Applications

Stability of mobile
construction machines
The higher construction machines are, the further they can fall. Controlling their
stability is not easy, but necessary to ensure their safety. Inclinometers can give
early indications of instabilities.
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M

any workers have experienced the following changes throughout
their career: At the start of
a working life, during training, work was undertaken
with conventional machine
tools – drilling, lathing, milling, welding. Conventional in this case means "controlled by hand". Further
development of these working technologies led to NCcontrolled machines. These
were able to independently and autonomously repeat certain operation
steps "semi-automatically".
The milling cutter could
be taught to move around
edges instead of straight
through the work piece.
Today's
crowning
glory of this technology is fully automatic CNC technology, which is able to
operate more than three

axes, and even several
axes simultaneously. Radii,
arcs, and collision-free movements are possible with the
milling cutter.
Mobile equipment such
as excavators, cranes,
mobile drills, and lifting
platforms are still facing
this transformation. Leading manufacturers have
increasingly begun to automate their machines. This
enables working machines
to attain increased efficiency. In addition, a new and
very important industrial
standard has been enforced
- ISO 13849. This standard
specifies how risks posed
by machines are to be evaluated. Risks that endanger
man and the environment
have to be avoided or extensively reduced by means
of sensible and above all
safe measures.
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Controlling stability is
probably the most important topic when it comes to
mobile working machines.
The taller a system, the
more important and difficult
guaranteeing its stability
becomes. There are varied approaches to solving
this, for example measuring
the forces that occur and
shifting weight to the construction machine's support. These displacements
and forces can be placed
into relation to the counterweights, if available. Monitoring the inclination angles
of booms and lifting equipment can be used as an
early indicator of impending instabilities. The extension angle of cables of
lifting facilities can be monitored. Accidents often happen when loads are pulled
at an angular angle, using
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CANopen-Based Safe I/O Modules
With Small Form Factor
Flexibility & Usability
• Extensive I/O set (30 I/Os with multiple
configuration options per pin)
• 5 variants offer flexible building blocks
• CANopen compliant

Safety
• EN ISO 13849 PL c certified
• CANopen Safety

HY-TTC 30XSH

Robustness
• Automotive-style aluminum housing for rough operating conditions
• High maximum current

www.ttcontrol.com/HY-TTC-30XSH
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crane systems that are not
designed for this purpose.
Inclinometers
from
TWK-Elektronik can do
more than register specified
inclination angles: vehicles
can also be leveled safely. The vehicle operator is
not merely the driver - he is
also responsible for the stable erection of the machine.
He bears this responsibility
alone, because construction vehicles are usually
only manned by one person
due to financial reasons. A
high degree of automation
and corresponding safety is
therefore mandatory.
So-called slewing ring
encoders can be fitted on
the majority of construction machines with a revolving upper structure. These
register the angular position of the upper structure
versus the under structure
in high-resolution using a
special, play-free measurement gear. This position determines how far the boom
can be extended. High-resolution single-turn rotary
encoders with a resolution
of up to 22 bits can also
be fitted in slip ring assemblies in the center of slewing rings. If this central
position is already occupied
by a pipe, e.g. for water, oil,
or concrete, a slewing ring
encoder is used. A special
feature of this encoder is
the software, which was designed so that the encoder
can optionally act as a highresolution single-turn rotary
encoder. Such large, exact,
and high-resolution position values can no longer
be transmitted by means of
a simple analog interface.
Many vehicle manufacturers use CANopen to transmit these data volumes.
When using the playfree measurement gear
ZRS, no reverse operation occurs when the slewing ring changes direction.
An additional benefit of
the available position signals is the possible relocation of previous positions
and very precise, automatic movement back to
these positions. The upper

36

Figure 1: Safe inclinometer, SIL2-certified, with a
CANopen-safety interface according to CiA 410
version 1.2
structure position and measurement of the load on the
boom can be used to automatically limit the machine's
movement range, ensuring
that stability remains guaranteed under all circumstances. Limiting operating
ranges is also important
when for example an excavator is working directly
next to a heavily frequented
road or a railway line. Automatic shut-off prevents unintentional slewing into the
causeway and collision with
vehicles.

Safe sensors
All TWK sensors for use
on safety-relevant assemblies and machines can be
or already are certified according to SIL (safety integrity level). The inclinometers and rotary encoders
are redundant in design.
The position value is available twice in the sensor.
SIL-2 does not necessarily require a dual or redundant sensor system design. Neither is it possible
to continue working with the

second system should one
of the two systems fail due
to a fault, although a position value is still available
from the sensor.
The encoder compares the two position values with each other. If both
values are identical, work
is continued with just this
one value. However, this
position value, whose correctness has already been
checked, is then transmitted to the control system,
once in normal and once
in bit-inverted form. In turn,
the control system then
checks the correctness of
both messages.
Checksum
calculations are integrated at various points in the encoder
and also in signal transmission via CANopen-safety
in order to perform actual/
nominal comparisons and
detect errors. If an error or
discrepancy occurs in the
encoder or during signal
transmission, an error message is transmitted to the
CANopen control system:
the control system automatically triggers an emergency stop or moves to a
fail-safe position.

Mechanical systems

Figure 2: Safe rotary encoder,
SIL2-certified, with the
CANopen-safety interface
according to CiA 406 version 3.0
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Lateral support plays a major role in the stability of
mobile machines, as only
single-sided and uneven
support is usually possible
on construction sites due
to space limitations. SWHand SWF-type linear cable
transducers provide information on how far the support has been extended.
So far, it is not generally possible to have cables
which are popular in longitudinal measuring technologies with integrated or
mounted rotary encoders
certified according to SIL. It
is very difficult to determine
whether a cable mechanism is operating perfectly
although the rotary encoder puts out valid (but possibly incorrect) position
values and does not report
any other errors. The mechanical system can jam or
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effizienter entwickeln.
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> 16. Oktober in Böblingen (Motorworld),
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28.10.2014 in Düsseldorf (Classic Remise)

10:00

Offizielle Begrüßung und Vorstellung des Unternehmens

10:15

Einführung in das CANopen-Protokoll
> Einsatzgebiete von CANopen
> Vorstellung der wichtigsten CANopen-Mechanismen:
- Prozess- und Servicedatenkommunikation
- Fehlerüberwachung
- Netzwerk- und Konfigurationsmanagement

11:15

Live Demo: Vorteile des Werkzeugeinsatzes im CANopen-Entwicklungsumfeld
> Vorstellung der CANopen Tool-Umgebung
> Logging der Busdaten zur späteren Analyse
> Analyse von CANopen Systemen:
- Effizientes Filtern der Nachrichten
- Übersichtliches Auflisten und Auswerten der Busaktivitäten und -daten
- Grafische Darstellung der Signalwerte zur schnelleren Kommunikationsprüfung
> Stimulation von CANopen Systemen:
- Signalwerte setzen, Signalverläufe definieren, Botschaften senden
- Aussagekräftige Visualisierung mit grafischen Elementen

12:00

Mittagspause

13:30

Live Demo: Über die Simulation zum realen Steuergerät
> Erstellen einer Gerätebeschreibung basierend auf einer CANopen-konformen EDS-Datei
> Ableiten der Simulation direkt aus der Gerätebeschreibung
> Erweitern eines Knotenmodells um applikationsspezifische Bestandteile
> Umsetzen der simulierten Funktionalität in ein reales Steuergerät

14:45

Kaffeepause

15:15

Live Demo: Effizientes Testen mit flexiblen I/O-Schnittstellenmodulen
> Effizientes Prüfen der CANopen-Gerätefunktionen und Simulieren potentieller Fehlerfälle mit Hilfe eines
HIL-Testsystems
> Einfacher Aufbau einer Testumgebung unter Verwendung eines realen Steuergerätes
> Komfortables Erstellen von Testsequenzen in tabellarischer und grafischer Form

16:30

Diskussion und Fragen

17:00

Exklusive Gästeführung

> Erfahren Sie mehr über klassische Fahrzeuge und die Historie des Veranstaltungsortes bei einer
exklusiven Führung

Weitere Informationen und Anmeldung:
www.vector.com/canopen14

Vector Informatik GmbH
Stuttgart•Braunschweig•Hamburg•Karlsruhe•München•Regensburg
www.canopen-solutions.com

the cable may be separated
due to external mechanical
influences. TWK is in dialog with the Technical Inspection Association (TÜV)
to implement precisely
such a complete measuring system in at least a SIL2 version and also obtain
a yellow SIL badge for the
measuring system. In previous applications, it was only
possible to have the rotary
encoder with cable certified
along with the customer's
application. In each case,
the customers implemented
special measures to monitor the mechanical problems specified above.
TWK is able to supply SIL-2-certified rotary
encoders for mounting on
cables; when a specific rotational speed is exceeded
at the encoder shaft, these
send an alarm message to
the control system. This enables for example the detection of cable tearing. If
the measuring cable tears,
the cable drum rewinds the
remaining cable so quickly
that the rotational speed at
the shaft is far higher than
during normal operation.
If the cable jams and the
machine sections move towards each other, the cable
sags. However, the user or
the machine control system
is unaware of this. They are
merely provided with a stationary rotary encoder position value as if everything
was working correctly. The
only possibility for detecting this error is to supply
the encoder with information concerning the drive
unit. Information on whether the drive is moving or stationary would be sufficient.
Electric motors or hydraulic
cylinders are usually used
to execute the machine's
movements. If electric motors are used, the rotary
encoder can monitor the
status of the relay or the
contactor; in the case of
hydraulic components the
valve signal is used.
Therefore if the actuator is activated, the rotary encoder on the cable
also receives this signal.

If a position value change
has not been registered by
the encoder after a maximum of 100 ms, the system shuts off or the encoder
transmits an alarm message (EMC message) via
CANopen. The temporal
behavior of the sensor system is dependent on the inertia of the application and
must be determined by the
manufacturer.

SENSORS FOR MOBILE MACHINES

The future belongs
to automation
Self-adjusting level control
systems are already available in isolated cases. The
support facility aligns the
upper structure at the push
of a button. Crane and recovery vehicles are also
equipped with automatic
systems that are able to automatically move machine
sections, such as e.g. the
crane jib on the vehicle's upper structure, to the transportation position and then
activate the safety locking
system with the aid of position values from various
sensors. The vehicle can
then only be moved once
the fail-safe limit switch on
the locking bolt has been
pushed and the release signal has been transmitted
to the CANopen control
system.
For crane systems and
lifting platforms, automatic
travel in three dimensions
– including around obstacles – is still a pipe dream.
If corresponding sensor
systems and collision controls become available however, new technologies are
entirely conceivable. This
challenge will have to be
met by sensor system and
crane system manufacturers in the future.
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