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Organizational Information

All participants' microphones are muted during the webinar.

Please do not forget to activate your PC speakers to enable audio or connect headphones to your PC. You
may have to take the step of joining the audio conference to hear sound.

Please type any questions you have into the WebEx Q&A dialog
You can open the Q&A window by selecting the “Q&A” icon in the WebEXx toolbar at the top of your screen:

=

Q&A

Today’s presentation will be E-mailed to all attendees.

If you have additional technical questions, feel free to contact our technical support team at
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https://www.bksv.com/en/services/support
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Mike Turner
Product Manager Array acoustics

Bachelor degree in Mechanical Engineering, Denmarks Technical University,
1997, thesis in Acoustics.

Bruel & Kjeer since 2002,
Sales Engineer,
Market Manager Environmental measurements,
Product Manager Array Acoustics, LAN-XI and conditioning products
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Frank Rasmussen

* Ms.C.from EMI, DTU, 1984. (Fault Detection in Fibre Optics Cables)
* Bruel & Kjaer since 1984.
* SW-Developer for customer specified solution 1984-1995
— PULSE LabShop
* Application Engineer in Germany 1995-1997
* Project Manager for customer specified solution 1997-2003

* Application Engineer for Scandinavia and German speaking countries
2003 —-202X

— With focus on LabShop and BK Connect
* Enjoy biking and chess
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This chapter explains what
NSI is and goes into more
detail on the beamforming
algorithm used for train
passby measurements

Ktlntroduction to NSI



What is Noise Source Identification (NSI)?

One microphone

4 Total noise: absolute sound pressure level
4 Frequency content

4 Cannot separate sound sources

4 Senstive to background noise

Array of microphones

4 Relative levels, sound power, sound intensity

4 Position: From where is noise radiated?

4 Frequency content: What are the characteristics of the noise?
4 Quantify contributions: How important is it?

4 Not senstive to background noise (wind noise)

UNRESTRICTED
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NSI algorithms

NSI algorithm selection based on:
4 Frequency range

4 Measurement distance to source
4 Required resolution

4 Area covered by measurement
4 Background noise

Beamforming

Suitable technique for Railways:

4 Frequency range: 500 Hz to 20 kHz

4 Distance: several metres

4 Resolution: fine enough to differentiate the different sources

4 0n large objects (full vehicle) — array can be smaller than object.
4 Background noise: negligible

HOTTINGER BRUEL & KJ1&£R
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Moving Source Beamforming: Doppler effect correction
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Sidelobe [dB]

o & b o o

Beamforming limitations

Plane wave

0° 30d8

——

Sidelobe _30°0_— |

Lower sidelobe levels mean less visible ghost images

Sidelobes suppressed using deconvolution
techniques.

Frequency [Hz]
0 2000 4000 6000 8000 10000 12000 14000 sidelobe level, SL
' ' ' ' \‘«..: main lobe
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This chapter looks at what
noise sources one can
expect from a train and the
practical measurement setup

needed to perform MSBF on
trains |

Reflector

Photocell

A

Measurement setup

a Planar Array



Railway exterior noise as a function of train speed

Total noise is the sum of 3 main

components:
* Traction noise, predominant at low speed, < .,
35 km/hr Regime |
* Rolling noise, normal speed i -
* Aerodynamic noise, predominant at high - --=- Rolling noise

i Traction noise
------ Aerodynamic noise

speed, > 250 km/hr
100

. . . . . . 90
Environmental noise limits for rail noise

A National guidelines
A Max level during passby (85 dBA) .
A Annual daily average (64 dBA) L 7 V,=35kmh ¢ Vi, =250 km/h

"l i ’/ ; .”., I ! ;
10 25 50 75 100 250 500
Train speed [km/h]

cene
........
.....

A-weighted sound level [dB(A)]
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Standard hardware setup for MSBF

*Planar Array

- Data acquisition units

*PC

* Photocells

*Weather station \

\ Reflector _-

Reflector

=
—— 2

WU-0584 + UA-0801
Photocell and Tripod

WU-0584 + UA-0801
Photocell and Tripod

/ D;-x et
WQ-3070-W-001 : A ERE
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A look at an actual example.

Storre jernbaner,

i 2 over 75dB

Y B8 70-75dB
=2 B 65-70dB
é’ 60-65 dB
S 55-60 dB




HARDWARE: Track side measurement setup

Array: WA-1676-W-003- 9 arm, 54 channel, foldable, planar array,
@ 2,5m (system 9712-W-D22)

Microphones: Type 4959 with windscreens
DAQ: 6 x 12 ch Type 3053 modules
Triggers: Two photocells as triggers, 43m apart

HBK
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® | Site Setup

SOFTWARE: set up

Configure

Position of array relative to the track.
Trigger setup (incl. position)
Meteorology
Direction of travel
Mirror ground

RESTRICTED

Application

Meteorological

Temperature (°C): ’127
Humidity (%): o
Barometric Pressure (hPa): ’W
Precipitation ’07
Wind Speed (my/s): ’27

Wind Direction (°): 225
Direction
(" To the left @ To the right

Site
Array Distance (Right) (m): 3
Array Distance (Left) (m): 5
Track Elevation (m): 055
Mirror Ground |fo ﬂ
Configuration: |Dua| Trigger ﬂ

Trigger 1 F29,4

Signal (Trigger 1): ‘Reffhux 1 (Atcﬂ

Trigger 2 13.4

Signal (Trigger ‘Reffhux 1 (Atcﬂ

HBK
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Passby signals: 3 carriages & 6 carriages

3 carriages left to right

HOTTINGER BRUEL & KJ1&£R
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6C11.56.wav
3C12.03.wav

Calculate: Measurement information
B Array Acoustics Post-processing < T T T —

File Edit View Teools Help

[ Search |Cak:ulate | Results J PULSE/Br{'ieI'& Kjzr Product

Aray Database Browser Measurement Information | Caleulation Setup | Validation

: L—] Train_Vedbaek_2 : [DK-W? » 'l Meta data | Measurement datal Signals |

: {5 Measurement Collectior|

m
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Calculate: calculation setup

B Array Acoustics Post-processing IS~ TEET————m . . D s =110 X

File Edit View Tools Help

| search | Calculate | Resutts | PULSE / Brilel & Kjz2r Product Brilel & Kjer &~

MEV Database Browser Measurement Information | Calculation Setup | Validation

.......... [ Train_Vedbask_2: kw3 « | |[
E[£5 Measurement Collectior| |
[J--[i5 Operational Measur
-k 2, Single, Far, T
Rail Vehicle

Rail Vehicle
Rail Vehicle
Rail Vehicle
Rail Vehicle
Rail Vehicle
Rail Vehicle
Rail Vehicle

# | Run

Runs_ID 4

RunType Array Acoustic Suite Measurement
Test Date 15/04/2013 11:56:00

~ | Test object

‘Calculation parameters Advanced calculation parameters

Rail Vehicle Lower frequency Hz Array shading oar -

Rail Vehicle Upper frequency 6400 Hz Array opening angle 70 :
Rail Veehicle [ Site & Array... ] [ Pictures. .. ] [ Vehicle... ] [ Triggers... ] [ Mesh._. ] [ Areas.. ] Band synthesis
Rl Vehicle Array distance: 821m | LWIH: 156.0012.60/3.50(m] | Mesh Xmin/Xmeas: 15600021[m] | FFT 100 < | lines
------------ el Rail Vehicle Brray type- Log Whesl Array | Direction: +(L1oR) |Mesh ¥min/¥max: 0.17/3.36[m] Upsampling factor
easuremert Collectior Mirror ground: No | Trig Type: Duzl Triggers | Mesh Zmin/Zmax: 0.000.00[m] | Ouiput type -
Track height: -1.70m | Trigger 1 pos.: -2850m | Mesh spacing X/Y/Z: 0.11/0.11/0.11[m] Mumber of iterations 100 -
] ol Pictures: A | Trigger2 pos.: 13.40m | Areas: 0 ‘weighting A - . i
fax 4, Single, Far, 7| | |} Speed: 122,53 km/h / 34,04z D lution smoathin:
Rail Vehicle| | | Fariie 049 =
Reil Vehicle| | | || [Point 101Pa]
Rail Vehicle ‘ [
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Rail Vehicle
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Rail Viehicle
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Rail Vehicle [ Position/Time -
Rail Vehicle — -
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Diagonal remaoval Yes >

End time 584 5

Point 10 (Real) || cursor values
[Pa] ¥:7.030 s

& ¥: -62.058m Pa
Delta Cursor
Start: 0.491 s
Stop: 5.836
T T Center: 3.164 s
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RESULTS: Refined beamforming noise maps improvements

Train moving at 112 km/hr
Sound intensity contour maps. Frequency range 192Hz to 6400Hz

Array Shading: None; no diagonal removal; no deconvolutlon (DAS)

' lu\q\lvl oYl A TR TR

Array Shading: Outdoor; diagonal removal; NNLS deconvolution

M mtrm gt mm e — = = om = ——
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RESULTS: detailed Sound power levels for bogies
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wuy

Time Total
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RESULTS Sound power levels for train passbys

Nr.of Direction
Time carrriages of travel
11:50 3 Left
12:03 3 Right
12:10 3 Left

6 Right
6 Left
6 Right

11:56
12:01
12:11

Bogie Bogie Bogie Bogie
687 B&DO 10&11 12
110,4 112,7 110,0 106,23
108,8 1070

Sound power of bogies dB(A)
Speed Bogie Bogie Bogie Bogie
km/hr 1 283 4&5 &
1226 1079 111,1 1114 1073
121,6 976 1029 1022 973
1144 1074 110,0 111,0 1059
Bogie Bogie Bogie
1 283 485
1244 1046 109,59 1100
123,5 1066 1098 1052 111,32 1095
1249 1043 105,2 105,7 1052 1039,1
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108,7 106,4

Whole
train
116,7
110,5
115,8
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CONCLUSION

Moving source beamforming:
Doppler effect of moving train

Sidelobes suppressed for better resolution

Analyses
Troubleshoot train pass-bys with user-configurable noise maps
Locate and rank noise sources on individual trains

Calculate sound power levels for user selected areas of the train
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Questions?

4 Please type any questions you have into the WebEx Q&A dialog
4 You can open the Q&A window by selecting the “Q&A” icon in the WebEx toolbar at the top of your

screen.

4 Today'’s presentation will be E-mailed to all attendees.
4 If you have additional technical questions, feel free to contact our technical support team at

TechnicalSalesSupport. US@hbkworld.com

HOTTINGER BRUEL & KJ1&£R
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mailto:TechnicalSalesSupport@hbkworld.com

Thank You

https://www.bksv.com/en/knowledge/applications/noise-source-identification
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