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Numerical Simulation of Static Cushion Performance of Air Cushion

WU Fang—ying, FAN Xiao—ping, XIANG Hong, ZHANG Qin—fa, HUANG Jian—ping
(South China Agricultural University, Guangzhou 510642, China)

ABSTRACT: To study the mechanical properties of air cushion under static compression using the finite element
numerical simulation method, in order to understand the static compression mechanical behavior of air cushion more directly
and systematically. Column air cushion was taken as the object in this paper. The physical model and mechanical model of
static compression of the air cushion were built. The static compression of the structure was simulated by finite element
method (FEM). The effects of the physical dimension and the pressure of filling atmospheric on air cushion were analyzed,
and the stress distribution and deformation characteristics of air cushion under different compression amount were obtained.
Meanwhile, the simulation results were compared with the test results. The deformation of air cushion started from the
contact surfaces, and both the upper and lower surfaces were compressed at the same time. The results of finite element
analysis were in good agreement with the experimental results. The finite element model established and the numerical
simulation results and method were accurate and reasonable.
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Fig.1 Schematic diagram of compression test model
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Tab.1 Parameters of air cushion

fmm JEJE/ o m FEAER/APa AR /mm AE K /mm

20 115 60/90/120 10 165
40 115 60/90/110 25 165
60 115 30/40/60 40 165
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Fig.2 Physical model of the single air cushion
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Fig.3 Physical model of static compression of the single air cushion

N 210 GPa, RS R 0.3, 43 4k 78 M A< A
2540, R ELAT B R A AR 2k s R R Y 2
17 R — B M (hyper—elastic) $#iiA™ 7, X HL R
HA R 7T 438 T H COMSOL Multiphysics X 25 S # A9
FRAS RS T 1205 BB . ENAMIFsE A f2 i T
IR RS Y 0 R TR AR AR S R L A
B, COMSOL Multiphysics 1 %) # 5 1 Mooney—Rivlin
BB RLIE F T BTt o8 i 25 SR Gg npodp L, LN AR fig
B PR

W= 2 C,(1, -3) (1, -3) + kz dikug _)

i+j=1

(D

SR I =R

W= Col =3) + Gyl =3) 47 (J = 1)’
(2)

AL, L, LR K EAE TN, Cy, do A B
W, HBPRHR K o XA E4E AR, J=1, X
IR,

22 hR&EH

o TR AT =S AR g R i, B R R ADE Y
BUBIN A, PR I 228 W PE A R M) 5 b AR AN 23 K SF
J5 15 3l PR 04519 K0 2 4~ 7K -5 1) 5 467



£36% £33

RIFYEEF A RS PP RE A EUE R 13

R LY, [ I 2% 74 it o 8 T 1) ) A 384T 5
AR I E AN Sl PTTZ AR AT 2R i 4z 295, £}
RIS AN S AP Bl 2l 28 SR )y I 2k
BT T 1T Bl DA AR5 Lt 7P
T AR 2o 5 O 1 RIE A A E BRI 5 |
I AR i ST 22 (AN A 0, DA il 2 T

3 BEREN

3.1 AEEHFH TR N5

HETERAR SRS R AER KA, H R
Pt AR, 3% BLAEAFH COMSOL Multiphysics #E4 745 FRIG
A3 M B SR RS B H - R BT 28 A I il
SPOOLES K fiff- ¢ 3K fift , AT 1531 28 SEAEA A R 45 RS
TR T oA, T LS g2 vk RE . o AR
PGB0 R 60115 (58 BE - B ) (125 AR TR

[ FRAPIRAS T B3 20 A LR 4
Pl 4 B, 28 A AT 2 A il B B b TR
T R PR A X5 I I I A 1 LR A
5 OIS H BT 1 3 )~ BROE B 0 4 25 Y
4 25 Ak

3.2 AEESEFEHNTHE AL

FoAE RS AR R 1 B BT R
Z—o NWFFEARR AR T T 2 AR S g2 v bk
B, X HLAE R “20-115" i 25 KB E TR 1 R
60,90, 120 kPa, HLKE 1 “40-115" 23 AR BITEFE S,
JE 714 60,90, 110 kPa, LA K KL R “60-115" 155 <,
B HIHE FESE 18 30,40 , 60 kPa R A R4 J12447
S AT EE AR AL R 40 35 B 34 8 20 mm/min) , 15 21 #
AR T (Fp ) - R4 i AR R, 25 SR LIRS,

gESLH X TR R “20-115" f 25 S 8 B
TR, 2 RO A R & X T
F& A “40-115"F1“60-115" {2 [, F2 5K S xR 3k

R 73 cPa i J1 /kPa J3J) /MPa
57.76 35338 1128
5294 3243 1.034
48.13 294.8 10.9402
4332 2653 0.8462
13850 235.8 0.7522
33.69 206.4 0.6581
28.88 176.9 0.5641
24.07 147.4 0.4701
-19.25 1117.9 0.3761
14.44 - 88.44 0.2821
9.626 58.96 0.1880
4813 2948 9.402 x 1076
2.168 x 10'° 1.565 x 107 1.698 x 1072
a PIEEATH3 mm b PEEEAT S mm ¢ DIFEATH10 mm
S J1 IMPa [ }] IMPa 13 }] /MPa
2764 3420
%;532 2.534 3.135
1.549 2.304 2.850
1.394 -2.073 -2.565
1239 1.843 12280
1.084 1.613 1.995
19295 1.382 1710
7746 1152 1425
10.6197 09214 1.140
0.4647 10.6911 0.8550
3098 0.4607 0.5700
11549 0.2304 0.2850
5.598 x 1072 2.521 x 102 1.076 x 10

d FABEATHN LS mm

e NIAEEMTH20 mm

(RS H25 mm

P4 SR 40 mm (28 SRTEA TRGRRZS T YRS 2041

Fig.4 Distribution of stress and characteristics of deformation at different stages of compression for air cushion with the thickness of 40 mm
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Fig.5 The relationship of the compressing force and the compressing amount of the air cushion of different specifications
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static cushion performance of air cushion
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