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ABSTRACT

The present invention relates to a construction machine with
automatic fan rotational speed regulation. The construction
machine includes at least one electric motor that is connected
functionally to a respective fan and a control unit formed for
the purpose of registering operation-specific data. The control

unitis

configured for the purpose of regulating, depending on

the operation-specific data, an electric output of the respec-
tive electric motor in order to adjust a desired target fan
rotational speed on the fan.
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CONSTRUCTION MACHINE WITH
AUTOMATIC FAN ROTATIONAL SPEED
REGULATION

FIELD OF THE INVENTION

[0001] The present invention relates to a construction
machine, particularly to a road paver or a feeder, with auto-
matic fan rotational speed regulation, and to a method for the
automatic regulation and control of a cooling system of a
construction machine.

BACKGROUND OF THE INVENTION

[0002] In practical application, diesel motors are used as
the main engines in road pavers. Both the diesel motors and
the assemblies driven by them have, due to their degree of
efficiency, thermal power loss that must be dissipated by a
cooler in order to prevent the driven assemblies from over-
heating.

[0003] It is known that in current pavers, three working
media, namely cooling water, charge air and hydraulic oil, are
cooled to the required temperatures by means of heat
exchangers. In order to ensure airflow through the heat
exchangers, a fan is a component of the cooling system.
[0004] In the case of conventional road pavers, the fan is
connected rigidly to the diesel motor so that the fan takes on
an operating rotational speed equal to the diesel motor rota-
tional speed at all times. This is detrimental because even in
the case of a short-term rise in the diesel motor rotational
speed, the fan likewise runs at a higher speed, as a result of
which considerable noise can develop. Such synchronous
operating performance of the ventilator is, however, not
needed in practice, because the fan operation depends more
on the required temperatures of the working media than on a
need to be driven synchronously with the diesel motor rota-
tional speed.

[0005] As an alternative to a rigid coupling of the fan to the
diesel motor, in practice hydraulically driven fans are used on
road pavers. This has the disadvantage, however, that hydrau-
lic losses must be accepted in the fan drive. In addition, the
financial expenditure increases enormously if one wants to
optimise the degree of efficiency of a hydraulic fan drive.

OBIJECTS OF THE INVENTION

[0006] The object of the invention is therefore to create a
construction machine, particularly a road paver or a feeder, in
which the provision of a cooling flow is adapted optimally to
the operating conditions of the construction machine,
whereby simple, economical instruments are used to do so. A
method for improved regulation and control of a cooling
system is another object of the invention.

[0007] These objects are achieved with the apparatus and
methods of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0008] The invention relates to a construction machine,
particularly to a road paver or a feeder, with automatic fan
rotational speed regulation. For this purpose, the construction
machine comprises a drive unit, a control unit and a cooling
unit that comprises at least one fan. The at least one fan is
provided for the purpose of producing a cooling airflow. The
cooling airflow is used, for example, for the purpose of cool-
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ing working media, principally cooling water, charge air and
hydraulic oil, to a temperature required for the operation of
the construction machine.

[0009] In particular, the control unit of the construction
machine is configured for the purpose of registering opera-
tion-specific data. This is explained in more detail in the
following.

[0010] According to the invention, the cooling unit of the
construction machine comprises at least one regulatable elec-
tric motor that is connected functionally to the respective fan.
The electric motor is provided to drive the fan in order that the
fan produces the required cooling airflow in order to ensure
corresponding cooling. Furthermore, according to the inven-
tion the control unit is configured for the purpose of regulat-
ing, depending on the operation-specific data, an electric
output of the respective electric motor in such a manner that
a desired target fan rotational speed can be adjusted on the
fan.

[0011] As aresult, the invention offers the technical advan-
tage that regulation of the fan rotational speed of the construc-
tion machine can be carried out by an electric motor provided
specially for this purpose or by a plurality of electric motors
provided for this purpose in such a manner that a rigid cou-
pling with the drive unit can be avoided. The use of the electric
motor likewise offers an economical alternative to the use of
hydraulic drives. On the basis of the electric motor used,
maintenance and service costs in particular can thereby be
reduced.

[0012] The regulation and control of the electric motor as
needed by means of the control unit, depending on the opera-
tion-specific data, makes it possible to reduce the noise level
during the operation of the construction machine. This is due
to the fact that the fan is no longer, as in the case of conven-
tional construction machines, connected rigidly to the diesel
motor, and instead can be regulated by the control unit on a
situation-by-situation basis depending on the operation-spe-
cific data. As a result, the desired and required target fan
rotational speed can be optimally adjusted to the operating
state of the construction machine.

[0013] It is also to be expected that due to the operation-
related control of the electric motor or of the fan coupled to
the said electric motor, these components will have an
improved life expectancy, thereby reducing the operational
costs of the construction machine.

[0014] Inan advantageous embodiment of the invention, a
load factor and/or a rotational speed of the drive unit can be
registered by the control unit as operation-specific data. The
load factor can, for example, be provided for the purpose of
describing an operating state of the construction machine,
such as a paving run, a transport run or a run during the
moving of the construction machine on the paving field. On
the other hand, the drive unit describes the momentary diesel
motor rotational speed of the drive unit, which can rise or fall
during the use of the construction machine. The registering of
the load factor, for example, of the rotational speed of the
drive unit, by the control unit is made possible by means of a
functional connection of this control unit to the drive unit.
Above all, this offers the technical advantage that operation-
specific data of the drive unit, namely the load factor and/or
the diesel motor rotational speed, can be registered at any time
during the operation of the construction machine in order to
adjust the desired fan target rotational speed on the basis of
this information.
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[0015] Ina further embodiment of the invention, the control
unit is configured for the purpose of registering an intake
temperature and/or an ambient temperature of the construc-
tion machine, as operation specific data. To register the intake
temperature and/or the ambient temperature, instruments can
be provided that are connected functionally to the controller
in such a way that the temperatures registered by the control-
ler are taken into account in the calculation of the desired
target fan rotational speed. By means of registering the intake
temperature or ambient temperature, it is possible to optimise
the fan operation according to the weather conditions.
[0016] It is also advantageous if the control unit is config-
ured for the purpose of registering as operation-specific data
the temperatures of the charge air, the cooling air and/or the
hydraulic oil of the construction machine. During the opera-
tion of the construction machine, it is particularly important
to maintain these operating media, namely the charge air,
cooling air, and hydraulic oil, at a particular temperature in
order for the supplied assemblies to function smoothly.
Depending on the temperature specification of the operating
media, the fan can be regulated by the controller in such a way
that the operating media, namely the charge air, cooling air
and/or hydraulic oil, are maintained at the specified tempera-
ture. As a result, the operation of the construction machine
can be improved.

[0017] In order to determine the desired target fan rota-
tional speed, preferably at least one mapping is provided for
the control unit. The mapping is formed for the purpose of
determining the desired target fan rotational speed on the
basis of the operation-specific data in order, based on this
target fan rotational speed, to carry out the driving of the
electric motor by means of the control unit. The mapping
offers a simple solution for the control unit to determine the
desired target fan rotational speed. By using a plurality of
mappings, different operating states of the construction
machine can be regulated with specific ventilation adapted to
them.

[0018] The control unit is preferably configured for the
purpose of activating a predetermined mapping in light of the
rotational speed of the drive unit, in order thereby to deter-
mine the target fan rotational speed. As a result, a preliminary
selection of the mapping best suited for calculating the target
fan rotational speed can be made in order to adapt the fan
rotational speed specially to the current operating state of the
construction machine.

[0019] In an embodiment of the invention, the control unit
is configured such that the target fan rotational speed can be
determined on the basis of the activated mapping, in that the
mapping determines the target fan rotational speed in light of
the load factor of the drive unit and in light of the ambient
temperature. This offers the technical advantage that both
specific data of the surroundings of the construction machine
and specific data of the actual operation of the drive unit are
taken into consideration for calculating the target fan rota-
tional speed.

[0020] Alternatively to this, in a further embodiment of the
invention it is provided that the control unit is configured for
the purpose of determining the target fan rotational speed by
means of the predetermined mapping in light of the charge air,
cooling air and/or hydraulic oil temperature. The determina-
tion of the target fan rotational speed can thereby take place
by means of any combination of the operating temperatures,
namely, of the charge air, cooling air and/or hydraulic oil
temperature. The operating media can consequently be main-
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tained at the required operating temperature on the basis of
the mapping calculation of the target fan rotational speed in
this regard, because they are correspondingly supplied with a
cooling airflow by the fan.

[0021] In order to bring the fan to the desired target fan
rotational speed, a corresponding supply voltage must be
applied to the electric motor. It is therefore preferably to be
provided that the control unit comprises power electronics
that supply the electric motor with a particular, changeable
voltage in light of the determined target fan rotational speed.
The power electronics thus ensure that a sufficient power
supply of the electric motor is brought about in order to bring
the fan to the target fan rotational speed obtained, e.g., by
means of the previously mentioned mapping calculation.
[0022] Ina further embodiment ofthe invention, the control
unit comprises instruments that are formed for the purpose of
subjecting each of the operation-specific data registered by
the control unit to averaging. This is then advantageous if the
electric motor is to be prevented from being driven too fre-
quently by the control unit, which could make the response
behaviour of the fan hectic. By means of these instruments of
the control unit provided for averaging, it is possible to reg-
ister operation-specific data during a predetermined time
period during the paving run in order to calculate an averaged
registered quantity that can be taken for the fan regulation. On
the basis of the averaging by the control unit, it is likewise
possible to reduce the computing effort such that the control
unit does not run the risk of heating up.

[0023] Itwould be advantageous to form the control unit for
the purpose of registering operation-specific data at a sam-
pling rate of at least 2, preferably at least 20 values within at
least a second in order to form the averaged value from them.
This means that at least 20 operation-specific pieces of data of
the same kind are enlisted for averaging within a predeter-
mined time interval. Particularly advantageous would be if
the control unit is formed for the purpose of registering the
respective operation-specific data in second intervals,
whereby a total of at least twenty pieces of the respective
registered data is enlisted for averaging each time. As aresult,
it is possible to regulate the fan in such a way that no hectic
regulation occurs, whereby the noise development during
operation can likewise be reduced.

[0024] Inorderto prevent an abrupt change from one target
fan rotational speed to a newly calculated target fan rotational
speed, it is preferably provided that the control unit comprises
an instrument for attenuation that is formed for the purpose of
adjusting the target fan rotational speed slowly. The instru-
ment for attenuation could, for example, comprise a ramp
function by means of which a slow increase in the target fan
rotational speed can be achieved. The instrument for attenu-
ation or the ramp function specifies a gradient by means of
which a stepwise, selective adjustment of the target rotational
speed is possible. The gradient of the ramp function is thereby
flat in such a way that the operation of the paver does not get
the impression of a jump in the rotational speed. On the other
hand, the gradient of the ramp function is steep enough that
there is a rapid adjustment to the fan rotational speed in order
to counteract overheating of the cooling system. In a particu-
larly advantageous embodiment of the invention, it is pro-
vided that the gradient of the ramp function lies in a range
from 0.1 revolutions per second to 200 revolutions per sec-
ond, whereby the gradient is preferably roughly 12 revolu-
tions per second. In this way, the fan function can be opti-
mised.
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[0025] In a further embodiment of the invention, it is pro-
vided that the control unit comprises memory that is formed
for the purpose of storing particular operation-specific data
during the operation of the construction machine. Further-
more, the memory can selectively store intermediate results
of calculation steps within the controller. The values stored by
the memory can, for example, be retrieved in the case of
certain operating states of the construction machine, as a
result of which swift calculation of the target fan rotational
speed is possible.

[0026] The cooling unit preferably comprises a sensor that
registers the actual fan rotational speed and forwards this
information to the control unit. In this way, it is possible to
monitor the operation of the fan.

[0027] The invention also relates to a method for the auto-
matic regulation and control of a cooling system of a con-
struction machine. For this purpose, a control unit is provided
that registers operation-specific data of the construction
machine and that determines, on the basis of these data, a
desired target fan rotational speed. In reaction to this, the
control unit supplies an electric motor that is provided for the
cooling system with a voltage that is provided in such a way
that a fan connected to the electric motor reaches the desired
target fan rotational speed.

[0028] An embodiment of the invention is illustrated by
FIG. 1. FIG. 1 shows a schematic configuration of the con-
struction machine 1, such as it is provided according to the
invention.

[0029] The construction machine 1 can be aroad paveror a
feeder. The construction machine 1 comprises a drive unit 80
that is connected to a pump transfer gear 81. The drive unit is
additionally connected functionally to a control unit 60. The
dashed arrows 130, 140 thereby indicate that the control unit
60 can register a load factor as well as the rotational speed of
the drive unit.

[0030] The control unit is furthermore connected function-
ally to a cooling unit 3. The cooling unit 3 comprises an
electric motor 90 as well as a fan 70 that is coupled to the
electric motor 90.

[0031] A dotted line 120 is used to indicate that a power
supply runs from the control unit 60 to the electric motor 90.
The dashed arrow 100 that runs from the electric motor 90 to
the control unit 60 makes it clear that an actual fan rotational
speed can be registered by the control unit 60.

[0032] The control unit 60 is likewise formed for the pur-
pose of registering temperatures of a charge air 30 and a
cooling air 40 and the temperature of the hydraulic 0il 50. The
temperature registration of the charge air 30, the cooling air
40 and the hydraulic oil 50 is depicted by means of dashed
lines 31, 41, 51, which run in the direction of the control unit
60. A dashed arrowed line 21 indicates that the control unit 60
can register an ambient temperature 10 as well as an intake
temperature 20.

[0033] The control unit 60 comprises at least one mapping
150 which is formed for the purpose of determining the
desired target fan rotational speed, for example, on the basis
of'the correlation of the load factor and the ambient tempera-
ture or intake temperature. In the presence of a plurality of
mappings 150, it is provided that a corresponding mapping
150 can be activated depending on the diesel motor rotational
speed.

[0034] The control unit 60 furthermore comprises an
instrument 300 that is provided selectively for an averaging of
the registered specific data 2. The registered specific data 2
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can comprise the load factor, the diesel motor rotational
speed, the charge air temperature, the cooling air temperature,
the hydraulic oil temperature, the ambient temperature and/or
the intake temperature.

[0035] By means of the instrument 300 for averaging, the
controlunit 60 registers a plurality of values of each measured
value at a sampling rate of from 2 to 1000 values within ten
milliseconds to 360 seconds. An average value is formed from
the registered values. The registration preferably takes place
at a sampling rate of at least 20 values within at least one
second. This prevents fast short and large load jumps from
being reflected in the fan rotational speed and the creation of
unpleasant noise fluctuations during operation. It is also pro-
vided that the instrument 300 is formed to carry out alterna-
tive averaging by means of a sliding average, geometric aver-
age, harmonic average, quadratic average or cubic average.
[0036] The control unit furthermore comprises an instru-
ment for attenuation 240. In this way, possible rotational
speed jumps on the fan 70 can be attenuated by means of a
ramp function provided for the instrument 240. The instru-
ment for attenuation 240 is configured for the purpose of
carrying out a stepwise adjustment of the actual fan rotational
speed until the target fan rotational speed is reached. The
stepwise adjustment of the target fan rotational speed takes
place by means of a defined gradient that is specified for the
instrument for attenuation 240. The gradient of the instrument
240, meaning the ramp function, should be so flat that the
operator of the construction machine does not have the
impression of a jump in the rotational speed. On the other
hand, the gradient is present to such an extent that the target
fan rotational speed rises quickly enough to prevent overheat-
ing ofthe cooling system 3. A ramp gradient between 0.1 and
200 revolutions per second is conceivable, whereby prefer-
ably a gradient of roughly 12 revolutions per second is given.
[0037] Memory 160 is furthermore provided for the control
unit 60. The operation-specific data can be stored in the
memory 160, whereby the storage of intermediate results of
calculation steps within the controller 60 is also selectively
possible in the memory 160.

[0038] Finally, the control unit 60 comprises power elec-
tronics 110. The power electronics 110 are configured for the
purpose of ensuring a supply voltage, meaning a power sup-
ply for the electric motor 90. The magnitude of the supply
voltage that is provided to the electric motor by the power
electronics 110 depends on the determined target fan rota-
tional speed.

[0039] Road pavers require the maximum cooling air vol-
ume flow only in extreme working conditions with very high
ambient temperatures and very high motor capacity utilisa-
tion. This operating state rarely arises, however, so that the
target fan rotational speed can be reduced for a multitude of
application cases and consequently can lead to reduced noise
onthe road paver. If the fan 70 is not operated at the maximum
design point of the paver 1, the reduced target fan rotational
speed allows fuel to be saved. Compared to a hydraulically
driven fan, the fan drive according to the invention with the
electric motor 90 has a better overall degree of efficiency.
[0040] The invention likewise offers the technical advan-
tage that the target fan rotational speed can be determined
depending on the load factor and the ambient temperature 10,
as a result of which a fast response time of the fan 70 is
possible in order to prevent the machine from overheating.
Because the load factor and the ambient temperature 10 are
already present at a point in time during the heating-up pro-
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cess of the cooling media 30, 40, 50, the target fan rotational
speed can be adjusted before a temperature rise in the cooling
unit 3. Dead times are consequently bypassed, because the
correct cooling airflow can be adjusted by the cooler 70
before a possible overheating. This is possible with the elec-
tric motor 90 provided specially for the cooling unit indepen-
dently of the current diesel motor rotational speed of the drive
unit 80.

[0041] Due to the fact that the fan 70 does not have to be
positioned close to the drive shaft of the drive unit 80, as is the
case for directly driven fans, the position of the cooling unit 3,
particularly of the fan 70, can be selected freely within the
construction machine 1.

[0042] Particularly with regard to the increasingly intensi-
fied constructed space issues caused by complex exhaust gas
aftertreatment systems, it is advantageous not to be tied to
fixed positions within the construction machine 1 for the
arrangement of the cooling unit 3.

[0043] As has already been described, a plurality of fans 70
can be provided for the cooling unit 3, whereby each can be
driven by a plurality of electric motors 90. With a plurality of
electrically driven fans 70, it is consequently possible to
separately control the temperature of the media that are to be
cooled, for example, separately control the temperature of the
charge air, cooling air and/or hydraulic oil, according to their
respective individual cooing air requirements.

[0044] In addition, it would be conceivable to implement
diagnostic functions in the control unit. If it should come
about that the temperatures cannot be registered correctly,
this could make it possible to avoid overheating of the con-
struction machine 1. For example, the function of the tem-
perature sensors could be diagnosed.

[0045] Theinvention relates to a construction machine with
an improved cooling air supply so that no overheating of the
construction machine occurs. The cooling unit 3 can thereby
be driven according to the situation, conditional on operation-
specific data 2. At least one electric motor is provided spe-
cially for the cooling unit 3, whereby said electric motor
ensures an efficient and economical solution in order to pro-
vide the required cooling airflow by means of the coupled fan
70.

1. Construction machine with automatic fan rotational
speed regulation comprising a drive unit, a control unit con-
figured for the purpose of registering operation-specific data
and, a cooling unit that comprises at least one fan in order to
produce a cooling airflow wherein

the cooling unit comprises at least one regulatable electric

motor) that is functionally connected to the respective
fan and

the control unit being configured for the purpose of regu-

lating based on specific operating data of the construc-
tion machine an electric output of the respective electric
motor in order to adjust a desired target fan rotational
speed on the fan.

2. Construction machine according to claim 1, wherein the
control unit is configured for the purpose of registering a load
factor and/or a rotational speed of the drive unit by means of
the operation-specific data.

3. Construction machine according to claim 1, wherein the
control unit is configured for the purpose of registering an
intake temperature and/or an ambient temperature of the con-
struction machine by means of the operation-specific data.

4. Construction machine according to claim 1, wherein the
control unit is configured for the purpose of registering at
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least one of a charge air temperature, cooling air temperature
and/or hydraulic oil temperature in response to receipt of the
operation-specific data.

5. Construction machine according to claim 1, wherein the
controlunit comprises at least one mapping which is provided
for determining the target fan rotational speed.

6. Construction machine according to claim 5, wherein
based on the rotational speed of the drive unit, the control unit
is configured for the purpose of activating a predetermined
mapping in order to determine the target fan rotational speed.

7. Construction machine according to claim 6, wherein the
control unit is configured to determine the target fan rota-
tional speed based on the predetermined mapping in light of
particular operation-specific data particularly in light of the
load factor of the drive unit and in light of the ambient tem-
perature.

8. Construction machine according to claim 6, wherein the
control unit determines the target fan rotational speed by
means of the predetermined mapping in light of the charge air
temperature, cooling air temperature and/or hydraulic oil
temperature.

9. Construction machine according to claim 1, wherein the
control unit comprises power electronics that supply the elec-
tric motor with a predetermined voltage in light of the deter-
mined target fan rotational speed.

10. Construction machine according to claim 1, wherein
the control unit comprises an instrument that is formed for the
purpose of subjecting the operation-specific data registered
by means of the control unit to averaging.

11. Construction machine according to claim 10, wherein
the instrument is formed for the purpose of registering at least
ten, preferably at least twenty, operation-specific data in order
from them to form an average.

12. Construction machine according to claim 1 wherein the
control unit comprises an instrument for attenuation that is
formed for the purpose of adjusting the target fan rotational
speed smoothly, without steps.

13. Construction machine according to claim 1, that the
control unit comprises a memory that is formed for the pur-
pose of storing particular operation-specific data during the
operation of the construction machine.

14. Construction machine according to claim 2, wherein
the cooling unit comprises a sensor that is formed for the
purpose of registering the actual fan rotational speed and
forwarding this to the control unit.

15. Method for the automatic regulation and control of a
cooling system of a construction machine which comprises
providing a control unit that registers operation-specific data
of the construction machine and, determines based on the
registered data a desired target fan rotational speed, and sup-
plying from the control unit an electric motor that is provided
for the cooling system with a regulatable voltage in order to
achieve the desired target fan rotational speed on a fan con-
nected to the electric motor.

16. A road paving machine comprising:

a plurality of operational components for depositing a pav-

ing layer on the road surface,

a drive unit,

a control unit that collects and registers operation specific

data on the performance of the road paving machine, and

a cooling unit comprising at least one adjustable speed

electric motor connected to at least one fan for cooling
the operational components of the road paving machine,
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the control unit regulating the electric output of the sponding to the operation specific data on the perfor-
respective electric motor in response to operation spe- mance of the road paving machine.
cific data collected and registered by the control unit
to set the rotational speed of the fan to a speed corre- L



