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Fig.1 D-type and I-WP type minimal surfaces with different constants C : (a) I-WP type minimal surfaces; (b) D type minimal surface
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Fig.2 Geometrical modeling of the sandwich structure with minimal surface core: (a) D-type minimal surface; (b) I-WP type minimal surface
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Fig.3 Direct acousto-vibration coupled acoustic finite element model

of the sandwich structure with I-WP type minimal surface core
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Fig.4 Testings for Young's modulus of the material used : (a) Installation of the tensile test; (b) the true stress-strain curve
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Fig.5 Sample manufacturing process of the sandwich structures with minimal surface core: (a) D-type minimal surface; (b) I-WP type minimal

surface
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Fig.7 Comparison of the experiments and simulations: (a) sandwich structure with D-type minimal surface ;

(b) sandwich structure with I-WP type minimal surface
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Fig.8 Influence of the sandwich core thickness ¢ on the sound insulation performance of sandwich structures with the triply periodic minimal surface

core: (a) D-type minimal surface; (b) I-WP type minimal surface
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33 WINHMEESC

145 7.0 JE A1 d 53 3]0 20mm , 1mm | 145MPa £l
Tmm , 23 A 8% /)N Bl 1T 55 %50 C SR 0.3 .0 FT-0.3 i X6 =
o JR AR /) g TR S 0 46 ) B 7 R B R Ll T 11
(a) AT, CAEHR 0.3 5-0.3 I}, D AU /I il 1o e ot 4%
¥4 78 250H2~3700Hz 43 B 25 ¥ /b B 7 &, {H 7%
3700Hz-5000Hz il B ) b 7 1t 2% Kl - 7, B AF
4200Hz-5000Hz 4% B¢ fig ik £ 50dB LA - i b 7 1
B 3R B 25 TR RS, P D AR )N il TR C (B
14 1E B X5 435 480 (%) LA 4 $ 4 B OF- TS 52 ), v L C
HL-0.3 F10.3 A HL B 75 i JL T A28 i & 11 (b) 7]
P BRSBTS RO, T-W P BB /)N i T S A
¥4 7£ 2500Hz~3500Hz 451 B 23 41 i B i i, (5 7E
4000Hz~5000Hz # B 23 ik /> B 75 it , H ATL 7E
0.1dB =4 U8l JLP A2 CHEAR Ak
34 FEHEHT

P28 C o EF SR8 0 1mm , 145MPa Fl
Imm A8 B3 THUE 15mm , 20mm F1 25mm i X
=P S D o T S U 5 AR B RS P e S e R
11 Ca) AT AT, D 284 /)N i TR 2008 235 4 1 o Rl 30 4 4

B
o

B/
iz

i, 7E 250H2z~5000Hz 55 B 35 B A B 75 2t . DA & 12
(b) AT 1 I-WP B8 /)~ T S e 25 6 o o 0 5
i 23 982> 250H2z~2000Hz 451 B 1) i 75 i, {H 25 KR
H4H 4000Hz~5000Hz 4% B 11 [ 7 i, H AF 4400Hz~
5000Hz J5 B H: b 75 14 B8 7] 15 60dB LA L fry i 75 &
IR I, JE1 300 3 K56k D RN 1-W P B4R /N il 17 S o 4%
4 (4~ 137 P P RS i K, D UK /)N i T e e
FITE TR 15mm A, A] S B 35.88dB A i 7 1, 1 -
WP AU /N il T I8 G5 A AE T O 25mm B H A
36.13dB fit) ATL.
35 HHEEEE

RFFZEC.e . THd 535724 0 Imm , 20mm Fl
Tmm A4, A 5% 5 82 & B9 (R 115MPa, 145MPa
F175MPa B, = 28 JE] AR /N it 1 e S0 454 1) B 7
M fE . & 12 (a) o D B /N il T e G S5 R
3200H2~4000Hz 45 B 3 fin a-p A5 8 ] DA 48 v i 7
i, HAUT B CRAS B 55 T ) 12(b) w6 B 34 Jin
SO A T WP TR A /)Nl T S SN 2 A Y B
ARG AEF B P i R AR /N ATL AT AT, D
ARG /I pH T I 205 235 40 o P X L A AR, 7

e
1N



70 £/ =S R (I S [ 2021 4E4F 19 %
(@) (b)
70 T T T T 70 T T T T
- = (=03 - (=03
60 . - E 60k . 4
— =0 ; N N _— ; =0
50k s (=03 :-" Bl sol se - (=03 , 1 |
.'/.-
40

30

Sound transmission loss/dB

40

Sound transmission loss/dB

30
Y -
20 ATL_, 734378 w0k ATL_,,=32.79 i
ATL,._,=32.28dB ATL_~32.67
10k ATL._,,~3451dB 4 10k ATL,=32.71 4
0 L L L L L L L L
1000 2000 3000 4000 5000 1000 2000 3000 4000
Frequency/Hz Frequency/Hz

5000

P10 /I o v i 550 € T = T TR/ i i S 5 A B 7

sy
Hes2

Wi - (a) D BIAR /ISl TS e 454, (b) 1-WP 24K/

Hi T e A 1
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STUDY ON SOUND INSULATION PERFORMANCE OF
SANDWICH STRUCTURES WITH TRIPLY PERIODIC MINIMAL
SURFACE CORES *

Liu Jie Lin Chunguan Wen Guilin'

(Center for Research on Leading Technology of Special Equipment , School of Mechanical and Electric Engineering ,
Guangzhou University, Guangzhou 510006, China)

Abstract A sandwich structure with minimal surfaces has advantages of high specific rigidity and good energy absorp-
tion and has shown a wide range of application prospects in practical engineering. But its sound insulation performance
has not been thoroughly studied. The sound insulation performance of the D-type and I-WP type sandwich structure with
the triply periodic minimal surface is studied using numerical and experimental methods in this paper. First, based on
the theory of acoustic-vibration coupling, a finite element (FE) model of sandwich structure with the triply periodic min-
imal surface cores is established. Then, the accuracy of the FE model is verified by the acoustic impedance tube method.
Finally, as the thickness of the sandwich core ¢, the thickness of the panel d, the elastic modulus £, the minimal sur-
face constant C and the periodic constant T are the key parameters their influences, on the acoustic insulation perfor-
mance of the sandwich structure with the minimal surface is systematically analyzed by using the validated finite element
model. Results reveal that the I-WP type sandwich structure has sound insulation of up to 60dB in the 4400Hz-5000Hz
frequency band. This research is expected to provide new solutions for passive sound insulation of lightweight structures

in high-speed trains and other fields.
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