Mehr Effizienz und langere Lebensdauer
fur WEA durch optimierte Getriebe- und
Lageroberflachen
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T c T !/ ‘ 5 Helpi
(/‘ HEN’ E CONFIDENTIAL. This document contains Cargill Confidential information sure, ust S| £ s ca "’ the world
Cargill, to or by those who do not have a need to know is prohibited. © 20 ill, Incol Al rights reserved thrive
A Cargi oany



Agenda

Key facts about REWITEC

Challenges in O&M

Typical damage and how REWITEC works
Lifetime improvement study

Energy efficiency project

Our services

N o Ok Dbhd =

Conclusion

/‘HEW’TEC H © 2019 Cargill, Incorporated. All rights reserved.
A Cargll Compary



REWITEC
GmbH

Founded in 2003
Part of Cargqill since July 2022

Manufacturer of

Close cooperation with

P hyl |OS i I icate . research institutes and

universities

additive . Supported by the German
tech nO|ng government

Patents in Europe, China and
us
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The challenges of unscheduled maintenance costs

» Design flaws, environmental conditions, missing or even wrong maintenance can cause

unforeseen breakdowns:
| o e

Unscheduled Up to 14 days Average cost to

Maintenance
represents 25%
of the total wind
turbine cost over

its lifetime

maintenance
represents
30 - 60 % of total
maintenance
costs

needed to repair repair a gearbox
a gearbox or failure is
bearing - more $380,000
than any other
component
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Wind turbine reliability remains an issue

B Annual failure rate/ turbines per year (%) M Downtime per failure (days)

Drive train |

Generator I
Gearbox I
Rotor blades I
Mechanical brake I
Rotor hub I
Yaw system I
Hydraulic system I
Other I
Electrical control [
Electrical system I
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Typical damage to wind turbine gears & bearings

0000000

Micropitting/ Fretting False Smearing and Chemical Electric White etching Macropitting
grey staining corrosion brinelling scuffing corrosion damage areas/ cracks
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Application in wind turbines

« Surface damage can be costly, the technology
can prevent, repair and protect them

* More than 3,000 successfully treated wind turbines

& .L:

Gears Bearings
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Phyllosilicate based particle additives

+ Platelet-shaped particles with layered crystal structure
« Si-O and Al-O based layers
« Strong covalent bonds within the layer
* Weak van der Waals interaction between the layers

« [Easy shearing between the layers
* Friction reduction

» Big specific area with high adsorption ability
» covering the surface, filling the holes
» Protective, repairing and smoothing effect

» Particle size d90 = 4 uym

« Soft material: Mohs Hardness Scale 2.5 (like fingernail!)

Scientific publication:

"Tribological properties of a phyllosilicate based
microparticle oil additive”, Chizhik et al., Wear
426-427 (2019) 835-844
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How does it work?
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Step 1

Step 2
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Step 3

Significant reduction of friction, wear, roughness and temperature

Advantages:

» Compatibility to all common lubricants
* Temperature independent
* No chemical interactions with other lubricant parts

* Low dosage
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Scientific test
2-Disc assembly rolling wear test — gear oils
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Reduction in friction

» Stress value:
* Rotating speed:
+ Test-duration:
» Temperature:

» Friction coefficient:

1 GPa (normal force 2150 N)
424 rpm / 339 rpm, slip 20 %
39,3 h

oil inlet temperature 60 ° C

p=normal force/friction force
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oil Frictign Roughqess
reduction reduction

Castrol Opﬂgggr Synthetic 339 41 9%
Mobilgear SHC XMP 320 35 % 44 %
Klibersynth GEM 4-320N 40 % 54 %
Fuchs Unisyn CLP 320 36 % 50 %
Amsoil PTN 320 46 % 18 %
Shell Omala S4 GX 320 42 % 25 %
Kluberbio EG 2-150 55 % 40 %
Fuchs Pentosin EG FFL-7A 41 % 35 %
Automotive racing gear oll 55 % 40 %

© 2019 Cargill, Incorporated. All rights reserved.
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Surface repair 2-disc test
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2-Disk surface roughness:
Ra reduced by 34 %
Rz reduced by 40 %

Ra = 0.30 um Ra =0.20 um
Rz =2.70 ym Rz =1.62 uym

© 2019 Cargill, Incorporated. All rights reserved.
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Friction reduction (endurance test)
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_[ 0.2 % Phyllosilicate addition
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24 Disk wear phase { Disk repair phase

0 ]
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Time (h)
—e—Blank gear oil - wear phase —e— Gear oil + Phyllosilicate

Cargqill 2-disk test rig endurance test
e Load: 2190 N  Oil temperature: RT " C

» The Phyllosilicate technology gave a 62 N (34 %) reduction in friction force
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False-Brinelling test —
For pitch bearing evaluation

Supported by:
* Federal Ministry i.}
for E ic Affai v o
I i r\OJ\.‘LPE.TEN.u.ENTlELJM : {a

on the basis of a decision MANNHEIM
by the German Bundestag.

Frequency:

Oszillation angle:

Axial load:
Temperature:
Test bearing:

Fuchs LX460

pre-drﬁéging
(1.3 h; +/-0.5°)

éHEWI TEC
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25 Hz

+/-0.5° -> +/-3.0°

3 kN to 4 balls (750 N per ball)
room temperature

ARKL Type 51206 with 4 rolling elements

Fuchs LX460 Fuchs LX460 +

REWITEC™

i {!
Run after the damaging
(3 h; +/- 3°)

A

Test Rig Test specimen

8.11

6 min. pre damaging 1.3 h pre damaging SNR without
predamaging

| Stabyl LX460 M Stabyl LX460 + Rewitec

© 2019 Cargill, Incorporated. All rights reserved. 13




Coating and analysis of a GE 1.5 MW wind turbine main
bearing (outer ring)

Picture: Before wind turbine was Picture: 5 months after wind turbine Picture: 12 months after wind turbine
treated was treated with additive was treated with additive
Ra = 0,556 ym (within the track) Ra = 0,403 um (within the track) Ra = 0,225 ym (within the track) un
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= Red arrow shows the same right track on the surface imprint

(b RENWITEC

© 2019 Cargill, Incorporated. All rights reserved. 14
A Cargll Compary



Coating and analysis of a GE 1.5 MW wind turbine main
bearing (outer ring)

Picture: Before wind turbine Picture: 5 months after wind Picture: 12 months after wind
was treated turbine was treated with additive turbine was treated with additive

= Red arrow shows the same right track on the surface imprint
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Main bearing (outer race) on GE 1.5 MW wind turbine

Before wind turbine was
treated with additive

Prafila measy rement d'rectian

6 months after wind
turbine was treated with
additive

megsurement direct on

-----

" ol
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T (?‘HEW!LE{;”
Example of application o

Wear development on a Bosch Rexroth gear tooth (GE 1.5 SL) over a period of two years

————— L o 5 T TTETE L 1) * =

* Run through marks on the tooth flank after 6 weeks
and 2 years:

— Reduction of the surface roughness and friction
force

— Improved load carrying capacity
19.10.2016 - — Less stress for the tooth flank




Calculated life extension of upto 17 years

Acciona AW1500 Generator Side Mainshaft bearing — SKF 23188

bt ekl - e ACaAL

1-R(t)

Unreliability, F(t)

Probability - Weibull

39090

Calculated Life
Extension of 5.4
years if treatment
.00 began at year 10

Calculated Life
Extension of 12.2
years if treatment
began at year 5

T
I 30
|

T

years
1

Fiobabi
awitor| 547 2] Unireated Easslina

AP bl

4 Lirac) Data Ports
nailpasied Live
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Significant reduction in the
probability of failure of a main
bearing post application

100000

GE Energy 1.6/1.7-100 Mainshaft bearing — KOYO Model 240/710

[ETTE

Unreliabilty, F(t=1-R(t)

56,000

Prohability - Weibull

50,000

10,000

T T
: 30 years

20 years :
I
I

I Calculated Life Extension
I of 14.7 years if treatment

| began at year 10
I
1
I
Calculated Life :
Extension of "
17.3 years if
treatment :
began at year 5 I
e

Time (E) (¥r)

The earlier the application, the
greater the lifetime extension

00,000
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Efficiency project

Efficiency and power loss
General wind farm information
Applied electrical measurement equipment

Next steps
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General information

* Windfarm in Germany

Owner: German Owner&Operator
3x Suedwind S77 (REpower MD77)
Nominal Power: 1.500 kW

Height: 85 m

Installation: 2002

« WT LE2

Regular wind flow into blades

No shadowing by LE1/ LE3
Gearbox replacement in 2012

No gearbox issues due to the last
inspection report

OREWITEC
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Efficiency (Powerlosses)

of the mechanical-electrical Drivetrain

of Suedwind S77 Wind Turbines

3.814 kW

R

Main Bearing
Bearing n, = 0,99

Gearbox

per Spur Gear Stage 2 % (LV)
per Planetary Stage 1 % (LV)

Generator
Due to Manufacturers Specs

Coefficient of Power

Dynamic Properties

speed

Aerodynamic Properties

Decreasing with increasing wind

R
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Planned measurement technology by Windtest Grevenbroich

'

Generator

Gearbox

Additionally applied
Measurment Technology

«... Acceleration-/ Vibration
v,
= Sensors (2x2)

%) Temperature Sensors (5)

Main 1-

| Bearing ‘:

&HEWI TEC
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Efficiency project

* Next steps:

— 2 month measurement of the base
configuration sarted in October 2022

— In December lubricant replacement
— In February REWITEC application
— In April evalution of the results

&HEWI TEC
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Our services

A o 4

Technical consulting, Component surface Component damage
up-tower inspections imprinting analysis and reporting
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Conclusion

 Less surface roughness, friction and temperature in the drive train system
means:

— Protection and longer life for the gearbox and bearings
— Less stress and longer life for the lubricants

— Higher efficiency and availability, no downtime

— Significant lifetime improvement

— Cost savings, higher earnings, short payback time

SREWITEC

© 2019 Cargill, Incorporated. All rights reserved.
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Wir freuen uns auf lhren
Besuch an Stand #194!

WINDENERGIETAGE 2022  «fifilm,
UNSERE BESTE ZEIT /.94
08. - 10. NOVEMBER 2022 [N LINSTOW
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Any questions or do you
need further information?

Please do not hesitate to contact us.

REWITEC GmbH
Dr.-Hans-Wilhelmi-Weg 1 Tel.: +49 6441 445990 Stefan Bill

35633 Lahnau info@rewitec.com Managing Director
Germany www.rewitec.com stefan_bill@cargill.com
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