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This report is issued as part of the contract under which the work has been
carried out for the client.

NOTES

1. This report may be published in full by the client unless it includes
proprietary information supplied in confidence by TUV SUD Ltd or any
third party. Such information, if included within the report, shall be
identified as confidential by TUV SUD Ltd.

2a. The prior written consent of TUV SUD Ltd shall be obtained by the client
before publication by them of any extract from, or abridgement of, this
report.

2b. The prior written consent of TUV SUD Ltd shall be obtained by the client
before publication:

* where such publication is made in connection with any public enquiry,
legal proceedings or arbitration

* where such publication is made In connection with any company
prospectus or similar document

* where the client has notice that TUV SUD Ltd is seeking or intends to
seek patent or like protection for any intellectual property produced in
the course of rendering the services.
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1 INTRODUCTION

Quiet Revolution Ltd is seeking certification for the QRS v2.0 wind turbine under the
UK MCS Scheme. This report presents the results of the acoustic performance test,
which was carried out in accordance with the BWEA Small Wind Turbine
Performance and Safety Standard.

2 APPLICABLE STANDARDS AND REFERENCE DOCUMENTS

Except where noted, the execution of the acoustic performance measurements and
analysis of relevant data were undertaken in compliance with the following standards
and related documents:

o MCS006:Issue 1.5 — Product certification scheme requirements: micro and
small wind turbines

o BWEA small wind turbine performance and safety standard dated 29
February 2008

o |EC©61400-11: 2002 (incorporating Amendment No. 1) Wind turbine generator
systems — Part 11: Acoustic noise measurement technigues

o |ECTS 61400-14:2000 Wind turbine generator systems — Part 14:
Declaration of apparent sound power level and tonality values

o [SO 1996-2:2007 Acoustic — Description, Measurement and Assessment of
Environmental Noise — Part 2. Determination of Environmental Noise Levels

3 TEST WIND TURBINE CONFIGURATION

The QRS vZ2.0is a vertical axis wind turbine with a rotor comprising three helical blades
with two integral spoked hubs. The test turbine was installed and then commissioned
by Quiet Revolution at NEL's Myres Hill test site on 23 October 2012.

A summary of the wind turbine system configuration is presented in Table 1. The test
results presented in this report are applicable only to the wind turbine system
configuration described in Table 1.

4 DESCRIPTION OF TEST SITE

NEL's Myres Hill wind turbine test site is located in high moorland within the VWhitelee
Forest area above Eaglesham, south of Glasgow, and is centred at Ordnance Survey
grid reference NS 568 467.

2 DESCRIPTION OF MEASUREMENT EQUIPMENT

Table 2 lists the measurement instrumentation used in the acoustic performance
tests. Calibration certificates are given in the Appendix.

6 ACOUSTIC PERFORMANCE MEASUREMENTS

Audible noise measurements were undertaken at Myres Hill test site on 4 April 2013,
and covered a wind speed range of 4.2 t0 10.9 m/s.
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6.1 Measurement Procedure
A photograph showing the test arrangement is shown in Figure 1.

In order to isolate the controller noise from the turbine and represent a realistic
installation where the controller would not be located in such close proximity to the
turbine, at the request of Quiet Revolution, for the purpose of tests the control cabinet
was housed within an acoustic damper. A photograph of the acoustic damper is
shown in Figure 2.

A cup anemometer was mounted on a 10 m high mast located 10 m upwind of the
turbine. Noise measurements were made using a microphone located at the centre
of a 1 m diameter ground-mounted board located 32.2 m downwind from the turbine.
A wind vanhe monitored the direction of the wind.

Wind speed and directional data were sampled at a frequency of 1 Hz and stored as
20 second averages. Noise was recorded in 10-second periods and subsequently
processed into averages for 20-second periods.

Simultaneous noise and wind speed measurements were made with the turbine
running and then, as part of the same measurement session, with it parked.

Data were filtered to remove data points where either the noise board position was
outwith the valid sector (+ 60° relative to the wind direction) or the anemometer mast
position was not in the valid sector (+ 90° upwind of the turbine for an anemometer
mounted at hub).

Filtering was also performed 1o discard data where there had been interference due
to extraneous noise events (e.g. passing aircraft).

6.2 Acoustic Performance Results

Figure 3 shows the audible noise data, as a function of wind speed, from the

measurement session with the turbine running and also for the turbine parked (i.e.
background levels).

6.3 Declared Noise Levels

The key results of the regression analysis of noise data are shown in Figure 3 as red
lines for the sound pressure levels. These are the background-corrected values with
an uncertainty component added (1.6455), as per the requirements of IEC TS 61400-
14:2005. In effect, these are guaranteed levels in which there is a 95 % confidence
level that they will not be exceeded on the acoustically-reflective board. These
guaranteed levels at the board are used to derive the declared levels and other
parameters shown in Table 3.

The overall uncertainty of the measurement has been calculated using the approach
described in IEC 61400-11:2002 Annex D to include not only the uncertainty of the
iIndividual regressions but also a wider range of parameters that may have affected
the measurement accuracy. The combined uncertainty is given in Table 3.

A noise immission map (Noise Label) is presented in Figure 4.
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6.4 Tonal Analysis

The 1/3" octave spectra of each individual 10 s measurement were analysed for the
presence of tones using the 1/3"™ octave spectra method in Annex D of SO 1996-
2:.2007. Figures 5 and 6 show examples of spectra at the cut-in wind speed and at 8
m/s, respectively. There was no evidence of any tones.

The upper graphs in the Figure 5 and 6 shows the measured sound pressure at
each 1/3" octave band centre frequency whereas the lower graphs show the
measured sound pressure levels normalised to the total dB{A).
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TABLE 1 TEST WIND TURBINE CONFIGURATION

Turbine Manufacturer

Quiet Revolution Ltd

Turbine Type QR5v2.0

Turbine Serial No. SN200

Year of Production 2012

Rotor Diameter (m) — manufacturer's data 3.1

Rated Rotor Speed (r/imin) — manufacturer data | 240 at rated power
Rated Power (kW) — manufacturer's data 4

Wind Speed at Rated Power (m/s) 11

Blade Manufacturer

Quiet Revolution Ltd

Blade Type Helical (VAWT)
Blade Serial Nos. as per Turbine s/n
Number of Blades Three

Blade Pitch (i.e. fixed or variable) Fixed

Blade Pitch Angle/Range (degrees) Not supplied
Rotor Hub Height (m) 20.6

Tower Type Hinged two section tubular steel.
Turbine Control System Quuiet Revolution

Control Software Version v2002

Control Hardware Quiet Revolution

Conductor Size (mm?) 6

Conductor Material Copper

Conductor Type

BS5467 Steel Wire Armoured
PVC Cable - 3 Phase, Neutral and
Earth

Conductor Length (m)

c. 55

Connector Type

Screwed Terminals

Measured Resistance between Inverter and

Load () Not provided
Voltage Setlings for Over/Under Voltage

Protection (V) AS L
Grid Voltage at Test Site (V) 234-247
Grid Freguency at Test Site (Hz) 50
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TABLE 2 MEASUREMENT INSTRUMENTATION USED IN ACOUSTIC TESTS

SERIAL CALIBRATION CALIBRATION
PARAMETER INSTRUMENT MANUFACTURER TYPE NUMBER CERTIFICATE. REF. L ABORATORY
Sound Level Microphone Bruel & Kjeer 4189 2643613 C1206004 Bruel & Kjaer (UKAS 0174)
Sound Level Handheld Analyser Bruel & Kjaer 2250 2653893 C1206004 Bruel & Kjeer (UKAS 0174)
Sound Level Calibrator Bruel & Kjeer 4231 2651818 C1205999 Bruel & Kjaer (UKAS 0174)
Wind Speed Anemometer Vector Instruments Ltd | A100R/K 11441/CZAR 11310536 02/2013 Deutsche WindGuard

(DAR DKD-K-36801)

- Datalogger Campbell Scientific Ltd | CR1000 6242 N/A N/A

TABLE 3 DERIVED NOISE EMISSION AND NOISE IMMISSION LEVELS FOR A WIND SPEED OF 8 m/s AT ROTOR CENTRE HEIGHT

PARAMETER SYMBOL | VALUE
Apparent Emission Sound Power Level (dB(A) re 10" W) L wd amss 86.5
Combined Uncertainty (68% confidence level) (dB) o 1.9
95% Confidence Limit (dB) 1.6450 3:1
Noise Slope at 8 m/s (dB/m/s) Sde 2.38
Declared Apparent Emission Sound Power Level, (dB(A) re 10" W) L wd amss 90
Immission Sound Pressure Level at 60 m at 8 m/s (dB(A) re 20 yPa) L, 6om 47
Immission Sound Pressure Level at 25 m at 8 m/s (dB(A) re 20 uPa) Ly 25m o4

Project No: QUR006
Report No: 2013/197

Page 7 of 13

May 2013




Commercial-in-Confidence
NEL

Meteorological
mast

/ microphone - -

—

< . 4«— Nolse analyser
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FIGURE 2 PHOTOGRAPH OF THE ACOUSTIC DAMPER
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FIGURE 3 AUDIBLE NOISE (AS MEASURED AT THE GROUND BOARD) AS A FUNCTION OF WIND SPEED
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FIGURE 4 NOISE IMMISSION MAP (NOISE LABEL) FOR THE QUIET
REVOLUTION QR3S V2.0 WIND TURBINE
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B Turbine running , 8.1 m/s @ Background , B.1 m/s

T e e e e T e O B o B e O e S e O e O
Sttt Eyl i

N ™ H © © -
i - r N NS DO oo >00
SRR

113" Octave Band Centre Frequency (Hz)

B Turbine running , 8.1 mfs @Background , 8.1 mfs

i |
Lo
—
ol

Sound Pressure LevelNormalised to dB(A) total

160 |

C s RaLERR S SL0
m ©
1/3™® Octave Band Centre Frequency (Hz) o
FIGURE 6 EXAMPLE OF THE MEASURED AND NORMALISED
SPECTRA AT A WIND SPEED OF 8 m/s
NEL Project No: QUROO0G Page 13 of 13 May 2013

Report No: 2013/197



Commercial-in-Confidence
NEL

APPENDIX

CALIBRATION CERTIFICATES

NEL Project No: QUROO6 May 2013
Report No: 2013/197



Commercial-in-Confidence
NEL

y Bruel & Kjzer
Bruel & Kjaer b ' —

H3C-MRA

CERTIFICATE OF CALIBRATION

A ' ||| L "-|i ()b L9 |-H:?=I.=.'-.!r|:|l""-: s [RSLh] P
o L. Visual Inspection
o
2. Measured Values
il ol
|
|
CTEYRAT [ -
| scund Preéssure Levels

"uminal

vevept Limis

Scoopl Lim i

vlemnred

Measmremeint

Ful
: vl | iy Lppette Livel Lncertulnty
. GLY [} || 11541 [ H|
| I [ I Yip dad |
114 i 113, 8 L3
CALIBRATION CONDITIONS
2.2 Frequency
T AT e _ W ominal Acwaget |l vteepi Limibi Viegumred VI ERNEEE R
Ievel Lower Lipper Frequency [ Tnceriningy
{ i
Hl ATIO | ey [ Ha| [Hz] [Fiiz]
I I K I
| f e Lh Lk 4] | 1 R IR ] i [ irn sllits tin Pl ian T i .
! mAa 1 lErnm i) | | . i
| | i Tolal [hNstortlon
[} | | |
| |
| il
|
I Cahbraton Eevel wogrpd bl Measured Mensnremmenl
| t Distoartion Uncertalingy
T [dH] { %] [ %] %
LilGrat |
rla ]
[RTH ST i
| e
| i1l
| i
i
'|
|

NEL Project No: QUROO06 May 2013

Report No: 2013/197



Commercial-in-Confidence

NEL

Briiel & Kjaer &

I b brataom Laarwliay
Nhgsdufanrgive) WO, CRC-THAD Mg, Pieranmrk

Mo ] 2055459

CERTIFICATE OF CALIBRATION Page 3 of 4

1, Calibration Equipment

D wmn i Inve nlory Mo,
Refereree Soatd Sogiee Briel & Kper, Type 423§ (E e
FULSE &nalywer Hrilel & Kpor, Type 31560-L° [FELE T
Ttmnafer Micimimp Brtlel & Kja, Tepe £152.E40) EERETR

4. Comments

he sound califwptor has beon shown to comform e the clasy | requircmenis for pervodic testing, deveribod in Arnex Hof 1EC
SIFAE-2003 For the sonnid prisksure levelis) and frequency(ies) staed, for the enviropmentil sonditions smder which the teses were
perfurmied. However, a2 public evidenco was notavailuble, fom o lEstng OrgEmizt (in fesponsible for pattem gpproval, o
dymutistraie that the model of sound calshentor conlormed o the requirernients fior pattem eviluion deverdbed i Annes A of 14
60992 2003, o genernd stuternont it conclusion con be made about. conformance of P sodnd salibrator to the toguirene s ol
LR e e 1

Briel & Kjar 55

The L Tdsratuin Lokt
Fhisdabeorgie] 107, Irs PRS0 Noprm, [esmgn

CERTIFICATE QF CALIBRATION Na: 1205999

IPANAK

Pl Pamisky Acvreditarion aad Metroloser Fand - DANAY - b muanitging the Denish avvredifation sohame Saeved on @ contrac
Wil the Danisl Safen: Techmodogy Autharity umder the Dintvh Ministry af Economics and Husmecr Ay whiviv ¢ vxpieimiifile
fivr the leganlatinn on acoroddlation in Denmrk

T fumdamontof criteria for acpreditamiom ave dencribed in IDSVEN (SOAEC T025: "General rogquirempnts for the compitence
ol testing and caffbration laboratories * and o DEEN ISQREC 15180 “Medical labwraiiries — Particular ceguirenments for
guadity mel compence “rexpactively DANAK svor palddnse documents 1 vdarify the reguivemeniy o e sandardy whieee i
ut pomiiderest 1o b mecexsane. Thase will mainly bet drawn ugr B the “Earogodn cosaperalion for Acereditation (84 e e
"Interriiinnd Eaboratory Adcvtreadiimiion Civesparantion, (ILAC) with a view i ﬁ#fﬂfﬂlﬂx MRifierm priterio for droeestikanine
wisrlidwiate. b wddfiticm, the Dhamih Safety Techmtogy Authoraty ireues Technical Regsiiations grepard by LANAK with specifi
FeRRIrEmen Y foe cherndibatioe ihar abe sot comiimed (o thie s pamifarde

I oedemw foar ot Sahearmtiiry do 59 gecredited 1 a5, wmeag oklver things, reghired

Mhiai thie Jabresratury and i persinied wre free frtim any commercnsl, financiel or other prexsures, which gl BT e
thieir impaetrality

that the lutnatory opergtes o dircumenied R CMEr! s, o haw o meomapement hat eiisires thid the syvtem s
falloved amd molniined:

Hhiae b lrfsaratory hiex at iy disposdl all liemy of siiipamacns, facifitaes and povmises reguired for careect perfarmancre oy
e weriticn Bl o ix AR In o,

that e latsvatory hax it (iy dispsial personnel with techmica mgasletice wad gt tlcoad sspericncr i performing the
vervices D! Sy are aecrsiaihad b retrtiorm

shai the Tebwrsivey by procedirgs [or traceahilite and fefe ettty sl ulatioms

haraccredited westing. calilwation or medical examimation are perlormed In aecirdarer with Sl welidaled g
slovcumnlerd methmidy,

what aicredited reraner are perefiermed dnl Fapmerted m confidenivalite with the cuvtomer and in cormpifiance with the
Euklimer ¥ regtiesd,

Ehurr thi falwiraiter ke iy Fecerrdlt wWhich con bafn kiffictent infrematian b paremmil repvenitsn of the gecredited fesr
calthraning oF medioe! craminglio-

Pheit the labwiraioey (5 subipect oo srveilionce by DANAR o g Fepm far haviy

Repiiris currgamy LAANAN 5 acereditotion mark gre aved when Fepaar g sicorpdiiied sdrvices anad vhens phud Shede v e
prfarm ed in acvordanee with the viday for secredifishim

Page 4 of 4

NEL Project No: QUR006
Report No: 2013/197

May 2013



Commercial-in-Confidence

NEL

\ITEOF CALIBRATION

CERTIFI

Bruel & Kjaer &~

e 4 sbilivatian [aboraiory
shbvbirgye) 107, DE-1E50 Naermm, Divaroasd
¢l IS 45 HOD S0l Faa -5 45 B 05

i hikavv emam

| Hriel & Kper Tene 2750 N JEEARGA
I Iabiri ::--__.."..,|.--|.|| Rk
il (ralinr Hriei &K [ar Ty
N Wil ri 'l | 1] I (F] it |
| Nii i PransIn L Ssyrgenl
CLUSTOMER:
CALIBRATION CONDITIONS:
Tkt | R ELITRIG] I mseraiire. 234005 F M reEsspe I U EPe Beldnive Hamadik Al
SPECIFICATIONS
Ih il 4| Wik Haael & Kier Ty V{0 Pad e Toratet beerEia il il el
ol 1 LS
FROCEDLRE
e mn rEbeils favy edn’ perd Ot ith the asistince of Bolel & Kjer Saund thibrmi
1 DTWAE Iy T VST AR &2 [ 4 BN S THl e . AR
HESLLTS
W'l el | | i LT | 1 f i i 11 el =l |
I | il | T il i il I |
I | 1 I i 1 | | i TR i
| ili ] i e BFaErmm
1 Al AR T il

i

FERTTEFR

ATE OF CALIBRATION

Loorfilcate yomber
A

I, Calibration Note

Ak L e appmoval of JI50 weing LA 484 5900 protection grad dies ol avisi the Labomtory hay ralirrmizsd s S
1 Al 2751004 LIS ERidct hivnd prdechod grd s been choameed e the cevgmal TTR Va0 WEH = la: LIt
] W 4Ty
=« LI ImRT
Pretemenary Inageotson (5.3) el
[ase o i :
i (enera I] I il
| =RheT 1 nim
Liesnty, referencs mungs STL | ¥ peas
4 1 I | 1 HEE 1 || |
i 7. Frengquin Wi A {3 54 Lmal
i iy [ %454 Passerd
o+ 'lll'l.'ijl" CW Wy I II'-::""'ll Fassed
11O Teite wissehidiige Fasl i Faused
4 11, Tame vsiglring Slow (% 5 5) Hansed
}. 1 ik ] | H
N LT HECLFmL | Passe
N T k| | 11 | RS
b3 Temp aversreng (53 9) Manicd
L LT rifiee mid sininad eaposioe lew S5l gnd S5 415 Heogas
417 Overosd dication, Now-mieeratomg (5.5 1X) Hpanesd
| vertopd ndicanoh, [nfegrattng {54 Prinsiie
Y Aroiihd calsbrabson ot 106K Hy (5810 Passed
M1 A s oo e 14 F 20 e BOERY 18 {50 2 ) 1L i
Hesnonse 1o send cabbhratos (750671 Priakimd
It 1 EIf =SEILT
THE SOLND LEVEL METER CONFORMS T0 B Al ) FY NG CONFORMANCE T0 B5 E?
ik H i T L s s L
- et i proced ore weie fmadeshle iyt iosin] fiandsrids. T e mistbiodd i i 11
ancharct s 1 I I I Tegl r coreecied lor the dilierence berwerns 1 iildd i
1 iHeranhose suEpiied | e gnoertamis {158 BERAWEETD @k FISPTEhEar il inctided] i lhe epplicd lolounce i
3| B 1 wvilhilsi ren pLAYE ) R e HETRT | V0 T g (% 1a ] 11 EEITE LR fnl 1 e bkl ool [ALRRRI A
| tham the cosrnedporidome tnadicatn 14 B werbidiad lev el madled wass sriann e i fila il
HsS 5 A 16N | n] BSEMNGLUEDE -1 99d or RS F S0 T vpe | JEbERTTa g i [EHY
il § and appre Enropean Mutoml Inntitoie ol Metmolog
Sole il messiremienls
| TES | (KL} el 1l i 11| Fiai | i f il ifi flanj f T 1
| | Il I IETREL 0 Il'.'\-"-lllll I EROET LI | (I | I | RECTTILTN]
l4i It 114 I | 11 FET (i | | el anl 1 kL =

NEL Project No: QUR006
Report No: 2013/197

May 2013



Commercial-in-Confidence

NEL

CERTIFICATE OF CALIBRATION

Page 3 of 1]

Certifiente Number:

1 2T

1. Instruments

CremeTalan
Aump il
Y odtmister
L olitwrndier

Adupior

[msetrument

Medied & e [ ype A50d0

Bptiel & Kjer, Type 3111

A leiE, Type 3997004

HiriGel & Kpor, Type 2124

FaTiE ok Mg, Type WA ARRDE 1S pF

Tmvomipry M
J A5 0D
1387 1 it
2o
J24F3G0T ]

[ SCSERND )0

CERTIFICATE OF CALIBRATION
L rﬂiﬁ_tllf:lllih:'l:rlrllher

4. Measuremenis

4.1, Preliminary Inspection (5.3)
Inepeciton of insiruments sitbppsitod for eslibration

Wigdinge PMassed

4.1, Setting up (5.4)
Teat- anel widjust socogd level meter using the supphiesd calibrtor

bt F T

C ey Wilan of e

waang tifioal velikestie it -
Lempler ies-Rl2ld e

1 .-I:Il'.' [134] y i
S Pedier= ailyikiviies 2 W k| n S
SPL WP bl kAl LIRS

4.3, General (5.5.1)
Elecericil iests have been performed with the micraphane reploced by o capacitive sduagrie

Routipe Pessed

i.4. Sell-generated noise (5.5.2)

Ihe keld-gencmied: noise hod Been mcaseied wang & shorfosmoo s o the gt of the cupecitve mdapior, Ff emdermnge” indicaied
e Fideed v Itlosw the mesrmom meandreabie valoe

e wirppl LA T
|ells S|

“iase i A4 (]}

B 38 14

Saowan | W i jo Ll
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4.5, Linearity, reference range SPL (5,5.3) 4.6, Lincarity, reference range Leqg (5.5.3)
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4.7, Fregquency weighting A (5.5.4)

M freguency wesghting has been tested af octave wicrvaln from 315 Ha to 12 5kH2 relutive to 1000 Hz 1t the wpecdfied refeence
level The meumuned values have been coreected Tor the effeet of body influsmnece

Exprcmd fleunipial hugepl - L Accepi 4§ Rna e ety AL

[ilE S i srL | {=h] |dH] fulin) [
0 et g i X S0 3@ 30T 0,12
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4.8, Frequency weighting C (5.5.4)
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CERTIFICATE OF CALIBRATION
Certificate Number
1 2000
Page Kol 11
4.9, Frequency weighting Lin (5.5.4)
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4.10. Time weighting Fas1 (5.5.5)

Time wetghting was sested bry compuring the tespanse of o single sinusoudal Burst with the response of o conmnuous smusoidal
ngnal aba fevel 4 O below the opper ot of te primary indécator range The west Trequietsey' 15 J000 He
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4.11. Time welghting Slow (5.5.5)
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4.11. Peak response (5.5.6)

The voset tme of the peak detector hus beest fested by comparing the-teaponie to 8 100 (18 réctangular-pulse with the respanie 1o A
10 pis e efierenes plalsc of the same amplinde nod polarit
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413, LML, sccuracy (5.5.7)

The rims iccuracy has boen tested on the reference mnge for o crest fackor of 3 by companng the response to o seguence of ope
burstn sith that fie o contineous sinisoldal signa| of 200017 8t & level ut 2 3B helow the upper lm of the promany indicatos e

Fxpagied Pl e | Adpepi - |y A icend + Lima | etaerinseey Lingc=maanny Yisle
[HH-5PL| [al4 BFL| [l [dR] (i JaH|

Hef 176 H [ W 2L A1.200 1] LIEi I+ 20

Barn W, 13980 Fe 11| |20 3% S ] 150 LI (L13]

404, Time weighting [ {5.5.8)

Firie weighting Impoise has been tesed by compering the response of 8 smple simstidal Burs wiih s duestion of 5 ms, and &
repetitive Hurat with the dumnnon of 5 ms and o repetition frequency of 100 He , with the revponse of o contimusus simisoidal signal
w8 level ot the opper limnt of the primary indicator range. The test frogiiency & 200¢h He:

Eapeciind Pelemmiprrad Appvpi- Lk Aceen | lem Tierialurm Uincyriniray Lrarin
{5 [ilE | [l f ] i filha)

el |50 EH | i o 1 i ol i L[] (Lt & 21k

fing. B Mew, | 100H 2124 12118 2 1 1K) 41w 131

Ciomt:. Frsst bieam, 1 104 sl (8 i Ut 12734 o | i (N1 11 a2

4.15. Time uveraging (5.5.9)

The yme sveraisng has been tested on-the reference mage by comparing the responise (e 2 continuoos sinusoidal digeal of 4006 He,
with that foy a sequenee of wae hirts having the same equivadent level,

K premig esamd Acrept- Limt  &poppd + Lima i yintsim Lnicwramiy A
[elbf L] [l Lesg | sy || i) |
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4.16, Pulse range und sound exposare lewel (5.5.10 and 5.5.11)

The Pulse range has hegn teatdd by comparmg the rexponse b o single simusoidal baeest wiih e theoestical value of the squivalent
comtinumis level of the test signal The Sound Bxpoaure Level wheene svatlable has been determ ined using the same test signnls

Enpparmd Tl Aveppls B Apcopl @ i [waarum 1l @iy S
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et ey, TH TH. 06 79 L0 L+ 1]] 11,04 L
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4.17. Overload indication., Non-integrating (5.5.12)

Nop-integrating mode, The overipad nadicator bas been wwied using » sequence 0f fono s a spooificd in BS7 580 clauie
SET. The level of the twne barats was incroased antil an overlond |ndication neeurred, The level was then reduced v 114 H w0 1l
rn pridication ooeurred. The level was fierther redoced by 3B snd the meder mdication recorded,

Exprerieil Mesisirel hicept- Limii  Adegpl = Limi Dhraidin Usngiériaisty Saatu
[0 ] A 5P [ ] fiim] [l [
Fen-imegTatmy 1 HiLTH < i 0.0 (ELE T 1w

418, Overload indication, Integrating (5.5.12)

Integrailng Mod. The overload indicutor has heen tested wsing single sumordal burs with durstion of 1 s al s frequeney of
4000 He. The level of the burst wus moreised undl e meter just indicatied a permanent overhoad, The signal was then reduced by
|E. Wit s contimanis signal of the samie smplitiade applicd the meter indication was reconded

i -
'T::."“ Enpeiml L& [T 2L ﬂt‘:::l ""I"_'I?:I Deviamm Lldersiasns St
|l Ly judl 5L | [ulld SPL [GLLT] |#HEL] |a1H] [k}
Imzprating g 10184 16 dd 20 1H BT (T

4.19. Acoustic calibration at 1000 Hz (5.6.1)

Tha complete instrumerd has been calibrated ot reference condrtiims, 10080 Hz ul 94 dB. A comection i accondanes with
rrai (i forers dute was udis for the difference berween the free feld and pressure response of tha microphene suppdied 10
determing the udjustment level, I a comection for the effect of bady mfluehce b reguited so thut the meter reads correctly, (his has
alha hesn mchided i the detetmination, '

l.'|||.T:i|-:| Pirnhias 89, Dommention

L' P4T3 Hisdy Tnbliremes b Addnommeni Level Pl i
M SEPL] [ R { AP
Wl Comi o i B i ALIEY AR

4.20. Acoustic test at 125 and BOO0 Hz (5.6.2)

The omplete inatrmnent han beer) ested witog contimuorus acousticsl signals of 125 Hi ad $000 Hz relative to the refemmes
reading at | M. Correclions i secordance with manufsciurers duta were made for the diiferenee between the free field wnd
pressude revponse of the microphong saprplied o determine the sxpected readiog. Manow ficturern data for body influenice has been
thed i calculstng the corrected measured resdings. representing use witlin free fichd conditions

Uinl= NG Ciore Hislly

Prespuic tiTamr . Wl misrd Cormcred Froe Fiold  Jbsponss
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4.21. Response to sound calibrator (5.6.3)
The resgromise o the moiocisled Sotnd Calibraior has bees recorded.
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Deutsche WindGuard

Wind Tunnel Services GmbH, Varel

akkreditiert durch die / occredited by the

Deutsche Akkreditierungsstelle GmbH {{ DAKKS

Deutsche ",I—FF"-;“"‘

WindGuul:d

Crpinsche
Aklcrdirrutpistile

als Kalibrierlaboratorium im [ o5 colibration labaratory in the 0.K,15 140-01.00

Deutschen Kalibrierdienst

Kallbrierschein

EI[ ﬁ 1310536

O-K-
15140-01-00

Colibration mark 02,2013

Colibrotion certificate

Gegenstand Cup Anemaometer
Otjecr

Herstellgs Windspeed LTD
Maneiac s Denbighshire LL18 248
Typ A 100R

Trae

Fabrikat/Serisn-Nr. Body: 11441

Serial) numler Eu’n: {mn
Auftragpeber TUW MEL Ltd

. UX Glasgow GT5 00U
Auftragsnummer WT130181

Cirdar Mg,

anzahl der seiten des Kalibrierscheings 3
Number of poedd of Hhe cermieals

Daturm der KaBbrierung  01.02.2013
Dabe of eaibesiian

Digsar Kasbrierichein dekdmentiert die Risck-
fubrung auf nationale Narmale ur Darsielbung
der Einheiten & Oberelnstimmung mil dem
Iml=rnatianalen Einhaitemyem [5]

Die DAkkS SO Unterzeichner der muliilateralen
{Bereinkommen der European co-operation for
Aecreditation (EA] uwnd der  Inlernational
Labaratory Accreditstion Cooperstian (ILACT 2ur
gugenseitigon Anarkennung cer Kallbrigrschelng
Fur die Einhaltung elner angemesssnen Frist 2ur
‘Whederhalung. der Kalibriereng (st der Benutzer
varanbwortioh

This colibvation cenbificote  documents: e
trocenhiiity fo motionod stondoeds, which reolize
the wits af measurernsnd  oooarfag Lo the
internaciangl Spsiem af Linis (51

The Dakks & sigmatovy o the muitiohenal
agreements - af the Eurcpeen co-ppevatian far
Accreditmtion (EA} and af the inlernatiseal
Labarztary Accreditoilar Coopermiion (TLAC) far
the mutual recagnidtion of codbrohian certificehes.
The wser i obliged o haowve the object
recalibrated ot approprivhe interals,

Dazer Kallbrierschein daef nur volistdnely wnd unverdedert waeltereranedtet werden, Auszlpe oder Anderungen bedirlen der Genehmiging
t0waitil der Dmutechan Akkmaditarungsnedn ak asch dos auistsl lenden Kadbrielabaratnriume. Knlbrienchainn chne Uniarsehrilt haben beins

GlhlgeEt.

Thig calbvarionr cerrificare musr nal b feprochoied ather tham m Joil eagei with the pormsin of Soth phe German dccredifolion Booy ond the

Issukeg fobdrofory. Colibrabion cerdifinotes withour sgnoture ore Aot vand

Dstum Leter des Kxibrisdabormioriuma
Barpe & e calibvotion loberatany

01022213

Boorbeiber
Pericr in charge

Spita 2
Page

1310536

T —
O-K-
15140-01-00 |

= '
02/2013

Kalibriergegenstand
Chyjact

Kalibrierverfahren
Calibration grocedurne
Ort der Kalibrierung

Floce of calbrotion

Messbedingungen
Test Conaitions

Umpebungsbedingungan
Test conaitions

Akkreditierung
Aecregitation

Anmerkungen
Remarks

Auswertesoftware
Software version

CUp AREMOmETEr

IEC 61400-12-1 = Power performance measurements of electricity
producing wind turbénes = 20{5-12
190 3966 = Maasurement of fluld in closed condubts = 2008-07

Windtunna! of Deutsche WindGuard, Varel

wind tunnel area " 10000 cm?
anemometer frontal area ™ S00 et

digmeter of mounting pige - 37 mm

blockage ratio 0.0z0 |-

blockage correction " 1.0060 (-]

dir immperature 20.5°C 01K
dir pregsung 10011 hiFa 203 hFa
relative air humidity 6.3 % t 2.0%
05/2011

Calibrated with #05 Type Single Mount

7.4

" Quarscsnifshacha der Alslisedise des Wingkaals

W e perdlachte Quanchaiitllicho |Schatemened] deg Frifin g inkd. Mondagerakr

" pupchenesser dos Moscperchis

" mrhiimiz von X B 1§

4 ikl aase durel e Verdk drgguing det Sudereang dusch den Praling

Anmadkung: Aulprund der spesielira Eosairukion der Mpnreckn ist kaine Kormellon nidy

REFcan Due L0 e Sotiod oanatiLcrion of this e section ro Bockage coaesman b nacesary

Dieser Ralibrierschein wurde elektronlsch erzeugt
Thiz coltbratian certificate has been generated electronically

Deutsche Windzuard

Wind Tunnel Sarvices GmbH, Varel

Deghachn

—
WindGuard
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Anbang
1310536
1310536 s
Seite 3 k-
Page 15140-01.00
02/2013 1 Detailed Calibration Results
Kalibrierergebnis: DKD calibrathon na. 1310535
Resuit:
Serlal no, 1 Body: 11441
File: 1310536 Serial no., 2 Cup: CZAR
= B Date 01.02.2013
Tast lbam (/s Tunnad (L] L et 2] [mis
0% gl Tunred Bpesd (i)~ | L - ¥ (=2] (mis) A R 205 °C
aHr 1 4.116 0053 Alr pressure 1001.1 hPa
4. 819 E Q80 Das3 Humidity 363 %
& 188 906 Das3
— . oh e Linear regression anabysis
8 o 11.704 CLaSS slope 1.26181 {my/spi1/s) £0.00161 {m/shi1/s)
1na2a Tig64 Dos3 Offsat 0.2270 rrye #0.013 pju
Starry) 0.013 mfs
12188 1516 nas3
o Correlation coefiiclent 0.995991
11374 14 SE6 £os3
BHTE 12683 Q053 Remarks no
8290 ToLTid D053
8.77d B &2 a=lx]
&.282 E!i'ilf__ 0os3
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Angegehen st die erashertie Messunsicherheit, die sich aus der Standardmassunsicherhedt durch Multiplikation mit 511 ' - { i i 1 g
derm Erweiterungsfaktor k=1 ergibl, Sie wurde gemali DAkkS-DED-3 ermittelt. Der Wert der Messgréle liegt mit ainer "
Wahrscheinlichkelt wan 95 % im jugeordneten Wertintervall,
Die Deutsche Akkredivierungsstelle GmbH st Unterzeichnerin der multiiateralen Ubsrainkommen der European oo- [} — : . .2
operation for Accreditation [EA] und der International Laboratory Accreditation Cosperation [ILAC) ur gependaitigen ] 2 4 -] B 10 12 14 16
Anerkennung der Kalibrierschelne. Dle welteren Unterzeichner inmerhalb und aufterhalb Europas sind den ""’F‘H I-::I?i% "m":'“" Anemometsr outpul fifs
Internatsaiten von EA |www.eurcpean-accreditation.ong) und [LAC (wwaw.llac.orgh zu entnalimen, corelaton [0 585991 - = Retkuak B Wind cpoed Callarated with 405 Type Sngie Mounl

Dt al 10 s 774518 /s

The exponded uncertainty assigned to the measurement results s obtalined by multiplyng the stondard wncertainty by
the coveroge foctor k= L It has been determined in occorcance with DAKKS-0K0-3. The wolve of the measurand lies
within the assigned renge of values with o probabdlity of 358,
Deutsche WindGuard Wind Tunnel Services is accredited by MEASNET and by the Deutsche

Thie DAKKS i signatory to the multifoteral eapree-ments of the Ewopesn co-operation for Accredito-Hon (EA) and of the Akkreditierungsdienst — DAkkS [German Accreditation Service). Registration: D-K-15140-01-00

internotional Loboratory Accreditation Coaperohion (LAC) for the mutual recognition of colibration certificotes.

—_— Deutsche WindGuard Deuische ——
Deutsche WindGuard Daufzchio e T—— ; '

Wind Tunnel Sarvices GmbH, Varel
Wind Tunnel Services GmbH, Varel WindGuard i foioch i WindGuard
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2 Instrumentaotion
P, __Smnsst _Maniifs Type Aeags
1 _| Fital skstic tube Al rilrmt HPL B mm -
i | Fitol sketic lubs Alrifirs NPL B mm
¥ | Fital itathc tube Ao MPL B mim
| b | Fital static tube &l rfkray NPL B mim -
% | Preasure tremoducer Setra £ 239 =50 Pa
6 | Presjure tanudurer Setta L X 250 P
T | Predsure frasmducer | Setra L 239 % Fa
B | Predsure trensducer Setra C 23 250 fa
2 | El Bammeter Wazdla | 3115710000 B Pa -1 300 hPa
10| Bl Thermometer | Galltec | KPEL/GME _WPC. AT
11 | EL. Humidty =ensor Galltec EPK LiIG-RIL O-10H
1F | Wind tunnel contral :
13 | CANCGELS | PC esd Id 1 16 Bt

Tahle 1 Description of the data acquisition system
Remark: Last Ae-accreditation see page 2

3 Photo of the calibration set-up

Callbration set-up of the anemoemeter calibration [n the wind twnned of Deutsche WindGuard, Varel, The anemometar
shown may differ fram the calibrated ane. Hemark: The propartion of the set-up |5 not true to scale dua to Imeging
Eeamealry.

4 Deviation to IEC procedure
The calibration pracedure is in all aspects in accardance with the [EC 61400-12-1 Pracedure
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{31 150 3966 2008 - Measurement of fluid flow in closed conduits
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