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Vehicle selective monitoring of noise and
vibration generation from rolling stock

The acramos
measurement system

acramos

further information: psiA-Consult GmbH, Lastenstrasse 38/1
A-1230 Wien, Austria, T +43-1-865 6755
Dr. Manfred KALIVODA kalivoda@psia.at
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Objective

As an infrastructure manager you would like
to know, how noisy trains are that run on your network

to know, what trains are extremely noisy and which are
the quiet ones?

As a consulting Engineer you have to

assess the effect of infrastructure related noise control
(e.g. rail dampers)

document changes in noise generation and noise
reception from rail transport?

) weiter mit L]
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We have the solution!

.

acramos

acramos: acoustic railway
monitoring system

Automatic noise monitoring including
autonomous train categorisation

Automatic data processing according to your
individual requirements

Reconstruction of unaffected pass-by level of
single axles & vehicles

continue
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acramos - Sensors
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Irail vertical - 4rail lateral
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acramos - Analyser

stationary acramos system mobile acramos system is

is mounted in a 19“ rack  placed in a weatherproof
and requires 60x60x45cm  box and can be controlled
by mobile Internet
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acramos - user window

Zur Messung

Aligemein  Kandle/Messen | Kanale/Rechnen | Datenablage I

e Sensorposition: ‘ Sensor; ICP an: | ohne DC. ‘

1 ) |Mikro LD2541 weiss =l ~ .

il W~  vert. Schienenbeschl. W1 |V3 j 2 = conflgura

3 =2 hor. Schienenbeschl. H1 |V5 j 2 = tlng

4 W  |vert. Schwellenbeschl 51 |V6 j 2 = .

§ =2 Mikrofon M2-2 (Gleis2, Qu2) |M\kru LD2541 gelh j ] 2 acramos'

B W  [|vert. Schienenbeschl W2 |VE j 2 =

T =2 hor. Schienenbeschl, H2 |V9 j 2 =

8 = |vert. Schwellenbeschl 52 |VWU j 2 =

7] =2 Geophon X-Richtung |59nsur3U j I W~ Sensors Can

10 ~ Geophon Y-Richtung |59nsur31 j ] 2 freely be

11 =2 Geophon Z-Richtung |59nsur32 j ] 2 .

12 =2 Mikrofon M2-1 (Gleist, Qu1) |M\k!’U|CP rot j ~ [ aSS'Igned tO

13 [ @ [RadsensorR2-1 [FRAUSCHER Radsensar =] - the System

14 [ @ [Radsensorrz2 |FRAUSCHER Radsensar =l m

16 [ @ [RadsensorR1-1 |FRAUSCHER Radsensar =l m Chan nels

16 [ @ [RadsensorRi2 |FRAUSCHER Radsensar =l m
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acramos - Die Meniifiihrung
Zur Messung
Aligemein | Kandlefessen  Kansle/Rechnen | Datenablage |
KM Sensorposition; Zeitzignale FFT Zeit- Freguenz L L(Terzf) ‘
=peichemn speichern Bewertung Bewertung speichern speichern
1 [Mikiofon M2-1 (Gleis2, & ~ I IFasl ﬂ A j ~ 2 For each
2 [vert Schienanbeschl W1 Ird |l Fast LN x W 2
3 |hor Schienenbeschl, H1 Ird |l IFasl j LIN j ~ 2 Channel
4 |vert Schwellenbeschl § ~ m [Fast =lfun =l o2 I d'lfferent
5 [Wikoon vz 2 ez, o - [Fast =lfun | 5 ~ ara
B [vert Schienanbeschl W2 Ird |l |Fasl j A j 172 2 p
¥ fhor Schienenbeschl, HZ ~ |ml IFasl j LIN j 2 = meters
8 [fvert Schwellenbeschl S 2 Fast LM x 12 2
SIS z 0| E g ° _can be

9 [Geophon ®-Richung ~ I3 IFasl j LiM j il |l
10 [Geophon Y-Richiung 2 ira |Fasl j LM j I [ Se lected,
11 w'--pnp?mn Z.—Feirhmng ~ I3 IFasl j LIr j il |l analysed
12 [Mikrafon MZ-1 ([Gleist, © ™ I |Fasl j A j 72 ~
13 [RadsensorRZ1 ¥ m |Fast =lfun | m m & Stored
14 [RassensorRz-2 [ m |Fast T = i m
15 [RadsensorRi-1 5 m [Fast T = i (m]
16 |Radsensor R1-2 W |l |Fasl j c j I |

. wie .
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acramos site of Austrian Fed. Rlys

Data
acquisition
during
pass-by of a
train
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acramos - data acquisition

I I N During train pass-by
. - - - . a number of

- B W A s different signals is

" e m——

95

=~ Noise level

Rail & sleeper
__—-acceleration

90

e Signal from
85 - |
05 Zeit 15 25 35 45 55 s the aXleS
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acramos - data merging

105 o

Axle signals are

- merged with noise

- and vibration levels.
.  This exercise allows

to correlate emission
% data and train/wheel

\ positions
90
85 0
05 Zeit 15 25 35 45 55 s

| "
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acramos - train categorisation

axle patterns are
compared with an
internal database
and the train
category is assigned.
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acramos - sample data set

Date: 109,081

Time: 17:36:20 data Of a

LogDslay: 0,00000251 .
ichtung: [1

Sesecnng | train pass-by

|Rugan1h: 0

RegenTok 56,4

WindRi: 247,5

Wind¥m: 8.7

TempLuft 23

TempRail: 238

Feuchte: 45

Luftdruck: 10202

Validation: oK

Vmin: 185

Wimae: 121,75

ZugTyp: 5033
Ax CHOLKH | CHOR W CHOS,HE [0HO4.51 [CHOS. M2 [OHoS.62 01 m valid |2 J_m valid[mis  [krmb  |dL L
1 82,5 4,1 22,63 |-2247 ]K'I 17,97 0,198 [0 OK_ {0,304 |0 0K [33,82 |121,75 |0 0
2 557 025 |21 |7 |[ma |85 0288 2021 |OK 0304 [2088 [OK [33.19 [1195 [2.054 |24
3 5417 0,05 28 |2ner |8¢22 -17.63 |0.494 |7.035  |OK 0.5 |6.967 |OK [33.82 [121.75 |7.001 |8.855
4 44,69 0.5 204 |62 [sdde |79 0,624 (2044 |OK [0E9 3044 |OK [33.82 12076 [3.044  |[12000
5 85 0,37 s |z [ [47ss 0742 (5245 [OK 085 |5311 |OK [33.19 |1195 |5.278 N827T
& 85,42 o7z faogz o4 s |asze o1 257 ok Josed [2soe [or [smee 2175 ossr [osta
7 35,35 257 |36 |2511 [s554 |-1885 1,342 [17.722_|OK |1.448 [i7.722 |OK_[33.82 |121,75 [I7.722 |38.536
8 26,38 154 2848|2319 |88,FT 17,77 1,416 (2503 [OK (1,622 [2508  [OK [23.82 [121,75 [2.603 41,038
9 96,5 055|285 2436 8705 1873 1,044 4249 [OK |1682 4315 |OK [33,19 |1195 (4282 4532
10 65,73 o7 [ |aer s |es 162 257 |ok [ [2sos ok |32 [121.78 )
1 86,29 2.8 2708|2302 8569|1806 2,144 (17,722 [OK 228|772 |OK |33.62 m
12 36,62 .29 @,46 21,99 @564 -17.99 2,215 [2456  [OK Zﬁ@ OK (3319 1185 N80 oo v




LA

. . . Results of 4 month of monitoring

« Direction of the train and speed per axle Cat| Train description Trains | Axles
» Axle pattern of the train (=distance 1 [Giiterzug, allgemein 3.241[292.104
between the single axles) 9 |Giterzug, Kiz-Transport 243| 15504
« Automatic categorisation of trains based on ii Ee'?ezu‘f <EC’E';;>29 = 6‘15; 19-;‘2;

egionalzug, -

nz a.Xle e . 21 |Regionalzug, BR 80-33 1.629| 38522
* A-weigh. pass-by level Lp,A,pb, T of a train 22| Regionalzug, BR 80-73 2| 4%
» A-weighted level statistic Lp,4,01, Lp,A, 10, 31S-Bahn, BR4020 4.651]101.564
Lp,A,9, Lp,A,95 of a train 33 |S-Bahn, BR 4024 (Talent 185 3.331
wei _ 51 | D-Triebwagen, BR 5047 196 784
: /; nwgg:;;diﬁa:,strl;){nlevel Lp,A,pb,AX Of €ach g r o BRADT (CET) 1 56
g : : 41 |E-Tk, BR1014 2 12
- 3rd octave spectra of a train or vehicle 42|E-Tz, BR1016/1116 (Taurus) | 284| 1.136
« Results are stored in a MS-Access Database: |43 |ETz BR1042/1142 107] 428
statistic analysis of speed dep. A-weighted  |44|E-Tk BR1044/1144 85| 340
pass-by level Lp,4,pb(V) per train category 45| D-Tfz, BR 2016 (Herkules) 352| 1.408
Recording of ti ianals duri . 47|D-Tiz, BR 2143 85| 340
* Recording of time signals during train pass- <5 eannt i 2272
by (optionally) gesamt 11.884 478.238
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acramos - Databank

AR e Every measurement
26,5 Ig(VI80) + 85,5+ b . 3
2 | o o= — pf each SI.ngle train
e R ”..| is stored in a

0

databank

88

B Hence average and
statistical spread of
A-weighted pass-by
level in 7,5m are
determined per
train category

84 —

2 1

80 T

78 1
Vikmh] 60 70 80 90 100 120 140

continue
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acramos - Databank
PP S I T B I A ;
wiiEeAshe e gyl 2=7 Speed dependent
e PR ey A-weighted pass-by
e O P levels in 7,5m
L ety e LA,pb(V) per train
“pEE BeE e P oAe category are
wirE e et Lt produced
. 2 = . o I-v _I.": .
wi = F D dotmay
e el
<pans )_C "._, shase y e L [ e
3o s _;_E?F_'—_gp I"train’:
=t e kebloek): 77dB at 8Ok
) I Bt il it bl
-0,2 0,1 0,0 Ig(w/soy 0,1 02 03
V [kmih] 60 70 80 90 100 120 140 160

continue
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acramos - Data analysis

A‘ Equivalent

-

, levels per
m train category
= show for
- which trains
° noise
B reduction

measures are
most effective

. W Gesamtpegel

M Giterzuge

B 5-Bahn (4020) p=i_
|

EEC/IC BESfe
O Lokziige Gij, 20p,
B Regionalziige s ige
fa,,d r ‘700’3
hn,;:(

continue
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acramos - identifying trends

adily,

LT
5 8 8 B
2

J
since rail roughness grows
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Data analysis
98 LA,pb [dB] =
R M EsSEHE5:01:
94 -9 - s
lE» 92 T T T —__
~ I T I s
£ 7 enyrow = ==
S 88 wheels =
3 86 = e —
= i e
3 84 — — = =
T | toudh
g- 80 |eds_c' o ’t —
=)
[ o
£ 78 o = =
[
= 76 = N P
3 WW — ——freight (06) ~t—freight (07)
5 74 i = — ——$4020 (06) ——$4020 (07)
= , B th — —a—DoSto 80-33 (06) -0 DoSto 80-33 (07)
20 | wheels ——54024 (06) -0-54024 (07)
0,2 -0,1 0,0 lg(V/80) 0,1 0,2 0,3
60 70 80 km/h 90 100 110 120 130 140 150




acramos - Data analysis

25

20

Schienenrauhigkeit/rail roughness [dB re 1um]
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Rail grinding on 16-04-2007, site Deutsch Wagram:-—:7=

-a—before grinding (Sep.06)
<—after 8 days (25-04-07)

-o—after 6 month (3-09-07)

-1 —TSI-noise limit

.1 —150 3095:2005-Limit

YCch

20 16 125 10 8 63 5 4 315 25 2 16 125 1 038
Wellenlange/wave length [cm]

S

an§ of roughness ed to the decrease
of noise levels shown in the chart before
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acramos - Data analysis

105

LpA,pbfdB]

100

95

90

" & LA,pb,I-:;-r;I-(-ing
s LA,pb,V=const
—LA,pb,braking = f(V)

LA,pb,Vconst. =f(V)
80 1 t
-0.4 -0,3 -0,2 0,1 x=Ig(vie0) 0,0 0,1 0,2 0,3
60 70 80 90 100 120 kmlh
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acramos - true level of an axle

I —— noisy vehicles predominate
29 Wl I |- J e e e e A A .

° B X A I T LN T paSS'by level of proximate
s AN Il quiet vehicles

85 1

| ac i)&més includes an algorithm thatis
Too-a

80

le to reconstruct the unaffected
lCl@S ~=Lp,m

Trigger — LA, tot
— Lx,#6(t) ¢ Lp(Achse)

75
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acramos - true level of an axle

reconstructed levels of driving trailers stay the
f (noisy)

. same irrespectivH!
Lp mo:

1-39-20) -

km/h (2009-03-04_18-10-00

95

4

a0

a5

a0

_______

| —+—Hesswert
7| @ synth. Achspegel
-—synth. L{¥fagen)
-——synth. L{¥fagen) n. TSI

o R o R o 1 A A A
Weg [m] 20 40 60 80 100 120 140 Weg [m] 20 40 60 80 100 120 140

IE]

#  synth. Achspegel
1] ——synth. L (Véagen)
2 | =—=synth. L{¥/agen) n.TSI}-2-r-

) -ontinue L]
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acramos - Data analysis

12 gy * mEEEm
Ll e MP1 LA,pp.[dB] | | : I B
10 1 © MP2 T T ——.
e e O I train no #iHH
s 90 —o—average
%8 g . T
L ]
£ \ an =
> =
Tb 3 (85
] ]
o) 1
g &
24 , 0l L]
= 5 N H
o 80
2
0 |BIEI
75 R B B R
0,00 0,05 0,10 0,15 O 12 345 6 7 8 910111213141516171819202122232425262728
lg(V/80) Number of axle in the train I
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Vehicle selective monitoring of noise and
vibration generation from rolling stock

The acramos
measurement system

acramos

further information: psiA-Consult GmbH, Lastenstrasse 38/1
A-1230 Wien, Austria, T +43-1-865 6755
Dr. Manfred KALIVODA kalivoda@psia.at
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