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e Generator

e Converter

e Power Control
e Cables

e Trancfarmar
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e Power Collectlon
 Lightning Protection
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Inventor, Charles S S T
Francis Brush e —
Manufactured,

Cleveland USA
Turbine Dia 17m
144 blades

10 rev/min,
variable speed

Power Output,
12kW
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1980, California, USA ™
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e Result of Californian
environmental laws

e Small turbines <100kW

e Turbine diameters, 10-
15m

e 70-80 rev/min,
depending on turbine
design, fixed speed

o Poorly sited
e Blade failures common

 Disastrous reliability

5=Durh_am Supergen Wind Educational 40f 29
onwersiy Seminar

School ol Engineering




2003, Modern Product (ﬁ)

Manufacturer,
DeWind

Manufactured,
Loughborough, UK

Turbine Dia 70m
3 blades

17 rev/min, variable
speed

Power Output, 2
MW
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Fixed Speed

Variable
Speed
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Types of Turbine
& their Control

Speed Control

Pitch Control

Power Control

Fixed speed/Dual
speed

None

Passive stall regulation
geared dnve train with
asynchronous
generator

Fixed speed Yes, pitch to stall Active stall regulation
geared dnve train with
asynchronous
generator

Limited variable Yes Geared drive train with

speed asynchronous
generator control using
variahle rotor
resistance

Vanable speed Yes Geared drive train with
slip ring asynchronous
generator control using
a partly rated converter

Vanable speed Yes Direct drive with

synchronous generafor
control using a fully
rated converter
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Fixed Speed

Variable
Speed
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Capacitor Bank

Partial Scale
Fraquency Converter

Type D
Full Scale
Frequency Gonverter
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Blades Generator Network WIND
Synchronous I N A
Generator
Transmission Connection
Blades Generator Network
Induction L Y |
Generator '
Transmission Connection
YY" Spring — — Damper Mass
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I?R Loss
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Active Power
from Stator
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Shaft

Power
)

Active Power
Supplied from Rotor
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Induction Machine
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Reactive power

(MVAR) —

Figure 7.30 Variation of Reactive Power with SliIJ fora 1 MW Induction Machine
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Fixed Speed Turbine (u W
Induction Generator SUPERGEN

Gearbox Induction Generator Transformer v
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Variable Speed
Broad Speed Range SUPERGEN |
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Variable Speed
@
Narrow Speed Range supERces

Stator
Circuit
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Wound Rotor Rotor Local /
Induction Generator Circuit Transformer /
Generater Network
Inverter Inverter
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Variable Speed Turbine
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Variable Speed Turbine @
Induction Generator SUPERGEN

Mirror 1 Mirror 2

Wind Speed 2

Wind Speed 1 Slip, s
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Geared Wind Turbine
S - AnlA @EJ

%’Durh_am Supergen Wind Educational 190f 29
University Seminar

School ol Engineering



SUPERGEJ
WIND

%,Durham Supergen Wind Educational 200f 29
o Seminar



Geared Wind Turbine
Doubly Fed Induction Machine @EJ
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Direct Drive Wind Turbine
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Figure 10.2 Transformer and Switchgear of 1.5 MW Wind Turbine, MV Switchgear on right,
LV Switchgear on left (Reproduced by permission of NEG MICON; ww w.neg-micon.dk)
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Maintenance Offshore (@ )
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Reliability & Subassemblies, EU

SUPERGEN |

European Wind Turbine Subassembly Failure Rates from 1993-2005 WIND
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Thank you
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