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REWITEC®

COMPANY AND PRODUCTS
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@reviTEC

* Developer, manufacturer and distributor of nano and micro particle based surface
refinements for protection and repair of tribologic systems

(gears/ bearings)

e Establishment in 2003, in the town of Lahnau, in the State/Province of Hessen in

Germany

* World wide sales and partner network

* Founder and Managing Partner: Stefan Bill
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@reviTEC

Tribology, friction, wear

- Tribology:

The science and engineering of interacting surfaces in
relative motion. It includes the study and application of the
principles of friction, lubrication and wear.

- Friction:
.Outer friction®, also known as Solid Body Friction, because
it appears between contact surfaces of touching solid bodies. It is devided in

static friction, sliding friction and rolling friction. P b (
: = e = 2 ~-g' T~ -

« Wear: > < @

Wear (abrasion) is the mass loss (surface erosion) of a 2 > 2

material surface due to grinding, rolling, hitting, scraping,
chemical or thermal load.
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@reviTEC

Target Industries

WIND ENERGY INDUSTRY MARINE AUTOMOTIVE
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Examples of application Main bearings

Main gears

Generator bearings

Pitch gears Azimut gears
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®rENITEC
Treated wind turbines

Turbine manufactrurer  Type of wind turbine

AN Bonus 1.000 kW

DeWind D4 (600 kW), D6 (1.000 kW), D8 (2.000 kW)
Gamesa G47 (600 kW)

GE GE1.5 sl, GE 2.3, GE3.6

Goldwind 750 kW

HSW 1.000 kW

Jacobs 600 kW

NEC Micon 600 kW, 800 kW, 1.000kW

Nordex N43, N52, N54, N60, N80, S70, S77
REpower 5M

Siemens 1.000 kW, 1.300 kW

Suzlon Grease applications

Tacke TW80, TW600, TW1.500

Vestas V25, V39, V44,V47,V52,V66, V80, V90
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Products

_onger gearbox
ife with
DuraGear® W100
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@reviTEC

Products

Longer bearing
and gear life with

GR400
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@reviTEC

The coating process

Step 1 Step 2

Chemical reaction

Chemical-physical process

The coating particles ceramize the

The product uses the lubricant as
metal surfaces mixed friction zone

carrier to the mixed friction zone

Step 3

New metal-ceramic surface

Original material properties will be
improved in terms of friction,
temperature and wear siginficantly
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REWITEC® IN ACTION

SCIENTIFIC TESTINGS




Scientific testings

oo e e o 2-Disc Assembly Rolling
Tribology Wear Tests

Mannheim-Germany

.Iribology is the science and
technology of interacting
surfaces in relative motion”
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Scientific testings

2-Disc assembly rolling wear test —
Synthetic Gear oil

Run 10 Run 11
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Test 11: Agip Blasia 320 with REWITEC®

10.0 mm = 500KX Datum 5 Sep 2012

| ;
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Scientific testings

2-Disc assembly rolling wear test —
Synthetic Gear oil

SEM images after the 60 hours testing in 1:1 comparison:

— Without REWITEC® = With REWITEC®

REWITEC® coating
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Scientific testings

KOMPE.TENZZENTRUM B %
tribologie

MANNHEIM

2-Disc assembly rolling wear test —
Synthetic Gear oil

After 60 hours testings of Agip SX320

synthetic oil*:
@reniTec

eeeee

Results

20 % less temperature in 33 % less friction 50 % less roughness
gearboxes and bearings* in gearboxes and bearings* on metal surfaces*

September 2012

*University Mannheim
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Scientific testings

2-Disc assembly rolling wear test — Eoﬁ:EingnggieG@
Synthetic Gear oil

MANNHEIM
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REWITEC 1 27-06-2014 | 4.7.2014

Castrol Optigear X320 with REWITEC® added after 19 hours 39 minutes

RZ, before = 2,389 pm RZ, after = 1,129 }Jm ('53 %)
R, before = 0,360 pm R = 0,180 pm (-50 %)

a, after —
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Scientific testings

KOMPE-TENZZENTRUM = %
tribologie

MANNHEIM

2-Disc assembly rolling wear test —
Synthetic Gear oil
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REWITEC 2 02-07-2014 | 4.7.2014

Castrol Optigear X320 without REWITEC®

Rz, before — 2,389 HM Rz, after — 1,663 HM ('30 %)
R, before = 0,360 pm R, .fer= 0,285 pm (-21%)

a, after —
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Scientific testings

2-Disc assembly rolling wear test —

: : tr“ibologie{%}
Synthetic Gear oil

MANNHEIM
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REWITEC 3 _04-07-2014 | 4.7.2014

Castrol Optigear X320 with REWITEC®

Rz, before — 2,389 HM Rz, after — 1,024 HM ('57 %)
Ra, before — 0,360 HM Ra, after — 0,151 HM (_58 %)
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Scientific testings

2-Disc assembly rolling wear test —

: : tr‘ibologie{%}
Synthetic Gear oil

MANNHEIM
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* Red graph without REWITEC®

* Blue graph with REWITEC® added after 20 hours

« Green graph with REWITEC® added at the beginning

* Reduction of the surface roughness (Ra) due to wear up to 58 %
* Reduction of the friction force up to 22 %
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Scientific testings

2-Disc assembly rolling wear test —

KOMPETENZZENTRUM &@
Synthetic Gear oil

tribologie

MANNHEIM
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Castrol Optigear Synthetic X320 with REWITEC® added after 19 hours 39 minutes

Rz before= 2,00 pm Rz after=1,52 pm (-24 %)
Ra before= 0,22 pm Ra after= 0,129 pm (-41 %)

* Reduction of the surface roughness (Ra) up to 41%

* Reduction of the friction force up to 36 %
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Scientific testings

2-Disc assembly rolling wear test —
Synthetic Gear oil

KOMPETENZZENTRUM &
tribologie O;

MANNHEIM
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time [h]

Mobilgear SHC XMP 320 with REWITEC® added after 19 hours 39 minutes

Rz before= 2,00 pm Rz after= 1,18 pm (-41 %)
Ra before= 0,22 pm Ra after= 0,123 pm (-44 %)
* Reduction of the surface roughness (Ra) up to 44 %

* Reduction of the friction force up to 37 %
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Scientific testings

KOMPETENZZENTRUM

O
tr‘ibologie{s}

MANNHEIM

2-Disc assembly rolling wear test —
Synthetic Gear oil

150

120

\
\
-4
\
J
\

N —7 F=500N— — —— — — — — — — — — — -
-

Friction force [N]
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Klibersynth GEM 4-320N with REWITEC® added after 19 hours 39 minutes

Rz before= 2,00 pm
Ra before= 0,22 pm

Rz after= 0,91 pm (-55 %)
Ra after= 0,700 pm (-54 %)

* Reduction of the surface roughness (Ra) up to 54 %

Reduction of the friction force up to 43 %
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Scientific testings

Competence Center of REWITEC® on the roller
Tribology % bearing test rig FE-8

Mannheim-Germany
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Scientific testings tfiqbolég %

FE-8 test — Synthetic Gear oil AN

Magnification: 20x

Magnification: 20x e Magnification: 50x 2 == ' Magn|f|cat|on 200x

Microscopy bearing rolling elements Castrol X320 with REWITEC®

REWITEC GmbH 26




Scientific testings
FE-8 test — Synthetic Gear oil

0
KOMPETENZZENTRUM
tribologie O

MANNHEIM

Hochsp. = 10.00 kv Signal A = SE1

ghichule mannhetm  Hochsp. = 10.00 K Signal A = SE1
Arbeitsabstand = 11.0 mm Vergroierung = 500 X Datum :2 Mar 2015 H =110 mm = 200K X Datumn ;2 Mar 2015

oo e ™ Hochsp. = 10.00 KV Signal A = SE1 P e AR ochsp. = 10.00 KV Signal A = SE1
'—' Arbeitsabstand = 13.0 mm Vergréfierung = 500 X Datum -2 Mar 2015 H =13.0mm = 200KX Datum :2 Mar 2015

SEM Microscopy of bearing rolling elemehts, Castrol X320 with REWITEC®
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Scientific testings tr’\i‘lbOlCM)QI %

FE-8 test — Synthetic Gear oil AN

AR AR T R RN I e P A st

Magnification: 20x

Magnification: 20x Magnification: 50x == Magnification: 200x

Mikroskopie bearing ring, Castrol X32O with REWITEC®
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Scientific testings E",“T,Ti:”;g‘(gg.e@

FE-8 test — Synthetic Gear oil MANNKE M

"™ Hochsp. = 10.00 kv Signal A = SE1 oghachule manmhelm  Hochsp. = 10.00 K Signal A = SE1
Arbeitsabstand = 11.0 mm Vergrofrerung = 500 X Datum :2 Mar 2015 !—' Arbeitsabstand = 11.0 mm Vergrofierung = 200 KX Datum :2 Méar 2015

Hochsp. = 10.00 kv Signel A = SE1 Hochsp. = 10.00 kv Signal A = SE1
Arbeitsabstand = 13.0 mm Vergréferung = 500 X Datum :2 Mér 2015 Arbeitsabstand = 13.0 mm Vergréferung = 200 KX  Datum :2 Mar 2015

“SEM Microscopy bearing ring, Castrol X320 with REWITEC®
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Scientific testings
FE-8 test — Synthetic Gear oil

Results:
Test 1: Castrol X320 without REWITEC®

‘ Weight reduction

Bearing2 0,326 ¢

Evaluation:

Test 2: Castrol X320 with REWITEC®
‘ Weight reduction

Bearing2 0,266 ¢

e 17 % less wear with the REWITEC®- concentrate

* Smoother surface
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Scientific testings

FE-8 test
Synthetic Wind Turbine Oil, NanoFocus AG

Results:
Test 1: Castrol X320 without REWITEC® Test 2: Castrol X320 with REWITEC®

fo = N oW s e ou ey

8]
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Scientific testings

FE-8 test

Synthetic Wind Turbine Oil, NanoFocus AG

Results:

Test 1: Castrol X320 without REWITEC®
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Test 2: Castrol X320 with REWITEC®

1 Profile extract
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Scientific testings

FE-8 test

Synthetic Wind Turbine Oil, NanoFocus AG

Results:

Test 1: Castrol X320 without REWITEC®

Step height

Distance measurement

!
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v e
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Test 2: Castrol X320 with REWITEC®
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Scientific testings

FE-8 test — Synthetic Gear oil Various synthetic wind turbine oils

on the SRV-Test Bench

Competence Center of

. M i
Tribology easurmg.
’ parameter:
Mannheim-Germany
Oscillation
frequency:
50 Hz/Tmm

Oil temperature:
T=80°C

Normal force:
Fy = 300N

Test duration:
2h
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Scientific testings

SRV test — 11 Wind Turbine QOils,

Viscosity 320mm?/s at 40°C

0,16
0,14
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0,1
0,08
0,06
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0,02
o)

KOMPETENZZENTRUM

tribologie %

MANNHEIM

Friction coeff|C|ent

Mean friction coeffient B Wear [pm]
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JUSTUS-LIEBIG-

Scientific testings UNIVERSITAT
GIESSEN

Pin-on-disc test — Synthetic Gear oil

Micro Tribometer

P

< Electrical engine

[ Heatable oil well

Tribological contact
(bearing ball on a plan Spring system to adjust
steel plate) normal force
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Scientific testings
Pin-on-disc test — Synthetic Gear oil

Initial run-in
Additive is added
of contact
1 .
2nd run-in
process
0.8

0.6 / / :

plative frictioﬁtable interface Decrease of friction
04| conditions after  due to additive
run-in
Figures shown later
0.2 focus on this region

(schematic representation of typical measurement)
L L L L | L L L L |

0

0 5 10 15
t/h
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JUSTUS-LIEBIG-
T UNIVERSITAT
' GIESSEN

Measurement procedure:

l. Run-in of the contact until stable
interface conditions are established

Il. Additive is added

1. “2"d Run-in": improved tribo-contact
is developed due to additive effects

V. New stable interface conditions are
established

V. Difference of friction levels before
and after additiv addition:
Reduction of friction due to additive




JUSTUS-LIEBIG-

Scientific testings UNIVERSITAT
Pin-on-disc test — Synthetic Gear oil GIESSEN

Castrol A320 Castrol X320
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@rewiTEC

WIND ENERGY | AUTOMOTIVE | MARINE | INDUSTRY

EXAMPLES OF APPLICATION
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@reviTEC

Examples of application:
Coating and analysis of a wind turbine gearbox GE 1.5 SL

Pitting on the tooth flank

Pitting on the tooth flank after 6 weeks:

e Less stress for the tooth flank

* Reduction of the surface roughness
and friction force

* Improved load carrying capacity
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@reviTEC

Examples of application:
Coating and analysis of a wind turbine gearbox GE 1.5 SL

before

before
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@reviTeC’
Examples of application:

Coating of a wind turbine gearbox Tacke TW600 (Condition Monitoring by CMC GmbH)

0,070

"1 Seasonal trend: upper vibration level \
oooooo WIthOUt REW TEC® /

\
[l |‘1 |‘w|| Ll 1 }

I

. REWITEC® application

Downturn of the vibration level gver
the seasonal trend curve.

H LI I‘ urve

over the(following seasonal

e ‘Il\ \'M I“|'H\IH

-31%

———

8|l M 'n |
-1 l il

i

g

Further downturn of the vibration level

m;

trend

22.01 2010 00:00:00 22405.2010 00:00:00 19.05.2010 00:00:00 17.01.2011 00:00:00 17.05.2011 00:00:00

14.09.201 DO 00:00 12.01.201 2 00:00:00 11.05.2012 00:00:00

Downturn of the vibration level (roughness in the area spur gear stage) over the seasonal wave of the vibration trend:

* |. Reduction of the vibration level up to 20 %
* |l. Reduction of the vibration level up to 31%
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@reviTEC
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REWITEC

12.02.2016  REWITEC GmbH 43

Examples of application

Goal of application:

» Wear protection of a N60 gearbox due
to the use of REWITEC® coating
concentrat in May 2014

« Analysis via SKF Maintenance
Services GmbH

» Protection against further wear and
prolongation of lifetime

Results after 2 months:

* The report shows a significant
difference. A stop of the high level
vibration decrease of the damage
frequency in the toothing
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Economic efficiency calculation e T

Stefan Bill Telefon 04646 / 1003
Dipl. Ing. Telefax 04646 / 416
Managing Director E-Mail: Claus.Marxen @t-online.de

Dr-Hans-Wilhelmi-Weg 1 Bankverbindung:
Schleswiger Volksbank e.G.

Economic efficiency calculation of the REWITEC® treatment D-35633 Lahnau e
IBAN: DESS 2169 0020 0008 0910 30

bisherige Erfahrungen mit REWITEC bei den von uns |PIC: GENODEFISLW
verwalteten 25 Windenergicanlagen des Typs TW 600 /e + a | Stevernammer: 15293 13 994

Replacement costs of a WT gearboxes before using REWITEC®: Aviagen KB S X Nnuspaics i

Geschiiftsfuhrer: Claus Marxen

Datum: 09. Februar 2015

100.000€/per gearbox * 1,5 gearbox/year * 5 year = 750.000€ Seh gehrter Herr Bill,

seit Mitte 2010 haben wir das Produkt Rewitec in den von uns verwalteten TW 600 er Anlagen
. . . verwendet.
Costs for 3 REWITEC® treatments within five years: Selt desr Zeit haben wir keinen Geticbeschaden mehe an den TW 600 Aniagen,welche per

heute eine Betriebslaufzeit von ca. 18 bis 20 Jahren haben, zu verzeichnen.
Vor der Rewitec - Erst Befiillung hatten wir im Schnitt ca. 1 - 2 Getriebewechsel im Jahr (ab

* H — H dem 10 Betriebsjahr) zu beklagen.
3 2 * 5 0 0 € /t u rbl n e - 7' 5 O O € /t u rbl n e Wir stellen somit fest, dass sic: der Rewitec-Einsatz fiir die von uns betreuten Windenergieanla-

gen mehr als bezahlt gemacht hat. Entsprechende Getriebeuntersuchungen bei den Anlagen be-
stiitigen zudem immer wieder die ochen gute Oberfliichenbeschaffenheit der Getrie-
7.500€/turbine * 25 turbines=187.500€ O

* R ———— Da ein Getriebetotalschaden sich leider nicht mit einem festen Datum definieren liisst, kann man
zu den o.g. Fakten auch noch erwiihnen, dass sich der Einsatz von Rewitec bei einer TW 600er
Anlage mit einem monatlichen Ertrag von ca. 5000 Euro schon nach ca. 2 Wochen verliingerter
Lebensdauer rechnet. Da wir bereits seit iiber 4 Jahren keine Schiiden mehr verzeichnen, eriib-

C OSt S SaVi n g S by R E W I T E C ® : rigt sich eine weitere Zeitreihendarstellung.

n Zahl ril

Vor dem Einsatz von Rewitec schlug jeder Getriebewechsel mit ca. 100.000 Euro zu buche. Da
750.000€ = 1 87.500€ — 552‘_5Q()£ wir nach dem Einsatz mit Rewitec keine Getriebeschiiden mehr hatten, wurden diese Kosten
- komplett eingespart. Die Kosten von Rewitec alle zwei Jahre fiir je 2.500 Euro je WEA sind so-

mit mehr, als nur eine sinnvolle Investition.

Mit freundlichen Griifien

MBT Marxen Bautriiger GmbH

. /Z//‘ 7 »“/Z;;-~‘“ -
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Customer Statements

@rewiTEC

"REWITEC® pays off!"

In dealing with the REWITEC® products, experience has
shown that the wear of our wind turbines is significantly
delayed. In most cases, the progressive damage in
certain gearboxes and bearings with pre-mechanical TR e
damage was even eliminated. REWITEC® is an integral
part of our maintenance tasks and saves us a large part
of wear-related repairs.

Jochen Holling, Mechanical Engineer - Global Technical
Support and Engineering, Availon GmbH
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Customer Statements

@rewiTEC

"We use REWITEC® successfully in our wind power and
biogas plants. An investment that pays off for the
operator. The positive results have encouraged us to even
make the protective coating of gears and internal
combustion engines prophylactic. Those who want to
protect their investments in the long term against damage,
can not ignore REWITEC®! "

Markus Nass / Head of Sales and Service; ABO Wind AG,
Heidesheim

"We as a service company must stand up straight for long life and high
availability of our customers' plants. REWITEC® has specifically shown in
treated gears and bearings that in terms of wear protection, everything
works well, and everyone involved has a concrete benefit from it! *
Denise Koch, CSO Energy GmbH, Leisnig
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@reviTEC

Recommendations, partners and customers
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think energy
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@rewiTEC

AT A GLANCE

CONCLUSION
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@rewiTEC

Less friction and temperature in the tribologic system means:

Less stress and wear for the gearbox and the bearings
Higher efficiency
Less stress for the lubricants

Higher realiability and availabilty, no downtime

vV V V VYV V

Cost savings, higher earnings

12.02.2016  REWITECGmbH 49




@rewiTEC

Many thanks
FORYOURATTENTION
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@rewiTEC

REWITEC GmbH
Dr.-Hans-Wilhelmi-Weg 1
35633 Lahnau, Deutschland

Telefon: +49 (0) 6441/ 445 99-0
E-Mail: info@rewitec.com Visit us on

www.rewitec.com Facebook or YouTube.



