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its expanded state.

(57) Abstract: The present invention refers to a mechanic-
al switchable coolant pump 10 for an internal combustion
engine. The pump 10 comprises a stationary pump frame
12, a rotatable pump wheel shaft 14 with a pump wheel 20
arranged at a first end of the pump wheel shaft 14 and a
first clutch ring 24 arranged at the second end of the pump
wheel shaft 14. The pump wheel shaft 14 Is rotatably sup-
ported by the pump frame 12. Further, the pump 10 com-
prises a rotatable pulley wheel arrangement 16 rotatably
supported by the pump frame 12 and rotating independ-
ently of the pump wheel shaft 14. The pulley wheel ar-
rangement 16 comprises a pulley wheel 30 and a second
clutch ring 22, whereby the pulley wheel 30 can be driven
by the combustion engine. The clutch arrangement 18
comprises the first clutch ring 24, the second clutch ring
22, a pretensioning element 34, a pushing wax element 36
and an electrical heating element 38, The pretensioning
element 34 is axially pretensioning one clutch ring into an
engaged position. The pushing wax element 36 pushes the
pretensioned clutch ring into a disengaged position when
the wax element 36 is in its expanded state. The electrical
heating element 38 is provided for heating the wax ele-
ment 36. The clutch is engaged when the electrical heating
is not working because the wax element 36 is in its non-
expanded state. The clutch is disengaged when the elec-
trical heating is working so that the wax element 36 is in
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DESCRIPTION

Mechanical coolant pump

The present invention refers to a mechanical switchable coolant pump for

an internal combustion engine.

A mechanical switchable coolant pump is a coolant pump which is driven
by the combustion engine itself, for example by using a driving belt driving
a pulley-wheel of the coolant pump. The pulley-wheel is driving the pump
wheel shaft or a pump wheel which is rotatably fixed at the pump wheel
shaft. The rotational speed of such a coolant pump is proportional to the
rotational speed of the engine’s crankshaft so that the coolant pump is
running permanently even if no coolant flow is needed by the engine. This
increases the fuel consumption of the combustion engine unnecessarily.
Therefore switchable coolant pumps are used to optimize the energy
consumption of the system. Especially, as long as the combustion engine
is cold and no substantial coolant flow is needed, the coolant pumps can
be switched-off with the result that the combustion engine’s warming-up
phase is shortened, the exhaust emission decreases and the fuel

consumption is reduced,

A mechanical coolant pump of the prior art which is switchable is known
from GB 2 408 775 A. The disclosed coolant pump provides a pump wheel
shaft and a driven shaft. A clutch including a first and a second ciutch
member is provided between both shafts. The first clutch member is

axially moveable into and out of engagement to connect and disconnect
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the pump wheel shaft with the drive shaft. The mechanical clutch of such a
coolant pump Is controlled by a pretensioning element, for example a
spring, and a wax element. The spring biases the first clutch member into
a disengaged position, the wax element pushes the first clutch member
against the biasing force into the engaged position if the temperature of
the coolant is above a limiting value. The wax element is affected by the
coolant temperature itself, However, such a clutch arrangement is not fail-
safe, because the clutch is disengaged if the wax element is broken.

Therefore, it is an object of the present invention to provide a mechanical
switchable cootant pump which overcome the disadvantages of the prior

art.

This object is solved with a mechanical switchable coolant pump with the

features of claim 1.

The mechanical switchable coolant pump for an internal combustion
engine according to claim 1 comprises a stationary pump frame, a
rotatable pump wheel shaft with a pump wheel arranged at a first end of
the pump wheel shaft and a first clutch ring arranged at the second end of
the pump wheel shaft. The pump wheel shaft is rotatably supported by the
pump frame. Preferably, the pump wheel shaft is rotatably supported by a
second anti-friction bearing. Further, the pump comprises a rotatable
pulley wheel arrangement rotatably supported by the pump frame and
rotating independently of the pump wheel shaft. Preferably, the pulley
wheel arrangement is rotatably supported by a first anti-friction bearing
supported by the pump frame. The pulley wheel arrangement comprises a
pulley wheel and a second clutch ring, whereby the pulley wheel can be

driven by the combustion engine, for example by a driving belt.
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The clutch arrangement comprises the first clutch ring, the second clutch
ring, a pretensioning element, a pushing wax element and an electrical
heating element. The pretensioning element is axially pretensioning one
clutch ring into an engaged position. The pushing wax element pushes the
pretensioned clutch ring into a disengaged position when the wax element
is in its expanded state. The electrical heating element is provided for
heating the wax element. The clutch is engaged when the electrical
heating is not working because the wax element is in its non-expanded
state. The clutch is disengaged when the electrical heating is working so
that the wax element is in its expanded state. This arrangement makes
the pump fail-safe because a leaky wax element causes the clutch to be
engaged. Furthermore, using a wax element for switching a coolant pump

clutch is a very economic solution.

Preferably, the wax element is part of and rotatably fixed to the rotatable
pulley wheel arrangement. The wax element pushes directly the second
clutch ring axially into the disengaged position if the electrical heating is
working. Such an arrangement minimizes the instailation space of such a

pump.

According to a preferred embodiment, the electrical heating element is
fixed at the pump frame. The heating element is positioned adjacent and
face to face to the rotatable wax element so that the heat generated by
the heating element is efficiently transferred to the wax element. The wax
element and the heating element are not in direct contact to each other,
The distance between the heating element and the rotating wax element
should be as small as possible to allow a heat transfer which is aimost free

of losses.
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Preferably, the pretensioning element is a part of the pulley wheel
arrangement and is preferably an axial compression spring. The spring
biases the second clutch ring axially into an engaged position, so that the
pump is working even in case of an electrical power loss, so that the pump

is fail-safe,

Preferably, the pulley wheel arrangement is directly rotatably supported
by the pump frame via a first anti-friction bearing and the pump wheel
shaft is directly rotatably supported by the pulley wheel arrangement via a
second anti-friction bearing. The first anti-friction bearing is preferably
connected in series with the second anti-friction bearing. The first anti-
friction bearing can encircle the second anti-friction bearing. This allows a

compact arrangement of the pump.

According to a preferred embodiment, the switching temperature of the
wax element is higher than 120 °C, preferably between 140 and 200 °C,
more preferably between 140 and 180 °C, and most preferred between
140 and 160 °C. The temperature of a coolant in a combustion engine is
typically not higher than 120 °C. A wax element with a switching
temperature higher than 120 °C aveids an unintentional switching of the
wax element caused by a hot coolant. In addition, a switching temperature
above the maximum coolant temperature enables a switching of the wax

elerment independent of the coolant temperature in the engine.

According to a preferred embodiment, the pump comprises a pump control
unit, whereby the pump control unit switches the electrical heating
element on if the coolant temperature of the engine is below a limiting
value and switches the electrical heating element off if the coolant

temperature is above the limiting value, for example 70 to 90 °C.
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One preferred embodiment of the invention is described with reference to

the drawing, wherein

figure 1 shows a perspective partial-sectional view of a mechanical coolant

pump.

Figure 1 shows a mechanical switchable coolant pump 10 for providing a
coolant to an internal combustion engine (not shown). The pump 10
comprises a stationary pump frame 12, a rotatable pump wheel shaft 14,

a pulley wheel arrangement 16 and a clutch arrangement 18.

The pump wheel shaft 14 is provided with a pump wheel 20 arranged at a
first end of the pump wheel shaft 14 and a first clutch ring 24 positioned
at the second end of the pump wheel shaft 14 adjacent to a pulley wheel
30. The pump wheel shaft 14 is rotatably supported by the pump frame 12

via a bearing arrangement,

The pulley wheel arrangement 16 is rotatably supported at the pump
frame 12 by the bearing arrangement, but rotatably independent of the
pump wheel shaft 14. More specifically, the pulley wheel arrangement 16
is directly rotatably supported by the pump frame 12 via a first ball
bearing 26 and the pump wheel shaft 14 is directly rotatably supported by
the pulley wheel arrangement 16 via a second ball bearing 28. Both
bearings 26, 28 are arranged in series. The pulley wheel arrangement 16

s comprises the pulley wheel 30 and a second clutch ring 22. The pulley

wheel 30 can be driven by the combustion engine, for example by using a

driving belt (not shown).
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The clutch arrangement 18 comprises the first clutch ring 24, a shifting
ring 32, the second clutch ring 22, a compression spring 34, a pushing

wax element 36 and an electrical heating element 38,

The compression spring 34 biases axially the shifting ring 32 and the
second clutch ring 22 into an engaged position. Both, the shifting ring 32
and the second clutch ring 22 are directly connected to each other
Further, the second clutch ring 22 is provided with a friction layer (not
shown) at the axial distal side of the clutch ring 22. The pushing wax
element 36 pushes the pretensioned second clutch ring 22 into a
disengaged position when the wax element 36 is in its expanded state.
The electrical heating element 38 is provided for heating the wax element

36 and is stationary fixed at the pump frame 12.

The heating element 38 is positioned adjacent and face to face to the
rotatable wax element 36 so that the heat generated by the heating
element 38 is transferred efficiently to the wax element 36. The wax
element 36 and the heating element 38 are not in direct contact to each
other. The distance between the heating element 38 and the rotating wax
element 36 is as small as possible to allow a heat transfer which is almost
free of losses. The heating element 38 heats the wax element 36 so that
the clutch is disengaged when the electrical heating is working and is
engaged when the electrical heating is not working. More specifically, the
wax element 36 is expanding in a temperature range of approximately of
140 - 200 °C so that the second clutch ring 22 is pushed against the

biasing force of the compression spring 34 into the disengaged position.

The heating element 38 is controlled by a pump control unit 40, whereby
the pump control unit 40 switches the electrical heating element 38 on if

the coolant temperature of the engine is below a limiting value, for
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example 70 - 90 °C, and switches the electrical heating element 38 off if

the coolant temperature is above the limiting value.
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CLAIMS

Mechanical switchable coolant pump (10) for an internal combustion
engine, comprising:

a stationary pump frame (12),

a rotatable pump wheel shaft (14) with a pump wheel (20) and a first
clutch ring (24), whereby the pump wheel shaft (14) is rotatably
supported by the pump frame(12),

a rotatable pulley wheel arrangement (16) rotatably supported by the
pump frame (12) independent of the pump wheel shaft (14), the
pulley wheel arrangement (16) comprising a pulley wheel (30) and a
second clutch ring (22), whereby the pulley wheel (30) can be driven
by the combustion engine, and

a clutch arrangement (18) comprising the first clutch ring (24), the
second clutch ring (22), a pretensioning efement (34) axially
pretensioning one clutch ring (22) into an engaged position, a
pushing wax element (36) pushing the pretensioned clutch ring into a
disengaged position and an electrical heating element (38) heating
the wax element (36), whereby the clutch is engaged when the
electrical heating is not working and is disengaged when the electrical

heating is working.

Mechanical switchable coolant pump (10) of claim 1, whereby the wax
element (36) is part of and rotatably fixed to the pulley wheel

arrangement (16).
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3.

Mechanical switchable coolant pump (10) of claim 1 or 2, whereby the
electrical heating element (38) is fixed at the pump frame (12).

Mechanical switchable coofant pump (10) of one of the preceding
claims, whereby the pretensioning element (34) is a part of the pulley

wheel arrangement {16).

Mechanical switchable coolant pump (10) of one of the preceding
claims, whereby the pulley wheel arrangement (16) is directly
rotatably supported by the pump frame (12) and the pump wheel
shaft (14) is directly rotatably supported by the pulley wheel

arrangement {16).

Mechanical switchable coolant pump (10) of one of the preceding
claims, whereby the switching temperature of the wax element (36) is
higher than 120 °C, preferably between 140 and 200 °C.

Mechanical switchable coolant pump (10) of claim 4, whereby the

pretensioning element (34) is a compression spring.

Mechanical switchable coolant pump (10) of one of claims 1 to 7,

comprising:

a pump control unit (40), whereby the pump controi unit (40)
switches the electrical heating element (38) on if the coolant
temperature of the engine is below a limiting value and switches the
electrical heating element off if the coolant temperature is above the

limiting value,
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