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Sound Transmission Loss of Sandwich Panels Floor of
High-speed Trains

SUN Jia-ping, ZHANG Li-rong, SUN Hai-rong,
WANG Zhi-hai, WANG Yong-cheng

( Tangshan Railway Vehicle Co. Ltd., Tangshan 063035, Hebei China )

Abstract : The model for analyzing the acoustic characteristics of interior floor of high-speed trains is established. The
sandwich panels with three different materials, timber, aluminum and steel, and the honeycomb cores with different
thicknesses and densities, are used for the interior floor. The transfer matrix method is employed for analyzing the model.
The sound insulation effects of different materials and structures of the sandwich panels are evaluated and compared. The
results show that (1) when the thickness of the surface layer of the sandwich panel keeps constant, the interior floor with
steel as the surface layer has the best sound transmission loss effect, and followed by aluminum, and timber; (2) when the
thickness of the surface layer is additionally increased by 1 mm, the transmission loss of the floor can be increased by 1 dB ~
1.5 dB for timber sandwich panel, 1 dB ~3 dB for aluminum sandwich panel and 1 dB ~5 dB for steel sandwich panel
respectively; (3) the density of the honeycomb core has only a little influence on the transmission loss of the interior floor.
When the density is reduced by a half, the sound transmission of the floor has a little tendency of increase.

Key words : acoustics ; transmission loss ; high speed train ; sound insulating pad ; transfer matrix method

B RO R R IS T A USRI

AR Rk 2 AT R ERGE L 2 4 i & (1 )

L RV R Is R RITIZE, o E O IR ek

s H#A:2013-10-10

E ST E : it mia B ¥ 380 km/h =38 50 42 4L 41
(2010DFB80050)

EZ BN AT Q1967-), B, m L TR, KM F a4
W R BT

E-mail: sjc-sunjiaping@tangche.com

I, R 1 BTG JeE A AR S o

A L TKEE P, X A R AEAN Rl IE AT
A AR S BEAT T I I, T S e R R
A v B 25 7 Y M P PR, R DG A R A B G
25 ek DA 2 AR LT o YuYu ™, 6t =ik 4]
T2 R HEAT T O BTN o M, SRR, AR
AR NS ) EE TG 2 . B, e
HuAR A5, 3 v AR R P 1k RE B L B TR B



40 |

Ik

oo 344

IRZE NS, 50 4 A PR I R 5, U P 75 R s
KB, SKEMESE Y, T REART—gtihfe
VRS T GRS, AT T R A AU
RS A A 0 SRR, R AR e S A MR 5 ) P A%
PR VPO B 75 PR RE , PR 31 75 1 RE 0B 1 Sh HAR S
R . ORI RRM, B 6 SRR 1
JS2 FH X i T 31 2 2 A Ok i P M B o R B
S ARSI BB 4G I i g A g
DA IR ZE ), RTIT A IR O BRE 4 A, E T = BT et
AT} JEJRE 2 Hont A MR 7 2 E PRI L, Dy
TR IR A A A T A AR AR T AT SR AR

SR v T A A A AR S AN _EAE R S E AR AT
=R O B R = K. A SO AR
AW I = 1A SRR R 2 5 R X R Y
MR B P R BE IR o PRI ANZE 1 75 A R RE 1R 3 A
TEA M, AR MR S EW . 5 T &
ST, HOAT T 00 M B 539 R AN AR £ 23 4 SR BRI AT
BAREEI D ZAN B 70 20 5 AR i
TN AT 2 -

M EMAE 7, SIN T ARSI M S E 0 )R
SRR ES . PR ARG Y, HES T AR R
R LR G A R TSR A S IR S
PR BT A 45 R 6 2 B 3R AT TR EE,
S5 R, A MRV W] DL T LR S )
THANZ J2 S5 46 () — R ] BT A R 22 75 s

1 AiiREHREITERE

SCHR P SR FH AR 3 R R VR T SRR A S R
PRI SCERAT T VERSEL 5 R R, T R S5
56 25 W ST AR B BEVE R A RO R AR
(1% B 7P AR A o

BT 1 AT R i A 4 N R S5 R SR A% 0
FEFEVE, 22 ik ¥, 78 ESI Nova 2010 51F R 48,

ST R IE B ZE P H AR R AR H A, a2 B
Horp, AR EAER, B 3 mm HAR AT L 15 mm
SN IR 5 mm B = o R, b S A
F S BS503R .

1 AR £ M7

= FTMM

- 0.985x0.97

e Air-default

- Diffuse Field Excitation #2:0.90deg

g 10
EZ%?@%E\W-IS mm-lmm
Ff & -5 mm

b= Fluid Domain
e Air-default

Hub Ai-5 mm

B2 AR s T S A T

7E 100 Hz~3 150 Hz J53% U [, 3& T P b F
PR, B B b = B A e OO [Fl A R 2
ORI JEL o) 3 A P b e 7 2 1)

2 ZRRRECIRSHOGAM
2.1 SEGAM

=W S AR R 5 0 7 B I 7 A
IS BT, R 2R T A b BB S [
5 Je JE S B R AR AL P M 7 2

R 1 AHRS SRS 5

g5k kL4 EE/(kgm')  HEE/WNM)  LBRE Rl B R

bR A Cotton shoddy pad 100 2000 0.92 — —
Plywood (&A1) 700 6 — 0.25 0.01

Jet Aluminum (55#4) 2742 6.9" — 0.33 0.007

= HRVR IR Steel (4R#1) 7 841 2" — 0.32 0.007
Honeycomb-48 48 37 — 0.2 0.01

W B AR
Honeycomb-24 24 3’ — 0.2 0.01
i B Hard rubber 1100 23 — 0.49 0.08




% 434

iy 2 41) 2 SR B 4 ) I 7 AR PR T 9 41

R 2 ps . o, suticAl L R RS U 2, A
WEHINR 1 PR,

2 SUPR B R TS

e Jel 2

Honeycomb  Honeycomb 24
(=48 kg/m3) (=24 kg/m3)

RV vV
g2 V vV
SR 3 vV vV
Je AR 4 vV VvV
JeAR 5 vV vV
R 6 vV vV

MR KM HRE B

22 FHFITREE

P RS R S T A SRR 3 R .

B34t T RIZM A E ORI
g 5% e J2 B PR AN [ e i TR P AR AL T N bR T A
FE. MWEFRTLUE H .

(1D B3 =6 ISR JEM i ORM BB A
AL ) UG 55 2 J2 3 5 R 9 3 TR FEE 0 AT s P LR T AL
B 75 F{E 30.6 dB Fl148.4 dB [8] 454k, ;

(2) =BG JEEH IR JZ M 500 P Hi bR b 75 1)
SO, K2 IR E— 58, WM AE IR EM KL, P9 HL
R 7 B U, HUOR M, B E A

(3) = BRYR JEEAR IR JE B 5 0 53 5 FiE 43 A
XoF P M AR 58 7 B PRI AT, = BH YA &R A B AN AR
A AR R FE (1 mm~7.5 mm A8 4k, B 586
N JZ IR, P AR B A 2 5 5.7 mm~7.6 dB;
FRM LEAHA P AR B 75 3 R 2.5 mm~7.3 dB; 49
M EEEE N3 mm~6 mm, f K AUE 75 &
9483 dB; fEM ALK )Z B E N 4 mm~5 mm, J K
AU A 2N 41.6 dBs KM IEERZEEANS
mm~7 mm, Fz KA &4 36.4 dB;

(4) W8 53 AR I S5 M ARk 25 B 6T P LA R 75 o 11 5
Wi , 6 5 A 55 i FAAEG 50 %, PN B B 75 A 1 i
B, AR /N s AR AR A, 78 SRS B2 9 7 mm I

B A 1.5 dB.

50 ¢
64&///*’h#=*N\\
3 40
3 -

% 35 //\\\
'HE\ 30 . iﬁ ﬁﬁfnﬁi‘ﬂ-{ (kg/m’)
£ 25+ —o— A#t 24
X —A— g 8
Foo0f Ty a
15 —>— 24

IE3 2 3 4 5 6 .7 .5
JeAR I /m <107

3 A AR AR P

K425 1 T 3RIEM AR ORM Bk A |
e 53 S 2 5 LA [R] e B B L AR AL PN AT 42 B

R 3 AFMEL R IEACT A MR B 5 B (dB)

AR 1 JEREAR 2 JEHR 3 JARHR 4 JERHR 5 JEAEHR 6
T K25 /m

I G o 7 7 o O 5 B 7 " G o <7 B 7 G 0 I 7 "G o) M A w4
1 0.001 27.3 30.8 27.2 30.6 30.9 342 30.9 342 36.4 39.9 36.5 40.0
2 0.002 28.6 32.1 28.6 32.0 34.1 37.6 342 37.7 41.1 44.6 41.1 44.7
3 0.003 29.7 333 29.8 333 36.3 40.0 36.4 40.1 43.8 47.6 43.8 47.7
4 0.004 30.7 342 30.8 34.2 373 413 37.5 41.6 44.5 48.1 44.6 48.3
5 0.005 31.5 352 31.6 353 37.4 40.9 37.6 41.2 44.8 47.7 45.0 48.1
6 0.006 32.0 35.9 323 36.1 37.5 40.5 37.7 40.8 45.6 48.1 45.7 48.4
7 0.007 31.2 349 324 36.4 37.4 38.7 37.7 39.2 45.8 46.8 46.0 47.0

8 0.0075 29.7 323 29.7 323

357 348 357 348 436 419 436 4109




42 MeoE 5 R

oo 344

. MEHFATLUE 1, U3 = iR a0 R JZ
JRORKE A AL (i 5 e 25 BE L S 3 JEL B 0
i, P T ) B8 A & AE 27.3 dB A 45.8 dB [A] AR

o FEA RS SHR S LR A .

50
45t
2 40}
= B g i
20 | —v— 2
T8
15 h I I

IE3 2 3 4 5 6 .7 .75
AR /m x10°

B4 Py HbR ST 2 b e
23 MEXRE=E
2.3.1 AEFHHIXT AR5 R bR = = B &2 0h

RNHE— BT = WA AL S HO 3R
BE 75 BRI, B 5 45 T 1 mm BARJE SRR, A

[FIRA R W8 83 2 CRED T, A ARSI 2 o 75
i 5 ATBLE

55
FeAR %%’ﬂi%‘* (kg/r’)
A
45 | e gt 48
/M
S
o 35|
1L
E
25
15 T T r r r T
125 250 500 1k 2k 4k
Hi# /Hz
(@ RFZE
55 ¢
Kt WS IREE (kg/m)
—a— ikt 48
45 b etk 24
/M
S
o 35
1,
E
25
15 T T T T T T
125 250 500 1k 2k 4k

A/ Hz

(O +AN R # B A B0 B3 A R

K5 Pyt AR i e

(1) RJZ IR E 1 mm B, 84 1E R RZH
A IR B P B AR A N BCER R i FL R AR A
RN o FAR WA ENRIE, SIBE - R L
ARMAE R ZR TR 2 8 dB: SMHE AR ERS, &5
BB UM AR R RN $E 20 3 dB;

(2) PR i 63 SR JE AR L, B A e b A
Rtk S LB

2.3.2 AEFHIX AR ST RRE 2820

Rt — A = R ISR R 5 e R AR
JE 5 4 A % PN A B S R s, T 6 45 T A )
MRS HCR, 22 EEE0~7.5 mm 2B, Py bR 1)
SRR, MHTTLUE

(1D REMBIAAR, BN 2 IR L, PR
AT B b e Y R . (YRR R e, !
ﬂﬁ@%éfmﬁ$%ﬁ§;

(2) A I ZEH JEEREIIN 1 mm, #4550 B
b 7 B 1 dB~1.5 dB. bk EN, B E A1
T mm, SANE R A B 1 dB~3 dB. 4WH1 3k
JE W, R AR N 1 mm, &% A A0 B BE R R R
1 dB~5 dB.

FH = B YA SO R J2 M T 6T P AR 7 = 1 5

55 ¢
JetR dﬂr"%mwﬁ (kg/m)
—a— M
45 b | e ki 1
m
=
i 35 |
i,
=
25+
15 : : I . . .
125 250 500 1k 2k 4k
A% /Hz
o)A+ R P4 L S0 R
55 -
o RN ()
—a— i
45 || —e— st 24
m
=
i 35 |
i,
M&:E
25
15

125 250 500 1k 2k 4k

A/ Hz

(BT R 51 P L 5

(A — JE & s JeR 1mm 5



34 1) e JHL ) 2 R R 45 A 8 75 AR PR 5 43
55 55
AR I (mm)
H 0
a5 | as |
as) as]
< =
35 W 35 |
R R i
25 25 |
0 - QO - A A A =
125 250 500 1k 2k 4k 125 250 500 1k 2k 4k 125 250 500 1k 2k 4k
Bl Bz i M
(a) M (b) 4844 (c) Bt

6 AR ZR B A B R — ARk AR R D

Wi e WY, 2 J2= SRR B — 5 , M R IEREL A
MR R P R AR U, HUGREAHM, B e A

3 4 3E

= IR JEOARA [F) 45 R 6 P AR B 75 = S,
o3 AR JZM R AR ORB BB A i 5
JZ 5 FEANF) J B JEE AR AR, P IR I 7 2
ft,

BUAR = B IR IR R R MR CR A B L 4N
W) B e 25 i, PN R g 7 e 4 SRR

(1) B3 =R ISR B T ORM A
AR (e 53 e R B L T A TR A A PR AL
K 75 /. 7E 30.6 dB F1148.4 dB [H] 2424k

(2) =B JEHRER JZ M AT N H AR % 7 2 5
Wi, % J2% SRR B — 5 , M AE IR ZEMRL, P HIAR
B 7 A AT, ORI, BR R AR . =R
A JE AN AR, AR A JE B R FE (1 mm~7.5 mm 2%
10, AR SR AE R Z 5 L, P AR 58 7 42
151 5.7 dB~7.6 dB; fa 1 5 AMAE RERZ BT EE,
MR b 7= B g = 2.5 dB~7.3 dB;

(3) = BVR J TR AR & FEE 5 e 3 A IS 4y AT
XoF P9 R AR B S SR, KA I R AR, R R I 1
mm, %N AE R S B A 1 dB~ 1.5 dB, AR M & A
FEEE N5 mm~7 mm, f KRR RN 36.4
dB; 544 & )24, JE FE AR R0 1 mm, 5 A AT BE 75
$&m 1 dB~3 dB, M AR K 2 JE N 4 mm~S5
mm, 2 K ALRE 5 & 9 41.6 dB; (M 2 E4, JE
BRI T mm, & B B S &R = 1 dB~5 dB,
M £ 2R FE N 3 mm~6 mm, 5K AU &=
483 dB;

(4) W 55 BRI JZ AL FE AR A f PN St b 75
SO AN K o e 3 AR 2 BRI 50 %, P LR BE) 75
B, ER2 RN
SE AR :

[1]1 5k 1, BRolol, HEbs, 2. Els) 44 A s =
AR PP 23 BT[], $XIE IR, 2011, 33(2): 13-18.

[2] ZHANG lJie, Xiao Xin-biao, JIN Xue-song. Interior sound
quality of a high-speed train running at more than 300 km/
h[A]. STECH’ 12, Seoul, Korea, 2012.

[3] YU Yu, XIAO Xin- biao, JIN Xue- song, WANG Di,
WANG Heng-yu. Prediction of interior noise in a cabin of
high speed train using FE-SEA hybrid methods[C]. Inter-
Noise, 2011, Osaka, Japan, 2011.

[4] VEKH, Sk, EHbR, S5 i o) 4 S R AR
FARAL BT[] RiBIEH TSR, 1671-1637 (2011):
65-71.

[51 T W, EEMH, shEby, SR, fHRA RmES
BRAGATI 7 1k RE S 36 0 A S B 7T ()], MR AR SR zhiE$l,
2010,30(5): 196-198.

(61 73 @, R LB LD A EHE SRt
PR ] BRFE SRS, 2013, 33(1): 45-50.

(71 BtEMK, TR, E258. 70200 R G0 @ 4 v
HEIBHEEJTIA)]. BEIBAESR, 1009-3486 (2000)
03-0028-03.

(8] HEkifk, VEMIR. AR M 70 M 0 o FLAR IR 7P 22
PE[T]. BEFEHRA, 1000-3630 (2006)-01-0048-04.

[91 J. E. Allard. Propagation of sound in porous media[J].
Elsevier Applied Science, London, 1993:174-175.



