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(57) Abrégée/Abstract:

In an automotive milling machine (1), comprising a machine frame (2), comprising a controller (3) for the travelling and milling
operation, comprising a working drum (22), comprising a transport conveyor (12) for discharging the milled material (14) milled off

by the working dru
conveyor (12) Is s
elevation angle, anr

provided for the fol

m (22) onto a loading surface (15) of a transport vehicle (10) comprising a rear wall (60), where the transport
ewable, relative to the machine frame (2), about a first axis (21) extending essentially horizontally under an
d sideways about a second axis (23) extending orthogonally to the first axis (20) under a slewing angle, it is
owing features to be achieved: a detection device (50) Is arranged on the bottom side of the transport conveyor

(12), where said detection device (50) Is used to Initiate an activation signal in case of the transport conveyor (12) approaching an
object, Iin particular, the rear wall (60) of the loading surface (15).
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Abstract

In an automotive milling machine (1), comprising a machine frame (2), compris-
ing a controller (3) for the travelling and milling operation, comprising a working
drum (22), comprising a transport conveyor (12) for disch‘arging the milled ma-
terial (14) milled off by the working drum (22) onto a loading surface (15) of a
transport vehicle (10) comprising a rear wall (60), where the transport conveyor
(12) is slewable, relative to the machine frame (2), about a first axis (21) ex-
tending essentially horizontally under an elevation angle, and sideways about a
second axis (23) extending orthogonally to the first axis (20) under a slewing
angle, it is provided for the following features to be achieved: a detection device
(50) is arranged on the bottom side of the transport conveyor (12), where said
detection device (50) is used to initiate an activation signal in case of the

transport conveyor (12) approaching an object, in particular, the rear wall (60) of

the loading surface (15).



CA 02901038 2015-08-19

Automotive milling machine, as well as method for dis-

charging milled material

The invention relates to an automotive milling machine in accordance with the
pre-characterizing clause of claim 1, a method for discharging milled material in
accordance with the pre-characterizing clause of claim 10, as well as a road or

ground working unit in accordance with claim 15.

With an automotive milling machine, it iIs known to discharge the milled material

onto no less than one transport vehicle comprising a {oading surface.

The milling machine comprises a controller for the travelling and milling opera-
tion, as well as a working drum for the milling of, for example, a road pavement.
A transport conveyor device, for example, a transport conveyor device compris-
ing no less than one transport conveyor, is present in front of or behind the work-
ing drum as seen in the direction of travel. The transport conveyor device com-
prises a discharge end at which the milled material is discharged onto the loading
surface of the no less than one transport vehicle via a flight path in the form of a
parabolic trajectory attributable to the conveying speed. The last or single trans-

port conveyor of the transport conveyor device as seen in the direction of trans-
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port may be slewed sideways, relative to the longitudinal axis of the milling ma-
chine, under a specifiable slewing angle to the left or right and may be adjustable

in height via a specifiable elevation angle. In addition, the conveying speed of

the transport conveyor may be adjustable.

In practical operation, problems arise in coordinating the milling machine with

the transport vehicle.

With a forward-loading milling machine, for example, the milled material is dis-
charged towards the front onto the transport vehicle driving ahead. The operator
of the milling machine needs to signal to the vehicle driver of the transport vehi-
cle as to when the transport vehicle is to continue moving forward and when it is
to stop. This leads to problems because the operator basically needs to concen-
trate on the milling process and at the same time needs to avoid a collision with
the transport vehicle driving ahead. The information is usually communicated by
means of sounding a horn so that, as soon as the vehicle driver of the transport
vehicle hears the horn sounding, the transport vehicle is moved forward by a
certain distance. In this context, a problem arises in the situation where the ve-
hicle driver of the transport vehicle fails to hear the horn alert or if another vehi-
cle driving past emits a horn alert. DE 10 2009 041 842 A addresses these prob-
lems. The following problems may arise: If the vehicle driver fails to hear the
horn alert, and if the same does not drive the transport vehicle forward, this may
cause a collision of the slewable transport conveyor of the transport conveyor
device with the transport vehicle, or the operator of the milling machine needs to

stop the continuous milling process.

If another vehicle driving past emits a horn alert, the vehicle driver of the trans-
port vehicle may erroneously be of the opinion that he has to stop his vehicle. In

this case, there is also the risk of collision.

An additional problem lies in the fact that the operator of the milling machine al-
so needs to deal with loading the loading surface by adjusting the slewing angle,
elevation angle and conveying speed of the last or single transport conveyor of
the transport conveyor device as seen in the direction of transport and is thus

distracted from his actual task of carrying out the milling operation. A correction



CA 02901038 2015-08-19

of the slewing angle may be required, for example, when altering the steering di-

rection of the milling machine.

In case of a rearward-loading milling machine, problems also arise in coordinating
the milling machine with the transport vehicle especially as the transport vehicle
needs to drive behind the milling machine in reverse travel. An even higher level
of stress results for the operator of the milling machine as he needs to control
the milling process in forward travel on the one hand, and needs to monitor load-
ing of the transport vehicle behind the milling machine as seen in the direction of
travel, needs to control the slewing angle, elevation angle and/or conveying
speed of the transport conveyor device, and needs to communicate the neces-

sary information to the vehicle driver on the other.

It is generally known to measure the distance between the milling machine and
the transport vehicle by means of ultrasonic measuring systems or other distance
measuring systems in order to avoid collisions between the milling machine and
the transport vehicle. It is a problem in this context that the different transport
vehicles do not have a uniform reference surface which the distance measurement
could refer to. A different height of the rear wall of the transport vehicles and a
different incline of the transport conveyor, in conjunction with different slewing
angles of the transport conveyor, lead to collisions of the transport conveyor with
the rear wall at entirely different distances between the milling machine and the
transport vehicle. Basically, there is the problem that a sensor can only be aligned
to non-clearly defined reference surfaces of different transport vehicles with con-
siderable difficulty. Further problems exist if the transport vehicle is not aligned
rectilinearly with the milling machine, or the transport container of the transport
vehicle exhibits a slanting or, in any case, non-vertical rear wall. Distance meas-
uring systems fail in particular if the transport vehicle is moved at a lateral offset

to the milling machine and the transport conveyor can collide with a corner of the

container.

It is therefore the object of the invention to specify an automotive milling machine
as well as a method for discharging milled material of a milling machine which, in
all operating situations, prevent damages to the milling machine during the coor-

dination of the discharging process.
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The aforementioned object is achieved by the features of claims 1 and 10, respec-

tively.

The invention advantageously specifies for a detection device to be arranged on
the bottom side of the transport conveyor, where said detection device is used to
initiate an activation signal in case of the transport conveyor approaching an ob-

ject, in particular, the rear wall of the loading surface.

A collision with the container of the transport vehicle is safely prevented by
means of the detection device arranged on the bottom side of the transport con-
veyor, irrespective of the elevation angle or slewing angle of the transport con-
veyor adjusted, irrespective of the relative angular position of the transport vehi-
cle to the milling machine, and irrespective of the shape of the container at the
rear wall and of the height of the rear wall of the container. The detection device
offers the specific advantage of being independent of the movements of the trans-

port vehicle and milling machine relative to one another.

It is preferably specified for the detection device to comprise no less than one
planar-shaped or no less than one linear-shaped sensing element. Such sensing
element is able to detect, on the bottom side of the transport conveyor over an
extended section underneath the transport conveyor, contact with an object early

and irrespective of the slewing position of the transport conveyor.

It Is preferably specified for the sensing element to extend symmetrically to a
longitudinal centre line of the transport conveyor and/or to extend at an essen-
tially parallel distance to the transport conveyor. This enables a collision to be de-

tected early without the transport conveyor, on the bottom side, and/or the colli-

sion object being damaged.

The sensing element may be flexible and may be comprised of a pull rope or of a
flexible surface structure and extends linearly. The flexible sensing element may
also be deflectable in order to maintain an essentially uniform distance to the
bottom side of the transport conveyor and for adaptation to a curved shape of

the transport conveyor.
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Alternatively, the sensing element is rigid and is comprised of, for example, a rec-

tangular-shaped plate element.

In case of contact with the rear wall of a loading surface or another object, the
flexible or rigid sensing element of the detection device acts on the sensor which

generates the activation signal and transmits it to the controller.

With a flexible sensing element, a tensile force may be detected at the ends of
the element which arises through the displacement of the sensing element. A rig-
id sensing element may, for example, be attached to the transport conveyor in a

parallelogram-type fashion so that the displacement of the suspension can be de-

tected by the sensor.

A preferred embodiment specifies for the controller, in the presence of an activa-
tion signal, to generate a control signal for the reduction of the advance speed
or for machine stoppage, and/or to increase the elevation angle of the transport
conveyor, and/or to generate a drive signal for the vehicle driver of the transport

vehicle.

It may alternatively or additionally be specified for the controller, in the presence
of an activation signal, to generate an alarm signal and/or a signal for the reduc-

tion of the conveyor belt speed.

Reducing the conveyor belt speed serves to ensure that no milled material is dis-
charged onto the roof of the driver’s cabin of the transport vehicle by shortening

the parabolic trajectory of the milled material.

The sensing element may be coupled to no less than one mechanically operata-

ble or capacitive or inductive or optoelectronic sensor.

Alternatively, the sensing element may be formed of multiple capacitive or induc-
tive or optoelectronic sensors arranged in a linearly or planarly distributed fash-

lon.
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According to a further alternative, the sensing element may be formed of no less

than one light barrier.

It is possible to generate a locomotion control signal, for example, a visual or an
audible signal, in accordance with the activation signal. Locomotion control signals

for the transport vehicle have been generally described in DE 10 2009 041 842
Al.

The aforementioned object is also achieved by the features of claim 10.

The method according to the invention specifies for a detection device to be used
on the bottom side of the transport conveyor, said detection device being used to
generate an activation signal in the event of the transport conveyor approaching

an object, in particular, the rear wall of the loading surface.

A preferred embodiment specifies for the controller to comprise a detection and
control unit which automatically controls positioning of a point of impingement of

the milled material.

Such controller enables the operator of the milling machine to concentrate on the
milling operation and on travelling along a specified milling track. An automatic
discharging procedure is thus realized which ensures automatic coordination of
the discharging procedure with the movement of the milling machine and of the

transport vehicle even when cornering. For example, the slewing angle of the last
or single transport conveyor of the transport conveyor device as seen in the di-
rection of transport may also be controllable in accordance with the steering an-

gle of the automotive milling machine.

Hereinafter, embodiments of the invention are illustrated in more detail with ref-

erence to the drawings.

The following is shown:

Fig. 1 a forward-loading road milling machine,
Fig. 2 a rearward-loading road milling machine,

Fig. 3 a top view of a milling machine according to Fig. 1,
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/
Fig. 4 a further embodiment,
Fig. 5 a view of the bottom side of the transport conveyor according to Fig. 1,
Fig. 6 an alternative embodiment,
Fig. 7 a further embodiment with sensors arranged in a planar fashion, and
Fig. 8 an embodiment comprising a light barrier.

Fig. 1 shows a milling machine 1 using as an example a forward-loading road mill-
Ing machine 1la. Said milling machine 1 comprises a machine frame 2 which is
supported by a chassis 4 comprised of, for example, tracked ground-engaging
units or wheels, said chassis 4 being connected to the machine frame 2 via no
less than three height adjustment devices in the design of lifting columns 5. As
can be inferred from Fig. 2, the embodiment specifies four lifting columns 5 which
can be used to bring the machine frame 2 into a specifiable plane extending pref-
erably parallel to the road surface 6 which supports the tracked ground-engaging

units of the chassis 4.

The road milling machine shown in Fig. 1 comprises, in longitudinal direction of

the milling machine 1a, a working drum 22 between the tracked ground-engaging

units of the chassis 4.

The milling machines 1a, 1b may comprise tracked ground-engaging units and/or
wheels. The working drum may be adjustable in height via the lifting columns 5

supporting the machine frame 2 or relative to the machine frame 2.

Other designs of a milling machine 1b may also exhibit the working drum 22, for
example, at the height of the rear tracked ground-engaging units or wheels of the

chassis 4.

The transport conveyor device with no less than one transport conveyor 11, 12 for
transporting away the milled-off milled material may also be arranged at the front

end 7 or rear end 8 of the milling machine 1a, 1b.

Fig. 2 shows a rearward-loading milling machine 1b as an example in which the

transport vehicle 10 drives behind the milling machine 1 in reverse travel.
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Provided that sufficient space is available on the side next to the milling machine
1a, 1b, the transport vehicle 10 may also be moved in forward travel in front of

the milling machine 1 on a different track as shown in Figure 3.

The directions of travel of the respective vehicles in Figs. 1 to 3 are indicated by

dlrfOwWS.,

In the embodiment shown in Fig. 1, the milled material milled off by the working
drum 22 is discharged onto the loading surface 15 of the transport vehicle 10 via
a first permanently installed transport conveyor 11 of the transport conveyor de-
vice which transfers the milled material 14 onto a second slewable transport con-
veyor 12. As a result of the speed of the transport conveyor 12, the milled mate-
rial 14 is not discharged immediately at the end of the transport conveyor 12,
but the milled material follows a parabolic trajectory so that the point of im-
pingement 16 on the loading surface 15 is present at a distance from the free
end 13 of the transport conveyor 12. The transport conveyor 12 is slewable from
a neutral position to the left or to the right via piston-cylinder units 18 in order to
be able to discharge the milled material 14 onto the loading surface 15 even
when cornering or in the event of the transport vehicle 10 driving in an offset
track. In addition, the vehicle driver of the milling machine 1a, 1b can adjust the
elevation angle of the transport conveyor 12 by means of a piston-cylinder unit
20. The elevation angle has an influence on the parabolic trajectory of the milled
material 14 and on the position of the point of impingement 16, as has the con-

veying speed of the transport conveyor 12.

The currently adjusted elevation angle about a horizontal first axis 21 or slewing
angle about a vertical second axis 23, respectively, is reported to a detection and

control unit 24 further comprising no less than one detector 26 which continu-
ously detects the position of the loading surface 15 and/or of the last or single
transport conveyor 12 as seen in the direction of transport. Said detector 26 is
arrangeable either at the milling machine 1a, 1b, at the end facing the transport

conveyor device, or at the free end 13 of the transport conveyor 12.

The detection and control unit 24 is capable of being integrated into the control-

ler 3 for the travelling and milling operation or, as a minimum, is connectable to
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the same in order to, should the need arise, also obtain data on the travel speed

and/or a detected steering angle of the milling machine 1a, 1b and the conveying

speed of the transport conveyor 12.

Figs. 1 and 2 show a detection device 50 on the bottom side of the transport con-
veyor 12, said detection device 50 comprising a linear-shaped sensing element
52. The sensing element 52 may be comprised of, for example, no less than one
rope-type or wire-type element which extends essentially parallel and at a dis-
tance to the transport conveyor 12 and is clamped at the ends of the same in
such a fashion that no less than one sensor 56 can detect a displacement of the

sensing device 52.

The sensing element 52 extends preferably symmetrically to a longitudinal centre
line 40 of the transport conveyor 12, as can best be inferred from Figs. 5 and 6.
The sensing element 52 may, for example, be formed of wire ropes (Fig. 6) or of
a flexible surface structure which is fastened similar to the linear-shaped sensing
element in such a fashion that a displacement of the surface structure when in
contact with an object or with the rear wall 60 of the transport vehicle 10 initiates,
via no less than one sensor 56, an activation signal which is feedable to the con-

troller 3.

The sensing element may also be comprised of a rigid plate element which is at-
tached at the transport conveyor 12 in a parallelogram-type fashion as shown in
Figs. 4 and 5. In this arrangement, the sensors 56 may be designed, for exam-
ple, as rotary angle sensors which, at the joints, can detect a movement of the
suspension 54. It is understood that the plate-shaped sensing element 52 can be
retained in its unloaded position, for example, by means of spring force, and is

displaced only in the event of contact with an object.

The sensing elements 52 may each be coupled to no less than one mechanicaily

operatable sensor or to a capacitive or inductive or optoelectronic sensor.

According to an alternative illustrated in Fig. 7, the detection device 50 may, in
the areas of the flexible or rigid sensing elements 52 inferable from Figs. 1 to 6,
be formed of multiple capacitive or inductive or optoelectronic sensors 58 arranged

in a linearly or planarly distributed fashion.
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According to a further alternative shown in Fig. 8, the detection device 50 may
be formed, for example, in the areas of the flexible or rigid sensing elements 52

inferable from Figs. 1 to 6, of no less than one light barrier 54.

The longitudinal extension of the detection device 50 may essentially extend over
the major part of the length of the transport conveyor 12, as is shown in Fig. 1,
or may extend to a partial area being of interest only, as is illustrated in Figs. 2
and 4.

The detection and control unit 24 can locate the alterable position of the loading
surface 15 of the transport vehicle 10 and of the transport conveyor 12 relative
to the machine frame 2, and continuously and automatically control positioning of
the point of impingement 16 of the milled material 14 via the slewing angle
and/or the elevation angle and/or the conveying speed of the transport conveyor
device so that the discharged milled material 14 impinges, as a minimum, within
the loading surface 15. Alternatively, the alterabie position of the loading surface
15 of the transport vehicle 10 may also be continuously located relative to the

transport conveyor 12 in order to perform the control operation.
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Claims

1. Automotive milling machine (1),

- comprising a machine frame (2),

- comprising a controller (3) for the travelling and milling operation,

- comprising a working drum (22),

- comprising a transport conveyor (12) for discharging the milled mate-
rial (14) milled off by the working drum (22) onto a loading surface
(15) of a transport vehicle (10) comprising a rear wall (60),

- where the transport conveyor (12) is slewable, relative to the machine
frame (2), about a first axis (21) extending essentially horizontally un-
der an elevation angle, and sideways about a second axis (23) extend-

ing orthogonally to the first axis (20) under a slewing angle,

characterized in that

a detection device (50) is arranged on the bottom side of the transport
conveyor (12), where said detection device (50) is used to initiate an acti-
vation signal in case of the transport conveyor (12) approaching an object,
in particular, the rear wall (60) of the loading surface (15).

2. Milling machine (1) in accordance with claim 1, characterized in that the
detection device (50) comprises no less than one planar-shaped or no less

than one linear-shaped sensing element (52).

3. Milling machine (1) in accordance with claim 2, characterized in that the
sensing element (52) extends symmetrically to a longitudinal centre line
(40) of the transport conveyor (12) and/or extends at an essentially par-

allel distance to the transport conveyor (12).

4. Milling machine (1) in accordance with claim 2 or 3, characterized in that
the sensing element (52) of the detection device (50), in case of contact
with an object, acts on a sensor (56) which generates the activation sig-

nal.
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Milling machine (1) in accordance with one of the claims 1 to 4, character-
ized in that the controller (3), in the presence of an activation signal, gen-

erates a control signal for the reduction of the advance speed or for ma-
chine stoppage, and/or increases the elevation angle of the transport

conveyor (12), and/or generates a drive signal for the vehicle driver of

the transport vehicle (10).

Milling machine (1) in accordance with one of the claims 1 to 5, character-
ized in that the controller (3), in the presence of an activation signal,

generates an alarm signal and/or a signal for the reduction of the convey-

or belt speed.

Milling machine (1) in accordance with one of the claims 2 to 6, character-
ized in that the sensing element (52) is coupled to no less than one me-

chanically operatable or capacitive or inductive or optoelectronic sensor

(56).

Milling machine (1) in accordance with claim 2, characterized in that the
sensing element (52) is formed of multiple capacitive or inductive or op-

toelectronic sensors (52) arranged in a linearly or planarly distributed

fashion.

Milling machine (1) in accordance with claim 2 or 3, characterized in that

the sensing element (52) is formed of no less than one light barrier.

Method for discharging worked-off milled material (14) of an automotive
milling machine (1) onto a loading surface (15) of a transport vehicle (10),

where
- the milling machine (1) is controlled for the travelling and milling oper-

ation,

- the milled material (14) worked off by a working drum (22) is dis-
charged onto the loading surface (15) of a transport vehicle (10) by a
transport conveyor (12) which is slewable sideways relative to the ma-
chine frame (2) of the milling machine (1) under a slewing angle and

adjustable under an elevation angle with regard to the discharge

height,
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characterized in that

a detection device (50) is used on the bottom side of the transport con-
veyor (12), said detection device (50) being used to generate an activation

signal in the event of the transport conveyor (12) approaching an object.

Method in accordance with claim 10, characterized in that no less than one
planar-shaped or no less than one linear-shaped sensing element (52) is

used for the detection device (50).

Method in accordance with one of the claims 10 or 11, characterized in
that, in the presence of an activation signal, a control signal is generated
for the reduction of the advance speed or for machine stoppage, and/or
the elevation angle of the transport conveyor (12) is increased, and/or a
drive signal for the vehicle driver of the transport vehicle (10) is gener-
ated.

Method in accordance with one of the claims 10 to 12, characterized in
that, in the presence of an activation signal, an alarm signal or a signal for

the reduction of the conveyor belt speed is generated.

Method in accordance with one of the claims 10 to 13, characterized in

that positioning of a point of impingement (16) of the milled material (14)

on the loading surface (15) is controlled automatically.

Road or ground working unit comprising an automotive milling machine (1)
and no less than one transport vehicle (10) movable independently of the
milling machine (1) and positionable relative to the milling machine (1) in
such a fashion that the milled material (14) worked off by the milling ma-

chine (1) is dischargeable onto the transport vehicle (10),
characterized by

a milling machine (1) comprising the features of claims 1 to 9.
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