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The GfM will be twenty!

In July 1999 the GfM Gesellschaft fiir Maschinendiagnose was founded by Dr.-Ing. Rainer
Wirth, Dipl.-Ing, Axel Haubold and Dipl.-Ing. Kai Uchtmann. From the beginning, the goal
was to provide better services and better systems than were available on the market. The
three founders already had academic and several years of practical experience in the fields of
signal analysis and the practical vibration diagnosis of rolling bearings in industrial gearbo-
Xes.

From the beginning, it was a matter of qualifying high-level machine diagnostic services into
a mass-produced product and developing an online system that truly recognizes all irregu-
larities, negligible false alarms, and, moreover, largely relieves people of analytical activity.
That's succeeded. The online product is called Peakanalyzer. An intelligent algorithm auto-
matically searches order spectra and envelope order spectra for conspicuous peaks that
match the frequency of possible damage patterns. Basically, that makes a person who works
as a machine diagnostician, not otherwise.

The mechanical load to which the drive is exposed has hardly any influence on the diagnostic
quality. Long measurement times ensure a high resolution of the spectral components. The
consistent application of the order analysis results in a very good tolerance of quite consider-
able speed changes during the measurement. The number of connectable sensors is practi-
cally arbitrary.

For mobile tasks, there's the PeakStore5, a small, portable diagnostic device that weighs
only about 2.5 kg and can capture the signals from 12 sensors on a single charge for more
than five hours.

Birthday is on July 1, 2019

With now 17 employees, GfM has become a reliable, responsive and competent partner for
many operators of mechanical drives. And in virtually all industries. Online monitoring of
cranes is just as popular as online condition monitoring of wind turbines. Drives in cement
plants or locks as well as the moni-
toring of gas turbines are popular
applications. For the purpose of
the Trouble Shooting, mobile
vibration diagnostic tasks are
then supplemented by torque
measurements and torsional
vibration analyzes if required.

The focus is always on the quality
of our services and products, as
well as the expertise of our tech-
nical and commercial employees.
Thus we achieve the optimal cus-
tomer benefit. We will stick to it
and are convinced that GfM will
remain so sustainable.

1999 MRz N &, FE T EHEE -
Vibration measurement 1999, heavy and slow
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Condition Monitoring Increases Your Profit!

Imagine, you already know in February, which bearing have to be replaced in September! And even
better: You also know, that all other drive elements are working properly. Would not that be sensa-
tional?

Without any stress, panic and insecurity, you can calmly organize maintenance works. You will order
the spare parts, tools, the necessary personnel and everything will be repaired, on time.

This is not an utopia. Modern Condition Monitoring can do it. Even the smallest damages on bearings
and gears are visible. Usually, that’s possible already several months before breakdown.

Sure, the installation of a condition monitoring system will cost a little money. But this investment will
be amortized already after the first damage.

The advantages at a glance:

= Using Condition Monitoring, you will usually find out, that most of the drive elements
show no abnormalities. For the plant operator this is very comfortable, because more
than 90 percent of all damages, caused by inertia or wear, can be detected a very long
time before.

= However, if a damage occurs, it can be detected by the CMS early enough to schedule
maintenance works. “Fire-fighting operations”are avoided.

= The CMS will help to organize maintenance works. Even before opening the drive, you
exactly know, which component have to be repaired. Maintenance can run more effi-
ciently. Downtime can be shortened.

= Spare parts, maintenance tools, maintenance staff and all resources can be organized in
the long term. Extra charges for express delivery and overtime bonuses for the mainte-
nance staff can be avoided.

= The development of a damage can be reconstructed by Condition Monitoring. Harmful
influences can be identified. The drive can be optimized.

An airbag is installed in almost every car. Usually, they
are not used. Nevertheless, no one comes up with the
idea, that airbags are a bad investment. You know,
that you are better protected in case of an accident and
that 's why all financial doubts disappear very quickly.

A Condition Monitoring System for mechanical drives
have to be evaluated similarly. As long as the drive is
running without any damage, every monitoring sys-
tem is a bad investment. But if only one single damage
can be detected early enough, the saved loss of pro-
duction exceeds the investment costs of the CMS
many times over.

Motivation
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Condition Monitoring Protects Man
and Machine!

Machines and devices in households subject restrictions. Therefore they are considered to be
very safe at an appropriate use. Such strict requirements can hardly be implemented in the
area of production plants. In addition, much higher mechanical performances are trans-
ferred. That leads to an increasing risk.

The unexpected breakdown of drive elements may have an impact on single machines and
finally also on the entire production line. In the worst case, the whole factory work floor can
be destroyed. In addition, the staff on-site is endangered.

Condition Monitoring can identify a lot of damages of mechanical drives at a very early stage.
For example, if premature damages are detected on a roller bearing, the bearing can be
observed. So it is possible to react to the slightest change, immediately. At the same time,
maintenance works can be initiated.

At a glance:
= Condition Monitoring detects damages in time.
= Damages on machines and production lines can be avoided.

= Therisk of the staff on-site decreases.

An overheated bearing combined with combus-
tible material may cause a fire. Even if you are
well prepared and such fires are extinguished
in the early stage, some negative feelings still
remain. Furthermore, you have to answer the
questions of the fire department and the pro-
fessional association.

A Condition Monitoring system provides a sig-
nificant contribution to identify the sources of
accidents on mechanical drives, in time. Con-
sequential damages are avoidable.

sk
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Condition Monitoring for
Environmental Reasons

The protection of the environment does not only involve the eco-friendly production of
energy. Using our natural resources responsibly and carefully is also an important aspect.
The extraction of raw materials, their transportation, the production of steel, the manufac-
turing of bearings and gears are very energy-intensive. Furthermore, the exhaust emission
is enormous.

The method, that was practiced for decades, was the preventive maintenance. Parts were
replaced long time before they reached their maximal life expectancy. This is not only very
cost-intensive, it also requires raw materials and energy. Of course, this approach has been
the only opportunity, for a long time.

Now, the condition-based maintenance is established. Condition Monitoring can exactly
determine, which parts are damaged. And even more important: It is possible to document,
which parts are undamaged and can run another campaign.

The actual life expectancy of roller bearings can exceed the calculated expectancy for several
hundred percent. Drastic cost-reductions can be made, if not, for example, security-aspects
require preventive maintenance.

In detail:

= By Condition Monitoring, it is possible to docu-
ment, which drive elements are intact.

= These intact drive elements can run beyond their
calculated life expectancy, if there is no conflict
with any safety or technological aspects.

= Thelonger use of drive elements protects the envi-
ronment. Later generations would be grateful.

Of course, the human race has a right to pre-
serve its kind. The mining of raw materials and
their use belongs to this. But could we really
bear the responsibility, that we change bear-
ings and gears too early, that we waste raw
materials and energy for the production of
spare parts, just because we are not able to
monitore the real condition of drive elements?

Condition Monitoring, based on vibration mea-
surements, can not determine exactly the
degree of the rolling bearing damage. But
even today, it is possible to identify defective
drive elements. As a result, the other drive-
components are undamaged.

13
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Condition Monitoring and Industry 4.0

The term industry 4.0 is currently brought to life. The federal government has only launched
an initiative for the introduction of the fourth technological revolution and placed a few
keywords. The concrete design is left to the economy. Consequently, people talk about very
different interpretations at conferences. From "We don't need!" to "We are already producing
this way!" the whole range is operated.

But what is meant?

In the literature various systematisations are found. Often, the mechanization by means of
water and steam power called the first technological revolution. The second technological rev-
olution is then the introduction of mass production with the help of assembly lines and elec-

trical power. The third one is the digital revolution, characterized by the use of electronic engi-
neering and computer technology to automate production processes. By the fourth techno-

logical revolution the strong customization of products under conditions of highly flexible pro-
duction is meant. Often, as an example, industrial series production down to batch size of
one s called.

And what does that have to do with Condition Monitoring?

The maintenance does not feel the focus of political attention particularly regarding industry
4.0. But that is not entirely new. Since until now, it is often talked about maintenance only if
something is not working. Nonetheless, maintenance plays a significant part in ensuring that
production works. And this is unlikely to change in industry 4.0. On the contrary! The techni-
cal demands

on production plants are already rising enormously by the requirement for flexibility. It will
be important to know the damage state of a machine at an early stage to provide reliability
for a determinable period. And latest by this way Condition Monitoring belongs to industry
4.0.

Condition monitoring offers
gigantic possibilities for
securing the availability and
reliability of production
plants!

Motivation
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Mills in Cement Plants, Power Plants and Mines

In industry, there are different types of
mills, e.g. the vertical mill, the ball mill
and roller mill. Usually mills are pow-
ered by one or more electric motors.
For speed reduction one or more gears |
are used, which in turn may contain
spur gear stages, bevel gear stages
and planetary stages. Power is trans-
ferred to the mill via a shaft or girth
gear. The waves are usually mounted
on roller bearings.

But no matter what type of mill is used,
the mills are typically operated around
the clock. The drive powers up to a few
hundred kilowatts to the double-digit
megawatt range. The throughput of
ground material is correspondingly
high. And usually replacement parts
are not available for such large
machines and must be ordered and
manufactured as needed. Therefore the failure of a mill entails enormous revenue losses.

Markets

§ £ ks

o A, L : |
Beschleunigungssensor am Getriebe -
acceleration sensor at gear box

An online condition monitoring system can detect irregularities at an early stage. However,
also the documentation of the state after delivery and installation is often of importance. This
can be achieved with an offline diagnosis. In contrast to, if there occur any problems surpri-
singly, the cause can be narrowed down quickly by the combination of vibration and torque
measurement, possibly supplemented by the
examination of the gear by visual inspection or
endoscopy.

Peakanalyzer on a ball mill:

This ball mill is driven by a 2,800 kW motor and a
three-stage helical gear unit.

Two acceleration sensors are provided on the
motor, one on the drive side and one on the non
drive side, radially. On the four gearbox shafts, an
acceleration sensor has also been placed radially,
on each side. Another acceleration sensor is
installed on the transmission input shaft in the
axial direction. The radially installed senors detect
bearing and gear effects, the axial installed sensor
is primarily intended for the detection of anomalies
on the coupling.

Furthermore, a speed sensor has been installed on
the transmission input shaft. The knowledge of the
actual speed is important for the diagnosis and the
application of the order analysis.
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Cranes

Cranes are required for lots of applications. A
sophisticated Condition Monitoring is not always
profitable. However, for cranes, from which a
complex production process directly depends, a
monitoring is absolutely needed:

- Floating cranes with extremely high load
capacity for special applications, or

- Cranes in foundries, or

- Cranes in steel- and roller mills, or

— Container cranes in ports.

The motors, the gears, the drum bearings, the
bearings of the pulley and of course all drives and
wheels of the crane travelling and the trolley trav-
elling, are monitored. By condition monitoring,
online or offline, irregularities can be detected at
an early stage. Visual inspection, if necessary
supplemented by endoscopy, can confirm the
diagnosis. Heavy dynamic phenomena can often
be described by a torque measurement.

Markets

CMS on a crane - a special task:

All drives of cranes only run for short distance. A crane hook can v
only be driven from the bottom up or top-down. The trolley jibcan| .
run as far as the crane is wide, but no further. Therefore, the .
available time for data collection is limited, on the one hand. On
the other hand, a long measurement time is required to ensure a
good diagnosis quality. This task has been solved by the adaption
of specific trigger algoithms.

Pl

SERFBEEWN - Container crane
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HITHRAE RS T i EL. from a signal that is sent from the control center.

IR E 1L REE - Acce/eronzleter
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Paper Production

There is a variety of rotating rolls in paper machines. They ensure that the liquid raw mixture
is transformed to dry paper between headbox and reeler. The rollers are rotating because of
different motor-gear assemblies.

Even a defect on only one bearing can disrupt the production process considerably. In this
case, the machine has to be stopped and later started up again. This is a fairly complex pro-
cess. Therefore, the predictive maintenance is especially recommended for paper machines.

A modern Condition Monitoring with the Peakanalyzer provides a decisive contribution to a
better machine capacity utilization and improved cost efficiency. But the periodic offline
vibration diagnosis is often sufficient to avoid a large percentage of failures. In paper
machines sometimes occurring rotational irregularities can be described very accurately by
torque analysis and thus assign a cause.
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Torque measurement at a ring roll-
ing mill:

In this specific case, the intention was to modify
the product. It was unclear whether the plant suf-
ficiently was dimensioned for it. There were no
concrete values for the drive torques and above
all for the dynamic components.

The application of a torque moment measure-
ment point based on strain gages provided
quickly the required information.

2% - Ring rolling mill
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Rolling Mills

Many drives and more rollers in a harsh environment, partially under unfavorable tempera-
ture conditions, are characteristic of rolling mills. If just one drive fails, production will be dis-
turbed. The speed is often variable. Some systems run in reversing.

The optimal solution for securing a largely trouble-free operation is the monitoring by online
condition monitoring systems. For engines, transmissions and pedestal bearings vibration
diagnosis is advisable. Dynamic effects are determined at best by torque analysis.

However, offline measurements are suitable either for documentation of the state of a new
plant and for mediating discrepancies between the supplier and the operator, or for checking
damage states regularly.

Markets

o ".l'ﬂ AT I ,, i T
-t - . -

N il 2. L
g’m‘;ﬂﬂ- ;g-“;ﬂ..-!-ﬂu:a"

vy, giiny iais 105" WY Tg_‘gln-.—..i




N
=

LRRRTRIEEZPIER Y . WEFERGE . TR RERE, ei18F —&Edd
LI ﬁ%%ﬁ%ﬂrﬁ'?fﬂﬁkﬂﬁ%mzﬁﬁ

R ALE R, WP Eadrmk, ROEEAEERSY, S5 mA R e
RZSHEI AL 55 w2 B 1E LA 0L

@@%Erﬁilﬁ THIES AR IS W AT B T B I B AMENL . IR LR W 2 G 0 AT LA SE 3L
e M AR T

Peakanalyzer i T Skymetro:

awmvo%*A%%% o, AR TR . Bk
PRI R PR O LRERX E. FIZERMAMESEE A
ﬂ&%% FEMEENBEH P 465 kW HIHURT— A = ZRHA ik 46

BT X RIE R R ER, FERR ERIIR. EFESEE, RSN
ARG IR T TR A




Cable Cars

No matter ifitis an aerial tramway or an orbit tramway, a chair lift or a cable car, an aerial rail-
way or a funicular railway, they all have a drive which usually consists of the engine, the
transmission and the circulation disc.

In case of a drive breakdown, an economic loss is generated because tourists no longer go to
the ski area or production companies are no longer supplied with material. The task of the
Condition Monitoring is to prevent this scenario.

Even a regularly conducted offline vibration diagnosis helps to prevent unexpected shut-
downs. The highest possible reliability is achieved of course by means of an online condition
monitoring system.

Peakanalyzer at Skymetro:

The Skymetro is an air cushion tramway with
cable drive. At the Zurich Airport, Kloten, the
tramway connects the Airside Center with the
Satellite Terminal Dock E. The trams are driven
by two drive trains A and B, each with two 465
kW motor and one three-stage bevel-spur gear.

Because of special requirements on the
cableway there are constructive redundances.
But the condition monitoring system ensures
the availability, in fact.

Skymetro B{.zi4E - drive train of the Skymetro
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Lift Bridges, Bascule Bridges, Locks,
Boat Lifts, Elevators

In many technical fields there are roller bearings which in the one hand move big loads, but
whose rotational speed in the other hand is very low. Often such bearings realize no full rota-
tion in one operation, or the rotational speed is subject to extreme variations. In addition to
classical damage mechanisms sometimes it comes to inadequate lubrication due to long
standstill phase, which can also lead to damage.

Due to the low rotational speed, classic vibration diagnostic methods are often useless for a
reliable diagnosis.

GfM has developed a method that allows the diagnosis of extremely slow-running bearings.
The data acquisition is performed with sensors in the immediate vicinity of the bearing to be
diagnosed. For the measurement, the bearing is rotated to the maximum possible deflection.
The measurement results allow the assessment of local bearing damage on the inner ring,
outerring and rolling elements, as far as vibrations arise.

PSR! Process of the Diagnosis:
> 7EHh %Lﬁ%%ﬁ{z%%@%& > O/n the l;ear/ng sevsral dlS(;l
T — A A SR 5L placement sensors and a spee
gt sensor are applied.

> fii[i] PeakStore HHT HiHE R AE )

N 2 Data are collected with the
> IR RNEAT IS PeakStores.

= The evaluation takes place in
the office.
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Bucket-Wheel Excavators and Stackers
in Surface Mines

In mines, there are impressive machines that do complex work under adverse climatic condi-
tions. Bucket-wheel and bucket-chain excavators run with low speeds. Performance and
speed as well are characterized by discontinuity due to the process. Conveyors are several
kilometers long and overcome differences in height, leading to dynamic influences.

Although these machines are fully developed and tested, there occur problems as well. To
detect arising damages on rolling bearings and gears the vibration diagnosis is suitable. This
can be done by an offline measurement or by means of online condition monitoring systems.

Also completely unexpected problems can be quickly limited by using vibration measure-
ments, if necessary in connection with torque analyzes. Therefor the GfM offers the service
"Troubleshooting " as a product.

Markets

Measurement results at shutdown
a bucket show:

= The motor current goes rapidly to zero.
= The speed goes lower to zero.

= Thetorque includes a high frequency har-
monic and achieves negative values sev-
eral times, which indicates a commuting,
therefore, a repeated load reversal.
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Machine Tools

Spindles in machine tools have in operation mostly very high speeds. Noise from cutting and
grinding processes are superimposed on the relatively low-energy noise emissions from roll-
ing bearing damages. And roller bearings are sometimes preloaded. All this is an obstacle for
the classic machine diagnostics.

Machine tool spindles with rolling bearings are monitored by the Peakanalyzer to the emer-
gence of abnormal operating conditions. Abnormal operating conditions can result from
mechanical surface irregularities or deficient lubrication.

The diagnostic principle is two-tiered and consists of the obligatory trend monitoring of
vibration parameters and optionally of the analysis of kinematic damage frequencies.

First permissible reference values have to be learned on the undamaged engine. In monitor
mode, the Peakanalyzer now compares the actual measurement with the reference mea-
surements. It signals possible deviations that may be an indication of an irregularity. Signal-
ling takes place via a digital output and if required via Profibus. The visualization can be done
via a signal lamp. The smallest of guaranteed response time between changes in the vibra-
tion and message is 1.5 seconds.

To ensure the comparability of measurements, a classification is carried out. As class param-
eters the speed and, if required, additionally up to 12 other process variables are used. The
measurements are then compared with reference measurements of the same class. If a new
class is detected to which no reference measurements exist, the first measurements are
used for generating reference values. In this case a no damage state is assumed.

This trend monitoring of vibration characteristics may follow a fully automatic analysis of
kinematic damage frequencies. This is somewhat more complex and will work for all machine
elements which are kinematically clearly describable and of which kinematic data are stored
in the Peakanalyzer. First order spectra and envelope curve order spectra are calculated. In
these significant spectral components are searched. These significant spectral components
are finally checked on kinematic damage patterns. If they match, an alarm is generated.

Optionally, a control panel can be installed in order to start the measurement only at certain
times.

Sensors have to be installed via adhesive, screw or magnetic connection acoustically close to
the drive elements to be monitored and need to be connected electrically with the
Peakanalyzer. Also the operating unit has to be connected with the Peakanalyzer. The
Peakanalyzer is configured using the software Peakanalyzer Manager. The software
Peakanalyzer Manager makes it possible to analyse all spectra, envelope spectra, order spec-
tra and envelope curve manually. In addition there are a number of analysis tools available.
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Wind Turbine Generators

Wind turbines are developed for an operating time of 20 years. Nevertheless, they are sub-
ject to specific loads, which are the reason, why some components of the drive train do not
reach their life expectancy without any maintenance works. However, to generate good
returns, itis important to implement a predictive maintenance.

That “s why, condition monitoring systems are already a standard feature in wind turbines.
So, itis possible to detect irregularities, in time:

- bearing damages and imbalance on the main bearing,

- damages on gears and bearings of the gearbox,

- damages on bearings and imbalance of the generator, and
- all alignment faults.

By Condition Monitoring, it is possible to detect damages even several months before reach-
ing a critical state. In particular:

= Maintenance works, personnel and tools could be planned and organized in the long-
term.

= Spare parts could be ordered in time.

= Repairtimes are kept very short and could be shifted to the low wind period.

The typical wind turbine
configuration:

Typically, two acceleration sen-
sors are installed at the generator
and five sensors are installed at
the gearbox. Further sensors are
installed at each rotor bearing.

At the high-speed shaft, the gen-
erator shaft, a speed sensor is
installed, which supplies one
impulse per revolution. For the
application of the essentially
required order analysis by
resampling, this is sufficiently
accurate.

Gearless WTG:

In addition to the speed sensor,
three acceleration sensors are
typically applied.

TR INEE L REE - Installed acceleration sensor
33

Markets



M7

R 1 & EBALE I D

SRR e T AR SR BOEEAE MU i e L E . BN IR EARH
ENTCAF AN AR 2 18] (TR SIS AR AU o 7 PRl R T ) 454
REIE 1A% LIRS W 7 A D 2]

KK
SR
FESERH, M R BPRES R 2 @ R AR fh e U R 1A A 2. GFM JT R T ik

WO PG TR ﬂﬁﬁEﬂﬂﬂﬂﬁ(ﬁﬁ)&ﬂﬁ%’ﬁi%ﬁl&ﬁiﬂ&m% %JI_JD‘UE Jr}#ﬁﬁ%
B RATREMI ML A . REIRBAE, MESCIR RVEIPE N E, SRR

FRPAIR .

B HES W 12
> BRI 2 TR

> NTIE, HRRMAEE 900, KA THHIE
WEIA A B -

S %f PeakStore HHAT HiHiRAE .

S (AR, Rl R R T
HlgH TRyl . WEIS R RATFE 4 NN,

& TESAZE SRS TAE

&M R A MR
> MBI — AR R TR
¢ TR, RIS

> X H Peakanalyzer #H4TH4s REEF 4347 - P

34



Blade Bearings of Wind Turbines

Blade bearings connect the root of the rotor blades of wind turbines connected to the hub.
They carry very large alternating loads while rolling movements between the rolling ele-
ments and bearing rings is comparatively low. Often the wear of the running surfaces of
blade bearings is not noticed immediately and cannot be detected by classical vibration diag-
nostic methods.

In practice, the state of blade bearings is determined mostly by grease samples or after dis-
mantling. GfM has developed a method of diagnosis of slow-speed drives which also permits
the evaluation of the blade bearings. The data acquisition is performed with sensors in the
vicinity of the blade bearings. For the measurement, the rotor blade is rotated to the maxi-
mum possible deflection. The measurement results allow the assessment of local bearing
damage on the innerring, outer ring and rolling elements, as far as vibrations arise.

Process of the Offline Blade
Bearing Diagnosis:

= On the hub several displacement
sensors and a speed sensor are
applied.

= For the measurement, the blade
must be at a standstill in the 0 ° -,
120 ° - and 240 ° position are
pitched at 90 °.

= Data are collected with the
PeakStoreb.

= The instrumentation is mounted in
the hub and remote controlled via
radio. The measuring process takes
about 4 hours.

= The evaluation takes place in the
office.

m of the Online Blade

Bearing Diagnosis:

= On the hub several displacement
sensors and a speed sensor are
applied.

7 = For the measurement, the normal
pitch movements of the rotor blade
are used.

= The data measurement and analy-
sis is done by the Peakanalyzer.
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Foundations of Wind Turbines

In recent years, was reported increasingly about problems of foundations of wind turbines.
The concrete assessment of each makes investigations on the individual turbines necessary.
In addition to the extensive direct assessment of the foundation itself by specialists can be
uses for hardening of a concrete initial suspicion indirect measurement methods in question,
which describe not the foundation itself, but the movement of the foundation installation
part.

Movements of foundation installation part are the result of loads. Loads can be either pro-
voked, for example by an emergency stop of the system, or you can use loads from the nor-
mal system operation, which is much gentler on the wind turbine.

To analyze the movements of the foundation installation part as a result of normal opera-
tional loads, the Baseanalyzer at the wind turbine is permanently installed and measures
online around the clock all operating situations. As sensors displacement sensors and strain
sensors are used.

The Baseanalyzer is available as an independent system or as part of the Peakanalyzer.

Process of Monitoring:

The displacement and strain sensors are
installed in the area of the foundation
installation part. This is usually done in a
few hours. Often it is sufficient to mea-
sure in the prevailing wind direction and
transversely to this.

Monitored is the movement of the tower.
An alarm threshold can be entered freely)
and naturally changed at any time. The
combination of displacement and strain
sensors allows for the distinction
between admissible elastic elongation
and critical tower movement.

As a strain sensor, a strain gauge mea-
suring point is applied.
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Peakanalyzer Manager

The Peakanalyzer Manager is an universal software supports different tasks:
- configure the online systems Peakanalyzer and Baseanalyzer .
- configure the offline system PeakStore5

- monitoring service and alarm management for Peakanalyzer
and Baseanalyzer

- fully automated frequency selective online monitoring of data
from other sources

- fully automated offline diagnosis of PeakStore data
- fully automated offline diagnosis of data from other sources
- manual analysis of data.

The Peakanalyzer Manager stores data in an SQL database, that has to be located on the
same computer or in the network. In the network, the SQL database can then be used by mul-
tiple users simultaneously.

In the Peakanalyzer the deep diagnostic monitoring is done in the Peakanalyzer itself. Of the
measured time signals using the speed information spectra, order spectra and envelope
curve order spectra are composed. These spectra will be analyzed regarding significant spec-
tral components, which in turn are checked for compliance with kinematic damage patterns.

The same process takes place if data from other sources are used, although with the differ-
ence, that the analysis will be performed on the computer, on which the Peakanalyzer Man-
ager is installed. So there has to exist an interface to the time data and the time data have to
be supplied regularly to the Peakanalyzer Manager.

And then spectra, order spectra and envelope curve order spectra are composed, which are
analyzed regarding significant spectral components,

which in turn will be checked for compliance with kine-
matic damage patterns.

ooagd
control station

O0O0004d, sQL-Server
Data gateway, SQL Server

Oooooooooa
Diagnostician, internally or externally

oood
service staff

The same scenario is applied to data from offline mea-
surements. The diagnostic work is done in the
Peakanalyzer again.

In addition, the Peakanalyzer Manager has a report gen-
erator, which supports the generation of status and diag-
nostic reports.
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Peakanalyzer Manager

The Peakanalyzer Manager also includes a number of convenient analysis tools:

- Diagrams of time signals, frequency spectra and order spectra

- Waterfall diagrams and spectrograms of all spectra

- Measurement cursor, harmonic cursor, sideband cursor and marker cursor

- Presentation of characteristics as a time plot

- Presentation of parameters as a time plot

Moreover, the comparison of spectra and trends between different machines is possible.

A report generator simplifies reporting. Standard processes are executed automatically with
it.

Phenomena, that could be described by
vibrations, are visuable in the order spec-
tra. Orders are the multiples of a reference
speed. Thus, speed variations do not affect
the interpretation.

At the water flow chart, many spectra are
arranged behind one another. So, it is pos-
sible, to detect changes of single spectral
components, easily. The experienced
viewer could quickly detect abnormal oper-
ating conditions. However, it is difficult to
detect the absolute level of individual spec-
tral components.

In the spectrogram, many spectra are
arranged, one above the other. The result
is a two-dimensional representation. The
amplitude - the third dimension - is
marked by different colours. So, the mea-
suring of single values is quite simple.

Bi& - Spectrogram
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Peakanalyzer — the Fully Automated
Online Condition Monitoring System
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Peakanalzyer

The Peakanalyzer monitors the vibrations of a drive, fully autonomously. Spectra and enve-
lope spectra are composed of the measured time signals. These spectra will be analyzed
regarding to pattern, that are typical for damages on drives. And if this is the case, the sys-
tem generates an alarm. So far, no action is required.

The alarm includes a plaintext, that describes the detected irregularity in a simple way. This
is the first time, a human action is required to confirm the alarm.

Ifthe Peakanalyzer has detected a typical damage pattern and has generated an alarm, then
there is still enough time until the actual breakdown of the drive. In general, you will observe
the “"growth” of a damage, while organizing the maintenance works, simultaneously.

Except for the very meaningful plaintext, there is also the opportunity to see all the data, that
led to the alarm. These are spectra and envelope spectra, waterfall displays and spectro-
grams or just the profile of the amplitude of a particular frequency line as a time plot. So diag-
nosis experts can contribute their specific experiences.

The plant operator can supervise the Peakanalyzer, himself. Alternatively, GfM can be man-
dated with the supervision or also a independent third company.
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Peakanalyzer EBMERY -
Peakanalyzer with overvoltage protection
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Peakanalyzer — the Fully Automated
Online Condition Monitoring System

Typical Damages:
roller bearing defects

irregularities of gears

failures on shafts

imbalances

alignment failures

D200 N 7 7

other irregularities

Peakanalyzer £F 26 BEMNRA -
Peakanalyzer in a 26-channel version

High diagnostic reliability through innovative algorithms:

On the one hand, no damages on gears have to be overlooked. On the other hand, the sys-
tem should not be too sensitive, that false alarms are generated, permanently. Therefore,
very intelligent algorithms are applied to perfect the diagnosis:

>
>

>

Reliable diagnosis in case of speed variations by the consistent use of order analysis

Formation of high-resolution spectra with 32,768 lines to avoid diagnostic errors due to
low spectral resolution

Reliable diagnosis in case of unknown machine load by the use of DVS-analysis of all spec-
tra

Reliable diagnosis in case of coincidental match by the use of cross-checking of symp-
toms of damage frequencies

Reliable diagnosis in case of undefined operating conditions by automatic verification of
valid diagnostic conditions

Reliable diagnosis in case of coincidental transmitted vibrations by verification of alarms
in subsequent measurements coincidental transmitted vibrations
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Peakanalyzer - %, @i &M iA

TINTE P AR R G ) 22 B AR R B, B MBI — SN R R PR FE AL b AR R A B
TS AR5 AL 2% H 45 7% 2 1) Peakanalyzer. 342 FL Y528 F1 I 25

N Peakanalyzer $E{1— S IEAE B o ALE AL BSR4 1 118 3l 24 B Al — BRI A 2

WAL, RIS IETERE . MRS AR E M. )5 Peakanalyzer BIT]
BNIBIT. RGSZEITFIR IR .

S hnsfugen

Ubsirsgen

EREMNIIE - Input of the sensor data

e

ETEHRNBIE - Input of the drive elements

PR ANBIE - Input of the diagnostic conditions
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Peakanalyzer — Installation,
Configuration and Commissioning

The installation of the accelerometers is very easy. For each sensor, a small mounting base is
glued on the machine. The sensor itself is screwed. Now, the sensor cables are connected to
the Peakanalyzer. The power supply and a network cable is connected, too.

The Peakanalyzer has to be supplied with some basic information. These are the kinematic
data of the drive and a few fundamental definitions.

The correct connection of all sensors can be checked again. The relevant menus are avail-
able. Thereafter, the Peakanalyzer can be put into operation, immediately. Now, the system

starts the monitoring.

IR BB HEELE:

- ALK B: A2

- LR AR A AR 1 R A

- AT RN YRE A O, AR
- BAEVRRE S SRS A O, AR

Recommended positioning of accel-
erometers:

- Motor B-bearing: radial

- Motor A-bearing: radial and axial

- Planetary gear stage: drive end and output

OO HULIUULILULIUJI_P

i 300 mm - 300 mm wide

side, radial
- Cylindrical gear stage: drive end and output
side, radial
SMERS : - Housing options:
L1830 . 300 . 185 . 400
L o120 . 260 155 ‘ 360 o
.| B = B i}
ol EE . E
¢ g
OO

75 % 400 mm - 400 mm wide

BB - Check the sensors
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Peakanalyzer — IR ZH 2 I

Peakanalyzer Manager & R4, WIRTFE, Erf BonEEflE=lnTre k.
Eﬁﬁﬁ%ﬂ%ﬁ%%%ﬁﬁﬁﬁo%FK%E&%E@@%ﬁw,@m%ﬂuMﬁA%%

&5

W ST LU I B A 2% A A BRI B Y 7

M Poratyzer Marocr, CC1303%0 e

ion  Daten Ansicht Extras 7

~ Alarme Schwingungsdiagnose (11)

~ Alarme Kennwerte (1) - I
~ Alarme ProzessgréBen (2) I

ﬂ Rlnrkhairbrafburark
CX-13D340

| [rmtrmtren] [sowtrmmmy| [rntson] [t ] | e

REEE - Alarm table
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Peakanalyzer — How an Alarm Looks Like

An alarm is displayed at the Peakanalyzer and if necessary also at external platforms, like a
control centre.

Abnormalities and the associated significance values are shown in an alarm overview in tabu-
lar form. The user does not need any diagnostical experiences to get valuable diagnosis
results.

A diagnosis expert can check the detected irregularities in the order spectra and in the enve-
lope curve spectra.

cosoompon

BN Rz #h A& A BRI i M E &1L -
Order spectrum and envelope order spectrum
of a detected roller bearing inner race damage

cosoompon

PN SRt o AR 2N DT e
Order spectrum of a detected local tooth damage
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Peakanalyzer i TZ ¥ B35 M

REAFE R 2 500 W I B A I A s . B4 20 40 60 4R, s 4: 5 T VDI 2056 1575,
I C Y . E R TP AR S R R . Rk, RS EORTE 10 F
1000 7% 2% 3t Bl PN 4= 3038 1A A%1E -

Pell: ENAARAN, B BHUEOR R AEAE, BB fa 4 (CEs snT AAE 4005 | 2
AR R BRI 225

BUEAE SR, RFAEE A S B LA A EAT i (58 o U B i S P AL 4542 W 5 o
BRI AE . (R IX B 2T E A TARFE(E B A %TW%%&FM@W*W

XL S, ATEAE R DL R R :
- PRI A RUE

- IRBIINIE L A A

- IR0 AL 2 1 XA,

@ﬁ,%ﬁﬁi%ﬁ,mTwﬁEEMW%ﬁ XFE, %mrtm&wmu#ﬁm@m%
%oﬁﬁ%E%EﬁﬁﬁI%M%ﬁ$ o SR, X AT LU RS Z W

m

R AR 000 £ LR
> PRI

e RIEE EEENR
& HtEE SRR

- W il | o () - 0] EERT=] |

EEESHEE - Average value of an distance signal
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Peakanalyzer
for Automatic Parameter Monitoring

The monitoring of characteristic values and parameters has a long tradition. Already in the
60s the VDI guideline 2056 was created, which now was withdrawn. It served originally the
assessment of the influence of vibrations of electrical machines on their foundations. Conse-
quently the effective value of vibration velocity in the range of 10 up to 1000 Hertz is the
supervised parameter.

Reminder: In the 60s, the detection of characteristic values was carried out mainly with ana-
log technology up to visualization with hand instruments or measurement scribes which
could draw a measured value to a paper web.

Today, characteristic values and parameters have still a certain importance for the machine
monitoring. Although the frequency selective machine diagnosis is much more accurate and
reliable. But it requires computation time. In contrast, the parameter monitoring enables
extremely short reaction times.

For machine diagnostics the following characteristic values come into question:
— Effective value of vibration velocity

- Effective value of vibration acceleration

- Effective value of the envelope curve of the vibration acceleration.

Typically, one first stores reference values with which the later measurement values are com-
pared. In this way, changes in the vibrational behavior can be extremely quickly recognize.
Normally, the specific cause of anomalies cannot be derived from characteristics. However,
this may be clarified by a subsequent frequency-selective diagnosis.

Typical applications for the monitoring of characteristic values are:
= Monitoring machine tools
= Testruns on test stands for the purpose of emergency shutdown

= End-of-line testing of serial products.
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Peakanalyzer - Fi /RS

MAES: RELE:

- 2k 32 WIEMPCEM AR £5 v I AR - B OB BT A . XTI R OUAE R
4 (IEPE), KHEJIZE 50 kHz, 9 20 kHz, #&  mdREVE R A4 O R B4R (s
B 4> HE AT 3k 24 Bit BY 16 Bit; WIEENfIFE 7).

R (£ 10 V), SRR 10 kHz, W9 4
kHz, #RIEHFE 24 Bit; G HERES (10
V), RFEESIFE 100 kHz, 7% 30 kHz, IRIES
HEZ 16 Bit

WMEBE & A%

~ VWA AE AR L 0 05 5 17

- VSRR, RO PR s

~ EB M RS 0 1 B Wk A b LR B
C W% 32 AN AW (- SRS

o, I, R H b Th e

-+10V, Wﬁfﬁgf)*%ﬁi‘} Bit EJZ 16 Bit - Peakanalyzer B/~ A il BUFI

-0 ... 20 mA, TE{H/ 7516 Bit - WAIRTCBAFAEAE Peakanalyzer H1, HUERIZNIE

- Pt100, IR/ #% 16 Bit H3hiafy
i gj?fzf IR HER 24 Bit - %ﬂq‘ UPS,  F 5 A rL U5t A ey A7 B B4
- Proriobus

- REEBUCR AT 1 Hz ... 1 kHz -
- GEHHE AR (B3R ME . FK BT 1E)

Y 230V, dE% <40 W, Fxk 80 W
- FEii4E, IP 65

o AT BCE ALy B /N .
% 4 HIEHERN, BRI A, RS

- W HURSE 300 mm x 300 mm x 120 mm, A]
T IR R

Ins. AIGLHFEEIT A/B JEIE R eEE 7 1A - LY 7 kg
B Eiiﬁai Profibus %y N2 fZ - s
- W LAN (K100 m) BOREA (Rk _ JHEFTEE 5 °C ... 40 ©
2 km) 1EBLH 1 ST ARH NS 5 = P
B
- RS W, &I T S B PR AN
SLELRVE VS SV LY Slib e A ot ] bper Sl
T8 )R 2l

- ARk 32,768 LR FEL L ATIE, W] 220
kHz, 10 kHz, 5 kHz, 2,5 kHz, 1,25 kHz,
625 Hz, 312,5 Hz #1156 Hz

- 32,768 LLMriE A LRI, SEEM ISR

- @i DVS (fEBRBNE RGRD 4 H B
ARG A, AR . AR

- FHIEEMKYE DIN ISO 10816-3

- FHIEAEMYE VDI 3834 0,1 Hz ... 10 Hz, 10 Hz
... 1 kHz, 10 Hz ... 2 kHz, 10 Hz ... 5 kHz

- BT A R, RA 0
PRE I AL 2% 28 ()10 28 A AR (e

— WA UG B 2 B R AR 5 0 R A PR

- @?Eﬁﬁ ClRBER B, /MU0 Ekiz

3

- R A AE R A

— RSB, A, AR

— R ARSI 1) RS S

- Peakanalyzer bl =404 i 2 0 ik 3 NH

— I AR 3 R R A

- @i Profibus i HRFE R AN i 72 AR A i
e E KRGS
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Peakanalyzer — Technical Data

characteristic values according to VDI-3834
0.1 Hz... 10 Hz, 10 Hz ... 1 kHz,

Signal inputs: =
— up to 32 fast inputs for

accelerometers (IEPE) in the range £ 5V,

sampling frequency 50 kHz, bandwidth 20 kHz,

amplitude resolution optional 24 Bit or 16 Bit;

alternatively inductive displacement sen-

sors (£ 10 V), sampling frequency 10 kHz,

bandwidth 4 kHz, amplitude resolution 24 Bit;

alternatively voltage (+ 10 V), sampling fre-

quency 100 kHz, bandwidth 30 kHz, amplitude

resolution 16 Bit

automatic detection of broken wires of con-

nected accelerometers

up to 32 inputs for collecting of further mea-

sured values (e.g. drive power, temperature,

torque)

- £ 10 V, amplitude resolution 24 Bit or 16 Bit

-0 ... 20 mA, amplitude resolution 16 Bit

- Pt100, amplitude resolution 16 Bit

- strain gauge, amplitude resolution 24 Bit

- Profibus

- sampling frequency adjustable 1 Hz ... 1 kHz,

- storage of statistical sizes, e.g. minimum,
maximum or average value, is adjustable
between multiple values per minute and one
value per hour

up to 4 speed inputs, measurement of impulse

time point, accuracy 1 ns. Optionally speed

input via A/B-Lane with measurement of rotat-

ing direction. Alternatively speed input via

Profibus

distributed mounting of signal inputs in the

field via LAN (up to 100 m) or fibre optical

cable (up to 2 km) possible

Automatic monitoring:
— event based diagnosis for two speed ranges

and two power ranges per machine

start of measurements can be controlled via
digital inputs, speed input or process input
calculation of spectra and envelope curve spec-
tra with 32,768 lines, adjustable to 20 kHz,

10 kHz, 5 kHz, 2.5 kHz, 1.25 kHz, 625 Hz,
312.5 Hz and 156 Hz

order spectra and envelope curve order spec-
tra with 32,768 lines with a speed depending
resolution

automatic detection of significant peaks in
spectra, envelope curve spectra, order spectra
and envelope curve order spectra by DVS
(Drive Vibration Significance analysis)
characteristic values according to DIN ISO
10816-3

Alarm dealing:

Documentation of machine life:

- cyclic storage of spectra, envelope curve spec-

Other features:
- individual rights for accessing the Peakanalyzer
- the monitoring configuration is stored on the

10 Hz ... 2 kHz, 10 Hz .. 5 kHz

online RMS of vibration velocity, vibration
acceleration and vibration acceleration of enve-
lope with adjustable filter frequency
monitoring of threshold exceeding of config-
ured characteristic values and process factors
generation of found peaks (amplitude and sig-
nificance, frequency/ order) as diagnostic
attributes

storage of characteristic values in case of an
alarm

storage of spectra, envelope curve spectra,
order spectra and envelope curve order spec-
tra in case of an alarm

storage of time signals in case of an alarm
measurement data can be saved up to 3
months (adjustable) on the Peakanalyzer
querying of alarm states over Ethernet

output of characteristic value alarms and pro-
cess factor alarms via Profibus or signalling via
digital outputs

Alarms can be acknowledged by software. This
ensures that the same alarm will only be gen-
erated again if there are higher vibration val-
ues (indirect tendency monitoring).

- cyclic storage of diagnostic attributes and char-
acteristic values

tra, order spectra and envelope curve order
spectra
cyclic storage of time signals

Peakanalyzer, automatic start by connection of

the supply voltage

short-time-UPS for saving important data on

power failure

voltage supply range 230 V, typical < 40 W,

maximum 80 W

steel plate box, IP 65

- gauges typical 300 mm x 300 mm x
120 mm, larger boxes if required

- weight about 7 kg

- cable glands

operating temperature range 5 °C ...

storage temperature -20 °C ... 70 °C

40 °C
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Peakanalyzer SE

Peakanalyzer SE & H] GfM A & JF & FITEZOIRES WS R G PIRFIR IR A, A RRAS 753 T b %
LMERARATIE IR M T A. REHENETHES . Sk, g,
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B P BA KT TR,
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gm@ga@ﬁ A TR AR . XU T M TS SR RRAE, R TR

IR 5 SA BT R BN EEIRAN Peakanalyzer, AJ L@ EOEIL T ERI S . 752K —4F
BE IRV FIE . 568 M ARCACBLEE 8 IE DVS 43 Hr RIiE 45t (A5 2448 3 1) D5 V0 AR AL Bl G
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- B
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EX=ER AL §
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Peakanalyzer SE

The Peakanalyzer SE of GfM is an inexpensive special edition for experts using their own diag-
nosis tools. Time signals, spectra, envelope curve spectra, order spectra and envelope curve
order spectra are calculated. Those can be visualized directly by means of the Peakanalyzer
Manager, but can also be exported unrestricted into customer-owned analysis tools.

Furthermore the Peakanalyzer SE can calculate characteristic values according to DIN ISO
10816 and VDI guideline 3834 and others, such as the effective value from the envelope
curve signal, from measurement values. These characteristic values are monitored for pre-
viously defined limit values and are used for alarm generation.

Who wants to upgrade to the full version of the Peakanalyzer later on, can do this uncompli-
cated for all or a part of the hardware-sided installed canals by activation codes. Therefore a
one-year or unlim-ited license has to be purchased. The full version includes a fully auto-
mated monitoring of complex drives by DVS-analysis and searching for kinematic damage
patterns - as it is known from the Peakanalyzer.

In addition to the maximum of 32 vibration canals up to 32 canals for monitoring of process
values are available for the Peakanalyzer SE by using statistical characteristic values.

Peakanalyzer SE Peakanalyzer
Data acquisition:
- Vibration channels, sampling frequency 50 kHz max. 32 max. 32
- Speed channels max. 4 max. 4
- Process values channels, sampling frequency max. 1 kHz max. 32 max. 32

Storage resp. calculation:

- Time signal and envelope curve v v
- Spectrum and envelope curve spectrum v v
- Order spectrum and envelope curve order spectrum v v
- Qharacteristic values accorcjing }o DIN ISO 10816 and VDI guide- v v
line 3834 and others from vibration channels

- Statistic values from process values v v
Fully automatic diagnosis:

- DVS-analysis v
- Search for kinematic damage patterns and alarm generation v

Monitoring of characteristic values:

- (;haracteristic values accorc}ing .to DIN ISO 10816 and VDI guide- v v
line 3834 and others from vibration channels

- Statistic values from process values v v

Visualization:

- Display of time signals, spectra and process of characteristic val- v v
ues

- Water flow charts and spectrograms v v

- Process values as a time plot v v

- Display of diagnostic features into spectra v
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Integrated Peakanalyzer

The Integrated Peakanalyzer is a software license for a high-efficiency, frequency-selective
condition monitoring system based on existing or user-installable hardware.

With the Integrated Peakanalyzer, irregularities in the drive train, i.e. anomalies on shafts,
couplings, gears and rolling bearings can be detected reliably and early. The analysis is real-
ized by high-frequency detection of the vibrations, formation of order spectra and envelope
order spectra and the automatic detection of significant spectral components corresponding
to damage patterns.

The prerequisite is the presence of a Beckhoff TwinCAT 3 environment including the neces-
sary analog input terminals and sensors. Compared to a autarkic system, there is a direct
cost advantage, since the industrial PC used for the control can also be used for the
Peakanalyzer. Likewise, the existing communication infrastructure can be used to configure
the Peakanalyzer or to download the data.

Information already present in the control unit, such as speed, wind speed or electrical
power are usually taken directly into the Integrated Peakanalyzer. No additional sensors
need to be planned for these measurements. In addition, diagnostic results can be made
directly accessible to the controller.

The Integrated Peakanalyzer runs in a separate task on the TwinCAT 3 environment and only
accesses signal input terminals that are assigned to the Peakanalyzer.The tasks serving the
control unit remain unaffected.

The hardware configuration is carried out via an additional plug-in, which is fully integrated
in the TwinCAT 3 development environment and in a few steps enables an assignment of the
signal input terminals to the Peakanalyzer. The further configuration of the sensors and of
the drive train is carried out with the Peakanalyzer Manager software.
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Integrated Peakanalyzer

The Integrated Peakanalyzer for wind turbines is available in two versions:

= PAI-WO04 up to four channels for vibration signals,
suitable for gearless wind turbines

= PAI-W10 up to ten channels for vibration signals,
suitable for wind turbines with gearbox

At the Integrated Peakanalyzer, the user must ensure that the required hardware is installed
and operational.

Gearless wind turbine:

- at least one accelerometer per rolling bearing with a sensitivity of 500 mV/g with IEPE
standard (e.g., PCB601A02)

— Beckhoff dual-channel analog input terminal ELM3602. One clamp is required for every
two accelerometers.
Wind turbine with gearbox:

- at least one accelerometer per rotor bearing with a sensitivity of 500 mV/g with IEPE
standard (e.g., PCB601A02)

- several accelerometers at the gearbox bearings with a sensitivity of 100 mV/g with IEPE
standard (e.g., PCB608A11)

— at least one accelerometer per generator bearing with a sensitivity of 100 mV/g with IEPE
standard (e.g., PCB608A11)

- Beckhoff dual-channel analog input terminal ELM3602. One clamp is required for every
two acceleration sensors.

In the case that the speed is not available from the control unit, the installation of a speed
sensor (e.g., Turck Ni12U-M18-AP6X-H1141) and a Beckhoff EL5151 single-channel incre-
mental encoder interface are required.

The Beckhoff controller must have a TwinCAT 3 environment and an IO/C++ runtime
license. There must be two free CPU cores, 512 MB of RAM and 2 GB of free hard disk space
available.

- AN KBRS D NI REUE100 mV/g, FF A TEPERRHE
(#ltn, PCB 608A11)

- Beckhoff BUEE R L F i A B ELM3602. 4 PN I B 5 ] — > s 25 3k

a0 S PR T e AR R R | R B i AR A (B W Turck  Nil2U-M18-AP6X-H1141)
FIBeckhoff EL5151 FL i 15 1 & 4 A #5122 | 1A B,

Beckhoff $5 | %e 04 25 A5 TwinCAT 3 PAEE I IO/ C++IB 4TI 424 . A2 BLA ] B (¥ CPU N
¥, 512 MB[*JRAM F12 GB )1 FHfE 4% 2 ],
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Integrated BladeBearingAnalyzer

The Integrated BladeBearingAnalyzer is a software license. It allows to use the
BladeBearingAnalyzer as an integrated system to perform condition monitoring on rotor
blade bearings on a wind turbine. Very efficient diagnostic algorithms search for frequency
patterns that match the damage frequencies of the individual blade bearings. The diagnosis
is executed for each blade bearing when the blade is pitched. If irregularities are detected on
a blade bearing, an alarm is generated. An alarm is generated if irregularities are detected on
a blade bearing.

Furthermore, the bearing clearance of each blade bearing is measured and an alarm mes-
sage is generated if the clearance exceeds the tolerance.

The Integrated BladeBearingAnalyzer requires a Beckhoff system on the wind turbine and an
EtherCAT connection to the hub and corresponding sensor technology there as well as ana-
log input terminals. Under this condition, the BladeBearingAnalyzer can be integrated into
the existing control unit. This results in a direct cost advantage, since the industrial PC used
for the control can also be used for the BladeBearingAnalyzer. Likewise, the existing commu-
nication infrastructure can be used to configure the BladeBearingAnalyzer or to download
the data. Diagnostic results can be made directly accessible to the control unit.

The Integrated BladeBearingAnalyzer runs in a separate task on the TwinCAT 3 environment
and only accesses signal input terminals that are assigned to the BladeBearingAnalyzer. The
tasks serving the control unit remain unaffected.

(1))
£
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-
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£ R ¢ BladeBearingAnalyzer

BEARER

DT EtherCAT #2445 LR (55

- AR R RN 0.10

- TS Rl T R D 3,600 ANk
- T R

— b Bl R S AR IR B 1R A FS | 50 kHz / 2447
CH TR MAS S | FRATTHE T2 H A B9 1 Turck BI4-M12-LIU-H1141f0
Beckhofffit A 54 ELM3004)

Beckhoff IPC EAGTwinCAT 3 fI10/C++ iZ 1T #24L

- 2 ANATHIE CPU P9#% . 512 MB RAM | F T3 A1 23 By A4
- 2 GB mJ AL A A, AT A
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Integrated BladeBearingAnalyzer

Technical requirement

The following signals must be available via E
- Pitch angle signal from each rotor ast 0.1°
- Speed signal from each blad Ises per revolution
— Speed signal of the roto

- the axial displacem nnected to the rotor blade of all

(For the detecti nd the inductive sensor Turck BI4-M12-
off input terminal ELM3004)

+ runtime license

- 2 fre or the measurement and analysis software

for measurement data

at the rotor blade is regularly pitched with full deflection.

steps are required:
lation of the Peakanalyzer background service on the IPC

nstallation of the Peakanalyzer Configurator on a PC that is used for the TwinCAT
configuration

— Installation of the Peakanalyzer Manager that is used for monitoring the
BladeBearingAnalyzer to show alarm information and measurement data

B

T EPAT LT PR

- {£ Beckhoff IPC %%% Peakanalyzer )& & It %%

- fEFT TwinCAT & 1) PC |k %2%% Peakanalyzer Configurator Iit & 2%

- 22T IS5 Peakanalyzer Manager, i/~ BladeBearingAnalyzer # 4 {z BN 445
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££ X { BladeBearingAnalyzer

RHYERE

T S 0 UK B IE S L 4h Peakanalyzer, it {EA TwinCAT XAE JfifF#Efti) Peakanalyzer

Configurator K 5¢ .

it B DL i A :

- — AR ELM3004 #HL/ il 4y BladeBearingAnalyzer , Jf-H1 Peakanalyzer Configura-
tor HaZ41b.

- B E AN B B TE A T AR

- BB = AN E o SGEIE H T AR A

- BB —AH € OBTE A TR A .

E E G TE AT s a ) B e A R AR HE 55 31 BladeBearingAnalyzer () TcCom i, SR j5 1] LA

it Peakanalyzer Configurator ¥AlE b{:%|BladeBearingAnalyzer . &idixidf#

BladeBearingAnalyzer ] TwinCAT R & U\ 521k, Beckhoff IPC i/ & M 45 28 f5 06 250 ot

Peakanalyzer Manager 4% 1) Al fic & .

Peakanalyzer Configurator i i i i

Peakanalyzer Configurator — Peakanalyzer Configurator
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Integrated BladeBearingAnalyzer

Software configuration

At first the hardware channels must be assigned to the Peakanalyzer. This is done via the
Peakanalyzer Configurator that is delivered as TwinCAT XAE Plugin.

Whereas following channels and terminals are configured:

- One complete terminal ELM3004 is assigned to the BladeBearingAnalyzer and is
automatically parametrized by the Peakanalyzer Configurator.

— Three custom channels are configured for the speed values of each blade.

— Three custom channels are configured for the pitch angle of each blade.

- One custom channel is configured for the speed of the rotor.

The custom channels must be manually linked from the correct value of the control to the

TcCom module of the BladeBearingAnalyzer. Afterwards the hardware description can be
uploaded to the BladeBearingAnalyzer via the Peakanalyzer Configurator. At this stage the
TwinCAT configuration of the BladeBearingAnalyzer is finished and the background service

on the IPC waits for an additional configuration that must be uploaded via the Peakanalyzer

Manager.

General

~ Inputs

Virtual Process Channel

Process Channels

~ Base Diagnosis
Characteristic Values
Process factors
Classification

~ Advanced Diagnosis
Drive Elements

» Diagnosis Conditions

~ Communication
Remote
E-Mail

Storage Mansgement

1M Peakanalyzer Manager - CX-22722C

Transmit New

Name
Dist_Blade
Dist_Blade2
Dist_Blade3
Speed_Bladle]
Speed_Blade2
Speed_Blade3
Pitch_Blade
Pitch_Blade2

Pitch_Blade3

+ | Speed_flotor

Channel
24-Bit DC-Channel 1
24-Bit DC-Channel 2
24-Bit DC-Channel 3
Custom Channel 1
Custom Channel 2
Custom Channel 3
Custom Channel 4
Custom Channel 5
Custom Channel &

Custom Channel 7

Diagnosis System  Configuration Data Anslysis View Templates Service Eqras 7 Debug

10Hz
10Hz
10Hz
10H
10Hz
10Hz
10Hz
10Hz
10Hz
10Hz

~ Sampling frequency | Storage interval
100

memiss

maniss

mamcss

mamcss

mss

mamcss

mamss

mmss

mmss

mimss

Sensitivity  Offset  Unit range  Machis
025 mm/V 05 mm mm -2.00 mm to 3.00 mm Blade 1
025 mm/V 05 mm mm -2.00 mm to 3.00 mm Blade 2
025 mm/V 05 mmmm  -200mmtc300mm | Blade3
fewin
Venin
Vemin
AL Blade 1
*fla Blade 2
1 ] Blade 3

1

Vimin/ 0 Vmin 1/min

Adel Process Channel

Blade 1:Blade 2Blade 3

Delete Process Channel

Save Close

BladeBearingAnalyzer & EEE -
Channel Configuration of BladeBearingAnalyzer
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PeakStore5 - X K12 BIEEHNEXIZH RS

PeakStore W] LNUREFAMIBEATIRANIN & . (LR E I BEERERLBINLES |, JF /R 30 PeakStores5,
BRI RIGITEMARES, ICRWESR, Gl TIE.

BIERERZ LA 12 /I\J‘)Efiﬂﬁiﬁ?ﬂ]*/l\i%fpﬁi;o XHF R 425, %ﬁﬁﬁ%ﬂiﬁzéa)ﬂ
T A TERNENE. AL, PeakStore5 AJIEI & AET-HL_E A S AR kAT F s 1,
IHZE{'J“J WREEF, NA LT FFENES T,

CWR GBIk AT BEAT . BRI, AN ER RN, RS R AT
Bl e A TN PAM B SEHL. SR ULEIR AR I B A0 I e Dt AT
Bro (BT LIRS S, il AN E H . s, T DUR P Hoe B R 45 i
FARMER AT 1. RGP LA E 1.5 #2164 PRGN R [A]BIG PR A [] o X T-ANBR AT
VPRI, T RAIE S 12 ANIEIE KL 4 /N RIS EEE, N8 E RN 51.2 kHz,

=
=

kHz IFIR & . #Ifi%|| A sampling frequency of more than 50 kHz seems to be rather
F ik 25kHz MZ I 1L || high. However, sinusoidal vibrations are detectable up to a fre-
H A5 1] 38k 4 1 || quency of 25 kHz. In practice, this value will be lower, because
IZAE A of the characteristic of the antialiasing filter.
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° X Envelope analysis is used for the bearing diagnosis. Envelope
i (‘l'ﬁf@ analysis is capable to extract the force pulses, which are gener-
T R G4k 5 ated through bearing damages. These force pulses are linked
with the natural vibrations of the whole system via convolution.
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& || This natural vibrations of the system are the really carriers of
the diagnostic information from the damage to the acceleration
sensor. The quality of this natural vibrations has a significant
influence on the quality of the diagnosis, itself.
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% The frequencies of these natural vibrations are determinable,
b || but usually different from machine to machine. In practice, the
best diagnosis results are achieved, through broadband mea-
PeakStore ‘| 50kHz ¥k || surements. This results in the relatively high sampling fre-
PR 5 A quency of 50 kHz of the PeakStore5.
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PeakStoreb — Offline Diagnosis
on up to 12 Channels

Vibration measurements can easily be performed by the PeakStore5. The sensors have to be
attached with magnets at the engine. Now, the PeakStore5 has to be started. The whole pro-
cess just takes a few minutes. Then, you simply put back the sensors in the case again and
log the measurements and is done.

The data collection is carried out with up to 12 vibration channels and one speed channel. At
many drives, it is no longer necessary to implement sensors, to operate all necessary mea-
suring positions. Furthermore, the PeakStore5 can be remote controlled via an app on a
smartphone, so that no staff needs to be directly near the machine during the measurement.

Diagnosis is done preferably by order analysis. So, speed ripples have no influence, and the
measuring results are absolutely reliable.

The operation is realized by a full-fledged integrated tablet PC and the software PAM. There
you can look at the data directly and analyze it locally. But you can also store additional infor-
mation such as photographs and measurement protocols. Or you ship all data directly to a
service provider for analysis.

Measurement times of 1.5 seconds up to 164 seconds and indefinite measurement times as
well can be set. In case of the indefinite measurement time you can record with 12 channels,
each with 51.2 kHz sampling rate, about 4 hours of measurement data.
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Generator

1r

I B AR BN 7] LALE
AL B B 32

The current vibration cha-
racteristics can already
be read in the sensor
overview.

IR IEE NS E — K.

IHIE 4 K LA AR RS (1
HDHAF AL

PeakStore5 1.

The vibration channels

must be configured once.

Channel names as well as

important data of the sen-
sor are stored in the

PeakStore5.

SRJ5E AT EAE I AT 55 D
ARG B W EHE
KR A MGRE M EAES -

The sensor positions can
then be noted in the elec-
tronic measurement pro-
tocol. The measurement
protocol is permanently
assigned to the measure-
ment data.



PeakStoreb — Offline Diagnosis
on up to 12 Channels

IR,
il 5t T L5
ZLES

Already during the mea-
surement, time signals
can be displayed indivi-
dually orin any groups.

D)t 1 ) ] B B A
Bk, fg il A2 fy
i,

Spectra, order spectra,
envelope spectra and
envelope order spectra
are also calculated
during the measure-
ment.

WA IR R, T
IR R =2 W ERVA b
iR T H 2] FTP ik
595

If an access point is avai-
lable, the entire data can
be exported to an FTP ser-
ver immediately after the
measurement.

Exportieren

Speicherpfad: E\

Messdaten nach Export léschen

FTP-Upload aktivieren

Servername; ftp.strato.com

Benutzername: | temp3@maschinendiagnose.de

Passwort: ssssssse

0K

n’\"‘

Durchsuchen

Abbrechen
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PeakStore5 — Fi /RS

Z1THH PeakStore5 - PeakStore5 in practice

EAH

HWAES:

- JEEE (IEPE) BUHLEHH (£10 V) LRSS
HONGBIE: 128, S8EREARK, MNIHIANTEFE
AR AT, R nIA51.2 kHz, HP9E0.1
Hz ... 20 kHz (-3 dB) @ 51.2 kHz, 24fiE{H
?%\g;?? 5 H 2 BiE AR B Th AL Y DU 4T LEMOTE

- 2BRIEERIN, 5 KHZREEUR, 16 MHZIT AU
£, 3%FLEMOZE 2%

BIERE:

- P i [F g st

RO Gl b i T 7 511 5 Y e
BANBRL I )

AT 1) Th e B El Al BV S B A I

T RN

P I R RAR SR R

S 7 N TR T T

WU 447 ) S o B T A 5 R 1

BRETHN HFET, W TR Em R IRE)

BRI

FEN R

- WESSDIELAL, 30GB n[=(n], AIfE41fb At
173007 &

BRI

- {# FlPeakanalyzer Manager /4 B #2757 i v
BRI R

- giﬁﬂ%%&%%ﬂjﬂﬁtﬁ, I 26 DK 3y 25 B FTP IR 55

B R:

- 12...19 v DC

- WEME P, BT EHKIES. 5N

- AN S RIEERAS, I T AR AL RS
1 24V DCHLJE, XUEFLEMOEH: 4%

R~

- PeakStore5: H/W/L: 198/272/45 mm, ~2,5 kg
BE:

- 1BfTIRJE: 5°C ... 40 °C

- TEfBIEE: -20 °C ... 70 °C

B

- Peakanalyzer Manager (C.f05)
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PeakStore5 — Technical Data

r

R B EREA NS -

Sensors with magnetic coupling on a gearbox

Signal inputs:

- 12 or 8 or 4 inputs for accelerometers (ICP) or
sensors with voltage output (£ 10 V), sam-
pling frequency for each channel separate up
to 51.2 kHz, bandwidth 0.1 Hz ... 20 kHz
(-3dB) @ 51.2 kHz, 24-bit amplitude resolu-
tion, four-pole LEMO connector with automatic
locking and unlocking

- 2 speed inputs, sampling frequency 5 kHz,
count frequency 16 MHz, three-pole LEMO con-
nector

Data acquisition:

- Simultaneous recording of all channels

- 8 different measurement times of 1.5 s to
164 s or unlimited

— Start and stop via separate function key or
touch control

- Display of the speed

- Display of r.m.s. of vibration velocity of all
channels in a second interval

- Display of the measurement time and the mea-
surement configuration

- Display of time signals and order spectra dur-
ing the measurement

- Smartphone App for remote control of the mea-
surement and display of r.m.s. of vibration
velocity and speed

Storage medium:

- Internal SSD hard disk with 30 GB free space,
for 300 measurements with 41 s

Data exchange:

- Reading and displaying of the measurement
data is done with the software Peakanalyzer
Manager directly on the tablet

- Export of measurement data to an USB stick, a
network drive or a FTP-Server.

Power supply:

- 12...19VvDC

— Internal lithium-ion battery with up to 5.5 hours
run time

— 1 connector for external sensor supply, e.g. 24 V
DC battery for distance sensors, two-pole LEMO
connector

Dimensions:
- PeakStore5: H/W/L: 198/272/45 mm, ~2.5 kg
Temperatures:

— Operating temperature: 5 °C ... 40 °C
— Storage temperature: -20 °C ... 70 °C

Software:
- Peakanalyzer Manager (included)
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PeakStore5 — [ff{F

SSK R 8] () F-HL A6 74T L PeakStoreS . f /8
. HYERLT R HI RS, [PSZ- case]
This sturdy carrying case offers space for the

PeakStore5, the sensors, the power supply and
the remote control. [PSZ-case]

A PR U BB B T, AT TR
PeakStore5 [1J)I#BELINHE. [PSZ-strap]

The carrying strap with quick-release fastening bolts is
optionally attached to the bottom or top of the PeakSto-

re5. [PSZ-strap]

72
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(QWERTZ) , FITEFE(E PeakStore5 il &4k
o TAERE AT KIE90/N; 5 USBTE Lk . [PSZ-
keyboard]

BEAh, BATEBE A it A5 B B k. [PSZ-

Mouse]

The rechargeable, external Bluetooth keyboard
(QWERTZ) with integrated touchpad is recommended
for analyze measurement data directly on the PeakSto-
re5. Up to 90 hours operational readiness; including
USB charging cable. [PSZ-keyboard]

In addition, the rechargeable external Bluetooth mouse
is recommended. [PSZ-mouse]



PeakStore5 — Equipment

HT¥ BNCHZEIEE:E] LEMO (LIEER % N\ i 11
ERCES . [PSZ-BNC]

Adapter for connecting BNC cables to the LEMO
sensorinputs. [PSZ-BNC]

FT¥ PeakStore5 &% USB 3.0 ¥ I &AL B8 . Kk,
PeakStore5 W] LATE I PC 31 1M 75 78 TR FE i 34 .
[PSZ-USB]

Adapter for connecting the PeakStore5 to a USB 3.0 port.
Thus, the PeakStore5 can be operated without a tablet on a
normal PC. [PSZ USB]

Systemsi&E it 25 H145, i USB i AL SRR L 24V sk
HYR . PR E @ T AR I E USB ot [ BRE 51 FL IR

JE PR R A FL A K AT 200 mA
T B H R AL N i K H R 420 mA

LER R RS YR, SRR AT DR R 1 2 AR BRI
fite. [PSZ-DC]

Adapter cable for providing 24 V for sensors with additional
power supply via a USB port. Optionally directly via the USB
portofthe tablet or an additional battery.

max. power when supplied via tablet: 200 mA

max. power when supplied by battery: 420 mA

The adapter can supply up to 12 displacement sensors when
connected to a battery. [PSZ-DC]

RV ALY WLAN #2\ s, HFIZfE#%d] PeakStore5.
FoRZFA R RETHL L% %E Android % iPhone FiiAS I
PeakStore Remote M HFEF. PeakStore5 FI% ftFHl2
[BIEE RS IR 200 K. MG KIA 4 /NEF; BHF USB
FEHZk. [PSZ-RemoteControl]

Battery-powered WLAN access point for the remote control
of the PeakStore5. Prerequisite is the PeakStore Remote
App for Android or iPhone on a smartphone. Increases the
range between PeakStore5 and Smartphone up to 200 m.
Up to 4 hours of battery life; including USB charging cable.
[PSZ-RemoteControl]
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IR E A BiEs

s H T AL 2 R T e 3 T 18804F 1. AP, Curie R I A TE S AR [ &8, BV A 08 Sl A £
HUBRNE A FAHEL R Lo s L AR AR IR 3 BT B AR s B AR I g oe k. I X R AR AR HY, TR 4
H T IRBN TR IIBIE, Jyostmi kA . A AR I LA S D L. FEBARAR AR
1% H faf B R N L

DR B A R, ARG, & F AR S ARG R . e E ARSI .
T BRI, AL I R R . AR LIRS W 2R G A MR AT Bkt & R B

WRBELNMEERRSE , TEEREREREL -
Acceleration sensor at gear box, screwed onto glued mounting base

W EIRE SRS MBEIEE -
Acceleration sensor at gear box with magnetic coupling
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Accelerometers

The functionality of the piezoelectric acceleration sensor is based on the 1880 by J. and P.

Curie discovered effect of quartz crystals, which charge each other under mechanical load. A

seismic mass is mechanically coupled by the piezoelectric crystal to the transducer housing.

Ifthis crystal is set into action, then forces affect the piezoelectric crystal, because of the iner-
tia of the seismic mass. Then, the crystal generates electrical charge, which is proportional to

the force. In modern sensors, this electrical charge is directly converted into an electrical volt-
age.

Acceleration sensors are robust, inexpensive and suitable for a very wide frequency range.
For Condition Monitoring, they are perfectly suitable.

Sensors with magnets are used for the offline measurements. In Online Condition Monitoring

systems, screw or adhesive bonds are used.

Order number S-608A11 S5-607A11 S5-607A61 S5-601A02
Type -PA, -PS, -PSL, -PS5 -PA -PA -PA, -PS, -PSL, -PS5
-F!(f'er'
Rl
- -
L& -
Sensitivity 100 mV/g; 10.2 mV/m/s2 |100 mV/g; 10.2 mV/m/s2 |100 mV/g; 10.2 mV/m/s2 |500 mV/g; 51 mV/m/s2

Measurement range

490 m/s2

490 m/s?

490 m/s2

98 m/s2

Frequency range + 3 dB

0.5... 10,000 Hz

0.5... 10,000 Hz

0.5 ... 10,000 Hz

0.17... 10,000 Hz

Resonance Frequency 22 kHz 25 kHz 25 kHz 16 kHz
Connection cable integrated, on top integrated, lateral integrated armored, lateral |separate, on top
Cable length 9.1m 3m 3m 10m

Volatage suply IEPE IEPE IEPE IEPE
Temperature Sensors -54 ... 121 °C -54... 121 °C -54... 121 °C -54... 121 °C
Temperature Standard | 55 gg oc -0... 80 °C -0... 80 °C -0...80°C
cable from PU elastomere

Protection class 1P 68 1P 68 IP 68 1P 68

-PA These sensors are used for the Peakanalyzer and delivered pre-fabricated. An assembly aid will be delivered.
the machine housing. The sensor is bolted on it by an assembly bolt M6x1.

-PS These sensors are used for the PeakStore and delivered pre-fabricated with contact magnet and BNC connectors.
-PSL These sensors are used for the PeakStore and delivered pre-fabricated with contact magnet and LEMO-1B connectors.
-PS5 These sensors are used for the PeakStore5 and delivered pre-fabricated with contact magnet and LEMO-0B connectors.

This aid will be bonded at
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FENLE WUk, IR 15 Ras il o 1 TR e de L s i A RO . BR TR A AP ALA
XTHEZ AN, T DA AT SE s 3 A b 2K AN RN A

BEAh,  Podk thn] DL A7 £ % AR 5
GRS ErS SR S WANO T EST (AR S Y ek YA g

Messbereich = 0,25 ... 1,25 mm
Bezugsabstand = 0,75 mm

U BERRIBWRE - Mounting of displacement sensors
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Distance Sensors

In the field of machine diagnostics displacement sensors are commonly used for detection of
concentricity of rotating drive elements with very low speeds. Besides unbalance and mis-
alignment in this way irregularities located on the respective shaft bearings are reliably

detectable.

In addition, also the speed of waves can be defined by distance sensors.

In general, to mount the sensor a small auxiliary construction is required, that has to be
made individually for the drive.

Order number

S-IWRM 18U9501

S-Bi1,5-EG08-LU/S5100-10M

S-BI4-M12-LIU-H1141

Type -PA, -PS, -PSL, -PS5 -PA, -PS5, -PSL, -PS5 -PA, -PS, -PSL, -PS5
Description inductive linear sensor inductive distance sensor inductive distance sensor

reference distance 3.25 + 0.25 mm

nominal range 0.25 ... 1.25 mm

nominal range 0.5 ... 3 mm

sensitivity 2.67 V/mm

referance distance 0.75 mm

referance distance 0.75 mm

slew rate 1 mm/ms

increase 10 V/mm

increase 4 V/mm

linearity £ 0.1 mm

sensitivity 0.1 mm/V

sensitivity 0.25 mm/V

repeatability £ 0.01 mm

measurement repetition rate 200 Hz

measurement repetition rate 200 Hz

measurement speed 0.02 mm/ms

measurement speed 0.2 mm/ms

linearity deviation = 0.03 mm

linearity deviation < 0.025 mm

repeatability £ 0.01 mm

repeatability £ 0.025 mm

Temperature Sensors

0...60°C

-25... 100 °C

-25... 70 °C

Temperature Standard
cable from PU elastomere

-20... 80 °C

-20... 90 °C

-20 ... 80 °C

Housing

brass nickel plated, threaded barrel,
M18x1

stainless steel, threaded barrel,
M8x1, length 42 mm

brass chrome plated, threaded
barrel, M12x1, length 62 mm

Protection class

P67

P67

P67

Volatage suply

14 ... 30 VDC, < 20 mA

10... 30 VDC, < 10 mA

10... 30 VDC, < 10 mA

Connection

integrated connection cable, on top

integrated connecting cable, axial,
4-wire, length 10 m

connector and separate cable,
length 10 m

-PA These sensors are used for the Peakanalyzer and delivered pre-fabricated.

-PS These sensors are used for the PeakStore and delivered pre-fabricated with BNC connector.

-PSL These sensors are used for the PeakStore and delivered pre-fabricated with LEMO-1B connector.
-PS5 These sensors are used for the PeakStore5 and delivered pre-fabricated with LEMO-0B connector.
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BB LNEREELRSE  BieEXEETE -
Speed sensor on the coupling of a drive, attached by means of metal angle

HEREEBE  BEEHRENELNE-
Optical speed sensor with magnetic stand
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Speed Sensors

Speed sensors either operate optically or inductively. Optical sensors are commonly used for
offline measurements. Then, you usually need a reflection mark on the shaft. The passing of
the reflection mark is registered by the sensor. Inductive sensors register the passing of

metallic objects. This may be the screws of a coupling.

In general, the high-speed shaft is used for the speed detection of the drive. For order analy-
sis, it is enough to detect the speed at least once per revolution. Therefore, one measure-
ment point on the rotating shaft is sufficient.

A construction aid is needed to attach the speed sensor. This has to be customized for the

drive.

Order number

S-Ni12U-M18-AP6X-H1141

S-M12PLPQ8

Type

-PS, -PSL, -PS5

-PA
.

Description

inductive speed sensor

optical speed sensor

switching frequency 1.5 kHz

operating range limit 1.5 m

sensing distance 12 mm

max. switching frequency 1 kHz

status display LED red

status display LED yellow

Temperature Sensors

-30... 85 °C

-20... 60 °C

Temperature Standard
cable from PU elastomere

-20... 80 °C

-20... 80 °C

Housing material

brass nickel plated

brass nickel plated, threaded barrel, M12x1,
length 74 mm

Protection class

P67

P67

Volatage suply

0...30VDC, <15 mA

0...30 VDC, < 100 mA

Connection

connector and separate connection cable

connector and separate connection cable

-PA These sensors are used for the Peakanalyzer and delivered pre-fabricated. The mounting thread is M18x1.

-PS These sensors are used for the PeakStore and delivered pre-fabricated with BNC connector. The mounting thread is M18x1.

-PSL These sensors are used for the PeakStore and delivered pre-fabricated with LEMO-1B connector. The mounting thread is M18x1.
-PS5 These sensors are used for the PeakStore5 and delivered pre-fabricated with LEMO-0B connector. The mounting thread is M18x1.
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W TR, "TRATHE AR E PeakStore5 AR HAhll & 2 45 (1 I S idfs . 7EIX K
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I e ks B IR S 2 LIRS A L B 3B fESE VFATRRASH, TTSKHLY Peakanalyzer
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B T PeakStore5 MMM EHHEA,, TEAVFATARAS (K112 Wy TR AT LA K DA i 4% =X

— PeakStore200, PeakStore400, PeakStore410

- DasylLab

- Famos

- Diadem

L

FSHEIA: Signal conditioning tools:
- EVEEERE - Define fixed speed

- MBS REE - Generate speed from rectangular pulse
- MHEA AR - Generate speed from meshing

- B IERKkH - Pulse correction

L HREESEE - Eliminate speed outlier

- EEEE - Smooth the speed

- HIRES - Cutsignals

— Ay - Change unit

- ERERER - Change the sampling frequency

- EhARFEKes - Change the envelope shaping filter
- EXFFTSH — Change FFT parameters

- ENAERBSESE - Change sensor assignment
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Diagnostic Tool — Analysis of External Data

With the Diagnostic Tool, measured data can be calculated and analyzed by the PeakStore5
as well as by other measuring systems. In this case, according to configuration, frequency
and envelope frequency spectra as well as order and envelope order spectra are formed at
existing speed. In addition, the RMS values of the vibration velocity and vibration accelerati-
on are calculated by all sensors. In the fully licensed version, the fully automatic diagnosis is
performed on the basis of the kinematic data as with the Peakanalyzer. Found abnormalities
of drive elements are reported without the intervention of an operator. In a later release, a
report generator will also be available to create a complete diagnostic report.

The fully licensed Diagnostic Tool can read in addition to the measured data of the PeakSto-

re5 the following data formats:
- PeakStore200, PeakStore400, PeakStore410

- DasylLab
- Famos

- Diadem

- Universal File Format

i Diagnostic Toot

Messdaterwercsichniz. | E\Dagresticlcallext Tesdstan

* Mligemein Infarmationen

Masimaie Fraquens: 5000 4r

[ —
Ronsgrat e

Verarbeitetes Signat.  Drehash

Bacer anzeigen Messpresokall snasgen

anzeigen

M &R ER TR TEERE -
Calculation of the speed for the order analysis from the meshing
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Monitoring Service for
Online Condition Monitoring Systems

Besides customize online condition monitoring systems, GfM offers the monitoring service.
This includes regularly

- Configuration of the systems

— Monitoring for alarms

- Verification of alarms and alerting the operating personnel
- Documentation of alarms

- Quantitative observation of known damage on the basis of vibrations and making
recommendations to the operator staff

- Resetting of alarm thresholds after repair
- Adaptation of the configuration in case of modifications to the drive

- Creation of a status report, usually once every quarter, in which all activities are
documented.

The monitoring service is offered:

= fFor the Peakanalyzer:
The Peakanalyzer automatically performs about every 10 minutes an
advanced diagnosis. This is done directly in the Peakanalyzer without par-
ticipation of the monitoring center. If an alarm is reported by the fully
automated monitoring, it will be verified or falsified by GfM. In case of ver-
ification, the operating personnel is informed .

= For other systems:
In Peakanalyzer Manager time data and speed information are automati-
cally checked for anomalies based on the kinematics of the drive. If an
anomaly is detected, this is verified or falsified by GfM. In case of verifica-
tion, the operator personnel informed.

Services
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Offline Vibration Diagnosis of Drive Trains

It “s very simple: We come to you, install a few sensors at the drive and start data collection.
The recorded signals were stored and afterwards, spectra and envelope spectra were
formed. These spectra were analyzed with respect to irregularities. The results are summa-

rized in a report.

Of course, you can also perform the data collection by yourself. For this, you need the up tp

12-channel data collector PeakStoreb5.

The drive should have it “s normal operating temperature and run under representative con-
ditions. During the data collection, the speed may vary, but it has to be measured. Instable
speeds are no problem, because they are compensated by using the order analysis.

Process of Offline Vibra-
tion Diagnosis:
= mounting of acceleration sen-

sors nearby the bearings by
means of permanent magnets

= installation of a speed sensor at
the high speed shaft

= startdata collection

= data analysis in the GfM office
and preparation of a diagnosis
report

If a tooth is not fully loaded at one gear stage, the
following tooth has to absorb the transmitted
energy. A force pulse is generated. This is a local
damage of the gearing. It can be detected in the
spectra of the vibration signal.

Also damages of the entire pinion or of the entire
wheel are detectable, reliably.

Ifthere is a damage on the bearing race, for exam-|
ple pitting, it will be overrun by the rolling ele-

ments over and over again. Every single

overrolling produces a force peak.

In case of very little damages, which are in the
early stage of their development, the emitted
energy is low. It is not possible to identify them by
hearing. Using acceleration sensors, it is possible
to measure the emitted vibrations, reliably.

The proof of these low-energy force peaks is pos-
sible in the envelope spectra. In some cases, bear-
ing damages could be identified more than twelve
months before their final breakdown.
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Contents of the Diagnosis Report:
= administrative information

= ashort description of the initial situation, if it is
relevant for understanding

= aformulated overall rating

= the diagnostic results in tabular form with rec-
ommendations for action

= spectra, that are relevant for understanding
the results

= kinematic data in tabular form
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Diagnosis Report

The diagnosis report contains all measurement results and all boundary conditions, as long
as they are relevant for understanding. On the one hand, the diagnosis report gives an over-
view about the diagnosis results. On the other hand, the report is detailled enough, to form

the basis for further questions.
The results are summarized in a table. We provide charts for every diagnosis result. So our

customer is able to understand the background of the interpretation.
Of course, we also provide the digital raw data, because transparency is the basis of every

honest business relationship.
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Torque Measurement

Shafts transmit torque. Sometimes it is necessary to examine these torques precisely. For
example because:

- Drive elements are damaged again and again and the cause is unknown.
- Drive elements emit vibrations and noises, which can “t be explained plausibly.
- The product quality isn "t satisfactory.

- Adrive produces a lot of heat.

components can provide unexpected findings. Such findings are required to und d the f-,-\‘
mechanical and the control engineering contexts. Then, the technical solution is.often not far/- =

The measurement and analysis of torque and especially the exact description of the dygamic
away. "

&1 s — Al
e

The single steps of the Torque Measurement:
= gluing the strain gauges on a cleaned point on the shaft
installing a telemetry sender, a battery and an antenna
calibrating the measuring point #

data collection according to the defined tezsk
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Strain gauges were invented in 1938 in Massachu- |
setts, USA, by Arthur Claude Ruge. The physical

principle is very simple. Each electrical conductor

has a electrical resistor. This resistor depends on its

material and temperature and especially on the geo-|
metric dimensions:

- With increasing length of the conductor, the elec- |-
trical resistance increases. |

L . . Be i
- With increasing cross-section of the conductor, |
the electrical resistance decreases. ¥ =

As long as this is done in the elastic range, it also
works in reverse.

Arthur Claude Ruge glued a thin resistance wire like

a meander on a thin piece of paper. He fixed the [
paper on a flexible bending rod. He compared the | =
change in resistance with the actual strain and reg- |
istered a good match.

Today there is a very thin conductor on a support |
film, for example polyimide. The conductor is
mostly made of constantan. This has a high ther- [,
mal stability. =

In the picture a strain gauges pair was applied on a ——
transmission shaft.
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Troubleshooting

- Why is always the same bearing damaged?
- Why does the machine vibrate?

- Why does the workpiece obtain a pattern?
- Why is the foundation destroyed?

- Why is a torque arm damaged ?

- Why does the inverter signal overload?

Such questions often appear after the commissioning of production equipment or technolog-
ical changes. Normally, such questions can not be so easy answered. But with the help of dif-
ferent measurements annoying phenomena can once be described. And then a solution is
quickly found in dialogue with the plant constructors, usually.

A Vibration analysis is often the first step. It is checked whether kinematic recordable vibra-
tional excitations are present, or briefly if a shaft, a gear or a roller bearing is the trouble-
maker.

Next, the vibrations are examined for excitations that have nothing to do with the kinemat-
ics. This may be extern excitation or eigenfrequencies.

If all this doesn't lead to the goal often the analysis of the torsional vibrations is helpful. For
this, a torque measuring point is applied, and measurement data are collected in representa-
tive operating points. Perhaps vibrations are now visible that were not expected.

All these steps will help to visualize problems. The detailed analysis of adverse situations and
above all a real solution will be generally possible only together with the customer.

, -
MEFZWRIA - Application of measurement equipment
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Gearbox Inspection and Video Endoscopy

You would neither expect the owner nor the operator of a production plant to have that deep
technical knowledge of all system components. Therefore, it is absolutely normal to involve
specialists. So it is also with mechanical power trains, especially with gearboxes. The detec-
tion and evaluation of damages on gears as well as the derivation of specific recommenda-
tions for further operation and maintenance is part of a major service in great demand.

The gearbox inspection consists of the evaluation of

= the external condition of a gearbox, the detection of leaks, problems related to the
fundament and thermal anomalies,

= the function of the lubricant,
= the tooth mesh on the basis of the visible tooth flanks and
= the accessible bearings.

For the inspection, the drive must be switched off and secured against movement. Then the
inspection covers are opened. Now our specialist has a close look on viewable parts directly
or by means of a video endoscope. The gearbox inspection should be combined with the
vibration diagnosis, because:

- Although the inspection offers advantages in the evaluation of damage type and damage
size on tooth flanks, it is limited to the currently visible teeth. In contrast to this, the
vibration diagnosis provides statements to all teeth, but with less resilient results
according to the damage size.

- The inspection provides definitive statements about the type and the size of damages, if
they can be viewed directly or with tools. With the vibration diagnosis all race ways and
rolling elements are necessarily analysed.

REEB/ - Check the lubricant
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Revision / Repair / Supervising

If it is necessary to maintain a gearbox, then expertise is in demand. The following steps are
required:

- developing a maintenance plan,

- opening and disassembling the gearbox,

- determination of parts, which have to be replaced,

- procurement of spare parts,

- overhaul of the other parts, if required

- assembly of the gearbox,

- performing adjustments, and

- commissioning and test run.

In addition, it is useful to provide improvements, if there were any constructive deficits.

GfM can offer a part of these services directly or recommend competent service provider.
Thus, a high quality of work is assured.

Y& - Supervising
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Cause of Damages at Drive Elements

Besides the damages caused by fast fracture, there is a number of harmful effects, which are
initially unnoticed. They are

constructive conditions and unfavourable material characteristics,

installation errors,

- too much, too little or the wrong lubricant and

unfavourable operating and loading conditions.

These influences lead to

= damages of fatigue such as pitting or grey staining,

= wear damages such as scoring, scuffing, smearing or false brinelling,
= corrosion or

= aging.

These damages lead to measurable vibrations as soon as a certain damage size is reached.
This is usually long before they are visible to the naked eye.

Fatigue:

g{f:g ta;trgzzvf::izsfgﬁg:su';;aaﬁf R MA S - Pitting on roller bearing

mum builds up because of the
Hertzian contact stress on below
the material surface. If the material
is overloaded, it begins to crack.
The crack grows and more or less
fragments are separating.

Knowledge
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Wear:

Insufficent lubrication leads to
insufficient separation of the con-
tact surfaces. Because of high
W pressure and frictional heat,
- B metallic compounds occur, which
B are immediately broken again.

| This process is favored by surface
! roughness and foreign particles.

WHEER - Wear on tooth flanks

Electric current:

By electric current the surface of
roller bearing races is permanently
damaged. High local temperatures
cause to structural changes at the
contact lines.

B3R

T iy O . o R TR SR 2 O
. JREb e BEEIRS 7 okl -

BB G5 AL . Damage caused by electric current at a roller bearing
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Cause of Damages at Drive Elements
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Corrosion:

Water infiltration leads to a
reaction of the steel with oxy-
gen. The corrosion products
are sometimes stronger than
steel. They are like tools,
which destroy the bearing race

RN AB - Corrosion on roller bearing

ways and the flanks of the )

tooth. <))

©

9

[°)

o

X

White Etching Crack:
HEeRmRL: Other terms used in the literature are White Etching Area,
S b A P B LA AR R i ol X White Structure Flaking oder Brittle Flaking. This damage
B, GEEmHTES G ERTE. X is described lately commonly associated with roller bear-
PREE SR ARG 5. X AR @ ings. These are white areas of the steel from which appar-
XiR, BARCLEL T HEE KRS . ently the carbon atoms originally contained are lost. This
R R AR AT e S F sk, H R material change can lead to premature failure. The reason
JUNEFE TR H B =5 B 2 12 20 5 ) for this phenomenon is currently the subject of several
5 research projects.
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Handling of Speed Variability

Damaging events at drives normally arise by periodical vibrations, which have a relation to
the speed of the drive. The vibration collection as well as the vibration diagnosis are mostly
time-dependent.

The method of the signal transformation for the compilation into the frequency range is used
for a better evaluation of the vibration signals. In the simplest case, the frequency spectrum
is created. The spectrum shows the amplitude as a function of the frequency. The unit of the
abscissa is Hertz.

At drives with a constant speed the spectra can be created directly from the measuring data.
This does not work for drives with variable speed. At first, the measuring data has to undergo
an order analysis.

During the order analysis a signal is standardised to the speed with chronological synchro-
nism so that a speed synchronized signal arises. Further analysis occurs in the usual way.
The unit of the abscissa is the order.

One of the accepted and easy-to-apply methods is the resampling. Only after data collection
the calculative resampling of the vibration signal occurs. Therefore, it is necessary to know
the exact speed at every moment of the data collection. That means that for the above men-
tioned channels, the time channel and the vibration channel, an additional, third channel has
to be recorded. This channel contains the momentary value of the speed at every sampling
moment. Then, a speed synchronous signal is generated from the time signal.

Every device of GfM executes the order analysis by resampling.
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Automation of the Diagnosis

In the case of temperatures, pressures, forces or torques, it is customary to define limit val-
ues which can be calculated from material properties or geometric parameters and are easily
verifiable. Such limits do not exist for machine diagnostics. It is absolutely illusory to estab-
lish a general correlation between the height of a peak in the spectrum or envelope spectrum
to a mechanically determinable damage magnitude. On the other hand, the required work-
load for monitoring each condition monitoring system must be low. Otherwise, the use of con-
dition monitoring is not worthwhile. It is hardly conceivable that one searches several hours
daily in spectra for find of anomalies.

In the GfM systems, all spectra formed are subjected to a DVS analysis, a modified signifi-
cance analysis, in which conspicuous spectral lines are automatically extracted. Then, for
these conspicuous spectral lines, it is only checked whether their frequencies coincide with
kinematic damage patterns. This method is largely independent from the load on the drive,
which means that it operates under full load as well as in partial load operation. The results
are so reliable that manual analyzes can initially be dispensed with. Only for the final mainte-
nance decision — continuation or repair - the decision is recommended by a person, if neces-
sary, but not necessarily after a check-up by a diagnostician. This form of very far-reaching
automation leads to a minimal maintenance effort for the systems and thus to extremely low
running costs.

WRIRIR - damage on helical gear
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