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Sound insulation characteristics of truss-cored flat panels

based on wavenumber finite elements and boundary integral equations

YANG Yi', LIU Ziyi"’, LIANG Shulin', TAO Leiyi', BIAN Chao'’
(1.State Key Laboratory of Rail Transit Vechicle System, Southwest Jiaotong University, Chengdu 610031, China;
2.School of Mechanical Engineering, Southwest Jiaotong University, Chengdu 610031, China)

Abstract: As the main component of the train body structure, the truss-cored flat panel is situated close to the wheel-track noise source and
has a large area for noise radiation, and its acoustic performance directly influences the riding comfort of trains. This paper first establishes the
wavenumber finite-element model and a sound-insulation prediction model for an aluminum truss-cored train floor using wavenumber finite
elements and boundary integral equations. The wavenumber, transmission loss, and eigenvectors of the structure are calculated. The dispersion
characteristics, sound-insulation performance and cross-sectional wave-modes of elastic waves are studied. The calculated results are compared
with the prediction given in the references to verify the proposed model. Furthermore, this paper investigates the effects of the core layer's
topological geometry of the extruded panel on the sound-insulation characteristics of aluminum extruded panels. The results show that varying
the topological configuration of the core layer significantly changes the variation pattern of dispersion curves of elastic waves, which affects
the sound-insulation properties of aluminum extruded panels. By comparing the topologies of classic extruded structures, it is found that the
‘herringbone’ ribbed plate structure has a relatively higher sound-insulation level and lower mass. This study can provide a reference for

designing quiet and lightweight extruded panels.
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Fig. 1 Schematic diagram of plane wave incidence
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Fig.2 Sound-structure coupling model
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Fig.3 Finite-element model and dimensions of the truss-cored

flat panel (Unit: m)
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Fig. 5 Dispersion curve of aluminum profile

WIS oAl LU Y A8 73 B BN, S50 K 25
W pth 2 2 07 T 7 U R A 2 2T 3 i 2 A Y
ot 22 BURFAIE Dl 249 BE 11 S0 56 55 A5 RE, T AL TS D
Bt 22 1 B RRAE Dl A REFE SR S R RE MY . BUAS
25 Ky 9 A T o 2 AR AR 2, 2 B 22 AR B il 2 A 52
LR, Z IR T B0 d T RAAE(E AR AR/ 59 2B 30N
SR AR AT Y, S T AR Ty B AR ik 18] (9 R A A
1, B RN AR TR A AR A RS 1 <

6 22 i 1 = A [ J3E - 7 A5 Y 4 Y
A B 7 A i £, O 32 AR A A5 A Y T A R AT
THARTE o 2575 U AAS TR S AR 58 8Dl 205 Ay 1k, 7P 30
e T F B 45 4 b7 A 050 O A R — R, T RE



1020 & 3 T

538 %

100 1000

Be AFfMEFmEBEALSNKRER
Fig. 6 Sound insulation quantity of plane wave incidence under

different angles

K 1) G5 AL JE AR AT R A AN — B, T BUL R RN
PAE AR AR AL . P 6 Feom i 25 H B 7 e vk 32 2 T
G320 A K 1) YR A R AR T 81 Hz B, S5 44 1E
LA B P 1 I 7 R 2 A W R R 5 2) XY 9 Db A
AT 81~216 Hz B, 45440 11 I 75 5 1 32 22 32 B I i
SRS FL W . AN, AE 81 Fl 216 Hz &b, 45 #y SL 4
2 e UL M B A AT AR B (4 8] 7¢a) AT (b) BT R ) 5
3) Y R R T 216 Hz I, 45 kg 1 B A 4 v 32
B2 G R R Y R AR AL S e . 9 AN : AE 436
646 Hz &b, 1 A 1 v 350 A0 A7 S5 350 b 1 A i SRl AR
JE X &6 ¥y 1) B S R AR ([ 7(c) F(d) B
IR)e G LR, AL T AR AT R N A A R A
28 A R T T R S B T R R 2 S AR A
SR JEE 1, DT 1G0T 5 A4 BRL A7 T R ) S0 R G Y R
D, 18G5 D BOR MR AR 55 0L T, 724544
LR AT RAL, LR 27 R AL TR PR IR .

// \\ // \\ // \\
\\ // \\ // \\ /
(a) 81 Hz
(b)216 Hz
(c) 436 Hz
(d) 646 Hz

W7 SREMTERER R B AR R 2
Fig. 7 The section vibration mode of aluminum profiles under

natural frequencies
15 R T B BR JT -3 S AR 43 7 R S48 AUMHIR
Wi 7 B 75 4 I, A5 AR o BRY (R Y L 43 i)
12°~90°F1 0°~90°, 4l BX #7 100~5000 Hz. #f 1k i

PO AE A 7 B R R A R R e
AR LG, 25 R E 8 R, B th gk o ih e R AL 5
A BRIC- FoeTr ks Bt A A R . %0 iR
fE— 4 £ EE N CPU 2.8 GHZ il RAM 16 GB 1)}~
N b T35 58 B, 3B [R] 24 Sy 48 h, TSR FH AR SC
Fe 0 A RO FR OG- 30 BT AL, THEL I [ 2 Dy 12 1,
WWHEACRAE TH R4S, W& 8 my Ml Zexy b al I,
PR T it A R W A PR

g0 | — BECATIRE- A it
— B e
50 | — 1RG5 RIT-T T
g
o 40 -
1.
E
30t
20

100 1000
i | Hz

B8 WIS &

Fig. 8 Reverberation sound insulation quantity

TEARAI I, AR 9 5T 4t 2 AR A5 1 0y B s i L e
5049 10 dB 24y, JF HLBEE WR A 3E i, — 35 ny 2=
2 . o nT DAAS Y, & R 38 A T
R T M S5 I R S 1 . 7E 100~5000 Hz 4t B 4,
WA R - For g R Sl g R R 2= N
5dB iy, X FEJE W TS bRl AR R AR 2 T A
EALL I RG24 2 R X LE i ROf B
TG-S TT R AR G AT BR oo -3 B TT i, PR Ak B i i
LAEMB NG RIF, e K2EMHZA N 2dB, 25 LT
R, X A R UE T A PR OG- B A 5 R SR
2 25 B R BT B P B A A

3 RSEMIRAINTSREIA R AR IR

= M

AT BB A B AL BTN, JF 2 i
SERG R AT AL CAn 181 9 B R ), %5 58 T 1P i i Al
Gk N X R A R B AR T A 4G A X R A
MR A B P R R B S IR o 3k P S A AR A A A5 R B
B WIRE R, RE PEaR i . fEfRIE S 58 271
bEERE Y R p S DR AT AN N NS B S G BN E Dk 1 S|
F MU S S T — SR B, AR 1A 4 /9 i AR
W AMEAR, FFFE T A [R5l A 3 18 AR 0 00 1 it 2 A
B R B P R R 2 ) S AR AR A F SR B A
SERG P o R R GO B SR, 4R A [R] A A 4G A
Xk AU I P R ) 2 e LR, T A Rt 5 R AR



53 ]

fi, A T ECR IROT A

ST T M 45 K B R P 5 1021

(a) BIHTAL- N AT

(a) Steel truss-herringbone web member!

(b) KBS A R

(b) Large span steel structure truss?!)

B9 MHTREH

Fig. 9 Steel truss structure

JEL 8 ¥ ) B e e RIS
31 “AN'=FHEHR

A /INATRE N S 2 2 L B A B AT
TS, LN SRR A B b o MRS 1 m 98B
AT B A R i, 151 10 JB R T SRR LA A-1. A-2 il
A3, =FERAVK R RIS | T B L S5 NI L SR —
Wiy [0 A 5 L R v [ 3 Al B Gn 3% 2 T o

Ab_
0.07 m
0.2m 0.2m 0.2m 0.2m 0.2m
(a) A-1
A k_
0.07 m
0.25m 0.25m 0.25m 0.25m
(b) A-2
BRI
-
0.07 m
LRyl
0.5m 0.5m
(c) A-3

B10 i A KBRA MR BRI A-1, A2 T A-3
Fig. 10 Profile structures A-1, A-2 and A-3 composed of A-type
rib plate topology

FE2 BEM A1, A2 A3 S

Tab.2 Parameters of aluminum profiles A-1, A-2 and A-3

5 fﬁ%&‘f;ﬁ/ éﬁ*@ﬁll{{ﬁ/ Eﬁifij’“llﬁl?ﬁ B
(kg'm™) (N'm™) B4R /Hz

A-1 30.58 5.52x107 277 16

A2 29.60 4.85x107 181 13

A-3 27.93 2.60x107 51 7

Wi TR bE B 25 K 1 m B PN A BB Y 8 S A
%) THD 5 85 . 45 A0 IO R 25 — o [T A 00 38 RS 2% T AR A
fo, FZ2mgg i 7T HAAKRME ., =R EAM AL A-
2 F A-3 AR B e AR 11 PR o H TR A S
£ o F1 GBI BUAH Y 1B 43 3] 2R 12°~90°F1 0°~90°, Hii Bt 2
100~3150 Hz, [H] AR $iE EN ISO 717-1—202082 3
THAURR S £ R, 8 S, THEE T =R 454 0 T H AR A
HIFARELER 11

80

1400 Hz

70 -

60 -
m
Z 50k
i
40

s

=

R,/ dB:

30 -
— A1 406 :
20 —— A2 455
—— A3 549
10 . :
100 1000 2000
B / Hz

Bl HEM AL A2 A3 KRERS R
Fig. 11 Reverberation sound insulation quantity of profile

structures A-1, A-2 and A-3

FE 11 AT, A S5 4 A-1 FD A-2 43 il £ 310
1200 Hz B 3 4 20 15 me) B 75 2t AIK 75 o5, MR 4l 2 2 v
1) 56— B 11 4 500 %6, mT L0 S R b 45 4 A-1 T A2
TR M) Rl 75 AR A R R 450 — B R B IR Y . A-1,
A2 F A-3 = Fl 25 19 3 BLRR R 4 B R 406,
45.5 F1 54.9 dB, B & H (8] fif A Ei it 16 > k2D 3]
TA, SRR R TR KT, A-3 454
FTH AR A S A1, A-2 B 25 (H 209 0 14.3, 9.4 dB.,
g5 B TIR, 7E TR IE BN, A5 A3 TR U
AR g5k Aot e Re TE — 2 R B L R L IR
AR PE, SRR TR A-1. A-2 T A3 B B 2R
12 TR .

i & 12Ca) 7T T, A-1 BY b 45 4 0 450 8kl £ e
270~315 Hz N 5 A b5 B Bl A7 7 1 52 5, AT LK)
I A B — B A AR A T Z R B, TR % Ak B B
PR 2 5 16 1400~2000 Hz 30 [ 1, Bl 25 40 % A 14
i, 22 0 S AR i R L BRAE RS R R T A A
R 3T 25 R ) B R R TR

& 120) 1] 1, A-2 T8 B 45 A4 1 A0 1kl 26 7
200 Hz FF 3T, 45 ¥ 45 5 h 28 % 4 H 55 A bR b Bl K
3 05, T DAIZ AR AT A R b 4 4 R R S BRI
455 TE 1400 Hz BT, /N 75 I I8 K00 i) i 1 e 0 i ity
SRR N AR, Y 45 AL T B 3 L P A2 3 7S I A
JIN T B I8k DB B0 ST TR 3R B IS, 65 A4 TE I A B



1022 & 3 T

538 %

40

W
(=]
T

20

PR/ (rad - m™)

10

0 400 800 1200 1600 2000
Wi / Hz
(a) A-1

WL/ (rad - m™)

0 400 800 1200 1600 2000
i | Hz
(b) A-2

40

w2
S
T

WKL/ (rad - m™)

10

0 400 800 1200 1600 2000
A% / Hz
(©) A3

B 12 458 A1, A2 A3 BSREBHE

Fig. 12 Dispersion curve of aluminum profiles A-1, A-2 and A-3

FA) R P L S R B A A AH S, 7R 1400~2000 Hz
Ab, 75 B 1 T IR B R G R R, B A AR
B3N, 45 K6 g B P R AE RS n .

Hi P 12Ce) AT %1, A-3 59 A4 i 45 # I B AE 51 Hz
Aib 5 AR b B A AE B A, B R 5 AR B 5 — B
H IR 5 7E 100~2000 Hz, 1% 45 ¥4 78 3 A B 58 45 B
AR 2 7 B, TR I ER 92 25 KA 8 RS 4 AR 2k
LN R EIVE R 2% s S N = W S A i8] ]
FHRPE

MR 4 22 2 v b BH (04 45 78 b 45 48 5 — B [ G AT
R, il 2 MATLAB #2725 il % 57 [5 45 451 % 1) 45 44
YR A, an Al 13 FR .

& 13Ca) AT, IR A-1 B9 55 — B I8 AR
T Y 3 R T S T S S F 45 R A e ] T AR Y Ry
AT, AR R R i AR & A T U T BB 13(b)
AL, BUAE A-2 (955 — B A A0 5 A 1 AR A 32 2
TR 4 A 45 A8 1 e R] AR 14 SRy B AR JE DL K s
AR A /N AR T ARG fR L 13Ce) BN, AL A3
14 5 — I [ A 400 23 A T i 78 2 O R I 2 S 4
A ) ) TR ) R R AR Y o (AR T R, SRR A
P TE FL A — Bi [ A 005 R 7= A B e i (I A A R
L 2 Fhy 285 48 T T AR ) Jea AR A R 5 | AR Y o

(a) A-1 277 Hz

(b)A-2 181 Hz

(¢)A-3 51 Hz
B 13 g — LRI B A AR T R B

Fig. 13 The cross-section vibration mode of profile structures
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