Windmill Gearbox Lubrication

Filter Element Upgrade Improves Efficiency

“The fastest-growing segment of the power generation
industry is wind, which is on track to expand by over 45
percent in the United States this year” (1). The advantages
of wind power, such as being a renewable energy source
and creating fewer pollutants, are well-known; but each
wind farm that is created faces a list of doubts and
guestions about its real productivity before its construction
is ever approved. In reality, the abundance of water and
particles 14 and smaller in the gear oil can be as much of
an inhibitor to wind energy production as is a lack of wind.

Transforming the motion of the wind into useable energy
requires complex gearing, and this complex gearing
requires serious lubrication to protect all the internal
components from undue wear or damage because “oil is
the lifeblood of the wind turbine gearbox” (1). The most influential reason that windmill gearing needs to
maintain longer-than-average component life is the fact that the windmill gearing is harder-than-average to
reach for repairs or replacements. For example “when a $1,500 bearing fails, it can lead to production and
revenue losses, including an unscheduled replacement of a $100,000 gearbox and an unscheduled crane
cost of up to $70,000 to access the failed components,” which basically defines “hard-to-reach” (1).
Eliminating non-productive periods outside of regular maintenance is also key in convincing governments and
communities that windmills can be a reasonable energy source. The windmills in this particular case were
experiencing higher than optimum fluid cleanliness codes, and it was anticipated that upgrading to Hy-Pro
would yield fluid cleanliness and component life were in line with the target.

Filter Element Upgrade - Several different Hy-Pro elements were used to upgrade OEM specified filter
elements including: HP930L16-25MB; HP800L10-10M, HP800L10-3M, HP250L7-10M.

Breather Upgrade - A original breather element (HPQ240467-12MB) was also upgraded to Hy-Pro glass
media to more efficiently remove particulate contamination introduced from the air into the gear oil reservoir.

The Results - The 55 units on this particular wind farm
have been upgraded improving fluid cleanliness of the
gear oil and the component life of the windmill gearing.
Unlike most gear lubrication systems where all of the
components and the oil reservoir are in easily-accessible
locations, the most important components in a windmill,
along with their lubrication oil, are perched high in the
air. Time and safety begin to become important issues
with every simple procedure that wouldn’t merit a second
thought in most other situations; and it is because of
these special conditions that peace-of-mind concerning
fluid cleanliness is just as important as how strong the
wind is.

(1): Maintaining the Wind Turbine Revolution; LUBE REPORT.
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GLASS UPGRADE

Hy-Pro G8 Dualglass Upgrade from Cellulose Media

Glass media has superior fluid compatibility versus cellulose with hydraulic fluids, synthetics, solvents, and
high water based fluids. Glass media also has a significant filtration efficiency advantage over cellulose,
and is classified as “absolute” where 5
cellulose media efficiency is classified as B10u(c)=2 B we)=2 55 =2
“nominal”. 1 « ,
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The illustrated glass element would typically
deliver an ISO Fluid Cleanliness Code of
18/15/8 to 15/13/9 or better depending upon
the system conditions and ingression rate.
The cellulose element would typically
achieve a code no better than 22/20/17.
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Runaway contamination levels at 4 and
6p are very common when cellulose media is applied where _
a high population of fine particles exponentially generate Glass Fiber Cellulose
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Smaller fiber size means more fibers and more void
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Upgrading to Hy-Pro G8 Dualglass
Glass media has much better dirt holding 2
capacity than cellulose. When upgrading to
an absolute efficiency glass media element
the system cleanliness must be stabilized.
During this clean-up period the glass element
halts the runaway contamination as the ISO
cleanliness codes are brought into the target
cleanliness range. As the glass element
removes years of accumulated fine particles
the element life might be temporarily short.
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Once the system is clean the glass element
can last up to 4~5 times longer than the Dirt capacity (g)
cellulose element that was upgraded as
shown in figure 2.
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Roller Contact Bearing

IMPROVE CLEANLINESS

Cleaner Fluid, Longer Component & Fluid Life, More Uptime!

Current Target Target Target Target
ISO Code ISO Code ISO Code ISO Code ISO Code Laboratory and f|e|d tests prove “me and
2x Life 3xLife 4 x Life SxLife again that Hy-Pro filters consistently deliver
28/26/23 | 25/22/19 | 22/20/17 | 20/18/15 | 19/17/14 lower 1SO fluid cleanliness codes.
27/25/22 | 23/21/18 | 21/19/16 | 19/17/14 | 18/16/13
26/24/21 | 22/20/17 | 20/18/15 | 19/17/14 | 17/15/12 Improving fluid cleanliness means reduced
25/23/20 | 21/19/16 | 19/17/14 | 17/15/12 | 16/14/11 downtime, more reliable equipment, longer
25/22/19 | 20/18/15 | 18/16/13 | 16/14/11 | 15/13/10 | fluid life, fewer maintenance hours, and
23/21/18 | 19/17/14 | 17/15/12 | 15/13/10 | 14/12/9 reduces costly component replacement or
22/20/17 | 18/16/13 | 16/14/11 | 15/13/10 | 13/11/8 repair expenses.
21/19/16 | 17/15/12 | 15/13/10 | 13/11/8 -
20/18/15 | 16/14/11 | 14/12/9 - - Hydraulic Component
19/17/14 | 15/13/10 | 13/11/8 -
18/16/13 14/12/9 N N Current Target Target Target Target
17/15/12 13/11/8 - - ISO Code | ISO C(_)de ISO C(_)de ISO C(_)de ISO C(_)de
16/14/11 13/11/3 - - 2 x Life 3 x Life 4 x Life 5 x Life
28/26/23 | 25/23/21 | 25/22/19 | 23/21/18 | 22/20/17
15/13/10 | 13/11/8 - -
VTR RTEETR - - 27/25/22 | 25/23/19 | 23/21/18 | 22/20/17 | 21/19/16
26/24/21 | 23/21/18 | 22/20/17 | 21/19/16 | 21/19/15
25/23/20 | 22/20/17 | 21/19/16 | 20/18/15 | 19/17/14
25/22/19 | 21/19/16 | 20/18/15 | 19/17/14 | 18/16/13
Develop a Fluid Cleanliness Target 23/21/18 | 20/18/15 | 19/17/14 | 18/16/13 | 17/15/12
22/20/17 | 19/17/14 | 18/16/13 | 17/15/12 | 16/14/11
Hy-Pro will help you develop a plan to 21/19/16 | 18/16/13 | 17/15/12 | 16/14/11 | 15/13/10
achieve and maintain target fluid 20/18/15 | 17/15/12 | 16/14/11 | 15/13/10 | 14/12/9
cleanliness. Arm yourself with the 19/17/14 | 16/14/11 | 15/13/10 | 14/12/9 14/12/8
support, training, tools and practices to 18/16/13 | 15/13/10 | 14/12/9 | 13/11/8 -
opgrate more efficiently, maximize 17/15/12 14/12/9 13/11/8 - -
uptime and save money. 16/14/11 13/11/8 - - -
15/13/10 | 13/11/8 - - -
14/12/9 13/11/8 - - -

New Oil is Typically Dirty Oil . .

New oil can be one of the worst sources
of particulate and water contamination. . &

25/22/19 is a common ISO code for new
oil which is not suitable for hydraulic or e
lubrication systems. A good target for

new oil cleanliness is 16/14/11.
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UNDERSTANDING ISO CODES

Understanding ISO Codes - The ISO cleanliness code (per 1SO4406-1999) is used to quantify particulate
contamination levels per milliliter of fluid at 3 sizes 4y, 6 and 14pg. The ISO code is expressed in 3 numbers
(example: 19/17/14). Each number represents a contaminant level code for the correlating particle size. The code
includes all particles of the specified size and larger. It is important to note that each time a code increases the quantity
range of particles is doubling and inversely as a code decreases by one the contaminant level is cut in half.

ISO 4406:1999 Code Chart

Range Particles per milliliter _ Particles

Code More than Up tofincluding Particle = = 1SO 4406 ISO
52 80000 160000 Size i Coderange Code
23 40000 80000 _\ 4pmy; | 151773 (80000~160000 24
22 20000 40000 L ——— 6pmy; | 38363 |20000~40000 22
21 10000 20000 10umy | 8229
20 5000 10000 14pmgg | 3339 2500~5000 19
19 2500 5000 / 2lumg | 1048

38umy | 112

18 1300 2500
17 640 1300
16 320 640
15 160 320 \ Particle Pagie‘i'es ISO 4406 1SO
14 80 160 Size milliliter Coderange Code
13 40 80 \ dpmyg | 492 | 320~640 | 16
12 20 40 6UM g 149 80 ~ 160 14
11 10 20 —~_| 0umy | 41
10 5 10 Tapmg | 15 10~ 20 11
9 2.5 5 21pmyg 5
8 13 25 38pMpe) 1
7 0.64 1.3
6 0.32 0.64

Succeed with a Total Systems Cleanliness Approach
Developing a Total System Cleanliness approach to control contamination and care for fluids from arrival to
disposal will ultimately result in more reliable plant operation and save money. Several steps to achieve Total
Systems Cleanliness include: evaluate and survey all hydraulic and lubrication systems, establish an oil analysis
program and schedule, insist on specific fluid cleanliness levels for all new fluids, establish a baseline and target
fluid cleanliness for each system, filter all new fluids upon arrival and during transfer, seal all reservoirs and bulk
tanks, install high quality particulate and desiccant breathers, enhance air and liquid filtration on existing systems
wherever suitable, use portable or permanent off-line filtration to enhance existing filtration, improve bulk oil
storage and handling during transfer, remove water and make a commitment to fluid cleanliness.
The visible cost of proper contamination control and total systems cleanliness is | - ———
less than 3% of the total cost of contamination when not kept under control. Keep ‘
your head above the surface and avoid the resource draining costs associated with
fluid contamination issues including:

* Downtime and lost production * Root cause analysis meetings
» Component repair/replacement * Maintenance labor costs
* Reduced useful fluid life * Unreliable machine performance

» Wasted materials and supplies ($)
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