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(57) Abstract: Single-cable drum-type
conveying installation (3) with a cable drum
(5) driven by a winch drive (4), comprising a
cable-monitoring device, a conveying means
(11), which hangs freely on a conveying
cable (8), and an intermediate harness (10),
which is designed for connecting the
conveying cable (8) to the conveying means
(11). In order to create a single-cable drum-
type conveying installation of which the
cable-monitoring device, in the event of
malfunctioning, detects a malfunction
immediately and reliably, it is proposed that
the cable-monitoring device should have a

load-measuring pin (12), as a constituent part
of the intermediate harness, and also a

installation.

(57) Zusammenfassung:

transmission path, along which measuring
signals received from the load-measuring pin
are transmitted to an evaluation device, and
the evaluation device is designed for
evaluating the measuring signals such that, in
the case of the measuring signal jumping by
an extent which exceeds a certain amount, a
malfunction is detected. The intention is also
to specify a method for monitoring the cable
of a single-cable drum-type conveying

[Fortsetzung auf der ndchsten Seite]
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—  hinsichtlich der Berechtigung des Anmelders, die Verbffentlicht:
Prioritiit einer firitheren Anmeldung zu beanspruchen —  mit internationalem Recherchenbericht (Artikel 21 Absatz
(Regel 4.17 Ziffer iii) 3)

—  Erfindererkidrung (Regel 4.17 Ziffer iv)

Einseil-Trommelférderanlage (3) mit einer von einem Windenantrieb (4) angetriebenen Seiltrommel (5) umfassend eine
Seiliibberwachungseinrichtung, ein frei an einem Foérderseil (8) héngendes Fordermittel (11) und ein zum Verbinden des
Forderseils (8) mit dem Fordermittel (11) eingerichtetes Zwischengeschirr (10). Um eine Einseil-Trommelforderanlage zu
schaffen, deren Seililberwachungseinrichtung bei Stérungsfillen unmittelbar und zuverldssig eine Stdrung erkennt, wird
vorgeschlagen, dass die Seilitberwachungseinrichtung einen Lastmessbolzen (12) als Bestandteil des Zwischengeschirrs und einen
Ubertragungsweg zum Ubertragen der von dem Lastmessbolzen aufgenommenen Messsignale zu einer Auswerteeinrichtung
aufweist und die Auswerteinrichtung zur Auswertung der Messsignale derart eingerichtet ist, dass bei Auftreten eines
Signalsprungs des Messsignals, der eine bestimmte Gréfe {iberschreitet, eine Stérung erkannt wird. Aullerdem soll eine Verfahren
zur Seiliiberwachung fiir eine Einseil-Trommelférderanlage angegeben werden.
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Drum-type conveying installation with cable-monitoring device

The invention relates to a single-cable drum-type conveying
installation with a cable drum which is driven by a winch
drive, comprising a cable-monitoring device, a conveying
means which hangg freely from a conveying cable, and an
intermediate harness which is configured to connect the
conveying cable to the conveying means. Furthermore, the
invention relates to a cable-monitoring method for a single-

cable drum-type conveying installation.

Single-cable drum-type conveying installations are used as
inspection units, auxiliary conveying installations and
emergency conveying installations in mining. Irrespective of
whether the single-cable drum-type conveying installation is
operated in a stationary fashion or as a mobile installation,
it must satisfy the technical requirements which are made of
shaft hoisting systems and inclined hoisting systems (TAS).
Accordingly, drum-type conveying installations have to be
equipped with a suitable hanging cable-monitoring device
which detects sticking of the conveying means over the entire
travel path. It must be possible to re-start the conveying

installation after the monitoring device has responded.

Monitoring of the hanging cable during operation of the drum-
type conveying installation is necessary since there is the
risk of the conveying means becoming stuck in the shaft
during the downward travel. If this sticking is not noticed,
more and more conveying cable is unwound from the cable drum
and the so-called hanging cable is formed. If the conveying
means becomes detached, it falls away and the conveying cable

would probably be torn off. If persons are located in the
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conveying means {(conveying basket), a serious accident

occurs.

DE 297 15 349 Ul discloses hanging cable monitoring devices
in which a reel which is coupled to a switch is positioned on
the obliquely running section of the cable between the cable
drum and the cable pulley on the conveyor. If this cable
section sags owing to a hanging cable formation, the switch
is activated and a malfunction is detected. The drive of the
cable drum is switched off and an emergency braking operation
is initiated. Such monitoring of a hanging cable does not
react until the conveying means has already become obliquely
positioned. If the conveying means is located in the lower
shaft region, the weight of the cable is so large that the
monitoring device does not respond at all. For this reason,
this monitoring of the hanging cable is usually supplemented
by a second monitoring device in the region of the conveying

means.

A further possibility of monitoring a hanging cable is for a
contact strip to be attached to the underside of the
conveying means, which strip detects setting down of the
basket. However, the contact strip does not respond if the

conveying means becomes stuck on the side walls.

Furthermore, it is known to carry out monitoring of a hanging
cable by means of a load measurement on the winch drive. A
disadvantage of this monitoring of the hanging cable is that
in order to detect the hanging load the bent length of the
hanging cable and the weight of the cable have to be taken

into account.
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EP 0 068 683 Bl discloses a single-cable drum-type conveying
installation comprising a monitoring of a hanging cable
during which, in one embodiment, travel sensors for
monitoring the cable load are arranged in such a way that the
loading is measured at a connection between the conveying
cable end and the conveying basket. The load signals are
transmitted to an evaluation device by means of signal means.
If the load signals drop below a predetermined value, a

conveying machine trigger signal is generated.

In addition, DE 10 2012 111 424 Al discloses a lifting device
for a container. The lifting device is, for example, a
container bridge with a vertically adjustable pickup device.
The pickup device is respectively connected to the container
by means of a load-measuring hook at each of the four
corners. A force measuring mandril with a force measuring
sensor is screwed into a central drilled hole in each load-
measuring hook. The load-measuring hooks are subjected to
tensile stress and extend in the longitudinal direction as a
function of the weight of the container. The change in length
of the load-measuring hook gives rise t» a corresponding
expansion of the central drilled holes which are located in
the load-measuring hooks, and as a result to strain relief of
the prestressed and as a result deformed force measuring
sensor. As a result of the strain relief, the measurement
signals of the force measuring sensor change and are

evaluated.

Taking this prior art as a starting point, the invention is
based on the object of providing a single-cable drum-type
conveying installation of the type mentioned at the beginning

whose cable-monitoring device immediately and reliably
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detects a malfunction when malfunction situations occur
independently of the position of the conveying means in the
shaft and independently of the cable load, wherein the
measuring accuracy is increased with the same level of safety
of the transmission of force between the conveying cable and
the intermediate harness. Furthermore, a method for
monitoring the cable for a single-cable drum-type conveying

installation is to be specified.

This object is achieved with a single-cable drum-type
conveying installation of the type mentioned at the beginning

by virtue of the fact that

- the cable-monitoring device has a load-measuring pin
as a component of the intermediate harness and has a
transmission path for transmitting the measurement
signals received from the load-measuring pin to an

evaluation device, and

- the evaluation device for evaluating the measurement
signals is configured in such a way that a
malfunction is detected when a signal jump occurs in

the measurement signal,

- a cable thimble of the conveying cable is attached to

the intermediate harness via the load-measuring pin,

- in addition a safety pin, which penetrates a passage
in the intermediate harness and in the cable thimble,
is arranged between the cable thimble and the

intermediate harness,
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- and the passage in the cable thimble and/or the
passage in the intermediate harness surorunds the

safety pin to form an annular gap.

By virtue of the arrangement of the load-measuring pin in the
intermediate harness, the load is measured continuously using
the load-measuring pin, independently of the position of the
conveying means in the shaft and independently of the cable
load. The evaluation device for evaluating the measurement
signals of the load-measuring pin is configured in such a way
that a malfunction is detected when a signal jump occurs in
the measurement signal. The level of the measurement signal
correlates with the level of the load. In the usual operation
of the conveying means, the acquired measurement signal
corresponds to the hanging load, i.e. to the mass of the
conveying means and to the loading of the conveying means. If
the conveying means sets down or becomes stuck during the
downward movement, the load acting on the load-measuring pin
is suddenly reduced, which is expressed in a negative signal
jump. If the conveying means becomes stuck during the upward
movement, a positive signal jump occurs. Furthermore, the
cable-monitoring device permits continuous monitoring of the
loading of the conveying means so that the latter is not

overloaded.

According to the invention, a safety pin, which also
penetrates a passage in the intermediate harness and in the
cable thimble, is additionally arranged between the cable
thimble and the intermediate harness, wherein the passage in
the cable thimble and/or the passage in the intermediate
harness surrounds the safety pin to form an annular gap. The

annular gap 1is dimensioned in such a way that when the load-
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measuring pin is intact the safety pin is not load-bearing
and does not adversely affect the measurement at the

measuring pin.

The technical effect of this feature consists in the fact
that in order to satisfy the safety reguirements of the
mining authorities a weaker load-measuring pin can be used
which has a safety level with respect to breaking strength
below the safety level which is required by the mining
authorities. When failure occurs, the safety pin which is
preferably arranged underneath the load-measuring pin
transmits the load with a safety level with respect to
breaking strength which satisfies the safety requirements of
the mining authorities. Owing to the lower level of rigidity
of the load-measuring pin, the measuring accuracy of the
load-measuring pin is increased with the same level of safety
of the transmission of force between the conveying cable and

the intermediate harness.

The transmission path for transmitting the measurement
signals which are acquired from the load-measuring pin to the
evaluation device which is located above ground is preferably
carried out by signal lines which are integrated into the
conveying cable. Alternatively, the measurement signals can

be transmitted via a radio link.

The load pin is arranged in the intermediate harness for
transmitting force from the cable to the intermediate harness
in such a way that it is primarily loaded by transverse
forces. In order to achieve correct measurement results, the
load-measuring pin in the intermediate harness is secured

against rotation and axial shifting. It is secured, in
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particular, by means of axle securing grooves into which
corresponding axle securing elements, which are screwed onto

the intermediate hardness, engage.

The transverse forces which occur in the load-measuring pin
are preferably measured by means of strain gauges which are
provided in corresponding recesses in the load-measuring pin
and are integrated into an electrical circuit, in particular
into a bridge circuit. Since the changes in resistance of the
strain gauges are relatively small, the measurement signal is
amplified. The amplifier for the measurement signals is
preferably integrated into the load-measuring pin. The signal
profile which is continuously acquired by the load-measuring
pin is illustrated as a characteristic curve and additionally
as a digital value for further analysis purposes by means of
an operator control and display unit. Furthermore, the
limiting values can be input by means of the operator control

and display unit.

The voltage supply of the load-measuring pin, i.e. of the
electrical circuit and of the amplifier, is provided via an
electrical energy accumulator which is arranged on the
conveying means and which additionally ensures the voltage
supply of the shaft signal system (SSA) on the conveying

means.

The evaluation device evaluates a change in the measurement
signal over time, in particular by means of monitoring

software:

If the load-dependent measurement signal decreases suddenly

when the conveying cable unwinds (hanging), this is
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manifested as a negative signal jump in the signal
evaluation. In this case, the evaluation unit detects a
hanging cable as a malfunction. A safety device then brings
about switching actions, in particular causes the winch drive
to be switched off and a brake acting on the cable drum to be
activated. Moreover, the safety device has the effect that
re-starting of the sgswitched-off winch drive after a hanging
cable malfunction is possible exclusively in the upward

direction of the conveying means.

If the load-dependent measurement signal increases during the
winding on of the conveying cable (driving) suddenly, this is
manifested as a positive signal jump in the signal
evaluation. In this case, the evaluation unit detects, as a
malfunction, an overload which is caused by the conveying
means becoming stuck in the shaft or as an obstacle. A safety
device then brings about switching actions, in particular
causes the winch drive to be switched off and the brake
acting on the cable drum to be activated. Furthermore, the
safety device has the effect that re-starting of the
switched-off winch drive after the overload malfunction is
possible exclusively in the downward direction of the

conveying means.

A malfunction is to be detected only in the case of load
jumps which exceed a specific magnitude. This avoids a
situation in which a malfunction is already detected as a
result of minor fluctuations in the load which is measured by
the measuring pin, for example as a result of oscillations in
the conveying cable. One possible way of ensuring a
sufficient magnitude of the load jumps for reliable detection

of malfunctions 1s that the malfunction is detected only when
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there 1s a negative signal jump to a value which is less than
a predefined lower limiting value, and when there is a
positive signal jump to a value which is more than an upper

limiting value.

In one advantageous refinement of the invention, the
evaluation device is also configured in such a way that a
malfunction is detected if the measurement signal exceeds a
maximum limiting value which is stored in the evaluation
device. If the load-dependent measurement signal exceeds the
pre-set limiting value which correlates with the maximum
permissible hanging locad, the evaluation unit detects an
overload as a malfunction. Then, after the starting of the
winch drive, a safety device brings about switching actiomns,
in particular causes the winch drive to be switched off and
the brake acting on the cable drum to be activated. Moreover,
the safety device has the effect that re-starting of the
switched-off winch drive after the overload malfunction is
possible exclusively in the upward direction of the conveying

means.

In order to ensure a redundant measuring method with the
cable monitoring device, the load-dependent signal is tapped
directly at the frequency inverter of the winch drive and
evaluated. Alternatively, the cable monitoring device has at
least one measured value transducer for acquiring load-
dependent signals at the winch drive. In the case of
redundant monitoring, the evaluation unit is configured in
such a way that a malfunction is detected when a signal jump
which exceeds a specific magnitude occurs. One possible way
of ensuring a sufficient magnitude of the load jumps for

reliable detection of malfunctions consists also here in that
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the malfunction is detected only when there is a negative
signal jump to a value which is less than a predefined lower
limiting value and when there is a positive signal jump to a

value which is more than an upper limiting value.

If the winch drive comprises a hydraulic motor, the measured
values are received by means of a pressure transducer which
is configured to acquire the working pressure of the
hydraulic motor. The working pressure of the hydraulic motor
is directly proportional to the load on the cable drum. The
overall pressure Pgyeralii COrresponds to the overall load which
results from the hanging load and the cable hoist load which
increases continuously during the downward movement of the
conveying means and decreases continuously during the upward
movement. If a sufficiently large signal jump of the depth-
dependent overall load then occurs during the upward or
downward movement of the conveying means, a malfunction is

detected.

Basically, a refinement of the cable monitoring device is
conceivable, in which the load i1s transmitted from the
conveying means to the conveying cable exclusively via the
load-measuring pin. The conveying cable usually has, at its
end facing the conveying means, a cable thimble. The load-
measuring pin penetrates a passage in the intermediate
harness and in the cable thimble largely without play and
therefore carries the entire load. However, such a solution

measures less precisely.

Furthermore, it is possible to conceive of a refinement of
the cable-monitoring device in which two strain gauges are

arranged, one on each side of the cable.thimble underneath a
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support pin which has merely a supporting function.
Temperature influences and flexural influences are
compensated through the installation of two strain gauge
(DMS) half bridges on the two sides of the cable thimble. The
two half bridges are connected to form a Wheatstone bridge.
The strain gauges are then cast after their attachment andg,
together with the connecting cables, protected against

mechanical damage by means of metal sheet coverings.

If the winch drive comprises an electric motor, the power
consumption of the electric motor is continuously monitored.
The power consumption of the electric motor is directly
proportional to the overall load which results from the
hanging load and the cable hoist load which increases
continuously during the downward movement of the conveying
means and decreases continuously during the upward movement.
If a sufficiently large signal jump of the depth-dependent
overall load then occurs during the upward movement or
downward movement of the conveying means, a malfuncticn is

detected.

The cable-monitoring method a single-cable drum-type
conveying installation and the drum conveying installation

will be explained in more detail below. In the drawings:

Figure 1 shows a schematic illustration of a single-cable
drum-type conveying installation, embodied as a

mobile rescue winch,

Figure 2a shows a front view of an intermediate harness,

which is not associated with the invention, of
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the single-cable drum-type conveying installation
according to figure 1 explaining the design of a

load-measuring pin,

shows a side view of the intermediate harness

according to figure 2a,

shows an illustration of a load-measuring pin in
the intermediate harness according to figures 2a

and 2b,

shows a front view of an exemplary embodiment
according to the invention of a partially
illustrated integrated harness of the single-
cable drum-type conveying installation according

to figure 1,

shows a side view of the intermediate harness

according to figure 2d,

shows a sectional side view of the intermediate

harness according to figure 24,

shows a schematic illustration of the malfunction
situation of “overload in the downward movement
and upward movement of the conveying means” and
the signal profile which is acquired by the

measuring pin,

shows a schematic illustration of the malfunction
situation of “overload in the upward movement of

the conveying means” and the signal profile
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acquired by the measuring pin,

shows a schematic illustration of the malfunction
situation of “hanging cable in the downward
movement of the conveying means” and the signal

profile acquired by the measuring pin,

shows a profile of the load-dependent signals at
the winch drive in the case of redundant
monitoring in the malfunction situation of
“overload in the upward movement and downward

movement of the conveying means”,

shows a profile of load-dependent signals at the
winch drive in the case of redundant monitoring
in the malfunction situation of “overload in the

upward movement of the conveying means”, and

shows a profile of load-dependent signals at the
winch drive in the case of redundant monitoring
in the malfunction situation of “hanging cable in

the downward movement of the conveying means”.

Figure 1 shows a mobile shaft winch (1) with a truck as a

carrier vehicle (2). A single-cable drum-type conveying

installation (3) with a cable drum (5) which is driven by a

winch drive

(4) is arranged on the carrier vehicle (2). A

conveying cable (8) which can be wound onto or unwound from

the cable drum (5) is deflected into a shaft (92) via an

extension arm (6) or a cable pulley (7) which is arranged on

the conveyor. The conveying cable (8) is connected via an

intermediate harness (10) (illustrated schematically in
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figure 1) to a conveying means (11) which hangs freely from
the conveying cable (8). The conveying means (11) is, in
particular, a conveying basket for providing emergency access

to the shaft (9).

From the illustration of the intermediate harness (10) in
figures 2a, 2b it is apparent that a cable thimble (10a) is
attached to the intermediate harness (10) via a load-
measuring pin (12). The conveying means (11) is attached to
the lower end of the intermediate harness (10). Between them
there 1is a swivel means which permits the conveying means to

rotate about the cable axis.

The load-measuring pin (12) which is illustrated in figure 2c
has a central section (12a) into which lateral forces are
input via the cable thimble (10a). In the recesses (12b)
which are arranged next to the central section (12a) strain
gauges, which are integrated into an electrical circuit, for
receiving the load-dependent measurement signals are
arranged, said measurement signals being amplified in an
amplifier which is integrated into the load-measuring pin
(12). The voltage supply of the amplifier and of the
electrical circuit and the transmission of signals are
provided via a plug-type contact (1l2c) on one of the end
sides of the lcocad-measuring pin (12). Axial shifting and
rotation of the load-measuring pin (12) in the intermediate
harness (10) is prevented by two axle securing grooves (12d)
into which axle securing plates, which can be screwed onto

the intermediate harness, engage.

The voltage supply of the load-measuring pin (12) is provided

by means of an energy accumulator (not illustrated) which is



10

15

20

25

30

CA 03000044 2018-03-27

15

arranged on the conveying means (11) and is also provided for
supplying voltage to the shaft signal system (SSA) or
directly via an electrical conductor in the conveying cable.
The measurement signals are transmitted via electrical leads,
integrated intoc the conveying cable (8), to the central
controller in the mobile shaft winch (1) which also has an
evaluation device for evaluating the measurement signals. The
evaluation device is able to detect an overload and a hanging
cable as malfunctions. When a malfunction is detected, a
safety device of the central controller carries out switching
actions, in particular switches off the winch drive and/or

activates a brake of the cable drum.

In figures 2d, 2e and 2f, a connection is illustrated between
the conveying cable (8) and the intermediate harness (10), in
which connection a safety pin (13) is additionally arranged
between the cable thimble (10a) and the intermediate harness
(10) . The measuring pin (12) corresponds, in terms of design
and the method of functioning, to that according to figure
2¢, with the result that reference is made to the

explanations there in order to avoid repetitions.

The intermediate harness (10) has a fork-shaped clip (10c)
with two webs (10d) which are arranged parallel to one
another and at a distance from one another. The webs (10d)
are penetrated by a passage (1l0e) for receiving the load-
measuring pin (12) and by a further passage (10f) for
receiving the safety pin (13). The passage (10f) for
receiving the safety pin (13) is arranged underneath the
passage (10b) for receiving the load-measuring pin (12). In
the cable thimble (10a) there is an upper passage (10g) which
is aligned with the passage (10e) in the webs (10d).



10

15

20

25

30

CA 03000044 2018-03-27

16

Furthermore, in the cable thimble (10a) there is a lower
passage (10h), which is aligned with the passages (10f) in
the webs (10d4). The passage (10f) in the clip (10c) of the
intermediate harness (10) surrounds the safety pin (13) to
form an annular gap (14), which is dimensioned in such a way
that when the load-measuring pin is intact the safety pin
(13) does not have a load-bearing function. Furthermore, the
annular gap (14) is dimensioned in such a way that the
deformation which is necessary for the strain gauges on the
load-measuring pin (12) to respond is not adversely affected
by the safety pin. The safety pin (13) is of cylindrical
design with a smooth surface. When failure occurs, the safety
pin (13) which is arranged underneath the measuring pin (12)
would transmit the rated load, for example, with ten times
the safety compared to the breaking strength. The load-
measuring pin (12) meanwhile has significantly lower safety
compared to the breaking strength, for example four times the
safety. If the load-measuring pin breaks, the clip (10c)
slips downward and the safety pin (13) assumes the load-

bearing function of the load-measuring pin (12).

Figure 3 is a schematic view of the various malfunction
situations which are detected with the monitoring of the

cable:

Figure 3a shows the malfunction situation of “overload in the
downward movement or the upward movement of the conveying
means”, i.e. during the unwinding or winding of the conveying
cable (8) from or onto the cable drum (5). If the load-
dependent measurement signal exceeds the pre-set upper

limiting value myinic v, which correlates to a maximum
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permissible hanging load, the evaluation unit detects an

overload as a malfunction.

Figure 3b shows the malfunction situation of “overload in the
upward movement of the conveying means”, i.e. during the
winding of the conveying cable (8) onto the cable drum (5).
If the conveying cable (11) remains stuck, for example, at an
obstacle (9a) in the shaft (9) in the upward movement, a
signal jump, corresponding to the load jump, occurs in the
measurement signal to a value above the pre-set upper
limiting value myipir v, wWhich is detected as a malfunction by

the evaluation device.

Figure 3c¢ shows the malfunction situation of “hanging cable
in the downward movement of the conveying means”, i.e. during
the unwinding of the conveying cable (8) from the cable drum
(5). When the conveying means sets down on the obstacle (9a)
in the shaft (9), a negative signal jump occurs which is
detected as a malfunction by the evaluation device when a

pre-set lower limiting value miimic 3 1S exceeded.

The winch drive is switched off in all the malfunction
situations. In the malfunction situation of “overload by the
conveying means” in the downward movement or upward movement,
re-starting of the switched-off winch drive is possible
exclusively in the opposite direction, and/or the conveying
means has to be unloaded up to the point where the
permissible hanging load is reached. In the malfunction
situation of “overload in the upward mcvement of the
conveying means” (basket has become stuck), re-starting of
the switched-off winch drive is possible exclusively for

unwinding the conveying cable. In the malfunction situation
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of “hanging cable in the downward movement of the conveying
means”, re-starting of the switched-off winch drive is
possible exclusively for winding on the conveying cable. This
configuration of the safety device ensures that the danger
caused by the malfunction is not increased by re-starting of

the winch drive.

In order to ensure redundant monitoring of the cable of the
gingle-cable drum-type conveying installation (3), the cable-
monitoring device can additionally have a means of acquiring
load-dependent signals at the frequency inverter of the winch
drive (4) and a further evaluation unit for evaluating the
acquired load-dependent signals which is configured in such a
way that a malfunction is detected when a signal jump occurs.
The signal which corresponds to the overall load micag during
usual operation is composed of a value which corresponds to
the hanging load Mpasic 10aa and a value which corresponds to

the depth-dependent cable hoist load meapie:

Figure 4 shows the malfunction situation of “overload by the
conveying means”, i.e. during the winding of the conveying
cable onto the cable drum or unwinding thereof from the cable
drum. When the pre-set limiting value mimit 1s exceeded, a
fault is detected. At this time, the hanging load Mpasic 1caa
plus the cable hoist load Mcapie, i.e. the overall load Micaq 1S

higher than the limiting value miipic.

Figure 5 shows the malfunction situation of “overload in the
upward movement of the conveying means”. It is apparent how
the overall load micaa becomes continuously smaller during the
upward movement owing to the decreasing cable hoist load

Meaple. If the conveying means (11) becomes stuck at an
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obstacle (9%a), a positive signal jump occurs which exceeds
the pre-set limiting value myinir, with the result that the

evaluation unit detects a malfunction.

Figure 6 shows the malfunction situation of “hanging cable in
the downward movement of the conveying means”. It is apparent
how the overall load micag becomes continuously larger during
the downward movement owing to the increasing cable hoist
load meupie. IE the conveying means then sets down on an
obstacle (9a), a negative signal jump occurs, which the
evaluation unit detects as a hanging cable malfunction if the
signal jump exceeds a lower limiting value. After a transient
recovery time, the load which has been measured in this
malfunction situation then corresponds only to the cable
hoist load mMeaple acting at this time. For this malfunction
situation, the lower limiting value is defined in situ by
means of reference measurements or empirical values. The
permissible signal jumps which occur during the usual
operation must not give rise to an incorrect malfunction
detection. The lower limiting value can be defined during the
usual operation by means of the empirical values relating to

the signal jumps.

The evaluation units of the measurement signals from the
locad-measuring pin (12) and the measurement signals from the
measured value transducer on the winch drive exchange their
evaluation results continuously via an internal bus link. The
safety device is preferably programmed in such a way that a
switching action is triggered only when both evaluation

devices signal a malfunction.
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No. Designation

1. Mobile shaft winch

2. Carrier vehicle

3. Single-cable drum-type conveying
installation

4. Winch drive

5. Cable drum

6. Extension arm

7. Cable pulley

8. Conveying cable

9. Shaft

9a Obstacle

10. Intermediate harness

10a. Cable thimble

10b. Swiveling means

10c. Clip

10d. Webs

10e. Passage through load-measuring
pin

10f£. Passage through securing pin

10g. Passage through load-measuring
pin

10h. Passage through securing pin

11. Conveying means

12. Load-measuring pin

12a. Central section

12b. Recess

12c. Plug-type contact

13. Safety pin

14. Annular gap
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Claims

1. A single-cable drum-type conveying installation, comprising:

a cable drum driven by a winch drive,

a conveying device hanging freely from a conveying cable,

an intermediate harness connecting the conveying cable to the conveying device;

a cable-monitoring device including a load-measuring pin, an evaluation device, and a
transmission path for transmitting a measurement signal received from the load-measuring pin
to the evaluation device, the load-measuring pin being being a component of the intermediate
harness, the evaluation device evaluating the measurement signal of the load-measuring pin
and configured to detect a malfunction when a signal jump occurs in the measurement signal;

a cable thimble of the conveying cable attached to the intermediate harness by the load-measuring
pin;

a safety pin penetrating a passage in the intermediate harness and a passage in the cable thimble
and arranged between the cable thimble and the intermediate harness, wherein at least one of
the passage in the cable thimble and the passage in the intermediate harness surrounds the

safety pin to form an annular gap.

2. The single-cable drum-type conveying installation as claimed in claim 1, wherein the evaluation
device for evaluating the measurement signal of the load-measuring pin is configured to detect the
malfunction when there is a negative signal jump to a value which is less than a predefined lower
limiting value and when there is a positive signal jump to a value which is higher than an upper

limiting value.

3. The single-cable drum-type conveying installation as claimed in claim 1, wherein the transmission

path has signal lines which are integrated into the conveying cable.

4. The single-cable drum-type conveying installation as claimed in claim 1, wherein the load-

measuring pin is secured against rotation and axial shifting in the intermediate harness.

5. The single-cable drum-type conveying installation as claimed in claim 1, wherein the load-
measuring pin includes strain gauges integrated into an electrical circuit, the strain gauges

receiving the measurement signals.

6. The single-cable drum-type conveying installation as claimed in claim 1, wherein an amplifier for

the measurement signals is integrated into the load-measuring pin.
7. The single-cable drum-type conveying installation as claimed in claim 5, wherein the voltage supply

of the load-measuring pin is provided via an electrical energy accumulator, arranged on the

conveying device, or an electrical lead which is integrated into the conveying cable.

CAN_DMS: 1141593970\

Date Regue/Date Received 2021-09-22



22

8. The single-cable drum-type conveying installation as claimed in claim 1, wherein the evaluation
device is configured to detect a malfunction if the measurement signal is higher than an upper

limiting value which is stored in the evaluation device.

9. The single-cable drum-type conveying installation as claimed in claim 1, wherein the cable-
monitoring device has a safety device which is configured to cause at least one of the winch drive
to be switched off and a brake cable drum to be activated when a malfunction is detected by the

evaluation device.

10. The single-cable drum-type conveying installation as claimed in claim 9, the safety device is also
configured to allow re-starting the switched-off winch drive exclusively for winding the conveying
cable onto the cable drum when a malfunction is detected in response to a negative signal jump

while the conveying cable is being unwound from the cable drum.

11. The single-cable drum-type conveying installation as claimed in claim 10, wherein the safety
device is also configured to allow re-starting of the switched-off winch drive exclusively for
unwinding the conveying cable when a malfunction is detected in response to a positive signal

jump while the conveying cable is being wound onto the cable drum.

12. The single-cable drum-type conveying installation as claimed in claim 1, wherein the cable-
monitoring device includes at least one transducer for acquiring a load-dependent signal at the
winch drive, and a further evaluation device for evaluating the measurement signal of the
transducer configured to detect a malfunction when a signal jump occurs in the load-dependent

signals.

13. The single-cable drum-type conveying installation as claimed in claim 12, wherein the winch drive
comprises a hydraulic motor, and each transducer is a pressure transducer configured to acquire a

working jolt of the hydraulic motor.

14. The single-cable drum-type conveying installation as claimed in claim 12, wherein the winch drive
comprises an electric motor, and each transducer is an ammeter configured to measure the power
consumption of the electric motor.

15. The single-cable drum-type conveying installation as claimed in claim 1, wherein the annular gap
is dimensioned such that the safety pin does not have a load-bearing function when the load-

measuring pin is intact.

16. The single-cable drum-type conveying installation as claimed in claim 1, wherein a breaking

strength of the load-measuring pin is lower than a breaking strength of the safety pin.

CAN_DMS: 1141593970\
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17. A method for monitoring a cable in a single-cable drum-type conveying installation with a cable
drum driven by a winch drive, a conveying device which hangs freely from the conveying cable,
and an intermediate harness connecting the conveying cable to the conveying device, the method
comprising:
monitoring a load using a load-measuring pin, wherein a cable thimble of the conveying cable is
attached to the intermediate harness by the load-measuring pin,

transmitting a measurement signal received by the load-measuring pin to a first evaluation device
for evaluating the measurement signal,

detecting, by the first evaluation device, a malifunction if a signal jump occurs in the measurement
signal,

transferring the load from the load-measuring pin to a safety pin when the load-measuring pin fails,
wherein the safety pin is arranged between the cable thimble and the intermediate harness and
penetrates a passage in the intermediate harness and a passage in the cable thimble, and at
least one of the passage in the cable thimble and the passage in the intermediate harness

surrounds the safety pin to form an annular gap prior to when the load-measuring pin fails.

18. The method as claimed in claim 17, wherein the step of detecting the malfunction includes
detecting the malfunction when there is a negative signal jump in the measuring signal to a value
which is less than a predefined lower limiting value, and when there is a positive signal jump in the

measuring signal to a value which is more than an upper limiting value.

19. The method as claimed in claim 17, wherein the step of detecting the malfunction includes
detecting the malfunction when the measurement signal exceeds a maximum limiting value which

is stored in the evaluation device.

20. The method as claimed in claim 17, further comprising the step of performing at least one of
switching off the winch drive and activating a brake of the cable drum when the malfunction is

detected.

21. The method as claimed in claim 20, further comprising a step of restarting the switched off winch
drive exclusively for winding the conveying cable onto the cable drum when a malfunction is
detected in response to a negative signal jump while the conveying cable is being unwound from

the cable drum.
22. The method as claimed in claim 20, further comprising a step of restarting the switched off winch

drive exclusively for unwinding the conveying cable when a malfunction is detected in response to

a positive signal jump while the conveying cable is being wound onto the cable drum.

CAN_DMS: 1141593970\
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23. The method as claimed in claim 17, further comprising the steps of:
measuring a load on the winch drive,
transmitting measurement signals acquired at the winch drive to a second evaluation device for
evaluation of the measurement signals, and

detecting a further malfunction if a signal jump occurs in the measurements signal.

24. The method as claimed in claim 23, wherein the step of detecting a further malfunction includes
detecting the further malfunction when there is a negative signal jump of the load on the winch to a
value which is less than a predefined winch drive lower limiting value and when there is a positive

signal jump of the load on the winch to a value which is more than a predefined winch drive upper
limiting value.

25. The method as claimed in claim 23, further comprising the step of performing at least one of
switching off the winch drive and activating a brake of the cable drum when the malfunction is

detected by at least one of the first evaluation device and the second evaluation device.

CAN_DMS: 1141593970\
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