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FOREWORD

The procedures needed for testing and evaluation of wind turbines must encompass aspects
ranging from: energy production, quality of power, reliability, durability and safety as well as
cost effectiveness or economics, noise characteristics, impact on environment and
electromagnetic interference. The development of internationally agreed procedures for testing
and evaluation for each of these areas is needed to aid the development of the industry while
strengthening confidence in the technology and preventing chaos in the market.

It is the purpose of the proposed recommended practices for wind turbine testing and
evaluation to contribute to the development of such internationally approved procedures. The
IEA expert committee will pursue this effort by periodically holding meetings of experts, to
define and refine consensus evaluation procedures in each of the following areas:

. Power Performance

. Cost of Energy from WECS
. Fatigue Loads

. Acoustics

. Electromagnetic Interference
. Structural Safety

. Quality of Power

. Glossary of Terms
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This document addresses the last area, Glossary of Terms in Wind Energy, and is an update of
the first issue, published in 1987.

The expert committee will seek to gain appoval of the procedures in each member country
through the IEA agreements. The recommendations shall be regularly reviewed, and areas in
need of further investigation shall be identified.



GLOSSARY OF TERMS IN WIND ENERGY

ANEMOMETER DISTANCE CONSTANT: Quantity related to the response time of an
anemometer.

ANGLE OF ATTACK: The angle between the direction of the relative wind and the chord
line of the blade airfoil section.

ANNUAL AVERAGE WIND SPEED: Wind speed averaged long enough to take account of
annual variations (ie, many years).

ASPECT RATIO: In a HAWT, the rotor radius squared divided by the projected area of one
blade.

AUGMENTER: A device or structure which increases an air flow's speed by reducing the
area through which it passes.

AUTONOMOUS SYSTEM: A wind turbine in combination with at least one other source of
energy (eg, diesel generator, solar collector, biogas system etc) commonly used to improve the
continuity of supply.

AVAILABILITY: The percentage of time a wind turbine generator is ready to generate
without manual intervention. Usually specified monthly or annually.

AXIAL: Direction or motion perpendicular to the rotor plane.
AXIAL THRUST: Force in a wind turbine rotor parallel to its main axis.

AXIAL THRUST COEFFICIENT(C; ): For a HAWT; axial thrust (F) divided by the
product of the dynamic pressure of the undisturbed wind flow and the rotor swept area:

C = - _
EpA Vi
where F  is the 10 minute average axial thrust

p  is the air density
A s the swept area of the wind turbine rotor
Viu, 18 the 10 minute average velocity of the free wind at hub height

BATTERY STORAGE: Storage of energy by charging batteries.

BETZ LIMIT: The maximum energy conversion efficiency theoretically obtainable from a
wind turbine rotor; equal to 16/27ths (approximately 0.593) of the total kinetic energy
contained by the wind at a given wind speed within a given capture area. (Established by the
German Scientist A. Betz.)

, BIN: An interval for test data grouping.



BIN WIDTH: Size of the interval used in the method of bins data reduction procedure (ie, a
wind speed bin having a span of 5-6 m/s has a width of 1 m/s).

BLADE: Component of a wind turbine with an aerodynamic shape which in turn converts
wind energy into rotational energy.

BLADE CONE ANGLE: Angle between the rotor plane and the blade quarter chord line.

BLADE LOAD DISTRIBUTION: Description of the manner in which blade loads are
distributed along the quarter chord line.

BLADE PITCH: For HAWTs; angular setting of a blade measured at the tip as the angle
between the chord line and the rotor plane.

For VAWTSs; angular setting of a blade measured as the angle between the chord line and a
line tangent to the arc swept by the blade.

BLADE-PITCH ADJUSTER: Trimming device to change the pitch angle of a blade.
BLADE PITCH CONTROL: See Pitch Control.

BLADE ROOT: For HAWTS; the part of the blade which is closest to the rotor axis.

BLADE SHAPE: For HAWTs; geometric description of a blade. (Usually includes twist,
chord, and airfoil profile changes with respect to position along the quarter chord line).

BLADE TIP: For HAWTs; the point of a blade farthest from the rotor axis.
BLADE TWIST: In a HAWT, the variation in angular setting along its length.

BLOCKING: The use of a mechanical pin or other device to prevent movement for instance
in the rotor shaft or yaw mechanism.

BRAKE: A device capable of reducing the rotor speed or stopping rotation.

CAPACITY: The total rated power of a wind turbine or group of wind turbines.

CAPACITY FACTOR: The ratio of the average power produced by a wind turbine to its
rated power. (Usually taken over a period of time - daily,weekly, monthly, annually used as a
prefix). :

CATASTROPHIC FAILURE: The disintegration or collapse of a component or structure.
CHORD LINE: Straight line connecting an airfoil's leading and trailing edges.

CONE ANGLE: See Blade Cone Angle.

CONTROL SYSTEM: A sub-system that receives information about the condition of the

wind turbine and/or its environment and adjusts the turbine in order to maintain it within its
operating limits.



CUP ANEMOMETER: A rotating device for measuring wind speed, characterized
by cups mounted on radial arms which rotate about a vertical axis.

CUT-IN WIND SPEED: The lowest wind speed at hub height at which the wind turbine
starts to produce usable power.

CUT-OUT WIND SPEED: The maximum wind speed at which the wind turbine is designed
to produce usable power.

DESIGN LIMITS: The maximum or minimum values used in a design.

DIURNAL: Daily. Used to describe meteorological conditions (temperature, atmospheric
pressure, wind speed, turbulence, etc) that normally vary regularly with the time of day.

DORMANT FAILURE: A failure of a component or other system which remains undetected
during normal operation.

DOWNWIND: In the main wind direction.

DRIVE TRAIN: A wind turbine sub-system which transmits torque between the rotor and the
generator or other load.

DUMP LOAD: A load connected to a wind turbine for the purpose of dissipating or storing
excess power. It may be electrical (eg, resistive heating coils or a battery) or mechanical (eg, a
flywheel).

ELECTROMAGNETIC INTERFERENCE (EMI): Impairment of an electromagnetic
signal, either by electrical field interference or deflection of a radio transmitted signal (TV,
radar).

EMERGENCY SHUTDOWN: An automatic shutdown of the wind turbine triggered by a
protection system or by manual intervention.

EXTERNAL CONDITIONS: The factors affecting the operation of the wind turbine
including: the wind regime; other climatic factors (snow, ice, etc) and the electrical grid.

EXTREME WIND SPEED: The highest average wind speed, averaged over t sec, that is
likely to be experienced within a specified time period of T years ("recurrence period": T
years).

FAIL-SAFE: A design philosophy such that in the event of a failure of a component or power
source the wind turbine will remain in a non-hazardous condition.

FAIL-SAFE STRUCTURAL DESIGN: A design which provides redundancy in a structure
such that, in the event of a failure of a component, there will be sufficient strength and
stiffness in the remainder to prevent catastrophic failure.



FAIL-SAFE FATIGUE DESIGN: A design in which, through redundancy or adequacy of
design in the structure, the occurrence of cracks will not lead to catastrophic failure between
defined inspection periods.

FAN TAIL: Rotor used on some HAWTs for yaw orientation.

FEATHERING: To change the blade pitch angle of all or part of a blade to reduce the
aerodynamic lift.

FLAPPING: Blade motion in the out-of-plane of rotation direction.

FURLING: To adjust the wind turbine structure in order to reduce the driving force of the
wind, f.i. feathering - yawing out of the wind.

GRID: Network for transmission and distribution of electricity.

GRID CONNECTION POINT: Low voltage tap on the WTGS transformer or the
connection point to the electrical bus of the site facilities.

GUST: A temporary change in the wind speed which may be characterized by its rise-time,
its amplitude and its duration.

GUY: A cable or wire used as a tension support between the ground and a tower.

HORIZONTAL AXIS WIND TURBINE (HAWT): A wind turbine whose rotor axis is
substantially parallel to the wind flow.

HUB: The fixture for attaching the blades or blade assembly to the rotor shaft.
HUB HEIGHT: Height of the center of the rotor above the terrain surface.

IDLING: Condition of a wind turbine generator that is rotating slowly and not producing
power.

INFINITE LIFE DESIGN: A design that requires that the operating stresses shall not result
in damage.

IN-PLANE: Direction or motion parallel with the rotor plane.

ISOLATED OPERATION: The stable and temporary operation of a power sub-system after
it has been isolated from the remainder of the main power system.

KITE ANEMOMETER: A kite which has been calibrated to give quantitative wind
speed data.

LEAD-LAG: Blade motion in the plane of rotation (HAWT).

LEADING EDGE: Part of a blade at the incidence of the air flow.



LIMIT STATES: The states of a structure and the loads acting upon it, beyond which the
structure no longer satisfies the design requirements.

LOGARITHMIC (WIND SHEAR) LAW: The mathematical expression which assumes a
logarithmic variation of mean horizontal wind velocity with height above ground level,
expressed as:

In(z /z;)
V(z) = VI —_
@ = V)X &)
where V(z) is the mean wind velocity at height z
z is the height above ground
Z, is a reference height above ground (usually 10 m)
Z, is the roughness length.

MAXIMUM DESIGN WIND SPEED: The maximum wind speed a wind turbine in
automatic, unattended operation, but not necessarily generating, has been designed to sustain
without damage to structural components or loss of ability to function normally.

MAXIMUM POWER: The highest level of net electrical power delivered by a wind turbine
in normal operation.

MEAN WIND SPEED: Statistical mean of the instantaneous value of the wind speed
averaged over a given time period which can vary from a few seconds to many years.

METHOD OF BINS: A data reduction procedure by which test data are grouped into wind
speed intervals (bins). For each bin, the number of samples and sum of parameter samples are
recorded. The average parameter value within each windspeed bin can then be evaluated.
(This is a general technique applicable to a variety of parameters).

NACELLE: The housing which contains the drive-train and other elements on top of a
HAWT tower.

NET POWER (P): The power available from a wind turbine less any power needed for
control, monitoring, display or maintaining operation, ie power available to the user. Unless

otherwise specified, P will be 10-minute average values.

NET REACTIVE POWER (Q): The reactive power supplied by the power system or
absorbed by the power system. Unless otherwise specified, Q will be 10-minute

average values.

NETWORK CONNECTION POINT: See Grid Connection Point.

OFFSHORE: Any location directly surrounded by water of any water depth.

ONE-SEVENTH POWER LAW: Wind speed profile which uses the power law with an
exponent of 1/7. (See also Power Law.)

OVERSPEED CONTROL: A system that limits rotor speed to a maximum value.



PARKING BRAKE: A brake capable of preventing rotor movement at wind speeds up to and
including the survival wind speed.

PEAK POWER RATIO OPERATION (PPR): Variable speed operation when maintaining
the tip speed ratio for maximum power output.

PITCH CONTROL (PITCH REGULATION): A control system action which changes blade
pitch in the rotor plane.

PEAK WIND SPEED: Maximum wind speed that occurs during the time under con-
sideration.

POTENTIAL ANNUAL ENERGY OUTPUT: The calculated total energy that would be
produced by a wind turbine during a one-year period, assuming a certain distribution of wind
speed probability density and assuming 100 per cent availability.

POWER COEFFICIENT (Cp): Net power produced by a wind turbine at a specified wind
speed divided by the power available in the portion of the free windstream swept by the wind
turbine rotor:

P
C,= ——
’ -;—ﬂA VSM
where P is the 10 minute average of net power
P is the air density
A is the swept area of the wind turbine rotor

Vup is the 10 minute average velocity of the free wind at hub height.
(see also Rotor Power Coefficient Cg)

POWER COLLECTION SYSTEM: An electrical system that collects the power from a
wind turbine, and feeds it into grid step-up transformer or electrical loads.

POWER CONDITIONING: To change or modify the characteristics of electrical power.

POWER CURVE: A graph which depicts the net power of a WT as a function of wind
speed.

POWER DENSITY: The amount of power in the wind per unit of cross-sectional area of the
windstream. Usually given in Watts/square meter, (W/m2).



POWER (WIND SHEAR) LAW: Mathematical idealization of a wind speed profile defined
by

V(@) = V()% lzi ]

where V(z) is the mean wind velocity at height z
z is the height above ground
b/ is a reference height above ground (usually 10 m)

T

o is the power law exponent
POWER OUTPUT: The electrical power delivered by a WTGS.
PREVAILING WIND: The wind direction occurring most frequently at a site.

PROJECTED AREA: Area covered at any instant by the rotor blades, as seen from the
direction of wind velocity. (Area solidly covered by the blades as opposed to the swept area.)

PROTECTION SYSTEM: System which ensures the wind turbine remains within the

design limits.

QUARTER CHORD POINT: The point on an airfoil chord line one quarter chord length
back from the leading edge.

QUARTER CHORD LINE: Line passing through the locus of quarter chord points
of a rotor blade.

RATED POWER: Maximum continuous electrical power output which the wind turbine is
designed to achieve under normal operating conditions.

RATED WIND SPEED: Specified wind speed at which a wind turbine's rated power
is achieved.

RAYLEIGH DISTRIBUTION: A probability density distribution function, commonly used
to describe the distribution of wind speeds over an extended period of time. Expressed as

where p(V) is the Rayleigh probability density distribution function
V is the 10 minute average wind speed at a specified height
V.. is the long term (annual) average wind speed at a specified height

(When integrated and evaluated between specified limits, will indicate the
fraction of time spent within these limits.)

. RESONANCE: A dynamic condition in which the frequency of an applied force is close to a
system's natural frequency resulting in amplified vibration or oscillation.
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ROTATIONALLY SAMPLED WIND VELOCITY: Wind velocity experienced at a fixed
point of the rotating wind turbine rotor. The turbulence spectrum of a rotationally sampled
wind velocity is distinctly different from the normal turbulence spectrum. While rotating, the
blade cuts through a wind flow, that varies in space. Therefore the resulting turbulence
spectrum will contain sizable amounts of variance at the frequency of rotation and harmonics
of the same.

ROTOR: See Wind Turbine Rotor.

ROTOR AXIS: Axis of the central shaft which, through bearings, supports the wind turbine
rotor.

ROTOR DIAMETER: For a HAWT, diameter of the circular swept area of the rotor and
blade assembly.

ROTOR PLANE: For a HAWT, the plane perpendicular to the rotor axis where the quarter
chord lines intersect, or pass closest to, the rotor axis.

ROTOR POWER COEFFICIENT (Cg ): Mechanical power delivered by a wind turbine
rotor, normally to the main shaft, divided by the wind power of the undisturbed flow through
the rotor swept area

P

R

C, = %
" oAV

where Py is the 10 minute average of mechanical power delivered by the rotor to the main
shaft
p is the air density

A is the swept area of the wind turbine rotor
Vi is the 10 minute average velocity of the free wind at hub height
ROTOR SPEED: The rotational speed of a wind turbine rotor about its axis.

ROTOR SPEEDS: The rotational speed, or range of speeds, of the rotor of a wind turbine
operating between its cut-in wind speed and the wind speed corresponding to maximum power.

ROTOR TEETER: For a (normally two - or one bladed) wind turbine rotor whose blades are
fixed relative to each other, the angular movement of the rotor in the plane formed by the rotor
axis and the blade quarter chord line.

ROTOR THRUST: The axial force generated by the wind acting on the rotor.

ROTOR TILT: Ina HAWT, the angle between the horizontal and the rotor axis.

ROTOR TORQUE: The moment (torque) produced by a rotor about its axis.

ROUGHNESS LENGTH (z)): The extrapolated height at which the mean wind speed
becomes zero if the vertical wind profile has a logarithmic variation with height.
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SAFE LIFE: A prescribed service life with a declared probability of catastrophic failure.
SAFETY SYSTEM: see protection system.
SENSING: Detecting: as in "a transducer is a sensing or detecting device".

SERVICEABILITY LIMIT STATES: Conditions relating to the boundaries of normal
service criteria.

SHUTDOWN: Transitional state of a wind turbine between power production and standstill
or idling.

SHUTDOWN WIND SPEED: Wind speed at which the control system will shut down the
wind turbine.

SITE ELECTRICAL FACILITIES: All electrical, electronic, safety and control sub-systems
required to connect the WTG to the main power system.

SLIP RINGS: Assembly used to transfer electrical power or signals from a rotating shaft to a
non-rotating member.

SOLIDITY: Rotor projected area divided by the rotor's swept area.
SPAR: The primary lengthwise structural member of a wind turbine rotor blade.

STALL REGULATION: The control of rotor power by utilizing aerodynamic stall of the
rotor blade.

STAND-ALONE: Not part of a larger energy network.
STANDSTILL: Condition of a WTG that is stopped.

START-UP WIND SPEED: The lowest wind speed at which a wind turbine will begin
rotation but will not necessarily have a net energy output.

SUPPORT STRUCTURE: The part of a WI'G comprising the tower and foundation.
SURVIVAL WIND SPEED: The maximum wind speed (normally a 3 second gust) a WTG
has been designed to sustain without damage to structural components or loss of ability to

function normally.

SWEPT AREA: The area of the projection - upon a plane perpendicular to the wind velocity
vector - of the circle along which the rotor blade tips move during rotation.

TAILVANE: Vertical aerodynamic surface used for wind turbine control, (1) in some
HAWTs for yaw orientation and control (2) in some VAWTS to co-ordinate cyclic blade pitch.

TEETER: See Rotor Teeter.
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