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Description

[0001] The present invention relates to a coolant pump
such as may be employed to pump coolant for an internal
combustion engine. More particularly, the invention re-
lates to a coolant pump that has its seal located at least
partially within the bearing for the pulley actuating the
coolant pump.
[0002] In the art of coolant pumps used for industrial
applications, especially water pumps for cooling internal
combustion engines for automobiles and like vehicles, a
conventional water pump 10 having the features shown
in Figure 1 is known. The conventional pump 10 includes
a pulley 15 disposed on one end of a rotatable shaft 20,
wherein the shaft 20 is supported by a bearing 25 pressed
into housing 30. Shaft 20 actually forms a part of the
bearing 25, and optionally a hub (not shown) may be
disposed between the pulley 15 and the shaft 20. On the
other end of shaft 20, an impeller 35 is disposed so that
when the pulley 15 is rotated by a drive or actuator belt
(not shown), the shaft 20 and impeller 35 rotate with the
pulley 15. In this way, the impeller 35 is rotated with the
pulley so as to cause movement of water or other coolant
within the coolant system for the internal combustion en-
gine.
[0003] To prevent coolant from leaking out of the cool-
ant system, the water pump 10 includes a seal 40 that is
separated axially from the bearing 25 by a space 45, As
is known in the art, the seal 40 is not 100% effective so
that some small amount of coolant leaks from the coolant
system and contaminates the bearing 25. The conven-
tional water pump 10 has the drawback that the leaked
coolant contaminating the bearing 25 collects in space
45 and eventually causes damage to the bearing 25,
which shortens the operating life of the bearing 25 and
of the pump 10. Bearing contamination occurs despite
the fact that space 45 is contiguous with one or more
holes or channels for draining out leaked coolant. How-
ever, coolant contamination of the bearing still occurs,
especially if there is a significant leakage of coolant.
[0004] One recent improvement over the conventional
water pump 10 is a so-called external bearing water pump
50 such as shown in Figure 2. The external bearing pump
50 includes a shaft 55 upon which is attached a pulley
60 at one end and an impeller 65 at the other end. The
pulley 60 is supported by bearing 70 that is attached to
housing 75. Thus, when a drive or actuator belt (not
shown) is used to rotate the pulley 60, the shaft 55 and
impeller 65 are also rotated so that the impeller 65 causes
coolant to move in the coolant system for an internal com-
bustion engine.
[0005] As shown in Figure 2, the external bearing pump
50 also includes a seal 80 and a space 85 located inside
the housing. The seal 80, however, is not 100% effective
so that some coolant leaks from the coolant system and
enters space 85. However, instead of contaminating the
bearing 70 the leaked coolant evaporates and then dis-
sipates through holes 62 formed in the pulley 60.

[0006] However, both the conventional water pump 10
and the external bearing pump 50 suffer from the follow-
ing drawbacks. First, these water pumps are not space
efficient. More particularly, the spaces 45 and 85 of
pumps 10 and 50, respectively, are underutilized spaces
that add to the axial dimension of the pump. Second, with
respect to the external bearing pump 50, the pulley 60
located at one end of the pump 50 not only rotates the
shaft 55, but due to imperfections in axial alignment may
also introduce some degree of runout or wobble of the
shaft about its axial axis. Such runout of the shaft 55
about its axial axis creates potential damage of the seal
80 of the pump 50 and the seal 80 does not work under
ideal conditions. The farther the seal 80 is located from
the point of attachment of the pulley 60 with its shaft 55
the more pronounced the effects to the seal will be due
to the misalignment the pulley imparts along the shaft.
[0007] EP 1188931 A1, US 3934966 A, DE 3716028,
JP 2004 232507 A, US 5217350 A, WO 2006/035552 A1
and US 388040 A disclose coolant pumps with a bearing
comprising an inner bearing ring and an outer bearing
ring. The pulley wheel is defined by a separate part.
[0008] The present invention endeavors to provide an
improved coolant pump that maintains the advantages
of the external bearing coolant pump while overcoming
the disadvantages of the external bearing and conven-
tional coolant pumps. Accordingly, a primary object of
the present invention is to overcome the disadvantages
of prior art coolant pumps.
[0009] In accordance with the above objectives, of the
present invention provides a coolant pump that includes
(1) a housing having an internal axis; (2) a bearing dis-
posed on an outside of the housing; (3) a shaft disposed
along the internal axis of the housing, wherein the shaft
is journaled by the bearing so as to be rotatable; (4) an
impeller disposed on the shaft so as to rotate with the
shaft; and (5) a seal disposed on the shaft at least partially
inside of the bearing so that the bearing overlaps the seal
along the internal axis of the housing, wherein the bearing
has an inner diameter, the seal has an outer diameter,
and the inner diameter of the bearing is greater than the
outer diameter of the seal.
[0010] In accordance with the present invention, the
coolant pump is modified so that the bearing comprises
an inner ring defining said inner diameter and an outer
ring disposed to rotate on the inner ring, wherein the inner
ring is fixed to the housing.
[0011] In accordance with the present invention, the
pulley further comprises a belt engaging portion adapted
to engage an actuator belt to rotate the pulley and actuate
the coolant pump.
[0012] In accordance with the present invention, the
coolant pump further comprises a support member con-
nected to the outer ring of the bearing so that the support
member is rotatable with the outer ring, wherein the sup-
port member also has a central portion attached to the
shaft so that when the outer ring is rotated, the outer ring
of the bearing, the support member, the shaft and the
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impeller rotate together. In accordance with the present
invention, the outer ring of the bearing defines a belt en-
gaging portion adapted to engage an actuator belt to ro-
tate the outer ring and actuate the coolant pump. In ac-
cordance with yet another embodiment of the invention,
the bearing further comprises one or more tracks of rolling
elements sandwiched between the inner ring and the out-
er ring of the bearing.
[0013] In accordance with another embodiment of the
invention, the coolant pump may be further modified so
that the seal is a dynamic seal. In accordance with still
other embodiments of the present invention, the coolant
pump may be modified so that the seal is a lip seal. In
accordance with another embodiment of the present in-
vention, the seal prevents leakage of coolant when the
impeller is in contact with coolant from a cooling system
of an internal combustion engine.
[0014] In accordance with still another embodiment of
the present invention, the bearing further comprises one
or more tracks of rolling elements sandwiched between
the inner ring and the outer ring of the bearing.
[0015] In accordance with another embodiment of the
present invention, an internal combustion engine com-
prises a cooling system connected to a coolant pump,
wherein the coolant pump includes: (1) a housing having
an internal axis; (2) a bearing disposed on an outside of
the housing; (3) a shaft disposed along the internal axis
of the housing, wherein the shaft is journaled by the bear-
ing so as to be rotatable; (4) an impeller disposed on the
shaft so as to rotate with the shaft; and (5) a seal disposed
on the shaft at least partially inside the bearing so that
the bearing overlaps the seal along the internal axis of
the housing, wherein the bearing has an inner diameter
and the seal has an outer diameter, and the inner diam-
eter of the bearing is greater than the outer diameter of
the seal.
[0016] Further objects, features and advantages of the
present invention will become apparent from the Detailed
Description of Illustrative Embodiments, which follows,
when considered with the attached drawings.

Figure 1 is a cut away perspective view of a conven-
tional water pump for a automobile engine.

Figure 2 is a cut away perspective view of an external
bearing water pump for an automobile en-
gine.

Figure 3 is a cut away perspective view of an embod-
iment of the coolant pump.

Figure 4 is an exploded view of the embodiment
shown in Figure 3.

Figure 5 is a cross-sectional schematic view of a cool-
ant pump.

Figure 6 is a schematic cross-sectional view of a dy-

namic seal.

Figure 7 is a schematic cross-sectional view of an em-
bodiment of the present invention.

[0017] The apparatus of the present invention is a cool-
ant pump as shown in Figure 7, where like parts are des-
ignated by like character references. As shown in Figures
3 and 4, a coolant pump 90, includes a housing 95 that
has a cylindrical portion 97, and a bearing 100 is securely
mounted on the outer surface of the cylindrical portion
97 so that the inner ring of the bearing 100 is fixedly and
immovably attached to the outer surface of the cylindrical
portion 97. The bearing 100 may take on a variety of
forms. For example, as shown in Figures 3, 4 and 5, the
bearing 100 may be a ring structure including an inner
ring 102, an outer ring 104, and one or more tracks 106
containing rolling elements 108, such as ball bearings,
rollers, cones, etc. When mounted to the housing cylin-
drical portion 97, the bearing inner ring 102 is immovably
fixed to the housing 95 but the bearing outer ring 104 is
mounted so as to be able to rotate about the axis of the
cylindrical portion 97 of the housing 95.
[0018] An inner surface of a pulley 110 is mounted on
the outer ring 104 of the bearing 100 so that the pulley
110 rotates with the outer ring 104. The pulley 110 in-
cludes the inner surface and an outer surface and may
have a cup-shape. The outer surface of the pulley 110
includes a belt engaging portion 112 and an end portion
114, The belt engaging portion 112 engages a drive or
actuator belt connected to a motor or engine (not shown),
which rotates the pulley 110 and actuates the pump 90,
The end portion includes a plurality of holes 116 formed
therein, and one central lipped portion 117 providing a
surface for attaching to the shaft 120. As shown in Figure
5, the pulley is a pulley 111 that could include both a cup-
shaped portion 113 and an extension portion 115, where-
in it is the extension portion that provides the surface for
engaging the drive or actuator belt 210. The extension
portion 115 may also optionally be provided with a sleeve
300. The cup-shaped portion 113 may include a plurality
of holes formed therein and may optionally include one
central lipped shaped portion providing a surface for at-
taching to the shaft 120 by press fit just like the pulley
110. However, as shown in Figure 5, other possible con-
nections between the pulley 111 and the shaft 120 in-
clude welding 250. Although not illustrated, other possi-
ble connections between pulley 111 and shaft 120 in-
clude stamping, pulling in one piece, and different ge-
ometries for the pres fit.
[0019] The shaft 120 is fixedly attached, at one end,
to the pulley 110 so that the shaft and pulley rotate to-
gether as a unit as evident from Figure 3. The shaft 120
may be press fitted, welded, attached by adhesive,
stamped, or press fit with a different geometry to the pul-
ley 110, or the pulley 110 may be integrally formed with
the shaft 120. An impeller 130 is fixedly attached to the
other end of the shaft so that the shaft 120, pulley 110
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and impeller 130 are axially aligned and rotate together
as a unit. The shaft 120 may be press fitted, welded or
attached by adhesive, to a lipped portion 132 of the im-
peller 130. When assembled, the shaft 120 is located in
the housing 95. The impeller 130 can, however, have
any suitable structure and is not limited to the preferred,
detailed structure shown in the figures. Likewise, housing
95 can have different shapes and is not limited to the
structural details shown in the figures. Furthermore,
housing 95 may integrate other functions or components,
such as but not limited to sealing, thermostat housing,
left tensioner support, etc.
[0020] As shown in Figure 3, and also as shown in the
embodiment of Figure 5, the pump 90 includes a seal
140 that is disposed on the shaft 120 such that the seal
140 is located at least partially inside of the inner ring
102 of the bearing 100. Thus, there is no axial separation
of the seal 140 from the bearing 100 along the axis of
the shaft 120 because the bearing at least partially over-
laps the seal. Also as shown in Figure 3, the outer diam-
eter of the cylindrical portion 97, and of the inner surface
of the bearing 100, exceeds the maximal outer diameter
of the seal 140. While the present invention contemplates
that the bearing 100 at least partially overlaps the seal
140, it is within the scope of the present invention for the
seal 140 to be located wholly within the axial dimensions
of the inner ring 102 of the bearing 100.
[0021] The seal 140 provides a seal to prevent coolant
201, such as water, radiator fluid, anti-freeze, and the
like, from leaking from the cooling system 200, in which
the impeller 130 of the pump 90 is disposed. The cooling
system 200 may be that of an internal combustion engine
E as indicated by Figure 5. The seal 140 may be a dy-
namic seal (also known as a "face seal" or a "mechanical
seal"), such as disclosed in U.S. Patent 4,650,196 to
Bucher et al. and U.S. Patent 5,538,259 to Uhrner et al,
or it may be a lip seal, or any other suitable type of seal.
Other kinds of dynamic seals, such as may be used in
the present invention, are disclosed in U.S. Patent
2,322,834 to Dornhofer, U.S. Patent 2,717,790 to Cham-
bers, Jr. et al, U.S. Patent 2,994,547 to Dolhun et al, U.
S. Patent 3,782,735 to Novosad, U.S. Patent 4,415,167
to Gits, U.S. Patent 5,676,382 to Dahlheimer, U.S. Patent
6,145,841 to Maeda, and U.S. Patent 6,789,803 B2 to
Radosav. U.S. Patent 4,650,196, U.S. Patent 5,538,259,
U.S. Patent 2,322,834, U.S. Patent 2,717,790, U.S. Pat-
ent 2,994,547, U.S. Patent 3,782,735, U.S. Patent
4,415,167, U.S. Patent 5,676,382, U.S. Patent
6,145,841, and U.S. Patent 6,789,803 B2. A dynamic
seal 150, in accordance with the present invention and
as described in U.S. Patent 5,538,259, is schematically
illustrated in Figure 6 to include a slide ring 152, a coun-
tering 151 and a biasing member 153 (such as a spring)
that forces the slide ring against the counterring. The
dynamic seal 150 shown in Figure 6 also includes one
or more support elements or structural components 157,
158.
[0022] The present invention is employed without a

separate designated pulley structure as shown in Figure
7. In the embodiment of Figure 7, the bearing structure
has been modified so that bearing 170 is a ring structure
disposed on the cylindrical portion 97 of the housing 95
such that its inner ring 102 is immovably fixed to the hous-
ing. However, bearing outer ring 180 is constructed so
as to provide a surface 182 for engaging the actuator or
drive belt 211. In other words, the actuator or drive belt
211 directly or indirectly engages the outer ring 180 of
the bearing 170, which provides surface 182 for engaging
with the actuator or drive belt 211. The bearing 170 in-
cludes one or more tracks 106 containing rolling ele-
ments 108 so that the outer ring 180 is able to rotate
about the axis X-X of the shaft 120 or of the cylindrical
portion 97 of the housing 95.
[0023] A support 190 is provided to connect the outer
ring 180 to the shaft 120.
In this way, the bearing 170 functions as both a bearing
ring and a pulley. As shown in Figure 7, the support 190
includes an end portion 192 for connecting the outer ring
180 of the bearing 170. The support 190 also includes a
central lipped shaped portion 194 providing a surface for
attaching to the shaft 120 just like the pulley 110. Of
course, it can be appreciated as shown above that dif-
ferent means of connection shaft and support are also
possible within the scope of the invention.
[0024] As shown in Figure 7, the seal 140 is disposed
in housing 95 so as to belocated at least partially or wholly
inside of the inner surface 172 of the bearing 170. As
with the previously described embodiment of the present
invention, the seal 140 may be a dynamic seal, or a lip
seal, or any other suitable seal. Furthermore, it goes with-
out saying that the housing 95, pulley 110, bearing 100
or 170 (and inner and outer rings), and support 190 may
be made of any suitable material, such as steel, alumi-
num, ceramic, or may be made of any suitable plastic or
elastomer material. It is also within the scope of the
present invention that the pulley 110 or 111 may be in-
tegrally formed as one piece with shaft 120. It is also
within the scope of the present invention that the support
190 and the outer ring 180 may be integrally formed as
one piece. It is also within the scope of the present in-
vention that the support 190 and the shaft 120 may be
integrally formed as one piece.
[0025] In Figure 7, surface 182 of outer ring 180 is
shown as a ribbed surface for engaging a ribbed surface
of the drive belt 211. However, it is within the scope of
the present invention for the surface 182 of the outer ring
180 to be flat so as to engage a flat actuator or drive belt,
or to have any other suitable shape for engaging a drive
belt. Likewise, while pulleys 110 and 111 have been il-
lustrated in Figures 3 and 7, respectively, as having a flat
surface for engaging actuator or drive belt 210, it is within
the scope of the present invention for pulleys 110, 111
to be provided with a flat, ribbed or other suitably shaped
surface for engaging a flat, ribbed or other suitably
shaped actuator or drive belt.
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Claims

1. A coolant pump comprising:

- a housing (95) having an internal axis;
- a bearing (100) disposed on an outside of the
housing (95);
- wherein the bearing (100) comprises an inner
ring (102) defining said inner diameter and an
outer ring (180) disposed to rotate on the inner
ring, wherein the inner ring (102) is fixed to the
housing (95);
- a shaft (120) disposed along the internal axis
of the housing (95), wherein the shaft (120) is
journaled by the bearing (100) so as to be rotat-
able;
- an impeller (130) disposed on the shaft (120)
so as to rotate with the shaft (120);
- a seal (140) disposed on the shaft (120) at least
partially inside of the bearing (100) so that the
bearing (100) overlaps the seal (140) along the
internal axis of the housing (95), wherein the
bearing (100) has an inner diameter, the seal
(140) has an outer diameter, and the inner di-
ameter of the bearing (100) is greater than the
outer diameter of the seal (140), and
- a support member (190) connected to the outer
ring (180) of the bearing (100) so that the support
member (190) is rotatable with the outer ring
(180), wherein the support member (190) also
has a central portion attached to the shaft (120)
so that when the ring portion is rotated, the outer
ring (180) of the bearing (100), the support mem-
ber (190), the shaft (120) and the impeller (130)
rotate together;

the coolant pump being characterised in that the
outer ring (180) of the bearing defines a belt engag-
ing portion adapted to engage an actuator belt (211)
to rotate the outer ring (180) and actuate the coolant
pump.

2. A coolant pump (90) as recited in claim 1, wherein
the seal is a dynamic seal (150).

3. A coolant (90) pump as recited in claim 1, wherein
the seal is a lip seal (140).

4. A coolant pump as recited in one of claims 1-3,
wherein the seal (140) prevents leakage of coolant
(201) when the impeller (130) is in contact with cool-
ant (201) from a cooling system of an internal com-
bustion engine E.

5. A coolant pump (90) as recited in one of the preced-
ing claims, wherein the bearing (100) further com-
prises one or more tracks of rolling elements (106,
108) sandwiched between the inner ring (102) and

the outer ring (104) of the bearing (100).

6. A coolant pump (90) as recited in one of the preced-
ing claims, wherein the pulley (100) further compris-
es a belt engaging portion (115) adapted to engage
an actuator (210) belt to rotate the pulley (110) and
actuate the coolant pump (90).

Patentansprüche

1. Kühlmittelpumpe mit:

- einem Gehäuse (95) mit einer Innenachse;
- einem Lager (100), das an einer Außenseite
des Gehäuses (95) angeordnet ist;
- wobei das Lager (100) einen Innenring (102),
der den Innendurchmesser definiert, und einen
Außenring (180) aufweist, der derart angeord-
net ist, dass er sich auf dem Innenring dreht,
wobei der Innenring (102) an dem Gehäuse (95)
befestigt ist;
- einer entlang der Innenachse des Gehäuses
(95) angeordneten Welle (120), wobei die Welle
(120) mittels des Lagers (100) drehbar gelagert
ist;
- einem Laufrad (130), das auf der Welle (120)
derart angeordnet ist, dass es sich mit der Welle
(120) dreht;
- einer Dichtung (140), die auf der Welle (120)
zumindest teilweise innerhalb des Lagers (100)
derart angeordnet ist, dass das Lager (100) die
Dichtung (140) entlang der Innenachse des Ge-
häuses (95) überlappt, wobei das Lager (100)
einen Innendurchmesser aufweist, die Dichtung
(140) einen Außendurchmesser aufweist, und
der Innendurchmesser des Lagers (100) größer
als der Außendurchmesser der Dichtung (140)
ist,
- einem Stützelement (190), das mit dem Au-
ßenring (180) des Lagers (100) derart verbun-
den ist, dass das Stützelement (190) mit dem
Außenring (180) drehbar ist, wobei das Stütze-
lement (190) ferner einen zentralen Bereich auf-
weist, der an der Welle (120) angebracht ist, so
dass, wenn der Ringbereich gedreht wird, der
Außenring (180) des Lagers (100), das Stütze-
lement (190), die Welle (120) und das Laufrad
(130) sich zusammen drehen;

wobei die Kühlmittelpumpe dadurch gekennzeich-
net ist, dass
der Außenring (180) des Lagers einen Riemenein-
griffsbereich bildet, der geeignet ist, mit einem Ak-
tuatorriemen (211) zusammenzugreifen, um den Au-
ßenring (180) zu drehen und die Kühlmittelpumpe
zu betätigen.
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2. Kühlmittelpumpe (90) nach Anspruch 1, bei welcher
die Dichtung eine dynamische Dichtung (150) ist.

3. Kühlmittelpumpe (90) nach Anspruch 1, bei welcher
die Dichtung eine Lippendichtung (140) ist.

4. Kühlmittelpumpe nach einem der Ansprüche 1 - 3,
bei welcher die Dichtung (140) ein Austreten von
Kühlmittel (201) verhindert, wenn das Flügelrad
(130) mit Kühlmittel (201) aus einem Kühlsystem ei-
nes Verbrennungsmotors E in Kontakt ist.

5. Kühlmittelpumpe (90) nach einem der vorhergehen-
den Ansprüche, bei welcher das Lager (100) ferner
eine oder mehrere Bahnen von Wälzkörpern (106,
108) aufweist, die zwischen dem Innenring (102) und
dem Außenring (104) des Lagers (100) angeordnet
sind.

6. Kühlmittelpumpe (90) nach einem der vorhergehen-
den Ansprüche, bei welcher die Riemenscheibe
(100) ferner einen Riemeneingriffsbereich (115) auf-
weist, der geeignet ist, mit einem Riemen des Aktu-
ators (210) zusammenzugreifen, um die Riemen-
scheibe (110) zu drehen und die Kühlmittelpumpe
(90) zu betätigen.

Revendications

1. Pompe à liquide de refroidissement (90) avec:

- un carter (95) avec un axe interne;
- un palier (100) disposé à l’extérieur du carter
(95);
- le palier (100) comprenant une bague intérieu-
re (102) définissant ledit diamètre intérieur et
une bague extérieure (180) disposée de sorte
qu’elle tourne sur la bague intérieure, la bague
intérieure (102) étant fixée au carter (95).
- un arbre (120) disposé le long de l’axe interne
du carter (95), l’arbre (120) étant supporté par
le roulement (100) de sorte qu’il peut tourner;
- une roue (130) disposée sur l’arbre (120) de
sorte qu’elle tourne avec l’arbre (120); et
- un joint (140) disposé sur l’arbre (120) au moins
partiellement à l’intérieur du palier (100) de sorte
que le roulement (100) chevauche le joint (140)
le long de l’axe interne du carter (95), le roule-
ment (100) ayant un diamètre intérieur, le joint
(140) ayant un diamètre extérieur et le diamètre
intérieur du roulement (100) est supérieur au
diamètre extérieur du joint (140), et
- un élément de support (190) relié à la bague
extérieure (180) du palier (100) de sorte que
l’élément de support (190) puisse tourner avec
la bague extérieure (180), l’élément de support
(190) également ayant une partie centrale fixée

à l’arbre (120) de sorte que, lorsque la partie
d’anneau tourne, la bague extérieure (180) du
palier (100), l’élément de support (190), l’arbre
(120) et la roue (130) tournent ensemble,

la pompe à fluide de refroidissement étant caracté-
risée en ce que
la bague extérieure (180) du palier forme une partie
de mise en prise avec une courroie adaptée pour
engager une courroie d’actionneur (211) pour faire
tourner la bague extérieure (180) et pour actionner
la pompe à liquide de refroidissement.

2. Pompe à fluide de refroidissement (90) selon la re-
vendication 1, dans laquelle le joint d’étanchéité est
un joint dynamique (150).

3. Pompe à fluide de refroidissement (90) selon la re-
vendication 1, dans laquelle le joint d’étanchéité est
un joint à lèvres (140).

4. Pompe à fluide de refroidissement selon l’une des
revendications 1 - 3, dans laquelle le joint d’étan-
chéité (140) empêche les fuites de liquide de refroi-
dissement (201) lorsque la roue (130) est en contact
avec le liquide de refroidissement (201) provenant
d’un système de refroidissement d’un moteur à com-
bustion interne E.

5. Pompe à liquide de refroidissement (90) selon l’une
quelconque des revendications précédentes, dans
laquelle le palier (100) comprend en outre une ou
plusieurs pistes d’éléments roulants (106, 108) pri-
ses en sandwich entre la bague intérieure (102) et
la bague extérieure (104) du roulement (100).

6. Pompe à liquide de refroidissement (90) selon l’une
quelconque des revendications précédentes, dans
laquelle la poulie (100) comprend en outre une partie
de mise en prise de courroie (115) adaptée pour en-
gager une courroie d’actionneur (210) pour faire
tourner la poulie (110) et pour actionner la pompe à
liquide de refroidissement (90).

9 10 



EP 1 988 293 B1

7



EP 1 988 293 B1

8



EP 1 988 293 B1

9



EP 1 988 293 B1

10



EP 1 988 293 B1

11



EP 1 988 293 B1

12



EP 1 988 293 B1

13

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

• EP 1188931 A1 [0007]
• US 3934966 A [0007]
• DE 3716028 [0007]
• JP 2004232507 A [0007]
• US 5217350 A [0007]
• WO 2006035552 A1 [0007]
• US 388040 A [0007]
• US 4650196 A, Bucher  [0021]
• US 5538259 A, Uhrner [0021]

• US 2322834 A, Dornhofer [0021]
• US 2717790 A, Chambers, Jr. [0021]
• US 2994547 A, Dolhun  [0021]
• US 3782735 A, Novosad [0021]
• US 4415167 A, Gits [0021]
• US 5676382 A, Dahlheimer [0021]
• US 6145841 A, Maeda [0021]
• US 6789803 B2, Radosav [0021]


	bibliography
	description
	claims
	drawings
	cited references

