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Application to Deutsche Bahn test train cabin.
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e‘n Introduction

get it right®

-

-

= Phase 1/ Preliminary assessment:

= Measurements of pressure and STIPA values in the train cabin.
Driven by Céline Bacquet, for Master thesis.

= |nitial train cabin modeling and BEM computation.
Driven by Kamel Amichi, for ESI Gmbh.
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Electric locomotive il 7 ~~ Control cab co

Outside view (top) and drawing (bottom) of the train used for testing.
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e ! Introduction

get it right®

e Phase 2/ Simulation improvement:
Objectives:
= |mprovement of pressure results accuracy.
= Assessment of the influence of details in the cabin.

e Phase 3/ Simulation for Speech Transmission Index (STI) results.

Inside views of the train cabin.
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e | Measurements

get it right® Microphones distribution

= 13 microphones distributed in the cabin.

— — "
= Pressure and STIPA values recovered at each Position type | Microphones | Height (m)

' itti 1 1.2
microphone. Sitting to 6 0
Standing 7 to 13 1.60

= Microphones heights respect listeners condition.
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Drawing from top of the Train Cabin, with positions of the 13 microphones.
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e | Measurements

get it right® Loudspeaker sets

Configurations LSP 1 LSP 2 LSP 3

= Three sets of loudspeakers (LSP) used for .
measurements. ]
= Possibility of muting LSP with Set 1. ———

6

Table showing six measurement configurations, depending on
the activation of LSP (green is activated, red is muted).

AC

. Set 2 Part 1
@® sci2Part2

@ sc1
® . . o

Drawing of different loudspeaker sets in the train cabin.
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CJ/i | VA One initial simulation

get it right®

-

-

= SEA Model with surfaces absorption.
e Damping Loss Factor from SEA computation.
= BEM computation with Damping Loss Factor.

= Monopoles sources located 10 cm under real
loudspeaker's locations.

= Pressure recovered on the 13 microphones.

l

Damping Loss Factor
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! Initial simulation results

get it right®
Microphone 5 Microphone 9
Set2_partl Set2_partl
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e‘n Objectives

get it right®
{ Improve accuracy of pressure results in the cabin. }
{ Assess the influence of details in the model. }

{ Compute STI simulation and compare with measurements. }
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e\n Models creation

get it right®

Stmplified Model

= (Geometry improvement.

= \/arious details depending on the
model.

= Precise research on absorption values
corresponding to the Train Cabin
surfaces.

Detailed Model

Absorption spectrums
applied on surfaces
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get it ,.ighlt® Absorption Coefficients

Sabine absorption coefficient table — Deutsche Bahn Train Cabin
Cabin Composition Material Name 125 Hz 250 Hz 500 Hz 1000 Hz 2000 Hz 4000 Hz Reference
Ceiling Efg"';e;ﬁ";r:f;'g;i onbatenswithl g 50 0,15 0,10 0,08 0,04 0,02 |tawrence: Architectural Acoustics
Floor Carpet thin, cementedtoconcrete | 0,02 0,04 008 020 035 040 |o-oeuneeond T e Sone sesertonn
LLMCIYCEICRULECIEg oubeelatine, 23mmelass >3 | 0,15 0,05 0,03 003 002 002 | YiEm RN teoneiis Prosram, e
Back Seats* Elr:tr;‘t\é cc)\f;::rs, upholstered with 0,44 0,60 0,77 0,89 0,82 0,70 ;iirnanweilr,e\l/.l.l.l.,g :;I.USICI Acoustics and Architecture’,
Operator's Chair R 054 062 068 070 068 066 |ovoerenekand] Hidka Soundabsorptionin
E—— SRR 013 0 o030 o3 ox ou [Elesuel R
Plywood Furnitures*2 Plywood panelling, 1 cm thick 028 022 017 009 010 011 [guhea e Hensbaok ofoise Control, 2nd
Ordinary Glass Ordinary window glass 0,35 0,25 018 0,12 0,07 0,04 |Gtere e ey oo conteet 2nd
Curtains Medium velour, draped to half Area| 0,07 0,31 0,49 0,75 0,70 0,60 |l L Beranek, Acoustics, McGraw-Hill (1954).
Plastic*? 002 002 003 003 003 003
Metal** 001 001 001 00l 001 001

* Two couches in the corner, Chair’s cushions.

*2 Table, Baffle, Back Seats Feet, Back Seats Table, Small Table, Furniture, Armory.
*3 Air Conditioner, Printer, Computer screens, Speed screens.

** Radiator, Computer, Extinguisher, Column, Equalizer, Table's feet, Chair's feet.
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CVi

get it right®

-

0.1

0.01

Damping Loss Factor

0.001

www.esi-group.com

First Method

Acoustic Damping with monopole sources

= Same Method as Phase 1 study.
= Al faces are considered rigid.

= Monopoles located 10 cm under real
Loudspeaker's locations.

= Pressure recovered on the 13
microphones.

Damping Loss Factor

\\k‘
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100 1000 10000
Frequence [Hz]
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C/i

get it right®

100
90
80
70
60
50
40
30

Sound Pressure Level [dB]

20
10

First Method

Comparison New / Initial simulation

Acoustic Damping with monopole sources

Microphone 2
Set2_partl

- Better accuracy on the

pressure results: 16.4%

/ improvement.

AA ~ 'y
IVICaoSUrcciIricrito

====|njtial simulation |

| ——Detailed Model

10

100 1000
Frequency [Hz]

Initial simulation

Simplified
Detailed

*Sum of the absolute dB difference between measurement and simulation pressure values, for 13 microphones and 21 frequencies (273 values).
**100% of improvement would mean that pressure results from simulation fit perfectly with the measurement datas.
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e\fi First Method

get it right® Comparison 100% / 1% absorption in the cabin

Acoustic Damping with monopole sources

Microphone 8
Set2_partl

90 é‘__ .
‘A / - F<60 Hz, the model is not

/\v/\ reliable.
. VAV A YA
N
50 N\ /

- F>60 Hz, the model can
/ agree with measurements
by defining a damping.

40

30

Sound Pressure Level [dB]

20

=== Simplified - DLF from 1% Absorption

4
J
| ememVieasurements
-
[===Simplified - DLF from 100% Absorption

10

10 1000

100
Frequency [Hz]
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e\fi First Method

get it right® Comparison Simplified/Detailed model

Acoustic Damping with monopole sources

Microphone 2
Set2_partl

100

90

80 - Low influence of the detailed
70 objects on the pressure
results, f <1000Hz.

60

50

40

30

Sound Pressure Level [dB]

20 Measurements
10 ====Detailed Model
=== Simplified Model

10 1000

1
Freque%%y [Hz]
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Area impedances
applied on surfaces

www.esi-group.com

Second Method

Process

Area Isolators with monopole sources

Transfer from absorption to Area Impedance spectrums.
No Damping in the Air.

Acoustic ernergy is damped only in contact with the surfaces.

Monopoles located 10 cm under real loudspeaker's locations.

Copyright © ESI Group, 2014. All rights reserved.
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C/i

get it right®

Second Method

Process

= From Delany-Bazley formulas:

Z
cos(0)

a=1-—|R|?

and R = 7.

Z+ cos(0)

= \\Vhich leads, by neglecting the imaginary part of
Impedance:

www.esi-group.com

Z_Zc*(Z—a+2*\/1—a)

a
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e | Second Method

get it right® Validation test with fiber

= Test cube of 1m3, all rigid faces.
Diffuse Acoustic Field source.

e |mpedance applied on surfaces
(from VA One Database compared
to Theory approximation)

NCT test - Absorption

o
fe))

o
>

Sabine Absorption
Coefficient

o
N

= Pressure recovered at sensor. 100.00 Frequency [Hz] 1000.00
BEM calculations on test cube with
area isolators
35
_30 /
o
=
bt
g 20 -
T 15 s
e |mpedance from Database
- 10 e=mmm Approximated impedance
Screenshot of test cube 100.00 1000.00
Frequency [Hz]
www.esi-group.com
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e | Second Method

. ® : : :
get it right Validation test with foam
Pressure results - High absorption foam Absorption of test foams
35
0.9
o 30 A / E 0.8
= 3 pad
T /\/‘// g %7
8 5 g 06 /
£ § 0.5
g 20 04 //
T 203
a1 e===|mpedance from Database % 0.2 _7/ —
. . 5 0. o ————
e Approximated impedance » 01
10 -+ 0 i
100 1000 100 . 1000
Pressure results - Low absorption foam Frequency [Hz] o 2bsorption foam
45 @ | 0w absorption foam
= 40
= = Agreement of the results
g ¥ | ] depending on properties of
S 30 - A RN materials.
E . = Method to be applied with caution.
9 20 e mpedance from Database
15 e A\pproximated impedance |
100 1000

Frequency [Hz]
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C/i

get it right®

Second Method

Application to the cabin

Area Isolators with monopole sources

~
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Microphone 5
Set2_partl

™) Y /4 N
S,
)
>
: \
[J]
§ 50 N
o
a _—
©
c
=
3 \'

= [\leasurements

=== [nitial simulation

| ===Simulation

10

www.esi-group.com

100
Frequency [Hz]

Initial simulation

1000

Simplified

Detailed

- Pressure results
improved by 21.6 %.

= Show the importance of

located absorption.

e Better results can surely be

obtained with a better
approximation of the
impedance.
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[ Second Method

get it right® Application to the cabin

Set2_partl - Microphone 5
-P crop Set2_partl - Microphone 9
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CJSi Third Method

get it right® Process

Calibration of surface sources

Loudspeakers
@ (Creation of 165mm diameter membranes.
- .
I 10em Apply surface constraint.
Q) oo Nemoenen X = Obtain same pressure as measurements
Pressure received at microphones at 10 cm

9
5 Al |

- e

Surfacic pressure
constraint

Monopole

www.esi-group.com _ )
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C/i

get it right®

Received complex | | |R>
pressure at 10 cm

Complex correlation

!

coefficients
A\
[ aq a1 - A1n

Xn1

az1 Q3

an

Third Method

Process
1A%
I || InputPressure
: (surface constraint)
I,] -

The number of input tests is equal to the number of
membranes to calibrate.

Input Test 1Pa

g

Received Pressure

» o-Matrix »

Input Calibrated

[ |

Measurements

www.esi-group.com
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C/i . Third Method

get it right® Validation test

-

-

= Test cube of 1m3, all rigid faces.
e Two membranes wetted both sides.
e Sensors located 10 cm under membranes.

Calibration of Test Cube
1.0004
1.0003
1.0002
& 1.0001
PR /
2
% 0.9999
o
0.9998
10 cm AF
0.9997
10 cm CF
0.9996
10 100 1000
Frequency [Hz]
Test Cube for calibration of surface constraints. - Highest error of 0.0007dB at 830 Hz. U

www.esi-group.com
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CJ/i

get it right®

Third Method

Calibration on cabin model for six sources

= Rigid faces and elastic
membranes.

= |mpedance spectrum applied on
each surfaces.

Error from calibration of the train cabin

. & Syccessfull calibration of six
(six sources)

0.02 sources.
0.015 = | ong computation time.
0.01
— Source 1
& 0.005
o Source 2
< 0 1 :
] Source 3 i . \
¢-0.005 Highest error of 0.9 dB at 63 Hz. IJ
a Source 4 -
-0.01
Source 5
-0.015
Source 6
-0.02
10 100 1000

Frequency [Hz]

www.esi-group.com
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CJSi Third Method

get it right® Comparison with previous results

Calibration of surface sources

Microphone 6
Set2_partl
80
= Pressure results less accurate.
70 = Non realistic directivity of
) sources.
S, 60 \
?
E) 50
2 Potential improvements by:
£ = Considering structural radiation
T / of the membranes.
s 30
a = Calibrating the directivity of the
20 =—Measurements membranes with measurements.
=== 0ld Study
10 | ||[====Membranes - Area Impedance
10 100 1000
Frequency [Hz]
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C/i

get it right®

Implementation of STI in VA one

: Direct field (from source)
Ray/Beam tracing _ _ _ _
First few reflections of direct field (from source)

Pressure

A VA One SEA model contains sufficient
details about sound package (layered
noise control treatment) to make
accurate direct field predictions.

www.esi-group.com

Time

SEA

Late reflections (reverberant field from source)
Background noise (reverberant field from noise)

Copyright © ESI Group, 2014. All rights reserved.
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e\n Implementation of STI in VA one

get it right®

| REPRESENTATIVE OF PROTOTYPE IMPLEMENTATION

Inputs Modeling Process OQutputs
SEA cavity geometry | > ( 1. Trace rays Y
Recovery locations — 2. Find valid paths I Paths from sources to sensors
SEA cavity treatments i 3. Early reflections

4. Late reflections — | Direct + rev. fields; Impulse response

SEA background noise |— 5. Sound quality —| T60, STI, RASTI, etc.

NB:
= Steps (1) and (2) are frequency independent
= Early reflections (3) use the paths computed in (2)

Late reflections (4) use energy remaining in all rays computed in (1)
and assumes a diffuse field

www.esi-group.com _ _
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e : Speech Clarity Module

get it right®

= Source located at 1 mm from surface.
e STI/STIPA/RASTI values obtained for each microphone.

= Contour plot of STI values on chosen surfaces.

Ray tracing visualisation, all rays that cross microphone 5 after 3 reflections (left) and all the casted rays (~50000) for the STI
computation of the train cabin (right).
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@Ji . STI Results Source 1

get it right® Compared to STIPA Measurements
,,..r——f"‘-r*” = Train Cabin STI Values
— Set 1 [1rst Source]
1
2: = Accurate results of STI values
.’ < comparing to the measurements.
s = Contour plot shows the repartition
5 04 of the speech clarity in the room.
0.3
0.2 ——STI Measure 1 STI Magnitude RMS
0'(1) = ST| Simulation 1 vt
1 2 3 4 5 6 7 8 9 10 11 12 13 0_756752
1m|60 Microphones 08589

Max Error: 0.05
Average Error: 0.02

0.8515

0.8441

0.8367
0.8293
0.8219
0.8145
0.8072

0.7998 .
07924 »Changes in STl values smaller ]J

0755 than 0.03 are inaudible*

0.7776

0.7702
1m20 @ Position of the source @ vaone
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@Ji . STI Results Source 1

get it right® Comparison Detailed / Simplified Model
= Train Cabin STI Values
Set 1 [1rst Source]
1
0.9 — e ST| Results from simplified model
gj — are lower than with the detailed
v 0c model.
E gi = The presence of detailed objects
7 o in the models have an affectr on
e ST| Measure 1 . . . .
02 —— T 5e e the speech clarity distribution.
0'; ——STI Simplified STT Magnitude RMS
1 2 3 le 5 é 7 é .cl) 1|o 1|1 1|2 13 z:;

Microphones 08638
0.855
0.8462
0.8373
0.8285
0.8197
0.8108

0.802

0.7932

0.7843

0.7755

0.7667

0.7578

Contour plot of STI values for Simplified Model. Contour plot of STI values for Detailed model. 0749
®@vaone”
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GJi STI Results Source 2

get it right® Compared to STIPA Measurements

Train Cabin STI Values

Set 1 [2nd Source] = Accurate results of STI values
2 comparing to the measurements,
0.9 — .
0z —— e except for microphones 1,2,3 and 4.
i —
N = Cont lot shows th titi
v o ontour plot shows the repartition
S 0s of the speech clarity in the room.
5 04 STT Magnitude RMS
0.3 0.8973
0.2 @ ST| Measure 2 0.8888
01 @ ST| Simulation 2 0.8802
0 ' ' ' ' ' ' ' 0.8717
1 2 3 4 5 6 7 8 9 10 11 12 13 o5t Max Error: 0.13

Microphones

08545 Average Error: 0.04

0.846

0.8374
0.8289
0.8203
0.8118

0.8032
0.7946 »Changes in STl values smaller
than 0.03 are inaudible®

0.7861

o
4

07775

0.769

@ vaone®
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e‘n Conclusion

get it right®

= Approximation of the absorption properties of the train Cabin surfaces.

= BEM computations:

Damping Loss Factor + monopole sources 16,4 % of improvement /previous study
Surface impedances + monopole sources 21,6 % of improvement /previous study
Surface impedances + constrained membranes Regression of results /previous study

e Ray tracing + SEA:
- Comparison of STI/ STIPA at 13 microphones /0,03 of average error.
- For two sources, results disparities at 4 microphones located in the same area.
- STI contour plots provide good agreements with measures.
= Potential improvements of simulations:
- Reverberation time measurement for adjustement of materials acoustic properties.

- Measurements of loudspeaker’s directivity and modeling of this directivity.
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Many thanks to DB Systemtechnik Gmbh,
for providing the train and test datas for this study.

Mobility
DB MNetworks
Logistics

www.esi-group.com _ _
Copyright © ESI Group, 2014. All rights reserved. 37



Thank you for your attention

-

esi-group.com

“WWW




