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SUMMARY

NEL (TUV SUD Limited) carried out a series of acoustic noise measurements on a
SD Wind Energy SD6 wind turbine (formerly the Proven Energy P11) at Myres Hill on
14 April 2011, 09 May 2011 and 19 May 2011. A summary of the test results is
shown in the immission noise map below.
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1 INTRODUCTION

8D Wind Energy, a small wind turbine manufacturer based in Stewarten, Scotland,
commissioned NEL to produce an IEC 61400-11:2012 acoustic test report for its SD6
small wind turbine. SD Wind Energy were previously Kingspan Environmental Ltd
and originally Proven Energy Ltd. The SD6 model was previously the KW6 under
Kingspan and originally the P11 under Proven.

An acoustic test was undertaken by NEL on the P11 in 2011 in support of Proven’s
application for MCS certification. The acoustic test was carried out in accordance
with the applicable standards at the time, i.e.

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

« BS EN 61400-11: 2003 ({(incorporating Amendment No.1) Wind turbine
generator systems — Part 11: Acoustic noise measurement techniques

o |EC TS 61400-14:2005 Wind turbine generator systems — Part 14:
Declaration of apparent sound power level and tonality values

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

With the release of the revised RenewableUK Small Wind Turbine Standard in
January 2014, small wind turbine manufacturers with MCS certified products had
until January 2019 to demonstrate compliance. One of the requirements to maintain
MCS certification beyond January 2019 is an acoustic test in accordance with |[EC
61400-11: 2012, the standard which superseded the standards which were
applicable in 2011.

NEL's approach was to take the previously acquired test data from the P11, now the
8Dg, and re-analyse it in accordance with the more stringent requirements of IEC
61400-11: 2012.

Details of the test campaign and the results of the data analysis are presented in this
report.

2 STANDARDS AND REFERENCE DOCUMENTS

The execution of the acoustic performance analysis of relevant data were undertaken
in compliance with the following standards:

« |EC 61400-11: 2012 Wind turbine generator systems — Part 11: Acoustic
hoise measurement techniques (identical to BS EN 61400-11: 2013).

o |EC/TS 61400-14:2005 Wind Turbines — Part 14: Declaration of Apparent
Sound Power Level and Tonality Values.

¢ |80 17025:2005 General requirements for the competence of testing and
calibration laboratories.

3 TEST WIND TURBINE CONFIGURATION

The SD6 wind turbine is a three-bladed downwind design turbine and is rated at
6 kWe at 11 m/s wind speed. The test turbine was installed at NEL's Myres Hill wind
turbine test site on 14" January 2011. A summary of the test configuration is
presented in Table 1. It should be noted that the test results are only applicable to the
wind turbine configuration tested.
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4 DESCRIPTION OF TEST SITE

The Myres Hill wind turbine test site is located in high moerland in the central belt of
Scotland, within the Whitelee Forest area above Eaglesham, south of Glasgow. It is
centred at Ordnance Survey grid reference NS 568 467, approximately 330 m above
sea level.

There are a few small steel containers or portacabin style out-houses and other small
outlying utility buildings within the confines of the test site, the closest of these lying
approximately 60 m to the south and 20 m to the north of the turbine under test. The
terrain slopes away steeply beyond the test site fence some 100 m to the west and
150 m to the north of the turbine while slopingdown more gradually southwards from
the turbine beyond the test site fence 200 m south of the turbine under test. The
slopes are all relatively gentle within the test site compound with areas of long grass,
heather or otherwise low-lying shrubbery spread in all directions over the site
grounds.

There were several wind turbines under test at the test site. During the acoustic
testing reported here, it was ensured that all turbines remained in a parked condition.
There are some large wind turbines and also forested areas within the Whitelee Wind
Farm lying on neighbouring lands. These are well to the south and west outside the
test site, with the closest being approximately 700 m away. The potential effect on
the background readings and thereby the reported results is, however, deemed
negligible following acoustic tests previously carried out when the entire Whitelee
Wind Farm was put in a parked state for a few weeks.

There are a few transformers on the test site with mains hum detectable in the
background readings. There is no evidence that this has underplayed tonalities.

5 DESCRIPTION OF MEASUREMENT EQUIPMENT

Table 2 lists the measurement instrumentation used. A photograph of the 2011 test
arrangement is shown in Figure 1, while Figure 2 shows the system used for data re-
analysis. The corresponding calibration certificates are provided in Appendix 1.

6 ACOUSTIC PERFORMANCE MEASUREMENTS

Audible noise measurements were undertaken at the Myres Hill test site on 14 April
2011, 09 May 2011 and 19 May 2011, covering a 10-second averaged wind speed
range (hormalised at Rotor Centre/Hub-height) of 3 to 15 m/s for a height above
ground level of 9 m. The measurements were taken in accordance with Annex F of
the IEC 61400-11: 2012 test standard.

During each measurement session, one-third octave spectra were measured
concurrently with the overall continuous sound pressure levels. An audio recording
of each session was also made on a Briel & Kjaer (B & K) 2250 noise analyser/SLM
(Sound Level Meter). The audic signal was played back later via the B & K BZ-5503
Measurement Partner Suite software and input to a Quattro DP240 dynamic signal
analyser which generated the fine frequency spectra to be used in the tonal
assessment.

The instrumentation used in these measurements is listed in Table 2.
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6.1 Measurement Procedure

A meteorological mast was used to cover south-westerly winds on the three test
days. This mast had an anemometer mounted at 10 m above ground level, which
corresponds closely with the hub height of the wind turbine and this was sited at
nominally 12 m/ 2.2 D from the turbine, on a bearing of 240° from the wind turbine.

The total testing period covering the measurements used in the analysis lasted from
12:30 until 13:34 on 14/04/2011, 12:00 until 13:04 on 09/05/2011 and 13:46 until
14:44 on 19/05/2011. During the total testing period the measured hub height wind
speed ranged from just above cut-in at ¢c. 3 m/sto c. 15 m/s.

The direction of the wind, air temperature and pressure were also monitored over this
total testing period. On the 1% test day the air temperature was ¢. 8.5 °C within +/-
0.5 °C, while the atmospheric pressure was 976 mBar rounded to the nearest mBar.
On the 2™ test day the air temperature was c¢. 13.5 °C within +/- 0.8 °C, while the
atmospheric pressure was also 976 mBar rounded to the nearest mBar. On the 3™
test day the air temperature was ¢. 10.5 °C within +/- 0.6 °C, while the atmospheric
pressure was 976 mBar rounded to the nearest mBar.

Noise measurements were made using a %" diameter microphone located at the
centre of a 1 m diameter ground-mounted {(acoustically hard} board located 12 m
downwind from the wind turbine. Noise, wind speed and direction data were captured
in 10-second periods. The location of the ground mounted board and microphone
was chosen to minimise influence of any out-houses, parked turbines, MET masts
and ground vegetation in the immediate vicinity of the wind turbine upon reported test
results. The conditions complied with free field behaviour for reflecting planes.
Photographs showing the test arrangements are shown in Figure 1.

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

Wind speeds were normalised to standard meteorological conditions as per Equation
(F1) of IEC 61400-11:2012, where required.

Data were filtered to remove data points where either the noise board position was
outside the valid sector (£ 45° relative to the wind direction) or the anemometer mast
position was not in the valid sector (£ 90° upwind of the turbine). Filtering was also
performed to discard data where there had been interference due to extraneous
hoise events, e.g. passing aircraft or bird noise during the background tests.

6.2 Apparent Sound Power Levels

There were 642 valid data sets, post-filtering, of which 448 samples had the wind
turbine running and 194 samples had it switched off. Figure 3 shows data captured
during the various measurement sessions, with the turbine running and with it parked
again. A summary of the apparent sound power levels and associated uncertainty at
wind speed bin ¢entres at hub height are given in Table 3.

6.3 Noise Immission Levels

Estimated noise immission levels for different wind speeds and for selected slant
distances from the rotor centre are presented in Figure 4. The sound pressure levels,
dB(A), shown in the noise immission map are based on the Apparent Sound Power
Levels referenced to the wind turbine hub height and are calculated assuming
spherical propagation.
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From the graph it can be seen that for a hub height wind speed of 9 m/s the sound
pressure immission level at a slant distance of 160 m from the rotor centre is 35
dB(A). This distance reduces to 80 m for a wind speed of 5 m/s.

6.4  One-Third Octave Band Spectra

The A-weighted one-third octave band sound power spectra are shown in Figures 6
to 17 for each of the rotor wind speed bins. Note that the wind speed is referenced to
the rotor centre height. Numbers shown in square brackets represent points where
the background level is within 3 dB of the total noise level, i.e. with the turbine
running.

The wind speed bin centre A-weighted one-third octave band sound pressure levels
are presented in Table 4 with the corresponding uncertainty values. Wind speed is
referenced to rotor centre height. The values marked with an asterisk represent the
points in the spectrum where the difference between total noise and background
noise is between 3 dB and 6 dB. Results shown in brackets indicate the difference is
less than 3 dB and these values were not used in the calculation of the average.

In 2011, one-third octave spectra were analysed for the presence of tones and as
such none were detected. Note: Under the previous fest standard, 3.2 Hz sampling
was used, half the resolution called for in the present test standard. The present test
standard looks at a broader 20 Hz to 20 kHz range, too, with previous test stand
focussing on a range of 100 Hz - 10 kHz

6.5 Tonal Audibility

For each of the bins, 30 fine frequency spectra were available for the analysis,
except for the 3 m/s bin where only a couple of valid measurements were available.
For bins 13 — 15 m/s only forty or so valid measurements were available, spread over
the higher integer wind speed bins, roughly averaging thirteen in each of these bins.
Running results are only borderline 3 - 6 dB more over background readings in 13 -
15 m/s bins, meaning tones would be unlikely.

The search for tones was conducted in the frequency range 20 - 11,200 Hz.
Narrowband spectra, with a resolution of 1.5625 Hz were generated from the Quattro
DP240 dynamic signal analyser in 10-second periods using a Hanning window with
an overlap of 50%.

Figures 18a to 28d show one representative fine frequency spectrum from each of
the wind speed bins. Two graphs, a and b, are presented for each spectrum. The
first, a, shows the whole spectrum with the frequency of highest tonality marked with
a blue dotted vertical line. The two vertical blue lines show the limits of the
associated critical band. Similarly the red vertical lines highlight the critical band with
the next second highest tonality value and green lines mark the critical band
containing the spectrum’s peak. In some cases the spectrum peak and highest
tonality coincide.

The second figure, b, shows the critical band in more detail. The spectral lines {points
in the frequency domain) identified as possible tones are highlighted as red markers
and the masking noise shown in green. Calculating the energy sum of all the points
identified as tones gives the sound pressure level of the tone (Lpt) which is shown as
a red dotted horizontal line on the graph. The black dotted horizontal line {Lpn, avg)
represents the energy average of all the masking points and the dot-dash line
represents the defined masking level (Lpn).
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The tonality (ALtn) for each spectrum is determined by subtracting the masking level
(Lpn) from the sound pressure level of the tone {Lpt). The final step is to calculate the
tonal audibility {ALa)} by subtracting the frequency dependent audibility criterion {La)
specified in IEC61400-11:12 from the tonality.

The results of the analysis show a reportable tonal audibility at ¢. 8 kHz for the wind
turbine in the range 4 - 6 m/s. Table 5 shows a summary of this reportable audibility.

There are no reportable audible tones for wind speeds above 6 m/s. In the range 4 to
6 m/s there are two tones with audibility greater than Q0 dB. These are at ¢. 8 kHz with
its highest audibility being +4.3 dB for 5 m/s wind speed and ¢. 6 kHz with its highest
audibility being +2.1 dB but is always lower in audibility than for 8 kHz over 3 -14 m/s.

A tonal audibility calculation summary sheet for each of the wind speed bins is
presented in Appendix 3 and includes a subordinate audible ¢. 6 kHz tone at 5 m/s.

7 DEVIATIONS

The sound recordings made in the original 2011 tests and subsequently re-analysed
in line with the latest edition of IEC 61400-11: 2012 were zero-weighted, which was
the requirement of the applicable standards at the time.

Nevertheless, a sensitivity analysis was carried out to find if there would be any
increased uncertainty applying A weighting retrospectively to renewed fine frequency
analysis of the original raw recorded sound levels. The finer frequency sampling
interval of ¢ 1.6 Hz was applied as opposed to the ¢. 3.2 Hz interval used previously.

The current standard samples over a wider freguency range, too. The SLM was
capable of achieving this but again using the broader range combined with double
resolution was not required. 0.3 dB under-read could arise for any frequencies close
to adjacent one-third octave band borders. Being centred within a one-third octave
band, ¢.8 kHz tones are reported without requiring any increased uncertainty to be
added.
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TABLE 1

SUMMARY OF TEST WIND TURBINE CONFIGURATION

Turbine Characterisation {Section 10.2 IEC 61400-11:2012)

WIND TURBINE DETAILS

Manufacturer

SD Wind Energy

Model number

SD 6

Turbine ID / Serial number - [Head No.]

Drg. No. PR-06-WT-001 - [1548]

OPERATING DETAILS

Vertical or horizontal axis wind turbine

Horizontal axis

Upwind or downwind rotor

Downwind rotor

Hub height 9m
Horizontal distance from rotor centre to tower axis 1m
Diameter of rotor — {from manufacturer's data) 55m

Tower type {lattice or tube)

Hinged monopole tapered tower,
CU twin nesting tube sections

Passive stall, active stall, or pitched controlled turbine

Passive pitch-to-stall (Coning)

Constant or variable speed

Variable speed

Power curve (if required for wind speed determination) N/A
Rotational speed at integer standardised wind speed bins N/A
Pitch angle at each integer standardised wind speed bins N/A

Rated power output

6 kWe @ 11m/s

Turbine Control System

Passive pitch-to-stall system
{plus Inverter®)

Control Software Version*

See note below Table 1

Vortex-generators, Stall-strips, Serrated-trailing-edges fitted

N/A — No such devices fitted

Blade Manufacturer

Green-Blade

Blade Type

Glass Thermoplastic Composite

Number of Blades

3

Gearbox and
Generator Details

Direct-Drive
c/w Rare-Earth Poles

* Inverter settings for 215 December 2010 Installation Datasheet, defined as Version

1.33 comprising 16 set-points, was advised by Proven Energy Limited
{now SD Wind Energy) in an email to NEL dated 11™ February 2011.
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TABLE 2 INSTRUMENTATION USED IN ACOUSTIC TESTS

SERIAL CALIBRATION CALIBRATION
PARAMETER | INSTRUMENT MANUFACTURER | TYPE NUMBER CERTIFICATE.REF. | LABORATORY
Sound Level Calibrator Briiel & Kjaer 4231 2651818 C1006721 Briel & Kjaer (UKAS 0174)
Sound Level Microphone Briel & Kjaer 4189 2643613 1006722 Briel & Kjaer {UKAS 0174)
Sound Level Handheld Analyser | Briel & Kjeer 2250 2653893 C1006722 Briel & Kjaer (UKAS 0174)
, D48-023 :
Sound Level DP240A Data Physics Corp. T ABB-07 21717 Cert. No. 28450 Data Physics Corp.

. . . . Littlebrook Calibration
Wind Speed Anemometer Gill Instruments Windsonic 10150026 N20033/10 Services (UKAS 0436)
WindDirection | Anemometer Gill Instruments Windsonic 10150026 N/A N/A
Wind Speed/ S
WindDirection Datalogger Campbell Scientific | CR1000 6345 N/A N/A

Barometric pressure | Setra/ supplied via Littlebrook Calibration
Pressure transducer Campbell Scientific | 0> 100-278 | 4288966 N19273/10 Services (UKAS 0436)
Vaisala/ supply via Littlebrook Calibration
Temperature Temperature sensor Campbell Scientific HMP45AC | F1450158 N19272/10 Services (UKAS 0436)
Pressure/ Datalogger Campbell Scientific | CR1000 6280 N/A N/A
Temperature
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TABLE3 SUMMARY OF Lwa LEVELS AND ASSOCIATED UNCERTAINTY ulwa, AT WIND SPEED BIN CENTRES

Lwa (dBA re 102 W) @ Rotor Centre Height, H

Wind Bin Centre, k {m/s) at Rotor Centre Height
Parameter

3 4 5 6 7 8 9 10 11 12 13 14 15

Run points {643 total) 31 111 58 42 55 28 45 54 55 66 26 11 1
Run vear 3.17 401 4.89 6.02 7.01 8.01 8.90 10.01 11.04 11.96 12.94 13.90 15.05

Bkgd points {341 total} 24 82 11 410 19 14 13 17 38 29 12 8 4
BgdvBr 3.19 4.04 4.94 5.99 6.94 7.94 8.98 10.01 11.00 11.96 13.00 13.85 14.65

Lwa @ H 79.9 82.8 84.2 84.6 85.8 87.4 90.1 93.6 96.4 99.4 101.7 103.7 -

Lwa Status OK OK oK OK 0K oK OK oK 0K OK OK CK -

ulwa dB 0.93 0.63 0.58 0.66 0.68 0.65 0.70 0.75 0.80 0.68 0.74 0.93 -

Lwad @ H 81.4 83.8 85.2 85.7 26.9 88.4 91.2 94.8 97.8 100.5 102.9 105.2 -

Note: Status:"CK"-Background naise is at least 6dB less than Turbine running,"*"-Background3to6dB lower thanTurbine,"DNR"-Background noise within 3dB of Turbine->DoNatReport lavels.

Lwa (dBA re 102 W) @ 10m Height a.g.l.

Parameter Wind Bin Centre, k (m/s) at 10 m Height
3 4 5 6 7 8 9 10 11 12 13 14 15
Vi
Lwa @ 10m 79.5 82.5 84.0 84.5 854 86.5 89.0 92.5 95.0 98.5 101.0 | 1025 | -
ulwa dB 1.0 0.7 0.6 0.7 0.7 0.7 0.7 0.7 0.8 0.7 0.7 09 | -
Lwaq @ 10 81.0 83.5 85.0 85.5 86.5 87.5 90.0 93.5 96.5 99.5 102.0 | 104.0 | -

Note: Simplified linear interpolation method used to calculate ulwa and Lwa at 10 m height but in general accordance with the intent of IEC 61400-11:2012
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TABLE 4

BIN CENTRE A-WEIGHTED 1/3 OCTAVE BAND SOUND PRESSURE LEVELS
{AND UNCERTAINTY VALUES FOR ROTOR CENTRE HEIGHT WIND SPEEDS

1/3"™ Octave Band Centre Frequency =
Wind Bin I ~ ~y ~ ~ ~ M N ~ ~ ~ = ~ - £ ra ~ =)
~ N B N ra ~ N ~ ~ o ~ ~ =
centre, k 2|5 221225535 |5 |5 |25 |8|z(z|2|2|2|Z|2|2|= 2|2 %
2 H = gl = 2 22 = | 3 2|8 = =1 A N el S| F = | m = &=
{m/s) Parameter =y S| S| a i B = = T Y & S = | o= ¥ = =
Total L, , -0.6 | 4.1 |10.3]|15.0|22.9]23.4|26.2|281]|28.8]30.3[32.1|329|225|33.7|35.7|37.4 |41.0|427|43.2|42.6(43.2|/42.4[3253]|34.3|30.8|29.5|26.6|201]| 51.6
5 Bgnd L, -9.6 |-53 | L1 | 3.4 |20.5]|129|13.0|175|155|18.0|18.7|19.2 | 182|157 171|165 |16.3|154|13.8 |11..2| &8 | 8.8 |10.8|14.8|13.9(16.0 | 13.6| 7.0 | 25.7
Corrected Ly | -1.2 | 2.6 | 9.8 |14.7[[19.9]{ 23.1| 26.1 | 27.7 | 28.7| 30.1 | 31.9 (32.7 | 32.8 | 32.7 [ 35.7 | 37.4 | 41.1 (42,7 | 43.3 | 42.6 | 43.3 | 42.5| 353 | 24.3 | 30.7 | 29.3 | 26.5 | 19.3| 51.5
u, 112 (116|116 |1.20(2.03]/1.22 137 |1.32|122|1.19|1.17|1.20 | 115|106 | 098 |0.86 |D.87 (092|092 (085|081 (090|111 |1.09(1.10(150|1.66|1.27 -
Total L, , o7 52 110|150 (223|227 |254 (277296319341 |351 (3573713591404 437 |46.0|47.5|47.4(47.1 45542 8|384(|340(37.3 (348232553
a Bgnd L, g -4.9 (0.2 | 42| 7.2 |205|145|158 | 1890|184 |21.6|22.9|22.0|210(19.4|205|198|189 (176|169 (12.4|11.1 105|123 | 143|162 (228 |11.8| 7.4 | 325
Corrected L, .| -0.8*% | 3.6% | 100142 [[193]]22.1|249 (272 |293|315|338(349|356|371(391|404 438|461 |476|475|471|455|423|385(|340(37.1 (348|232 552
[T 093 | 100|082 0.77 [[1.41)| 075 (071 | 0.73 | 0.68 | 0.70 | 0.63 | 0.67 | 0.66 | 0.64 | .64 | 0.63 | 0.62 [0.62 | 0.63 | 0.64 | 0.62 | 0.62 | 0.62| 0.63 | 0.64 | 0.77 | 0.78 | 0.62 -
Total L, ¢ 1.7 0.7 |14.2]|17.9| 2235|252 |285 319|333 |34.7|37.2(38.4 | 286|326 |416|42.4 (447|466 | 486 (49.5(49.3 | 47.4|44.6|40.4 354|267 | 32,2255 57.0
5 Bghd L, 1.4 54 | B9 |118|220(|17.8|19.2 34228253 |27.2|268 (249|241 |250|24.0(1229(21.2(195|170(145 (143 |205|24.1|260(26.0(125] 9.2 | 369
Corrected Ly .| [-1.4] | 7.8% |12.8% 16.8 [[20.5]| 24.4 | 28.0 | 313|230 34.2|36.0 (382 | 385|206 (41.5|42.4 | 447|466 | 486 | 40.6 | 40.9 (47.5| 44 6| 40.3|34.9(36.4 | 32.2| 254 | 57.0
U, [1L&2] (125 | 006|086 |1.38]|0.74 | 070 |0.77 | 0.60 | 0.68 |0.67 (D65 |0.61| 059 058|057 |0.56|0.55|0.56 058 068 |0.57 057|057 |0.68|0.68 | D.63]0.62 -
Total L, ¢ 7.5 |12.7 168|214 255|28.5(33.0 | 342|357 |37.6|40.3| 415|417 | 423|440 (445 | 459|468 47.6|47.9| 485 |465(|43.8|405(35.2|34.7 310|258 569
e Bgnd Ly, 50 87 |11.8|149]1822 169 |21.3 | 228|254 |272.7|32.7 (324|282 |283 (202|226 (276254234 |210(126|185(23 8276260179112 26 | 403
Caorrected Ly | [4.5] |10.5%15.2%| 20,3 [ 24.7 | 27.9 [ 32.7 | 33.9|353 | 37.2 | 36.6 (409 | 415|422 [43.9| 445 | 45.9 | 468 [ 47.7 | 47.9 | 48.9 | 46.6 | 43.8| 40.3 | 34.7 [ 34.7 | 31.0| 258 56.9
U [188](122|1.04[093]|0.86|282|021 |0.76]|0.77[0.79|0.84 (080 |0.72]|0.70|0.62| 068 | 0.67|0.60]|0.63[0.69 (0,64 |0.63[0.63]|0.67|078]|0.70[0.78]0.24 -
Total L+ 116 [14.2 | 18.5]23.4|27.030.2 | 33.3 (382|391 ]39.1[425]43.6 | 437|446 ]46.2|46.9 | 484 | 490|492 | 48.4 [ 48.8 | 463 [43.8|40.8|36.1 | 35.1 | 31.6| 274 ]| 583
5 Bgnd L., « 4.8 | 86 |11.6]|152|18.5|20.5(31.0 | 312|258 284 |34.3|34.4 (295291 |30.3(29.8|29.1 (268 |24.8|225|20.1 |18.4| 191|200 18.7(15.5 |12.1| 9.8 | 41.8
Caorrected Ly | 10.6 |12.8%| 18.7 | 22.8 [ 26.4 | 29.8 [[30.3]| 37.3 | 38.9 | 38.8 | 41.9 (43.1 | 43.6 | 44.5[46.1 | 46.9 | 48.4 | 45.0 [ 49.2 | 43.4 | 48.8 | 46.4 1438 | 40.9|36.1 [ 35.1 | 31.6| 27.3| 58.2
u, 1.01 (098 |0.86|0.81 079|075 ([2.53])|1.11|0.77 | 0.73 |0.79 | 0.79 | 0.71 | 0.70 | .70 | Q.69 | D.69 | 0.58 | 0.65 | .63 | 0.62 | 0.61 | 0.61 | 0.62 | A.G6 [ 0.68 | 0.74| 0.73 -
Total L, , 14.0 (15.4 | 21.2 | 25.0| 25.3 | 31.4 | 34.7 | 37.1|39.2 | 40.3 | 43.4 | 45.0 | 45.3 | 46.1 | 477 [ 45.5 | 50.0 | 50.7 | 50.6 | 49.3 | 45.9 | 46.6 | 44.3 | 41.6 | 37.7 | 36.5 | 33.1| 25.2 | 55.5
a Bgnd L, g 9.6 |11.2125|15.7| 180|211 (26.6 | 23.5|27.2|25.2|35.0|34.0|255|29.6|30.8 (3205|255 |275|26.1 1241|223 |21.0(221|21.5|20.2|15.1|15.7|13.0| 42.1
Caorrected L, | 12.1*|13.4*| 20.5| 24.5 | 27.8 | 3.1 | 34.0 | 36.2 | 39.0 | 40.0 | 42.8 [ 44.6 | 45.3 | 46.1 | 47.7 | 48.5 | 50.0 | 50.7 | 50.6 | 49.4 | 459.0 | 46.6 | 44.3 | 41.6 | 37.7 [ 36.5 | 33.1| 29.1 | 55.4
[TH 125 (1220780721072 | 071|080 |0.20| 068|065 |0.75 | 0.70 | 0.67 | 0.66 | 0.66 | 0.66 | 0.65 [0.65 | 0.63 | 0.62 | Q.61 |0.61|0.61|0.62 | 0.65 (066 |0.70|0.70 -
Total L, 194 (22.0|26.0|29.1|31.6(34.3|37.2|335|42.0|42.5|45.3|47.0 (424|495 |51.1|523|53.6(543|53.8(52.2|50.8 486 |466|44.4|41L.7(40.5|37.3|334]| 62.6
3 Bgnd L, 179 (196210212244 | 256|283 | 236 (318339377414 (417|382 |373(|38.1 (379|363 |36.7|371(352(340(316|30.2|282(251 (221187 435
Corrected L, . |[16.4]| [19] |24.4%| 2R3 [ 20.8|32.7 | 36.6 | 30.1 | 41.7| 42.4 | 44.5 (45.7*| 47.4| 492 |51.0 | 52.2 | 53.6 [54.3 | 53.7 | 52.1 | 50.7 | 48.5| 465 | 44.3 | 416 [ 40.4 | 37.3 | 233 | 62.3
u,. [2.98][2.99]| 140|094 | 089|077 |D.75 |0.71|0.70|0.74 |0.75|1.02 | 097 |0.73 | 070 | Q.72 |D.70 [ 0.63 | 0.66 | 0.66 | 0.62 | D63 | 0.65|0.68 |0.76 | 0.77 | D.80 | 0.73 -
Total L, ¢ 224 | 263 | 289323341367 |396 (422 |44 6|453 475|493 (517|531 |548|564|576|582|57.2|555(53.4(51.7|505|48 8468 (456 (425383 66.1
10 Bgnd L, o 213 (243263271 280|208 |31.0|31.9|235|35.2|37.4|405423|43.4|30.6|395|403(286|38.7|386|37.1|35.6|339|324|208(27.2 241|206 513
Corrected Ly . [19.5] [23.3]|[25.9][30.7%| 320|352 |39.1 418|443 (440|471 (427 |51.1|52.7 547|562 |57.5|582|57.2|555(|53.4(51.7|504|487 (468|455 (425|383 | 66.0
u, [2.1] ||12.24]12.08][ 1.18 | 0.3 | Q.82 | 0.77 (073 | 0.71|0.72 |Q.72 (D77 |0.78|0.79 |0.74 ([ Q.76 | 0.76 | 0.76 |0.74 | 0.72 071 | 0.73 | 0.76 | 0.31 | 0.86 | 0.87 | D.8Q | 0.87 -
Total L, ¢ 255 (29.0 | 315|353 364|320 418 | 442|466 |42.3 446|515 | 543|560 |5RA0| 5907|608 (AL3|&0D.3 |5A.6|56.6 | 553|545 531|514 (50.0 | 469|425 69.3
11 Bgnd L, 5 242 (270 (200305314322 (331 (338352367384 |410|47(459(41.6(41.5 (4231407406405 (39.8(379|361(349(|321|295|26.7][231|533
Carrected Ly |122.6]] [26) | 28.5)|133.5*%[34.7%[38.0 | 1.3 | 43.8 | 463 | 47.0| 46.3 [51.2 | 53.8 | 557 [ 57.9 | 59.7 | 60.8 | 614 | 60.3 | 58.5 | 56.6 | 55.3 | 4.5 | 53.1 | 51.4 [ 50.0 | 46.9 | 4256 ] 69.2
u. [1.7] [1.71]1.73]] 1.12 | 1.10 | 091 (081 | 0.76 | 0.75 | 0.76 | Q.77 | 0,78 | 0.82 | 0.84 | 0.72 | 080 | 0.79 [0.78 | 0.77 | .77 | 0.72 | 0,82 | 0.88 | 0.91 | 0.99 | 0,83 | .85 | 0.93 -
Total L. ¢ 26,7 [30.2329]27.1]38.3 409 |43.6[46.1|485]49.2|51.8|53.8|567|58.6|60.7|62.6|63.6|642[63.1|61.4[(59.5|584[57.8]36.5|54.8|53.4|50.2[457| 72.2
2 Bgnd L., p 257 [ 28.3 | 31.2|32.8]|34.0|34.7|35.2|35.4|36.4|37.7|39.1|41.5 | 456 | 48.7 | 43.8| 42,9 |43.7 a2 a|42.2 | a1.8[41.0| 391|374 36.2|33.2| 30.7 | 27.6| 240 54.9
Carrected Ly . |[23.8] |[27.3]] [20] |35.2*[36.3%] 29.7 | 43.0 | 45.8 | 48.2 | 49.0 | 51.6 [53.6 | 56,4 | 58.2 |680.7 | 62.6 | 63.6 | 64.2 [ 63.1 | 61.4 | 59.5 | 58.4 | 57.8 | 56.5 | 54.8 [ 53.4 | 50.2 | 45.7 | 72.1
u; [1.61]|[1.6] [1.66]| 1.16 | 1.19 | .88 | D.74 | 0.68 | 0.66 | 0.67 | 0.67 | D.68 | 0.62 | 0.73 | 0.G7 | 0.66 | D.66 [ 0.56 | 0.66 | .67 | 0.6GB | 0.70 | 0.73 | 0.74 | 0.74 | 0.74 | D.7G | 0.75 -
Total L, , 284 | 32.1 | 35.0(|38.5(39.7|42.4|45.1 |47.5|49.9|50.7|53.3| 555|583 |60.2 | 624 |64.2 | 651|657 |64.6|63.0(61.2 | 60.2]|597]|58.5|56.8(55.3(522476| 73.8
13 Bgnd L, g 267 (29.2 |31.8|326|34.2|35.2|35.6|35.7|37.4|32.5 355|415 | 455|499 |44.2 | 43.4 | 44.4 (43.0| 42.8 (42,4 | 42.1 | 35.0|1385|37.6|33.8(21.2 | 28.1| 244 | 35.6
Carrected L, . |[25.4] |[29.1]|32.2%|37.2*(38.4%| 41.6 | 44.6 | 47.3 | 49.7| 50.5 | 53.2 [ 55.3 | 58,1 | 59.8 | 2.4 | 64.2 | 65.1 | 65.7 | 4.6 | 63.0 | 61.2 | 60.2 | 59.8 | 58.5 | 56.8 [ 55.4 | 52.2 | 47.6 | 73.7
o, [194]((1.28] 1.96 | 1.01 )| 1.06 |0.87 |0.75 |0.70|0.69 | 0.65 |0.69 (070 |0.72|0.76 (071 | Q.71 |0.71 | 0.71 | 0.72 [0.74 [ 0.76 | 0.70 | 0.81 | 0.83 | 0.84 | 0.84 | 0.86 | 0.85 -
Total L, 294 (32.0|37.0|39.5|41.7| 442|469 |43.1|51.3|52.4|55.2|57.6 | BO7|62.5|648|665 | 67.3(67.3|67.0(65.6|64.1 | 63.4|631|620|60.2(58.8 556|503 76.3
14 Bgnd L, g 282 (318341366364 (369373373 |2856]39.3]40.7|43.1 461|494 454|441 | 45.0(43.6|43.6(428|42.8 /409|393 238.3|35.2(32.0|30.1|264]| 56.2
Corrected L, , |[26.4] |[30.1][34.1]|37.3%[40.3*% 43.3 | 465 (489|512 | 522|551 (575|606 | 623|648 | 665|673 (672 |670|656|64.1|63.4|632|620|60.3(588|557|510( 763
o, [2.39][[2.46][2.61]| 1.62 | 1.41 | 1.05 | 0.95 |0.84 | 0.81 [ 0.85 | Q.81 | 0.79 | 0.85 | 0.86 | 0.86 | Q.85 | 0.85 | 0.86 |0.88 [0.96 [ 1.00 | 1.09| 1.16| 1.19|1.20 | 1.20 | 1.23 | 1.20 -
Total L, ¢
Bgrd L, o 263 |30.8 | 31.4|31.7|33.7|33.6|350(353|2372|388|40.2 427 (4504731429436 (441 (|43.0|43.0(|42.2(41.6 (388382372 |340(31.8(258.0[253| 549
15
Corrected L, ,
-
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TABLE 5 TONAL AUDIBILITY RESULT FOR EACH WIND SPEED BIN

Wind Speed Bin at
Rotor Centre Critical Tonal
(m/s) Frequency | Bandwidth Tonality Audibility
{Hz) {Hz) ALk Alax
3
4
5
6
7
8 No Relevant Tones atc. 2 oratc. 4 kHz
9
10
11
12
13

Wind Speed Bin at

Rotor Centre Critical Tonal
{m/s) Frequency | Bandwidth Tonality Audibility
(Hz) (Hz) ALy Algk
3 c. 6080
4 c. 6080 No Relevant Tones at ¢. 6 kHz
5 ¢. 6080 1180 3.2 2.1
6 ¢. 6080
7 c. 6080
8 c. 6080
9 c. 6080 No Further Relevant Tones at ¢. 6 kHz
10 c. 6080
11 c. 6080
12 ¢. 6080
13 ¢. 6080
Wind Speed Bin at
Rotor Centre Critical Tonal
{m/s) Frequency | Bandwidth Tonality Audibility
(Hz) {Hz) ALk Alax

3 ¢. 8100 No Relevant Tones at ¢. 8 kHz
4 c. 8100 1750 3.3 2.1
5 c. 8100 1750 6.4 4.3
6 c. 8100 1750 3.8 24
7 ¢. 8100
8 c. 8100
9 c. 8100
10 c. 8100 No Further Relevant Tones at ¢. 8 kHz
11 c. 8100
12 c. 8100
13 c. 8100
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Noise Board with microphong —» =———m=i=

FIGURE1 PHOTOGRAPH SHOWING ACOUSTIC TEST ARRANGEMENT
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A-weighted 1/3rd Octave Band Sound Power Levels, WA, i for Wind Speed Bin 3. m/s at Retor Centre Height
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A-weighted 1/3rd Octave Band Sound Pawer Levels, LWA, i for Wind Speed Bin 3. m/s at Ratar Centre Height
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A-weighted 1/3rd Octave Band Sound Power Levels, LWA, i for Wind Speed Bin 4. m/s at Rotar Centre Height
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[ G o e ragmy Jues Do fesded o e i e s Dy ecnnpanng dhe Respense o conissie ol nep il vl
b 1w T L TR o seeuctitge ol ot IasEs B e sante cguivalam Lol
Expecledd Meazurcd  Accopt - Limit Accepl + Limdt Devlalien Uncertainly

[E Leq] IdE Leg) [l LT [dB| [e1E
Hial. Canl 110.0 1101.0 g2 02 ol L]
Lawg 102500 1104 1€18.3 -10 1.9 Ll .50
Rel Sl 10k 1.0 -0.3 03 o .20
Lsg 1200600 1204 a8 -1.0 1.a A LA

Pulse range and sownd exposure level {5,510 and 3.5.1 1)

1T Pl vomte Fas Pween teseenl B coipearnmg e respaicse v 3 siogle sibosaical Bgsy, sy e eheaneeal value ol e
Ui ol it bes el ol e el signal. The Saumd Fspuesim Lo ] where asanlalle bas been detecibned wseg e sane
[T

Expected Mrebsurad  ACCeQh - Lime Accapl + Limit - Qewakon  Dncedany

[ Leg) [4E Leg] [¢B] izl [aIE] [dB|
R Co., 7R B TEQ 0.2 0.2 oo 0.0
Log 10mE, 73 A0 A%0 1.7 1.7 oo Q.20
HEL 10mE, 7R 5o 34 -1.7 1.7 4.0 .20
Tzl Sant . 135 1350 135.0 g na2 N 0
Lizg 105, 135 men 1050 -1.7 1.7 LI R1] Ll i
SEL 1mS 35 1150 [REA] -1.7 1,¥ a0 [ b}

Overload indication, Non-inlegrating (3.5.12)

Miat-imtegraingd able. e everlogd ndicae bis Beontesicd msisg s owyuencs of fone buests s specilod i BS T35 T
AT The Bl ed Wz e bunsts wes ices sl el aneosen ol madicaton occaned. The Leeel see e podcal [ 30 so
the e il ieagoo o cuered . T Levg ] sens toete reduced by 5308 amd e awser st atsh recigled

Expacied Messured  Acce - Limil Accepl + Lemel Devishon  Uncertainty
|08 FPL| |dB SPL| |aE] |a8] |dE] [dE|
N-:-n-rlregrﬂlng 131.7 131.7 .4 0.4 n.o o.10

Overioad indication, hucgring (3.5.12)

hitepeading Madv. ey caerlod wdicaior Bas e sl nsing siaee sinesaidal Tueds winlodmgnion ol §s Trovgueniey
ol HHE L Pl T Dol the ks ] s oneeeasaed antil e mweter pust asticined o peomsienn wegnToad, ¥l siemitl wias Hen
wtucetd g Tl W0 concismine, signabal e i smphincds sppdaed e ot imdicmion s seoonkel,

Conbnucus Leval  Ewrecied Measured  Agcepl - Limit Accepl + Liml - Dewialicn Urierikonly
B Leq) [aB ZFL| [<B BPL| [dE] [k [dE] Bt
wrureshity 141.5 1.5 1bh4 28 22 -0.1 nin

Il et nalinies ol [ Shey pmczpanreimesd choan e Bk wi s eonmaned candileie seohubilin ol nal e (o 20590 uvkep o om e o Laeear Bz,
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Lplh iz

i PRAS ACURFITTEN CALINEA FION LABIDHEATURY Mo, 11T

Taww Tl 11 Lage

Accoustic calibration af 0 He (5.6, 1)

Thes covmpn: egetisaewt ba Becn cidibcied ae refieremos condiions, O ELE @09 T OB, A correciioe in g s wih
ke UaBers it wits made e e il e el eene e dree Gld ool e et s o Wi micaoplne s plicd
et emenpe e adpeedient Lol T coner e B e e ol Py irdTuwnens inoeauived saechal the scten ik corncct s i
Tl been i lendud on g leregrinsinen.,
Coupler Pressure Lo Mie. Cane etion CE226 Body Inflsence bi Adjustmen Leve
[dB SPL] [dE| |dH] LR SPL
Fat, Ciaililions h -3 11] b o8

ACOUshe st al 125 and 8000 Hz (5.6.7)

Tl cvrnpler: isirminm o o fedod e conzinmes secossclsieeals ol 125 06 el SHE T eeBative ttlee relenee
il a1 R el 1 acewndiace wmb Ot UL Hirers adiklie were maude er (e s feneace e ween e free Dobd and
prensamn 3 e Sl e micoplaonme <upped edctenmmoe the eupecies | gy beee, SwaulGcimees, o Gor ey anfhss e I
Puson ned aneabculating sl cmrovtcd awseieed readings repreamting s silsis Fre ehl comditions.

Coupler M, Hody Froe
Pressuie Conecton Inlluance Maasurad a:g:jlr:j Figla ?;i?nﬂlsl? Expected 'ﬁ‘ﬁ:ﬁl ﬁ'::nﬁ: Dienanorn Uncerainty
Li 2206 bi Leewed )
0B SPUL B (48] |8 SFL| [oB SFL| PE?”EI IE] (MR SPL| |08 (9Bl a8} (LB
Mz engy o ¥ 918 g3gl D0 oo [ TR bg 0.36
125 83H2  5A.67 o 4w .00 8.0 FAD PO -bE A6 a0 o .20
TRMa3Hz 348 280 - ap.7 IR VR B 11 an s a1 .40
Besponse to sound cxlibrator {5.6.3)
The pespesre W the asengcais] Sanend Calibgmor e Poen vegudad,
Weasood  Uncertainty  Cowverage Fackor
|dB ZPL] [dBY [K]
A=, .0 020 213
________________ e [ T o .

Blir vt rluiste, epiasted bid thr spzsqec i e n ooe Baeed a S0 eLiianel vanlibeoge prehaliiBy ol e Bows s U295 smime 2 suseragy: [emner o),
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I=suea by Unwversity of Zaliod | Acoustics Calibration Laocrabeny,

UKAS ACCREZITED CALIBRATION LABOIATISY MO, 2801

Page 1 0f2

APPROVED SIGHATORIES
Atudy Moorhowze [ ]
Daoty MeConl [ ]

Claite Lomax [ |
Garv Phillips [%]

o8

PR r
) .u‘fr-fa'fa:ff;iﬂj

Universityof

salford

AL sl R

Certificate Number: 023654

Date of Issue: 5 December 2016

CALIBRATION OF A
S50UND CALIERATOR

FOR:

EOE THE ATTENTION OF:

DESCEIPTION:

MANUFACTUREE:
TYPE:
SEEIAT NUMBEE:

DATE OF CALIBEATION:

TEST PROCEDURE:

&t

Test Engineer {initial):

TV ELT
Seottizh Enterprise Tech Fark

Eazr Kilbride

G5 00F

Patrick Jones

Caliboator  with  hovsior  for  ome-inch
microphones and adapror tpe T 0210 for
half-inch micrephones,

Bruel & Kiner

1231

2651515

0x 122016

CTPOA {Laborator, Maoual)

Vane: Cladre L otnax

Calibration: maked 2vof TEAS Accredited” 1o this certificate have been inchaded for completeness,

TS CErTTar e 15 lEed 1N JcTom@nce T e iehore iy GO ERTIUON ML TE s 35 ne Lined Kinseom Ancreciterion Serace. Jr orosiades creceaknny
o TRASIEMETT 20 e B seEhe T of LIS GOGSTF D INE JEE OF MREEELTE TR rednses o S fuamiangn Dhpnican Llepomtony oF omner retoonisRs naniond
MRLrOOGY INSCTATRS. Trhis fariiodne Moy M02 De FeonoaLTed Jmer the it L @NCECT WITH [NE SO WD 3000 o tne lssoing febargrang,
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I=suea by Unversity of Zabod jAcoustics Calibration Laocrabeny,
UKAS ACCREZITED CALIBRATION LABDIATISY bO. 281

Page 2 of 2

Certificate Number; 02965/1 Date of Issue: 5 December 2018

MEASTREMENTS

The sound pressure level menerated by the calibwater was mepsured neing o calibeated. WS2P condenser
miciophone oy specified o the certificate. The colibration was catried ot with the calibrator i the half-
itawch confiouration.

Five determination: of fhe scund pressure level. frequency and total distortion sere made.

The resnlts have been corrected to the reference pressure of 101,323 kPa nsing mannfacturers data.

EESULTS

Conpler confizuration;  Half-inch
Microphone mpe: GEAS 40AG
Crtput level (dB e X0uPai: 9401 dB -0 10 4B
Ereguency (Hz): 99908 Hz +0.12 Hz
Total Haroworde Thstortion ("e): 0480 % = D13 25 (™ot UEAS Accredited)

Average environmental conditions ot the fme of messirement and maxiomm deviation from the
stated average:

Pressure: 1022153 kPa=0.018 LPa
Temperatore: 225 °C =04 °C
Belative bunudity: 41,1 % = X0 %

e reporred expanded wncerrainn: Is hased on a srawdand uncormainn sadnplied b a coverame facror v=2,
providing g covepaga prababiline of approximarely 83%. The nicarnainn svalaron has been camiad onr ln
aecordanca wird LIS requilemeniz,

Al measuremenr rasnlts are reraimed ar the acensmc calibramon labararon far ar leasr four vears,

TS CarTiTar e 15 s 1IN cTomence W e oy aCiERTIUON MeSLE TE LS 35 ne Liires' Kins@am Ancreeimmien Serace. O arosiders racesknny

o TRASUrEMETT 20 e B Seshe of LS G0 @R U OF MEEELTE TR TREnARs 6f e heriang Brpeog Loporatony or o gher rpcagined nEriangt
MRLrOOGY INSCTUTRS. TR Sty iodie mep A0t oo "Ronoaleed 25T than it A GNCE T WTH [NE INor N TR GADTOeAD o [he SEaing arorstony
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|Data Physics

Certificate of Calibration
far System No. 21717 SignalCalc Quattro — 4C18
Date: November 19", 2012

Customer:

Data Physics UK { NEL (TUY SUD Ltd)
South Road, Hzallsham

Fast Sussex BN27 3.

United Kingdom

Data Physics Corporation certifies that System No. 21717 of the fallowing
hardware components:

Medel: Serial No:

DP240D C48-023
DP240A ABB-023

Has bean calibrated complying with MIL-STD-456528/ANSI/NCSL Z 540-1-1994
The calibration instrument was a Hewlett Packard digital multimeter mode!
34401A, Seria No.US38062207 with Testwave LLC calibration certificate No.
12N0318.

The recommended calibration interval is &€ menths. Based on this interval, the
calibration due date is May 13", 2013.

17471 Technology Drive « Suite 260 « San Joss, GA 83110
TEL: 408.437.0100 . FAX: 408.437.0509 «» www.cataphysics.com
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[N Data Physics

[ata Physics [LPK] Ltd
Souwh Road, dailsham. East Sussex. BM2Y 344

www dataphysics.com salesi@dataphysics. com
TEL: C1323 54684684 =A% 01323 Q47560

T 5UD NEL Ltd
Jarnes Young Building
Eas=t Kilbride
Glasgow

GTS 0GF

01 February 2018

Cata Physics (UK Lid. certifies that the system nuniber 21717 consisting of the following
hardware components:

Location Mo del Serial Humber Inputs Chutputs

1 DOFZ40 12ABE0Z3 4 1

Has been verified to bea in current calibration and then re-calibrated complying with MIL-5TC-
JEEEZASANSIINCSL Z E40-1-1954 . The calibration instrument was an Agilent DY M maodel 344014
seridal number MY 35018142 with LIkAS calibration certificate number 25450 datad 19th May 2015,

Cate of calibraticn 1 Felrruare 2015

The recormmendsad calibration interval is 12 months

Calibrated by i Murphy

REZIET=RED £== CE: <7 Soor. 22 Sarngdor hee. oot Engand 024 : A5 Red sraoar rroes 1092873 AT ke DRI 25352
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CERTIFICATE OF CALIBRATION

IERTR R PRI | ]_ il Ll
T(_ A
Scz*.luch kel

PEATT 000 IS5 12 ks canlaer 2 L L N LA Pt L 5 TR 1 TR A | )

Sopema 1Mark
Thwonwes Bestd e80T hawane-. 15emh

Crun L 3
R LEAT LN R
Lelephse IR 350ET Fotrsmmale (HL3320 3244001 AP I!w"{hf\'\ IEN Lt
CUSTOMEERE DETALLS LCS REF: LUS9TSIAIE
Comypiny JFUY NMEL Ll
dhdilress Lames Yoo Building

Seottisl Forerprse Toclaslogy Pork
Eisa Kilheide
Lilasgone, GTSOA)

Oreder mumlner TN LANTE T

LNIT CALIBRATER

refanafacturer VE Tesiarnens e Canpbadl Scientn e Lid

Slodul SWindsonie Ancmooeter with € R IO aed OFM 0D Daa Loeper
Hungs DU L BE) e

Sertal numbsrs ;Anememeter: 11000246

Frnelosure; BW-427162
Lwpyrer: E3200 | G343
Instrument Condition @ Operational
Dot wnil received AR 120
Lhate culibroted 1RO

LAHORATORY CONINTIONS - Temperuture 2370 1 270
CALIBRATION PROEDURES PROCUO2S

Tho mweeelinmiics repertod relate only o the ncasured values and da ool ioply any loae=term pecormiaee or
rlae msuwmnont,

LIeAS Calibravion thr air Velocky,

Colibration lineited from 2 més o T me's.

Apprerocd Sisnatery HPrinte A & Sidawick

Phus cemilicne i mamal i sccoidoes winh fee Bhoesiers aceretilabon igqomensesms of the United Kinadom secreddalien Sen e
It pewines nowseabiliy of wctseremenn i recounised natenal seasdards, and fee g unils of messuremen eculiseil g e >aciol
Plazal Lodwaratary ar ogles rocoom=sd malional slandards Dbsoracsres,  his ccetilicae iyt oot be epredducal ol el
cxee with s prar wrwed approval of the sy Rabony, Tlis falrratees - aeeeedited ioaccondance wieb 1he recag sed
Ingemiomid sundard BRI 1025 200F Das aceredtaion dvmanstrnes 1oz hical compeienee e oa defined acope aind e
aperiiien ol g laboamore qualing mmageinee sesham ieler paind ST AL-TAE contmwnigue dazed 18 Jwwe 2005 See
wyw TR AN m
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'CERTIFICATE OF CALIBRATION

L i el

L‘ CTRTMTIE AT NTIARE
bty

%F NI
5|.'I'~ e Ll

Fatal TAS Rl s
P A U REDTTF AL A TR LABHATOHDY ek k3a

CALIERATION METHOD

The Camphell scicaulie sysiem and Windsonic anemaancter was submited o The Lielelrvok Cdibrinian
Latherrseoors T calidvnionn Fer the pangaoses ol ihe calibraosn the conchiioms and procedure Diseed Delow glics.

I Friv e hlew s the soenoseler seis eterzised T oo persed of 1 heur,

1 Fhes mstroment was phuced 1200 freon the e ol s weind sunnch sl thae bead sligned perpemdacabints
wr b ddizectiot of B,

3 The wsirnamant wus caldbgited with the neit erieraded verlicnlly,

4| The wnstrumwent ouypan was recomded byoo 10 wsmg Legzerba 34000010 7 sollvar.

h| Fhe Lok Woder Test IULT) rendling s Uee averaae of 2 mmouaum of three measuecments.

i standird Yeloeity measorements have boco comected woan densite (e ol LR Egan” Fome chie

somslitian gt vimae ol calibridion,
B The instruwrent indicited o Barooetric Pressore of 993 420 mbar

AIR YELOCITY CALIBRATION
Calibrated ange: X o 16 mus
Atmespherie presgnee: 1945 bar abseluie
Tewperature: 30L6"C
Humidity: 36 % th

S AMDIALD [ [
VT Y |- L LR,
n - m s [IIY
T I nd 03K
AR ial -5l
Bk 15y sl
o Tn HTHE
11 1n 1A -1 M
Al 4.1 -l Al

CRNOCERTAINTY OF VELOCTTY MEASUREMENT: (1.7 "% + (L05 nus)

ESICH CERTIIU AT R

“Fhe reported cxpundod vncertuinty s bagzed on a standacd uneertaioty multiplied by coverape facior

k=2 providing a confidence level of approximately 95%., The uceriainty evaluation bas been enrried got
in wceardanere with LKAY requirements.”
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CERTIFICATE OF CALIBRATION

Wy,
\"\I'n' ! f.:-"".r

AN
PRFTILER IV | IR — i t;x

Caliration = o

UKAS

R e T
ere Lid LA LALEAL .
LR L L3 De5LHE: nE Juoe 243 CERTIFICATE WUMBER WL$ETEN 04328
Adprima Park ———
Thetas Bosed FONT Thianes- R.I.!iltl:l PAGE LD 3 PAGES
I'_'m:,'l'nrd. -
Real 140 10X ! . .
lelephene (M1322 5350111 PPresnnile 91322 520480 ATPROVEL SIGHNATORY
CUSTOMER NDETAILS LOS REF: LCSS39T7/ 1A
C oy ST NEL L
Adlilress Slames Youonpe Guildeng,
seattish Eaterprise Technolopy Park )
East Kilhride b {/”“
Cilisne, €75 DOK , e s
I'\ o vy ,
Order numbzr LGSR Mot T ,f/,” i
L R A A
UNFECALIBRATERDR ||!.‘ r I W
Mrlanuiitcistiee s amnopbell Scientife L ‘IJ
S HTEM| ©Rettn 37 Presaure modle
IR0 uwd CFRT00 Pasu Lopwer
Runge SO0 1T mbor absolute
Tnstrament condilon ¢ Cperalional
Serial mmlery s odule; 4283064
[ b 6280
e it received S IRAXIMO
Drate catibrated RGN0

LABORATORY CONDYTIONS lemperature 30,1 °C % |57
CALLIBRATTON PROUEINLRE CPROCINZS

The meerainiies reported relste only o the measored valaes and doones imphy sov lane-teon pesfarmancs oo
e jnstimest

2 lAs Culibratien For Pressure.

Approved Hionatar {Prindl LA Rauey

Eis cemileate v .ok in e bt el hwasnpeon aesrsdiialioes regquirenmears of e Dhiicd Foengdos Acoediatiun Soervice,

I precides roccalb iy o measgremen! eoceoenizod ool sieo!
1"l d nacenal scodasds Bonweria:, Thic eanlif

el the wsnime dckospiens, CTRn 5 hary js

Ll saed £ i units ol caeasnrewent realisenl s e Mmmes
i ull.
-

o aberian ar sl e

I-l. DRI T acoremliner i sotock il Zenniienies S el s ool e
. PRI sl v g ISP AUSDNY e e el TF Teie TR e
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CERTIFICA’I“EHQ_ESALIBRATION
f.&imehnmk \ N

! I |
'\\ Tc.ﬂlbrulmu ;I.. MNISTT3 U
\\-_.S‘)L'r'r'!ut'ﬁ LEJJ_,/

—— PAGE 2 OF 2 PAGER
UEAS ACCREDTEL CALIBEATTIOMN LABDIRATORY MO, #1436

CALIBRATION FPROCEDURE

The Camphell Scienlifs: syslem was submitted to The Littickrook Calibration Esborawny for calibralion. Fore
the purpusues of the calibrlion the sonditions and proccdure listed below apnples,

'] Frior 1o ralilaction the instremen powered wp fer & minimum peried of 1 hour, 10 was leak wsted and
cxescised undil the ounpns o 109 and tel] range pressurs ware repeataile.

2] The pressure medium used [y the calibration was mileogere.
3] The mstoomment relerence level was {aken to be the bottam of the (resrure aennaction pom,
4 The instounwend wus mounted verlically widh he pressure connection port painting dawnsards.
]| The S unit of pressdre 15 the Pascal {Pa), the conversion (rom used on this certificats is:
1.00wbar = 100000000 #a
o] The owtput from the instrument under test (ULIT) were conmectad 1o the datalozeer. The daaleeser in

trn wis connecked 10w pe. wheere Camphbel] Scientific Logget™et 3 4.0 sathware was used o interpret
the ouolputs.

CALIBRATED FRESSURE RANGE: A0 ta 1300 mbar absolute.

SEAMDARID UUT RIS NG LT RISIMNLG LILIT FALL NG LILFE FALLING
INELT KLEADING ERRTIR READEN CRROR
mha mkari LA 1adiara 1
nll% ] LT G0E 0 tha117?
A &L LRI el 50,01 (hI213
TIHCHI i 10 A TR LG th11
FEIRGT T30 1k FTER 4 k131l
JIWLCHI ROHL 5| 11Tk MHLT | {h.N3U
HA0eHI FET Y nolg 2 L [{ A all]
ELLIRA M) 1Kl CINLED {22
LRI I INE NI A G010 fri1ls
[ H I b LTT s LIE LN B3 LURTY Y
[RL=TIRY N | EELIE DIz 10%0.25 (2
[WELIRY ) [ JRUTRR] 1374 1115 {1k

UNCERTAINTY OF MTASUREMENT: £68.2f mbar absvlute,

LMD OF CLTVTTRIC A TE,
“The reported expunded uncertainty is Baged on a stundaed aneertainty mulBplivd by coverage factor

k=2 providing n eenfidence level of approximately 9$5%. The uncertuinty evaluation has been carried oot
in accordance with IKAS requircments,*
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! CERTIFICATE OF CALIBRATION

| \“ill‘il.lrjl}_r
| . A ‘ _|{\': \\\——f’_/ .
RS Y L itnehrenk S A,

AL

"

\ IC-IRE
(: alibration =
: S : . ey
ervives Lid T

1FATT 0 U0 02 Jane 200U CERTIFRCATE MUMBREE: M1%2720140
5 Onzimes Pork

Thasas Rt (O T ey o)

Lravierd

o

L

A

FAGE Lol 2 fac]is

Kent, UAL-UX . .
Feloplimne (01323 556011 Fassirnily {13237 S0 APV ET BIGNATORY
CUSTOMER DETAITS LS REF: 105930771005
Compiuy :TUY NEL Lid
Anddeess lames Young Building
senrtisi Entenarise Technolopy Pork !
Eus1 Eiibride i 3
Celaspony, G 7S (100 f L
L
CIrder nmnoer - 14 3406) |:,!’ ! '.-‘I'.’.‘f L -
|1 S
2t - [
UNTE CALIBRATED i
Nelumul e tuner SWalsnky & Campbell Seleeiee Ll
Sl CTIMPAEAC Temyporatared lmitdiny Prohe, COSLA0 1990 cgensior mable
CR10u0 and CFM 100 Dara Logger
Ranges RV T 1 i

L8 o 1Y g th
Imstrument &onelition ) Operational
Serial suslers CUnelosore: BW-427 63
Probe: IF'1450148
Laymsaers FS22E apl 6280
Pt 1nil reeeived D ASNE2010
120 aldirred S 26200 o 92062010

LABHIATORY CONDIYHINS o Tempecunne 23°C £ 290
* Reintive | homidity 30 %% = 25 % ch

CALIORATION PROCEDURES - PROCMZT (Tem periure) & PROCOOGIR (THamidit

T uneerinipties pepeatod elate orly Lo e imessured values and do et imply iy long=icrm perleonancs: o
the instrumoene.

LIKAy Catibration For Al Teopertiire & emidice,
Calibenlion lunited faom 0 oo HMC and Trom 35 1 80% rh.

Appmireed Sipnatocy (Foin) Moy Bawer

Thiz wwitilic

St s accordmee with U laberalons pecnedielion Feapairernn: al 1he Laiod 1imedom Acereditainn Seryow,

11 pesvcedes raecshibs of cwsanement 1o recaneised ol sizndarca, aal vile nl o the Movional
Fitpienl Tl o= vl od ralinenl stindands laperaocics. T
5 i : ey Th.
Wl
o il ey s L] oy JLRENT I e
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CERTIFICATE OF CALIBRATION

Lil[il:lntulk 7..,
I Casivrnion | CTRTIFMCATE NUMDER

. ﬁF ! N1D272/40
Sm‘iﬂcs L

T FALE 2 OF 2 PAGES
UHAS ACCREDITE P CALIBRATION LARDRATORY N{, 0538

CALIBRATION METHOD

The Compbell Scieatitic wewperinwrehumidicy sysiem was submitied w The Litlebioak €albiion Laborare ry
lor cdibration. For 1he purposes ol the ealibrtion the condivons and procedire listed belos apglies.

I The prohe wilh exiension cable was calibrated in air using 2 characterised ervironmental chamber nd
culiboried  platinsm resistonee thermomseters, The instruments wore allowsed b siabilise i the
eovireintensal chamr (oral least an hour ol each @mperiure befoee measunements weee erformed,

1] The Unit Ulnger Test (LUT) reading is e average 07 3 minumumn of (hree measieement s,

3 The probe wus cabthrated for sccoracy only and was not checked for conlormitly wilh any standard o
specification.

4| The instruntent reading was recorded by a PC ugine “LoogerMet 10116 7 anftwate.

TEMPERATITHE CALIRRATION.

ETAMNFIZNET uuT UuT
TEMITRATURE READING BRI
KN - S
*oamie 19,7 0.3l
a3 0 il
1Bor 240 0.0
a1 18 1L .18

UNCERTAINTY {IF MEASUREMENT: £ 1050 9.

Mote: The calibration macked * in Lhis corificate are nol UK AR seerediled, but haz bean included lur
et pel ehepess

HUMINITY CALIBRATION.
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APPENDIX 3

TONALITY AUDIBILITY SUMMARY
FOR EACH INTEGER WIND SPEED BIN
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BS EN £1400-11:2013 - Tonal Audibility Calculation Summary - For Windspeed Bins 4.0 through 13.0 m/fs

Speed, k {m/s) Running, 4 -9 m/s bin
Spectrum, j CB Centre Lpn,avg Lpt Lpn DLtn DLa Report? DLa Energy
1.4m/s 8134 -0.8 26.2 280 -1.7 33 AUD 21
2. 5m/s 8150 -0.3 298 28.4 1.3 6.4 AUD 4.3
3. 6m/s 8150 -0.5 27.0 282 -1.2 3.8 AUD 2.4
4 7mfs
5 8m/s
6_9m/s
2 5m/s 6078 5.3 30.8 323 -1.6 3.2 AUD 2.1

[ END OF APPENDIX 3]
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