Sensors

Each vibration
counts
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Vibration monitoring is becoming increasingly important in machines and
systems. The increasing demands are necessitating corresponding safety
components. TWK offers a range of certified SIL devices.
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s there such a thing as good and bad acceleration? You
may perhaps think that this is a strange question, but it
is entirely justified. Shaking may well be a good thing for a
cocktail, but it isn't so good in a system or machine. The
task is therefore to ascertain whether acceleration caused
by oscillations and vibrations can still be tolerated or whether
it is already so high that the application is being damaged
and has to be stopped.
TWK has developed the SIL2 vibration sensor NVA
with CANopen Safety interface and switching relay for precisely this purpose. It is able to measure dynamic acceleration in a frequency range from 0,1 Hz to 60 Hz. Band filters
can be used to subdivide the frequency range into sub-areas
so that, for instance, low frequencies of less than 5 Hz can
be analyzed more precisely and higher frequencies do not
act as a disturbance, and vice versa. The CANopen Safety
interface is implemented according to the following profiles:
CiA 301 version 4.2 (application layer) and EN 50325-5
(safety protocol) as well as CiA 401 version 3.1 (Profile for
I/O devices – Part 1: Generic I/O modules). The NVA can
be extensively parameterized using this interface. Specific
procedures now have to be taken into consideration during
safe communication and parameterization by means of this
interface so that safety-relevant parameters are not simply
changed and the safe functions are not therefore impaired.
This topic is easy to handle with CANopen Safety: let
us start with parameterization. Special CANopen objects are
used to write new values which are desired by the customer
to the changeable parameters; for instance, objects 320x
(x=1 to 6) are used to define all acceleration limit values.
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However, the following is now important: so-called checksums additionally have to be transferred for each parameter change. The CANopen Standard profile differs from
the CANopen Safety profile in this regard. Of course, these
checksums have to be calculated in advance by the user for
each parameter to be changed so that he can then transfer
them to the sensor. This calculation can be carried out using
a TWK program tool. The parameters with which the NVA115
is to operate – the above mentioned limit values, for instance
– are entered in this tool, and the checksum is displayed in
the result window.
However, this calculation can also be carried out independently using the underlying calculation polynomial
(CRC-CCITT: x16+x12+x5+1), or a calculation tool to be programmed by the customer can be stored in the control system. Before any change can be made to the NVA, so-called
valid flag 32FE must be deactivated. The valid flag is a type
of sensor lock mechanism. It has to be deactivated by writing
an '0' into this object.
Example: in the NVA115, the warning limit value LW of
filter 3 should be set to 2048 digits. With a resolution of 4096
digits / g, this corresponds to a value of 0,5 g (~ 5 m/s²). The
value 2048 (= 800h in hexadecimal) is now written in object
3203h sub-index 01h. The changed value is entered in the CRC
calculation tool's screen – all other values remain unchanged
– and the new checksum is displayed: D97Fh). This value is
then written to the respective object 32FFh sub-index 03h.
Valid flag 32FEh must then be activated again: 'A5' is transferred. If there is an error in the parameterization – i.e. an
incorrect checksum – the NVA115 cannot be enabled or
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Figure 1: CANopen Safety CRC calculation screenshot
(Photo: TWK)
started up using valid flag 32FEh. An error message is output if an attempt is made to write 'A5' to the object. If the
value 'A5' is accepted, everything is OK, and the NVA can
be switched to 'operational'. The NVA now operates with the
new value.
The object structure of CANopen – in this case,
CANopen Safety – permits this safe parameterization and
significantly simplifies handling. No special device programs
have to be used to carry out the changes. Unintentionally
changing the parameters is virtually out of the question: to
do this, the user "has to know what he is doing". Let us take
a look at a specific example: Wind turbines generate electricity. However, the electricity does not simply come out of the
socket or – as in this case – the wind turbine. Such a system is a highly complex and, in the meanwhile, extremely
detailed construction which is an engineering work of art,
and has to be protected from damage in order to minimize
idle times and avoid costs. The oscillations and vibrations
which occur during operation, primarily in the gondola and
the mast, are important physical measured variables which
have to be registered in order to protect the system. If the
vibrations are excessively high, the entire system is affected.
The acceleration forces which occur in the mast may lead
to crack formation or even fractures. What are the possible causes? On one hand, they may be internal events.
For instance, damage to the transmission or the bearings
may lead to the occurrence of excessive main shaft vibrations. These vibrations lie in a frequency range from approx.
10 Hz to 50 Hz.
On the other hand, external influences may cause the
system to vibrate. Amongst others, these influences include
rotor blade icing or damage. These do not occur uniformly
and therefore lead to rotor imbalance which can cause the
entire system to vibrate. Or unfavorable wind conditions lead
to excessive movements on the part of the gondola and
therefore also the mast. The frequencies in this case typically lie between 0,2 Hz and 3 Hz. These vibrations have to
be determined as part of vibration monitoring for a wind turbine in order to cause the control system to shut the system
down if respective limit values are exceeded. This is where
the NVA115 vibration sensor comes into play as a SIL2 Safety
component. The measured acceleration value is constantly
compared with limit values. If these are exceeded, internal
safety relays are shut off. The two safety switching contacts,
each of which in turn consists of two individual relays connected in series, are switched in the system's safety chain
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Figure 2: The NVA115 vibration sensor as a SIL2 Safety
component (Photo: TWK)
and, due to their series connection, ensure that the electrical circuit is safely disconnected - even under unfavorable
conditions in which an individual relay would perhaps stick.
One of the NVA115's special features is the fact that it can
'monitor' vibration behavior over a longer period of time. If
a system's vibrations do not exceed a permissible amplitude value, everything is fine. If the value is briefly exceeded,
however, the system does not have to be stopped immediately. Moderate and higher vibration values which occur
temporarily are permissible if the system's vibration values
subsequently decrease again. The NVA115 registers and
evaluates precisely this behavior with its integral function:
the safety chain is only interrupted when the system vibrates
extensively for 'too long'. If suddenly occurring acceleration is excessive, however, the NVA115 reacts immediately
(Safety-Shut-Off function SSO).
If the customer wishes, the vibration data are constantly transferred to the control system via the safe SRDO,
which is 8 bytes long, in this case, the customer can see
what is happening in their system in terms of vibrations. Of
course, the above described safety shut-off function via the
switching contacts is independent of this. Even when the
NVA is switched to 'pre-operational', the NVA's safety system with the safety contacts is unreservedly operational. The
SRDO is available twice: SRDO1 and SRDO2. The measured acceleration value is additionally transferred in bitinverted form: safety first! After all, no incorrect data should
be transferred unnoticed. This also applies from the sensor
to the control system. As the NVA115 offers a range of different options for processing the measured acceleration value
(RMS, PEAK, integral), it may be sensible to see all of these
values for a specific filter; in the following, this is described
for filter 3. The reason for this is that only the main value set
via object 3223h sub-index 03h (output selection) is written
to the SRDO. This may be the integral value, for instance.
However, the other values which are also available, incl. the
momentary value, can be read out at any time via the SDO
data traffic (object 3283 for filter 3). All information is therefore accessible at all times if desired. However, the configurable safety switching contacts with the respective limit
value comparison always react to a filter's output main value.
Another special feature is that the NVA can be set to stop the
system in a specific vibration phase. This is achieved using
a shut-off delay TA and the NVA115's ability to recognize the
monitored vibration's zero-axis crossing. The positive zeroaxis crossing is the starting point for the adjustable time TA
if the shut-off criterion, i.e. a limit value overshoot, was met
beforehand. This time is set in object 3203h sub-index 05h for
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filter 3 - with subsequent checksum adaptation - and everything is ready. Of course, standard settings such as x or y
axis assignment, momentary or RMS value are also possible with a number of adjustable parameters. Two analog signals are also optionally available for additional value output
alongside CANopen Safety.
Finally, however, it is occasionally necessary to know
whether the two switching contacts' relays are still operating
reliably. It may be that they have not had to switch for a number of weeks or months. Despite robust relays and durable
electronics, it makes sense to test them occasionally. To do
this, it is possible to initialize a self-test lasting a few seconds via object 32FDh. Depending on which value is transferred to this object, either switching contact 1 or 2 is tested,
or both. However, the sensor remains in 'operational' status
during the test, so that the control system can still see all of
the current vibration data. The relay which is not being tested
remains in safety mode and reacts to limit value overshoots.
The self-test can be used to check whether the switching
contacts really open, even if they are in the safety chain, as
this can be deactivated for the duration of the test. So that
the user can check the relay status from the point of view
of the NVA115, they can read out this switching status with
object 6300h sub-index 01h. Incidentally, this can be done at
any time, not only during the self-test. This is important so
that the control system can detect which device in the safety
chain has triggered, e.g. the NVA if the mast vibrations have
become excessively high. With the NVA vibration sensor
from TWK, an application is therefore always in safe hands
for minimizing damage caused by interference acceleration
and guaranteeing effective operation. All features, incl. the
wide-ranging CANopen specialties, are precisely described
request.
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