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(54) Variable nozzle turbocharger

(57) In a variable nozzle turbocharger, variable noz-
zles operate through circumferential displacement of a
unison ring (12) aligned with a main plate (10) in a thick-
ness direction thereof. A gap is formed between facing
surfaces (F1, F2) of the unison ring and the main plate,
and projections (41) that project from one surface (F1)

out of the facing surfaces (F1, F2) toward the other sur-
face (F2) are provided in the gap. When the unison ring
is displaced in its circumferential direction, foreign sub-
stances attached to the gap between the facing surfaces
(F1, F2) are scraped out from the gap by the projections.
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to a variable noz-
zle turbocharger.

2. Description of Related Art

[0002] Japanese Patent Application Publication No.
2010-180864 (JP 2010-180864 A) describes a variable
nozzle turbocharger including a variable nozzle provided
in an exhaust passage for blowing exhaust gas to a tur-
bine wheel and configured such that its opening degree
is changed so as to adjust a flow speed of the exhaust
gas. A change operation of the opening degree of the
variable nozzle is performed by rotation (circumferential
displacement) of a unison ring aligned with a main plate
provided in the exhaust passage, in a thickness direction
of the main plate.
[0003] In the variable nozzle turbocharger, the unison
ring and the main plate are exposed to the exhaust gas.
Because of this, foreign substances such as soot includ-
ed in the exhaust gas may be accumulated between the
unison ring and the main plate. The foreign substances
thus accumulated disturb the circumferential displace-
ment of the unison ring, thereby resulting in that an ap-
propriate operation of the variable nozzle may be dis-
turbed by the foreign substances.

SUMMARY OF THE INVENTION

[0004] The present invention provides a variable noz-
zle turbocharger that is able to restrain that an appropri-
ate operation of a variable nozzle is disturbed by foreign
substances accumulated between a unison ring and a
main plate.
[0005] A variable nozzle turbocharger according to a
first aspect of the present invention is a variable nozzle
turbocharger for changing a flow speed of exhaust gas
to be blown to a turbine wheel and characterized by in-
cluding a main plate, a unison ring, and variable nozzles.
The unison ring is aligned with the main plate in a thick-
ness direction of the main plate. The variable nozzles are
configured such that their opening degrees are changed
along with rotation of the unison ring. A first facing surface
of the unison ring is opposed to a second facing surface
of the main plate via a gap, and the first facing surface
is provided with a plurality of first projections projecting
toward the second facing surface and placed at intervals
along a circumferential direction of the unison ring. Ac-
cording to the above configuration, when the unison ring
is rotated (displaced in the circumferential direction) so
as to operate the variable nozzles, foreign substances
such as soot attached to the gap between the first facing
surface and the second facing surface of the unison ring

and the main plate are discharged from the gap. More
specifically, when the unison ring is displaced in the cir-
cumferential direction, the foreign substances attached
to the gap is scraped out from the gap by the plurality of
first projections projecting from the first facing surface
toward the second facing surface. This accordingly
makes it possible to restrain such a problem that an ap-
propriate operation of the variable nozzles is disturbed
by the foreign substances accumulated between the uni-
son ring and the main plate.
[0006] In the variable nozzle turbocharger, the first fac-
ing surface may include a plurality of first recessed por-
tions placed at intervals in the circumferential direction
of the unison ring, and the plurality of first projections and
the plurality of first recessed portions may be alternately
arranged on the first facing surface along with the cir-
cumferential direction of the unison ring. According to the
above configuration, the foreign substances attached to
the gap can be effectively scraped out from the gap by
the plurality of first projections provided between the first
facing surface and the second facing surface.
[0007] In the variable nozzle turbocharger, the second
facing surface may include a plurality of second recessed
portions placed at intervals in the circumferential direc-
tion of the unison ring, and the plurality of second re-
cessed portions may be opposed to the plurality of first
recessed portions provided on the first facing surface.
According to the above configuration, a distance between
the facing surfaces F1, F2 of the unison ring and the main
plate is increased due to the recessed portions thus op-
posed to each other, such that the gap between the facing
surfaces F1, F2 can be widened, thereby resulting in that
the foreign substances are hard to be accumulated in the
gap.
[0008] In the variable nozzle turbocharger, the second
facing surface may include a plurality of second recessed
portions placed at intervals in the circumferential direc-
tion of the unison ring, and may include a plurality of
second projections placed at intervals in the circumfer-
ential direction of the unison ring, the plurality of second
projections and the plurality of second recessed portions
may be alternately arranged on the second facing surface
along with the circumferential direction of the unison ring,
the plurality of first projections provided on the first facing
surface may be inserted into the plurality of second re-
cessed portions, and the plurality of second projections
may be inserted into the plurality of first recessed por-
tions. According to the above configuration, the foreign
substances attached to the gap between the first facing
surface and the second facing surface of the unison ring
and the main plate can be scraped out from the gap by
the first projections provided on the first facing surface
and the second projections provided on the second fac-
ing surface, along with the circumferential displacement
of the unison ring.
[0009] In the variable nozzle turbocharger, the number
and position of the plurality of first projections may be set
such that the first projections is displaced over the whole
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circumferential direction of the unison ring in the gap be-
tween the first facing surface and the second facing sur-
face, through the circumferential displacement of the uni-
son ring over a whole displacement range of the unison
ring to operate the variable nozzles. According to the
above configuration, when the unison ring is displaced
in the circumferential direction over the whole displace-
ment range to operate the variable nozzles, the foreign
substances attached to the gap between the first facing
surface and the second facing surface can be scraped
out from the gap by the projections.
[0010] In the variable nozzle turbocharger, the number
and position of the plurality of first projections may be set
such that the plurality of first projections and the plurality
of second projections are displaced over the whole cir-
cumferential direction of the unison ring in the gap be-
tween the first facing surface and the second facing sur-
face, through the circumferential displacement of the uni-
son ring over the whole displacement range of the unison
ring to operate the variable nozzles.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] Features, advantages, and technical and indus-
trial significance of exemplary embodiments of the inven-
tion will be described below with reference to the accom-
panying drawings, in which like numerals denote like el-
ements, and wherein:

FIG. 1 is a schematic drawing illustrating a variable
nozzle turbocharger and an engine according to one
embodiment of the present invention;
FIG. 2 is a front view illustrating a variable nozzle
unit of the turbocharger according to the above em-
bodiment;
FIG. 3 is an enlarged sectional view illustrating an
attachment form of the variable nozzle unit according
to the above embodiment;
FIG. 4A is a side view illustrating a unison ring and
a main plate according to the above embodiment;
FIG. 4B is a perspective view illustrating the unison
ring and the main plate according to the above em-
bodiment;
FIG. 5 is a side view illustrating another examples
of the unison ring and the main plate according to
the above embodiment; and
FIG. 6 is a side view illustrating another example of
the unison ring and the main plate according to the
above embodiment.

DETAILED DESCRIPTION OF EMBODIMENTS

[0012] One embodiment of a variable nozzle turbo-
charger is described below with reference to FIGS. 1 to
4. As illustrated in FIG. 1, an upstream portion of an intake
path 2 and a downstream portion of an exhaust pipe 3 in
an engine 1 are connected to a variable nozzle turbo-
charger 4. The turbocharger 4 includes a compressor

wheel 5 and a turbine wheel 6. The compressor wheel 5
sends air to a downstream side of the intake path 2. The
turbine wheel 6 is rotated based on blowing of exhaust
gas passing through the exhaust pipe 3. When the turbine
wheel 6 is rotated, the compressor wheel 5 is rotated
integrally with the turbine wheel 6, thereby increasing an
air intake amount of the engine 1 and improving an output
of the engine 1.
[0013] In the turbocharger 4, a variable nozzle unit 7
is attached onto an exhaust passage 8 for blowing ex-
haust gas to the turbine wheel 6. The variable nozzle unit
7 is driven by an actuator 9 so as to increase and de-
crease an exhaust-gas flow area of the exhaust passage
8. Hereby, a flow speed of the exhaust gas to be blown
to the turbine wheel 6 is variable. Since the flow speed
of the exhaust gas to be blown to the turbine wheel 6 is
variable as such, a rotation speed of the turbocharger 4
is changed, such that a boost pressure (intake pressure)
of the engine 1 is adjusted. More specifically, when the
exhaust-gas flow area of the exhaust passage 8 is de-
creased, the flow speed of the exhaust gas to be blown
to the turbine wheel 6 becomes faster and the rotation
speed of the turbocharger 4 is increased, thereby in-
creasing the boost pressure of the engine 1. In the mean-
time, when the exhaust-gas flow area of the exhaust pas-
sage 8 is increased, the flow speed of the exhaust gas
to be blown to the turbine wheel 6 becomes slower and
the rotation speed of the turbocharger 4 is decreased,
thereby decreasing the boost pressure of the engine 1.
[0014] FIG. 2 illustrates a detailed structure of the var-
iable nozzle unit 7. As illustrated in the figure, the variable
nozzle unit 7 is configured such that a plurality of variable
nozzles 11 is assembled to a ring-shaped main plate 10
at regular intervals in a circumferential direction of the
main plate 10. The variable nozzles 11 each include a
nozzle pin 23, a nozzle vane 24 (illustrated in a broken
line), and an arm 25. The nozzle pin 23 penetrates
through the main plate 10 in a thickness direction thereof
(a direction perpendicular to a plane of paper). The nozzle
vane 24 is fixed to one end of the nozzle pin 23. The arm
25 is fixed to the other end of the nozzle pin 23. A plate-
shaped unison ring 12 placed on the same axis as a
center line of the main plate 10 and aligned with the main
plate 10 in the thickness direction is assembled to the
variable nozzle unit 7. The unison ring 12 is displaceable
relative to the main plate 10 around the axis (in a circum-
ferential direction). On an inner peripheral surface of the
unison ring 12, a plurality of accommodation portions 26
into which respective ends of the arms 25 of the variable
nozzles 11 are inserted is placed at regular intervals
along the circumferential direction. Further, a notch por-
tion 16 into which an engagement pin 18 for engaging
the actuator 9 (see FIG. 1) with the unison ring 12 is
inserted is also formed on the inner peripheral surface
of the unison ring 12.
[0015] When a driving force of the actuator 9 is applied
to the unison ring 12 via the engagement pin 18, the
unison ring 12 is rotated (displaced in the circumferential
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direction). As a result, the arms 25 of the variable nozzles
11 are pushed by the unison ring 12 so as to pivot the
nozzle pins 23 around their axes, and along with the piv-
oting of the nozzle pins 23, the nozzle vanes 24 pivot
around the nozzle pins 23 at the same time and in the
same direction. The nozzle vanes 24 (the variable noz-
zles 11) perform an opening-closing operation based on
such pivoting of the nozzle vanes 24. Based on the open-
ing-closing operation (an opening-degree change oper-
ation), a size of a gap between adjacent nozzle vanes
24, that is, the exhaust-gas flow area of the exhaust pas-
sage 8 (FIG. 1) for blowing exhaust gas to the turbine
wheel 6 is changed. Due to the change of the exhaust-
gas flow area of the exhaust passage 8, the flow speed
of the exhaust gas to be blown to the turbine wheel 6 is
variable. A notch portion 17 into which a stopper 19 fixed
to the main plate 10 is inserted is also formed on the inner
peripheral surface of the unison ring 12 illustrated in FIG.
2. Due to the notch portion 17 and the stopper 19, the
circumferential displacement of the unison ring 12 is reg-
ulated within a predetermined range.
[0016] FIG. 3 illustrates an attachment state of the var-
iable nozzle unit 7 on the exhaust passage 8 of the tur-
bocharger 4. As can be seen from the figure, the nozzle
vanes 24 of the variable nozzles 11 are sandwiched be-
tween the main plate 10 of the variable nozzle unit 7 and
a side plate 27 aligned therewith in the thickness direction
of the main plate 10 (a right-left direction in the view).
Note that a distance between the main plate 10 and the
side plate 27 is maintained, by a plurality of spacer pins
30 (only one spacer pin 30 is illustrated in FIG. 3) fixed
therebetween, to a distance where the nozzle vanes 24
can be provided between the main plate 10 and the side
plate 27. The unison ring 12 of the variable nozzle unit 7
is placed on that side of the main plate 10 which is op-
posite to the side plate 27.
[0017] Since the variable nozzle unit 7 is provided on
the exhaust passage 8 of the turbocharger 4, the unison
ring 12 and the main plate 10 are exposed to the exhaust
gas. Because of this, foreign substances such as soot
included in the exhaust gas may be accumulated be-
tween the unison ring 12 and the main plate 10, which
may result in that the foreign substances disturb an ap-
propriate operation of the variable nozzles 11. The fol-
lowing describes a structure to deal with such a problem,
more specifically.
[0018] As illustrated in FIGS. 4A and 4B, a gap is
formed between that first facing surface F1 of the unison
ring 12 which is opposed to the main plate 10 and that
second facing surface F2 of the main plate 10 which is
opposed to the unison ring 12. That is, the facing surface
F1 of the unison ring 12 is opposed to the facing surface
F2 of main plate 10 via the gap. The gap makes it difficult
for the foreign substances to be accumulated between
the facing surfaces F1, F2. That is, since a relatively large
gap can be secured between the main plate 10 and the
unison ring 12, even if foreign substances enter into the
gap, the foreign substances are hard to be accumulated

therein. Further, projections 41 that project from one sur-
face F1 out of the facing surfaces F1, F2, toward the
other surface F2 out of the facing surfaces F1, F2 are
provided in the gap. More specifically, a plurality of re-
cessed portions 42 is formed on that surface F1 which
is one of the facing surfaces F1, F2 and is provided closer
to the unison ring 12, at given intervals in the circumfer-
ential direction of the unison ring 12. The projections 41
are provided between the plurality of recessed portions
42 on the surface F1.
[0019] The number and position of the projections 41
are set such that the projections 41 are displaced over
the whole circumferential direction in the gap between
the facing surfaces F1, F2 of the unison ring 12 and the
main plate 10, through the displacement of the unison
ring 12 over a whole displacement range in the circum-
ferential direction to operate the variable nozzles 11 (see
FIG. 2). In the unison ring 12, the accommodation por-
tions 26 into which the respective ends of the arms 25 of
the variable nozzles 11 are inserted are formed in posi-
tions corresponding to the projections 41 thus set.
[0020] The following describes an operation of the var-
iable nozzle turbocharger 4. In the turbocharger 4, when
the unison ring 12 is displaced in the circumferential di-
rection to operate the variable nozzles 11, the foreign
substances such as soot attached to the gap between
the facing surfaces F1, F2 of the unison ring 12 and the
main plate 10 are scraped out from the gap by the pro-
jections 41 that project from the one surface F1 out of
the facing surfaces F1, F2 toward the other surface F2
out of the facing surfaces F1, F2. That is, when the pro-
jections 41 are displaced in the circumferential direction
integrally with the unison ring 12, the foreign substances
attached to the gap between the facing surfaces F1, F2
are pushed by the projections 41, such that the foreign
substances are discharged (scraped) out of the gap. Ac-
cordingly, accumulation of the foreign substances be-
tween the unison ring 12 and the main plate 10 is re-
strained. As a result, it is possible to restrain such a prob-
lem that the foreign substances disturb the circumferen-
tial displacement of the unison ring 12 or the pivoting of
nozzle pins 23 around their axes, that is, it is possible to
restrain such a problem that an appropriate opening-clos-
ing operation of the variable nozzles 11 is disturbed by
the foreign substances.
[0021] According to the above embodiment described
above, it is possible to obtain the following effects. In the
turbocharger 4, when the unison ring 12 is displaced in
the circumferential direction to operate the variable noz-
zles 11, the foreign substances such as soot attached to
the gap between the facing surfaces F1, F2 of the unison
ring 12 and the main plate 10 are scraped out from the
gap by the projections 41 that project from the one sur-
face F1 out of the facing surfaces F1, F2 toward the other
surface F2 out of the facing surfaces F1, F2. Accordingly,
it is possible to restrain accumulation of the foreign sub-
stances between the unison ring 12 and the main plate
10, thereby making it possible to restrain such a problem
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that an appropriate operation of the variable nozzles 11
is disturbed by the foreign substances.
[0022] The projections 41 are provided between the
plurality of recessed portions 42 formed on the one sur-
face F1 out of the facing surfaces F1, F2 of the unison
ring 12 and the main plate 10, at given intervals in the
circumferential direction of the unison ring 12. In view of
this, when the unison ring 12 is displaced in the circum-
ferential direction, the foreign substances attached to the
gap between the facing surfaces F1, F2 can be effectively
scraped out from the gap by the plurality of projections
41 provided between the facing surfaces F1, F2.
[0023] The number and position of the projections 41
are set such that the projections 41 are displaced over
the whole circumferential direction in the gap between
the facing surfaces F1, F2 of the unison ring 12 and the
main plate 10, through the displacement of the unison
ring 12 over the whole displacement range in the circum-
ferential direction to operate the variable nozzles 11. Ac-
cordingly, when the unison ring 12 is displaced over the
whole displacement range in the circumferential direc-
tion, the foreign substances attached to the gap between
the facing surfaces F1, F2 can be more surely scraped
out from the gap by the projections 41.
[0024] The above embodiment can be modified as fol-
lows, for example. The number and position of the pro-
jections 41 are set such that the projections 41 are dis-
placed over the whole circumferential direction in the gap
between the facing surfaces F1, F2 of the unison ring 12
and the main plate 10, through the displacement of the
unison ring 12 over the whole displacement range in the
circumferential direction. However, the number and po-
sition of the projections 41 may not necessarily be set in
this way.
[0025] It is not necessary to provide the plurality of pro-
jections 41. The one surface F1 out of the facing surfaces
F1, F2 may be set on the main plate 10, and the other
surface F2 out of the facing surfaces F1, F2 may be set
on the unison ring 12. In this case, the projections 41
project from the surface F1 of the main plate 10 toward
the surface F2 of the unison ring 12.
[0026] As illustrated in FIG. 5, not only the recessed
portions 42 are formed on the one surface F1 out of the
facing surfaces F1, F2 of the unison ring 12 and the main
plate 10, but also a plurality of recessed portions 43 may
be formed on the other surface F2 at given intervals in
the circumferential direction of the unison ring 12, such
that the recessed portions 43 are opposed to the re-
cessed portions 42. In this case, the distance between
the facing surfaces F1, F2 of the unison ring 12 and the
main plate 10 is increased due to the recessed portions
42, 43 opposed to each other as such, such that the gap
between the facing surfaces F1, F2 can be widened,
thereby resulting in that the foreign substances are hard
to be accumulated in the gap.
[0027] As illustrated in FIG. 6, the plurality of recessed
portions 43 is formed on the other surface F2 out of the
facing surfaces F1, F2 of the unison ring 12 and the main

plate 10, and projections 44 are provided between the
recessed portions 43. Then, the projections 41 formed
on the one surface F1 may be inserted into the recessed
portions 43 formed on the other surface F2, and the pro-
jections 44 formed on the other surface F2 may be in-
serted into the recessed portions 42 formed on the one
surface F1. In this case, the foreign substances attached
to the gap between the facing surface F1, F2 of the unison
ring 12 and the main plate 10 can be scraped out from
the gap by the projections 41 formed on the one surface
F1 and the projections 44 formed on the other surface
F2, along with the circumferential displacement of the
unison ring 12.

Claims

1. A variable nozzle turbocharger for changing a flow
speed of exhaust gas to be blown to a turbine wheel
(6), the variable nozzle turbocharger characterized
by comprising:

a main plate (10);
a unison ring (12) aligned with the main plate in
a thickness direction of the main plate; and
variable nozzles (11) configured such that their
opening degrees are changed along with rota-
tion of the unison ring, wherein:

a first facing surface (F1) of the unison ring
is opposed to a second facing surface (F2)
of the main plate via a gap; and
the first facing surface is provided with a plu-
rality of first projections (41) projecting to-
ward the second facing surface and placed
at intervals along a circumferential direction
of the unison ring.

2. The variable nozzle turbocharger according to claim
1, wherein
the first facing surface includes a plurality of first re-
cessed portions (42) placed at intervals in the cir-
cumferential direction of the unison ring, and
the plurality of first projections and the plurality of
first recessed portions are alternately arranged on
the first facing surface along with the circumferential
direction of the unison ring.

3. The variable nozzle turbocharger according to claim
2, wherein
the second facing surface includes a plurality of sec-
ond recessed portions (43) placed at intervals in the
circumferential direction of the unison ring, and
the plurality of second recessed portions is opposed
to the plurality of first recessed portions provided on
the first facing surface.

4. The variable nozzle turbocharger according to claim

7 8 



EP 2 871 328 A1

6

5

10

15

20

25

30

35

40

45

50

55

2, wherein:

the second facing surface includes a plurality of
second recessed portions (43) placed at inter-
vals in the circumferential direction of the unison
ring, and includes a plurality of second projec-
tions (44) placed at intervals in the circumferen-
tial direction of the unison ring;
the plurality of second projections and the plu-
rality of second recessed portions are alternate-
ly arranged on the second facing surface along
with the circumferential direction of the unison
ring;
the plurality of first projections provided on the
first facing surface is inserted into the plurality
of second recessed portions; and
the plurality of second projections is inserted into
the plurality of first recessed portions.

5. The variable nozzle turbocharger according to claim
2 or 3, wherein:

the number and position of the plurality of first
projections are set such that the plurality of first
projections is displaced over the whole circum-
ferential direction of the unison ring in the gap
between the first facing surface and the second
facing surface, through the circumferential dis-
placement of the unison ring over a whole dis-
placement range of the unison ring to operate
the variable nozzles.

6. The variable nozzle turbocharger according to claim
4, wherein:

the number and position of the plurality of first
projections are set such that the plurality of first
projections and the plurality of second projec-
tions are displaced over the whole circumferen-
tial direction of the unison ring in the gap be-
tween the first facing surface and the second
facing surface, through the circumferential dis-
placement of the unison ring over a whole dis-
placement range of the unison ring to operate
the variable nozzles.
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