous Fig-
ures have been given the same reference numerals and
their precise construction and operation will not again be
given. InFigure 10, there is shown a control arm 91 which
terminates in a connection member 140 for connecting
to the actuator valve 7. As indicated above, the actuator
valve 7 takes pressure from the compressor side of the
turbine 12. Alternatively, the pressure may be taken from
an engine management system (not shown). Figure 10
also shows a pin 142 which locates in an aperture 144
in a lug 146 formed on the piston 24. The pin 142 acts
to stop rotation of the piston 24 during the backwards
and forwards sliding movement of the piston 24. The pis-
ton 24, the pin 142, the aperture 144 and the lug 146 are
shown in more detail in Figures 2 and 3.

Figure 10 further shows how the fork 21 has two
arms 148, 150. The arm 148 has a pin 152 and the arm
150 has apin 154. The pins 152, 154 locate in the groove
36 and thus enable the piston 24 to be moved backwards
and forwards without putting undue sideways pressure
on the piston 24 which could move it out of axial sliding
alignment and could thus cause the piston 24 to bind.
The fork 21 is attached to a rod 54 which is mounted in
the turbine housing 66. The rod 54 connects to the con-
trol arm 91 as shown.

In Figures 1, 7, 8 and 9 described above, co-oper-
ating vanes 102, 104 are shown. In Figures 13, 14 and
15, there is shown a vane arrangement in which the pis-
ton 24 is modified so that slots 10 are provided between
the vanes 102 on the piston 24. These slots 10 have the
advantage that they allow the gap 28 between the piston
24 and the housing 4 to be closed down more than 50%,
whilst maintaining the vanes 102 on the piston 24 and
the housing 4 in an overlapping manner in the open po-
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sition of the piston 24. If the piston 24 is in an Open po-
sition and the vanes 102, 104 are not in an overlapping
manner, then the vanes 102, 104 are not able to direct
all the available gases at the appropriate angle on to the
turbine 12, and a turbulent gas flow may result. By utilis-
ing the slots 10 shown in Figures 13,14 and 15, this tur-
bulence may be prevented, thus avoiding a decrease in
efficiency due to the turbulent gas flow.

In Figures 13, 14 and 15, the slots 10 are provided
in the piston 24. The slots 10 receive the vanes 104 and
the vanes 104 may extend from an insert. The reverse
arrangement may be employed in which the slots are in
the insert, and in which the vanes 104 for the slots then
project from the piston 24. The slots may be cast in the
turbocharger apparatus housing.

In further modifications of the variable turbocharger
apparatus 2, the slots 10 may be omitted. The slots that
may be omitted may thus be in the piston 24 or in the
insert 31.

The above described variable turbocharger appara-
tus employs sealing means in the form of a sealing piston
ring 52. The sealing means may be a sealing ring other
than a split piston ring. Where a split piston ring is em-
ployed, this may be inwardly sprung to bear against the
outer surface of the piston 24 in order to effect the re-
quired seal against gases. Such a split piston ring 52 will
rub on the surface of the piston 24 and thus some friction
will be created. Whilst this is satisfactory in many circum-
stances, if it is desired to reduce or obviate this friction,
then a solid piston ring may be employed. Because this
solid piston ring does not have a split in it, it is not in-
wardly sprung and thus friction is reduced.

In addition, as the variable turbocharger apparatus
operates, exhaust gases will be contacting the piston
ring. With a split piston ring, these exhaust gases may
cause the split piston ring to operate with a hammering
effect on the surface of the piston 24, and this can be
disadvantageous and can cause undesirable wear on
the surface of the piston 24. The use of the solid piston
ring may help to avoid this hammering effect and may
thus again reduce undesirable wear on the surface of the
piston 24.

Irrespective of whether a split piston ring or a solid
piston ring is employed, it may be advantageous to pro-
duce the piston ring from a material which has substan-
tially the same rate of expansion as the material from
which the piston 24 is produced. Thus, as the piston 24
and the piston ring become hot during operation of the
variable turbocharger apparatus, the piston 24 and the
piston ring can expand at substantially the same rate to
avoid creating unnecessary friction as might be the case
if the piston 24 expanded more than the piston ring. The
piston 24 and the piston ring can be made of the same
or different materials.

In Figures 16 and 17 a second vane arrangement is
shown in which the heat shield 17 is replaced by a heat
shield 201. The heat shield 201 has a chamber 203 at
the back of the heat shield 201. On a face 312, there are
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slots 260 provided in the heat shield 201, so as to allow
the vanes 102 on the piston 24 to enter the chamber 203.
In order to prevent gases leaking past the chamber 203,
the chamber 203 is preferably a sealed unit along a face
320.

Figures 18, 19 and 20 illustrate the heat shield 201.
Figure 18 is an end view which shows the heat shield
201 with the vanes 102 entering slots 260 in the heat
shield 201. Figure 19 shows the vanes 102 in the open
position, whilst Figure 20 shows the vanes 102 in the
closed position. The movement of the piston 24 on this
second vane arrangement is the same as described
above with reference to Figures 7, 8 and 9.

It is to be appreciated that the embodiments of the
invention described above with reference to the accom-
panying drawings have been given by way of example
only and that modifications may be effected. Thus, for
example, the vanes 102, 104 may take a different shape
to those shown, and more or less vanes than those
shown may be employed. If desired, the vanes 104 may
be cast into the turbine housing 4 or they may be located
in the turbine housing 4 as a separate part. If desired,
the vanes may be reversed to allow a reverse rotation of
the turbine 12.

The variable turbocharger apparatus 2 may be pro-
duced in various sizes commensurate with the size of
engine to which the variable turbocharger apparatus 2 is
to be fitted. The shape of the housing 4 can be varied as
may be desired. Water cooled bearings may be incorpo-
rated. The housing 4 and the various components within
the housing 4 can be made of any desired and suitable
materials. Also, sealing rings may be added or dis-
pensed with as desired.

Claims

1. Variable turbocharger apparatus (2) comprising a
housing (4), a compressor (6) mounted for rotation
inthe housing (4), aturbine (12) mounted for rotation
in the housing (4), a first inlet (16) for enabling the
air to be conducted to the compressor (6), an outlet
(18) for air from the compressor (6), a second inlet
(20) for enabling exhaust gases from an engine to
be conducted to the turbine (12), a chamber (22)
which surrounds the turbine (12) and which receives
the exhaust gases from the second inlet (20) before
the exhaust gases are conducted to the turbine (12),
and a piston (24) which is positioned between the
turbine (12) and the housing (4) and which is slidable
backwards and forwards to form a movable wall sep-
arating the turbine (12) from the chamber (22) which
surrounds the turbine (12), the piston (24) having a
plurality of vanes (102), the piston (24) being such
that in its closed position it terminates short of an
adjacent part of the housing (4) so that there is
always a gap (28) between the end of the piston (24)
and the adjacent part of the housing (4) whereby
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exhaust gases from the chamber (22) can always
pass through the gap (28) to act on the turbine (12),
the piston (24) being such that in its open position
the gap (28) is increased, and the piston (24) being
biased to its closed position against pressure from
exhaust gases in the chamber (22) during use of the
variable turbocharger apparatus (2) whereby the
piston (24) slides backwards and forwards to vary
the gap (28) in dependence upon engine operating
conditions, and the variable turbocharger apparatus
being characterised in that the piston (24) is moved
by fork means (21) which locates in a groove (36) in
the piston (24).

Variable turbocharger apparatus according to claim
1 in which the fork means extends partially around
the piston to engage the piston at two points which
are on opposite sides of the piston.

Variable turbocharger apparatus according to claim
1 or claim 2 in which the fork means (21) is located
on a shaft (54) which is mounted in the housing (4),
and in which the shaft (54) is connected to an actu-
ator valve (7).

Variable turbocharger apparatus according to claim
3 and including an air bleed passage (60) which
leads from the outlet (18) for air from the compressor
(B) to the actuator valve (7), the air bleed passage
(60) enabling air to be directed against a diagraphm
(98) in the actuator valve (7) in order to cause move-
ment of the actuator valve (7), whereby movement
of the actuator valve (7) can be transmitted to the
fork means (21) and the piston (24) in dependence
upon the air bleed pressure.

Variable turbocharger apparatus according to any
one of the preceding claims in which the piston (24)
is provided with a lug (146) which co-operates with
a pin (142) for preventing rotation of the piston (24).

Variable turbocharger apparatus according to any
one of the preceding claims in which the vanes (102)
on the piston (24) co-operate with vanes (104) pro-
vided on or engaging the housing (4).

Variable turbocharger apparatus according to claim
6 in which the vanes (104) provided on or engaging
the turbine housing (66) are on an insert (31)
secured to the housing (4).

Variable turbocharger apparatus according to any
one of claims 1 10 5 in which the vanes (102) on the
piston (24) co-operate with slots (260) in a heat
shield (201).

Variable turbocharger apparatus according to claim
8 in which the heat shield (201) has a chamber (203)
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into which the vanes (102) project, the chamber
(203) being sealed so as to prevent gas leakage to
a low pressure side of the turbine (12).

Variable turbocharger apparatus according to any
one of the preceding claims in which the piston (24)
is spring biased to its closed position.

Variable turbocharger apparatus according to any
one of the preceding claims and including sealing
means (52) for forming a sliding seal between the
piston (24) and the housing (4).

Variable turbocharger apparatus according to claim
6 or claim 7 and including a heat shield (19) which
is positioned inside the piston (24) such that the pis-
ton (24) is slidable backwards and forwards over the
heat shied (19).

Variable turbocharger apparatus according to any
one of the preceding claims and including a chamber
(134) in which the fork means (21) locates, the piston
(24) being such as to cover the chamber to prevent
aheat build-up onthe fork means (21) and to prevent
aturbulent gas flow at an exit part of the turbine (12).

Variable turbocharger apparatus according to any
one of the preceding claims in which the piston (24)
has an end in which is mounted a conical diffuser
(132), the conical diffuser (132) being for facilitating
gas extraction from the turbine (12).

Variable turbocharger apparatus according to any
one of the preceding claims in which the piston (24)
includes at least one solid piston ring.

Variable turbocharger apparatus according to any
one of the preceding claims in which the piston (24)
is mounted inside the housing (4) such that the pis-
ton (24) slides directly over the turbine (12) to allow
a large gas exit area.

Patentanspriiche

1.

Veranderlicher Turbolader (2), der ein Gehause (4),
einen Verdichter (6), der drehbar in dem Gehause
(4) angebracht ist, eine Turbine (12), die drehbar in
dem Gehause (4) angebracht ist, einen ersten Ein-
lafB (16), um zu erméglichen, daB die Luft zum Ver-
dichter (6) geleitet wird, einen AuslaB (18) fir Luft
vom Verdichter (6), einen zweiten EinlaB (20), um
zu ermébglichen, daB Auspuffgase von einem Motor
zur Turbine (12) geleitet werden, eine Kammer (22),
die die Turbine (12) umgibt und die die Auspuffgase
aus dem zweiten EinlaB (20) aufnimmt, bevor die
Auspuffgase zu der Turbine (12) geleitet werden,
und einen Kolben aufweist, der zwischen der Tur-
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bine (12) und dem Gehause (4) angeordnet ist und
der gleitend rickwarts und vorwarts bewegt werden
kann, um eine bewegliche Wand, die die Turbine
(12) von der Kammer (22), die die Turbine (12)
umgibt, trennt, zu bilden, wobeider Kolben (24) eine
Mehrzahl von Fliigeln (102) hat, wobei der Kolben
(24) soangeordnet und ausgebildet ist, daf3 er in sei-
ner geschlossenen Stellung kurz vor einem benach-
barten Teil des Gehauses (4) endet, derart, daB
immer eine Offnung (28) zwischen dem Ende des
Kolbens (24) und dem benachbarten Teil des
Gehauses (4) vorhanden ist, wodurch Auspuffgase
von der Kammer (22) immer durch die Offnung (28)
hindurchgehen kénnen, um auf die Turbine (12) zu
wirken, wobei der Kolben (24) so angeordnet und
ausgebildet ist, daB3 in seiner offenen Stellung die
Offnung (28) vergréBert ist, und wobei der Kolben
(24) in seine geschlossene Stellung gegen Druck
von Auspuffgasen in der Kammer (22) wahrend der
Benutzung des veranderlichen Turboladers vorge-
spannt ist, wodurch der Kolben (24) rickwarts und
vorwarts gleitet, um die Offnung (28) in Abhangigkeit
von Motorbetriebszustanden zu verandern, und
wobei der veranderliche Turbolader dadurch
gekennzeichnet ist, daB der Kolben (24) durch
Gabeleinrichtungen (21), die in eine Nut (36) im Kol-
ben (24) eingreifen, bewegt wird.

Veranderlicher Turbolader nach Anspruch 1, bei
dem die Gabeleinrichtung sich teilweise um den Kol-
ben erstreckt, um an dem Kolben an zwei Punkten
anzugreifen, die auf gegenuberliegenden Seiten
des Kolbens sind.

Veranderlicher Turbolader nach Anspruch 1 oder
Anspruch 2, bei dem die Gabeleinrichtung (21) auf
einer Welle (54) angeordnet ist, die in dem Gehause
(4) angebracht ist, und bei dem die Welle (54) mit
einem Betatigungsventil (7) verbunden ist.

Veranderlicher Turbolader nach Anspruch 3 und
unter EinschluB3 eines LuftablaBkanals (60). der von
dem AuslaB (18) fur Luft vom Verdichter (6) zum
Betatigungsventil (7) fahrt, wobei der LuftablaBka-
nal (60) es ermdglicht, daB Luft gegen eine Mem-
bran (98) in dem Betatigungsventil (7) gerichtet wird,
um eine Bewegung des Betatigungsventils (7) zu
verursachen, wodurch eine Bewegung des Betati-
gungsventils (7) auf die Gabeleinrichtung (21) und
den Kolben (24) in Abhéngigkeit von dem
LuftablaBdruck Ubertragen werden kann.

Veranderlicher Turbolader gemaf einem der vor-
hergehenden Anspriiche, bei dem der Kolben (24)
mit einem Ansatz (146) versehen ist, der mit einem
Bolzen (142) zusammenwirkt, um eine Drehung des
Kolbens (24) zu verhindern.
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Veranderlicher Turbolader gemafl einem der vor-
hergehenden Anspriiche, bei dem die Fligel (102)
auf dem Kolben (24) mit den Fligeln (104), die auf
dem Gehause (4) vorgesehen sind, oder in es ein-
greifen, zusammenwirken.

Veranderlicher Turbolader gemafn Anspruch 6, bei
dem die Fliigel, die auf dem Turbinengeh&use (66)
vorgesehen sind oder in es eingreifen, auf einem
Einsatz (31), der an dem Gehé&use (4) befestigt ist,
sind.

Veranderlicher Turbolader gemaB einem der
Anspriche 1 bis 5, bei dem die Fliigel (102) auf dem
Kolben (24) mit Schlitzen (260) in einem Hitzeschild
(201) zusammenwirken.

Veranderlicher Turbolader nach Anspruch 8, bei
dem der Hitzeschild (201) eine Kammer (203) hat,
in die die Fliigel (102) vorragen, wobei die Kammer
(203) derart gedichtet ist, daB sie das Lecken von
Gas zu einer Niederdruckseite der Turbine (12) ver-
hindert.

Veranderlicher Turbolader nach einem der vorher-
gehenden Anspriiche, bei dem der Kolben (24) in
seine geschlossene Stellung durch eine Feder vor-
gespannt ist.

Veranderlicher Turbolader nach einem der vorher-
gehenden Anspriche und unter EinschluB von
Dichteinrichtungen (52) zum Bilden einer gleitenden
Dichtung zwischen dem Kolben (24) und dem
Gehause (4).

Veranderlicher Turbolader nach Anspruch 6 oder 7,
und unter EinschluB eines Hitzeschildes (19), der
derart innerhalb des Kolbens (24) angeordnet ist,
daf der Kolben (24) gleitend rickwarts und vorwarts
Uber den Hitzeschild (19) bewegt werden kann.

Veranderlicher Turbolader nach einem der vorher-
gehenden Anspriiche und unter Einschlu3 einer
Kammer (134), in der die Gabeleinrichtung (21)
angeordnet ist, wobei der Kolben so angeordnet und
ausgebildet ist, daB er die Kammer bedeckt, um
einen Hitzestau an der Gabeleinrichtung (21) zu ver-
hindern und einen turbulenten Gasstrom an einem
Ausgangsteil der Turbine (12) zu verhindern.

Veranderlicher Turbolader nach einem der vorher-
gehenden Anspriche, bei dem der Kolben (24) ein
Ende hat, an dem ein konischer Diffusor (132) ange-
bracht ist, wobei der konische Diffusor (132) zur
Erleichterung des Gasabzugs von der Turbine (12)
bestimmt ist.

Veranderlicher Turbolader nach einem der vorher-



16.

15

gehenden Anspriche, bei dem der Kolben (24) min-
destens einen festen Kolbenring aufweist.

Veranderlicher Turbolader nach einem der vorher-
gehenden Anspriiche, bei dem der Kolben derart
innerhalb des Gehauses (4) angebracht ist, dafi der
Kolben (24) direkt iber die Turbine gleitet, um einen
groBen Gasausgangsbereich zu erlauben.

Revendications

Appareil (2) & turbocompresseur variable compre-
nant un logement (4), un compresseur (6) monté
pour tourner dans le logement (4), une turbine (12)
montée pour tourner dans le logement (4), une pre-
miére entrée (16) pour permettre & l'air d'étre conduit
vers le compresseur (6), une sortie (18) pour l'air du
compresseur (6), une deuxiéme entrée (20) pour
permettre aux gaz d'échappement d'un moteur
d'étre conduits vers la turbine (12), une chambre
(22) qui entoure la turbine (12) et qui recoit les gaz
d'échappement de la deuxiéme entrée (20) avant
que les gaz d'échappement ne soient conduits vers
la turbine (12), et un piston (24) qui est positionné
entre laturbine (12) et le logement (4) et qui est cou-
lissable vers l'arriére et vers |'avant pour former une
paroi déplacable qui sépare la turbine (12) de la
chambre (22) qui entoure la turbine (12), le piston
(24) comportant plusieurs aubes (102), le piston (24)
étant agencé de telle facon que, dans sa position
fermée, il termine prés d'une partie adjacente du
logement (4) pour qu'il y ait toujours un trou (28)
entre l'extrémité du piston (24) et la partie adjacente
du logement (4), des gaz d'échappement de la
chambre (22) pouvant toujours passer & travers le
trou (28) pour agir sur la turbine (12), le piston (24)
étant agencé de telle fagon que dans sa position
ouverte letrou (28) est agrandi, et le piston (24) étant
rappelé a sa position fermée a I'encontre de la pres-
sion des gaz d'échappement dans la chambre (22)
durant l'utilisation de I'appareil (2) a turbocompres-
seur variable, le piston (24) coulissant vers l'arriére
et vers |'avant pour modifier le trou (28) en fonction
des conditions de fonctionnement du moteur, l'appa-
reil & turbocompresseur variable étant caractérisé
en ce que le piston (24) est déplacé par des moyens
a fourche (21) qui se situent dans une rainure (36)
du piston (24).

Appareil a turbocompresseur variable selon la
revendication 1, dans lequel les moyens & fourche
s'étendent partiellement autour du piston pour
entrer en prise avec le piston en deux points qui sont
a des cbtés opposés du piston.

Appareil a turbocompresseur variable selon la
revendication 1 ou 2, dans lequel les moyens a four-
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che (21) sont situés sur un arbre (54) qui est monté
dans le logement (4), et dans lequel l'arbre (54) est
relié & une vanne d'actionnement (7).

Appareil a turbocompresseur variable selon la
revendication 3 comprenant un passage (60) de
prise d'air qui méne de la sortie (18) d'air du com-
presseur (6) a la vanne d'actionnement (7), le pas-
sage (60) de prise d'air permettant a l'air d'étre dirigé
contre une membrane (98) située dans la vanne
d'actionnement (7) pour provoquer un mouvement
de la vanne d'actionnement (7), le mouvement de la
vanne d'actionnement (7) pouvant étre transmis aux
moyens a fourche (21) et au piston (24) en fonction
de la pression de la prise d'air.

Appareil a turbocompresseur variable selon I'une
quelconque des revendications précédentes, dans
lequel le piston (24) est équipé d'un ergot (146) qui
coopére avec une goupille (142) pour empécher la
rotation du piston (24).

Appareil a turbocompresseur variable selon I'une
quelconque des revendications précédentes, dans
lequel les aubes (102) sur le piston (24) coopérent
avec des aubes (104) prévues sur le logement (4)
ou entrant en prise avec lui.

Appareil a turbocompresseur variable selon la
revendication 6, dans lequel les aubes (104) pré-
vues sur le logement de turbine (66) ou entrant en
prise avec lui sont sur un élément d'inséré (31) atta-
ché au logement (4).

Appareil a turbocompresseur variable selon I'une
quelconque des revendications 1 & 5, dans lequel
les aubes (102) sur le piston (24) coopérent avec
des fentes (260) prévues dans un écran thermique
(201).

Appareil a turbocompresseur variable selon la
revendication 8, dans lequel I'écran thermique (201)
comporte une chambre (203) dans laquelle les
aubes (102) font saillie, la chambre (203) étant scel-
Iée afin d'éviter une fuite de gaz vers un c6té de
basse pression de la turbine (12).

Appareil a turbocompresseur variable selon I'une
quelconque des revendications précédentes, dans
lequel le piston (24) est rappelé par ressort a sa posi-
tion fermée.

Appareil a turbocompresseur variable selon I'une
quelconque des revendications précédentes, com-
prenant des moyens d'étanchéité (52) pour former
un joint coulissant entre le piston (24) et le logement

(4).
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Appareil a turbocompresseur variable selon la
revendication 6 ou 7, comprenant un écran thermi-
que (19) qui est positionné a l'intérieur du piston (24)
de sorte que le piston (24) peut étre amené a cou-
lisser vers l'arriére et vers l'avant sur I'écran thermi-
que (19).

Appareil a turbocompresseur variable selon l'une
quelconque des revendications précédentes, com-
prenant une chambre (134) dans laquelle les
moyens a fourche (21) se situent, le piston (24) étant
agencé de fagon a couvrir la chambre pour empé-
cher une accumulation de chaleur sur les moyens a
fourche (21) et pour empécher un flux de gaz turbu-
lent & une partie de sortie de la turbine (12).

Appareil a turbocompresseur variable selon l'une
quelconque des revendications précédentes, dans
lequel le piston (24) comporte une extrémité dans
laquelle est monté un diffuseur conique (132), le dif-
fuseur conique (132) étant prévu pour faciliter
I'extraction de gaz de la turbine (12).

Appareil a turbocompresseur variable selon l'une
quelconque des revendications précédentes, dans
lequel le piston (24) comprend au moins un segment
de piston plein.

Appareil a turbocompresseur variable selon l'une
quelconque des revendications précédentes, dans
lequel le piston (24) est monté & l'intérieur du loge-
ment (4) de fagon que le piston (24) coulisse direc-
tement sur la turbine (12) pour laisser une grande
superficie de sortie de gaz.
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