amp i

Ampair® 6000 x 5.5

Own e Mamual

Installation
Operation

Maintenance

Ampair Energy Ltd

Unit 2, Milborne Business Centre, DT11 0HZ, Dorset, UK
Web: www.ampair.com

Tel: +44 (0)1258 837 266

sales@ampair.com

Ampair® is a registered trademark of Ampair Energy Ltd, manufacturers of small scale power systems since
1957.

© Ampair, 2010

Date: 6 August 2010 CD 2900
Issue: 1.2 Ampair"6 000 x 5.5 Owner 6s M&age hof 82


mailto:sales@ampair.com

amp iR

Date: 6 August 2010 CD 2900
Issue: 1.2 Ampair"6 000 x 5.5 Owner 6s M&age 2of 82



Table of amendments

amp i

Issue number

Amendment summary

Date

1.0

Initial issue

1 October 2009

11

Revised product weight, revised blade bolt torque settings,
revised dimensions for electrical control board, quick
installation checklist notes added.

6 August 2010

Date: 6 August 2010
Issue: 1.2

CD 2900

Ampair"6 000 x 5.5 Owner 6s M&age Zof 82




L INETOTUCTION . 7
2 Important safety INSTIUCTIONS .......ooiiiiiiiii e et e et e e e e e eeaaaaan s 8
2.1 DS UM .. 8
2.2 Symbols used in this MaNUAL...........coooii i e e 8
2.3 General safety INSITUCHIONS .........cuuiiii i e e e e e e e e e e earrea s 8
2.3.1  MOQIfICALIONS .....eeiieeiiiie ettt e e e r e e et e e e 9
2.3.2  MeChaniCal ANQEIS.........uuiii i e e e e e e et r e e e e e e eattrnaaeeeeaeanes 9
P T B I =Yoo= o F= g o =T £ 10
2.3.4  Dangers when mounting the wind turbine or working at height ................cccciieenn, 11
3 SPECIICALIONS ... 13
3.1 P OIMANCE ... 15
31D POWET CUIVE oottt ettt ettt e e ettt e e n e e e et et eerrn e neeeeeeennes 16
3.1.2  Annual energy produCtion CUINVE...........ccuiiiiiiiiiiiiiiiiiii e 16
3.2 TOWEE tOP OGS ...eeieiiiiiiiiiiiiiiie 18
4 Before INSLAllAtion ..........cooiiiiiiiiiiiii 19
4.1 TUMDINE MOEIS ..o 19
4.2 Choosing the correct turbine (grid or Dattery)..........coovevveiii i 20
4.3 BT L o1 =0 11 0] o P 20
4.4 L= Lo (] o 1 PP 20
4.5 ReCOMMENAEA tOO0IS ... 21
4.6 L0 g ToTo ] 1T 7= 0 [ Tor> 1 4[] 1P 22
4.7 ChOOSING @ LOWET ....coiiiiiiiiiii 23
4.8 Working with Your €leCtriCal ULIITY ............uuueuruiiiiiiiiiiiiiiiiiiiiiiibbiibbibbbeebb bbb eeeeeeeeeeeeeeeeeees 23
4.9 Working with your planning (zoning) autNOFLY ...............uevueuieeiiiieiiiiiiiiiiiiiieeee. 23
B INSEAALION ..o 25
51 Electrical INStallation ..o 25
o 00 000 R VA T T o o P 25
S5.1.2  INVEITEIS ..ot 25
o0 R T VYT =T 4 o 26
o0 I A 0o 1 ] o [=Tox 1o g JR=T=T o | U =T o Tl TS 26
LT I T €1 011 [o 1 o [ PSPPSRI 29
5.1.6  FUSING / CIFCUIL DIEAKET ... .ottt aaaeeenes 29
B.LL7  IMELEIING ceeiiiiiiiiiiiieeeeee e 29
5.2 Mechanical INSTAllAtION .........oooi i 29
5.2.1  Lifting the tUIDINE ....cooiiiiiiiiiiii 30
5.2.2  TOWEr tOP flANGE . .ccoiiiiiiiiiiiiii 31
5.2.3  Fitting the blades and NOSECONE ...........coviviiiiiiiiii 31
B5.2.4  TOIQUE tADIE c.coiiiiiiiiiiiii 32
5.3 =IO SRR 32
Date: 6 August 2010 CD 2900

Issue: 1.2 Ampair"6 000 x 5.5 Owner 6s M&agehof 82



I O] o 1T - i[o] [T PP PP 33
6.1 Starting aNd STOPPING . cevveun ettt e ettt e e e et et b e e e e e e tb e aaaaaane 33
6.2 SPEEU CONMION .o 33
6.3 Multiple redundant relay CONroIS..........ccoiieiiiiiiiiie e e e aaen 34

A\ =V (=T F= T (oo I= g o I Y o 1= Tod £ o] o S 35
7.1 Shutting down fOr MaAINTENANCE ........uuiii i e e e et e e e aeeaee 35
7.2 Annual OWNer ViSUal INSPECLION .......iiiiiiiiiiiiie e e e e e e e e e eeeraas 35
7.3 Actions in the event of @ MINOr MAlfUNCLION ........c.cvvvviiiei i 35
7.4 Actions in the event of a major malfunction ...........cccccceeiiii i, 36
7.5 Actions in the event of flying debris or flyiNng iCe.............uuuiiiiiiiiiiiiiiiiiiiies 36
7.6 TUMDING BCCESS ...oviiiiiiiiiiiiii 36
7.7 Turbine checks When acCessSIDIE ... 37

LT L = a1 VAR= 1o I = o - L PP PP TP TPPTRPRPRTRRRRRPIN 37

9 EIECtriCal AraWinNgS .......ccoiiiiiiiiiiiii 37

9.1.1 Single line drawing of Ampair 6000 grid connection at 220/240V with dump load and
AUOIa PVI G000 .....uuiiiiiiiiiiiiii e r e 38
9.1.2 Single line drawing of Ampair 6000 grid connection at 220/240V with dump load and
MW 5000 ...ttt e et e et et e e et et e e et et e et e e e et e e et e e e et e rn e e eern e aee 39
9.1.3 Block diagram of Ampair 6000 grid connection at 220/240V with dump load and Aurora
PV BO00. ...ttt et e e e et e e et et e et e e e et e et e e e et e rn e e rern e aee 40
10 Typical short monopole masts i Stainton and Valmont............ccccoooviiiiiiiiin e, 41
10.1.1 Drawings of monopole mast erection SEQUENCE .........coovvviiiiiiiii 49
10.1.2 Typical monopole foundation requirements Ampair 6000w X 5.5m ........cccccovveevreenee 51
11 Drawings for planning appliCations ... 53

1111 Stainton [/ Va lethsupporting lattice toweranith) Ampair 6000 x 5.5 ...54
11.1.2 Stainton / Valmont 12m (39086) self su.pjbor
11.1.3 Stainton / Valmont 15m (496) self supfbor
11.1.4 Rohn 606 (18m) self supporting..lat.t.i.c¥

11.1.5 Rohn 806 (24m) self supporting..l.at.t..cs

11.1.6 Rohn 1006 (30m) sel f s Amgrio60@0iIxH.5....1..a.t..t.i.%9e
11.1.7 Rohn 1206 (36m) self supporting..l.at.t.i.@e

11.1.8 Rohn standard foundations for self supporting lattice towers ............cccceoveeiiiiiiiinnnnn. 61
12 CE certificate of compliance for AMPAIr 6000 ..............uuuuuuuuuuueuiemiriiiiieierireeeeeerre.. 62
13 Use of unusual items: Nordlock washers, threadlock, cable grips .........ccccccccciiiiiiiiiiiii. 63
13.1 NOFAIOCK WASKEIS ...coeiiiiiiiiiiiiiiii 63
13.2  Medium strength thread lockers: Loctite 242 or BondloC 242 ........ccccocevvveeiiiiiniieeeieeiiiinnnn, 63
13.3  Cable grips (cable socks, strain relief grips, bus drop grips)......cccccccceiiiiiiiii. 65
14 S Eo (IS 1 1] T I U0 [=3 [T g T= 2 66
15 WinNd Speed @SHIMALION ......uuuiiee ittt e et e et e e e e e e abeaan s 67
15.1 USING @NEIMOMIEBLEIS ..ottt eeeee ettt e ettt e e e e e e e et bbb e e e e e e e e ee bbb e e e e e eeeenbannn s 67
Date: 6 August 2010 CD 2900

Issue: 1.2 Ampair"6 000 x 5.5 Owner 6s M&agesof 82



15.2  USING WINA ALIASES ....cetiiiii ettt e e e e e e e bbb e e e e e e eesaaaan s 67
15.3  Other correction factors and urban [0CatioNS .............ccevvviiiiiiiiiiiiiiiiee 69
1531 Microgeneration Certification SCheme...........o 69
15.3.2 WarWICK WING THIaL.....eeeiieeeiiii e 70
15.3.3 ENErgy SaViNGS TIUSE ..oieviiiiiii i et e et e e e e e e et s e e e e e e e e aaeaaaa s 70
15.34 CAIDON TIUSE ..cvveiiiiie et e s e e e e s e e e e e s s annnees 70
15.3.5 Altitude, Temperature, HUMIILY .........oooviiiiiiice e e 70
15.3.6 [T 1T Q=T To T P 70
15.3.7 Table of wind speed correction factors with height & terrain ............cccccccveeeniiieeenenn, 71
16 Turbine commissioning ChECKIISt ..........coooi i 73
17 TUDINE 10GDOOK ... 78
18 End user warranty registration Card ............cccccvvviiiiiiiiiii 79
Date: 6 August 2010 CD 2900

Issue: 1.2 Ampair"6 000 x 5.5 Owner 6s M&age 6of 82



ampai#
1 Il ntroduction

Thank you for purchasing an Ampair 6000 wind turbine.

Ampair has been producing high quality marine grade wind turbines for over thirty-five years, since
1973. All our turbines are made by us here in the UK in our own factory.

The Ampair 6000 is designed and manufactured to give you many years of trouble free power
generation. However as with any wind turbine reliable and effective operation will depend on where it
is located and how it is assembled and connected. Periodic monitoring, inspection and maintenance
are required. Furthermore there are safety hazards associated with all wind turbines and this is why
we ask that you read this entire manual carefully.
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2 Il mportantnsgdafuetty oins

Please read these instructions in their entirety before installing or operating and save these
instructions for future reference.

WARNING: Read and save all of these instructions.

A\

2.1 Disclaimer

The information in this manual is believed to be correct and reliable. However Ampair assumes no
responsibility for inaccuracies and omissions. The user of this information and product assumes full
responsibility and risk.

All specifications are subject to change without notice.

Wind turbines, electrical power and battery systems, and wind turbine mounting systems are all
capable of causing death or serious injury or fire if incorrectly installed, operated, or maintained. If in
doubt, ensure that all activities are carried out by trained and competent personnel.

2.2 Symbols used in this manual

WARNING:
g Warning: risk of injury or death 7 proceed with extreme caution

PROFESSIONAL:

EL Professional installation: highly recommended
IMPORTANT:

f Important: please take note

TIP:

@ Tip: helpful information

2.3 General safety instructions

Wind turbines are electrical machines with high speed rotating parts which are typically mounted at
height. Thus there are a variety of sources of potential hazards which can result in death or serious
injury. These dangers exist during installation, operation, or inspection and maintenance. This wind
turbine complies with international safety standards and therefore the design or installation must
never be compromised.
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2.3.1 Modifications

Do not make any modifications to the turbine system including the associated electronics and
mounting system. The only modification that is permitted is that the body of the turbine may be
repainted in another colour by painting over the top of the existing coating, but not the blades.

WARNING: Do not open the turbine body or inverter housing. Doing so without factory
E authorisation will invalidate the warranty.

Do not paint or otherwise modify the blades.
Do not modify the electrical system.

Do not modify the mounting system.

2.3.2 Mechanical dangers

The wind turbine and its mounting systems must be installed in accordance with this manual and
applicable local and national building code. Failure to do so will affect and possibly void your
warranty. Always obtain relevant planning consents or building permits before installation.

WARNING: Always install in accordance with this manual and applicable local and national

building codes.
A Always obtain planning consents or building permits.

The main dangers are the spinning rotor. The rotor blades are very sharp and can cause very serious
injuries even at low speeds or whilst stationary.

WARNING: Never touch the rotating rotor (the blades or hub) whilst it is moving.

A Never try to stop the rotor by hand.

Do not mount the rotor where people or animals can reach the area swept by the
rotor.

Wear protective gloves when handling the stationary rotor.

The rotor blades are made of glass fibre reinforced thermoplastic and other composites. They are
extremely strong and are designed to withstand severe weather. However the blades may break if
objects (e.g. ropes, branches, clothing, flying ice, other debris) enter the rotor. If this happens the
rotor will discharge very sharp fragments of blade and debris at high speed. Also any items that
become tangled in the rotor (such as ropes) will whip around unpredictably and with great force.

WARNING:  Avoid any objects entering the rotor.
A Never try to stop the rotor by throwing a rope or other object into it.

Shutthetur bi ne AOFFO i f ice accumul ates on
ice flying off blades.

Shut t he t uthéreisflgingfdéiskntseverd weather.
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In order to maximise aerodynamic efficiency and to minimise sound levels the rotor blades 6 t r a i

edges are very sharp. Handle these carefully and use gloves.

WARNING: Use gloves when handling the rotor and blades.

£\

Apply the proper torque and / or adhesive to all mechanical fasteners.

WARNING:  Apply the proper torque and / or adhesive to all mechanical fasteners.

£\

The wind turbine is free to swivel about the pivot. This means that even when the rotor is stationary it
can swivel and may hit or trap anybody who has approached the machine. The machine will not make
a noise as it swivels and such a blow can be with great force and little warning (especially in gusty
wind conditions).

WARNING: Prevent the machine swivelling before entering the radius of the rotor.

A Wear a safety helmet before entering the radius of the rotor.

2.3.3 Electrical dangers

The wind turbine and its electrical systems must be installed in accordance with this manual and
applicable local and national electrical code including grounding techniques. Failure to do so will
affect and possibly void your warranty. Always obtain relevant electrical consents before installation.

WARNING:  Always install in accordance with this manual and applicable local and national
electrical codes.

A Always obtain relevant electrical consents.

All electrical connections must be properly made. Apply the proper torque to all electrical fasteners.

WARNING:  Apply the proper torque to all electrical fasteners.

£\

The generator can produce very high open circuit voltages.

WARNING:  Avoid handling bare open circuit wiring tails unless the rotor is physically stopped
and the utility grid and/or battery system physically isolated.
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Very high charging currents can be experienced.

WARNING: Install cables with sufficient cross sectional area of conductor. Inadequately sized
E cables can rapidly overheat and create a fire hazard.

Install electrical components of sufficient voltage and current capacity at all points in
the circuit.

A battery must never be short circuited as the fault current is extremely high. If you do so there is a
serious risk that you will set the battery and cabling on fire, as well as releasing flammable and
potentially explosive gases (hydrogen) from the battery, and you will probably destroy the battery.

WARNING: Never short circuit a battery.

A Install fuses immediately adjacent to the wind turbine side of the battery (but not
within the battery compartment as the spark from a blowing fuse could ignite an
explosive hydrogen/air mixture).

Charging lead acid batteries releases flammable and potentially explosive hydrogen gas. Unsealed
lead acid batteries have vent caps to release this gas, which can detonate if it is mixed with air and a
spark is present (e.g. from a switch or a blowing fuse) or other ignition source (e.g. naked flame or hot
surface such as an exhaust).

WARNING: Provide sufficient ventilation to the battery compartment.

A Do not locate ignition sources within the battery compartment.

2.3.4 Dangers when mounting the wind turbine or working at height

Very careful attention must be given to the strength and integrity of the mounting. Note that the
mounting has to withstand both the thrust from the wind, as well as the weight of the turbine, and any
other loads such as accumulations of ice or loads during erection or maintenance. Only install on a
suitable mounting specified by Ampair or by a competent professional engineer.

WARNING: Only use adequately designed mounting systems.

A\

A fall from the height at which a wind turbine is ordinarily mounted will often result in death or serious
injury. Therefore whenever practicable carry out as much work as possible on the wind turbine at
ground level. If it is necessary to work on an installed wind turbine then use an appropriate access
system such as a mast that is desigmeedbdbdowcachyotheop
access system; a hydraulic lift or other safe working platform. Wear appropriate safety equipment and
make the general working area as a tidy and safe as possible. If possible work during daylight on
windless days. Above all else think carefully about what you need to do and plan your work carefully,
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have all the tools and equipment ready before you start, then brief all the members of the work team
thoroughly 1 including the actions in the event of an accident and/or injury.

WARNING:  Whenever possible work on the ground or deck, not at a height.
A Use safety harnesses, safety helmets, and safety slings, etc.
Use 6rmaatned6é6 | i fting equipment and acces
Work in daylight, on windless days (and in calm seas).

Keep the work area clear, plan your work, have your entire equipment ready, and
brief the team before starting the job.

Falling objects are potentially fatal. Do not step underneath hanging loads or folding/tilted masts.
Make sure that onlookers are kept back beyond the collapse radius of any masts. Ensure that any
suspended objects or tools are secured (e.g. by safety lanyards). Prevent onlookers from
approaching (e.g. erect a safety barrier and warning signs).

WARNING:  Secure any objects that might fall.

A Do not go underneath hanging loads and the work area; wear safety helmets.

Keep onlookers at a safe distance.

When working on the wind turbine, especially when working at height, it is important to make sure it is
first electrically safe. Therefore prevent it generating (use the stop switch and tie one of the rotor
blades to the mounting system or mast) and disconnect it from the battery system and/or electrical
utility supply.
WARNING: Disconnect all batteries and other power sources such as electrical utility supply.
A Prevent the generator from unintended starting.

Never approach the running rotor.

If the wind turbine were to collapse into water then it could electrocute people or animals in contact
with the water. Therefore do not mount it where there is any danger of it collapsing into water.

WARNING: Do not install this wind turbine where there is any danger of it collapsing into water.

A\
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3 Speci fications

PVI version MWI version
220/240 V AC grid-tie 48V DC battery charge
Reference power at 11.0 m/s (24.6 mph) 6000 W (into grid) 4600 W (into grid)

4800 W (into battery)

Power form 230 V AC, 50Hz 48 V DC
208 /240/ 277 V AC, 60 Hz 115V AC or 230V AC

Reference annual energy at 5.0 m/s (11.2 mph) 8500 kWh/yr

Type Horizontal axis downwind three-blade with stall control
Starting wind speed 3.0 m/s (6.7 mph)

Cut-in wind speed 3.5 m/s (7.8 mph)

Cut-out wind speed 15 - 35 m/s (33156 mph) (see note in section 6.2)
Survival wind speed Vref: design reference wind speed = 50m/s (111.8mph)l

Ve50: extreme wind speed = 70m/s (156.6mph)®

Maximum power 6000 W continuous to grid 4600 W continuous to grid
8000 VA surge (5s)

Maximum voltage

from turbine into interconnect unit 300 V,,,s AC 300 Vs AC
from interconnect unit into inverter 400 V DC 300 Vs AC
from interconnect/inverter into utility grid 240 Vs 240 Vs

Maximum current

from turbine into interconnect unit 20A.s per phase 20Ams per phase
from interconnect unit into inverter 25A DC 17As per phase
from interconnect/inverter into utility grid  32Ans 25Aims
Direction of rotation Clockwise looking downwind
Rotor swept area 23.74 m* (255 feet?)

! The Vref windspeed definition per IEC 61400-2 (ed2, 2006) is for the design reference wind speed averaged over 10
minutes.

2 The Ve50 windspeed definition per IEC 61400-2 (ed2, 2006) is for the expected extreme wind speed averaged over 3
seconds with a recurrence interval of 50 years. This is equivalent to the Vref definition used in EN40.
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Rotor diameter
Rotor speed

Tip speed
Generator output

Over speed control

Weight

Body construction

Blade construction
Generator type
Yaw control

Towers

Noise
Longevity

IEC 61400 class

Inspection

Environment

amp i
5.5 m (18 feet)
707 250 rpm
20 - 72 m/sec (65 - 236 ft/sec)
Three phase to interconnect unit

Electronic speed control or dump load control, plus triple
redundant relay brake

120 kg body + 36 kg blades = 156 kg total (344 Ibs)

Marine grade powder coated aluminium castings with
marine grade stainless steel fittings

Solid glass filled polypropylene (twintex ™)
Direct drive NdFeB permanent magnet brushless
Passive

10m, 12m and 15m tilt-up unguyed monopole
60 foot, 80 foot, 100 foot, and 120 foot unguyed lattice

Interface flange for any other suitable tower
54 dBA at 30m from turbine in 11 m/s wind
20-year design life in IEC 61400 Class | conditions

Designed to comply with IEC 61400-2 as a Class | turbine:
Vav: mean annual average windspeed = 10m/s (22.4mph)3
Vref: design reference windspeed = 50m/s (111.8mph)*
Ve50: extreme windspeed = 70m/s (156.6mph)°

Annual visual inspection from ground level

Continuous automatic monitoring

Marine grade

(all Ampair models are fully sealed marine grade with
stainless steel or powder coated aluminium components; we
do not make cheaper land grade products)

3 The Vav windspeed definition per IEC 61400-2 (ed2, 2006) is for the annual average wind speed at hub height of the turbine.

4 The Vref windspeed definition per IEC 61400-2 (ed2, 2006) is for the design reference wind speed averaged over 10
minutes.

° The Ve50 windspeed definition per IEC 61400-2 (ed2, 2006) is for the expected extreme wind speed averaged over 3
seconds with a recurrence interval of 50 years. This is equivalent to the Vref definition used in EN40.
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Temperature range

Conformity - general

Conformity - inverters

amp i

-20°C to +40°C ambient standard

-40°C low temperature (LT) version available on request

BS EN 61400-2 (2006): small wind turbines

BS EN 60335-1 (1994) safety of household appliances
LV Directive 73/23/EC: EU low voltage directive

EMC Directive 89/336/EC: EU EMC directive
Machinery Directive 98/37/EC

WEEE Directive 2002/96/EC

RoHS Directive 2002/95/EC

PVI inverter for grid connection per:
VDE 0126-1-1;
G83/ G59;
EMW 89/336/CEE
DK5940
EN 50438
UL1741
IEEE 1547.1

MWI inverter for grid connection per:

3.1 Performance

All specifications are hominal pending completion of the test programme.
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3.1.1 Power curve

All specifications are nominal pending completion of the test programme.

Wind speed (m/s) Wind speed (mph) Power (W)

0.0 0.0 0

1.0 2.2 0

2.0 4.5 0

3.0 6.7 50

4.0 8.9 300

5.0 11.2 500

6.0 13.4 1000

7.0 15.7 1500

8.0 17.9 2400

9.0 20.1 3200

10.0 22.4 4500

11.0 24.6 6000

12.0 26.8 6000

13.0 29.1 6000

14.0 31.3 6000

15.0 33.6 6000

20.0 44.7 See note in section 6.2
25.0 55.9 See note in section 6.2
30.0 67.1 See note in section 6.2
35.0 78.3 See note in section 6.2

3.1.2 Annual energy production curve

All specifications are nominal pending completion of the test programme.

Mean annual average wind speed
Annual energy

(m/s) (mph) production (kWh/yr)

0.0 0.0 0

0.5 1.1 0

1.0 2.2 0

1.5 34 26

2.0 4.5 226

25 5.6 732

3.0 6.7 1,583

3.5 7.8 2,802

4.0 8.9 4,399

4.5 10.1 6,335

5.0 11.2 8,507

5.5 12.3 10,757

6.0 13.4 12,921

6.5 14.5 14,867

7.0 15.7 16,509
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3.2 Tower top loads

amp i

The thrust loads in the table below do not include a safety factor. Ampair recommends a minimum

safety factor of 1.5 for most circumstances.

Wind speed
(m/s)

4.0
5.0
6.0
7.0
7.5
8.0
8.5
9.0
10.0
11.0
12.0
13.0
14.0
15.0
20.0
25.0
30.0
35.0
37.5
40.0
42.0
42.5
45.0
50.0
52.0
55.0
60.0
65.0
70.0

Wind speed
(mph)

8.9
11.2
13.4
15.7
16.8
17.9
19.0
20.1
22.4
24.6
26.8
29.1
31.3
33.6
44.7
55.9
67.1
78.3
83.9
89.5
94.0
95.1

100.7
111.8
116.3
123.0
134.2
145.4
156.6

Thrust

(kN)
0.20
0.32
0.46
0.63
0.63
0.82
0.82
1.03
1.28
1.55
1.21
1.13
1.09
1.07
0.43
0.68
0.98
1.33
1.52
1.73
191
1.96
2.19
2.71
2.93
3.28
3.90
4.58
531

Thrust

(Ibs)
46
72

103
141
141
184
184
233
287
348
271
255
246
241
97
152
219
298
343
390
430
440
493
609
659
737
877
1,029
1,194

Notes re IEC 61400 definitions

Vav for Class Illl wind (mean annual average at hub height)

Vav for Class Ill wind (mean annual average at hub height)

Vav for Class Il wind (mean annual average at hub height)

Vav for Class | wind (mean annual average at hub height)

Vref for Class IV wind (10 min average)

Vref for Class Il wind (10 min average)

Ve50 for Class IV wind (3 sec gust, 50 year recurrence)
Vref for Class Il wind (10 min average)

Vref for Class | wind (10 min average)
Ve50 for Class Il wind (3 sec gust, 50 year recurrence)

Ve50 for Class Il wind (3 sec gust, 50 year recurrence)

Ve50 for Class | wind (3 sec gust, 50 year recurrence)

The notes given refer to the IEC 61400 definitions of wind classes which is different than the wind
class system used for resource assessment in the USA.
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4 Befomset al | ati on
4.1 Turbine models

Instructions in this manual apply to the following models which you must specify at the time of order,
notifying Ampair of voltage, frequency, and country of use® ’ &

Turbine Blade Nominal Frequency Nominal Inverter
diameter utility battery
voltage voltage
Ampair 6000 x 5.57 PVIi 60Hz 55m 240 V AC® 60Hz none PVI
Ampair 6000 x 5.57 PVIT 50Hz 55m 230 V ACY 50Hz none PVI
Ampair 6000 x 5.5 MWI 1 50/60Hz 55m 230V AC 50/60Hz 48V DC MWI
Ampair 6000 x 5.5 MWI i 50/60Hz 55m 115V AC 50/60Hz 48V DC MWI

® The PVI inverter can be adjusted between 208V, 230V, 240V, and 277V. These are nominal
voltages and the PVI inverter will track the actual utility grid voltage within a range around these
nominal voltages. The permissible range is controlled by software parameters. The permissible
voltage ranges are quite wide and for example nominal 230V can also be written 220/240V and in the
European Union the grid operator is allowed to vary the grid voltage either between 207.0V-243.8V or
216.2V - 253.0V. From this you can see that one should not be so concerned about precisely
determining voltage as electrical equipment and systems are designed to operate over a range. In
most USA housing the utility connection is either two (or three) phases of 208V or split phase
220/240V or 277V but within the houses they are wired so thatdomest i ¢ equi pment wusing Al1l
will operate and this is why there is no need for a 110/120V version of the PVI. See
http://en.wikipedia.org/wiki/Mains _electricity for information on world grid voltages and frequencies.

" The PVI inverter cannot automatically switch between 50Hz and 60Hz and this must be set in the
factory during manufacture. These are nominal frequencies and the PVI inverter will track the actual
utility grid frequency within a range around these nominal frequencies. The permissible range is
controlled by software parameters. The permissible frequencies are quite narrow but fortunately these
days there are only two options in widespread use being 50Hz (Europe) or 60Hz (North America).

8 The MWI inverter can automatically switch between 50Hz and 60Hz but it cannot automatically
switch voltages between nominal 230V and nominal 115V. It is mainly for off-grid and third world use.

° This version is listed as nominal 240V, 60Hz for use in North America, Central America, Taiwan,
Korea, and Japan etc and the local grid voltage is programmed through the front screen. The voltage
range options are as follows:-

208V = 183-228V
240V = 211-264V
277V = 244-304V

1% This version is listed as nominal 230V, 50Hz for use in the European Union, Australia, Asia, Africa,
Mercosur, etc and the local grid voltage ranges are programmed at manufacture to suit the country.
The typical voltage range options are as follows:-

G83/1 = 207-264V
EN50438 = 207-253V
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For many countries the utility connection parameters must be set in the factory and cannot be
modified by the user or installer and for this reason Ampair denotes country-specific versions, with a
country or other code, e.g.:

Ampair 6000 x 5,51 PVIi 240V - 60Hz 1 US
Ampair 6000 x 5,51 PVIi 230V - 50Hz 1 UK

A low temperature version of the Ampair 6000 is indicated by the suffix of T LT after the country code:
Ampair 6000 x 5,57 MWI 1 230V i 50/60Hz T AQ 1T LT

A IMPORTANT: If you have questions call your distributor or Ampair before ordering.

4.2 Choosing the correct turbine (grid or battery)

If you are connected to an electrical utility grid and do not experience many inconveniencing utility
power failures then the PVI models will probably be most appropriate for you. The PVI models do not
work with batteries and so will not be able to power your premises in the event of a utility power
failure, even if the wind is blowing. Because they do not work with batteries you do not need to carry
out any battery monitoring, maintenance, and replacement.

If you are not connected to the electrical utility grid then the MWI models are almost certainly
appropriate for you. These can connect to 48V battery systems and operate a local 230V grid or a
115V grid so that you can use normal 230V or 115V appliances. You will need to carry out routine
battery monitoring, maintenance, and replacement. Batteries are not included with the turbine.

If you are connected to an electrical utility grid but experience many inconveniencing utility power
failures then the MWI models may be appropriate for you. The MW!I inverter will connect to the utility
grid and operate a local grid and can switch between these two modes to provide a limited
uninterruptible power supply (UPS) facility, provided that it is also connected to a suitable 48V battery
system. However the MWI inverter is not accepted for connection to the utility grids in all countries
and areas so you must consult your local utility operator before choosing this. The MWI tends to be
used in the developing world where there are no specific grid connection requirements. You will need
to carry out routine battery monitoring, maintenance, and replacement. Batteries are not included with
the turbine.

The PVI model and the MWI model use the same turbine nacelle which is the most expensive part, so
it is possible to convert the system from the PVI layout to the MWI layout or vice versa at a later date.

4.3 Turbine options

No options are offered at present. In the future we may offer lightning packages (other than the
standard lightning rod and lightning bonds), multi-phase connection packages, and remote monitoring
packages.

Early units are supplied with remote monitoring packages that include an industrial mobile telephone
(GSM / GPRS) and antennae and wind speed & direction sensors. These units also report the
internal control parameters and report system performance to the Ampair server so that they can be
monitored online. Separate instructions are provided for this.

4.4 Packing list

The Ampair 6000 x 5.5 is shipped on one standard pallet with a separate box for the blades which
you should inspect on receipt for damage or missing parts. This should be done before the carrier
departs and any damage informed immediately.

Box one: rotor blades
Shipping dimensions: 275x35x30cm (1080 x d 40 x 12
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Shipping weight:

Contents:

amp i
60kg (132 Ibs)

3 x rotor blades each approx 2.7m long

When you receive the blades carefully inspect them for cracks or
other damage from shipping. The most likely time for damage to
occur is during transit. Once inspected store them carefully until use.

Box two (pallet): inverter and interconnect unit + turbine + transformer + ginpole sling

Shipping dimensions:
Shipping weight:

Contents:

80x120x110cm (3206 x 4H70 x 43
250kg (551 Ibs)
1 x inverter
1 x interconnect unit
1 x turbine generator assembly complete with:
1 x hub
1 x nosecone
1 x power cable connector set
1 x instrumentation cable connector set
3 x nosecone bolts (socket head cap screw M5 x 25)
15 x blade bolts (socket shoulder screw M10-12 x 80)
8 x yaw flange bolts (M16 x 70)
8 x yaw flange nuts (M16 full)
16 x yaw flange washers (M16 plain)

Medium strength threadlock compound
(Bondloc 242, Loctite 242, or equivalent)

45 Recommended tools

You will need the following tools (which are not supplied) to install the Ampair 6000 on the tower
and to make the wiring connections to the power electronics. You may also need other tools for tower
assembly and for field-installation items such as trenches and utility connections. The spanners and
torque wrenches used for the tower base are rather large so you may choose to hire these and it is
recommended that you check which tower you have and read the particular tower instructions
carefully before hiring unnecessarily:

1 Spanners

(turbine: 24mm=M16)
(tower: 36mm=M24; 46mm=M30)

1 Allen (hex) keys

(turbine: #4=M5; #8=M10)

1 Torque wrench
(turbine: 5-250Nm)

(tower: 700-1400Nm))

Slotted (flat) screwdrivers
Phillips screwdrivers

Ring terminal crimp tool
Wire strippers and cutters

Multimeter

= a4 -4 -4 -—a -2

Griphoist
(3.2t SWL; depends on tower)

1 Sockets for torque wrench

(turbine: 24mm=M16)

(tower: 36mm=M24; 46mm=M30)
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4.6 Choosing alocation

Where and how to mount a wind turbine is critical. The consequences of selecting a poor location can
be unsafe operation, poor reliability, and low power output i or all three. As well as reading these
guidance notes, if in doubt please consult Ampair or your distributor for advice.

The wind turbine should be sited as high as practicable, clear of windbreaks or buildings and away
from sources of turbulence. These conditions are shown diagrammatically below.

e
»> u >

L
L o f—

=1 Baeolas

Good Fig 1. Bad

The taller the tower the more energy will ordinarily be produced and for this reason many people
emphasise the need for tall towers. However the taller the tower the more expensive the total
installed cost because of the additional cost of the tower and of larger foundations and excavations.
There are also aesthetic and acoustic considerations which may influence planning permission. For
this reason you will need to use judgement when selecting the appropriate tower height.

WARNING: Before a wind turbine is installed in an excessively windy location, the operators
must satisfy themselves that the site is suitable. It may be necessary to log site wind
A speed and direction data at various heights prior to installing the machine.

Any indication of turbulence means that the generator should be re-sited or raised
above the turbulence. Wind data must be from exactly where the turbine is to be
sited, not merely close by.

If possible avoid roof-top mounting which can give rise to turbulence, shock loads
and vibration. If roof-top mounting is selected then ask Ampair for advice.

Our preference is to site the turbine approximately twice the height of the nearest obstruction if close
to an obstruction, or alternatively to site it about 10m (33 feet) above any obstruction within a 75-
100m (200-300 feet) radius.
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4.7 Choosing atower

The Ampair 6000 can be mounted on a variety of tower types provided they are either supplied by
Ampair for this purpose, or they meet the tower load specifications provided by Ampair and are
designed by a professional engineer and comply with local and national building codes.

The minimum tower height that Ampair recommends is 10m (33 feet) and a tower this short should
only be considered in a windy location with very few obstructions, or where there are severe planning
sensitivities. Normally towers are in the range of 15m to 30m (50 to 100 feet), although towers of 40m
(130 feet) are used if there are tall trees or other obstructions.

Towers may be monopole or lattice, and may be guyed or unguyed. Also they may be designed to tilt
down for installation and servicing, or they may be fixed and need the services of a crane or a work
platform for installation and servicing.

An advantage of guyed towers is that they use less foundation than unguyed towers and so are often
cheaper. Disadvantages of guyed towers are that they obstruct more land than unguyed towers and
the obstructed land is not ordinarily compatible with vehicle movements, children, or livestock.

It is generally a matter of local preferences and local fabrication capabilities as to whether monopoles
or lattice towers are used. Monopoles can either be of the welded pipe and flange variety, or can be
highly engineered stressed skin constructions using folded or extruded fabrications.

It is important to make sure that towers are designed and manufactured to suit your local
environmental conditions such as increased loads from icing; or increased corrosion from marine
locations, salt pans or industrial pollution.

4.8 Working with your electrical utility

Before committing to purchase of a wind turbine that you intend to connect to the electrical grid we
strongly recommend that you or your installer contact your electrical utility provider to confirm that this
is acceptable. The names for the grid operator vary from country to country and the legal
responsibilities vary as well. In the UK the company who sells you electricity is often not the company

who operates the electrical distribution network. | n t he UK the term 6distribution

used but in many other countries a single electrical utility operates the network and sells electricity.

The grid-connected version of the Ampair 6000 uses the PVI inverter that is certified for grid
connection in most countries of the world. In some countries it is a legal requirement to notify the
authorities before connection; in other countries notification is required after connection.

The PVI inverter will export excess power if the turbine is producing more power than you are
consuming. In most countries you will be paid for exporting electrical power to the grid but the details
of this vary from country to country, and from state to state. Thi s i s someti mes

meteringd or as Omicr ogiem etraartiifofnsé&.ari ffsdé or as

The MWI inverter can also export excess power to the grid but it is not certified for connection to the
grid in as wide a range of countries. However it can be used as an inverter in the off-grid mode even
where grid connection is not permitted. See section 4.2 for further information.

Your utility may ask for certificates of compliance regarding the PVI or MWI inverter supplied with the
Ampair 6000. These can be downloaded from the Ampair website www.ampair.com . If you cannot
find what you are looking for on the Ampair website please contact Ampair or your Ampair distributor.

4.9 Working with your planning (zoning) authority

Some local authorities require planning permission to erect small wind turbines or indeed many other
structures. This may or may not be distinct from a building permit. This is not required in all countries
or all states or planning (zoning) authorities. We strongly recommend that you or your installer contact
your local authorities to discuss any requirements prior to purchase.

Many drawings of the Ampair 6000 on a variety of towers and at various scales are available for
download from the Ampair website www.ampair.com . A selection of drawings are included in this
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instruction manual. If you cannot find what you are looking for on the Ampair website please contact
Ampair or your Ampair distributor.
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5 1 nstall ati on

The Ampair 6000 is designed for easy installation and no special training or knowledge should be
required beyond the normal electrical and mechanical trade skills. However Ampair recommends
installation by professionals.

EL Professional installation: highly recommended

This section deals with the mechanical and electrical installation of the turbine nacelle and the
associated power electronics. It does not deal with the installation of a particular tower or mast. Each
tower type requires different installation instructions and these are addressed in the Appendices.

The Ampair 6000 system includes a dedicated circuit breaker and a dedicated power meter within the
Ampair interconnect unit. Depending on your local electrical utility requirement you may or may not
need to install a separate circuit breaker and/or second meter.

The Ampair 6000 system includes special inverters and safety systems that will brake the turbine and

di sconnect it from the wutility system if a fault is de
can work safely to repair any faults in the utility lines without risk of the lines being energised by the

Ampair 6000. Because of this the defaut mode of the Ampair 6000 is in O6brak
shaft will be difficult to turn.

5.1 Electrical installation

5.1.1 Wiring

The Ampair 6000 includes an inverter and an interconnect unit as well as the nacelle assembly. Refer
to the single line diagrams in section 9 that relate to your model, either the PVI or the MWI version.
The drawings in section 9 are for reference and may be modified and submitted for approval to your
local electrical utility or planning authority.

WARNING
For your safety, make sure power is turned off before working on any and all
A electrical connections.

IMPORTANT It is extremely important that the installation is in accordance with local and national
building and electrical codes as specified by the NEC (USA National Electrical
A Code), CEC (Canadian Electrical Code), UBC (Uniform Building Code) or IBC
(International Building Code).

These codes will vary from city to city and country to country.

Professional installation: highly recommended especially so as to comply with
applicable local or national building and electrical codes.

5.1.2 Inverters

The inverter in the PVI model is suitable for connection to electrical utilities in almost all the world as
discussed in section 4.2. As described in section 3 it is compliant with:

VDE 0126-1-1, EMW 89/336/CEE UL1741
G83/Gbh9; DK5940 IEEE 1547.1
Date: 6 August 2010 CD 2900
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EN 50438

The inverter in the MWI model is not certified for connection to electrical grids in as wide a range of
countries. If in doubt about suitability for a particular country please contact Ampair or your local
Ampair distributor.

Certificates for the PVI and MWI inverters are available for download on the Ampair website and may
be submitted to your local electrical utility or planning authority.

5.1.3 Wire sizing

There are two cables which run between the turbine head assembly and the inverter. One of these
cables carries the generated power and the other carries the instrument data signals and auxiliary
24V DC power. Each cable must contain three conductors and the minimum gauge of each conductor
is given in the table below.

Length (m) Power cable gauge in copper Instrument cable gauge in copper
40 m 2.5 mm? 0.5 mm?

70 m 4 mm? 14 AWG 0.5 mm?

100 m 4 mm? 12 AWG 1.25 mm?

200 m 6 mm* 10 AWG 2.5 mm? 14 AWG
300 m 10 mm?® 8 AWG 2.5 mm? 14 AWG
400 m 16 mm* 6 AWG 4 mm? 12 AWG
500 m 16 mm® 6 AWG 4 mm? 12 AWG
600 m 25 mm* 4 AWG 6 mm* 10 AWG
700 m 25 mm® 4 AWG 6 mm?® 10 AWG

Copper conductors must be used. This table is based upon 6000W power production (being 20A per
phase into the inverter) combined with maximum power carrying capacity for the shorter distances,
and a maximum 10V per phase voltage drop for the longer distances of the power cable. The data
cable is based on 2V per conductor voltage drop, i.e. 4V drop for go and return.

Thicker conductors can be used if you choose. The maximum wire size that can be connected to the
power cable connector underneath the turbine flange is 10 mm? (8 AWG) and so if a larger wire size
is required because of the installed distance then a junction box should be fitted close to the base of
the tower to enable transitioning to the preferred wire size. This junction box is also a convenient
point for transitioning to steel wire armoured cable (SWA) for buried cable runs, and is also a
convenient point for making connections to ground. If unarmoured cable is used a separate earth
conductor must be included on the power cable, i.e. it must be four conductors.

The cable that runs down the tower should include an earth conductor that is connected to the ground
at the base of the tower.

5.1.4 Connection sequence

WARNING
For your safety, make sure power is turned off before working on any and all

A electrical connections.

It is suggested that the connections are made in the following sequence:
1. Connect turbine power and instrument cables to interconnect unit.
2. Connect inverter to interconnect unit.

3. Connect dump load to interconnect unit (if used).
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4. Connect utility mains to interconnect unit.
5. Connect battery bank to interconnect unit (if used).

6. Connect turbine and tower.

5.1.4.1 Inverter & interconnect connections
Refer to the drawings of section 9 for the details of the wiring layout.

Ampair now ships the Ampair 6000 interconnect/dump load/inverter pre-wired on a board that is
1100mm wide by 1000mm tall (with a max depth of 240mm). The wiring from the turbine terminates
at the interconnect box. The instrument cable uses clamp connectors. The power cable and
instrument cable armour should be stripped back and taped up with electricians insulating tape
without connecting the armour to the chassis of the interconnect unit.

Connect the dedicated two pole circuit breaker (RCBO) of the interconnect unit to the isolation
transformer provided taking care to match the available tapping (220/230/240) to the grid supply
voltage at the site. Connect the tapped side of the transformer to electrical utility mains at the
distribution board, breaker panel, or consumer unit. Thi s i s pobdic suppdy efmergency

isolationo .
(N
L \
Allow
/™ 10cm
access to
this side of
inverter for

uUsB
diaanostic

-~

T
“l““'””““ mouithave
{11 FRPAYNT TV 11 e
ARRRLEEEERRRR
L

PVI 6000
inverter

AURORA

100 cm

Interconnect
unit + GPRS M

aerial

The dump load must be adequately ventilated, if necessary it can be removed from the pre-wired
board and moved to a ventilated location. If the dump load is sited outside it must be adequately
protected from the elements whilst still maintaining adequate ventilation. The inverter is 800mm tall
and 240mm deep. Allow at least 50mm above the inverter and 150mm below the inverter to lift it into
and out of location and to install conduit. The interconnect unit is not as deep or as tall as the inverter.
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All cabling should be implemented in accordance with local codes and ordinarily these require that
cabling is armoured (SWA, steel wire armoured), or is run inside trunking or in conduit. The picture
above is unusual in that it is deliberately without conduit or trunking for clarity.

The run/stop switch on the interconnect unit is lockable and the system may be isolated either by
removing the fuses from the interconnect unit or by the two pole RCBO on the interconnect unit.

In some countries all electrical meters are located outside the building. Some installations will require
a visible lockable disconnect switch located next to the external electrical meter** and/or at the base
of the tower. These disconnect switches can be utilized by your local utility in the event of a power
outage to ensure no voltage is placed on the utility line during repair. If this is required it is extremely
important to install in accordance with local and national regulations.

5.1.4.2 Turbine & tower connections

The turbine is supplied with a Buccaneer connector on the generated power cable and an Ecomate
connector on the instrument cable that emerge from the bottom of the pivot. The mating Buccaneer
and Ecomate connectors are also supplied with the turbine.

Make up your power cable and instrument cable into the mating Buccaneer and Ecomate connectors
being sure to observe the minimum wire sizing of section 5.1.3. Take care that the cable strain reliefs
in the connectors are firmly gripping the cable. The pins of the connectors and the wiring colours are
given in drawings of section 9 and are:

Power cable = Buccaneer connector

L1 = brown

L2 = black
Buccaneer connector

L3 = blue

(generated power cable)

L4 = earth (green & yellow)

Instrument cable = Ecomate connector
pin 1 = 24V (red)

pin 2 = 0V (black)

Ecomate connector pin 3 = signal (green)

g (instrument cable)
B\ | pin 4 = unused

In tall masts the hanging cables should be supported using a cable strain relief also known as a cable
grip or cable sock. These are supplied (see section 13.3) and should be fitted as part of the connector
installation.

In tall monopole masts foam pipe insulation can be cut into collars and put around the cable to stop
the cables slatting against the inside of the masts as they sway in high winds.

At the base of the mast transition from unarmoured cable to armoured cable in a metal junction box.
The armoured cable then runs to the remotely located inverter and interconnect unit. It is at the tower
base junction box that the earth of the power cable should be connected to the tower earth system.
The armour of the armoured cables should also be grounded to the earth of the tower ground system
at this junction box.

" There is no requirement for an external lockable disconnect switch in the UK electrical code
(BS7671, also known as the IEE Wiring Regulations). It is a local requirement in some USA cities.
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5.1.5 Grounding

System grounding in accordance with local electrical codes is the responsibility of the installer.
Ampair recommends the following practice:

1. The nacelle power cable has a ground conductor that should be taken to ground at the tower
ground system.

2. The nacelle pivot should be grounded to the tower top flange; the tower base flange should
be grounded to the tower ground system.

3. The armour of the armoured power cable and the armoured instrumentation cable should be
connected to the tower ground system.

4. The armour of the armoured power cable and the armoured instrumentation cable should not
be connected to interconnect unit. The intent (insofar as practicable) is that the tower ground
system acts as the path for any lightning strike.

5. The interconnect unit and inverter are connected to each other by the 240V earth conductor
which is also connected to the earth of the 240V distribution board.

In case of conflict between local or national electrical codes versus the Ampair recommended
practice then the local or national electrical code must be given priority. If in doubt contact Ampair or
your local Ampair distributor.

5.1.6 Fusing / circuit breaker

The single phase circuit that comes from the interconnect unit should be connected to the utility

M

supply at the consumer uni-t in a dedicated circuit wus
(MCB) or motor-r at ed f use. I't is possible to use a 6B6 type
will be experienced on initially powering up the circuit due to the large capacitance in the interconnect

unit and inverter.

The Ampair 6000 interconnect unit incorporates a 40A 30mA two pole (single pole and neutral;

SP+N) residual current breaker with overload (RCBO) in the single phase connection to the utility

suppl y. On the front cover of t public supplye emergenaye c t uni t

isolationd An RCBO is a combination of an RCD and an MCB. An RCD is a residual current device
that senses small leakage currents that are too small to trip a conventional circuit breaker and which
act very fast so as to preserve life. In the United States and Canada an RCD is called a GFI which
means ground fault interrupter. An MCB is a miniature circuit breaker that protects an electrical circuit
from damage caused by overload or faults and an MCB is resettable unlike a fuse.

5.1.7 Metering

The Ampair 6000 interconnect unit incorporates a single phase electrical power (kWh) meter. This is
an EN 50470 meter that is approved by Ofgem™. Accuracy is to EN 62052-11 and EN 62053-21 as a
Class 1 meter.

In some locations it may be a requirement that a separate and additional meter is fitted.

5.2 Mechanical installation

Install the tower or mast, and then pass the electrical cables through the mast. Make up the electrical
connectors (plugs & sockets) on the cable as described in section 5.1.4. Fit a cable strain relief below
each connector to take the weight of any suspended cable. These are sometimes called cable
stockings or cable socks.

Then offer up the Ampair 6000 to the tower top flange. How you do this will depend on whether you
are using a tilt down (hinged) tower or whether you are using a fixed tower that requires the use of a

12 Ofgem are the regulator of the UK gas and electricity industry.
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work platform or equivalent for access. See section 10 for instructions for erecting short monopole
towers.

In both cases first unpack the turbine and remove the fibreglass nose cone and set it safely to one
side. Check the fit of the blades in the pockets in the hub and note that the holes in the hub for the
blade bolts will only allow the blades to be installed one way around.

5.2.1 Lifting the turbine

The turbine is heavy and mechanical assistance is recommended to lift it safely. It may be lifted three
ways:

1. Larksfoot a soft sling around the mid point of the body. This way is best if you wish to lower
the turbine vertically onto the tower top flange.

2. Generator shaft pin. There is a hole at the end of the generator shaft which a pin can be
passed through and used for lifting with a sling. This way is best if you wish to offer the
turbine up to a horizontal tower flange.

3. Larksfoot a soft sling around the base of the tower top flange. This way is less useful for
assembly purposes and care must be used as the turbine will tip and slew to an odd angle as
it is lifted clear.

If using a tilt down mast the simplest and safest way to offer up the turbine to the tower top flange is
to transport the turbine to site on a cart or trailer. Lay the turbine on its side on the cart with the pivot
flange clear. Adjust the height of the tower to match the turbine. Mate the power connectors and then
gently slide the pivot flange and tower top flange together taking care not to trap any cables and
connectors. Insert a few pivot flange bolts with their washers and nuts then raise the turbine and mast
together to a convenient working height and insert the remainder of the tower top flange bolts.

A similar procedure is used if lowering the turbine vertically onto the tower top flange. Care must be
taken not to trap any cables and connectors.

Once all the tower top flange bolts are in place they must be correctly torqued in accordance with the
table in section 5.2.4. For added security Loctite 242 should be used and a witness mark scribed on
flange and fasteners (use paint or an indelible marker) so that it can easily be seen whether any nuts
or bolts are moving in service.
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5.2.2 Tower top flange

The pivot flange is a standard 125mm nominal
BS4504 NP10/16 plain flange which is a DIN
specification.

Dimensions:
PCD =210mm
OD = 250mm
ID =170mm

thick = 22mm in carbon steel

@250

holes = 8
hole dia = 18mm
bolts = M16 x 70

5.2.3 Fitting the blades and nosecone

The wind turbine blades are shipped with a protective strip on the trailing edge. The trailing edge is
very sharp and it is best to leave this protection on the blades until the last moment. At all times use
protective gloves when handling the blades as they are essentially large heavy knives.

Once the turbine nacelle is firmly fitted on the tower insert each blade into the matching blade pocket
in the hub. When correctly fitted the blades should angle away from the tower and all five blade bolts
should pass smoothly through the hub and blade. These bolts are a very snug fit so that the blade
does not slop around in service and if absolutely necessary the holes can be gently reamed with an
M12 drill. They are shoulder bolts so the thread at the end of the bolt does not carry the load. The pin
formed by the main shaft of the shoulder bolt is what carries the load. The centre bolt of each blade is
offset so that a blade cannot be installed backwards.

Insert all shoulder bolts into all blades before tightening any bolt and then one by one add Loctite 242
to the thread of each shoulder bolt then tighten them securely. Torque them per section 5.2.4.

Lastly slip the fibreglass nosecone over the blades and fasten in place with socket head cap screws
and Loctite 242.
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If running in rime icing conditions it may be preferred to trim the fibreglass nosecone away flush with
the hub so that there is least opportunity for rime ice to bridge the gap and freeze the turbine solid.
There is no point in trimming further away as the hub itself cannot be trimmed. Trimming like this only
affects the look of the turbine and does not affect the normal function.

5.2.4 Torque table

Item Quantity Description Recommended Security
dry torque

Tower top flange to 8 M16 x 70 32 Nm Loctite 242

pivot flange bolts (plain bolts, nuts, washers)

Blade bolts 3 blades M10-12 x 80 15 Nm Loctite 242
5 per blade (socket head shoulder bolt)

Nose cone bolts 3 M5 x 25 6 Nm Loctite 242

(socket head cap screw)
5.3 Testing

If you have installed the Ampair 6000 on a tilt-down tower it can be function tested before tilting up
the tower. Once all the electrical and mechanical installation steps of section 5.1 and 5.2 have been
completed then turn the power off at the two pole RCBO on the interconnect unit.

1.

Attempt to rotate the rotor shaft by turning the blades gently by hand. It will turn slowly but will
be difficult to turn. You must be careful when you do this as the blades are very sharp. You
must make sure people and livestock are kept clear and you must wear gloves.

Check that the fuses are all correctly inserted. Now turn on all power going to the Ampair
6000. Turn on the MCBO ma r k pudlicBupply emergency isolationo on the interconnect
unit; switch the run/stop switch ma r k withd téirbine isolatord on the interconnect unit to
6runbod,; and turn on the breaker or MCB or
breakers or switches. A small light should come on the power meter on the interconnect unit.
Wait approximately 1 minute. If you listen carefully you should hear some quiet clicks from
the nacelle and from the interconnect unit.

Attempt to rotate the rotor shaft by turning the blades gently by hand. If assembled and
connected correctly, it should spin easily. Be careful as those blades are dangerously sharp.

Now prove that it will stop. Turn the run/stop switch on the interconnect unit to stop and it
should stop. Then turn it back to run and it should rotate easily. Then turn off the MCBO
switch and it should stop. Then turn the MCBO back on and try the distribution board switch
or any other switches you have put in the circuit. In all cases shutting off the electrical power
should cause the turbine to come to a stop.

If the turbine does not spin freely after this test then check carefully for loose or disconnected
wires and check against the circuit diagrams that it is connected correctly. Repeat the test
until you are successful and on no account seek to make any modification inside the turbine,
inverter, or interconnect unit.

Complete the commissioning check list of section 16, signing off each stage as you go.
Afterwards send a copy to Ampair.

Fill in the warranty registration card at section 18 after the turbine is installed and mail or fax
a copy to Ampair.
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6 Operati on
6.1 Starting and stopping

To start the Ampair 6000 ensure that the mains power is on to the interconnect unit and that the

MCBO on the interconnect unit ma r k pudlicupply emergency isolationois switched on. After a

short delay of no more than one minute, the turbine and interconnect unit will complete an electronic
6handshaked and then the turbine orsun/sherasditch ntakkedst ar t . Se
fivind turbine isolatoroto run and if there is sufficient wind the turbine will rotate.

The turbine will commence rotating at a wind speed of approximately 3.5m/s and once it is rotating it
will continue to rotate down to wind speeds of approximately 2.5m/s. Once the inverter has
synchronised with the utility grid it will produce power until it stops but until the inverter it has
synchronised with the utility grid it will require approximately 3.5m/s to achieve synchronisation.

When the turbine rotates fast enough the inverter will wake up and attempt to synchronise with the
utility grid. There is a minimum time for this to occur depending on the regulations in each country - it
tends to vary between one minute and five minutes. The progress of this can be monitored on the
LCD display of the inverter and you will hear two separate clicks from the inverter as the DC relays
operate, and then the AC relays operate. The left-most green LED will light up. Once synchronised
with the grid the turbine will generate power which will either be exported into the grid or used on site.
Whether power is exported or used on site will depend on whether the turbine is generating more
power than is being used locally. Power will always be used locally in preference to being exported.

The inverter monitors the electrical utility grid and will stop exporting power if the grid (or local power
network in the case of the MWI) is outside safe limits. The other turbine monitoring systems will then
shut down the turbine nacelle if necessary.

When the wind speed reduces and the turbine stops producing power the inverter will revert to
standby mode after approximately 40 minutes. This is to conserve power as it takes a little bit of
power to keep the inverter synchronised with the grid. As the inverter reverts to standby mode you will
hear two separate clicks and the LCD screen will go blank and the left-most green LED will go out.

If you simply wish to stop the turbine turn the run/stop or run/shorts wi t ch ©pb 06 sThi®ip b 6

ma r k widd térbine isolatoroc on t he pwilrsted thedunbthe buttleave the inverter and

interconnect unit energised. If you also wish to de-energise the inverter and interconnect unit then

switch the two pole MCBO on the interconnect wunit to

(@}

6.2 Speed control

The rotational speed of the Ampair 6000 is controlled in the first instance by the power curve set in
the inverter. The inverter maximum power is approximately 6000W (which is 6kW) and the faster the
wind blows and the faster the turbine rotates the more power is generated13. Once the inverter has
reached maximum power then further speed control is either by the electrical dump load or by the
electronic speed control depending on the version. If the wind speed is so high that the dump load or
electronic speed control cannot keep the rotational speed and voltages within acceptable limits then
the turbine automatically applies the brake for a short period (a few minutes). Then the turbine
releases the brake and resumes normal operation.

The acceptable limits are a combination of the acceptable loads in the turbine and in the masts and
foundations. Ampair are monitoring early versions of the Ampair 6000 using telemetry systems and
will raise the limiting speed as evidence is accumulated that it is safe to do so. This is why Ampair are

% The actual inverter maximum power is dependent on the voltage of the utility grid which does vary,
and in some countries it is throttled so that the current that is produced is kept within regulatory limits.
An example of a country which requires throttling is Ireland where if the grid voltage is running low
then the turbine will reduce power output. This process is automatically controlled in the inverter.
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only giving an approximate range of operating wind speeds and rotational speeds in the system
specificaton. There i s considerable O6extrad safety margin buil
monitoring programme is underway as part of the planned design evolution of the platform.

6.3 Multiple redundant relay controls

In the nacelle of the turbine there are multiple electromechanical relays. Any one of these relays can

brake the turbine. The nor mal lorpekedd nagn g oisti tti ke o ft hHen
of a 24V DC signal to release them. This 24V DC signal is generated in the interconnect unit and

transmitted to the nacelle through the instrumentation cable. If that cable is cut then the turbine will

stop automatically.

The nacelle casting is internally divided into three compartments. One compartment houses the stator
which is separate from the electronics by a cast bulkhead, and another cast bulkhead divides the
electronics & slip-ring compartment into two. There are two separate sets of connections to the stator
and they emerge from the stator compartment into the different sides of the electronics compartment.
This precaution is taken so that even if there is an internal fire in one side of the electronics
compartment it will not prevent relays on the other side of the electronics compartment from
automatically shutting down the turbine by applying the brakes through the unaffected stator
connections.

An added benefit of these cast bulkheads is that they make the entire nacelle very stiff which
improves ultimate strength and the long term reliability of the bearings. Ampair also use twice as
many bearings as most small turbines because Ampair use rotor shafts and pivot shafts with bearings
at both ends. This makes the shafts longer and more expensive, and doubles the cost of the
bearings, but it improves long term reliability.

Inside the nacelle there are other monitoring systems which monitor many operating parameters and
report them to the interconnect unit via the instrumentation cable. The interconnect unit can transmit
them to Ampair using a telemetry unit such as a GSM or GPRS telephone and then the Ampair server
can display them on the internet for the owner and for
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7 Mai nt emandc@ect i on

The Ampair 6000 is designed for 20-year operation in an IEC Class | environment with a mean
annual average wind speed of 10m/s (22.4mph). All seals, bearings, slip rings, and electrical
components are designed and selected for these conditions and the corresponding extreme
conditions.

7.1 Shutting down for maintenance

To shut down the Ampair 6000 first set the | ockable r
to O6o0ffd. | f servicing the wunit it s haalusupply lyl s o be

disconnecting at the distribution board. Finally remove the fuses from the interconnect unit.

WARNING
For your safety, make sure power is turned off before working on any and all
A electrical connections.

Shutting down in this mannerwillde-en er gi se the entire electrical

7.2 Annual owner visual inspection

Although the Ampair 6000 is designed for a 20-year life as with any other piece of valuable and
potentially dangerous rotating equipment we recommend annual inspections by the owner.

The nacelle and interconnect unit continuously monitor a range of operational parameters. If a
telemetry unit (such as a GSM or GPRS telephone) is connected to the interconnect unit then it can
report these back to the Ampair website for on-line monitoring and analysis.

During day-to-day operation the owner should remain alert for abnormal sounds from the turbine or
power electronics and contact Ampair or an Ampair distributor if any abnormal sounds are heard.

Once per year stop the Ampair 6000 and use binoculars to carefully examine the blades, nacelle, and
tower for cracks or damage. Carefully examine the base of the tower and foundations for any signs of
cracking or looseness of bolts. Pay especial attention to the leading edges of the blades (the blunt
edge) and to the welds at the intersection of the tower top flange with the tower, and to the welds at
the intersection of the tower base flange and the tower. Make a note of the power output from the
meter on the front of the interconnect unit and write this and any observations in the logbook at
section 15. If anything unusual is noticed contact Ampair or an Ampair distributor.

7.3 Actions in the event of a minor malfunction

If the Ampair 6000 stops working for no apparent reason and there is sufficient wind to operate the
turbine normally, then investigate the following possible causes:

1. The electrical utility grid is outside the acceptable range. This will be indicated on the LCD
display on the inverter. If this is the case, take a careful note of what it says and raise the
issue with the operator of the grid. Please keep Ampair or your Ampair distributor informed if
you do this. It is an unfortunate fact that in many countries the grid operator is permitted to
operate the grid within a wider range of tolerances than the grid operator will allow Ampair to
program into the inverter. This means that the Ampair 6000 can sometimes be prevented
from producing through no fault of its own. The acceptable range of grid parameters varies
from country to country (see section 4.1 on country codes) and sometimes it is possible to
negotiate a relaxation of the parameters with the grid operator. This will require that Ampair
or an Ampair distributor visit site to reprogram the inverter.

2. That a fuse has blown or an MCB or other circuit breaker has been tripped or isolated. Check
carefully and adjust or replace as required.
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3. The utility grid has been interrupted. If this is the case the Ampair 6000 will stop producing to
the grid. In the case of the PVI version it will stop producing completely and in the case of the
MWI it will go into stand-alone mode.

If you are unable to locate the reason for the Ampair 6000 not working then contact Ampair or your
Ampair distributor.

7.4 Actions in the event of a major malfunction

In the event of a dangerous or major malfunction completely shut down the Ampair 6000. To do this

first set the lockable run/stop or run/short s wi t ch Do d@shopd® 6 (mahriksavididsii t he one
turbine isolatoroc on theangdandéln turn thehiMCBIOs tbhubliché mar ked
supply emergency isolationo.)Then disconnect the system from the utility electrical supply by

disconnecting at the distribution board. Finally remove the fuses from the interconnect unit. Then

contact Ampair or an Ampair distributor.

Completely shut the Ampair 6000 down if there is an unusual amount of vibration or unusual
mechanical noise, or if there is any sign of smoke or combustion from the nacelle or the inverter or
interconnect unit.

7.5 Actions in the event of flying debris or flying ice

Shut the Ampair 6000 down if there are high winds and debris is flying through the air. This is a
common sense precaution to minimise the possibility of damage to the system from impacts.

If ice accumulates on the blades of the Ampair 6000 then shut it down until the ice is shed. This is a
common sense precaution to minimise the possibility of it flinging chunks of ice around.

The onboard monitoring system of the Ampair 6000 includes a vibration sensor to detect instances
such as debris and ice and so it can be left to run unattended. However if you are present and able to
take more precautions it is common sense to do so.

7.6 Turbine access

If you need to gain access to the Ampair 6000 first shut it down as described in section 7.1 which will
de-energise the electrical system and stop the rotor.

Then if the tower is a tilt-down tower you should lower it to the ground in accordance with the relevant
lowering instructions. Alternatively if you are gaining access to the tower by using a cherry-picker or
man-lift or equivalent then first securely tie-off the blades to the mast. Tie a rope around a blade and
then around the tower. This will lock the rotor blades to the mast and prevent the nacelle from yawing.

WARNING
For your safety, make sure power is turned off before working on any and all

A electrical connections.

IMPORTANT
Read all the safety instruction in section 2 before attempting to gain access to the

A turbine or tower.

Professional installation: highly recommended if access is required for any
reason.
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7.7 Turbine checks when accessible
When the turbine is accessible the following checks should be made:

1. Carefully examine the blades for any signs of cracks, abrasion, or other damage. Wash them
in warm soapy water to remove dirt.

2. Check all bolts for security, ideally by observing that the witness marks have not moved.
Check tightness per table of torques in section 5.2.4 .

3. Look between the main casting and the hub to see if any grease has been expelled from the
outer rotor bearing. Check for any slop in the rotor shaft.

4. Look under the main casting at the pivot to see if any grease has been expelled from the
lower pivot bearing. Check for any slop in the pivot shaft.

5. Examine the outside of the body for corrosion, cracks, or other deterioration. Wash with
soapy water.

Remove the nacelle and check the blade hub bolts. Replace nacelle as per section 5.2.3.
Examine the tower carefully for cracks and that all bolts are tight.

Check earth bonds on tower and turbine.

© © N o

No further maintenance should be required.
10. Make a note of your observations in the logbook at section 15.

11. If any signs of damage or abnormalities are observed contact Ampair or an Ampair
distributor.

After performing the above checks take off the rope and/or tilt up the tower in accordance with the
tower erection instructions. Then return the turbine to normal service per section 6.1.

8 Warraamndy repair

Please see Ampair terms and conditions for details of the warranty. These are available on request or
may be downloaded from the Ampair website. Please keep your invoice as proof of purchase.

Please fill in the warranty registration card at section 18 when the turbine installed and mail or fax a
copy to Ampair. Please also complete the commissioning check list of section 16 and send a copy to
Ampair.

The warranty is dependent on correct installation of the Ampair 6000

The Ampair warranty applies to customers who have purchased directly from Ampair or from an
Ampair authorised distributors or Ampair authorised installers.

As stated in the Ampair terms and conditions
purposes beyond its intended use or in excess of its specified capacity or if you or others have

altered, repaired, or t r i kkareptinis reqeirpdathien comtact Am@aimgr e r e d

an Ampair distributor to either gain approval or arrange for Ampair to carry out a repair.

Except with prior authorisation from Ampair or an Ampair authorised distributor there are no user
repairable parts within the nacelle, or within the inverter or interconnect unit. The only user
replaceable parts are the fuses; the turbine blades; the fibreglass nose cone; or whole modules.

Ampair reserves the right to change specifications without prior notice in the interest of product
development.

9 El ectrical dr awi ngs

See following pages.
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9.1.1 Single line drawing of Ampair 6000 grid connection at 220/240V with dump load and Aurora PVI 6000
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