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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 Control (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 thatyou 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 cosls of maintenance,
and a long working life it is a condition that the turbine is operated,
i maintained, and examined according to Vestas' recommendations in this
operating instruction.
As Lhe owner of the turbine it is your responsibility that the Llurbine
is not operatedyby unskilled persons.
Before you or another person starls operating Lhe turbipe you must as.a
minimum have studied the following carefully:
Secunity regulations for operator or serviceman, and
Operating instruction for Vestas V 17/75 kW wind turbine.
Do not refrain from contacting your authorized serviceman or Vestas' ser-
= vice departmenL if you find faulls or wanl an elaborated understanding
for some items.
Address. Ta'ephone: Talax Talelax: Ponlgio Bank: A5 Reg.:
gssl'ain‘;mvm +457-M4 N8 :"i:snﬂsu rASTA 1404 AB4TIOA A&m’:glﬂ(\ BANK 65903

DK AS40 LEM DEN DANSKE BANK
DENMARK



Note: blades used are always from matched original sets. Geocorp does not purchase turbines in portions
and re-assemble major components from different units. Original sets have been matched by weight and
balanced by Vestas at time of manufacture. All blades contain original Vestas stamping and are from original
matched sets, not 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 motor, electronics (relays, solenoid valve, coil for solenoid 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
o Cover cleaned, repaired as necessary, and coated

Machine Bedplate
Mechanical and chemical surface prep prior to coating application

Tower '\
Mechanical and'€hémical surface prep prior to coating application

r . e v -
Gearbox . A’ N

Gearbex 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
Criginal 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

« Qverhaul cable twist mechanism

Misc. sensars

« 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 model, 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 to the follo-
wing main areas:

1. Rotor

2. Transmission system.and generators

3. Yawing system

4. Microprocessor control 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 an up-wind wind turbine, the rotor is positioned in
front of the tower with respect to the wind's directian.
This design feature allows the wind turbine to extract

maximum power immediately from the wind while
avoiding interference from the tower.

For averspeed protection, the rotor isequipped with
centrifugally activated blade tips which pivot 90 de-
grees and act as an aerodynamic brake.

2. Transmission system
and generators

The torque from the rotor is transmitted through the
main shaft to the gear box and then through a high
speed shaft to the asynchronous generators. The
main shaft is supported by two sets of specially de-
signed roller bearings thatabsorb both axial and radi-
al forces and provide an extended life with minimum
maintenance. A flex-coupling at either end 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 for high wind
speeds - provide the basis for efficient electricity
production across the full range of available wind
speeds. Atlow wind speeds, the small generator re-
mains connected and operable. However, once pre-
vailing wind speeds reach the main generator’s effi-
cient production level, the small generator automati-
cally disconnects and the main generator takes over.



Machine structure

A disc brake is located directly on the main shaft to
stop the rotor when necessary and to lock the rotor
when wind speeds reach a certain level. Positioned
1o ensure that the braking load effect is not transfer-
red to the gear box, the disc brake is equipped with

hydraulic applied brake calipers which close firmiy
onto the disc when the brake system is activated. -
As a fail-safe brake system, an accumulator mainta-
ins a resevoir of hydraulic pressure so that sufficient
braking pressure is always available.




3. Yawing system

The active electric drive yawing system receives jts

. Electronic wind vane
. Nacelle cover

. Rotor blade

. Main shaft

. Gear box

. High speed shaft

. Generators

. Flexible coupling

. V-belt drive

10. Disc brake calipers
11. Electric yawing motor

(DCD'\JO?U‘!&QJF\J—*
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4. Microprocessor control unit 5. Main Data
All of the wind turbine’s functions are managed and Vestas 17/75 kW
regul'aled by _am electronic control unit that has begn ot S ter 17.0 mtrs,
specially designed and programmed by Vestas. This 5 -
contrpl unitis microprocessor based and thus, offera siiitisiclai i
significantly wider range of control features. Blade type Vestas 8.5 mtrs.
The control unit itself consists of a power unitand an Rotor speed {synchronic) 45,0/35.5 r.p.m.
opera}ting and control unit‘. .As tr_le junction bem{een CEhardior.spaed 1000 r.pm.
the wind turbine and the utility grid, the power unitre- 5 - :
ceives the electricity produced by the wind turbine ear ratio fized
through one set of cables and then releases that Generator name plate 90/19 kW |
electricity into the utility grid through another set of Wind vane Electronic Vestas
cables.The operating and control unit, however, =
houses the microprocessor which coordinates the
wind turbine’s productive and safety functions with
the current conditions in the external environment.
This unitis placed on a flow diagram and protected by
a door of transparent acrylic. 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 currentstatus of the yawing and bra-
ke systems.
The entire electronic control unit is normally placed
in a waterproof cabinet at the base of the toweror so-
me otherlocation which is in the immediate vicinity of
the wind turbine. Howeyer, for multi-unit installations
(wind parks) arinstallations in remote areas, the con-
trol unit can be accessed from another location via a
modem. 6. Power curve for Vestas 17/75 kW
Estimated from measurements on Vestas 17/75 kW
Rotor diameter 17 m
Control panel T naMaER
) 1200 Air density 1.225 kg/m?
Fig. 2 ﬁ kW - Py
Power unit Control unit 80 i/ i :
g = ) i
T A
i il e 5 70 /
f—sgﬁfg g 50 /
©
J “ i / I
g °o =% ! |
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[an I W 111 T
Signal cables — i ; :
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2. General specifications
251 Description of Vestas V17-90 _kH wind_ turbine
2R The Vestas V17-90 kW is a horizontal-axis wind

turbine with a three-bladed, fixed pitch rotor that
operates upwind of the tower.

The blades are stall regulated and the rotor itself
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 480-500V 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.
2 3 Specifications
2. 3. 14 Rotor
Diameter: 17.0 m (55.8 ft.)
Rotational speed (synchronous): 50.2 r.p.m.
39.5 r.p. m.
Rotational speed (75 kH): 50.9 r.p.m
Rotational direction: Clockwise
Orientation: Upwinq
Number of blades: 3, stall regulated
Aerodynamic brakes: Pivotable tips
2.3.2. Blades
Material: Reinforced poly-
ester fibreglas
Airfoil: NACA 44
Swept area: 227 M?2 (2442 ft2)
Tip brakes: Centrifugal force

activated

2.°3, 9. Tower
Type: Lattice tower
Height: 23.4 m (76.77 ft)
HWeight execl. foundation bolts: 4. 250 kg (9370 Lbs)
Surface: Hot-galvanized
Adresse: Telelon: Telex: Telefax: Posigiro: Bank: A/S reg. nr.:

VESTAS ENERGY A/S +45-7-341188 60733 +45-7-3414R4 1 RARSNR A/Q RINCKORING DANY PPN
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2.3 Tower
Type: Tubular tower
Height: 22.5 m (73.82 ft)
Height: 5. 600 kg
(12. 345 Lbs)
Surface: Hot-galvanized
and painted
2.3 Generators
Type: Induction generator
Main generator: 110 kW
Small generator: 22 kW
Voltage: 480 V AC
Rotational speed (synchronous): 1200 r.p.m
Frequency: 60 Hz
2.3 Gearbox
Type: 2 stage increasing
parallel shafts
Gear ratio: 1:23.9
Rated power: 75 kW
(safety factor 2)
2.3 Yawi system
Type: Active yaw
Control: Hindvane (electro-
nic)
Yawing speed: 51-55 degrees/min.
2 3 Operational data
Cut-in windspeed: 3.3 m/s (7.4 mph)
+ 10%
Rated windspeed (75 kH): 16.8 m/s (37.6 mph)
Cut-off windspeed: 28 m/s (62 mph)
+ 5%..(For more
than 5 sek.)
Survival windspeed: 50 m/s (112.0 mph)
( Measured at hub
height).
2.3 Height
us
Lattice tower
excl. foundation bolts: 4250 kg 9370 Lbs
Turbine and rotor
excl. tower and control unit: 6380 kg 14065 Lbs
Total weight: 10630 kg 23435 Lbs
Tubular tower
excl, foundation bolts: ‘5600 kg 12345 Lbs
Turbine and rotor
excl. tower and control unit: 6380 kg 15065 Lbs
Adresse: Telelun.TOt al we ']l’egp t: Telefax: Postglm1: 1980 Blgn 3 26410 Lbs A/S reg. nr.:
VESTAS ENERGY A/S +45-7-341188 60733 +45-7-341484 1588508 A/S RINGKOBING BANK ASaM
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General specifications

2.4.0. Components of the Vestas turbine V17-75
2044 s Speed_increasin earbox
Nominal power: 180 kW
Rated power: 90 kW
Safety factor (reff. 75 kW): 2.0
Speed ratio: 1:23.9
Type: 2 stage Helical
gear
Hollowshaft

Low speed shaft:

Shaft diameter, high speed
shaft: 60 mm (2. 36 inch)

Manufacturer/Type: Flender
type SZAK 1320

Volume of o0il: 29 1 (7.66' US gal.)

Height of gearbox: 800 kg (1764 Lbs)
or
Manufacturer/Type: Hansen RTF6
Volume of o0il: “0d0,31..(10. 57..US gal)
Height of gearbox: 700 kg (1543 Lbs)
2.4. 28 Yaw-gear
Type: Horm and wheel,
double
Manufacturer/Ratio: BJd - VESTAS
1: 900
or
Manufacturer/Ratio: BONFIGLIOLI
1: 840
2 4.3, Yaw-motor
Type: Induct&on motor
Rotation speed: 1710 r. p. m.
Rated power: 0. 55 kW
Voltage: 400 V AC
Manufaturer: GRUNDFOS

MG 71B4-14F85

2.4.%4, Generators

Main _generator

Rated power: 110 kW
at
Voltage: 480 V AC
Frequency: 60 Hz
Class of isolation: F (windings)
Adresse: Telefon: Telex: Telefax: Postgiro: Bank A/S reg. nr..

VESTAS ENERGY A/S +45-7-341188 0733 +45.7-3414R4 1RARGNA AIQ DINAVABIMA BAMY  meaea



Main generator (cont)
Rotational speed (75 kH): 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: 480 V AC
Frequency: 60 Hz
Class of isolation: F (windings)
Rotational speed (15 kW): 1220 r. p. m.
Shaft diameter: - 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. V-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. A T Rotor shaft_assembly
Shaft dimensions: ¢ 160/150 x 2065 mm
Distance between bearings: 780 mm
Type of bearings: Front: SKF 22243 CC/H33
Rear: SKF 22230 CC/HWH33
Housing and shaft: VESTAS
Hub-connection: Forged, part of the
shaft
Propeller bracket: VESTAS
Brake disc: VESTAS (nodular
cast iron/ductile
iron)
Maximum torque: 21.4 kNm
Safety torque (braking): 43.0 kNm

( nominal value)

Adresse: Telelon. Telex: Telelax: Postgiro: Bank: A/S reg. nr

A s PuiAs A A s =

MECTAC EMEDQY & T  4E 7 241100 enTan + AC T Q41404 1Eancnn



2.4.8.,

Adresse

VEOTAC FurAAy & n

2.4.9,

2.4.10.

2. &%.11%,

2.4.12,

2.4.13.

Telefon:

A€ 3 Aseenn

r ler (3 bl )

Material:

Connection to bracket:
Airfoil:
Chord lenght: Tip:
Root:
Overall lenght of blades:
Tipbrake assembly:

Blade manufacturer/Type:

Hydraulic motor

Frequency:
Rotation speed:
Voltage:
Manufacturer/Type:

Hydraulic unit

Pump/capacity:
Max. pressure:
Brake pressure:
Pump manufacturer:
Solenoid valve:
Accumulator:
Pressure load:
Manufacturer:

Brake

Disc diameter:
Braking on low-speed shaft:

Calipers:
Manufacturer:
ransmi on_jo
Type:

Max. torque:
Manufacturer/Type:
Tower

Lattice tower

Type:

Height:

Manufacturer/Type:

Poslgiro:

sraaran

Telefax:

--------------

reinforced poly-
ester fiberglass
with nodular cast
iron root

Flange

NACA 44

500 mm at R=B500 mm
1100 mm at R=1750 mm
8200 mm

VESTAS-type

VESTAS

60 Hz

1590 r. p. m.

480 V AC
Bauknecht motor
type FP14

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

BWN1F

700 mm-

Nodular cast iron/
ductile iron

3 pc. hydraulically
activated

BREMBO

Cardan joint
8000 Nm
Centaflex
CF-A-140-G-2

Lattice mast, bol-
ted, angle iron ele
ments,

J sections

23.4 m

Carl C. Jensen
VESTAS 23.4 m

Bank:

A/S reg. nr.:
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Tubular tower

Tubular tower, bol-

Type:

ted

3 sections
Height: 22.5 m
Manufacturer/Type: VL-Sté1l

. VESTAS 22.5 m

2.4.14, Control _unit
Relay based control unit Vestas design

based on electro-
mecanical relays

icro_processor_based control unit

Vestas design
based on micro
processes

2.4.15. Apemometer

Vestas design :
Type: Optoelectrical

Z. 4,16, Hindvane

Vestas design

Type: Optoelectrical

VESTAS reserves the right to change any of the
above mentioned data specifications at any time.

Adresse: Telelon Telex: Telefax; Postgwo: Bank: A/S reg. nr.;
WVECTAC ENERAY A/C L AR T 941180 RNT92 LAR 7 241404 1 EQORND ASS BIMALADIIA PALs samaea
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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 35 = 77.2 =
Grease and bolts % = 15. & =
Brake disc 120 - 264.6 -
Shrink disc 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 - ;. B9 5 o
Consol for brake calipre 40 - 88.2 -
Brake calipre set of 3 18 - 39,7 -
U-steel for moment plate 3 = 6.6 -
Yawwwheel incl. fitting for tower 392 - B64.2 -
Yawing gear Bd-gear 61 - ’34. 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 985 - 2171.5 -
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-stal) 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:; Telelon: Telex: Telelax; Postgiro: Bank: A/S reg. nr.:

WECTAS EMEDAV A/ LAE 7 241180 &nra L AR T 241404 1caaena A4 BIALARILIA AL



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. HWithin 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 stor the windgturbine. 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 bearipgs. 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.

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.

Adresse: Telelon: Telex: Telelax; Postgio: Bank A/S reg. nr.:

VEQTAC ENEQAY A/ 1L AE .7 241100 &nT1e LARE T TAv404 1caachAs AU BISC AR A
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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

Adresse:
VFSTAS FNFRGY a/S

Intermittent of rapid fluctuations of utility grid frequen-
cies may cause serious damage to the wind turbine. Steady
variationsa within x 1 JHz, 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.
Yarious_fopics

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. 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.

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.

Telefon: Telex: Telefax: Postgiro: Bank: A/S reg. nr.:
+d5.7.34118R AN733 +d5.7.741484 14RA8N7 AIQ DIMRVARIANT O AR eennn
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3.0

3.1

3.2

e B

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.

STAY_AND TRAFFIC AT TIE TURBINE

Do not stay within a radius of 25 mtrs. from the tubine if it is nol neces-
sary.

If you have to inspect the turbine form the ground do not stay in the pro-
reller plane but ohserve the propeller from in front (wind side).

Take £are that children do not, stay on.play on.en al.the Lurbine. 1L neces-
sary build a fence around the foundation. Eilry Lo the control of the tur-

bine must bu locked so thal intruders cannol “operate® with the tubine.

CONTROL UNLT AND SWITCH BOARD ARRANGEMENT

HARNING: 111G VOLTAGE!

The wind Lurbine control conlains wirings with high volLage and the covers
to the switchboards must not be opened. If it is necessary to open Lhe co-
vers Lo the control, this must be done by ab authorized person or serviceman.
The covers which are sealed can be opned by the aulhorized serviceman after
having consulted Vestas” service department bulL {f the seal Is broken without
Vestas” permission the guarantee will repeal.

Adicase Terehn logs Tolctan Postpin Bak A'S wy ™
VISTAS INFRGY A S « 45 F 180 [OrR ] 45 7514 (0T AS AINGKOBING BANe aS90
PUSIHO 42 LR EEN T d0 Aie 4

U O VLN UANSAL AN

138 NAI A Ul A
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3.3 Inspection of the turbine machinery

When inspecting the turbine machinery the following procedure
must be followed:

A. The key in the controller is turned to the left (to position 0),
which causes braking. Turn the key back to position 1, which
causes 90° yawing of the turbine, out of the wind.

B. If it is a tubular tower, it is necessary to yaw the turbine ma-
nually, so the propeller is standing oppesite the out crawling

trap door.
/- Propeller
7
/
- Balcony._
!
g Qut crawling
¥ 4 \ trap door
/ \
[ | Tubulor tower ] !
b v
\._-. ’A
\_/
AXarie Teledon Iebes levefan Pusgmo Dard ASreg ™
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Safety requlations for operalor & serviceman
B. There is no special position for a turbine on a lattice tower.
The operator/serviceman should just could entry the balcony,
without loosen the safety-line.
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).
C. The main switch on the switchboard is cut off.
D. 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 shorl 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.
Address Totapfune Tatox Toletax. Postglo: Bant ASS Rag
VESTAS ENERGY AS *45.7 34 1188 073 44574 B sy AT MINGKOBING BANK 8% 000
POSTBOX 42 VESIAS DK Toh0 20 2
DK 5940 1 BN DEN DANSKE BANK

10 N ARR 3403 14700 1
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E. When you have reached one of the platforms you hook the long safety
line to the platform before you dismount the short one from the safety
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 plaiform you are faslened Lo the nacelle or to the
guard rail with at least one safety line.

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

H., [If y6u bring tools; lubricants etc. keep this in a bag tied to your
safety belt. ' .

1. Take stilldcare thal no one is staying under the turbine while you are
working/in the nacelle. (Even a small wrench is highly dangerous when
falling from a height 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.

L. If the blades have been or are iced up it is involved with great danger
to walk under or near the propeller. When the ice has melted and the
turbine is restarted the rotor plane is turned out of the operator’s
Position before the turbine is started.

Addess” Talephone: Folax Tetelax: Pouigire Bank: A’S Reog
VESTAS ENCAGY A 573N Ma 60 13 +A5 T M 1ABe B84 7398 AS RINGRODRING HANK 65903
POSTOOX &2 VISTAS On Tes0 X 2

DK 640 | EM DN DANSKE HANK

OFNMANK . s rann
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1 HARD HAIT

2 SAFETY BELT

3 SAFETY LINE

4 SAFETY CATCH

5 SHOOES OR BOOTS WITH RUBBER SOLES

AGdGress Folepnone Telos Telelax Pusigho Hank AS Reg
VESTAS ENERGY A s T INER e0ryl JSETM AR A847398 ArS IINGROBING BANK 65
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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.

4.1.1. The key is turned to pos. 1:
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

—————— o o o T T ] o o o 5 T o " S T —— ]

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

4.1.3. Providing the windspeed is above 3m/sec., or the turbine pro-
duces, the turbing@ ¥awalintd Ehe Wind = contFohl ~dby the wind
vane. This is indicated by the arrous on the display.

RMP INIT BR WIND SPEED M kW

e - —— - . -

R ——————— R R f 8 e

145 At a windspeed of sufficiently high strengh, the propeller
will atart operating and increase in speed. In the beginning
the speed increaces slowly, but at a certain number of revo-
Jutions, it will begin to increase faster, as the aerodynamic
profiles are not efficient before a certain speed has been ob-
tained. For the aame reason the necessary startwind must be
higher than the windspeed necessary to keep the propeller ro-
tating and producing. For example, a propeller in operation can
keep rotating down to a windspeed of app. 3m/sec., but it is
necessary with gusts of about 5-6 m/sec. to start up a turbine.
To meet thim condition, the turbine is equipped with an auto-
matic wind up-start, which causes the small generator Lo drive
the propeller.,
The generator cuts in by means of the thyrisistors, which
ensures a smooth up-start, protecting the V-belts and the gear.
If the windspeed is above 3,2 m/sec., the turbine will automa-
tically start up.
The 55kw turbine consumea 18kw during up-start. The 75ku

= turbine consumes 30kw, The above mentioned fuciton has an

aduantage if there is a constant windspeed of about d-6 m/sec.

Adtser frowlon Bedes lowetan Tarbgen [LET ] ASirg m
vlsu\m.vsil'«‘l;mv AS 45 7 MM I A% 7 Miem AR T A5 IINGH ORNG AN &5
m"ﬂ‘% A= VESIAS 0= 7650 HN7V6 4

6540 DEN DANGXE BANK

DENVASX
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4.1.5. If there is enough windspeed to operate the small generator,
the propeller will increase in speed until the number of re-
volutions, corresponding to the gearing and the transmission
ratio for the synchronous number of revolutions on the small

generator are reached.

4.1.6. I[f the wind speed increases =mslowly, the computer will dis-
connect. Providing the windspeed is below 6,0 m/sec., the
computer connects the small generator and the how counter
for the small generator begins operating.
1f the windaspeed is above 6,0 w/sec., the turbine is not
connected to the small generator, but directly to the main
generator.

If the wind speed increases slowly, the computer will dis-
connect the =mmall generator when max. production has been

measaured for 12 seconds.

The turbine freewheels until it accomplishes the necessary
number of rotationa (1000 rpm), inabling it to connect the
main generator, and start-up the hour counter for the main

generator.

4.1.7. The main generator produces wind speeds, which lie betueen
the smal) generators rated output, and up to the maximum
preduction capacity, which is adjusted to 23m/sec. on the

anemoume ter.

4.1.8. If the wvind speed drcreases down Lo app. 1 kW, while the tur-
bine operates an the main generator, it will disconnact the
main generator and connect the small generstor to the orid,
causing the wvind turbine to Lrake to/the number of revolutions
corresponding to the production output of the small generator.

4:1.9.V If the =mall generstor produces, and the wind speed decresses
to a value corresponding to the small generators minimum pro-
duction (app. 1 kW production), the =small generator is theh
disconnected from the grid, and the propellers operate freely

in the wind.

4.1.10. If the wind decreases down to app. 2,5 m/sec., automatic ysu-
ing will stop, perhaps causing the propeller to stop. WUhen the
wind speed increases to above 3 m/sec., it will automatically
connect the controller and the wind vanes control of the yaw
motor will keep on turning the propeller up against the wind.

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

cable-untwist.

4112, In this section it aught to be mentioned, that all values are
mean valuesa, uhich means that. short period diviations will not
result in repectively diconnection or connection of the wind

vane.
Adresse; Telelon Teer Teqlax Posgro Bank A'Sreg ™
y&:ﬁ;umr oS 5. 7.6 LAY s 4% 7 M 1588508 A5 RINGHORING BANK [T
o Lg‘ VESTAS D& 7RSO 2007 16 4
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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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4.2. When Lhe starting-up procedure has been carried oul according Lo ilems
A-C the following will Lake place in the nacelle:

.21 lhere will be a voltage on Lhe solenoid valve in the braking syslem
and Wie disk brake is loosened and is hold in a loosened posilion.

Ihe propeller can rolate freely.

4.2.2. Mrovided Lthal the wind is more than 3.0 m/s the turbine will Lurn
into the wind controlled by the wind vane. The yawing direction is

indicaled by Lhe arrows T *

4.2.3. If Lhe wind has a sufficiently large force Lhe propeller will sLarl
roLating andhincreasing iLs specd. AL Firsl Lhe speed is increased
slowly bul aL a certain r.p.m. Lthe speed Is increased quicker as the
wings (having aevodynamic profiles) firsl will /be effecLive when Lhey

rotate with a cerlain speed.

4.2.4. fs 4an example a given propeller can keep rotating right down Lo aboul
3.0 m/s in operation where as gusts of Lhe size 5-6 m/s are needed in
order Lo start a slopped propeller due Lo inertla and friction in

- Lransmission.

&.2.5. To remedy this situalion the turbine is equipped with MANUCL STARTING-
UP which works when Lhe propeller is driven by the small generator
which works as a molor when pressing on MANUAL START.

1his operalion can especially be used profitably ir the wind has a

constant character in an area below aboul 5-6 m/s.

Ay
L Teilon (L Teletas Potigno Nank AS g
VISIAS INFRGY AS «45.7.340 88 L7 X b
; LA 45 7 MM VLRBAC 3
FOSiBOK 4 VESIAS ( 2 oree s
O NMAIK DEN DANSKF BANK
3400 14700 1
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8.2:06. If. there is enough wind for operation of the small generalor the pro-
peller will increase ils speed until It reaches the r.p.m. which wilh
Lhe given gearing (gear and V-bell gearing) corresponds to the synchro-
nous r.p.m. of the small yenerator 1035 RAM. The control unil will now
connecl Lhe generalor Lo the ulility and the turbine will give Lthe pro-
duced eleclric energy Lo the ulility. Ihis is indicated by means of
light In the lamp SMALL GEN. and Lhe hour counter runs.

4.2.7. If there Ls still enough wind to operalion of Lhe main generalor, Lhe
turbine will only produce briefly on Lhe small generator {corresponding
Lo Lhe installed Lime lag which is lo prevenl Loo frequenl changing overs)

and Lhen connect Lo Lhe main generator.

4.2.8. This take placegwhen culling oul the small generalor. Afler Lhis Lhe pro-
pollerﬂrﬁﬁ§°fréely amd increases ils speed unlil it reaches Lhe r.p.m.
witich with Lhe fixed yeafing: (Luengear iLsehiy carroswdi L0 Lhegep. m.
on the main generator (1035 RPM). Now Lhe main generalor. is connecled Lo
the ulility and We turbine gives the produced electric energy Lo Lhe
utililydThis #s indicaled by means of light™in the lamp MAIN-GEN. and

Lhe hour counler runs.

4.2.9. 1he lurbine produces on Lhe main generalor in wind speeds from one Lhal
corresponds Lo Lhe raled oul-pul of Lhe small generalor up Lo Lhe maxi-
mum permissible wind speed of Lhe producLion which is adjusled to Lhe
anemometer. The anemomeler sees Lo braking of the turbine IT Lhe cul of
wind speed is reached. (The cult off wind speed s aboul 26 m/s).

4.2.10. If the Lurbine produces on Lhe main generator and Lhe wind speed falls
so much Lhat the given power falls to near 0 Lhe main generalor will de-
clutch with a certain Lime lal and Lhe small generalor is connecled Lo
the ulility by which the lurbine is braked down Lo a number of revolu-
Lions corresponding Lo Lhe produclion on Lhe small generalor.

Adrene o
WESTAS FNERC s = : 5 AS
YA 5 Sank ™~
rosipoc e Lo B w3 145 7 MraBe XTI A5 TG R g
Dx 650 LEM VESIAS I 7650 20016 4 oA e
DEN DANSKE BANS
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4.2.11.

&£.2.12.

v #:2.13.

4.2.14,

Adrenae

VESTAS ENERGY A S Va5 7 MIAe & A5 7

POSIBOX 42

If the turbine produces on the small generator and the wind speed falls
below Lhe speed Lhal corresponds Lo the minimum production of Lhe small
generalor (i.e. O-production) the small generator will declutch from Lhe
utility with a certain Lime lag and Lhe propeller runs freely in Lhe wind.

rurther falling wind speed will cause that the propeller will slop bul Lhe
turbine is still operaling avtomalically and will start rotaling and pro-

ducing again when the wind reaches relevant speeds.

The wind vane control of the yawing motor which turns the propeller plane
up in the wind Lakes place constantly (when AUTOMATIC OPERATION gives oul
light) irrespeclive of the fact whether the generalors are connecled or
not.

llowever. the wilnd vane is connecled Lhrough a signal from the anemomeler
wheri'the wind falls below about 2.5 m/s. IL is recomnecled al a higher
wind speed aboul 3.0 m/s.

Ihis declulch is carried out ‘In order Lo prevenl cable Lwisting atl low
wind speeds where Lhe wind speed is insuffucient Lo hold Lhe wind vane

constant.

All the mentioned wind speeds which have relalion Lo the cut in and cul oul
operations are sampled values i.e. that short excesses of the ylven limils
do nol cause respectively cul in or cut oul of the wind vane. The wind va-
ne corrections of ihe propeller orientalions are indicated by means of
light in the lamps and yawing direction I -

leseton Telex Teletan o0 Masa AS reg e
T Mram (LYY A5G TNGKEIRING FANS Lo (L)
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8.3, MAHUAL BRAKING

the Lurbine 1s braked manually by turning Lhe key to 0. After aboul 5
soc. Lhe key is turned vnce more Lhis time Lo 1. The QDn-ynwlnq func-
Lion is cul in and it sees Lhat the propeller plane is turned 907 out
of the wind.

the wind vane will sLill see that the propeller plane Is turned in Uhis
puslllnn,nronortiunal Ly the wind direclion permanentiy. Therefore also
ir the Nihd chahges direction. By turning the key swilch off Lo 0 re-
peatedly and then to 1 the Lurbine will yaw 909 (in 90 sec.) every Lime
(couriter clockwise). The wind vane will, however, always yaw Lhe Lur-
binte back in a position 90° on the wind direction (when the Lurbine is
braketl) .

This seturityfprocedure can be used If the Lurbine 1s lefl brakeid amd
will set i1nfitselr if the Lrbine brakes ilsell because uf Faulls. In
Uhis situation there will be Kight in Lie lans BRAKING, Lilie YAWING
and RESET afler manual braking:

A brakiod because of faulls ope or more of Lthe faults indicabion lamps

wil ) dight Instead of LIRE.

4.4, MANUAL YAMING

The yawing takes place by pressing the butlons rnspectivelyv"' and )
which have an Indication function beside Lhe contacl function.

Adbreaar L) Tr e Tewtan Fwgen Maw ASry -
VESTAS [Py A A5 P M 0w cAS P MBe Y f " L \".l
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Correct oil level in the gearbox is of vital importance. The gears
and bearings are oil lubricated.

A scraper plate on each side of the gear wheel collects oil and
channels it to oil collectors on both housing sides. From there

the oil is destributed through bores in the housing and channels

in the covers to the bearings of the low speed and high speed shaft.
The bearings of the intermediate shaft are lubricated directly by
contact with the oil bath.

The 0il level must be as close to the middle of the sight glass

as possible.

Checking the oil level, must ne done every third month or every
time there is lubrication or maintenance of the turbine. If the
oil level is below the middle (max) of the oil level sight glass,
it is necessary to refill the gearbox.

Note: If Lhe oil is very cold, the oil level may be down 2 mm
below max. If the oil is very hot, the oil level might be a
little bit above max.
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5.1:3.

Maintenance of gearbox

Maintenance operations are limited to oil level, and regular oil
change.{See o0il change gearbox).

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.
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5.2.1. 0il change on_gearbox

rmm B .-

0il can be left in a gearbox for two years of operation, in
case for all V17 gearunits filled with IS0 VG 220. And if tLhe
ambiant temperature is between j 10 - + 40 deg. C (14-54 deg. F).

After the 2 years period the oil have to be changed.

Addiers. Tulephore Tolus Totelax. Prostgro Bank . AJS Rog
VESIAS ENERGY AT (L TETRIY ] [ R 145 72 A LI FAL ) A5 HINGKOHMNG HANK 65903
POSTBOX 42 VELTAL UK G50 200711 2

DX G540 1+ M DEN DANSXE BANK

1 HMANK MOy
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Closed oil tins of good quality, is used when holsting Lhe oll
from and to the turbine.

Wrench: 36 mm is used to dismantle the ofl plug where the new oil
filled through (only for Flender gearbox). On the Hansen gearbox
the dismantle of the oil plug can be done by hand.

Monkey wrench is used to dismantle the drain cock when removing
the oil.

Funnel is used for oil filling.

Oilcan is used when draining the oil from the gearbox.

Rags Is used for cleaning and removal for oil waste.

Removal of oil:

-

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

llansen Flender

Use the oil can and the closed oil tins to collect the old oil.

Aodress: Tulaphonn Tolon: Tetelax Postgio; Bank

VESTAS ENEAGY AS L Ta ALY 0 ran TELY S ALY L] Nl A8 HINGKOBING BAN
POSIBOX 42 VESTAS O o fl:?ﬂal:‘!ulli‘ L
DK G940 LEM DEN DANSKE BANK

DENMARK MO) 14200 1
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The drain cock is closed and the new oil is filled through the
filling hole, in the inspection cover, where the funnel is used.

See next page 5.2.4.

Hansen gear about 39 1.
Flender gear aboul 28,5 I.

Note: The oil quantity shown on the name plate is only a guide
value. The exact oll level [s to the middle of the oil sight glass.

When the oil change is done, the gearbox and foundation has to be
cleaned for oil waste. The drain cock has to be checked for lea-

kage.

Addrass Telophcae Telox Tolelax Posigho Bank AS Reg
VESTAS ENFRGY ASS + 40 T M 11 B8 80 733 +457 34 14 8e 8847398 ATS MINGROBING BANK
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Alternative oil qualities

Esso: Spartan EP 220

Mobil: Mobil gear 630

Shell: Omala 0il 220

Texaco: Meropa 220

BP: Energol GR-XP 220
Addrers Telephone Toiox Tolkelax Puoslglu Bank ASS Reg.:
VESTAS ENCRGY NS vAST34 1188 60711 S TMAM a8 nN%0 AlS AINGROBING BANK 5 %02
POSTBOX 42 VLS 1AS DK 7650 200717 2
DK 6940 LEM OLN DANSKE BANK

[ MMAKHK 3403 1400
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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 on the turbine, the oil level on the brake system

have to be checked.

5 == 5 |
{ G)V(:) E gjﬁr
.. [  Max. ail level

without pressure

, Max. oil level

with pressure

1 Min_ail level
J with pressure

118

Refilling of oil must be done if the oil level is not at the same
level as "max oil level with pressure”.

Addrass. Tetophone lelex Telotax: Posigho Bank: ASS Reg

VESTAS ENERGY A'S 157 M e 0 713 2457 34 144 CETRART] ArS RINGHOBING BANI
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5.4.1  0il change brakesystem
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 oil has to
be changed.
If changling the oil ks caused by condensation waler the whole brake
unit has to be dismantled,
Before dismantle the brakeunit
Release the brakepressure. By using a small screw-driver, it is
possible to open the magnet valve and release the pressure.
Press on the middle of the valve, and it will open.
&= Screw driver £ Y 2\
Asdiess: Telaphone Tolox. Tetelax Postgho. Bank. AS Reg :
VESTAS ENERAGY ASS T3 W r 457 34 1B sMnNm A5 HINGROBING BANK 65 900
POSTHOX 42 VISTAS DR o0 2012
0K (540 1EM DFN DANSRE BANK

OF NMAAK Hay 1o
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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 (pos 3).
Cut the two cable bindings.
Pos, 1 :
Banl P 5, 5 <
N Pos, 2
-__.-—/
Now dismantle the brakeunit from the brakeconsol (pos 4).
i
= Take down the brakeunit, and dismantle the oil tank (pos 5).
Address Telaphone Tetex Telatax. FostgHe Bank AS Rey
VESTAS ENERGY ASS vaSTIA VB8 @0 I3 Al 7T MM asa e AMS WINGKOBING BANK 85 903
POSTROX 42 VESTAS D Jos oo 2

ii i| |u DUN DANLEE BANK
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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 {(pos 1).
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
e
0il quality: see next page
0il quantity: approx. 2 liter.
Acdiess: Telophone Talox Telotan Posigho: Bank. AS Ry :
VESTAS ENFRGY A'S rASTIAITAS @ 4 7.4 18 LE AR ) ATS HNGROBING BANK &5 900
POSTBOX 42 VESTAS I 1650 20077 2
DX 6940 LEM OEN DANSKE DANK
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5.4.4  0Oil_change brake system
Alternative oil qualities:
Esso: Univis HP 22
Mobil: DTE 22
Shell: Tellus oil S 22
Texaco: Rando HDA 22
BP: Bartran HY 22
Addiess: Telaphone Tolas: Tetatax Pastgiio. Bank. ASS Reg
VESTAS ENERGY AG R A RN 0 rxa t457 31480 EBA71 58 AZS HINOKONG BANK 63 903
POSIROX 42 VESIAS 7650 200717 2
O 6540 LFM DEN DANEKE BANK

OTNMARK 340314 2001
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5.4.5

Acdress:

VESTAS ENERGY AS
POSTHOX 42

OX G540 LEM
OFNMARK

If it's a regular oil change, it is possible to pump the oil out of
the system. It 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 the oil will be pumped out of the
system and into the oil can.

After refilling with new oil, see "bleeding brake system".

Tolaphane lotes Telutan Pusigho, s NS Ny .
vab T34 1108 @ a3 47 e LERAL AT RINGROBING BANK W)
VERTAS D 650 2007172
UEN DANSKE BANK
S803 14700 ¥
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6.5:1 Bleeding brakesyslem

No air must be allowed in the brake system under any circumstances.
If there i{s any air in the brake system, braking capasity will be
reduced severely, and the brake system will be unable to stop the
turbine when it is necessary.

Procedure

Turn the keyswitch on the control panel to 0 and then back to 1,
which causes braking and yawing. There has Lo be pressuré on the
brake system when the bleeding is made.

Each brake caliper has a bleeding screw. The top caliper has two.

Pos. 1

Put a 5 mm hose on the bleeding screw (pos. 1). Put the other end
of the hose in an empty oil can, where the wasted oil will be col-

lected.
Addnesa Telophone Tolex Tolofas Puoslgio Bank: ASS Rag
VESTAS ENERGY AS WAST M e 0 123 P A5 T34 0404 a847398 A FINGKOBING BANK 45900
POSIBOX 47 VE STAS DK 1650 200717 2
[ §940 LEM OEN DANSKE HANK
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5.5.2

Addiesa

VESTAS ENERGY AS
POSIBOX 42

DR B940 LEM
[EXEEPITY

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

Keep the bleeding screw open, until all airbubbles has come out.
When it's only clean oil comming out, tighten up the bleeding screw
again.

This procedure is repealed on the other calipres.

If the oil level is not up to "max oil level with pressure", it is
necessary to refill the oil tank up to "max oil level with pressu-
re”.

= : : without pressure
Max oil level
with pressure

e
9 M il level
g’ I with pressure
, S, S— - -

Telephone Tobex Telotas Posigho Bark:
a7 B8 D 713 4573 U dee 7308 AIS RINGROBING BANK
YESTAL D s sl 2
OF N DANSKE BANS
3401 14700 1

AS Rwg
65900
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5.6.1 Pressure check brakesystiem

Mount 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).

pos. 2 ——

Pos. 1

If there is no pressure in the brake system, 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.

If 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.
Address: Tolsphone Tatox: Telalax Postgho Dann A Reg *
VESTAS ENFAGY AS w4573 1100 €0 133 TEBTIHHNM asi v A5 HINUGRKOBING DANK 05 %00
POSTOOX @2 VISIAS OK T4 M0V 2
DEN DANSKE BANK

UK G0 LEM
DENMARK MOI 140
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5.6.2  Checking working pressure switch

When the pressure reaches 150 bar ¥ 2 var the working 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 coprect adjusted on 150 bar, and the brake motor do nol
startiat 440.bar * 5 bar, but at a lower pressure, it is caused
by to big hysteresisiThe working pressure switchhean not be ad=
justed. Therefore the pressureswitch has to be changed.

. L)
.
Addrens. Telapncaa lales Telelax Postgiro: Bank ASS Reg
VESTAS ENERGY A'S 287 N8 60 133 446734 1484 sBATIE AS AINGROBING BANK €590
POSTBOX 42 VESIAS DK Jo5a 200711 2

DK 6940 LEM [N DANSKE BANK
IF N ARK J0Y 14700 1
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5.6.3  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 to activate the 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 switch has to be adjusted.

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

\§gjjy_ pressureswitch Excess_pressure_valve

T BRI

Adjusting_nut Clockwise = increasing pressure
AJaress Teiephone: ladan Tolefas: Posigvo Bank ASS Aog
VESTAS ENFRGY ASS tdSTM B 60713 sdAST3a B4 B 7098 AIS RINGKOHBING HANK 65 903
POSTEBOX 42 VESIAS DK WSO 20077 2
D €940 LEM DEN DANGKE BANK

DENMANK MHO) o0



5.6.4  Check of accumulator (preloading)

Keep the magnet valve activated, when the motor function is still
off. The pressure will fall to 100 bar ¥ 5 bar. The manometer
needle will then suddenly drops to 0. If 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.

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.

p—— —
0 2]
L
Plug for working pressure-
switch
Addeans. Telephone Tebox. Telelux: Pustgno. Bank.
VESTAS ENEROY AD CC YA RIT ] W ro 45734 1484 T RAT A5 RINGKOBING BANK
POSTHOX €2 VESTAS DK ot AN T T
[ 6640 LFMA DEN DANSKE BANK

DENMARK 340D 14700 ¥
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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 the excess
pressure valve, remove the bypass jump.

Clockwise = increasing pressure
S .

If the excess pressure valve is loosing pressure all the time,
try to tighten up the hexagon nut as much as possible. Then loo-
sen it out to normal position again. If it does not work, change

the excess pressure valve,

5 If the excess pressure valve is leak, the brake motor will run
very offent, because it is loosing 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.

Addrass: Telephcne Tabex: Telelax Pustglo: Bank AS Rey
VESTAS ENCRGY A edST34 11 68 %0 ™3 ed57 4 1484 amaTINg A RINOKODING BANK B5 B
POSIBOX 42 VESIAS D o0 xSt 2

DK 6040 LEWM - N DANSKRE BANK
P HAAA K WA 1LY
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AY
;("iirln-(.):':"h‘ AT 14574088 60713 “457 34 0484

CHANGE OF DRAKE BLOCKS

The brake bjocks must be replaced if Lhey are worn wiljlonly appr. A mm

leflL. M i
1 L)
In this connection it has to be mentioned that one braking at high wind,

wears up till 1 mm of the blocks will take place. Therefore it Is advis-

able to replace the block regularly.

Tools:

Flat-bit pliers

4 mm screwdriver

4 mm piercing pluy
Handhammer

14 mm ring key

Clean can

Procedure:

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

valve repeatedly the storing pressure is decreased from the brake system.

By means of the hammer, split no 1 Is removed afler which splits no 2 and 3
can be removed as well as the 2 plates. By means of the screwdriver Lhe bra-
ke block is pushed as far away from the disk as possible. At the same {ime
the can is hold under the bleeding screw (4- which has Lo be dismantled) as
Lhe oil is now coming oul. (see picture bleeding brake system)

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

.

Note: Bleed thouroughly and test the brake afterwards.

Telephone Tolex Teletan Pusigho Bank, AS Py
LI ReR | r 3 S
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5.8.1  LUDRICATION YAWING SYSTEM

The yawing system is exposed to wind and wealher. Therefore as a conse-

quence il is of vital importance Lo secure correcl [ubrication of Lhese

parls.

Tools:

Grease gun
2" brush

Scraper

l' Q ‘.
18

Procedure:

The 4@w tooth/ls elcaned for dirty grease. Refrain from letling Lhe grease
drop down to Lhe ground. Otherwise some of It might/ stick on Ahe mast and
in tahL way cause direct danger when crawling In Lhe mast.

The soiJéd grease can Instead be collecled In a box elc.

Dy means of the grease gun Lhe teeth is smeared wilth a thin coal of grease.

The grease is spaced on Lhe tootlh plate wilh the brush.

The track which the slide blocks of the Lop seclLion describe Is covered

with a thin coat of grease as well.

Especially here it is of vital importance with a thorough cleaning four impu-

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

The lubrication has to be done every time there is maintenance, service
done on the turbine.

Aodress Tetophone: Toda
: " Tololan Posiguo b
v S /5 " ank
bl b i 145724 11 88 %733 VA5 734 1484 8847398 AG FING sdom g
=] < VESTAS DK i FOBING HANK
DK $040 L EM 1650 200711 2
A
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5.8.2 Maintenance of yawing gear-wheel

Gear-wheel and pinion in Lhe yawing arrangemenl must always be lubricated
{see "Lubrication yawing system").

As there are large conlens of dust in the air al intervals, Lhils will cause
that a lot of dust might accumulate on the gear-wheel and on Lhe pinion.

It is of the most vilal importance that the gear-wheel and the pinion are
kept under observation currently and are cleaned thoroughly if dust is
found which might ,cause break-downs and wear.

Alter clennln:j the gear-wheels have to be lubricated before the turbine is

sel into operation again.

Address. I elephone lgilex Teletan Posigho: Bank: AS Hog

VESIAS ENFRGY AS 457341188 o 133 cas 7341084 aun NG ' '

POSTBOX 47 VESIAS I o :?i! MITﬁm v e
OEN DANSKE BANK

DK €440 LEM
(5 IMANIK 2403 14700 1
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5.8.3

Address

VESTAS ENERGY A5
POSTBOX 82

DX 6440 LEM

(4 HARATIK

Alternative grease qualities

Esso: Esso MP grease, beacon (Moly)
Mobil: Mobil grease special

Shell: Kuggfett

Texaco: Teclad 2

BP: BP Landhjulsfedt
L]
Telophone Tatox Tolelax Postgiio, Baar AS Reg
sAS5T 1188 &0 133 +a5 73 UM s A5 HINGKOBING BANK [ -3 L4
YLLIAS DR oty w2

HOY 1A
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5.9.1

Address.

VESTAS ENFRGY A/S
POSTBOX 42

DX 6940 | FM

0F NMARK

Check all 4 yawpads for airgab Letween 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 mm airgab. If the 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,
They will be used again when it is necessary to change the yawpads.

YAWPAD
A
\

(= :

Max 2mm
AIRGAP_

YAWPLATE
YAWING CLAMP

LJ'“%—J

SHIMS _for yawing clomp.

When 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.

Telophana letes Tollan Pusighe, Bk, A5 Keg
sAS T4 VR @ g LN R 1} LE _REL ) AS RNGROBING BANK €5 902
VESTAS Iw 7650

2000102
OFN DANSKE BANK
Ja03 vama
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5.9.2 The yawpads is only allowed to wears 4 mm.
r
____________ —d
3
2 \
YAWPAD
Note: No, lubrication on the yawpads. See "Grease yawing system".

Address. letophone Toles Tolotan: Fosigho Bank: ASS Hog
VESTAS ENFROGY AS ST A @ sASTHM A BB47I98 AS RINGKOBING BANK &4 900
POSIOX 42 VESIAS DK Te50 20071:7-2
U a0 i kw UFEN DANDKE HANK

T Ras U LR
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5.10.1 0il change yawinggear:

The gear does not need any maintenance according to oll check/change or
greasing, as the gear is greased for life, which means that lhe oil/grease
check/change only is carried out when the gear is over-hauled.

Addvess Telephone Telaa Telefaa. Poalgro Bank:

A'S Hep
VESTAS ENFRGY AS 1457 M8 ®wrn PASTM A LI RAL ArS RINGROHING BANK
FOSTBOX 42 YLG1AS DK S0 20000 T 2 ke
[ eueD LEM DEN DANSKE DANK
T ok AN

3405 14700 1
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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. to skitch next page)

Adjustment must also be 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 Lhe Lurbine.

M16x50_10:9

Cover \
\- 3
- ]
e
b o g,
Ad justment

A Loosen the 3 (M16) bolts in the yawgear.
B Take of the cover of the yawgearmotor.

C Turn the fan by hand, so one of Lhe teeth in the yawgear wheel points
towards the center of the yawplate.

Addrens: Telephone . Teles Telelan Postgiro: Hank A5 Meg
VESTAS ENTAGY A/S 45734 11 88 60 1%y 445734 1488 a8 7108 A’S RINGKORNG RANK 05 903
POSTROX 42 VELIAS DK T650 200717 2

DK G540 LEM DEN DANSKE BANK

DENWAHK 03 14700 1
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5.11.2

D Press the yawgear in direction of the yawplate so the teeth are in Lhe
bottom position, and there is no airgap.

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

l F Tighten the bolts (M 16x50 10:9) for the yawgear (torque 295 Nm)

Address. Telophona Talex Tolofax: Foslgro vank AS g
VISTAS ENERGY ATS vab 734 108 011 «457 M MM LY REL ] A'S RINGKOBING BANK 65900
POSTBOX 42 VELIAS DK TS0 2007107 2

DX 6040 LEW

(EN DANSKE BANK

O NMAHK 3403 14700 »
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5.12.1.  Check_of detwist _yaw_(relay controller)

To check the detwist unit, press the yaw button c.w. Efa or
c.C.w. EEH . Start yawing in the same direcLion 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 propeller manually.
Keep activating the yaw button unLill the turbine stops.

In _case of\ the relay controller, the red lamp "cable untwist® will
be on, Release the yaw button and the turbine will detwist automa-

tically, if the condition§ are as described in section 5:12.3.

The.same procedure is done the otlher way around. Explanation for
the controller panel, acc. Lo next page.

Agsiess latephans Tedas T ool ax Posigvo Bank: A8 Heg
VESTAS FNEAGY AS S 7 1188 6310 245734 1B o TI98 AZS FINGKOBING BANK 5 90)
POSTHOX 42 Vi LA K AL AR 2

DK 4940 LEM LN DANSKE DANK

T NMANK 340 14700 0
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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. or
C.C.W. . Start yawing in the same direction as the tur-
bine cables are twisted before the test.

Checking the twisting direction can be done visual, by entering
the tower.

Before checking the detwist, brake the propeller manually.
Keep activating the yaw button unLill the turbine stops.

In caseof the micro processor controller, the display will
write "twist 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 olher way around. Explanalion
for the controller panel, acc. to next page.

Addiess Tubopdwarse. Toles Tolofax: Posigho Bank; AS Aoy
VESTAS ENERGY A8 P48 734 1088 @ 45734 1480 HHA 2198 AIS RINGKORING HANK 65903
POSTROX 42 YESTAS I TR0 20000 2

DK 6940 | EM OF N [HANSKE BANK

T WM AR 2403 14700 |
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§.12.3.  Explanation for yaw lamps on_the control panel
1. Cable untwist (red lamp)
The light indicates the windturbine is braked, caused by
twisted cables.
The cables will automatically untwist, if the turbine is
not braked, under following circumstances:
1. The turbine has been braked by propeller overspeed guard.
= 2. The turbine has been braked by a overload yawmotor relay.
The windspeed has to be below 13 m/s (30 mph).
The tupbine is automatically reset (see pt. 19) when untwis-
ting s finished. The turbine can be manually untwisted by
using either the €.c.w or c.c. bultom, and then press.the
reset butlom"(see pt. 21 and 22).
2. ACable untwist (yellow lamp)
Indicates, the windturbine has started automatic cable-untwist
operation. The turbine will not start automatically untwist
under following circumstances:
]
1. The turbine operating on Lhe main gen,
2. The turbine braked by means of the overspeed guard or has bra-
ked by means of overload yawmotor relay.
3. The windspeed is above 13 m/s (30 mph).
Addrass Telophone Tolas Telotax Pusigha Bank: AlS Reg
VESTAS ENERGY AMS 46T S ®m AT M vl [T IRAL ] AT MINGKOBING BANK 4 002
PUSTBOX 42 VELTAS [ Tos 20070 2
OX 6040 LEW DN DANSKE BANK

(0 NVAHK ELIARIL 0]
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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.c.w. and it is completed within 90 sec. The windvane
will ensure the propeller position.
The 90 deg. yawing can be stopped by a cable untwisti opera-
tion (see pt. 7 and 13). The 90 deg. yaw will conlinue 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 propeller will automatically yaw into the wind direc-
tion. If the mean wind=speed drops below 8 mph, the 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 Lo the forementioned points, it can be seen in

chapter 19 "OPERATING MANUAL FOR CONTROLLER™.

AQNOSE Tatephone Tebax Tolofan: Poalgen Bank: NS Rey.

VESTAS FNFRGY AS adS I MMM worn w45 T3 1484 [T RAL AS RINGHOBING BANK [T ]

STROX &2 VESTAS DR TUS0 200747 2
(K G940 | Fm DEN (MANSKE BANK

1 NMAHK J400 14700 1
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6.12.5
PANEL FOR MICRO PROCESSOR
BASED CONTROL UNIT
[—n—i’
—1H
. k=
- |
e d‘) Q) J)
L4 AR ﬁnFlf‘l a::‘l.-
/|
Wrion @ukaion
Mast sUion  (emieel
Il.I| Tﬂ?ﬂm CONINt WD WeLIAl
\ "THIST STOP RELAY"
The condition for untwisting has to be the same as for a relay based
control unit.
Address: Twlephune Tdex Tololas Pusipho Dank AS Reg :
VESTAS ENERGY A'S ST B 60 ST MM asinIve NS FRINGKOBING DANK 903
DX U940 LEM ——_— DLW DANSKE BANK

[ NMAFR 30314700 1
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5.13.1 Adjustmenl of V-belts:

llandle of Lest equipment
Scale

0-ring, is placed on 7,5 KP
0-ring, is placed on 10 mm
Front belts no A and B

Rear belt C

Pulley main generator
pulley small generalor

W N OV & W N -
e 1% 4 € = » .

IL is of extreme importance that the belts have the right tlghtness, If not
it might cause damage to the generator bearings and/or the life-spand of Lhe
belts might be shorter.

Adjustment see next page

Aodiess Talephone, Teles Teletax Posigino 3

VESTAS ENERGY A'S +45.7.34 11 88 % S4BT 34 144 w472

gl VFSTAS OK el :&mlm o T
oy DEN UANSKE BANK

iposos 3403 14700 1
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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 their straight posilion, it is possible to measure the tightness of

Lthe belt.

1. 0-ring no 4 is placed ____ mm from the lower end of the scale (2).

2. The 0-ring (3) is placed on ___ kpm (look at the scale}.

3. When 0O-ring 4 reachs the Lop side of V-belts A and B and the lower part
of the handle (1) reachs 0-ring no 3 all at the same Lime - Lhe tight-

= ness is according to the tesL bed.
2
{
‘
Addrans. lelaphone Tales Tele'a
. = Posigleo: Oank. =
VESTAS ENFRGY A8 sab 7381168 & I 1 $L T i
:‘R’.‘:’::‘ VISTAS D ' il e oTr g T DANK i
7 DEN DANSKRE DANR

OF NMAHK
340314700 v
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5.13.1.

Addrass

The belts have to be changed every third year.

It might however be necessary to change them more often. Therefore
they should be checked every time one is in the nacelle. On the out-
side the belts might look fine, whereas there can be crack forma-
tions on the inside. - Look for that!

How often il is necessary to change the V-belts, depends on a lot
of factors, weather conditions, how many up and down couplings be-
tween the generators, lhe V-belt torque, e.c.t.

So it can be necessary to change the V-belts in other intervals
than the 3 years.

1. Release nut no. 1.

2. Unscrew nut no. 2 = by ‘this tt will be possible Lo take of Lhe
belts.

3. In the reverse order the bells are fitted again {according to
tightners see "Adjustment of V-bells").

T ——
sl - \
TR

Telephore Telax Telelax Postgho Bank AJS Reg
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To lubricate the bearings and the propeller main shaft is of ex-
treme importance. It have to be lubricated every 12 month, follow-

ing the lubrications diagram.

If not, it might cause damage to the bearings and shaft, and the life-

spand will be shorter.

Lubrication with:

Grease: gun
Grease: SKF LGEP 2

Quantity: U,4 kg even dislribuled at 3 nipples, 1 on main shaft

ind 2 on main bearings.

Before and after lubrication, clean the grease nippels for old

grease and dust.

Addrass Telephune Talex Tolotan Pusigko Bank A5 Reg
VESTAS ENCROY AS +45 734 11 e 60110 45734 bB4 6647398 A% RINGKOBING BANK @5 900
POSTBOX 42 VESIAS DK a iy

DK 940 LEM 20717 2

DA Pan A b (% N DANSKE BANK

3403 14700 |
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5.16.1 Lubrication of generalor

The bearings 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 to
prevent the dirt from accompanying the grease into the bearing.

Big generator 80 G pr. bearing.
= 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 is stopped.
Because the turbine/is not running, it is only recommended-to
grease the bearings with the half of the grease quantity. Whenall
the bearings have been greased with the half of the recommended
quantity, the turbine has to be started, and run for a few minutes
at full speed.

Stop the turbine again, and finish the lubrication. Lubricate with
at least the specified quantity of grease until the grease exudes
from the grease oullet.

If the entire quantity of grease is forced in at 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
give them a longer life.

Ade3s. Tolophonsa Telox Telolax Postglio: Mank A/S Peg
VESIAS ENERGY AJS v457341188 60731 15T B aBa73 00 AS AINGKOBING BANK 5903
FOSTHOX 42 VESIAS D 7650 200717 2

DK 6340 LEM DEN DANSKE HANK

T NMANK 403 147001
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5.16.2 Lubrication of generator

Alternative grease qualities

SKF: ALFALUB LGMT 2, LGEP 2

ESSO: BEACON 2

MOBIL:  MOBILUX 2

SHELL:  ALVANIA GREASE R2

TEXACO: TEXANDO FO 20, MULTIFAK EP 2

- BP: ENERGREASE LS 2
Addass Telephone: Telax Telotan: PFosigho Bank: ASS Raq :
VESTAS ENERGY AS +a5 1341188 03 4SBT M UM LLIRAR ] AS RINGKOBING BANK 65903

POSTHOX 42 VESTAS DK res0 200717 2
DK 6940 LEM DEN DANSKE BANK
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5.7

Address.
VESTAS ENERGY AIS
POSTBOX 42

% E940 LEW
[EE YT

o T -

Changing of the bearings has to be done 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 to the screwdriver, and it's
possible to hear if there is anything wrong with the bearing. If
the noise starts in the first year the turbine is running, there
has been 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
Big generator ASEA 6316/C3 6318/C3
Small generator ASEA 6310/C3 N 312

If it is the rear bearing which has to be changed, the V-belts have
to be dismantled first. See page 5.14.1. “Changing of bearings".
Taper lock and pulley have to be dismantled next (see nexl page).

Telophone Telex Telelax Poslghio. Baak AJS Reyg.
ST S 60733 ST UM sdgarnie AS RINGKOBING BANK b8 903
VISTAS Dk TG650 200717 2

DLN DANSKE BANK
WO BAAN Y
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Pull out all the screws. One of them is placed in the thread
hole belonging only to the bush.

The pulley is now loose and can be removed.
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5.17.2 Changing bearings_in_generator

Procedure:

Nismantle respectively the cardan joint in front or the ¥-belt
sheave rear. Depends on if it is one or both bearings there have
to be changed.

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

Dismantle the losking ring, that holds the bearing in place. )

Adbroas 1 slophane loles Tolotax Paslgho Hank: NS Reg
VESTAS ENLRGY A5 TN i oAb M MB 847198 AZS RINGROBING BAN

POSTBOX 43 VESTAS i 7650 200717 2 5 " m—
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5.17.3

Now dismantlle the defeclL bearing, by using a Lrigger. If the bearing

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

thing under the wheel pullen so it can't turn.

" e v- .':' 4

Ardrans I ebaphoas Tolae Telafax Posigro Pk, AS Rag
:(Eér';%:‘u.;lmvm ST 11 88 c%;asw 245734 B4 ase 7308 A'gnm?v;lwuu 85 903
eL DEN DANSKE BANK

WAL 14N Y



B b 5 S NS

5.17.4
Mount the new bearing. If it's to difficult to press the bearing on
the shaft, heat up the new bearing, and the bearing will slide on.
Address’ Talephona: Telex Talatax Postglror MNank: S Rag -
VESTAS ENCAGY A8 4857301 88 @ 85T 1484 s A'S RINGHOBING BANK 4 803
ﬁmﬂlsg,l‘l‘l,l VESTAS Dx THS0-200717-2

ORI ADY DEN MSE'E BANK

Aaha nadan



w1 R

5.17.5
Use @ pipe and a hammer to make sure the bearing is placed correct.
By hammering the pipe¥in, £N8Tb&éaring Wil | e éasy Loheany
Mount the large end cap.
Mount the locking ring and the small end cap.
Addiess: Tetephone Telex Talelax Posgito. Baek ASS Rag :
VESTAS ENEROY AS +45 734 1188 50 ) 4573044 BB T30S NE RINGEGBING BANK 5900
POSTROX 47 VESTAS D T650-200717-2
DIM_I_I’II

Arsinee

DEN DANSKE BANK
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Addrens
VESTAS ENEROY AS
POSTROX 42

5.17.6. After mounting the end cap, the pulley and taper lock have
to be assembled 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 the shaft.

Line up the pulley and tighten the screws. By this the bush
is pulled into the pulley, and at the same time it will press
around the shaft.

Telephone: Tetox Tebelax: Posgo Bank ASS Peg .
4451301188 o0 7131 1T 3UM LLTFET ArS RINGKORING RANK 05903
VESTAS D 7050 200217 2
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5.17.7. If it is the rear bearing on the big generator which has
been changed, the pulley has to be mounted 3 mm from the
shaft end again (fig 1).

3mm_

— oy

| it Bl

B Eepr—————————pl s

If it is the rear bearing on the small generator which has g
: been changed, the pulley has to be mounted 41,5 mm from Lhe

shaflL end (fig 2). The small pulley has to be placed so the

pick up is running exact in the sensor.

‘Senml
—Pick up_
b
—
e P
|
Addresy Tatephone lales Tolatax Posigico: Puwryic A5 feg
VESTAS ENERQY A8 4851 M &0 73y AA5734 1408 LL T ML ]
POSTROX 42 VESTAS DX s %7(“"1 2 i oo
6940 LEM DEN DANSKE BANK
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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

L
]

- il

o

If the pulleys are not in line, loosen the small generator
and line up the pulleys, by moving the hole generator.
The line up is always done from the large pulley.

Remember :

Tighten the generator again with lhe described torque (acc.
to page 5.19.2.)

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

Lubrication of bearings (acc. to page 5.16.1.)

:::wu. Toiephone Tetax Telatax Fostgio fank A’S Rag
TAS ENERGY A8 1451340 11 88 80 733 VST 1084 seanm GG "
POSTHOX 42 VES1AS DK ey ey

oX SO LEM DEN DANSKE BANK
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5.18.1 Maintenance of Alrbrakes (wingtips):

Usally the alrbrakes (tip-end of blades) need no maintenance. Dut wear might
change clearance and Lhrough Lhat preload of Lhe spring system possible
causing an aclivation of the tipbrakes at to low rotor revolutions.

If Lhis occurs furlher delailed informations about adjustment musl be given
by VESTAS.

Test of airbrakes

- ] -

Addrass: Inieprore: Teles: Telotax: Posigin Bank
A5
VESTAS ENEAGY A8 +&85704 1188 [ Rgs) «d5T-M 184 8847108 AIS RINOXDRING BANK st
&Mlmﬂ VESTAS DK T850 200717 2
6940 LEM DEN DANSKE BANKX
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.19.1. Check_bolks
Foundation bolls

All foundation bolts have to be retightened every 12 month.
Tightening have to be done with a inpact wrench and a 1 kg

hammer,

Bolts dimension: Lattice tower Tubular Lower
M 38 M 39

Tower

All bolta in lattice and tubular tower have to be retighte-
ned every 12 month.

Bolts dimension: M 20 M 16

Torque: 490 Nm 250 Nm

Torque (US): 361 1bf rt 184,3 1br'rt
Platform

All bolts on both platforms have to be retightened every 12
month,

Bolls dimension:

Torque lor bright galvanized bolt: Torque Torque (US)
M 6 9.8 Nm 7. 280BPT t
M8 24.0 Nm 17.7 1hf £t
H 10 47.0 Nm 34.6 1bl ft

y M 12 81.0 Nm 59.7 1bl It
1] d_hub

All bolts and counter nuts on blades and hub have Lo be re-
tightened every 12 month. For the retightening it is neces-
sary Lo dismantle the spinner. Tighten the bolts First, and
then the counter nuts Crom the inside.

Torque for M 24 = 757.5 Nm

Torque (US) for M 24 = 558.0 1bl ft

Moving_parts

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

Acdress: Talaphone, Teles Talatan: Poalgiro ank:

VESIAS ENEAGY ASS ‘s TMMN S 1 AASTM UM asiryme A5 R

POSTROX &2 VESTAS D& 7850 200717 2

DK 6940 LEM DEN DANSKE BANK
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5.19.2A. Conversion_table_torque

Torque Torque (US)
Nm Lbf.ft.
130 96
240 177
295 217,5
300 221
o 386 284 .5
400 295
500 368,5
668 492,5
i
Addiass Telephone Tolax- Telofar: Poalgkn Bank AIS Reg.
:gr'::):rgmvm caSTM IR x;‘:\.sw 45T M Al L RAL ] N‘SHW(?‘NHG BANK 65900
OX &%40 LEM :I?:%Tm HANK
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51903, Check _bolts _on_shrinkelements

All bolts on shrinkelements have to be retightened every 12
mont h.

The shrinkelement on Lhe propeller mainsharlt,

Type Torque Torque (US)
1 Ringlfeder 250 Nm 184 1bf L

Heuer 240 Nm 177 1bf rt
2 Ringfeder (inside the

brake disk) 130 Nm 96 1bf rt
3 Heuer 240 Nm 127 Xtk

The shrinkelement have to be retightened in following nume-
rical order.

e :M Trlaphone. Telex. Telotax: . AlS Fwp
TAS AGY A5 1S TMT M 0 73 5T M M
L b L JEE A5T-M MM a8 TING mmtm BaNK 85803

ama caven
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5.19. 4.

Address

VESIAS ENERGY AIS
X 42

Check bolts on _shrinkelements

The shrinkelements on the end of the yawgear shaft have to be
retightened with:

Torque : min 12 Nm, max. 15 Nm

Torque (US): min. 8.8 1bf ft

max. 11 1bf rt

Tolephons, Telax

Telatay: Poatglro: Aank: AIS Reg
«®TIN B0 60 A5 T MM LL Rel ] A5 FINGHORING BANK 65903
VESIAS Dx 1680 200701 2

DEN DANSKE DANX
20 140D Y
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Specificalions for Lorque

If there is no special Lorque for the specific bolt,

it have to be tighLen after Lhe following diagrams respec-
tively for 8.8 bolls bright galvanized and 8.8 bolt heat

galvanized.

screw
surface_nalure: nul heal - galvanlze
washer —
2 Assembling condItion: . (46 011 or grease)
olt Jimenslon Torque forque (US)

H (1) thn Lbf.ft.
(1 / 12 8,8
8 30,5 22.5
10 YD a4
12 102 75.5
i 163 {20
16 250 184,5
10 30 258

) 20 490 361
22 659 486
a 8L 6245
27 1220 899
30 1672 1232,5
33 2248 1657
3 2904 2140.5
S 3729 2748,5

1he Lorque have Lo be close Lo Lhe given moment value. IL must nol

vary more than L~

1he glven values are only In force according Lo the above menlloned

condiLions.

Addvers Tetephone Teter
Telalax Postgiro Rant ASS feg
VESTAS ENERQY AS 457 M8 6 T ST g% A5 PINGKOIING BANK 5903
TR0 200717 2

POSTROX &2

DK 8040 LEM VESIAS Dx
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screw
surface nature: nul bright galvanized

washer

Assembling condilion: Dry (no oil or grease)

Bolls Dimension lorque Torque (US)
- M (MM) Nm Lbf.Ft.

6 0,8 7,2
8 24 17,7
10 a7 34,6
12 o1 60

14 129 95

16 197 145.5
18 275,5 203

20 386 284.5
22 519.,5 383

24 667,5 492

27 961 708,5
30 1317 9

33 1771 1305,5
36 2287 1685,5
39 2937 2165

The torque have to be close to the given moment. It must nol vary

more than ¥ 5%,

Ihe given values ave only in force according to Lhe above mentio-
ned conditions.

Addrass. Telephore Telas Tolatax; Po

. vl giro Dank
VESTAS ENFRAGY S +8573411 88 60 4457 M 148 -3 NG i
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5.20.1 Lamp_test (relay control)

Turn the keyswitch in the control panel Lo pos 0. Lel the keyswitlch
stay in pos 0 for 5 sec, and then turn it back to pos 1.

That causes light in all Lhe red lamps, withoul Lhe remole stop
lamp.

If there is no light in some of the red lamps, il could be caused
by a defeclL light bulb.

Change the defecl light bulbs.

Address Tolmphane Tobax: Telelan: Posigeo Bank: AS Reg.:
VESTAS ENERGY AS s T3S "o 45730 B LT RAL ] AS RINGKDRMG RANK 65 903
POSTBROX 42 VESIAS DR S0 200707 2
KOO DN DANSKE BANK

8940 Pt gt
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5.21.1  Change_of cardanjoint

A If there is damage on the cardanjoint.
B If there is crackets in Lhe rubber elemenls.

C If the rubber element have been in contaclL with adhesives like lo-
citte, diuent, 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 dislance between Lhe two
flanges, onl the generator and Lhe gearbox. IL must be 626 * 1 mm.
The new cardanjoinl can be mounled between Lhe two flanges, with
8 axial bolts (allen bolts/M20). It ddes not malter which énd of
the cardanjoint there is mounted where.

Important® Always use new bolts, because Lhe new bolts have a loc-
tite on the screw thread,
Remember to put a bit of grease around the under side of the head
" of Lhe bolts before mounting. Do nmot twist the rubber element,
o while the tightening of the bolls.

1 and 2: Flanges
3: Spacer
4: Axial bolts (allen bolts M20)

L

16 3 2
\
mm Telephone: Tatex Tolatax Pauglin: Rank A8 Reg -
B CAGY A8 (L5 R1N ] @M ST A8 aun NG OM
POSTOOX 42 VESTAS DK s/l ﬁmnn o =

OK ASa0 L FM DEN DANSKE BANK
NENMsRX oM e
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5.21.2

S’

Address
VESTAS F?:(JMY AS

Greasing the bolts are of vital importance.

-

o~ Loctite

Note: If there happens any twisting in the rubber element when the
balls are.tightened, it must be dismantled and mounted again imme-
dialely. IF.iL Lakes more_Lhan 10 min. before Lighlening of the
bolt again, take a new Lolt. [F Lightenidg Lefore the 10 min., the
same_boltl can be used.

Allof the axial bolts torque moment is 500 Nm

When the new cardanjoint have been mounled, check that the spacer
+ : ’ . ; .
does not move more than = 1 mm verticaily, while the Lurbine is

running.
Tetephone Telex Telelax Posigiro: Duarrh;
+45734 1188 60 733 1857 UM asaTIon AIS FINGKORING DANK

VESTAS DK 7850 2007172

DEN DANSKE BANK
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5.21.3 Check also A, the parallel displacement. It is best if A = 0.
A must not exceed 19 mm.

po—— L

H
A = 19 mm

Adoress. lelaphone Tolar: Telafax: Poaigha Pank: AS Reg
VESTAS ENERGY ATS STMI 60733 PSS TIM A ApTI98 AS RINGKOBING BANK 65000
POSTROX 42 VESTAS DX TeS0200717 2
DX 8940 LEM DEN DANSKE BANK
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5.21.4 Maintenance of cardanjoint

When the joint is new or in good working condition, Lhere is no
crackels or play to be observed. The joinL needs no special main-
Lenance. Check for crackels play or damage on Lhe cardanjoint,
every Lime there is lubrication or maintenance on the turbine.

At least 1 Lime a year.

A
.
N
.
Agdress Telphons Telr Tetelax Posigino. Bank
VESTAS ENERGY AS sa87.34 1788 @ [LEAT]
POSTROX 42 VESTAS DK LI el :ls'num;:;?m Ohint oo

DK 6940 LEM
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.22.1 Check of safetyline elc.:

1. Check bLracket, bolts, nuts and shackles for safety line.

2. The line is examined for rust/pitting - if some of the thin wire threads
have been cut - CIANGE THE WIRE. :

3. The tighlness of the line should be in such a manner, that if the line
is pulled away from Lhe mast (by hand) and released, il must not Louch
the masL when swinging back to normal position.

The same should be Lhe case when the wind causes the safietylinevto move.

SECURITY BELT and SLIDING DOX are allways kepl in good condition.

YOUR LIFE MIGIT DEPEND ON 11IE SAFETY EQUIPMENT!!

Addrass: Talaphone: Talar T nieta Panigiro Bank
: NS Reg.
VESTAS ENERGY A8 s TMNIBA 0 71y aas 1.3 a8 AM M
glm{:‘ VESTAS & ‘?:llm‘:?:‘m il "
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5.23.1 Mainlenance of surface treatment

In urder to counteract corrosion the surface treatment must be kepl under
observalion currently.

Ihis means Lhat damages on painted surfaces (because of attriclion or rust
corrosion) must be repaired immedialely.

IL is recommended Lhat damages are repaired by using a primer first and Lhen
a deck paint, but moreover in accordance with Lhe instructions from Lhe ma-

nufaclurer of Lhe paint.

- Electro galvanized fittings, bolts, and nuts etc. are cleaned at reasonable

S Intervals and are lubricated in Leclyl or a similar surlface proleclion.
e
o
Addiess. Telephone »
VESTAS ENERGY AS -.:.:r-u 1188 e Tt Posigho Bank A'S Rleg
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5.24.1 Surface renewing on blades:

surface dJamage e.g. smaller cracks in coating and cracks in joint areas to
steel parls must be sealed against waterponetration immedialely by means of
the polyurelhane based sealing agenL SICAFLEX. This can be done wilhout spe-
cial knowledge of the rolor material, fibre ylass reinforced polyester.

The sealing procedure is as follows:

1. Remove loose material.

2. Clean Llhe surface wilh acelone or similar solvent.

3. Apply SICAFLEX to Lhe surface, in a layer as thin as possible, following
Lhe direclions for use which are on Lhe packing label.

More serious damage caused by blows during work and mounting can oflen be

sealed by SICAFLEX as a first protection Lo Lhe damage area. If Lhis repair
is judged Lo-be inSufficient a repair by polyester/libre glass musl be used.
This can only De/done by a peesen whoshasgthe appropijatesknow] edgegofathese

materials.

bust and Inse€t covers on blade surface

Under special circumstances the blade surface might be covered by a layer of
insecls which might cause an unacceptable change in blade choracleristics

e influencing rotor efficiency.

— Usally such covers will be washed away [n rainy weather. If this does not
happen a cleaning by washing in waler might be necessary.

b
Addresy Telephone i |
s Telelax Pastgr
VESTAS ENFROY AS s43.734 1188 @ m - Bank AS Reg
+457.34 14 B4
POSTAOX 42 VESIAS (% Leatil x;,"'”f}':?gmﬂ BANK as001

OK 6940 LEM
NENMARK ||II ||I||| ||| |



o & 0 5 F7 5 TR

5.25 Check of chock cencor

The activating of the chock cencor will be indicated in the con-
trol unit, in the lamp "VIBRATION". [n a micro processor control-
ler the activaling is indicated in Lhe display. See next page.

Addcpny Taimphane Tedaw Talolay Posigea Rans ASS Nag
VESTAS £ Y A= O
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5.26.1. Visual check of cables

-

A visual check of cables has Lo be done every time lubrication
or mainltenance is done on the Lurbine.

Check all the cables for breakage and wear. If the cables/cables
are serious damaged, the cable/cables has to be changed immedia-

tely.
o
Addrean Tetaphona: Ta‘ew Teletlac Pastgiio: A A5 Neg
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ASSENBLING SRECIFLIEAITLDN

The lattice mast consists of:

4 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 mm 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.

e of the touer appears from drawings no. V17 51 and V17.52, whe
the horizontal dimensions are shown.
The trestle heights can be determined from this.

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 1 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 a 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 that 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 centre 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 lattices 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 convenigntwinterval sywpossiblymingconnect i ongWiith, service
on the'turbine, “to perform a/visual check-up‘on the mast construction. Spot tests
of the bolt tightening must be performed.

In case any faults are found a 100% tightening up must be carried uut.

-

?r 6- SAQ NR,
ﬂw ’ % Smedeve] 2 DK 6000 Skjern TI.07 - 35 10 66 86.13

Stalteknik 41‘} Fabrlkatlon - Ingenier - Handelavirke

NE 34 m WINDMILL MAST V17 %V 17.55
ASSEMBLING SPECIFICATION whe

OLE THISTED DATO  85,02.01

Rhdgivende Ingenisrfirms /. Skanderborgve] 181, 8260 Viby J. Telefon 06-14 1511

* dlte wdae ebreiftlig t1]ladelse SIGN. n 1
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EDB NR

152005
862711
877360
157724
156663
861553
877271
157066
862371
153451

878138

877891
872741
B62835
878677
862843
153990
156256
154199
153079

90468

90468

157600
15663
7159
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"SECT. 1 EDGE

VESTAS ENERGY A/S

TOP WITH LATTICETOWER v 17-90
ENG DIV
STEELBOLT M 8x100 FZIB 8:8

CABLE UNLOADER

HOLDING PLATE CABLE RELIEF DEVYICE

LOCK NUT M 8 FIB

BEVELED WASHER ¢ 8. 40x¢17, 00x1. 60
MASHINE FOUNDATION, READY FOR MOUNTING
GUIDE BOLT SLIDE BEARING

HEXAGON NUT M20 GALYV.

SLIDE BEARING OILON
STEELBOLT M20x 80 FIZIb 8:8

YAHING PLATE (HOLES IN SQUARE)
SHIM FOR GRIP PLATE

CENTER BEARING FOR 30MM

SPACING PIECE FOR SLIDE BEARING
UNDERPART FOR HOLD RING CENT.
GRIP PLATE, SLIDE SHOE

STEEL SETSCREW M20x100 FIB 8:8

BEVELEDWHASHER ¢10,5

STEELBOLT H10x 40 FZD B6:8
STEELBOLT M24x150 FZIB B:8
BOX, JOINT BOLTS

BOX, JOINT BOLTS

YAH P
; HASHER #21. 00x¢37. 00x3. 00
LOCK : M20

GRATE, SET
BOX, JOINT BOLTS

CR NUT M24 FIB B
D HASHER $25. 00x@44. 00x4. 00
WASHER ( COLLI FITTINGS F. 1 90KW)
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YAH-

93614
115410

86363
104450
154261
154237
156817
152170
157755
861553
156558
194450
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VESTAS ENERGY A/S
GEAR BJ v 17-90

ENG DIV

MOTOR MG B8O0A4-14F85 2270 480V GOHZ
YAWING GEAR BJ-VESTAS 1:900 7/ BONFOGIOLI
GEAR WHEEL FOR YAWING GEAR

SHRINK DISC SD68-72

STEEL SETSCREW M 6x 16 FIB 8:8
STEEL SETSCREW Mi16x 45 FZIB 8:8
BEVELED WASHER @#17. 00x@30. 00x3. 00
STEEL SETSCRER M16*50 10:9

LOCK NUT M16 FZB 10

MASHINE FOUNDATION, READY FOR MOUNTING
BEVELED WASHER #6. 40x¢#12. 50x1. 60
SCREHED CONNECTION PG 16 252/16

12
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VESTAS ENERGY A/S
GEAR DONFOGIOLI v 17=-90

D1V

MOTOR MG BUA4-14F85 2270 480V 60HZ
YAHRING GEAR BJ-VESTAS 1: 900 / BONFOGIOLI
GEAR WHEEL FOR YAWING GEAR

SHRINK DISC SD68-72

STEEL SETSCREW M 6x 16 FZD 8:8
BEVELED WASHER g6, 40x¢@12. 50x1. 60
BEVELED WASHER @17. 00x830. 00x3. 00
STEEL SETSCREW M16*50 10:9

LOCK NUT H16 FZIB 10

MASHINE FOUNDATION, READY FOR MOUNTING
STEEL SETSCREW M16*50 10:9

SCREHED CONHECTION PG 16 252/16

NUT FOR YAWING GEAR BONFOGIOLI

13
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Yaw-control
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EDB NR

156051
153117
158356
874868
115541
873969

86207

86215
134414
158216
151025
194379
874841
114898
874833
158437
194484
115630
153028
B74906
874914
156949
157465

-

VESTAS ENERGY A/S

CONTROL vV 17-90

ENG

BEVELED WASHER @5, 30x@10. 00x1. 00
STEEL SETSCREW M 5x10 FIb 8:8
MACHINE SCREW CHJ M 3x 6 FIB
FOOT FOR SWITCH, HIGH

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 CHJ M 4x 12 FID
ALLEN SCREW MC M 5x 12 FIB 8:8
UNION PG 11 EL 1420/11

FOOT FOR SHWITCH, MIDIUM

MICRO SHITCH 1052, 4201

FOOT FOR SWITCH, LOW

MACIHITNE SCREW CHJ M 2x 10 Fib
SCREWED CONNECTION PG 11 EL
MICRO GEAR 135:1

ALLEN SCREW HSP M 3x 4 FIB 8:8
CONNECTING SIHAFT

SCANNER WASHER, YAWING CONTROL
SPROCKET Mi0 FZIB A

COUNTER NUT M10 FZB

N”} FOR YAWING CONTROL (PLAST)
w 4 NV [V~
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VESTAS ENERGY A/S

YAH-CONTROL vV 17-90

S MR EDB NR ENG DIV ANTAL
1 156051 BEVELED WASHER @5, 30x@10. 00x1. 00 4
2 153117 STEEL SETSCREW M 5x10 FzDb 8:8 4
3 158356 MACHINE SCREW CHJ M 3x 6 FIB 3
4 874868 FOOT FOR SWITCH, HIGH 1
5 115541 CABLE BINDER HOLDER ABMM-A-D 4
6 873969 UNDERFRAME, PAINTED, US YAWING CONTROL 1
7 86207 RETAINER FITTING, THREAD 1
8 86215 RETAINER FITTING, FREE FIT 1
9 134414 PRESSURE SPRING 0. 7x3. 6x27 27V RUSTPROOF 1
10 158216 MACHINE SCREW CHJ M 4x 12 FIB 2
1" 151025 ALLEN SCREHW MC M 5x 12 FIB 8:8 6
12 194379 UNION PG 11 EL 1420/11 1
13 874841 FOOT FOR SHITCH, MIDIUM 1
14 114898 MICRO SWITCH 1052, 4201 3
15 874833 FOOT FOR SHITCH, LOW 1
16 158437 MACIIINE SCREW CHJ M 2x 10 FZB 6
17 194484 SCREWED CONNECTION PG 1t EL 1
18 115630 MICRO GEAR 135:1 1
19 153028 ALLEN SCREW MSP M 3x 4 FID 8:8 1
20 874906 CONNECTING SHAFT 1
21 874914 SCANNER WASHER, YAWING CONTROL 1
22 156949 SPROCKET M10 FZIB A 1
23 157465 COUNTER NUT M10 FZIB 1
"

FOR YAHING CONTROL (PLAST)




BJ_YAWGEAR

260

Lubrication: Thermac 710
Transmitted torque 900 Nm
Transmission ratio I 30:1
Iransmission ratio II 30:1
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BJ - YAWGEAR

SKF bearing 6211-2RS
SKF bearing NU 211
SKF bearing 7306 B
Allen screw M8x20
Stulffing box 85x55x10
Stuffing box 72x43x08
Lock ring

Allen screw M8x30
Allen screw MBx20
Mach. screw M16x40
Shrink element

Key 16x10x35
Gearhouse

Distance tring

Hole worm

Horm wheel

Qutput shaft

Output flange

Pinion wheel

Torque 42 Nm

Grease free surface
Inner cap

Lock washer

Mot flange




BONFIGLIOLI YAWGEAR

MVF49/110 RQ VESTAS Ratio 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 mm 38

Material of the wheel B14

Limit voltage (N/mn*) 27.5
Resistance factor (N/mm’ ) 60

RPM wheel 1.6
Sik: 1
Transmitted torque (Nm) 1100

exion 20164123

ife .l I'“ ‘%j 33289




BONFIGLIOLI YAWGEAR

1 End cap

2 Qutput flange

3 Horm whell 1: 30

1 Qulpul shalt

5 Key 16x10x50

6 Distance ring

7 Gear house

9 Bearing 50x110x22

10 Bearing 60x110x22

11 Stuffing box 50x90x10
12 Sturffing box G6G0Ox90x8
13 Allen screw M8x25

14 Lock ring

", MWPS




Shaft- and bearing arrangem.
v 17-90
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VESTAS ENERGY A/S

22

SHAFT AND BEARING ARRANGEMENT v 17-80

e EDB NR ENG. DIV ANTAL
1 875619 TIGHTENING PLATE MACHINE FOUNDATION 1

2 152358 STEELBOLT M24x100 FZB 8:8 8

3 861553 MASHINE FOUNDATION, READY FOR MOUNTING 1

1 151246 ALLEN SCREW MC M 4x 40 FIB 2

5 863408 VIBRATION SENSOR WITH WEIGHT BLOCK 1

6 154440 STEEL SETSCREW  M24x 55 FIb B:8 8

7 156639 BEVELED WASHER p§25. 00x@ga4. 00x4. 00 20

B 157600 LOCK NUT M24 FIB 8 8

9 863106 SHAFT-BEARING ARRANGEMENT 1
10 864005 MAIN SHAFT 1
11 152129 STEEL SETSCREW  M20x 50 FIB 8:8 6
12 863475 BRARE CALIBRE (tyee: 2850231 tof, |
13 866814 SHIM, WITH 2 H., CUT 2
14 B67071 FITTING FOR BRAKE SUSPENSION 4
15 B66970 THREAD PLATE FOR FASTENING 6
16 B67101 SUSPENSION FOR BRAKE CALIBRE 1
i 19 B66822 SHIM, WITH 4 H., CUT 2
' 18 155349 STEEL SETSCREW M24 * 70 4
19 156969 WASHER @ 25% g 45% 4 HB 200 10
20 157600 LOCKR NUT M24 F1B 8 10
21 B64781 WING BRACRET DRILLED V15/17 1
22 152137 STEELBOLT M24x120 GALV. 8:8 10






BLADE AND BRACKET v 17=90
S NR EDB NR ENG DIy ANTAL
1 862762 SPINNER, DRILLED 1
2 152498 STEEL SETSCREW  Mi2x 30 FZB 8:8 6
3 897329 WASHER @#34x@13x3 6
4 154385 STEELBOLT M16x 60 FZB 8:8 6
5 862649 FITTING FOR SPINNER 3
6 156833 BEVELED HASIIER @13.00x@24.00x2.50 6
7 157775 LOCK NUT M12Z FIB 6
8 864781 WING DRACKET DRILLED V15/17 1
9 157317 HIEXAGON NUT M20 FZp 8:8 48
10 153443 STEELBOLT M20 * 70 FZB 8:8 48
11 860905 BLADE VESTAS 8. 5M 3
12 898880 DISTANCE BUSHING 5MM 0
12 898899 DISTANCE BUSHING 6MM 0
12 898902 DISTANCE BUSHING 7MM 0
12 898910 DISTANCE BUSHING B8MH 0
12 898929 DISTANCE BUSHING 9MM 0.
12 898937 DISTANCE BUSHING 24HM 0
12 898945 DISTANCE BUSHING 29HM 0
12 898953 DISTANCE DUSHING 34HM 0
12 898961 DISTANCE DUSHING 39MM 0
12 898988 DISTANCE DUSHING 44HM 0
13 134821 PRESSURE SPRING ¢#12x@53x410 FIB 3
14 897256 HASHER #54x$20.5%x3  RUSTPROOF 6
15 158038 HEXAGON NUT  M20 RRASS 3
16 158046 LOCK NUT o M20 RUSTRROOE 3
17 149225 PLAST PLUG GLIGO/ | . . 3
18 158765 WASHER NYLON 20 A @3s % 3 1
18 158769 HASHER NYLON @20 * p38 * 4 0
18 158785 HASHER NYLON @20 * g3B * 5 0
19 149225 PLAST PLUG GLIGO 3
20 ‘151033 ALLEN SCREW MK M Bx 20 RUSTPROOF 12
21 88323 COVERING, WINGROOT ; 3
22 151878 ALLEN SCREW MK K 6x 35 A4 NON CORROSI 3
23 156370 WASHER ST4.6 @25.0x@58, 0x7.0 48
24 158054 LOCK NUT M16 RUSTPROOF ‘6
P 898694 GUIDE BOLT M16 OKAER 6
‘26 898708 HARDENED STERL BUSHING @16. 2 OKAER 0
26 . 698864 HARDENED STEEL BUSHING $#16.5 OKAER ° 0
26 898872 HARDENED STEEL DUSHING ¢16.8 OKAER ]
27 897132 PIPE WITH GUIDE FACING, WELDED 3
28 156817 BEVELED WASHER #17.00x@30.00x3, 00 6
29 157759 LOCR NUT Mi6 F7iB 6

Poster udskrevet =

YESTAS ENERGY A/S

42
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Adresse
VESTAS ENERGY A
FOSTBOX 42

DK 6940 LEM
NENMAON

Blades 8,5 m

Clean the root flange for old paint and roughness before mounting
the blades.

= Turning + Turning
—_—

Mount the blades on the hub with M24 bolts. Do.not.tighten the.bolts
more than it is possible to turn the blades.

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

the wanted value (acc. to page

Contact Vestas service department if there should be any reason the
change the tip angle.

1© = 4,2 mn on the bladercotflange. “

- / TURNING

~ MARK ON ROOTFLANGE

+TURNING
MARK ON HUB

Teleion: Tetex. Tetoln Pasigwe, Bank. NS ron ™
*d5-7.340188 60733 45 T2 1484 1588508 AR ANGKORING AANK 65000
VESIAS DX 7650-200716-4
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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 with the prescribed torque.
1: 668 Nm
3: 668 Nm
1: 668 Nm
1: 668 Nm
Fig. 2
l
!
h )8
12
10"' {o 16
1 1
e > ot — 58—
L A
1
sl
|
Fig. 1 Fig. 3
Tighten the counter nut on the inside next, and at the same torque
as the bolts.
Torque = 668 Nm.
Adrosse. Telnfor: Tetox Tololas. POsIgO; Bank: ASimg m
g‘ﬁ;ﬁmv S 1 d5.7.341188 Sgts:lr:sm ddS- 7. 34144 1 6aR508 gﬂaﬁ:x&:ﬁ.lmn BSAn
g:nmu:l,)'ltru DEN DANSKE BANK

340314700 ¥
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=
Mounting 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.
Wind
VY
Rotation direction
- e
e o Hub_
= ST
N /
\ === i
(\
I/ o\ S
/// S
o Root flange - / //// A
Adrosan Tohston Trénw Tefelax Postgim Rank A'S reg. nr
\:)Sslllfk:;l;mv NS CA5.7-341188 xgt'!.‘sm A5 T- M4 1SARSDA A}&Hﬁ:‘ﬂru BANK 650
&wu NNPAN&.EM
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POS NR

1
2
3
4
5
6
7
8
9

%

V¥ 33
34
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AR DOX
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

A154660

A

> £ 114260

e

35

158968
862306
154164
156817
867373
156639
158844
867330
104418
155683

VESTAS ENERGY A/3
vV 17-90

ENG

GEAR 90KW SZ320 FLENDER 1:24.07
COUPLING FLANGE @60

COUPLING ELEMENT CF-A-140-G 625
COUPLING FLANGE ¢70

STEEL SETSCREW M30x 70 FZID 8:8
FACET WASHER H30 FiB
SCANNER DISC FZIB

HOLDER FOR SENSOR, GEAR FLENDER
HEXAGON NUT M24 GALV, 8

HASHER @25 x@47x8

COUNTER NUT M24 FIB
RECESS-HASHER 19/9MM (@25HH
THREAD-PIECE QUICK TIE BAR
PLATE, QUICK TIE BAR

STEEL SETSCREW M30x 60 FIB
RECESS-WASHER 19/9HM ¢330

STEEL SETSCREW M20x 60 FZB 8:8
RASHER $20.5 x@a7x8 FIZB

LOCK NUT H20 !
HOLPER, QUICK TIE BAR V17-US
MASHINE FOUNDATIOHN, READY FOR HOUNTING
PLATE SPRING ¢80.00x¢36. 00x3, 00
LOCK NUT M 4 FIB

BEVELED WASHER #4 HM FIB

FORK SCANNER DU10 (1425) 3H
HACHINE SCREW CHJ H 4x 25 FIB

R S

BEVELED HWASHER ¢17, 00x¢30, 00x3. 00
SCANHER, AT THE BIG GENERATOR
BEVELED HASHER 425, 00x@44. 00x4. 00
MACHINE SCREW CHJ M 4x 16 FZIB
HOLDER FOR SENSOR, GEAR FLENDER
SHRINK DISC 185-71

FACET WASHER M30 "FZB

ANTAL
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