Turbine damage is still an everyday reality in the lifetime of a
wind park. Owners are frustrated by repeated gearbox failures
or blade repairs. In order to minimise failure rates and down-
time it is becoming increasingly common to use independent
assessors to check the status of the whole turbine or of certain
critical parts like the gearbox or main bearings.
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Damage on Wind Turbines
What is the Best Way to Assess This?

Independent engineers from the
8.2 partnership are often hired to
check for damage on wind tur-
bines and have to date assessed
about 8,000 turbines. The 14 spe-
cialists in different fields evaluate
failures as well as the future opera-
tion and maintenance costs based
on the findings of the assessment.
This article concentrates on the
problems of the drive train as this
component has a high value and
a still unacceptably high failure
rate.

Possible Assessment Methods
For quick checks (as opposed
to long-term methods such as
Condition Monitoring System,
CMS) of the condition of the

drive train the following methods
are possible:

e A visual check through inspec-
tion apertures (however, these
are often blocked by hoses or
other equipment).

e Listening into the drive train
with an electronic stethoscope
during operation of the tur-
bine.

e Video endoscopy of the main
gearbox (sometimes also the
main bearing and genera-
tor windings). 8.2 wuses a
flexible probe with 2m length
and a diameter of 3.9mm.

e Vibration analysis offline
(8-channel measurement,
additional rotational speed

Case study 1: Bearing damage on the low speed shaft

Visual inspection and stethoscope:
Video endoscopy:
Vibration analysis:

No indication of any damage
Damage category ‘Alarm’

Outer ring damage category ‘Alarm
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measurement). 8.2 uses the
‘Peakstore’ and ‘OmegaExpert2’
data acquisition devices and its
own evaluation software.

However, by using all methods
the assessment costs are becom-
ing unacceptably high. 8.2 has
analysed the pros and cons of
the different methods in order to
assess whether one method could
be abandoned without reducing
the assessment certainty.

Selected Assessment Results
Which results can be expected
by which assessment method? In
the following case studies we give
some examples of real damage
and the assessment results.
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Case study 2: Broken teeth on the pinion of the high speed shafi
Visual inspection and stethoscope: Damage category ‘Warning’
Video endoscopy: Damage category ‘Warning’
Vibration analysis: No noticeable problems
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Case study 3: Damage on a bearing of the intermediate shaft

Visual inspection and stethoscope: No noticeable problems

Video endoscopy: No noticeable problems
(bearing not accessible)

Vibration analysis: Damage category ‘Warning’
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Case study 4: Damage on a planetary bearing
Stethoscope: No noticeable problems
Video endoscopy: Damage category ‘Alarm’
Vibration analysis: No noticeable problems
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To be observed/Warning/Alarm/
Damage). Only the three mid-
dle categories are summarised in
Table 1.

Statistical Assessment of the
Methods

The strengths and weaknesses of
the different methods indicated
by the case studies are backed
by an evaluation of 385 assess- The following statements can
ments (as of 31 July 2006). The be made about the differences
evaluation only considers tur- between the assessment meth-
bines with one main gearbox ods:

and an installed power of more e Possible damage on the main
than 1,000kW. The problems and shaft and main bearing is only
damage detected have been cat- detected by vibration analysis.
egorised in five categories (OK/ Video endoscopy cannot be
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used for these parts and listen-
ing with the stethoscope does
not produce any result.
Possible damage on the planet
bearings is only detected by
video endoscopy (47% of the
assessed gearboxes had notice-
able problems). The vibration
analysis detects damages on
planet bearings with a much
lower certainty.

The faster a bearing is turn-
ing, the better vibration analy-
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Assessment Visual inspection + 2 e .
athod stethoscope Video endoscopy Vibration analysis
Cases 76 95 214

Categories Obs. Warn. Alarm Sum|Obs. Warn. Alarm Sum|Obs. Warn. Alarm Sum
Rotor shaft 0 1 0 1 ] 3 0 it
Main bearing 1 0 0 1 3 0 0 <.
Gearbox generally | 9 5 0 14 |1 1 1 0 0 1
Planetary gear

S 1 i 0 MO0 0 g 3 o 8
Planetary gear

bearmggf g 0 0 0 N 31 9 7 47 |6 2 1 9
Planetary gear

tooth 0 0 0 0 28 21 11 60 (32 14 1 48
Spur gear stages

el e PR Al S 0 |[EE4 1 2 21 4 0 26
Low speed shaft

bearin%s 1 0 0 I 33 8 5 46 |5 1 1 8
Low speed shaft

ki Z5mmg 0 DENN 23 7 3 34 |6 1 0 7
Interm. shaft

bearings 0 0 0 0 22 7 4 34 |20 7 2 29
Interm. shaft teeth | 21 3 0 2458 27 8 4 40 |16 1 0 17
High speed shaft

b[?garings B pF 0 [HEEM38 9 13 [SEas 12 38 @
Highspeedshaft 1o 3 o (S>> 3 4+ [EEM> 5 1 B8
Generator shaft 0 0 0 0 35 10 2 46
Generator

B AR 14 5 0 20 28 23 20 71

Table 1. The occurrences of noticeable problems and damage to different parts of the drive train detected by different assessment

methods (rounded to the nearest percentage)

e Possible damage on the gen- is required, video endoscopy

sis detects damage. Therefore,

for high speed shaft bearings
the detection rate is similar
for video endoscopy or vibra-
tion analysis.

e When only visual inspection
and a stethoscope are used,
considerably less damages are
detected. In particular, a cat-
egorisation of the damage is
not possible because of a lack
of objective criteria.

erator is currently only detect-
ed with a high reliability by
vibration analysis. Video
endoscopy cannot be used here
and listening with the stetho-
scope does not result in quan
titative and reliable results.

Summary
If a good diagnosis of the sta-
tus of the whole mains shaft

and vibration analysis should be
used as assessment methods. The
main advantages of video endos-
copy are found in assessments of
the planetary gear and the slow
speed bearings of the gearbox;
vibration analysis has its advan-
tages with the assessment of
the whole drive train (main
bearing-gearbox-generator).
Both assessments in combination

\s/trztuhac:;gzzzctlonf Video endoscopy Vibration analysis

Visualisation * + -

Audio test possible + - +

Quantification possible - 0 +

Significance - + 0

100% assessment possible o} - +

Accessibility of parts - 0 +

Costs + - <

Organisational effort + + 0
+ = good, o = medium, - = bad

methods considered

24

Windtech International October 2006



CrysTIC" |

deliver visual and quantifiable results for the Manufacture hlgh quahty nySt[B@ gelcoats for
main gearbox and increase the possibility of both Polyester and Epoxy windmill blades,
defining the damage progress more exactly. spinner housings and nacelles.

However, visual inspection and stethoscopes
should be used in addition to the two above-
mentioned methods, as the subjective impression
oftheassessorcandeliver veryimportantinforma-
tion on the damage status of the respective part Wide range of Crystic® products, including
e ition oo UPR, VE and DCPD resins, Crystic®Crestomer

structural adhesives and GRP tool making system.

Approved global supplier to LM Glasfiber.
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