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REWITEC Nanocoating

Durable Wear Protection and Reconditioning
for high loaded
Gearboxes and Bearings in
Windturbines

INNOVATIONS FOR INDUSTRY
Session Nanotechnology
Hannover, 6th April 2011
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REWITEC-Technology @
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REWITEC presents the unique possibility

to coat, to protect and to recondition new and worn out
metal surfaces!
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What habppens to the lubricant?
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aYrEL
Org.einheit: OSF
e 0 Mame: Ertelt
L] i i Datum: 04.02.2008
#7 | Engineering oa-02.2008
] ] Telefon: 0209-601 6443
Fuel- and lubricant analytics Telefax:  0209-601 6403
Lubricant — complete analysis
CWiBloc Analyse Dreacription of Appearance Watar MZ Refraction index LAV Carmosion Aging Foam
Ma. tasting KF Grade IR1723em " | test
mg'kg mg KOH/g n EDE min E-"ll:lc
Date Remark Type of oil Solid Viscoaity Caolour WAV Caormosion Phenol- Foam Tributyl-
Probe- partickes 409 510 nm Remark inhibitor test phosphaie
Mahme 0,45 pm mms M.-% M.-%
migy'l 8 24°C
time
Triemal E1530 Rewliec spedal Bst | yellow, clearly 25 0,08 1.4766 20 - = 0,50 =10 -
Analyses | 1a11.08 Unused ol BF Turbinol ® 46 240 455 0,023 75 - 0,07 00 25" -
Hesults:
Inemal B1831 Pewilec special st | browrnish, clearly 25 0,08 1143759 a0 - < 0,50 110 -
Analyses 14.11.08 Urused ol with BP Turbinol X 46 ae0 43,7 0,136 75 - 0,07 01" 4" -
2,5M.-% Additiv 1Gx
Coating concenirak
Results:
MZ: Neutralization indax
LAV: Air separation capability
WAV : Water separation capability
Remarks: The important oil data NZ, LAV and WAV will not be changed. Appearance and colour are d'im‘fgad due to the coating concentrate.
Viscosity and foam test show only a slightly change, but in tolerances. Rewitec is no oll additive, but a surface refinement.
LE\Eigene Datelen.AEW ITECAProdukte\Analy senke on_esn.doc
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Targets of REWITEC Technology @
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Replacement of the friction pair ,,metal-metal” by ,,metal ceramic-
metal ceramic*

Advantages:
» Reduction of abrasion and wear of rubbing metal surfaces
» Coating process during system is running, without down time
» Obvious increase and smoothening of load carrying areas

) Prolongation of gearbox and bearing life time
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Advantages of REWITEC Technology

» Reduction of friction, vibration and noise

mp Cost saving by:

- Extension of lifetime

- Reduction of repairs

- Prolongation of maintenance intervals

-> Bridging of delivery times/ Planned exchange possible

Improvement of efficiency:

- Savings of energy and fuel up to 11 %

Reduction of emissions (Diesel soot, CO,, HC und NO,)

\ 2 4

Emergency running properties in case of oil loss
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Damages of gear wheels before Rewitec
nEWITEL

INNOVATIVE TECHNOLOGIEN

> Repair, freeze, better prevent demages!




Damages of gear wheels after Rewitec
nEWITEL

INNOVATIVE TECHNOLOGIEN

> Repair, freeze, better prevent demages!




Gear teeth before and after REWITEC Treatment
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Microsection of a ball bearing surface

rasires

INNOVATIVE TECHNOLOGIEN

~ Origin metal

£ i W
L 1 b ms« Fagr
F——200 pm —
The microsection shows the running surface of a ball bearing of a planet gear box after 250 hours of
operation in an area of fatigue. The Rewitec Coating up to 30um could be obviously recognized.
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Tests at University in Bochum
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Laufzeit 16 h/Laststufe

Séhédensgrenze N

Stufentest

Dauertest

Laufzeit 80 h/Laststufe

EEEEEE

5

6
795 945 1094 1245 1395 1547 (1245

7

8 9 10| 8

10 10 10 10 10

—1547 —»

Mittlere Profilform-
abweichung f;,,

Versuchsbedingungen
Verzahnungstyp C
Umfangsgeschwindigkeit
am Walzkreis 8,3 m/s

Oleinspritztemperatur 90 °C

Schmierstoff
TRIBOL 1115,
Standardverzahnung
1. Pruflauf

Rauheit der Prifradpaarung
R,= 0.480

Kraftstufe
Hertzsche Pressung [N/mm?]

Dauertest
Laufzeit 80 h/Laststufe

Stufentest
Laufzeit 16 h/Laststufe

Schadensgféﬁie

5 6 7 8 9 10| 8
795 945 1094 1245 1395 1547 (1245

Mittlere Profilform-
abweichung fg,

Versuchsbedingungen
Verzahnungstyp C
Umfangsgeschwindigkeit
am Walzkreis 8,3 m/s
Oltemperatur 90°C

Schmierstoff

Tribol 1115 - Mit RVS-Gel

bei Tauchschmierung
2. Priflauf

Rauheit der Priifradpaarung
Ra= 052

10 10 10 10 10 Kraftstufe

—1547 —»

Hertzsche Pressung [N/mm?]

FVA Micropitting Test

Results: Increase of 2 load steps, reduction of roughness by 17%, reduction of changing
profile by 37%, reduction of pitting area by 8% and reduction of weight loss by 30%!
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Test on 2 gears of company Tandler
nEWITEL
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Tests with Rewitec

140
120
Temperature Qil 1 107,7 °C
100 Temperature Oil 2 103,5° C
——[°C] 2311
——[°C] 2312
9 [°C] 23/3
g % .
° -~ [°C] 23/4
2 ——[°C] 28/5
g ——[°C] 27/6
E 60 —[clam
= ——1[°Cl27/8
——[°C] 27/9
40
20
0
IS o8BI LEIBIIBESCERSIEEETIITFTARILIEEENL S
O I O 1 O N O 1N O 1V O W O W v~ O© v« © O W «~ O «~ © «~ © «~ © O Vv O v O v O Wu
PO I TH VO TR ITIOHH OO S NJIOHMONIITBLO Q% = AD
O N < © 00 O M ™ M I K~ O «~ M UL M O «—~ MO N ¥ © © O N < © 0 O N ™M M u N M
- - - - v N N O O O 0O O v v v v v N N O O O O v v v - v N N OO O o O v« «—
Time in hms

Temperature trend of the 2 Tandler gears with 2 different oils with and without Rewitec
- Temperature reduction of 6 — 10 °Celsius
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Bearing load test comparisen

OEM grease versus REWITEC treated OEM grease in a 20.000 N

bearing load test

e e

INNOVATIVE TECHNOLOGIEN

Temperature/ degree Celsius

Bearing Load Test

120 Complete Failure

—
100 : #

—

80 - ’ £

=== Grease without
=== Rewitec

60

40 +

Grease treated with
Rewitec

20

0

1 423 845 1267 1689 2111 2533 2955 3377 3799 4221 4643 5065 5487 5909 6331 6753 7175 7597 8019

Time/ sec.

Temperature measurement at axial bearings type 81105:

Results: Bearings with untreated grease failed after about 7 hours load test. Bearings with
Rewitec treated grease did not fail for over 19 hours. The bearings running with Rewitec

lasted for around 2.7 times longer.
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Bearing load test comparisen
OEM grease versus REWITEC treated OEM grease in a 20.000 N
bearing load test SEWITE
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Load/Nm

40

Bearing Load Test

Com plptp Failure

35

30

25 A

20

15
10

4 .
- === Grease without
M% l W === Rewitec

o
B T Y A ARG RN SEETIEERE SRS SN EE R : * il T Grease treated with

Rewitec

e

352 703 1054 1405 1756 2107 2458 2809 3160 3511 3862 4213 4564 4915 5266 5617 5968 6319 6670 7021 7372 7723 8074

Time/sec.

Friction measurement at axial bearings type 81105:

Results: Bearings with untreated grease failed after about 7 hours load test. Bearings
with Rewitec treated grease did not fail for over 19 hours. The bearings running with
Rewitec lasted for around 2.7 times longer.
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Load Test of Ball Bearings

AEWITEL
running surfaces
of the balls
Photos of the raceways of two ball bearings after 50 hours of operation in a range of fatigue
This ball bearing shows damage due to wear and This ball bearing does not show any wear. The running
tear. The running surface of the balls clearly surface of the balls clearly shows a wear resistant
shows pitting coating.
Bearing type: No. 6205 (d=25mm D=52mm) Bearing type: No. 6205 (d=25mm D=52mm)
Lubricant: Special bearing grease Lubricant: Special bearing grease treated with REWITEC
Operating time: 50 hours Operating time: 50 hours
Rotational speed: 500 min-! Rotational speed: 500 min-!

Nominal load: 5000 N radial (range of fatigue) Nominal load: 5000 N radial (range of fatigue)
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Range of Applications @
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Range of REWITEC applications @

rasires

NNNNNNNNNNNNNNNNNNNNNN

Industry:

- Gears

- Combustion engines

- Compressors

- Bearings

- Hydraulic pumps/ -motors
- Vacuum pumps

—> Chain drives

- Gear racks, pinions




Range of REWITEC applications

Utility vehicles:

- Gasoline- and diesel engines
- Gears

- Rear axles, differentials

- Universal shafts

- Compressors

- Roller-, slide bearings

rasires

INNOVATIVE TECHNOLOGIEN

Railways:

- Diesel engines
- Gears

- Compressors
-> Bearings




REWITEC applications in shipping business @

rasires

Schiffsschraube | Ruder
Ship's propeller | rudder




Treatment of 2 drill head gears at Volkswagen engines
produktion line in Salzgitter rsITEL

Savings of about 100,000 Euro p.a.
Treatment costs are 149 Euro per gearbox

Problem:
Short lifetime, extreme high costs in case of idleness and breakdown (>25.000,-€), higher oil

temperature (51°C). Emergency run problems due to oil leakage.

Result:

Oil and oil filter are clean with nearly no metal particles. After REWITEC coating oil
temperature was reduced by about 6°C to max. 45°C. Due to a system leakage drilling
emulsion went into the gearbox. The REWITEC Nanocoating prevented the system against

damages.
. l' VAT V] Q' [ L



Coating of a wind turbine gearbox of a Tacke TW250
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Goal of application:

- Rebuilding of worn out teeth surfaces Savings of about 80,000 Euro

- Reduction of grey stoking Treatment costs are 1,200 Euro
- Protection against further wear and prolongation of life time

Results after about 700 hours operating time:
- The teeth surfaces are much smoother and more shiny (replicas before and after)
- The damages are without sharp edges
- The coated teeth surfaces had a higher electrical resistance of about 50 Q
WHUATIVE NGt D



Coating and analyses of a 600KW wind turbine gearbox
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Goal of application:
- Reduction of grey staining
- Protection against further wear and prolongation of life time

Savings of about 150,000 Euro
Treatment costs are 2,560 Euro

Condition after 64 days operating time:

- The teeth surfaces are much smoother and more shiny (replicas before and after)
- The damages are without sharp edges

- The coated teeth surfaces had a higher electrical resistance of about 100 Q
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Coating and analyses of 1MW Windturbine gearbox
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INNOVATIVE TECHNOLOGIEN

Before Rewitec treatment at 17.03.2009 After Rewitec treatment at 23.09.2009
Topography
Results after 150 days:
- The teeth surfaces are much smoother and more shiny (replicas before and after)
-3D-Topografie-Analyses of NanoFocus AG with psurf-Technology proves that the surface smoothening/
refinement and results in a 18-times bigger load carrying tooth area!
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Coating of a AN Bonus 1MW wind turbine gearbox
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Hoegel4-AN1000-263-4
03.03.2008 - 03.03.2009 real

0,0065 S o B
0,0060 -
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0,0050
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P 0,0040

%}L 0,0035

0,0030

0,0025

0,0020
0,0015
0,0010 |
0,0005 11/

0,0000 -~ | -+
Mrz-2008 Mai-2008 Jul-2008 Sep-2008 Nov-%OOB Jan-2009 Mrz-200
|—SW_Drehfrequenz| 1 Rewitec

Goal of application:

- Rebuilding of worn out teeth surfaces and Reduction of grey stoking
- Anaylsis via y-Sen CMS

- Protection against further wear and prolongation of life time

Results after about 700 hours operating time:

- The teeth surfaces are much smoother and more shiny (replicas before and after)
- The coated teeth surfaces had a higher electrical resistance of about 50 Q

- y-Sen CMS shows a 20% reduced damage frequency and noise in the system
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Coating of a AN Bonus 1MW wind turbine generator bearing
05.05.2008 - 05.05.2009 real
0,050 -
0,045 -

U,U4U 4—BFCQL

0,035 -

0,030

0,025 4 il I
0,020 Jovarning
0,015 - Lﬂ
0,010 1
|

0,005 -
0,000 L . : ; : : .

Mai-2008 Jul-2008 Sep-2008 Now-2008 Jan-2009 Mrz-2009 Mai-200¢

| — Genl-A FAG-6330 _ipulse|

Goal of application:

- Wear protection of generator bearing, due to use of Rewitec coating grease in December 2008
- Anaylsis via y-Sen CMS (Condition Monitoring System)

- Protection against further wear and prolongation of life time

Results after 6 months:
-u-Sen CMS shows clearly the stop of the progressive increase of the damage frequency in generator bearing
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Already treated wind turbines @
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We have treated already about 600-700 wind turbines:

AN Bonus 1,0MW, 1,3MW
DeWind D4, D6

GE 1,5MW

Gamesa G47

HSW1000 1,0MW

NEG Micon NM48, NM60, NM82
Nordex S70, S77, N90, N54
Repower SM

Suzlon different types

Tacke TW250, TW600, 1.5s
Vestas V20, V25, V39, V47, V66, V80
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Proof of REWITEC Technology @
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» Surfaces pictures, endoscopies
« Oil analyses
« Measurements of the electrical resistance of the coated surfaces

* Imprints of tooth- and bearing surfaces

 Condition Monitoring \
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28. Innovation Award of German Economy Wirtschaft
REWITEL

INNOVATIVE TECHNOLOGIEN

On 19th of January 2008 REWITEC was announced as finalist of 28. German Innovation Award 2007.
The Award for one of the best innovations in 2007 was presented to REWITEC from the Ministry of
Economics and Technology in the ,Old Opera® in Frankfurt.

z EnBW ;
accenture L uragent = .. -
High performance. Delivered. j sssssssssssssss En wu'tschafts [ 1,/
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;‘: Die Finalisten der Kategorie Start-up
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1st Husum WindEnergy Award 2009
REWITEL
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REWITEC was Finalist of the 1st HUSUM WindEnergy Award 2009. REWITEC's
»,Nanocoating for Tribosystems® is belonging now to one of the best innovations for
wind industry.

windconge iy
schleswig (= i,
ey

JNYRVATIVE TECHYIE




Present cooperations and customers
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1 B Peter Dohle * m
| Schiffabres-KG

RICKMERS Leonhardt & Blumberg OLDENDO’Q:E
Zpﬂosmx REEDEREI ﬁ;
F. LAEISZ

CARRIERS
I | cso enercy | (VZQY ™
Unternehmensgruppe Services for Green Technologies ']

&€& Hapag-Lioyd

Hatlapa

Peterson & Sohne Marine Equipment

=

ASTOMN MARTIN

F‘ SALZGITTERAG

Stahl und Technologie

FLENDER

Thys%enKrupp

/Acmcx V4 TEUTONIA HEIDELBERGCEMENT
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| Holcim
@ oo PPRYENT,
' Die Energie-AG.
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Thank you for your attention!

Stefan Bill, Managing Director
bill@rewitec.com

Mobil: +49(0)173/6790063

Tel: +49(0)6441/44599-0
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