MONITORING FOR MAINTENANCE

The experts at Turningpoint explain why you can think
of vibration condition monitoring as an MRI for your

wind-tower gearbox,
maintenance in advance.

By David Clark

helping predict and schedule

David Clark is director of Turningpoint. He can be reached at (530) 677-9785
or david@turningpointwind.com. Go online to www.turningpointwind.com.

IN A RECENT REPORT COVERING the last
quarter of 2008 in Europe, 54 gearbox failures
attributed to either wear or failure equaled
8,177 hours of downtime. This downtime
includes the actual repair, lost production,
and crane costs. Since a catastrophic gearbox
failure on an average megawatt class wind
turbine costs somewhere between $225,000
and $300,000 to remediate, more and more
people are looking for maintenance methods
to address costly gearbox issues.

No matter the industry, it seems that
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maintenance practices fall into three basic
categories:

« Wait until it breaks;
« Maintain at an interval;
» Predict maintenance.

The approach that we are focusing on in this
article involves using vibration analysis to pre-
dict maintenance. There are many tools for pre-
dictive maintenance, with vibration being one
of the most prolific. While predicting mainte-




nance using vibration is widespread in other in-
dustries, for various reasons—and despite some
challenges—the wind industry is quickly adopt-
ing a predictive maintenance culture.

INSPECTION INFO

It is generally accepted that most things fail in a
“bathtub” type failure curve. It has a higher prob-
ability of failing early in its service life, or later
in life as it wears (fig. 1). It stands to reason that
testing of gearboxes needs to occur during as-
sembly, commissioning (both early stages), and

during the life of the wind turbine to catch the
other end of the failure curve. In addition, gear-
box rebuilders as well as manufacturers would
be wise to adopt vibration acceptance testing
prior to sending gearboxes out into the field (fig.
3). The reasoning is simple, really—Do you want
to change a bearing or gear in your repair facility
or up tower?

In the table labeled fig. 2 you can see how
the common wind turbine inspection methods
compare. This table was created with help from
Don Roberts, project engineer with DNV Global
Energy Concepts, Inc. DNV/GEC is a compa-
ny that, among many other services, provides
these types of inspection. While there are ex-
ceptions, this table holds true for many of the
most-common gearboxes in wind when using
these inspection techniques. What we are try-
ing to illustrate is an understanding as to how
these inspection techniques compare in this ap-
plication. You can see that an open inspection
leaves most of the gearbox unseen. A bore scope
inspection is better, but on average leaves large
gaps in detection.

Vibration detects all of the meshing and bear-
ing fault frequencies. What it does not do, how-
ever, is specifically identify which of the three
planetary bearings is failing. Vibration will sim-
ply tell you that one of the three bearings is at
fault. Not that this is a bad thing, because the
end result is the same. Furthermore, vibration
will detect conditions that are not seen by a
camera or the human eye. These are issues such
as imbalance, misalignment, mechanical loose-
ness, and resonance conditions.

VARIOUS VIBRATIONS

Vibration analysis is as easy as you want to make
it. With that said, in wind turbines it is difficult
to get right, which is probably why so many get it
wrong. Let’s opt for easy, though grossly under-
explained, just for explanation’s sake. The peaks
indicate in frequency specifically where a prob-
lem is occurring. In fig. 4 it is the planetary gear
mesh frequency. The amplitude (height) of the
peaks indicates the severity of damage at that
specific location. In this image the problem is
at the planetary section, and at the early stages
based upon the amplitude. So, with vibration,
not only do you know where, but relatively how
bad. Again, the frequency indicates where and
the amplitude indicates how severe.

Gear Mesh Frequency (GMF) is a vibration
signal that occurs when two gears mesh togeth-
er. The higher in amplitude the signal, the more
severe the damage, and the further it has pro-
gressed. A very basic explanation involves the
following equation:

Gear (tooth count) x RPM = GMF

windsystemsmag.com 37



In a vibration signature that is displayed in a “spectrum,” a
gear with eight teeth running at 15 rpm would have a GMF at
120 rpm. This is the basic math of why we see peaks in vibra-
tion at GMF. This is greatly oversimplified and not completely
accurate for planetary gearboxes, but it provides a basic under-
standing of what generates GMF. Two gears meshing together
times the speed. Of course, you don’t need a calculator to de-
termine GMF because these calculations are likely in a wind
turbine vibration monitoring software program (fig. 5). The
point is that vibration analysis does detect gear issues specifi-
cally. And again, the frequency indicates where, and the ampli-
tude indicates how severe.

Another generalization is that a gearbox is a box with gears
and bearings. It is similar in math as in determining gear prob-
lems, but instead of teeth bearings have rolling elements. So
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Fig. 1: A “bathtub” type failure curve.

WIND TURBINE GEARBOX COMMON INSPECTION TECHNIQUES

Component detection percentages on a typical gearbox
VISUAL BORESCOPE | VIBRATION
INSPECTION [ INSPECTION [ANALYSIS
(HFE INCLUDED)
High Speed Pinion 100% 50% 100%
Intermediate Wheel & Pinion 100% n/a' 100%
Low-Speed Wheel 100% n/a’ 100%
Sun Gear No 30%* 100%
Planetary Gears (3) 10% 30%* 100%
Ring Gear 20% 30% 100%
High Speed Bearings (3) No 100% 100%
Intermediate Bearings (2-3) No 50%* 100%
Low Speed Bearings (2) No 50%* 100%
Planetary Carrier Bearings (2) No 30%* 100%
Planetary Gear Bearings (6 No 30%* 100%
drCRB)
t Clearly visible during visual inspection by removal of inspection cover
1 Depends upon gearbox make/model, oil level and bearing
§ Requires several rotations of rotor and to inspect 100%, adding several hours to inspection

Fig. 2: Comparison of techniques for wind-turbine gearboxes.
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if there are 14 rolling elements
in a bearing, RPM paired with
an equation is used to locate the
fault in a vibration signature in a
bearing. And while there are four
parts to a bearing—rolling ele-
ments, cages, and inner and out-
er races—they are similarly de-
tected in the vibration signature
using RPM. Most major wind
turbine vibration software com-
panies should have thousands
of bearings in a library, making
identification of a bearing or its
subcomponents easy (fig. 7).

It really is overkill to detect all
of these subcomponents since
one likely doesn’t care which one
is bad and just needs to know
that a bearing should be re-
placed. While this is correct, if a
trend is noticed in a specific part
of the bearing failing, it may ac-
tually point to another root cause
altogether. An example would be
if several inner races in the same
bearing across several gearboxes
were failing. This might point to
either the incorrect bearing fit-
ment or improper installation.

WHY ONLINE?

A traditional handheld vibra-
tion instrument is not viable for
many reasons in wind turbines.
Safety, variability of wind—or
no wind—and infrequency of
measurements are just the start
of why a traditional portable is
not feasible. There are at least a
dozen more legitimate reasons
and challenges to a portable ap-
proach, although such a unit is
fine for test stands in rebuild
shops for this industry.

An installed online vibration
monitor is a far better approach
because it doesn’t involve visiting
the site or climbing the towers.
Also, you can corral vibration
information from several farms
remotely. As many negatives as
there are to portables, there are
just as many positives to an in-
stalled condition monitoring
system.

One trend to consider involves
European insurance companies
that feel so strongly about con-
dition monitoring they make
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Fig. 3: A good gearbox as seen with vibration (top), a bad gear-
box (middle), and the borescope image showing the actual
damage (bottom, thanks to Don Roberts, GEC).

it part of the policy require-
ment. Basically, either you use
vibration condition monitor-
ing or you rebuild the gearbox
about every five years. The
choice is yours... if you want
their insurance, that is. One
would imagine that, in the
United States, similar condi-

tion monitoring requirements
are not far off. Besides safety,
the demand for production,
reliability for investors, and
PPAs are but a few reasons
why an insurance company
would dictate similar condi-
tion monitoring requirements
in the States.

Strengthening
Your

Committed to fostering renewable
energy, McClarin Plastics, Inc.
produces components for wind
turbines and, provides a suite

of services.

* Vacuum infusion and
Resin Transfer molding

* Design support
* Full-service Contract Manufacturer
* Six Sigma, Black Belt quality team

e Incorporates Kaizen and
multiple Lean principles

@McCIarin

Plastics, Inc.

15 Industrial Drive, P.0. Box 486

== Hanover, PA 17331
@ (717) 637-2241
(800) 233-3189

Emall: meclarin@meclarinplastics.com
www.mcclarinplastics.com/wind

windsystemsmag.com 39



COST JUSTIFICATIONS

To provide an example, over
the 20-year design life of a wind
turbine let us assume that one
gearbox failure occurs during
that period on half the farm.
Over a typical 100-unit wind
farm project, this means 50

gearboxes will fail over the life
of the project in this particular
example. In a second example
we will use the European insur-
ance suggested interval, which
is at about the five-year inter-
val. This assumes that, over the

Fig. 5: Bearing defect (top, Don Roberts, GEC) detected in the in-

ner race of the bearing (bottom).
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20 years, there will be a gearbox
failure every five years. Again,
on average, and across half the
assets, this adds up to 200 re-
builds in the second example.

So, per 100 turbines, the
range on gearbox failures over
20 years would be 50 gearboxes
in the first example and 200 in
the second. If you take the num-
ber we discussed earlier, which
is about $250,000 per average
catastrophic event, the expense
costs on 100 turbines would be
$12,500,000 in the first example
and $50,000,000 in the second.

This only assumes a gearbox
failure. We canadd in generators
and main bearings failures and
the numbers jump measurably.
Considering that the current
cost of an online wind turbine
vibration monitoring system is
in the $6,000-$15,000 range per
turbine, the cost of predicting
maintenance far outweighs the
maintenance costs even when
using the most expensive sys-
tem in the best-case scenario.
To add a finer point, remember
that this justification was just
for gearboxes, excluding main
bearings and generators.

Furthermore, the cost of one
gearbox failure alone would
cover the cost of outfitting
somewhere between 16 high-
cost and 41 low-cost system
turbines with condition moni-
toring for the life of the asset.
An online system such as this
would also monitor not only
the gearbox, but also the other
common high-cost repairs such
as the main bearing and gen-
erator.

Another perspective on this
approach to maintenance is
to look at the cost of a system
spread over the life of a wind
turbine. The cost of a wind tur-
bine vibration monitoring sys-
tem over the usable 20-year life
ranges from less than a dollar to
about two dollars a day. Again,
systems cost between $6,000-
$15,000 per turbine, which
means that the prorated cost of
installation is less than a daily
cup of coffee. Put into these



terms, it’s easy to see how this
affordable monitoring system
will pay for itself many times
over its service life.

AVOIDING CATASTROPHE
Some will say that, if the gear-
box is failing, what are you really
saving? It will surely fail anyway.
Most of the gearbox problems
caught using vibration moni-
toring involve up-tower repairs
because they are detected early,
before catastrophic failure oc-
curs. As a common example, a
high-speed shaft repair can be
up-tower when detected early.
Other detected conditions—
such as misalignment, for
instance—are also reversible
before damage results. It is com-
mon to see months of downtime
when problems aren’t caught in
advance by using vibration anal-
ysis in gearboxes.

Secondly, withlonglead times
for repair parts, having several
months’ notice to have them
delivered, along with cranes
and other necessary equipment,
provides a definite production
edge. Maintenance decisions
such as these can revolve around
wind season, other repairs, or
when the repair would be most
advantageous. And don't forget
due diligence inspections for
newly purchased sites.

CONCLUSION

By using the tools available to
the wind-power industry, one
has the ability to run main-
tenance on their own terms.
That’s really at the core of what
predictive maintenance pro-
vides. For wind this translates
into knowing what needs to
be fixed before it fails. It also
means that crane callouts can
be grouped for multiple repairs.
Also, parts can be ordered in
anticipation of making repairs.
And, finally, repairs can be
scheduled around wind season
to maximize production and
minimize downtime. Predicting
maintenance is like predicting
production, in that reliability
equals production.

GEARBOX FALLT FREQUENCY LARELS
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