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This manual is for the installation, operation and maintenance of refurbished 
Vestas V17, V19 and V20 Wind Turbines from Enertech. 

The manual consists of sheets from the original Vestas manuals, and includes 
operational instructions on a new Programmable Logic Centrol (PLC) controller 
that replaces the original Vestas control system. 

All three models are similar in operation. The V17 and V19 feature two 

generators, one that operates in low wind speeds, and a larger generator that 
connects when wind speed increases. The V20 turbine only has one generator. 

In most cases, the original Vestas control system has been replaced with a new 
PLC controller. For those turbines, go to the back of this manual for operation of 
the PLC (HPS) controller. 

In some cases, buyers want the original control system from Vestas. For those 
models, we have included operational instructions on both relay based, and 

microcomputer-based controllers. 

We ask that you pay close attention to the section on safety, and recommend 
you take additional instruction on safety equipment and procedures, including 
proper tower climbing procedures.
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- PREFACE 

PREFACE 

Your Vestas V 17/75 kW wind turbine is a small power slalion connected 

with the public utility and your consumption. 

In order to obtain a satisfactory operation, minor cusls of maintenance, 

and a long working life it is a condilion thal the turbine is operated, 

-~ maintained, and examined according to Vestas' recommendatlons in this 

operating instruction. 

As the owner of the turbine it is your responsibility that the lurbine 

is not operated by unskilled persons. 

Before you or anolher person starts operating the turbine you must as a 

minimum have studied the following carefully: 

Security regulatfons for operator or serviceman, and 

Operating instruction for Vestas V 12/75 kW wind turbine. 

Do not refrain from contacting your authorized serviceman or Vestas' ser- 

vice deparument if you find faulls or want an elaborated understanding 

for some items. 
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Note: blades used are always from matched original sets. Geocorp does not purchase turbines in portions 
and re-assemble major components from different units. QOriginal sets have been matched by weight and 
balanced by Vestas at time of manufacture. All blades contain ariginal Vestas stamping and are from original 
matched sets. nal made up of miscellaneous blades from multiple turbines 

Brake system 
« Calipers are overhauled using parts supplied by original manufacturer (Brembo) 
« System is flushed, cleaned, new brake fluid is added 

+ Hoses, compression fittings, wiring are replaced as needed 
« Brake motar, electronics (relays, solenaid valve, cail for salenoid valve, wiring), reser- 

voir, reservoir gasket, etc. are replaced and upgraded as needed 
« Brake pads replaced as needed 
« Nitrogen tank replaced and recharged 

Nacelle cover 
« Springs are replaced 
« Cover cleaned, repaired as necessary, and coated 

Machine Bedplate 
Mechanical and chemical surface prep prior to coating application 

Tower . 
Mechanical and chemical surface prep prior to coating application 

i o 
Gearbox 
Gearbox overhaul and parts replacement as necessary such that only gears, pinions and 
other parts in new, excellent or mint condition are re-deployed. Shim and tensioning as 
necessary. All interior parts cleaned prior to replacement of gear oil. 

Generator 
Rewind or recondition winding as necessary, dip & bake 100% epoxy, sandblast stator and 

end bells, dynamically balance rotating element, replace bearings, steam clean all parts, ap- 
ply new coating. Replace belt drive on the two generators. 

High speed shaft 
Install new OEM cardan joints 

Controller 
Original analog/relay based controller replaced with modern, new soft start controller sup- 
plied for robust user control. 

Yaw motor/gear mechanism 
« Overhaul using approved parts supplied by original manufacturer, (Bonfiglioni), sand 

blast, apply new coating. 
« Replace yaw gear as needed 
« Overhaul cable twist mechanism 

Misc. sensors 
« Install new anemometer and wind vane (high quality stainless steel and brass sensors 

used, not plastic) 
« Install new high speed and low speed RPM sensors as needed
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Product description 
Vestas Wind Turbines 

Model V17/75 kW 
17 m rotor diameter 

The Vestas V17/75 kW is a three bladed horizontal 
axis wind turbine that features a 17 mtr. diameter ro- 

tor and a 90 kW nominal output generator. Based on 

the successful design of the V16/55 kW modet, the 
V17/75kW's predecessor, the V17/75 KW was intro- 

duced to commercial markets in August 1984 and 
has subsequently gained a leading position on the 

world market. 

The machine will be described according ta the follo- 
wing main areas: 

1. Rotor 

2. Transmission system and generators 
3. Yawing system 

4. Micropracessor contral unit 
5. Main data 

6 Power curve 

1. Rotor 

Three aerodynamically designed rotor blades are 

connected to the main shaft by a rigid hub. The rotor 
blades are made of reinforced polyester fiberglass 
As anup-wind wind turbine. the rotor is positioned in 

frontof the tower with respect to the wind’s direction. 

This design feature allows the wind turbine to extract 

maximum power immediately from the wind while 

aveiding interference from the tower. 

For overspeed protection, the rotor is equipped with 

centrifugally activated blade tips which pivot 90 de- 
grees and act as an aerodynamic brake. 

2. Transmission system 

and generators 
The torcue from the rotor is Iransmitted through the 

main shaft 1o the gear box and then through a high 

speed shaft to the asynchronous generators, The 
main shaft is supparted by two sets of specially de- 
signed roller hearings that absorb both axial and radi- 

al forces and provide an extended life with minimum 

mainterance. A flex-coupling at either enc of the 
high speed shaft ensures precision alignment and 

maximum torque transmission from the gear box to 

the generator 
Two generators - one for low and one fer high wind 
speeds - provide the basis for efficient electricity 
production across the full range of availatle wind 

speeds. Atlow wind speeds, the small generater re- 
mains connected and operable. However, orce pre- 

vailing wind speeds reach the main generator's effi- 

cient production level, the small generator automati- 

cally cisconnects and the main generalor takes over



Machine structure 

A disc brake is located directly on the main shalt to 
stop the rotor when necessary and to lock the rotor 

when wind speeds reach a certain level. Positioned 

to ensure that the braking lcad effect is not transfer- 

red 10 the gear box, the disc brake is equipped with 

hydraulic applied brake calipers which close firmly 

onto the disc when the brake system is activated. - 
As a faii-safe brake system, an accumulator mainta- 

ns a resevoir of hydraulic pressure 50 that sufficient 

braking pressure is always available.



3. Yawing system 
The active electric dri 
signal from |he electronic wing Vane mounted on the nacelle, Thig impulse is feq through a time delay cir- 

Ve yawing system receives itg 

Electronic wind vane 
- Naceile cover 
Rotor blade 

. Main shaft 
Gear box 
High speed shafn 
Generators 

. Flexible coupling 
V-bell drive 
Disc brake calipers 

11. Eiectric yawing motor 
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AS &N additional safety feature the yawing system automaucauyp‘vots the nacelleQodegreesoumfme wind to Prevent damage jn the event that excess
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4. Microprocessor control unit 5. Main Data i 
All of the wind turbine's functions are managed and [ Vesws miiskw | T T T T 
regulated by an electronic control unit that has been P—— ey — 
specially designed and programmed by Vestas. This [ 

contrpl unitis microprocessor based and thus, offera Siecliargd 2tk - 
significantly wider range of control features. Blade type Vesias 8.5 mtrs. 

The controf unit itself consists of a power unitand an Rotor speed (synchronic) 45.0/35.5 r.p.m. 

operating and centrol unit. As the junction between Generalor speed *mooim o 

the wind turbine and the utility grid, the power unitre- 

cewes the electricity produced by the wind turbing Geariraio . o e ,,,4 
througn one set of cables and then releases that |  Gonerator name plate 9019 kW 

electricity into the ulility grid through another set of Wind vare Elecironic Vestas 1 
cables The operating and contrel unit, however, T T - 

houses the microprocessor which coordinates the 
wind turbine's productive and salety functions with 

the current condilions in the external environment. 

This unitis placed on aflow diagram and protected by 

adoor ol transparant acryic. The flow diagram indi- 

cates the location of all vital instruments and includes 

adisplay of rotor speed, wind speed and kilowatt pro- 
duction plus the current status of the yawing and bra- 
ke systems. 
The entire electronic control unitis normally placed 
inawaterproof cabinet at the base of the tower or so- 

me other location whichis in the immediate vicinity of 

the wind turbine. However, for multi-unit installations 

(wind parks) or instaliations in remote areas, the con- 
trot unit can be accessed from anather location via a 

moden 6. Power curve for Vestas 17/75 kW 
ot o nescmants 1 Vo 1175 

Control panel ' Seared W 
vo 2 P . B”A. sty 1225 kgims 

— il T [ Power unit Conirel unit & T — 
1] ! ] 
et Ll : 

O | 
j ol T T 1 1 i 

E | 7 T i 

Westas, 1= 
a3 ma »—] 

Signal cahles ; : 
Lirom wibwe | m—f . 

[ S v N S — 
I U N 

+ T 
Power cables P ST T A T S (. 
i tiarbang o 5 w0 s B3 w S0 



BLADE 

TURBINE COVER 

SPINNER 

PLATFORM 

LATTICE TOWER 

WINDVANE 

ANEMOMETER 

SALL SAFE MECHANISM 

CONTROL UNIT 
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Adresse. 
VESTAS ENERGY A7 

General specifications 

Description of Vestas V17-90 kW wind turbine 

The Vestas V17-90 kW is a horizontal-axis wind 
turbine with a three-bladed, fixed piteh rotor that 

operates upwind of the tower, 

The blades are stall regulated and the rotor itselfl 
turns at one of two different low speeds, depending 

on which generator is in operation at the time. 

The speed increasing gearbox is of the parallel 
shaft type and the twin-generator system consists 
of one large and one small generator, connected by 
a V-belt drive transmission element. Both genera- 

tors are asynchronous, i.e. run at a “"constant" 
r.p.m , and designed for direct connection to the 
utility network at 480-500Y AC 60 Hz. 

The wind turbine is also equipped with an active 
electric drive yawing system and a control unit 

that is based on either electro-mechanical relays 
or microprocessor chips. 

The V17-90 can be fitted on to either the VESTAS 

free standing lattice tower or the VESTAS tubular 
tower. 

Specifications 

Rotor 

Diameter: 17.0 m (55.8 ft.) 

Rotational speed (synchronous): 50.2 r.p.m. 

39.5 r.p.m 
Rotational speed (75 kW) : 50.9 r.p.m 
Rotational direction: Clockwise 
Orientation: Upwind, 
Number of blades: 3, stall regulated 

Aerodynamic brakes: Pivotable tips 

lades 

Material: Reinforced poly- 

ester fibreglas 
Airfoil: NACA 44 
Swept area: 227 M2 (2442 ft?) 

Tip brakes: Centrifugal force 
activated 

Tower ) 

Type: Lattice tower 
Height: 23.4 m (76.77 ft) 
Reight excl. foundation bolts: 4.250 kg {9370 Lbs) 
Surface: Hot-galvanized 

Teieton Telex: Teietax Fasigiro: Bank: 1S reg. . 
245-7-M 1180 60733 +45.7-04108 15AR%08 PO — P,
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Adresse. 
VESTAS ENERGY A5 

Telaton 
~45-7-341188 0733 

Tower 

Type: 

Height: 
Weight: 

Surface: 

Generators 

Type: 
Main generator: 

Small generator: 

Voltage: 
Rotational speed (synchronous): 

Fregquency: 

Gearbox 

Type: 

Gear ratio: 

Rated power: 

Yawi em 

Type: 
Control: 

Yawing speed: 

] tion dat 

Cut-in windspeed: 

Rated windspeed (75 kW): 

Cut-off windspeed: 

Survival windspeed: 

Height 

Lattice tower 
excl. foundation bolts: 
Turbine and rotor 
exel. 

Total weight: 

Tubular tower 

excl. foundation bolts: 
Turbine and rotor 
excl. 

Total wejght: Teletax: 
+45.7.381488 

tower and control unit: 

1 

tower and control unit: 

1 
Pastgro: 
1588508 

Tubular tower 
22.5 m (73.82 ft) 

5. 600 kg 
(12.345 Lbs) 
Hot-galvanized 
and painted 

Induction generator 
110 kW 

22 kW 

480 V AC 
1200 r.p.m 

60 Hz 

2 stage increasing 

parallel shafts 
1:23.9 
75 kH 
(safety factor 2) 

Active yaw 
Hindvane (electro- 
nie) 
51-55 degrees/min. 

3.3 m/s (7.4 mph) 
+ 10% 
16.8 m/s (37.6 mph) 

28 m/s (62 mph) 
* 5%. (For more 
than 5 sek.) 
50 m/s (112.0 mph) 

(Measured at hub 
height), 

us 

4250 kg 9370 Lbs 

6380 kg 14065 Lbs 

0630 kg 23435 Lbs 

5600 kg 12345 Lbs 

6380 kg 15065 Lbs 

1980 kg 26410 Lbs 

A/S RINGKOBING BANK 
A5 reg. or. 
asom
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2.4. 

Adresse 
VESTAS ENFRGY A'S 

eral specificatio 

nents of the Vesta ine V17-75 

eed _increasin earbox 

Nominal power: 
Rated power: 
Safety factor (reff. 
Speed ratio: 

Type: 

Low speed shaft: 

Shaft diameter, 
shaft: 

high speed 

Manufacturer/Type: 

Volume of oil: 
Weight of gearbox: 

or 

Manufacturer/Type: 

Volume of oil: 
Height of gearbox: 

Yaw-gear 

Type: 

Manufacturer/Ratio: 

or 

Manufacturer/Ratio: 

Yaw-motor 

Type: 

Rotation speed: 
Rated power: 
Voltage: 
Manufaturer: 

Generators 

Main generator 

Rated power: 
at 

Voltage: 
Frequency: 

Class of isolation: 

Tetetn Telex 
~45-7-341188 

75 kW) : 

180 kW 

90 kW 
2.0 
1:23.9 
2 stage Helical 
gear 
Hollowshaft 

60 mm (2.36 inch) 

Flender 

type SZAK 1320 
29 1 (7.66 US gal.) 
800 kg (1764 Lbs) 

Hansen RTF6 

- 40 1 (10.57 US gal) 
700 kg (1543 Lbs) 

Horm and wheel, 

double 
BJ - VESTAS 

1: 900 

BONFIGLIOLI 

1:840 

Induction motor 
1710 r. p. m. 

0.55 kW 

400 Vv 4AC 

GRUNDFOS 
MG 71B4-14F85 

110 kW 

480 V AC 
60 Hz 
F (windings) 

18 weg 



Main generator (cont) 
Rotational speed (75 k¥): 1218 r.p.m, 
Shaft diameter: 80 mm (3.15 inch) 
Shaft diameter: 70 mm (2.76 inch) 
Consumed reactive power: 67.9 kVAr 
Mounted capasitor: 30 kVAr 
Manufaturer/Type: ASEA MBM 315 MA or 

corresponding pro- 

duct 

2.4.5. Small generator 

Rated power: 22 kW 

at 
Voltage: 4B0 V¥ AC 
Frequency: 60 Hz 
Class of isolation: F (windings) 

Rotational speed (15 kH): 1220 r.p.m 
Shaft diameter: i 55 mm (2.16 inch 
Consumed reactive power: 20.5 kVAr 
Mounted capasitor: 10 kVAr 

Manufaturer/Type: ASEA MBT 200 LA or 
MBT 200 or 
corresponding pro- 

duct 

2.4.6. VY-belt drive between generators 

Grooved pulleys: Nominex diameter 

400/315 mm 
Ratio: 1.27 
Manufacturer (pulleys): IPL 
Number of belts (V-shaped): 3 SPB 2360 

2.4.7. Rotor shaft assembly 

Shaft dimensions: ¢ 160/150 x 2065 mm 
Distance between bearings: 780 mm 

Type of bearings: Front: SKF 22243 CC/W33 

Rear: SKF 22230 CC/H33 
Housing and shaft: VESTAS 
Hub-connection: Forged, part of the 

shaft 
Propeller bracket: VESTAS 
Brake disc: VESTAS (nodular 

cast iron/ductile 
irom) 

Maximum torque: 21,4 kNm 

Safety torque (braking): 43.0 kNm 
(nominal value) 

Adresse: Tetcton Telex Telelax: Postgiro Bank AIS reg. . eTac FaEReY ae a7 aaven env a7 annan e 
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2.4.8. 

2. 4,10, 

2.4.11, 

2.4.12. 

2.4.13. 

Teteton 

ler (3 bl 

Material: 

Connection to bracket: 
Airfoil: 
Chord lenght: Tip: 

Root: 
Overall lenght of blades: 
Tipbrake assembly: 
Blade manufacturer/Type: 

ic tor 

Frequency: 
Rotation speed: 
Voltage: 
Manufacturer/Type: 

uli nit 

Pump capacity: 
Max, pressure: 
Brake pressure: 

Pump manufacturer: 
Solenoid valve: 
Accumulator: 
Pressure load: 
Manufacturer: 

Brake 

Disc diameter: 
Braking on low-speed shaft: 

Calipers: 

Manufacturer: 

an: o 

Type: 
Max. torque: 
Manufacturer/Type: 

Iower 

Lattice towe 

Type: 

Height: 
Manufacturer/Type: 

Tolex Teletax 

reinforced poly- 
ester fiberglase 
with nodular cast 
iron root 
Flange 

NACA 44 
500 mm at R=8500 mm 

1100 mm at R=1750 mm 
8200 mm 
VESTAS-type 
YESTAS 

60 Hz 
1590 r.p.m. 
480 V AC 
Bauknecht motor 
type FP14 

0.67 1/min 
330 bar 
140-150 bar 
HAWE 
HAWE BWN1F 
1.4 1 
100 bar 
BOSCH 

700 mm- 

Nodular cast iron/ 
ductile iron 
3 pe. hydraulically 

activated 
BREMBO 

Cardan joint 
8000 Nm 

Centaflex 
CF-A-140-G-2 

Lattice mast, bol- 
ted, angle iron ele 
ments, 
3 sections 
23.4m 
Carl C. Jensen 
VESTAS 23.4 m 

Bank /8 rag. o



Tubular towser 

Type: Tubular tower, bol- 

ted 
3 sections 

Height: 22.5m 
Manufacturer/Type: VL-Stal 

’ YESTAS 22.5 m 

2.4.14, Control unit 

Relay based control unit Vestas design 
based on electro- 
mecanical relays 

o_processor _based co o. £ 

Vestas design 
based on micro 
processes 

2.4.15. Anemometer 

Vestas design 
Type: Optoelectrical 

2.4,16. Hindvane 

Vestas design 

Typae: Optoelectrical 

YESTAS reservea the right to change any of the 
above mentioned data specifications at any time, 

Adresse. Telefon Teiex Tetetax: Posigro: Bank 1S reg. o wEeTAC EMERRY A [P RYIT™ a7 45 7 aavae +eaosne



Height for V17 parts KG us 

Spinner 30 kg 66.1 Lbs 

Blades, set of 3 * 25 kg.pr. blade 1470 - 3240.7 - 

Blade hub + fitting 309 - 681.2 - 

Shaft and bearing arrangement 799 kg 1761.5 Lbs 

Main shaft 378 - 833.3 - 
Bearing house 180 - 396.8 - 

Bearing 41 - 90.4 - 

End cap and rings 5 - 77.2 - 
Grease and bolts 7 - 15.4 - 
Brake disc 120 - 264.6 - 
Shrink dise 38 - 83.8 - 

Gearbox with coupling flange incl. oil 

Flender 872 kg © 1922. 4 Lbs 

Hansen 802 - 1768.1 - 

Shrinkelement gear 35 kg 77.2 Lbs 

Hydraulic unit 27 - 59,5 = 
Consol for brake calipre 40 - 88.2 - 
Brake calipre set of 3 18 - 39.7 - 
U-steel for moment plate 3 - 6.6 - 
Yaw wheel incl. fitting for tower 392 = B64.2 - 
Yawing gear BJ-gear . 61 - 134.5 -~ 

Generator Asea MBM 315 MA incl. 3 m cable 
Coupling flange, V-belt pulley 720 - 1587, 3 - 

Generator Asea M 200 LA incl V-belt pulley 205 - 452.0 - 
Machine foundation, ready for mounting oS85 - M8 - 

Rubber coupling 19 - 41.9 - 
Machine cover incl. frame 135 - 297.6 - 
Screws, nuts etc. 75 - 165.4 - 
Balconies set of 2 125 - 275.6 - 
Controller (micro) 125 - 275.6 - 
Controller (relay) 125 - 275.6 - 

' 

Tower 

Tubular tower V17 (VL-stdl) 5600 kg 12345.7 Lbs 
Export tower V17 4250 - 9369.5 - 

Yawing plate and towertop 392 - 864.2 - 
Foundation bolts for tubular tower 300 - 661.4 - 
Foundation bolts for lattice tower 210 - 463.0 - 

Adresse Taleton Telex Tetetax Postgra: 
VeeTae Encany nie 1487 awman ) a8 7 anees reoocna 
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Adresse 
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Installation 

Terrain 

If the terrain within a 100 m radius of the wind turbine has 
a slope of more than 20%, the cut-off wind velocity must be 

decreased. Please contact Vestas for furhter details. 

Climatic conditions 

The Vestas wind turbine is designed for an ambient tempera- 
ture range from -10° C to +40° C. Outside this range it will 
be necessary to decrease the cut-off wind velocity or to stop 
the wind turbine. The wind turbine is designed for a mean 
air density of 1.23 kg/m«. The operational data in section 
2.7 are given at this air density. If the mean air density 
differs more than £ 5 % from this value, it may be necessary 
to change the specifications of the wind turbine. Within the 
5 % tolerance, only pitch angle will be changed. For wind 
turbines outside the + 5 % tolerance, please contact Vestas 

for further information 

Main_connection 

Intermittent or rapid fluctuations of utility grid frequen- 
cies may cause serious damage to the wind turbine. Steady 

variations within # 1 Hz are acceptable. The voltage may have 

a variation of * 20 V AC. When dimensioning windfarms the re- 

active power must be taken in consideration. In order to 
avoid the problems associated with large voltage fluctuations 

the low voltage grid should be able to consume the turbine's 

production. For wind parks, the grid's stiffness and consump- 

tion patterns should be the basis for the specific dimen- 

sions. 

Various topics 

For long-distance transportation that subjects the wind tur- 
bine to prolonged vibrations, it may be necessary to take 

special precautions to avoid damage to the beuripgs. These 

precautions are usually only necessary with respect to trans- 

portation by rail. 

As an industrial machine, a wind turbine should not be in- 
stalled too close to populated areas where possible noise and 
safety issues could present a problem. For this reason, we 

recommend that our wind turbines to be installed at least 200 
m away from homes and public areas and unauthorized persons 

are kept at least 100 m away from the turbine 

1f the wind turbine is to be located in an area that is prone 
to lightning, it may be necessary to take precautions to 
avoid possible damage to the wind turbine 

The wind turbine is corrosion protected for most environmen- 
tal conditions. However, if the wind turbine is to be instal- 
led in a high-corrosion environment, i.e. very close to the 
sea or polluted air, it may necessary to equip the wind tur- 
bine with additional corrosion protection. 

Tetetan Talex Teteta Postgio: 
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Terrain 

If the terrain within a 100 m radius of the wind turbine has 
a slope of more than 20%, the cut-off wind velocity must be 

decreased. Please contact Vestas for furhter details. 

Climatic conditions 

The Vestas wind turbine is designed for an ambient tempera- 
ture range from -10° C to +40° C. Outside this range it will 
be necessary to decrease the cut-off wind velocity or to stop 

the wind turbine. The wind turbine is designed for a mean 
air density of 1.23 kg/m«, The operational data in section 
2.7 are given at this air density. If the mean air density 

differs more than *+ 5 % from this value, it may be necessary 
to change the specifications of the wind turbine. Within the 

5 % tolerance, only pitch angle will be changed. For wind 
turbines outside the + 5 % tolerance, please contact Vestas 
for further information. 

Main_ connection 

Intermittent or rapid fluctuations of utility grid frequen- 
cies may cause serious damage to the wind turbine. Steady 
variations within + 1 Hz are acceptable, The voltage may have 
a variation of & 20 V AC. Hhen dimensioning windfarms the re- 
active power must be taken in consideration. In order to 
avoid the problems associated with large voltage fluctuations 
the low voltage grid should be able to consume the turbine's 
production. For wind parks, the grid's stiffness and consump- 

tion patterns should be the basis for the specific dimen- 

sions. 

Various E cs§ 

For long-distance transportation that subjects the wind tur- 
bine to prolonged vibrations, it may be necessary to take 

special precautions to avoid damage to the bearings. Theee 
precautions are usually only necessary with respect to trans- 
portation by rail. 

As an industrial machine, a wind turbine should not be in- 

stalled too close to populated areas where possible noise and 

safety issues could present a problem. For this reason, we 
recommend that our wind turbines to be installed at least 200 
m away Crom homes and public areas and unauthorized persons 

are kept at least 100 m away from the turbine 

If the wind turbine is to be located in an area that is prone 
to lightning, it may be necessary to take precautions to 

avoid possible damage to the wind turbine. 

The wind turbine is corrosion protected for most environmen- 
tal conditions. However, if the wind turbine is to be instal- 
led in a high-corrosion environment, i.e. very close to the 
sea or polluted air, it may necessary to equip the wind tur- 
bine with additional corrosion protection. 

Teteton Telex Teletax Postgio Banx A'S 1o ne. 
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3.0 SECURITY REGULATIONS (IMPORTANI !!1) 

A main connected wind turbine will naturally contain some momenls of danger 

if it Is evaded thoughtlessly. Therefore the following security regulations 

must be observed. 

3.1 STAY AND TRAFFIC AT TIE TURBINE 

Do nol stay within a radius of 25 mtrs. from Lhe tubine {f it is nol neces- 

sary. 

If you have Lo inspect the turbine form the ground dJo not stay in the pro- 

reller plane but ohserve the propeller from in front (wind side). 

Take care that children do not stay or play on or al the Lurbine. If neces- 

sary build a fence around the foundation. Entry to the control of the tur- 

bine must bu Jocked so that intruders cannol “operate™ with the Lubine. 

3.2 CONTROL UNIT AND SWITCH BOARD ARIiANGEIEl[[ 

WARNING: 111G VOL TAGE! 

The wind Lurbine control conlains wirings with high volLage and the cavers 

to the switchboards must not be apened. If il is necessary o open Lhe co- 

vers Lo the control, Lhls must be done by ab authorized person or serviceman. 

The covers which are sealed can be opned by the authorlzed serviceman after 

having consulled VesLas® service department Lut (f the seal {s broken without 

Vestas™ permissjon the guarantee will repeal. 

Adesa Toets Tou Teietse Ptgen o ane 
s s can s i 452 e tamie A s tare o 
L v o jrreney
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3.3 

[y 

Inspection of the turbine machinery 

When inspecting the turbine machinery the following procedure 

must be followed: 

The key in the controller is turned to the left (Lo posiliun 0), 

which causes braking. Turn the key back to position 1, which 

causes 90° yawing of Lhe turbine, cut of the wind. 

If it i5 a tubular tower, it is nccessary lo yaw the turbine ma- 

nually. so the propeller is standing nppesite the out crawling 

Lrap duor. 
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There is no special position for a turbine on a lattice Lower. 

The operator/serviceman should just could entry the balcony, 

without loosen the safety-lime. 

The person, who crawls up the turbine shall have the key in his 

pocket. (The key can be taken out In both position 0 and 1). 

The main switch on the switchbeard s cut off. 

You can now crawl up In the turbine, but remember: 

- Put on footwear which is suitable for climbing in the tower. Al- 

ways use tight-fitting footwear with rubber soles (rubber shoes 

or boots) never clogs. 

- Put on your safety - belt with the safety line (the short one) 

inserted the safety catch. 

See photo. (use only approved equipment). 

- Put on your hard hat. 

- See that none is staying under the turbine when you start clim- 

bing. 

- Take your time and move carefully in the tower. 
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E. When you have reached one of the platforms you hook the long safely 

line Lo the platform before you dismount the short one from the safetly 

catch. 

When standing on Lhe platform you open the safety lock of the cover in 

one of Lhe sides and then in the other. Now the cover can be opened. 

Remember to be fastened to the safety line all the time also when you 

move from one platform to another. 

% F. While working on the platform you are fasiened to the nacelle or to the 

quard rail with at least one safety line. 

G. Do not let an assistant on the ground starl the turbine. 

H. IF you bring tools, lubricanls etc. keep this in a bag tied to your 

safety belt. 

1. Take still care thal o one is staying under the turbine while you are 

working in the nacelle. (Even a small wrench is highly dangerous when 

H falling from a helght of 23 mtrs.}. 

J. After inspection, lubrication etc. you close the safety locks for the 

machine cover. Be sure that you have brought all tools with you before 

you start the descent. 

K. Exlra caution must be shown when climbing in the mast when it is wet or 

covered with ice. 

I. If the blades have been or are iced up it is involved with great danger 
Lo walk under or near the propeller. When the ice has melted and the 

i turbine is restarted ihe rotor plane is turned out of the operator’s 

Posilion before the turbine is started. 
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4.1, The turbine function is in short described in the following: 
Upstart, procedure and method of working. 

In pos. 0, the computer current supply and the contactor control 
current are disconnected, but the power unit is still connected to 
the orid. 

4.1.0. 
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The key is turned to pos. It 
The computer starts operating. At first the computer checks 
the grid, 10 sec. later the display is switched on. 
The display will look as follows: 

RMP INIT BR WIND SPEED " kW 

Push the brake button. The solencid valve is activated, and the 
brake is released. 

Providing the windspeed is nboue 3m/sec., or the lurbine pro- 
duces, the turbine yaws into the wind = controllzd by the vind 
unne. This is indicated by the arrows on the disnlay. 

RMP INIT R VIND SPEED L kW 

At a windspeed of sufficiently high strengh, the propeller 

will ntart operating and increass in speed. In the beginning 
the speed increaces slowly, but at a certain number of revo- 
Tutions, it will begin to increase faster, as the aercdynamic 
profiles are not efficient before & certain speed has been ob- 
tained. For the same reason the necessary startuind must be 
higher than the windspeed necessary to keep the propell=r ro- 

tating and producing. For example, a propeller in operation can 

keep rotating down to a windspeed of app. 3m/sec., but 1t is 

necessary with gusts of about 5-6 n/sec. to start up a turbine. 

To meet thim condition, the turbine is eauipped vith an auto- 
matic wind up-start, which causes the small generator Lo drive 
the propeller. 
The generator cuts in by means of Lhe thyrisistors, which 
ensuyres a smooth up-start, protecting the V-belts and the gear. 

1f the windspeed is above 3,9 m/sec., the turbine will automa- 

tically start up. 
The 955kw turbine consumes 18kw during up-start. The 75ku 

turbine consumes 30kw. The aboue mentioned fuciton has an 
advantage il there is a constant windspeed of about 4-6 m/sec, 
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4.1.5. IF there ins enough windspeed to operate the small generntor, 
the propeller will increase in speed until the number of re- 
volutions, corresponding to the gearing and the tranamission 
ratio for the synchronous number of revolutions on the small 
generator are reached. 

4.1.6. IF the wind speed increases slouly, the computer will dis- 
connect. Providing the windspeed is below 6.0 m/sec., the 
computer connacts the amall agenerstor and the hour counter 
for the snall generator begina operating. 
1f the windspeed is above 6,0 w/sec.. the turbine is not 
connected to Lhe amall generator, hut directly to the main 
generator . 
If the wind speed increases slouly, the computer will dis- 
connect the small genecrator when max. production has been 
measured for 12 seconds. 
The turbine freewheels until it accomplishes the necessary 
number of rotations (1000 rpm), inabling it to connect the 
main generator, and atart-up the hour counter for the main 
generator. 

4.1.7.  The main generator produces wind speeds, which lie betueen 
the amall generators rated output, and Up to the maximum 
production capacity, uhich is adjusted to 23m/sec. on the 
anemcmeter. 

4.1.8. 1f the wind speed drcreases doun Lo epp. 1 kW, while the tur- 
bine operates on the main generator, it will disconnact the 
main generator and connect the small generator to the orid, 
eausing the wind turbine to Lrake to the nunber of revolulions 
corresponding to the production output of the nmall aenerator. 

4.1.9. If the mmall generator produces, and the wind speed decresses 
to a wvalue corresponding to the small generators minimum pro- 
duction (app. 1 kW production), the small generator is then 
disconnected from the grid, and the propellers operate freely 
in the wind. 

a4.1.10. [f the wind decreases doun to app. 2,5 m/sec., automatic yau- 
ing will stop, perheps causing the propeller to stop. Uhen the 
wind speed increases to above 3 m/sec., it will autematically 
connect the controller and the wind vanes contiol of the you 
motor will keep on turning the propeller up agsinst the wind. 

4.1.11. One of the reasons why the automatic system disconnects at lou 
wind speeds, is because the wind vane is very unstable at lou 
wind speeds, and, as the wind turbine isn’t capable of produc- 
ing, one saves using yaw motor energy, and prevents unnecessary 
cable-untwist. 

4.1.12, In this section it aught to be mentioned, that all values are 
mean values, uhich meana that. short period diviations will not 
result in repectively diconnection or connection of the wind 
vane. 
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4. 

FUNCTION OF VESTAS V17/90 KW WIND TURBINE WITH RELAY BASED CONTROL UNIT 

4.0 

The operation of the turbine is briefly described in the following and elaborated later under the 
operating instruction: 

4.1 

STARTING UP PROCEDURE 
Provided that none of the faulty functions are in force and that the turbine is braked with the 
key on 0 the starting up of the turbine is done as follows: 

A. The key is turned to the right on 1 and there is light in the lamps: BRAKING AUF: 98° 
YAWING; LINEFAIL RESET; and the YAWING CCW lamp 

B. RESET is pressed in and the light disappears in all the lamps. 
C. If the wind is over 3 m/s the turbine will yaw into the wind and “automatic operation” 

will give yellow light. Light in AUTOMATIC OPERATION indicates that the wind vane is 
active and that the turbine is ready for service.
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TUNCTION DF_1URBINE WHEN STARTING-UP AND OPTRATING 

4.2, When Lhe starting-up procedure has been carried outl accordlny Lo ilems 

A-C the following will Lake place in the nacelle: 

1.2.1. Ihere will be a voltage on Uhe solenuid valve in the braking system 

and Lhe disk brake is loosened and is hold in a loosened pusilion. 

the propeller can rutate freely. 

4.2.2. Provided Whal the wind {s more than 3.0 m/s the turbine will Lluro 

inlu the wind controlled by Lhe wind vane. fhe yawlng direction is 

Indicated by the arrows P S 

4.2.3. IT the wind hos a sufficlently large force Lhe propeller will starl 

tolaling and [ncreasing s speed. At firsL the speed is increased 

slowly bul al a certain r.pam. the speed is increased quickrr as Lhe 

wings (having aevodynamlc profiles) fivsL witl be effective wheu lhey 

rotate with a cerlain speed, 

4.2.4, As an example a given propeller can keep rotating right down La about 

3.0 w/s in operation where as yusts of Lhe <ize 65-6 m/s are heeded in 

order Lo start a stopped propeller due Lo inertla and friction in 

transmission. 

4.2.5. lu remedy this situalion the turbine is equipped with HANUCL STARTING- 

0P which works when Whe propeller is driven by Lhe small generator 

which works as a molor when pressing on MANUAL START. 

Ihis operation can especially be used profitably ir the wind has a 

constanl characler in an area helow aboul 5-6 m/s. 
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8.2.6. If. there s enough wind for operation of the small generator the pro- 

peller will increase ils speed L1l I reaches the r.p.m. which with 

e given gearing (gear and ¥-belt gearing) corresponds Lo Lhe synchro- 

nous r.p.m. of the small generator 1035 RAM. The control unit will vow 

connecl Lhe generalor Lo the ulilily and the Luwrbine will ygive the pro- 

duced eleclric energy to the ntility. Ihis is indicated by means of 

Tight in the lamp SMALL GEN. and the Do counter runs. 

4.2.7.  IT there Is still enough winu to operation of Lhe main generalor, Lhe 

Lrbine will only produce briefly on the small generator {corresponding 

to the inslalled time lag which is to preveni too frequent changing avers) 

and Lhen conpect to the main generalor. 

4.2.8. Ihls take place when culling oul the small generalor. After Lhis the pru- 

pelier rums Treely aml increases its speed until it reaches the r.p.m. 

which with the [ixey yraring (Lhe gear ilself) correspomds to the r.p.m. 

on e main yenerator (1035 RUM). Now Lhe mafn generalor {s connecled Lo 

the uLility and We turbine gives the produced elactric energy Lo Lhe 

utility. This Is indicated by means of light in the lamp MAIN GEN. and 

(he hour counler runs. 

4.2.9. The turbine produces on Lhe main generator in wind speeds from one Lhat 

corresponds to Uhe raled out-pul of the small generator up Lo the maxi- 

aim permissible wind spoed of Lie producLion which §s adjusted Lo the 

anemometer. Ihe anemomeler sees Lo braking of the turbine IT the cut of f 

wind speed [s reached. (The cult off wimd speed is aboul 26 m/s). 

4.2.10. If the turblne produces on Uie main generalor and Lhe wind speed falls 

so much that the given power falls o near O Lhe main yenerator will de- 

clutch with a certain Lime laf and the small generalor is connected to 

the ulility by which the turbine is Lraked down Lo a number of revolu 

tions corresponding to the production vn Lhe small yenerator. 
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4.2.11. 

4.2.12. 

4.2.13. 

4.2.14. 

If the turbine produces on the small generalor and the wind speed falls 

below Lhe speed Lhat corresponds to the minimum production of Lhe smail 

generalur (i.e. U production) the small generator will declutch from the 

WLiliLy with a cerlain Lime lay and the propeller runs freely in the wind. 

further falling wind speed will couse thal the propeller will stop byl the 

trbine is stitl operaling aulomallcally and will start rotating anml pro- 

ducing again when ihe wiml reaches relevant speeds. 

The wind vane control of Lhe yawing motor which turns Lhe prapeller plane 

up in the wind takes place cunstantly (when AUTOMATIC OPERATION gives oul 

Tight) irrespective of the fact whelber Lhe ganeralors are connecled or 

nul. 
However. the wind vane is cunnecled Lhrough a signal from the anemomeler 

when Uie wind falls beluw about 2.5 m/s. IL is recomected al a higher 

wind specd about 3.0 w/s. 

Ihis declutule is carried oul In order to prevent cable twisling at luw 

wind spoeds where Lhe wind speed is insuffucient Lo hold the wind vane 

constant 

AlL the mentionsd wind speeds which have relalion tu Lhe cut in and cul oul 

uperallons are sampled values i.e. that shorl excesses of Lhe ylven limits 

da 1ol cause respectively cul in or cul vul of Lhe wind vane. [he wind va- 

ne worrections of the propeller orientations are indicated hy means of 

Light in the lamps and yawing direction ¢ N 
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4.3, WAHUAL DRAKING 

he urblne §s braked manually by turnimg Lhe key to 0. After atont 5 

sec. the key Is turned once more Lhis Lime 1o 1. lhe 90 yawling Tunc- 

Lion Is cut in and It sees Wat the propelier plane is torned 902 out 

of the wiml. 

the wimd vane will still see that the propeller plane is Lurned in Uis 

,|usil|nn_prolmrllonnl Lo the wind direcLlon permanently. Therefore alsy 

if U ul;ul changes direcLion. By turning Lhe key swilch off 1o O re- 

peatedly and then 1o 1 the Lurbine will yaw an® (in 90 sec.) every time 

(counter clockwise). The wind vane will, however, always yaw the Lo - 

bine back 1 a position 90 on the wind direction (when the tirhine is 

braked). 

this security procedure can be nsed §f the Lurbine Is IefL braked any 

will set [n Gtsell if the turbine brakes ilsell because of faults. In 

Uiis situation there will be Light in Lie lams BRARING, Liti, YAWING 

and RESCT af ter monual brakings 

A braking because of faulls one or more of the faults indicalion lamps 

will Light Instead of LINE. 

4.4, BANUAL YAMING 

he yawing takes place by pressing Lhe butlons rospeclivelyr” an Y 

which have an Indicallon function beside Lhe conlacl funclivn. 
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Correct oil level in Lhe gearbox i of vilal importance. The gears 

and bearings are oil lubricated. 

A scraper plate on each side of 1he gear wheel collects oi) and 

channels it to oil collectors an buth housing sides. from Lhere 

the oil is deslrivuted through bores in the housing and channels 

in the covers Lo the bearings of the low speed and high speed shafti. 

The hearings of the rptermediate shafl are lubricated directly by 

contacl with the uil bath, 

The gl level must he as close to the middie of the sight glass 

as possibilie. 

Checking the oil level, must ne done every Lhird nonth or every 

time there is lubricetion or maintenance of the turbine. !f the 

il leve! is below the middle {max) of the ail level sight glass, 

it is necessary Lo refili the gearbox. 

Note: [f he oil 1s very cold, the oil level may be down 2 mm 

helow max. [f the oil is very hot, Lhe eil level might be a 

little bit above max.



5.1.2. Maintenance of gearbox 

Malntenance operations are limited to oil level, and regular oil 

change.{See o0il change gearbox). 

5.1.3. Breather_control 

To prevent pressure build-up, a breather is installed on the up- 

per side of the housing. Take care and check regularly that this 

breather does not become clogged. 

A mMwps 



5.2.1. 0i1 change on_gearbox 

Qi) can be lefL in & gearbox for two years of operation, In 

case far all V17 gearunits filled with 150 VG 220. And if the 

amblant temperature is between 7 10 - + 40 deg. C (14-54 deg. F). 

After the 2 years period the oil have ta be changed. 
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§.2.2 Used for oil change: 

Closed oil Lins of good quality, is used when holsting Lhe oll 

from and to the turblne. 

Hrench: 36 mm is used to dismantle the otl plug where the new vil 

fliled Lthrough (only for Flender gearbox). On the Hansen gearbox 

the dismantle of the oil plug can be dome by hand. 

Monkey wrench is used to dismantle the drain cock when removing 

the ofl. 

Funnel s used far oil filling. 

Ollcan is used when draining the oil from the gearbox. 

Rags Is used for cleaning and removal for oll waste. 

femoval of oil: 

The oil is removed from the gearbox by opening the drain cock. 

Hansen Flender 

Use the oil can and the closed oll tins Lo collect the old ofl. 
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5.2.3  Filling of o1l 

The drain cork is clased and the new il is filled throuyh the 

filling hole, in the inspection cover, where the funnel is used. 

Hansen gear about 3% | 

[lender gear abonl 

Note: The oil quantily shown on the nane plate is only a guide 

value. The exact ofl level (s to the middle of the oil sight glass. 

When Lhe oil change is done, the gearbox and foundation has to be 

cleansd for o1l waste. Ihe drain cock has to be checked for lea- 

kage. 
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Alternative oil qualities 

Ess0: Spartan EP 220 

Hobil: Mobil gear 630 
Shell: Omala 0il 220 

Texaco: Meropa 220 

8P Energol GR-XP 220 

| 
i 
i 
| 
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5.3 0il level check brake system 

The oil level can only be checked visual. Every time lubrication or 

maintenance is done an the turbine, the ail level on the brake system 

have to be checked. 

lax, oil level 
without pressure 

Max_ il level 
wilh pressure 

T 
11
0,
 

[ Min_ il level 
with pressure 

Refilling of oil must be done if the oil level Is nol al the same 

level as "max oil level with pressure”. 
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5.4.1 change brakesysten 

The oil in a Hawe brakesystem has to be changed every 5 years. 

Every time lubrication or maintenance is done on the turbine, there 

have to be made a visual check for condensation water in the bot- 

tom of the oiltank. 

= The condensation water is caused by termal fluctuations.. 

If there is any condensation water in the oil tank the oll has to 

be changed. 

If changlng the o0il is caused by convensalion waler he whole brake 

unit has to be dismantled. 

Release Lhe brakepressure. By using a small screw-driver, it is 

pussible to open the magnet valve and release the pressure. 

Press an the middle of the valve, and it will open. 

Screw driver 
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5.4.2 Dismantle the hydraulic pipe, comming from the accumulator (pos 1). 

Dismantle the hydraulic hoses from the connection block (pos 2). 

Dismantle the 3 plugs on the two pressureswitches and on the mag- 

net valve (pns 3}. 

Cut the two cable bindings. 

Now dismantle the brakeunit from the brakeconsol (pos 4). 

- Take down the brakeunit, and dismantle the oil tank (pos 5}. 
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5.4.3 Drain the tank for oil and water In a empty can. Clean the oil tank. 

Mount the oil tank back on the brakeunit. 

Mount the brakeunit back on the brakeconsol, where the hydraulic 

pipe, hoses and plugs are connected again. 

Refill_the brakesystem 

Dismantle the bleeding filtre {(pus 1). . 

2 Use a funnel to refill the olltank through the pipe (pos.2). 

Fill up the oil tank, but only to the line. 

After refilling, see bleeding brakesystem 

f 

011 quality: see next page 

011 quantity: approx. 2 liter. 
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5.4.4 O change brake system 

Alternative oll qualities: 

Esso: Univis HP 22 

Mabit: DTE 22 

Shell: Tellus oil § 22 

Texaco: Rando MDA 22 

op: Bartran HY 22 
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5.4.5 

G 

If it's a regular ail change, it is possible to pump the oil oul of 

the system. IL can be done with the manometer, where the bleeding 

hose is placed in an empty oil can. When the manometer is mounted, 

open the bleeding screw, and Lhie ofl will be pumped out of the 

system and into the oil can. 

After refilling with new o0il, see "bleeding brake system". 
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No air must be allowed in the brake system under any circumstances. 

If there {s any air in the brake system, braking capasity will be 

reduced severaly, and Lhe brake sysiem will be unable to stop the 

turbine when it is necessary. 

Procedure 

Turn the keyswitch on the control panel te O and then back to 1, 

Which causes braking and yawing. There has Lo be pressure on the 

brake system when the bleeding is made. 

Lach Lrgke callper has a bleeding screw. The Lop caliper has two, 

Put a & mm hose on the bleeding screw {pus. 1). Put the other end 

of the hose in an empty 0il can, where Lhe wasted oil will be col- 

lected. 
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5.5.2 

The hose has Lo be drained for old oil before the air is comming 

ont. 

Keep the bleeding screw open, until all airbubbles has come out. 

Hhen it's only clean oil comming out, tighten up the bleeding screw 

again. 

o This procedure is repealed on the other calipres. 

1f the oil level is nol up to "max vil level with pressure”, it is 

necessary to refill the oil tank up to “max oil level with pressu- 

re*. 

Max, oil level 
without pressure 

with pressure 

Min_oil level 
- ; with pressure 
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5.6.1 Pressure check brakesysiem 

Maunt the manometer, with a bleeding hose, on the test connecting 

branch, from the accumulator {pos 1). 

The bleeding hose ends in the refilling pipe on the brakeunit 

{pos 2). 

If there 1s no pressure in the brake syslem, open the bleeding tap, 

' before starting the motor. Start the motor and let it run for ap- 

prox. 15 sec (pos 3). Close the bleeding tap, and the manometer will 

rise. 

[f there is pressure in the brake system, when the manometer is 

mounted, the bleeding tap has to be closed. When the manometer is 

mounted, bleed the manometer. Close the bleeding tap, and the test 

can start. 
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5.6.2 Checking working pressure switch 

When the pressure reaches 150 bar ¥ 2 bar the workling pressure 

switch will disconnect, and the brake motor stops. 

In order to release the pressure from the brake system, it is 

- necessary to manually activate the magnet valve (see picture). 

The brake motor has to start at 140 bar * 5 bar, If the stoppres- 

sure is correct adjusted on 150 bar, and the brake motor du nol 

start at 140 bar ! 5 bar, but at a lower pressure, it is caused 

by to big hysteresis. The working pressure switch can not be ad- 

justed. Therefore Lhe pressureswitch has to be changed. 
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§.6.3  Check of safety pressure switch 

Take of the working pressure switch plug, which will remove the 

motor function. In order to release the pressure from the brake 

system, it is necessary Lo aclivate Lhe magnet valve manually. 

When the pressure is down at 130-135 bar, It will be indicated on 

the safety lamp in the relay controller. For the micro processor 

controller, the low pressure will be indicated in the display. If 

the lamp is not activated when the pressure is about 130-135 bar 

the safety pressure swilch has to be adjusted. 

The adjustment is done by means of the nut. Clock wise is up the 

manometer scale. 

\§QJJYApf§§SUre_SW"cn. Excess pressure_valve 

T H ] 
ALY 

Clockwise = increasing_pressure Adjusting_nut 
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5.6.4 ) 

Keep the magnet valve activated, when the motor functlion is still 

of f. The pressure will fall to 100 bar ¥ 5 bar. The manometer 
needle will then suddenly drops to 0. 1f the manometer needle 

drops at a lower pressure, the preloading pressure is to low in 

the accumulator. 

If the preloading is to low, change the accumulator. 

150, ~ 
~ 

=5 Connect the working pressure switch again. The brake motor will 

start. When the pressure is at 150 bar the brake motor stops. 

Remove the working pressure switch plug and make a bypass jump 

between 1 and 2 in the plug. 

The bypass jump can be made with a small piece of cable. 

Bypass. jump. 
; Cable 

[N 

Plug for working pressure- 
switch 
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5.6.5. Check excess pressure valve 

The bypass jump will force the brake motor to rise the pressure 

to exceed 150 bar. The excess pressure valve shall work at 160 

bar. If not, adjust the excess pressure valve (pict. page 5.6.3.) 

on the screw fig. 1. When the adjustment is done on llie excess 

pressure valve, remove the bypass jump. 

Clockwise = increasing pressure 

E) 

If the excess pressure valve is loosing pressure all the time, 

try to tighten up the lhiexagon nut as much as possible. Then loo- 

sen it out to normal position again. If [t does not work, change 

the excess pressure valve, 

E If the excess pressure valve is leak, the brake motor will run 

very offent, because it is loasing pressure all the time. 

Activate the magnet valve manually, so the pressure falls down 

to approx. 150 bar, normal working pressure. 

Dismantle the manometer. 

The brake system will now run normally. 

Clean the brake unit for wasted oil. 
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CUANGE_OF BRAKE BLOCKS 

The brake blocks must be replaced {f Lhey are worn wiUlLon]y appr. & 

left. 

1T 

In this conmectlon it has Lo be mentioned that one braking al high wind, 

wears up Lill 1 nm of the blocks will take place. Therefere it is advis- 

abile to replage Lhe block regularly. 

Tonte 

flat bit plives 

Ao sorewdeiver 

A w piercing pluy 

Hamihanmer 

1 ring key 

Clean can 

Procedure: 

The key is turned lo 0. When pressing and releasing the top of Lhe solenoid 

valve repeatedly the sloring pressure is decreased (rom the hrake syslem. 

By means of the hamner, split no 1 Is removed after which splits na 2 and 3 

can be removed as well as 1he 2 plales. By means of the screwdriver Lhe tra- 

ke bluck is pushed as far away from the disk as possible. At the same {ime 

the can is hold under Lhe bleeding screw (4- which has to be dismantled) as 

Lhe oil is now coming vub. {ses picture hleeding brake system) 

The new brake blocks can now be placed. The splits can also be placed. 

Note: Bleed thouroughly amf test Lhe broke afterwards. 
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5.8.1 LUBRICAT 10N YAWING SYSTEN 

The yawing system s exposed 10 wind and wealher. Therefore as a conse- 

quence i1ois of vital amparlance fo secure caveecl lubrication of these 

parte. 

Tnols: 

treasa gun 

2" brush 

seraper 

The yaw tooth ks clecaned for dirly grease. Refrain from letling Lhe grease 

drop down tu the ground. Otherwise some of L might stick on the masl and 

in tahl way cause dirvcl danger when crawling in the mast. 

The soiled grease con Instead be collected 1na box_etc. 

iy means of the grease gun the teeth is smeared with a thin cwal of grease. 

The yrease is spaced on the Looth plate wilh the bruslt. 

The track which Uie slide blocks of the top section describe is covered 

with a thin coat of grease as well. 

Especially here 1t Is of vital tmportance with o thorough cleaning fur iepu- 

rities. The coat of grease must be as thin as possible. 

The lubrication has to Lu done every time Lhere is maintenance, service 
done on Lhe Lurbine, 

[o—— 
rencnm 

teatan . B A5 Ry 
S 73e0ame woeam A NGRS BN o N e 



P ] 

5.8.2 HMaintemance of yawing gear-wheel 

Gear-wheel and pinion in Lhe yawing arrangement must always be Jubricated 

{see "Lubrication yawing system"). 

As there are large contens of dust in the air at intervals, this will cause 

thal a lot of dust mighL accumulate on the gear-wheel and on the pinion. 

It is of Lhe most vital importance that ihe gear-wheel and the pinion are 

kepl under observalion currenLly and are cleaned_thoroughly if dusl is 

found which might cause break-downs and wear. 

Arter clemlng] the gear-wheels have to be lubricaled before the turbine is 

set Into operation again. 
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5.8.3  Lubricalion yau system 

Alternative grease qualities 

Lsso: Esso MP grease, beacon {Moly) 

Mobil: Mobil grease special 

Shett: Kuggfett 

Texaco: Teclad 2 

BP: AP tandhjulsfedt 
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Check all 4 yawpads for airgab between yawplate and yawing clamp, 

every Lime there is maintenance done on the turbine. 

There is no exact schedule for changing the yawpads. 

Maintenance of yawpads is to adjust the yawing clamp. There must be 

max 2 nm airgab. If ihe airgab gets bigger, caused by wear on the 

yawpads, the adjustment can be done by removing 1 of the 2 shims 

for the yawing clamp. Each shim is 1,5 mm. Keep the removed shims, 

lhey will be used again when it is necessary to change the yawpads. 

- | 

il YAWING CLAMP . 
-SHIMS _for yawing clomp. 

Hhen both shims for the yawing clamp have been removed, the yawing 

clamp can not be adjusted anymore. If it can not be adjusted any- 

more, and the airgab gets bigger than 2 mm, contact Vestas service 

department. 

nadnan: Tewprana Tostee Pemgs e At Hog 
VEOTAS ENERQY A% rasras Catean amyom ATSIONGKOING BANK ey PORTHOX 42 Fsa0ry s ot 160 D6 DARLKE aNx, 

Tkt 



w0 5 157 5 A TR TSR 

5.9.2 The yawpads fs only allowed to wears 4 mm. 

' 

YAWPAD 

Note: No, lubrication on the yawpads. See “Grease yawing' system". 
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5.10.1 0il change yawingyear: 

he gear does not need any waintenance according to oll check/change or 

greasing, as the year is greased for life, which means thal the oil/grease 

check/change only is carvied out when the year {s over-hauled. 
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Bgustment, of yawgear 

In case of natural wear on the center ring, the yaw gear has to be adjusted 

when the airgap between the yawgear wheel and the yawplate exceeds 0,5-1 mm. 

(Acc. Lo skitch next page) 

Adjustment must also he done if the airgap of other reasons (uncorrect tight- 

ning, etc.) exceeds the described value. 

Adjustment has to be done every time there is service done on the turbine. 

_M16x50_10:9 

A Loosen the 3 (MI6) boltls in the yawgear. 

B Take of the cover of the yawgearmolor. 

C Turn the fan hy hand, so one of Lhe teeth in the yawgear wheel points 

towards the center of Lhe yawplate. 

s [ — Tene Toetex Foupira: - oy 
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5.11.2 

D Press the yawgear in direction of the yawplate so Lle teeth are in the 

battom pasition, and there is no airgap. 

£ Move the yawgear back so "A" the airgap is 0,25 - 0,5 mm appears. 

f F Tighten the bolts (M 16x50 10:9) for the yawgear (torque 295 Nm) 
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5.12.1.  Check _of detwist yaw (relay controller) 

To check_the detwist unit, press the yaw button c.w. @ or 

C.C.W. @ . Start yawing in the same direction as the 

turbine cables are twisted before the test. 

Checking the twisting direction can be done visual, by entering 

the tower. 

Before checking Lhe detwist yaw, brake the propetler manually. 

Keep activating the yaw hution untill the turbine stops. 

In case of the relay controller, Llie red lamp "cable untwist" will 

be on, Release the yaw button and the turbine will detwist automa- 

tically, if the conditions are as described fn section 5.12.3. 

The same procexlure is dane the olher way around. Explanation for 

the controller panel, acc. Lo next page. 
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5.12.1.  Check of detwist yaw (micro_processor controller) 

To check the detwist unit, press the yaw button c.w. 

. Start yawing in Lhe same direction as the tur- 

or 

C.C.W. 

bine cables are twisted before the test. 

Checking the twisting direction can be done visual, by entering 

the tower. 

Nefore checking the detwist, brake Lhe propeller manually. 

Keep activating the yaw button untill the turbine stops. 

In case of the micro processor controller, the display will 

write "Lwist stop release”. Release Lhe yaw-button and the 

turbine will detwist automaticly, if the conditions are as 

described in section 5.12.3. 

The same procedure is done Lhe other way around. Explanalion 

for the controller panel, acc. to next page. 
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3.12.2 

PANEL FOR RELAY BASED CONTROL UNIT 
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5.12.3. 

| & 

1. 

- 25 

2. 

‘ 

1. 

2s 

3. 

Addas 
YE51AS ENERGY A PURTbOX & oxesetem 
Eprey 

Cable untwist (red lamp) 

The light indicates the windturbine is braked, caused by 

nisted cables. 

The cables will automatically untwisl, if the turbine is 

not braked, under following circumstances: 

The turbine has been braked by propeller overspeed guard. 

The turbine has been braked by a overload yawmolor relay. 

The wimispeed has Lo be below 13 m/s (30 mph). 

The turbine is automatically reset (see pt. 19} when untwis- 

ting fs finished. The turbine can be manually untwisted by 

using either the c.c.w. or c.c. buttom, and then press the 

reset butlom (see pt. 21 and 22). 

Cable untwist (yellow tamp) 

Indicates, the windturbine has slarted automatic cable-untwist 

operation. The turbine will not start automatically untwist 

under following circumstances: 

The turbine operating on the main gen, 

The turbine braked by means of the averspeed guard or has bra- 

ked by means of overlnad yawmator relay. 

The windspeed is above 13 m/s (30 mph). 

Temgtane Teker Fetotar Puniglos B ars asg 
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5:12.4. 

3. 90 deg. yaw {yellow lamp) 

Indicates the nacelle/propeller is yawing to a pos. of 90 

deg. out of the wind direction. The 90 deg. yawing Is al- 

ways €.c.W. and it is completed within 90 sec. The windvane 

wlll ensure the propeller position. 

1he 90 deg. yawing can be stopped by a cable untwisi opera- 

tion (see pL. 7 and 13}, The 90 deg. yaw will contipue af- 

ter cable untwisting. 

When the nacelle yaws 90 deg. the propeller has to be bracked. 

4. Aut. yaw (yellow lamp) 

Indicates, the turbine is reset and that the mean wind- 

speed is above 8 mph. 

The propetler will automatically yaw into the wind direc- 

tion, If the mean wind-speed drops below 8 mph, Lhe auto- 

matic yawing is stopped and the lamp is switshed off. The 

automatic yawing can be disconnected by pressing the but- 

ton c.w. or c.c.w. {see pt. 21 and 22). 

By referring to the forementioned points, it can be seen In 

chapter 19 "OPERATING MANUAL FOR CONTROLLER™, 
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5.12.5 

PANEL FOR MICRO PROCESSCOR 
BASED CONTROL UNIT 

1|“m_;f' 
A ) 

l "TKIST STOP RELAY" 

The condition for untwisting has to be the same as for a relay based 

control unit. 
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5.13.1 ndjustment of V-belts: 

1. llandle of test equipment 

2. Scale 

3. 0-ring. is placed on 7,5 KP 

4, 0-ring, is placed on 10 mm 

5. Front belts no A and B 

6. Rear bell € 

7f Pulley main generator 

8. Pulley small generalor 

It is of exlreme importance Lhat the belts have the right tightness, 1f not 

it might cause damage to Lhe generator bearings and/or the Ilfe-spand of the 

Lelts might be shorter. 

Adjustment see next page 
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5.13.2 Adjustment: 

By using the gauge (1) on the rear belt {6) and let Lhe two other belts (5} 

be in thelr stratght posilion, It is possible Lo measure the tightoess of 

Lhe bell. 

1. G-ring no 4 Is placed ____mm from the lower end of the scale (2). 

2. Ihe 0-ring (3) is placed on _____ kpm (look al the scale}. 

3. Hhen O-ring 4 reachs the lop side of ¥-belts A and 8 and the lover part 

of lhe handle {1) reachs 0-ring no 3 all al the same Lime - Lhe tight- 

- ness is accordlog to Lie test bed. 
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5.14.1. Change of V-belts: 

Ihe belts have to he changed every third year. 

It might however be necessary to change them more often. Therefore 

they should be checked every Lime one is in the nacelle, On the nut- 

shfe the bells might look fine, whereas there can be crack forma- 

tions on the inside. - took for that 

How often it is necessary to change the V-belts, depends on a lat 

of factors, wealher conditions, how meny up and down coupiings he- 

tween the genurators, the ¥-belt torque, ef.c.t. 

S0 iL can be necessary to change the V-bells in olher intervals 

than the 3 years. 

1. Release nut no. 1. 

2. Unscrew nut no. 2 - by this iU will be possible lo take of Lhe 

belts. 

1. In the reverse order the belts are filled again {according Lo 

Lightaers sec "Adjistment of ¥-belts™). . 
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SO0 UBRICATION OF BEARING 

To tubricate the bearimgs amd the propelier main shafl is of ex- 

treme imsortanco. [T Mave fo be Intricaied every ‘7 menth, fallow- 

ity the Labrieat tons diagran. 

If not, it might cause danage Lo Lhe 195 ard shaft, anc the life- 

spand will ue shorter. 

Grease: guo 
won T e 

GHARD Yy Y R s e L e e, oon man sl 

Boatore am! ofter ldlaication, lean bl groase vippels for old 

grease ami dust, 
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6.16.1 Lubrication of ¢enerator 

The besrings in a ASEA generator have to be lubricated every 12 

months. 

Lubrication is done with a low pressure grease gun, through a nipple 

on each bearing. Before lubricating a bearing, clean the nipple Lo 

prevent the dirt from accompanying the grease into the bearing. 

Big generator 80 G pr. hearing. 

- Small generator 40 G pr. bearing. 

1 pump with a normal low pressure grease gun is approx. 2 G. 

Lubrication has to be carried out while the turbine (s stopped. 

Because the turbine is not running, it is only recommended to 

grease the bearings with the half of the grease quantity. When all 

the bearings have heen greased with the half of the recommended 

quantity, the Lurbine has to be started, and run for a few minutes 

at full speed. 

Stap the turbine again, and finish the lubrication. Lubricale with . 

at least lhe specified quantity of grease until the grease exudes 

from the grease oullet. 

If Lhe entire quantity of grease is forced in ab the same time 

while the machine is standing still, there is a risk that part of 

the grease will penetrate into the generator through the inner bea- 

ring seal. 

An extra lubrication of new bearings after a few days running, will 

yive them a fonger lite. 
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§.16.2  Lubricatlon of generator 

Alternative grease quallties 

SKF: ALFALUB LGMT 2, LGEP 2 

ES50: BEACON 2 

MOBIL:  MOBILUX 2 

SHELL:  ALVANIA GREASE R2 

TEXACO: TEXANDO FO 20, MULTIFAK EP 2 

BP: ENERGREASE LS 2 
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51471 Change_of bearings_in generator 

Changing of Lhe bearings has to be dope when the bearings starts to 

make noise. Sometimes the noise is very loud, easy to hear. Someti- 

mes it's necessary to put a screwdriver on the end cap of the gene- 

rator when it's running. Put an ear lo the screwdriver, and it's 

possible to hear if there is anything wrong with the bearing. If 

the nolse starts in the first year the turbine is ruaning, there 

has heen a failure In the bearing. If the noise starts later on, 

it's caused by needed or wrong lubrication. 

When bearings start to make noise, lubricate them, and if the noise 

appears soon again, change them. It don't have to be both bearings 

there have to be changed. 

Bearings size: 

SKF roller bearings: Front bearing Rear bearing 

0ig generator ASIA 6316/13 6318/C3 

Small generator ASEA 6310/C3 N 312 

If it is the rear bearing which has to be changed, the V-bells have N 

w F to be dismantled first. See page 5.14.1. “Changing of bearings". 

Taper lock and pulley have to be dismantled next (see next page). 
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Pull out all the screws. One of them is placed in the thread 

hole belonging only to the bush. 

he pulley is row loose and can be removed. 
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5.17.2 

Procedure: 

Dismantle respectively the cardan joiat in front or the V-belt 

sheave rear. Depends on IF it is one or bolh bearings there have 

to be changet. 

Dismantle the end cap. If it can't be removed by hand, use a wheel 

pullen, 

Oismantle the losking ring, that holds 
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5.17.3 

Now dismantie the defecl bearing, by using o trigger. If the bearing 

is sitting to tighl Lo hold the whell pullen with the hand, put some- 

thing under the wheal pullen so it can't turn. 
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5.17.4 

Mount the new Learing. If It's to difficult Lo press the bearing on 

the shaft, heat up the new bearing, and Lhe bearing will slide on. 
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Use a pipe and a hanmer to make sure the bearing s placed correct. 

By hammering the pipe In, the bearing will be easy Lo hear. 

Mount the large end cap, 

Mount the locking ring and the small end cap. 
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5.17.6.  After mounting Lhe end cap, the pulley and taper lock have 

Lo be assembied again. 

Insert the bush in the pulley and line up the holes. Put the 

screws in the holes where the tread is in the pulley. 

Place the unit on Lhe shaft. 

Line up the pulley and Lighten the screws. By Lhis the bush 

is pulled inlo the pulley, and at the same time it will press 

around the shaft. 

~ 
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5.17.7. If it is Lhe rear bearing on the big generator which has 

been changed, the pulley has to be mounted 3 mm from Lhe 

shaft end again (fig 1). 

Jmin 

If it is Lhe rear bearing on the small generator which has 

' been changed, the pulley has to be mounted 41.5 mm from the 

shafl end {fig 2). Ihe small pulley has to be placed so the 

pick up is running exacl in Lhe sensor. 

_I\I — Pick up_ 
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5.17.8. To avoid a unnecessary wear on the V-belts, the two pulleys 

have to run exactly In line. 

When the pulley is placed as described, check with a steel 

ruler or a steel angle, if the pulleys are in line (see 

fig 1.) 
If a line up is necessary, loosen bolts no. 1 

] 

. 
If the pulleys are not in Iine, loosen the small generator 

and line up the pulleys, by moving the hole generator. 

The line up is always done from the large pulley. 

Remenber : 

Tighten the generator again with the described torque (acc. 

to page 5.19.2.} 

Adjust the V-belt (acc. to page 5.13.1.). 

Lubrication of hearings (acc. Lo page 5.16.1.) 
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Usally the alrbrakes (tip-end of blades) need no mainienance. But wear might 

change clearance and Lirough that preload of Lhe spring system possible 

causing an activation of the tipbrakes at to low rotor revelullons. 

If Lhls occurs furlhier Jetailed informalions about adjuslment must Le given 

by VESTAS. 

Test of airbrakes 

k- 
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5.19 1. Clieck_bolkg 

Foundation bolls 

All foundation baltm have to be retightened every 12 month. 
Tightening have to be dona with a inpact wrench and a 1 kg 
hammer. 

Bolts dimaension: Lattice tower Tubular Lower 

H 38 M 39 

Tower 

All bolts in lattice and tubular kower have to be retighte- 
ned every 12 month. 

Rolts dimension: " 20 H 16 
Torque: 490 Nm 250 Nm 
Torgue (US): 361 1nf ft 184,3 1bf Tt 

flatfopm 

All bolts on beth platforms have to be retightenad every 12 
month. 

Dulls dimension: 

Torque for bright golvanized bolt: Torque Torque (US) 

M6 9.8 Nm 7.2 1bf ft 

M8 24.0 Nm  17.7 1bl ft 

W 10 47.0 Nm  34.6 IbC ft 

H 12 81.0 Nm  59.7 Lbf rt 

Blades and_hub 

ALl bolta and counter nuts on blades and hub have Lo be re- 
tightened every 12 month. For Lhe retightening it is neces- 
sary to dismantle the spinner. Tighten the bolts first, and 
then the counter nuts from the inside. 
Torque for M 24 = 757.5 Nm 
Torque (US) for M 24 = 558.0 )bl rt 

Hoving parts 

Every time there is lubrication, maintenance or anything else 
done on the turbine, check the bolts on moving parts (sce 
next page). 
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5.19.2A.  Conversion_table_torgue 

forque Tarque (US) 

Nm Lbf.ft. 

130 96 

240 177 

235 217.5 

300 221 

- 386 284.5 

400 295 

500 368,5 

668 492,5 
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5.19.3. h ements 

All bolts on shrinkelements have to be retightened every 12 
month. 

The shrinkelement on the propeller mninshalt. 

Typo Torque Torque {(US) 

1 Ringfeder 250 Nm 184 1bf It 
Heuar 240 Nm 177 1bf ft 

2 Ringfeder (inaide the 
brake disk) 130 Nm 96 1bf ft 

3 Heuer 240 Nm 177 2bE Tt 

The shrinkelement have to be retightened in following nume- 
rical order, 
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5.19.4. Check bolts on shrinkelements 

The nhrinkelements on the end of the yawgear shaflt have to be 
retightened with: 

Toruue : min 12 Hm, max. 15 Nm 

Torque (US): min. 8.8 1LL Tt max. 11 1bf It 
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Specaticalions for borqus 

If there is no special torgue for the specifle bolt, 

il have Lo be tighten ofter Lhe following diayrams respec- 

tively for 8.8 bolls hright galvanized and 8.8 bolt heat 

galvanized. 

screw 

nut heat - galvanize 

washer 

- Assenbling condILION: oy (g 1) ar grease) 

oty dimenslon Linue Torque (US) 

M () tha Lbr.ft. 

[ [F4 8,8 
o 0,5 22,5 
[ 59,8 a1 

[F W2 75,5 

L] 163 120 

16 250 184.,5 
i 340 258 

f 0 490 361 : 

h 2 659 186 

21 YA 624.5 
21 1220 g9y 

30 1672 1232,5 
33 2248 1657 

36 2901 2140.5 
39 3729 27485 

the torque have Lo be close Lo the glven moment value. U mist anl 

vary more thon ! s, 

he ylven values are only fn furce according Lo the above menlloned 

condlLions. 

Actera Tatephans T Teei - - o Rase vt o i T L By VESIAS ENERGY W 
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Torgue 

Bolts guallty: 8.0. 

serev 

Surface nature: it } beight galvanized 

washer 

Asseabling_condilion; Ury (no oil or yrease) 

Torque (US) Bolts Dlmension furue 

- M () tn LbF.ft. 

6 9,8 7.7 

[ 2 17,7 
10 a 30,6 

12 01 50 
1 129 95 
16 197 145,5 
18 275,56 203 
26 a6 21,5 
22 519,5 383 
24 667,5 492 
27 961 08,5 . 
30 1317 art 
3 771 1305,5 
36 2287 1685,5 
39 2937 2165 

The torque have Lo be close Lo the given moment. It must nul vary 

more than & 1. 

the given values ave only in farce according to Lhe abave mentio- 

ned condltions. 

oo [— e j— 
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5.20.1 Lamp_test (relay conirgl) 

lurn the keyswitch in the control panel Llu pos O. Lel the keyswilch 

stay in pos 0 for 5 se¢, and thea turn it back to pos 1. 

1hat causes light in alt the red lamps, withoul Lhe remole stop 

Lamp, 

1f there is no light in some of the red lamps, it could be caused 

by a defeclL light bulb. 

Change ihe defecl lighl bulbs. 

~ 
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5.21.1 Change of cardanfoint 

A If there is damage on the cardanjoint, 

B [f there is crackets in the rubber elemenls. 

c If the rubber element have been in contacl with adhesives like lo- 

citte, diuenl, or something else there can have damaged the rubber. 

Unscrew Lhe 8 axial bolls with a 17 mm allen wrench, and then dis- 

mantle the old cardanjoint. Check the distance between Ule Lwo 

flanges on the yenerator and Lhe gearbox. It must be 626 29 . 

The new cardanjoinl can be muunled belween Lhe 1wo [langes, wilk 

8 axial bolts (allen bolts M20}. IL does not malter which end of 

the cardanjoint there Is mounted where. 

lmportant: Always use new bolts, because Lhe new bolts have a loc- 

Llite on the screw thread, 

Remember to put a bit of grease around the under side of the head 

of Lhie bolts before mounting. Do not Lwist the rubber element, 

while Lhe tightening of Lhe bolls. 

1 and 2: Flanges 

3: Spacer 

4: Axial bolts (allen bolts M20) 

Adbaes Tetephone: Toire totntae Pougo Rt 1 g VESIAS ennGY A YRy om P mnuw A28 TUNGOG BANK s POAIBOX & Veatas o 2150705777 ox oL DEN DANSKE BANK
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5.21.2 Greasimg the bolts are of vilal importance. 

— 

Right Wrong | 

Note: If there happens any twisting in the rubber element when the 

bolts are tightened, it must be dismantled and mounted again imme- 

diately. If il lLakes more Lhan 10 min. befure Llghlening of the 

bolt agaln, toke a new bolt. (F Lighlening hefore the 10 min., the 

same bolt can be used. 

All of the axial bolts torgue moment is 500 Nm 

Hhen the now cardangoinl have teen mounted. check Lhat Lhe spacer 

dues nut move more than * 1 mm verticaily, while the turbine is 

running. . 
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5.21.3 Check also A, the parallel displacement. Il [s best Lf A =0. 

A must not exceed 19 wm. 
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5.21.4  Malntenance of cardanjoint 

When the joint is new or in good worklny condition, there Is no 

crackels or play tu be observed. The joint needs no special wain- 

tenance. Check for crackels play or damage on Lhe cardanjoint, 

every Lime there is lubricallon or mainlenance on the turbine. 

At leasl 1 time a year. 

- 

o 
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.22.1 Check of safetyline elc.: 

t. Check bracket, bolts, nuts and shackles for safety line. 

2. The line Is examined for rust/pitting - if some of the Lhin wire threads 

lave been cut - CHANGE THE WIRE. 

3. The tighlness of the line should be in such a wanner, Lhal if Lhe line 

is pulled away frun Lhe mast (hy band) and released, il must nol louch 

the masl when swinging back Lo norwal position. 

The same should be the case when the wimd causes tlie safetyline-to move. 

SLCURLTY BELT and SLIDING BUX are allways kepl in good condition. 

YOUR LETE MIGHT DEPEND ON ITIE SAFETY EQUIPHCNTE! 
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5.23.1 Mainlenance of surface trealment 

In order to counteract corrosion the surface treatment must be kept under 

abservation currently. 

This means (hat damages on painted surfaces {because of atlriclion or rust 

corrosion) must be repajred inmedialely. 

iL is recommended thal damages are repaired by using a primer Tirst and then 

a deck patnt, tmt moreover in accordance with the [ustructions from the ma- 

nufacturer of Lhe paint. 

- Electro galvanized fittings, bolts, and nuls elc. are cleaned at reasonabie 

— inLervals and are Jubricated in leclyl or a simllar surface proteclion, 

- 

(- 
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2.24.1 surface renewing on blades: 

Surface damage e.y. smaller ¢racks In coating and cracks in joint areas to 

steel parls musl be sealed ayainst waterponelration immediately by means of 

the polyurethane based sealing agent SICAFLEX. This can be done wilhout spe- 

clal knowledye of the rolor material, fibve glass reinfurced polyesler. 

The sealing procedure is as follows: 

1. ftemove loose material. 

2. Clean e surface wilh acelone or shmilar solvent. 

3. Apply SICATLEX tu Lbe surface, in a layer as thin as pussible, following 

e direclions for ase which are on the packing label. 

More serious damage caused by blows during work and mountlng can olten be 

sealed by SICAFLEX as a first prolection Lo Lhe damage area. If Whis repair 

is judyed Lo be insuffivient a repatr by polyester/fibre ylass must be used. 

This can only be done by a person who has the appropriate knowledye of Lhese 

materiaks. 

bust_and Insect covers on blade surface 

Under special clrcumstances Lhe blade surface might be covered by a layer of 

insecls which might cause an unacceplable change in blade choracleristics 

- ' influencing rotor efficiency. 

= Usally such covers will be washed away in rainy weather. If this docs nol 

Irappen a cleaning by washing in waler might be necessary. 
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5.25 Check of chuck ¢ 

fo chieck the chuck cencor (L has to be activated manuglly. 

The activating af Lhe chock cencor will be indlcated in the cone 

Lrol wnil, in the larp "VIBRATION”. In a micrn processor control- 

ler the activating is indicated in the display. See next page. 

] 
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6.26.1.  Visual check uf cables 

A visual check of cables has Lo be done every time lubrication 

or mainienance is done on Lhe Llurbine. 

Check all the cables for breakage and wear. If the cables/cables 

are serious damaged, the cable/cables has to be changed immedia- 

tely. 

- 
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ASSEMBLING SPECIFICATION 

The lattice mast consists of: 

legs, L - 120 x 120 x 11 mm 

4 legs, L - 130 x 130 x 12 mm 

4 legs, L - 140 x 140 x 13 mm with baseplates welded on. 

116 lattices, L - 60 x 60 x 6 mm 

2 spaces , L - 60 x 60 x 6 mm 

1 yaw top 

3 cable supports, L - 50 x 50 x 6 mm 

43 ladder steps R 18 

8 ladder steps/cable supports R 18 

1 bolt for cable support R 18 

250 M 20 x 60 mm assembly bolts with nuts and 4 mm washers 

4 M 20 x 70 nm assembly bolts with nuts and 4 mm washers 

54 spacers 10 x,50 x 50 mm 

38 mm, 1 1/2" nuts and anchor plates plus anchor bolt jig. 

SARMLTD & 
es is placed on trestles of variable height. . 

e of the tower appears from drawings no. Vi7.51 and Vi7.52, whe 

the orizontal dimensions are shown. 

The trestle heights can be determined from this. 

- 

The lattice mast i 
the i 

One mastside is horizontal assembled and is aligned after a rope placed above 

all lattices. 

Departure max. ¥ 10 mm. 

Hereafther the other 3 sides are assembled and aligned. 

During assembling of the mast the nuts are repeatedly tightened and slacked of 

to remove burrs or roughness under washers and nuts. 

All assembly bolts are M 20 of quality 8.8. 

For each is used 2 washers of thickness 4 mm. 

1 washer is used under the bolt head and ! washer is used under the nut. 

Do not use other bolts than the enclosed. 

When the whole mast is assembled and aligned, all assembly bolts must be tigh 

up with @ torque wrench. 

Tightening torque = 490 Mm (49 kgm) for M 20 bolts.



This teightening is very important to resist the dynamic loads on the mast. 

Therefore an effective control must ensure thal all bolts are teightened up. 

The control must consist of a 5% sample of all bolts in the mast. 

If any faults of the tightening appears, a 100% control mus be performed. 

In case a 100 % control cannot be carried through it is recommended, as a 

further security, to lock all bolts with a cenire punch or secure them with 

"Loctite superfast 270" nut lock. 

When the mast is erected it must be secured that the mast top centre does not 

diverge more than ¥ 50 mm from vertical. 

Furthermore it must be secured that no lsttices during transport or erection 

have been bended or in other way deformed. 

Deformed legs and web members must be renewed before the turbine is started up. 

It is recommended, at convenient intervals, possibly in connection with service 

on the turbine, to perform a visual check-up on the mast construction. Spet tests 

of the bolt tightening must be performed. 

In case any faults are found a 100% tightening up must be carried wut. 
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VESTAS ENERGY A/S 
YAH-TOP WITH LATTICETOHER v 17-90 

 THR EDB NR BNG D1v ARTAL 

1 152005 STEELBOLT M 8x100 FIB 8:8 2 
2 862711 CABLE UNLOADER 
3 877360 HOLDING PLATE CADLE RELIEF DEVICE 1 
4 157724 LOCK NUT M8 FiB 2 
5 156663 DEVELED WASHER ¢ 8.40x¢#17.00x1. 60 2 
[ 861553 MASHTNE FOUNDATION, READY FOR MOUNTING 1 
7 477271 GUIDE BOLT SLIDE BEARING 3 
8 157066 HEXAGON NUT  M20  GALV. 6 
9 862371 SLIDE BEARING OILON 3 

10 153451 STEELROLT M20x RO FZD 8:8 20 

11 " 878138 YAWING PLATE ( HOLES IN SQUARE) 1 

12 877891 SHIH FOR GRIP PLATE 3 
13 872741 CENTER BEARING FOR 30MM 
14 8620635 SPACING PIECE FOR SLIDE DEARING 3 
15 878677 UNDERPART FOR HOLD RING CENT. 1 
16 B62843 GRIP PLATE, SLIDE SHOE 3 

=07 153990 STEEL SETSCREW  M20x100 FZB B:8 6 
18 156256 DEVELEDHASHER $10,5 4 
19 154199 STEELBOLT M10x 40 FZD B:8 4 
20 153079 STEELBOLT M24x150 FZB 8:8 6 
21 90468 DOX, JUINT BOLTS o 

22 90468 BOX, JOINT BOLTS [ 
23 90379 YAW TOP 1 
24 15 %nnsumx #21. 00x@37, 003, 0O 20 
25 |g§‘!!!lgZl N 20 20 
26 90387 SECT. 1 EDGE 4 2 90475 ‘ORRTE: L AN F4 W Y 
28 .. 90468 BOX, JOINT BOLTS [0 
29 " 157600 LOCK NUT M24 FIB B 6 
30 3 |555Wn WASHER #25. 00x#44.00x4. 00 6 
k¢ | 745, E WASHER (COLLI FITTINGS F. 1 90KW) 0 

Poster udskravet = 31
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EDB NR 

93614 
115410 
86363 

104450 
154261 
154237 
156817 
152170 
157755 
861553 
156558 
194450 

Poster udskrevet = 
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VESTAS ENERGY A/S 
GEAR BJ v 17-90 

MOTOR MG B80A4-14F85 2270 480V GOHI 
YAWING GEAR BJ-VESTAS 1:900 / BONFOGIOLI 
GEAR WHEEL FOR YAWING GEAR 
SHRINK DISC SD6B-72 
STEEL SETSCREW M 6x 16 FIB 8:8 
STEEL SETSCREW Mi6x 45 F2B 8:8 
BEVELED WASHER #17,00x@30. 00x3, 00 
STEEL SETSCREW M16*50 10:9 
LOCK NUT M16 FZB 10 
MASHINE FOUNDATION, READY FOR HMOUNTING 
BEVELED WASHER @6.40x@#12. 50x1. 60 
SCREHED CONNECTION PG 16 252/16 
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115410 
86363 

104450 
154261 
156558 
156817 
152170 
157755 
861553 
152170 
194450 
067420 
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TAAINDS 

YAH- 

VESTAS ENERGY A/S 
GEAR DONFOGIOLI ¥ 17-90 

ENG D1V 

HOTOR MG BUA4-14F85 2270 480V 60NI 
YAWING GEAR BJ-VESTAS 1:900 / BONFOGIOLI 
GEAR WHEEL FOR YAWING GEAR 
SHRINK DISC SD68-72 
STEEL SETSCREW M 6x 16 FIB 8 
DEVELED WASHER @6, 40x#12, 50x1. 60 
BEVELED HASIER ¢17.00x830. 00x3, 00 
STEEL SETSCREW M16#*50 10:9 
LOCK NUT W16 FIZIB 10 
MASHINE FOUNDATION, READY FOR MOUNTING 
STEEL SETSCREW M16*50 10:9 
SCREWED CONNECTION PG 16 252/16 
NUT FOR YAWING GEAR BONFOGIOLI 
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s NR EDB HNR 

1 156051 

2 153117 
3 158356 
4 874868 
5 115541 
6 873969 
7 86207 
8 86215 
9 134414 

10 158216 
11 151025 
12 194379 
13 874841 
14 114898 
15 874033 
16 158437 

- ¥ 194484 

18 115630 

19 153028 
20 874906 
21 874914 
22 156949 
23 157465 

VESTAS ENERGY A/S 
CONTROL 

ENG 

BEVELED WASHER g5.30x@10.00x1.00 
STEEL SETSCREW M 5x10 FIb B:8 
MACHINE SCREW CHJ M 3x 6 FZIB 
FOOT FOR SWITCH, NIGH 
CABLE BINDER HOLDER ABMM-A-D 
UNDERFRAME, PAINTED, US YAWING CONTROL 
RETAINER FITTING, THREAD 
RETAINER FITTING, FREE FIT 
PRESSURE SPRING 0.7x3.6x27 27V RUSTPROOF 
MACHINE SCREW CIld M 4x 12 FID 
ALLEN SCREW HMC H 5x 12 FIB 8:8 
UNION PG 11 EL 1420711 
FOUT FOR SWITCH, MIDIUM 
MICRO SWITCH 1052.4201 
FOOT FOR SHITCH, LOW 
MACIITNE SCREW CHJ M 2x 10 FIB 
SCREWED CONNECTION PG 11 EL 
MICRO GEAR 135:1 
ALLEN SCREW MSP M 3x 41 FIB 8:8 
CONNECTING SIAFT 
SCANNER WASHER. YAWING CONTROL 
SPROCKET N10 FZB A 
COUNTER NUT M10  FZB 

24 ”fl FOR YAWING CONTROL (PLAST) 

Poster uds 2 MARATEFYS ™ 

v 17-90 

AKRTAL 

S 
A 

e 
e 

e
 
W
e
c
O
N
e
s
 

e 
a
a
w
a
a





)] 
@ z H 

P
E
N
A
U
a
w
N
 -

 

10 

Poster udskr 

YAH - 

EDB NR 

156051 
153117 
158356 

874868 
115541 

873969 
86207 
86215 

134414 
158216 
151025 
194379 
874841 
114898 
874833 
158437 
194484 
115630 
153028 
874906 
874914 
156949 
157465 
1 

VESTAS ENERGY A/S 
CONTROL Y 17-90 

ENG nIv ARTAL 

BEVELED WASHER p5.30x@10.00x1.00 
STEEL SETSCREW M 5x10 FIDB 8:8 
MACHINE SCREW CHJ M 3x 6 FIB 
FOOT FOR SWITCH, HIGH 
CABLE BINDER HOLDER ADMM-A-D 
UNDERFRAME, PALINTED, US YAWING CONTROL 
RETAINER FITTING, THREAD 
RETAINER FITTING, FREE FIT 
PRESSURE SPRING 0. 7x3.6x27 27V RUSTPROOF 
MACHINE SCREW CIld M 4x 12 FiB 
ALLEN SCREW MC M Sx 12 FIB 8:8 
UNION PG 11 EL 1420/11 
FOOT EOR SWITCH, MIDIUM 
MICRO SWITCH 1052. 4201 
FOOT FOR SHITCH, LOW 
MACIITNE SCREW CilJ M 2x 10 FiIB 
SCREWED CONNECTION PG 11 EL 
MICRO GEAR 135:1 
ALLEN SGREW MSP M 3x 4 FIB 8:8 
CONNECTING SHAFT 

SCANNER WASHER, YAWING CONTROL 
SPROCKET H10 FZB A 
COUNTER NUT M10  F2B 

FOR YAWING CONTROL (PLAST) 
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BJ_YAWGEAR 

289 

Lubrication: Thermac 710 

Transmitted torque 900 Nm 

Transmission ratio I 30:1 

Iransmission ratio 11 30:1 
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BJ - YAWGEAR 



BJ - YAWGEAR 

1 SKF bearing 6211-2RS 
2 SKF bearing NU 211 
a SKF bearing 7306 B 
4 Allen screw M8x20 
5 Stuflfing box 85x55x10 
6 SLuflfing box 72x43x08 
¥ Lock ring 

8 Allen screw H8x30 
9 Allen screw M8x20 

10 Mach. screw H16x40 
" Shrink element 
12 Key 16x10x35 
13 Gearhouse 
14 Distance ring 
15 Hole worm 
16 
17 Qutput shaft 
18 Output Flange 
19 Pinion wheael 
20 42 Hm 
21 free surface 
22 Inner cap 

Lock washer 
Mot flange 

Mwes



BONFIGLIOLL YAWGEAR 

MVF49/110 RQ  VESTAS Ralio 1:840 

Checking on the wormwheel VF110 ratio 1/30 - According b.s. 721 

Center distance mm 110.1 
Pitch diameter wormshaft mm 46.83 
Pitch diameter wormwheel mm 173.36 
Standard module  5.73528 
Wheel band nm 38 
Materfal of the wheel BI14 
Limit voltage (N/mn®) 27.5 
Resistance factor (N/mw') 60 

RPM wheel 1.6 
S.F. 1 
Transmitted torque (Nm) 1100 

lfe i 
exlnn 20154123 
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BONFIGLIOLI YAWGEAR 

1 End cap 
2 Outpul Tlanyge 
3 Horm whell 1:30 
4 Oulpul sharlt 
5 Key 16x10x50 
3 Distance ring 
7 Geaar house 
9 Dearing SUx110x22 

10 Bearing GOx110x22 
11 Stuffing box 50x90x10 
12 Stuffing box 60x90x8 
13 Allen screw M8x25 
14 Lock ring 

A MWPS 





VRSTAS EMERGY A/S 
BHAFT AND BEARING ARRANGEMENT v 17-90 

“TUNR EDB NR ENG p1v 

1 875619 TIGHTENING PLATE MACHINE FOUNDATION 
2 152358 STEBLBOLT M24x100 FIB 8:8 

i 3 851553 MASHINE FOURDATION, READY FOR MOUNTING 
i 4 151246 ALLEN SCREW HC H 4x 40 FIB 
i 5 662408 VIBRATION SENSOR WITH WBIGHT BLOCK 

6 154440 STEEL SETSCREW M24x 55 F1B B:8 
K 156639 BEVELED WASHER $25.00xg44.00x4.00 

! 8 157600 LOCK NUT M24  FID 8 
9 863106 SHAFT-BEARING ARRANGEHENT 

10 864005 HAIN SHAFT 
11 162129 STEEL SETSCREW M20x 50 FIB 8:8 
12 863475 BRAKE CALIBRE (type: 286331-of) 

13 866814 SHIM, HITH 2 H., CUT 
14 B67071 FITTING FOR DRARE SUSPENSION 
15 B66970 THREAD PLATE FOR FASTENING 
16 B67101 SUSPENSION FOR BRARE CALIBRE 

s 17 B66822 SHIM, WLTH &4 H., CUT 
18 185349 STEEL SETSCREW M24 » 70 
19 156969 WASHER §# 25% @ a5% 4 HB 200 
20 187600 LOCK NUT M24 FiB 8 
21 B6A7B1 WING BRACRET DRILLED ¥15/17 
22 182437 STEELBOLT M24x120 GALV. 8:8 
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v 17-90 
Blades and bracket 



YESTAS ENERGY A/S 
BLADE AND BRACKET % 12-30 

173 ONR EDB NR 

1 862762 
2 152498 
3 897329 
4 154385 
5 B62649 
6 156833 
7 157775 
8 864781 
9 157317 

10 153443 
1" 860905 
12 898880 
12 898899 
12 898902 
12 898910 

12 898929 
12 898937 

2 898945 
12 898953 
12 898961 
12 898988 

13 134821 
14 897256 
15 158038 
16 158046 
17 149225 
18 158765 
18 158769 
18 158785 
19 149225 
20 151033 
21 88323 
22 151878 
23 156370 
24 150054 
25 898694 

™ 26 898708 
26 | 098864 
26 892872 
27 897132 
28 156817 
29 157759 

Poster udskrevet = 

ENG D1V ARTAL 

SPINNER, DRILLED 
STEEL SETSCREH  M12x 30 FuB 8:8 
RASHER @#34x¢13x3 
STEELBOLT H16x 60 FZB 8:8 
FITTING FOR SPINNER 
BEVELED HASHER g13.00x#24.00x%2. 50 
LOCK NUT [GEN 1] 
HING DRACKET DRILLED Y15/17 
HEXAGON NUT M20 F2B 8:8 
STERLBOLT M20 ~ 70 FIB 08:8 
BLADE VESTAS B.5M 
DISTANCE BUSBING 5SMH 
DISTANCE BUSHING 6MX 
DISTANCE BUSHING 7MM 

DISTANCE BUSHING BMH 
DISTANCE BUSHING 9MK 
PISTANCE BUSHING 24HM 
DISTANCE BUSHING 29HN 
DISTANCE DUSHING 34MH 
DISTANCE DUSHING 39MM 
DISTANGE BUSHING 44HM 
PRESSURE SPRING $12x#53x410 FZB 
HASHER #54x#20.5%x3  RUSTPROOF 
HEXAGON NUT HM20  BRASS 
LOCK HUT ¥20  RUSTRROOF 
PLAST PLUG GLIGO ) 
WASHER NYLON $20 * @38 » 3 
HASHER NYLON 20 % g3s * 4 
WASHER NYLON $20 * $38 # 5 
PLAST PLUG GLI6OD 
ALLER SCREW MX M Bx 20 RUSTPROOF 
COVERING, WINGROOT 
ALLEN SCREW MK K 6x 25 A4 NON CORROS1 

RASHER 57T4.6 ¢25. 0x@58. 0x7. 0 
LOCK NUT K16 RUSTPROOF * 
GUIDE BOLT H16 OKAER 
HARDENED STERL BUSHING @16.2 OKAER 
HARDENED STREL BUSHING #16.5 OKARR 
IIARDENED STEEL DUSHING #16.8 OKAER 
PIPE WITH GUIDE FACING, HELDED 
BEVELED WASHER #17.00x¢30. 00x3. 00 
LOCK NUT M16 FzB 
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Blades B,5 m 

Clean the root flange for old paint and roughness hefore maunting 

the blades. 

% il i Turping + Bning 

Mount the blades on the hub with N24 bolts. Do not tlghten the bolts 

more than it is possible to turn Lhe blades. 

Before tightening the bolts, turn the blades so the tip amyle is on 

the wanted value (acc. to page 

Contact Vestas service department if there should be any reason the 

change the tip angle. 

© = 4,2 mn on the bladerootflange. B 

.I / TURNING 

~ MARK ON ROOTFLANGE 

MARK ON HUB 

Toeion: feun, Toein P Bank ASren n a5 L oz s 150 A5 RMCKORING e 5000 VESIAs o 765700715 4



B 
~ 

Mounting of blades 

Tighten the bolts in numerical order 1-16 (fig. 1). Tighten the bolts 

stepwise, 30° at the time, and still in numerical order untill the 

bolts are tightened wilh the prescribed torque, 

Pos. 1 668 Nn 

2-4 3 668 Nm 
6-8 

10-15 

~~ 

i 1: 668 Nim 
90916 

Pos, . 1: 668 Nn 
1095 

Fig. 2 

~~ 

Fig. o 

Tighten the counter nut on the inside next, and ai the same torque 

as the bolts. 
— 

4 Torque = 668 Nm. 

A, Toinon Toex taniac resigno e P ey v 1652300 wm e anram reanin s e oo 
X i DN DANSKE ftiec ENm.
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Hounting of blades 

The two marks on the hub is placed so when the mark on the blade-~ 

root flange is opposile the two marks on the hub, it corresponds 

to that the tip angle is - 1°, 

1° = 4,19 mm on the root flange. 

—~ 

Rotation direction 

Py 
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GEARBOX 



 

POS HR 

1 
2 
3 
4 
5 
6 
7 
8 
9 

tkrevet 

GEAR DOX 

3s 

EDB NR 

115185 
104272 
104264 
104280 
153909 
155683 
867392 
867330 
157198 
897442 
157295 

867284 
867039 
866598 
153907 
867276 
153745 
897469 
157619 
862533 
861553 
107794 
157732 

7154660 
114260 
158968 
867306 | 
154164 
156817 
867373 
156639 
158844 
867330 
104418 
155683 

VESTAS ENERGY A/S 
v 17-90 

ENG 

GEAR 90KW S2320 PLENDER 1:24.07 
COUPLING FLANGE @60 
COUPLING ELEMENT CF-A-140-G 625 
COUPLING FLANGE $70 
STEEL SETSCRER H30x 70 FZB 8:8 
FACET WASHER H30 FiB 
SCANNER DISC FZ8B 
HOLDER FOR SENSOR, GEAR FLENDER 
HEXAGON NUT M24 GALV. 8 
HASHER @25  x@47x8 
COUNTER NUT  M24 FIB 
RECESS-WASHER 19/9HH @25HM 
THREAD-PIECE QUICK TIE BAR 
PLATE, QUICK TIE BAR 
STEEL SETSCREW H30x 60 FI8 
RECESS-WASHER 19/9HH @30 
STEEL SETSCREW H20x 60 F7ZB 8:8 
RASHER ¢20.5 x@47x8 F28 . 
LOCK HUT H20 * 
HOLDER, QUICK TIE BAR V17-US 
MASHINE FOUHDATION, READY FOR HOUNTING 
PLATE SPRING $80. 00x¢36. 00x3. 00 
LOCK NUT M 4 FIB 
BEVELED WASHER @4 MM FPIB 
FORK SCANNER DU10 (1425) 3H 
MACHINE SCREW CHJ M 4x 2 

EOR SCANNER = 
STEEL SETSCREW Mi6x 20 
BEVELED WASHER #17. 00x#$30. 00x3 
SCANNER, AT THE BIG GENERATOR 
BEVELED WASHER @#25. 00x@44.00x4. 00 
MACHINE SCREW CHJ M 4x 16 FIB 
HOLDER FOR SENSOR, GEAR FLENDER 
SHRINK DISC 185-71 . 
FACET HASHER M30 FIB 
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