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Move ZephIR DM from
turbine to turbine safely,
easily and rapidly for efficient
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increase in Annual
Energy Prediction™
with ZephiR DM




absolute

and relative power
curve measurements
with ZephiR DM
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accuracy

from a turbine
installation that
matches an IEC
compliant met mast
for power curves with
ZephIR DM

ZephlIR DM installéd with DTU Wind Energy
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[ J Feature of system
O Not a feature of system

OUR UNIQUE OFFERING

ZephIR DM is a continuous wave lidar system, and this core technology was chosen specifically during the original

design of the ZephlR product range due to its unigue benefits listed below.

FEATURE

Dual mode use

High speed, 20 ms
sample rate, circular
scan

On-turbine wind shear

measurement

On-turbine
vertical wind veer

determination

On-turbine rotor
equivalent windspeed

measurement

Real time logging and
compensation for

nacelle movement

Optimised design for

turbine deployment

Two year warranty and
service interval

BENEFIT

Same unit can be used on the ground or on the

turbine, maximising return on investment

Samples around the full path of the rotor
blades for accurate measurement of the wind

experienced by the turbine

Important for accurate power curve

measurement and turbine control

,PSRUWDQWIRUHAHFWLYHSRZHUFXUYH

measurement on larger turbines

,PSRUWDQWIRUHAHFWLYHSRZHUFXUYH
measurement on larger turbines

Tilt, roll and nacelle velocity compensation in real
time for accuracy and high availability.

Ensures (for example) hub height wind speed
measurement to within 1% of hub height.
Availability measurements

6LQJOHVHDOHGGHYLFHPDQGHSOR\PHQWiWV
through hatches and uses internal turbine crane

or lift

Maximum reliability with minimum downtime

DM
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functionality allows for
traceable power curve
measurements to IEC
standards
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Power curve measurements in France against REpower MM9I1
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HEIGHT (m) GRADIENT
Mean StDev
91 1.00 0.006
70 1.00 0.005
45 1.00 0.004
Cowl 630 0318 138 UKAS I Srool cws g EMC ¢ Shuzo byl pi oo j3 i o0 > jud § e3lobw 20 1.00 0.004
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shown below.
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Housing IEC 60529 - IP 69, fully integrated and sealed product (ho separation of head / body / computing)

Mechanical EN 300 019-2-2 V2.1.2 (vibration), IEC 60068-2-27 (shock / bump)

Extreme temperature BS EN 60068-2-1 Test A (freeze test), BS EN 60068-2-1 Test A and BS EN 60068-2-2 Test B (extreme upper
and lower)

EMC & Lightning Full RF Emission, RF Immunity, Conducted Immunity, Burst, Surge, and Electrostatic Discharge (ESD) tested
across |IEC 61326-1, |IEC 61000-4, FCC part 15, EN 61000-6-4, EN 61000-4-3, EN 61000-4-6:1996+A1:200],
EN 61000-4-4, EN 61000-4-5:1995+A1:2001, EN 61000-4-2:1995+A1:1998+A2:2001, EN 61000-4-11:1994, EN
55011:2007 + A2:2007, EN 55011:2007 + A2:2007, EN 61000-3-2:2000, EN 61000-3-3:1995+A1:2001

Safety EN601010-1:2001
Cables and PCB assembly IPC/WHMA-A-620A, IPC -A-610, Low Voltage Directive, RoHS




WIND DATA & TECHNICAL SPECIFICATION

ZephIR DM
OUTPUT

Reference
Time and date

Timestamp

Hub height
horizontal
wind speed

Rotor-
equivalent
horizontal
wind speed

Vertical
Wind Shear
Exponent

Wind Yaw
Misalignment

Horizontal
Std.Dev.

Wind Yaw
Misalignment
Std.Dev.

Vertical veer

Range

Flow
complexity

Inclination
Angle Min

Inclination
Angle Max

Seconds

Metres per
second

Degrees

Metres per
second

Degrees

Degrees per
metre
Metres

Metres per
second

Degrees

Degrees

EXPLANATION

Numerical reference of each record
In text format, to the nearest second

Time and date of the reading as
numerical value in seconds

Horizontal wind speed measured by
the ZephIR DM at hub height, with real-
time inclination correction

Rotor equivalent horizontal wind speed,
as described in IEC 61400-12-1 CD,
additionally incorporating real-time
inclination correction and wind veer
across the turbine

Power law wind shear exponent as
measured by the ZephIR DM around
the centre of the scan. Positive values
indicate that the wind speed is higher
above the optical axis than below.

Angle of the horizontal wind direction
vector to the ZephIR DM optical axis
(i.e. yaw) as measured by the ZephIR
DM. Positive values indicate that the
wind direction is crossing from right
to left (when looking from behind the
ZephIR DM into the wind.

Standard deviation of un-averaged
harizontal wind speeds included in
10-min average.

Standard deviation of the un-averaged
wind yaw angles included in the 10-min
average.

Variation of wind direction with height

Range at which the various wind
quantities are determined

A quantified measure of the wind

flow complexity measured around the
ZephlR DM scan. Useful for identifying
wakes and complex wind flow
conditions

Minimum inclination angle detected by
the motion sensors. Positive inclination
angles indicate that the ZephIR DM
optical axis in the direction of laser
emission is tilted above the horizontal
axis.

Maximum inclination angle detected by
the motion sensors.

cont.

Inclination
Angle Mean
(deg)

Inclination
Angle Std.
Dev

Fore-Aft
Velocity Max

Fore-Aft
Velocity Mean

Fore-Aft
Velocity Std.
Dev

Fit Flags

Mean Fit
Residual

TI
Generator

Upper temp /
lower temp

Pod humidity
GPS

ZephlR
bearing

Tilt

Air Temp.

Pressure

Humidity

MET wind
speed

MET direction

Raining

Status Flags

Degrees

Degrees

Metres per
second

Metres per
second

Metres per
second

Volts

Degrees
Celsius

Percent

Decimal
Degrees

Degrees

Degrees

Degrees
Celsius

Millibar /
Hectopascals
Percent

Metres per
second

Degrees

Colour coded

Mean inclination angle detected by the

motion sensors.

Standard deviation of inclination angle
detected by the motion sensors.

Maximum fore-aft velocity detected by
the motion sensors.

Mean fore-aft velocity detected by the
motion sensors.

A bit field representing the result of
fitting process. Flag values.

The average fit residual of all the
measurement points included in the
fitting of the wind model.

Turbulence Intensity
External supply voltage, if present

Pod temperature

Internal humidity

GPS location (lat and long)

Direction of the ZephIR wrt True North

Pitch and roll away from vertical

Ambient temperature

Ambient pressure

Ambient humidity

Horizontal wind speed measured by
the MET station

Wind direction measurement by the
MET station

Rain sensor detects rain

Continuous operational status

operation:

ZephIR DM UNIT
OUTPUT

Horizontal
wind speed

Metres per
second

Vertical wind Metres per
speed second

Horizontal
wind direction

Degrees

Horizontal
min / max

Metres per
second

PERFORMANCE

Range (min.)
Range (max.)

Probe length @ 10 m
Probe length @ 100 m

Heights measured
Sampling rate

Averaging period

Readout rate

Scanning cone angle

Speed accuracy variation*
Speed range

Direction accuracy variation*
Visible laser alignment accuracy

Measurement accuracy
compensation

Inclination and roll measurement
compensation accuracy

In addition to those measurements shown on the opposite page,

the following data outputs are available during ground based

EXPLANATION

Haorizontal wind speed measured
by ZephIR DM

Vertical wind speed measured by
ZephIR DM

Horizontal wind direction
measured by ZephIR DM

Minimum / maximum horizontal
wind speeds measured by ZephIR
DM

ZephiR DM

10 metres
300+ metres

+0.07 metres
+7.70 metres

10 (user-configurable)
50Hz

user configurable
(1 second as standard)

100ms (user configurable)

30° or 15°
(other angles available)

<05%

<Im/sto 70 m/s
<05°

1

0.Im/s

o

OPERATIONS

Temp range (min.)
Temp range (max.)

Power consumption

Power input

Weight (excluding flight casing)

Service interval

DATA

10 minute averaging
1 second data

On board storage

Data transfer

Timestamp / Location

500Gbyte SSD***

SAFETY

Laser classification
Eye safety standard
Enclosure IP Rating

Compliance

ZephIR DM

-25°C
+50°C

85 Watts

250 -90 V AC 50-60Hz or 12
VvV DC

41 Rg**

24 months

ZephIR DM
90Kb / day
3MB / day

36 months

LAN; MODBUS; WiFi; Global
SIM; Iridium Sat Comms

GPS

Allows low level, real time, data
capture of full Doppler spectra

ZephIR DM
Class 1

IEC 60825-1
IP69

Full CE accreditation

* As measured against a calibrated moving target

** Heaviest single component
*** Optional




TECHNICAL DRAWINGS AND KEY DIMENSIONS
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