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Research on Buffering Characteristics of Multi-hole
Variable-Caliber Vented Airbag
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(1. AVIC Aerospace Life-Support Industries, Ltd. , Xiangyang 441100, China; 2. Aviation Key Laboratory of Science and
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Abstract: To address the limitations of traditional vented airbags in cushioning performance and the
complexity of active control, this study proposes a variable-caliber multi-hole vented airbag based on gradient
material regulation, aiming to enhance cushioning efficiency and adaptability. Simulation models of single-,
double-, and triple-vent structures are constructed, explicit transient algorithms are employed to solve fluid-
structure interactions during impact, and its accuracy is verified through experiments. Results indicate that
optimized three-layer parameters can effectively reduce the risk of tearing, with the maximum platform
acceleration decreasing to 14.9g compared with that before optimization. Peak accelerations for double- and
triple-vent designs are 32.2% and 40.3% lower than the single-vent model, respectively. Gradient-strength
fabrics enables stress gradation, concentrating stress on the third-layer periphery and upper vent regions. This
study demonstrates the adaptability of the variable-caliber multi-hole structure to airdrop missions with
different load capacities, providing a theoretical basis for the lightweight design of the buffer system of airdrop
equipment and the adaptive adjustment of vented holes.

Key words: airbag; multi-hole; heavy equipment airdrop; variable-caliber; buffering

HELWB s BlF 34 (20230029079002) .
s H#1:2025-03-27 ;&7 H #1 : 2025-05-05
BIEEE M, B A#F, E-mail:liyichao@hust.edu.cn,

SRR = A, Wb, RAPIE 4 291 A IS N AR AR HE R ARG R BT I LT ). M = i K K22 E R CH AR
AR, 2025,57(4) :723-731. GAO (,/hunpeng, YAO Yu, WU Zhongda, et al. Research on buffering characteristics of
multi-hole variable-caliber vented airbag[J]. Journal of Nanjing University of Aeronautics &. Astronautics (Natural Science
Edition) ,2025, 57(4):723-731.



724 M AU AR R 4R (A 2R B 27 B

557 %

RREGE W R SR A B TR LR A Y
%0 B8 MR R J2 T A R B8 5 A Y B e I
AT W BeRe . AR T LA R R R
BELJE 360K A e 5 28 vp oy XY R B R Ak
S B NP AR, o B R S IR iR
P B AR T HERAL L S AR b o
s ARE Gy KA RO s I i e i HE AL HE R
SR R H AT K 28U 0 HE AL T R
SIS S AR B Sl T N0 N (3 I P
FAY s 55 AM R A — b AT 4 HE AR R R, R R
Ik 8 HE AL TR S B AT A HE A, DA AE 4K 2
V], 88 VKA Jomn sk 87, 61 n — o S5 fs R IR /< 2 3l
Tk 3 A S ) 0 AR S A B e O, DA Bl A
7 HE AL TE AR A R A ) A A HE R
B O A s HE A B T T AR S B 0 S R R
J1 LR P R F s Y. DL bk s
Bt R AT DA D 450 [ HE AL A PR e R B L H
T8 2 WA~ 1k 2 Al S A AL AR AR L
JEAEHEAR T B RG0SR, A AE S5
T 52 2%, A B v A ) L 2 TR N g —
B i o

N T RGBS I E AT 12 R B I
A BR IC 5 B o Bk A 9% ohoad B R AT F
FEH I Wen S5 UHESE T R A AESLY) B I B
AR, 95 LS-DYNA {5 EL45 B b #, B ilE 17
2 AT AR R I DE B DF ST AU b R IR TR
T3 HERH RS S R X e r s m . 2R
SEUSTR AT SRR B E IR B X 2 AR 1
RAS SR BEAT K B I AR & 5 B, R 4 R B b fe 5
S o A AL B 4 e o R AR ST S T R
B G R IT 9 4L AT 4y B AT 0TI, BB AU 41
ER iRy RINCIE R S S o AR il
LS-DYNA # {4 %k 3 2 1 22 vh ik #2320 47 05 F 3t
BAL TR HE AL 10 AR B 0 e ik B 200 o < 2
RE M2 ) ok =5l o B B T I R T
—FARE AL A AR KRBT S S EH R T
BUHEAT T 53 M 49 3 B0t 2 00 18 B R 1 5 AR Ry
P, DL B 4% DR 3R RO58 3R 0 22 b P B 1Y 2 T AR
LA AR AT LA B 0 5T B ot 2 00 T R
Tt T ARG P ERE AR A AR ORI : (1) HER
T B 3 4 il R BB R I, JE ik S B A A
T BB A& RS 5 (2) AR 28 B8RE T
SREWRNE S Z S BRI Z REMRR

e, — AR 4R L LR R R bR
T Ao R4 HE AL A R AR ARk A A B R S B
FHEAE SR HESAL F & R K TR L DAk S 30
I SHE N A TR 3 R S S T 5. T

A BRI BT AL F AR AL XL = AL HE U 42
2 B v e ol i T P T P £ i R Y A2 A
U PR RN [ LA D4R HE AL A 10 22 oy
P, P AN [R] 480 A A ol o ol e T I 2R
TEARFAE B H AR VAR XS T AR AL LA AR AR 2
FLAHE R A BOHE LIS S 5 M H R 3

1 ER5HE

1.1 JL{m#Es

SR A A3 A 7R AR Al i it Y 2% < ) R
SEEE AT # B, RSF S 1300 mmX 1000 mmX
1200 mm, HEAAFLIER MK 260 mm, 5 5 mm
KB4, 43 B TR G W . FRfL OSLFL AN
SR ES N RN A 14 2 55 M 3 %% M
T AR B TT 48, XSUFLEE B2 T o A B B AH 45, 3L
LB S 2 284 m— 8, =fLayrh i fL4r
TR e PR, 6 L A A FL R O 208 mm.
TAHER G R B B A 32 AR R M 4
Yikr kL, AR ZE R N 1 s . B/ 2 AR AR
AL AHE AR AR B R o T A R LR, B P
B 5 AR L) —E ) 3 Bk bl i, B P B
K58 4 3 000 mm X 1 200 mm , J& > 40 mm, Ji§ [
TR E Ay D b T

Hil WAL =7
P Bl LA = AL B AR R R A
Fig.1 Schematic diagrams of single-vent, double-vent and

triple-vent variable-caliber airbags

L e
RIHEH T

B2 2 DA = LR A B ol b 1 R
Fig.2 Schematic diagram of the drop impact on the ground

of the triple-vent variable-caliber airbag

1.2 TORHSIABUABHER FERE

K3 oA AR HE AL =R 7e R
BRI R B8 3R AN R AR S B B A, 3 R R
FLAL B B OUL 25 4 4 181 3(b) B s o DA &I Hh T LA



543

ARG A5 AL IS N AR R R R I Y 725

| L, |

HeCsy |
%2 |

HE

(a)The three-layer fabric structure (b)Microstructure
K3 AN HEAALS 3RAEHE
Fig.3 Variable caliber exhaust vent and three-layer fabric

structure

)
Ziln(w)

(a) Micronomes

BERR A5 20 22 ok 22 1] T4 1) AR 20 2 52 U0E
A 2 S 23 R T 20 2 v s B ARG T
L, AN 3T 7R o i 1) G 2B R B it A 0, T E B
mr

. er + [/
0, = arcsin —
2 2
(Loyg T auty) +(2r,+¢,—1,)
2re T t,— 1.
arctan(W) (4)

AP MR RN LR SR, L, AR 2 0] 2
GLeb 2 22 8] Y E] B . [ B AT A 28 1) b 4R 4 il
1 Ouco

B WL 3 BN AR AR A A A B0 WK F R
o w0y, 8 i A A AR 2 2 B0 A ol A B (DL TRT 4) %) 6
55 /N B AR SR JE (S, LS AT 4, 15 31
i 20 2 B AT ROR FE R o 255 4 il A B
Y, 22 0] T4 1] 20 26 19 A 2802 B2 AR I S5 R S A5 T
2 2 A i B R T 4 B ) 2% R R I i TR L R T o
OB BEAT SR AT A, B

(b) Yarn cross-sectional shape
K4 U BT a5 N it A T AR 2544 7 2 1

Fig.4 Schematic diagrams of the fabric unit structure and detailed geometric structure

PR, 2 AR HECAL A [ 3 )2 2L 4 A J2 1 i 9
R L R G BN A, 5 — R R RS
h ek Z IRl B TR R, 5 R AR R LR B W
ML ] B AR 8N o 1 4 R HE AL R L 3 2 4
FAILEE M B AR LT S5 A 7R T8 T S R D AR A AR
TR Sy 38 SR, 2 SO P A 45 18 B 3L ) e AR 22
[ 20 24 T A PR B2 A () N £ () AR TED
BUAD TR IR

o=+ @) (1)
2a.,

w 2 I 2

o arcsm(aiJrl) (2)

A, =ri(a,— sina, ) (3)

P LR A w R 2 1 2D B au 14 B 2
] 224 1 B G T AR KR

(c) Structural magnification

[

1 o
s;=amf5f S.do+(1—1.)S.  (5)
0

1"
S;ZA/(?JO S/d@JF(l*/lﬂ)S/ (6)

P
A AL AT A AR 2 2 T 26 B K EE 1 4 il R
A3 i be, AT R R D 2 28 L RN A 2 A Y
K (L A Ly, i 4(b) ros ) 13 8] . 554, S A
S IR Ja FB AL AR FR T B i) 2 2R Y 32 B A I o LR
el H T 2 R AR R T B SR BEHLIE SIS, 430 R

S,L,=T.S.T, (7)

S|=T/S/T, (8)
K TERET RN LG WA, T %
NIRRT

m* 0 n* 0 2mn 0
0 1 0 0 0 0
n* 0 m* 0 —2mn 0
T= (9)
0] 0O 0 m 0 —n
—mn 0 mn O m' —n" O
L O 0O 0 n 0 m |

K Hm=cosd, n=-sin 0,



726 BRI MR Rz R (A R B 22 D

557 %

R4S, S TR R RmEW I FEHIES . <

THR TR 0 1 2E R T
E.=1/S;, E,=1/S; E.=1/S;
G,.=1/S% G.=1/S: G, =1/Si
v, =—(S1/S) v, =—(S}y/S5)
vy = —(S5/S5,)

DAL 3 1148 AR HE AL 3 2 28 A g U0 R
SR, L AR 2 () R0 2 1) 20 4 B 6 R R S T
FRIA) B 45 S50, 0T LAS B8 — 2 25 = 2 A Rk
JE W I YR T SRR B 4 A i
LU L T P (8 1 AN 4 ) B A R Y AR I fig
P 32 MR 25 bERE AT % 3 2 M R AT
(AR BE T, i 2V N3 — 2% 250 — )2 R o B
Wi, T SL IS — 2 258 = 2 b W7k vh il h
F18y 134 T i 7 5 F TR T G A, LA e S AR Bl A 4%
Jo 5 R ) B HE AL T AR IS N R Y

(10)

1.3 #REM%

SREJE A 1) S AR LM R S AR SR G
e SORREE M 5 B R 783 kg/m”® 3 i Fir A i
5 0 5 2 WA ARR A5 I A L g AR R i S A5 E
ALY R R D12 RE S H, R 1R L H
R AR 114 3 2 DX A 1 JH Al 35 43 A% A R
XS HE M. A DR HES AL 32 MR
FH S TR MORL” S 808 SO, AR 4l 2L b Rk R 1
W2 B0l 2 0 2 3 )2 748 1148 X 3k R 3 3 #h P
FHNE B IG , F 2 PR, i 1A 2 L [ AL Bl
— RSN AT R S8 R — A
B o RS, 23 AU B 1.225 kg/m, ST B
293 K, & 77 BUE 0 bR o 5 7 sk B2, i 7o B 2K
A B R C & AR BN IR TR R 5 R
JE—5,% 4 0.1 MPa, < 4% 52 oo, J5 % %
FERM 1 mme AHE L G F AR R T AT
VL o A Rk 1 2 R ke el 7 7 28 ) O o

£1 SEHRSH

Table 1 Material parameters of the airbag
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Table 2 Material parameters of the variable-caliber airbag
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-2 100 100 10 0.01 0.33 0.01 10 5 2.5
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Fig.5 Schematic diagrams of the grid division of the entire

(b) The grid of the airbag drop system

airbag drop system
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Table 3 Three-layer variable-caliber vent hole size

RERS L/mm L/mm L/mm L/mm  L/mm  L/mm  FLEIFERKRER/cm® 7T G RAMERE /g
1 0 0 0 0 0 0 1474 27.5
2 5 10 15 10 15 20 291 22.8
3 15 30 45 25 45 60 226 16.2
4 25 50 75 30 60 90 194 14.9
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Fig.7 Diagrams of airbag 4 at different time
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