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(54) A multifunction device for remote maintenance and remote control, in particular for cranes

(57) A multifunction device for remote maintenance
and remote control applications for cranes, in which a
crane is provided with a plurality of motors (5, 8) for driving
mobile parts of the crane, each of the plurality of motors
(5, 8) being commanded by a respective electronic con-
trol unit (6, 9). The multifunction device comprises at least
a control module (14) connected, via at least a commu-

nications port (15, 16, 19), to the electronic control units
(6, 9), the at least a control module (14) gathering data
associated to controlling functions of the crane, and fur-
ther comprising at least a communications module (20)
associated to the control module (14), which communi-
cations module (20) transmits and receives via radio data
packets of information relating to functioning of the crane.
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Description

[0001] The invention concerns a multifunction device
for maintenance and remote control applications, in par-
ticular for cranes.
[0002] As is known, cranes used for lifting in the con-
struction sector are constituted by a fixed structure upon
which a vertical first member is mounted to support a
horizontal second member, the second member being
provided with a sliding carriage which is provided with
load lifting means, and being rotatable relative to the ver-
tical member, for example by the interposition of a fifth
wheel coupling.
[0003] Apparatus of this kind usually exhibit a lifting
motor group which is powered by inverters and provided
with programmable functions and appropriate safety sys-
tems, including maximum load and maximum moment
limiters, and ascent and descent limit stops. At least one
motor is provided to drive the carriage, and a further mo-
tor group is provided to rotate the member supporting
the carriage, both groups also being programmable and
powered by respective inverters.
[0004] In use, it is of fundamental importance to be
able to control the functioning of a crane so as to identify
any breakdowns or faults, or vary and re-program all the
crane’s setting parameters according to requirements.
[0005] However, to solve problems caused by break-
downs and anomalies so that the crane may become
operational again, or to re-program the crane’s parame-
ters, direct intervention by an operator is necessary. This
gives rise to travel expenses and labour costs, and inter-
vention times are relatively slow.
[0006] The invention primarily seeks to solve an initial
technical problem of a general nature, that is, to provide
the crane with a remote maintenance service which does
not require continuous on-site intervention by a specialist
operator.
[0007] The second technical problem, which is subor-
dinate to the first, is to obtain this control activity by means
of a multifunction device using a type of communications
protocol which is known in the industrial field. At present
in fact, known communications protocols are not easily
applied to the remote control of cranes and give rise to
a series of technical drawbacks.
[0008] In particular, the Modbus ASCII protocol and
the Modbus RTU protocol are among the communica-
tions protocols used in industrial applications, both of
which are suitable for communication, via a serial port,
between a control and information requesting device,
known as the Master, and a plurality of devices, known
as Slaves, which receive, and respond to, the commands
of the Master device.
[0009] In the ASCII protocol, all characters which con-
vey information from one device to another are converted
into ASCII characters, a number of control characters
being left to define the beginning and the end of a data
packet, or string.
[0010] This however entails the drawback of signifi-

cantly increasing the number of bytes which must be
transmitted from one apparatus to another, compared
with the actual amount of information transmitted, there-
fore the ASCII protocol is not suited to the remote main-
tenance application of the invention, since communica-
tion becomes too slow.
[0011] As regards the Modbus RTU protocol, a binary
protocol in which all 256 values of a byte convey infor-
mation, all the data can be transmitted without conversion
to ASCII and so the number of bytes for each data packet
is significantly reduced, the resulting communication be-
ing more rapid.
[0012] The beginning and the end of a data packet is
identified by measuring the pause between one data
packet and the subsequent one and between one char-
acter and the subsequent one. In particular, if a pause
of 3.5 times the transmission time of a character over the
serial line is detected, it means that the data packet has
ended and its analysis can therefore begin.
[0013] The Slave’s response takes place after a min-
imum pause of 3.5 characters between the data packet
it has received and the data packet which it must transmit.
[0014] Further, if a pause of 1.5 characters is detected
between one character and the next, the present mes-
sage is discarded and reception of a new message be-
gins.
[0015] For this reason, the Modbus RTU protocol, un-
like the ASCII version, does not tolerate interruption of
data packet strings during a transmission and is therefore
not used in communications via modem; it is therefore
not suitable for use as a protocol for managing a remote
maintenance device for a crane via radio.
[0016] An aim of the invention is to obviate the above-
mentioned drawbacks, by providing a multifunction de-
vice for remote maintenance and remote control appli-
cations, in particular for cranes.
[0017] A further aim of the invention is to provide a
device for remote maintenance and remote control of
cranes which functions reliably and safely and is capable
of using a communications protocol of the Modbus RTU
type.
[0018] These aims are achieved by a multifunction de-
vice for remote maintenance and remote control appli-
cations for cranes, in which the crane is provided with a
plurality of motor groups to power its moving parts, each
of the motor groups being controlled by a respective elec-
tronic power unit, the multifunction device being charac-
terised in that it exhibits at least a control module which
is connected to the electronic power units via at least a
communications port, and which is capable of detecting
data pertinent to monitoring and controlling the crane’s
functions, and at least a communications module, asso-
ciated to the control module and capable of receiving and
transmitting data packets of information relative to the
crane’s functions via radio. The data packets of informa-
tion are received by, and transmitted to, a remote main-
tenance and control station by means of which an oper-
ator can check and if necessary modify the crane’s op-
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erating parameters.
[0019] In particular, according to the invention, com-
munications via radio between the remote maintenance
and control station and the communications module on
board the crane take place via the GSM or GPRS net-
work; communication between the monitoring module
and the electronic power units of the motors takes place
instead via the RS 486 and/or RS 232 serial port(s), de-
pending on the electronic devices which are installed on
the crane.
[0020] According to the invention, the control module
comprises means for managing the information received
from the remote maintenance station via the communi-
cations module. The means for managing use the Mod-
bus RTU protocol to send data packets of information
between the control module and the electronic power
units of the motors.
[0021] In particular, the means for managing comprise
that before being sent on to the electronic power units of
the motors, the data packets constituting the information
are stored temporarily in a memory unit subsequent to
reception of the last piece of data for a much longer period
of time than the time specified in Modbus RTU specifi-
cations, which period of time is sufficient to be certain
that the data packet has been concluded. According to
the invention this time varies between 80 and 120 ms
and is preferably 100 ms.
[0022] In a preferred embodiment, the information
management means are integrated in the firmware which
manages the operations of the control module and the
memory unit is a buffer memory integrated in the control
module.
[0023] According to the invention, the control module
is also provided with analogue and digital outputs, which
are connected to sensors and actuators to control certain
functions of the crane. In this case, the data packet re-
questing information, sent by the remote station to the
control module over the communications module, can be
in the form of an SMS message.
[0024] Finally, the monitoring module can also be pro-
vided with serial communications port of the RS 232 type
which can be connected to a PLC (programmable logic
controller) by means of which it is possible to control and
manage some of the operating parameters of the crane.
[0025] Further characteristics of the invention will
emerge from the dependent claims.
[0026] The characteristics and the advantages of the
invention will emerge from the following description,
which is provided by way of a non-limiting example, with
the aid of the appended figures of the drawings, in which:

figure 1 diagrammatically illustrates the operating
principle of the system of remote maintenance for a
crane according to the invention.
figure 2 shows a block diagram of the invention for
managing remote maintenance functions for a
crane.

[0027] With reference to figure 1, a crane 1 of known
type comprises a vertical member 2 which at an upper
end thereof supports a horizontal member 3 to which a
lifting organ 4 is associated, which lifting organ 4 is sup-
ported by a carriage of a usual type (not shown), which
carriage translates the lifting organ 4 on the horizontal
member 3; the lifting organ 4 is driven by an electric motor
5 powered by an electronic unit 6 of the AC/AC inverter
type. The vertical member 2 rests on a support platform
7 through interposing of a fifth wheel coupling 7’ which
enables the member 2 to rotate. Rotation of the member
2 takes place thanks to an electric motor 8 which is pow-
ered an electronic unit 9 of the AC/AC inverter type.
[0028] A multifunction device 10, described in more
detail herein below, is installed on the crane, and an aerial
11 is associated thereto in order to transmit and receive
data. Data transmission and reception are performed by
the base station 12, which is provided with appropriate
hardware and software means and with an antenna 13.
[0029] The base station 12 is of the remote type and
can be installed for example on the premises of the com-
pany running the remote maintenance service, or it can
be located on a mobile station.
[0030] In figure 2, the multifunction device 10 compris-
es a control module 14 to which a communications mod-
ule 20 is associated, in this case a GSM/GPRS modem,
which receives and transmits data packets from and to
the base station via a GSM/GPRS network.
[0031] The control module is provided with a first serial
communications port 15, of the RS 485 type, connected
to the electronic units 6 and 9 (figure 2) of the respective
electric drive motors 5 and 7. In this embodiment, the
electronic units 6 and 9 are usual inverters of the AC/AC
type which are provided with RS 485 serial ports. Thanks
to this connection at least the following crane functions
can be controlled and/or modified:

- monitoring inverter alarm history
- monitoring inverter input and output signals
- modifying parameters and re-programming the in-

verter
- modifying working speed
- modifying acceleration and deceleration times.

[0032] Data is transmitted from the control module to
the devices connected to the RS 485-type communica-
tions port 15 using the Modbus RTU protocol.
[0033] In particular, the control module 14 comprises
means (not illustrated) which manage the received data
packets, storing them in a memory unit associated to the
control module 14, and subsequently sending the data
packets to the electronic units 6 and 9 via the communi-
cations port 15. In this embodiment the data managing
means are integrated in the management firmware of the
control module 14, while the memory unit is integrated
in the control module 14. Upon receipt of a data packet,
the control module stores the incoming data in the buffer
memory and waits 100 ms before sending the data packet
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received from the base station to the electronic devices.
Tests carried out have shown that this time interval is
sufficient to ensure that all the data of the packet has
been received by the monitoring module before trans-
mission to the electronic units powering the motors takes
place.
[0034] This detail therefore enables the entire received
data packet to be sent to the electronic units 6 and 9
which power the motors 5 and 8, thus obviating the in-
trinsic drawback of the Modbus RTU protocol consisting
in this protocol’s limited tolerance to interruption of data
packets during transmission, which makes it intrinsically
unfit for applications such as that of the invention.
[0035] The time of 100 ms is per se extremely long
compared with the times which are at present handled
in electronic communications, but this time was chosen
on purpose, overcoming a technical prejudice, in order
to solve the problem of adapting the known Modbus RTU
protocol to the particular application of the invention.
[0036] The control module is also provided with a sec-
ond serial communications port, of the RS 232 type, for
connecting to a PLC which is installed on board the elec-
tronic control units 6 and 9, that is, the two AC/AC invert-
ers. Via this connection it is possible to take the following
actions regarding the crane:

- checking functioning of the limit stops
- checking the mains supply to the electrical system
- resetting the lifting and carriage limit stops
- resetting load cell and weight reading
- monitoring the hours of operation and the lifting, ro-

tation, carriage translation groups and work cycles
of the crane

- modifying the operating configuration parameters of
the machine (load, outreach height, setting the park-
ing brakes timer).

[0037] Finally the control module is also provided with
analogical and digital input and output ports 19, through
which it is possible to monitor/control the following crane
functions:

- check if crane is locked/unlocked
- check if crane is powered up or not
- check for any inverter errors
- check automatic/manual mode
- check load cell signal
- check the limit stop mains supply signal.

[0038] Note that through the analogue and digital ports
19 the above-listed functions can also be controlled by
sending the data packets in SMS (Short Message Serv-
ice) form. Instead, transmission and reception of the data
packets addressed to the communications ports 15 and
16, respectively RS 485 and
[0039] RS 232, takes place using the communications
module 20, which in this case is the GSM/GPRS modem
in dial-up mode.

[0040] From the foregoing description it is clear that
use of the device of the invention enables operations of
remote maintenance to the crane to be performed from
a remote station in a simple way. The operator at the
base station 12 need only send a data packet to the con-
trol module 14 via the communications module 20; the
control module 14 first of all stores the received data
packet in a buffer memory and then transfers it to the
communications ports 15 and 16. If instead the incoming
data packet is in the form of an SMS text message, the
monitoring module 14 ascertains that the data packet is
in the form of an SMS text message and implements the
instructions contained in the message through the analog
and digital ports 19.
[0041] The invention provides a series of important ad-
vantages, including being able to identify breakdowns
and anomalies from a remote and/or portable station, or
vary and re-program the setting parameters of the crane
by acting on the PLC or the inverters of the crane.
[0042] Further, in many cases it is possible to solve
breakdowns and faults, resuming crane operation with-
out any direct intervention from an operator, thus econ-
omising on travel expenses and labour costs.
[0043] Finally, note that the above list of remote main-
tenance functions is a non-limiting example of the inven-
tion’s possibilities.
[0044] Obviously modifications or improvements
springing from contingent or particular causes could be
introduced to the invention as it is described, without
thereby abandoning the ambit of the invention as claimed
below.

Claims

1. A multifunction device for remote maintenance and
remote control applications for cranes, in which a
crane is provided with a plurality of motors (5, 8) for
driving mobile parts of the crane, each of the plurality
of motors (5, 8) being commanded by a respective
electronic control unit (6, 9), the multifunction device
also comprising at least a control module (14) con-
nected, via at least a communications port (15, 16,
19), to the electronic control units (6, 9), the at least
a control module (14) gathering data associated to
controlling functions of the crane, and further com-
prising at least a communications module (20) as-
sociated to the control module (14), which commu-
nications module (20) transmits and receives via ra-
dio data packets of information relating to functioning
of the crane, characterised in that communication
of the information between the control module (14)
and the electronic control units (6, 9) of the motors
is made using a Modbus - RTU protocol and in that
the transmission of the data packets between the
control module (14) and electronic control units (6,
9) of the motors is made in a much longer period of
time than the time specified in Modbus RTU speci-
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fications from reception of a most recent piece of
information by the control module.

2. The device for remote control of a crane of claim 1,
characterised in that the radio-transmitted infor-
mation is transmitted to and received from a base
station (12) for remote maintenance and remote con-
trol.

3. The device of claim 2, characterised in that com-
munications via radio between the communications
module (20) and the base station (12) take place
using a GSM/GPRS network.

4. The device of claim 1, characterised in that means
for managing the data packets, and a memory unit
for storing the received information are associated
to the control module (14).

5. The device of claim 4, characterised in that the
means for managing the data packets are integrated
in management firmware of the control modules.

6. The device of claim 4, characterised in that the
memory unit is a buffer memory unit.

7. The device of claim 1, characterised in that the at
least a communications port is a serial port of an RS
485 type and/or an RS 232 type.

8. The device of claim 7, characterised in that the
serial ports RS 485 and/or RS 232 can interface with
the electronic control units of the motors.

9. The device of claim 1, characterised in that the
electronic control units of the motors comprise an
AC/AC inverter.

10. The device of claim 9, characterised in that the
communication is made via the communications port
(15) of the RS 485 type.

11. The device of claims 1, characterised in that the
transmission of the data packets between the control
module (14) and electronic control units (6, 9) of the
motors is made in an interval of between 80 and 120
ms from reception of a most recent piece of informa-
tion by the control module.

12. The device of claim 11, characterised in that the
transmission communication takes place 100 ms af-
ter the most recent piece of data has been received
by the control module.

13. The device of claim 1 characterised in that it com-
prises a plurality of analogue and digital ports (19).
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