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Abstract As an effective vibration absorber, the lateral stability of the airbag isolator is closely related to the lateral
stiffness. In order to understand and grasp theoretically the transverse and longitudinal stiffness characteristics of the long round
bellow-type airbag isolator, according to the lateral and longitudinal force characteristics of the airbag isolator, the transverse and
longitudinal stiffness of the airbag isolator from the bladder and the bearing flange were discussed. The theoretical calculation
formula of the transverse and longitudinal stiffness of the airbag isolator was put forward. At the same time, the prototype of the
corresponding air bag isolator was produced, the lateral and longitudinal stiffness characteristics of the long round airbag were
tested. The results show that the error between theory and test results does not exceed 3% , which verifies the effectiveness of the
method. And it can be determined that the stiffness provided by the capsule accounts for the main part of the lateral and
longitudinal stiffness of the airbag.
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Fig.1 Long round bellow-type airbag isolator structure
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Fig.2 Capsule laminate model
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Tab.1 Capsule laminate model structure parameters
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Fig.3 Composite layer off-axis performance relationship
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Fig.4 Composite single-layer board subjected to transverse shear
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[ o3 B A HR AL P A 1) 55 DD NI R
(o MR,
TP
MR b, i (16) ~ X (19) AT LIS 2K 5
T PRI A RS HE AR G\ 1) BT AW EE | EAT
By
F? = F" = 4ASR, Ax/Tip,
Fy = FY + F5 = 2Q40R, + A2D) Ax/mp,
K, = Kjr = 4A22R2/7Tp0
K=K+ K= 2Q45R, +43D) /mp,

(19)

—

(20)
3 SEE=E HNERERR

T3 ik 22 5 R e R [ A7 A B e T, Aot
TERN RIS, S 103k 22 2 2 23, BT 5F i
W51 M RBEA KR N LR, T 2252
A AR T7 18 45 7 5 35 B A A A 1) or
Pt 103k 22 1 32 J1 P BPR g T, S BOLAAE 500
I AR & T, BARAnTE 6 iR

P 6 Hp, SRR 2 o3 9l by e A N A% I Y
DIHIAE B, AF, O 1k 22 55 B AR fiph T AR 2R — Nl )

Bl6 Smwk2z)imEE
Fig.6  Guide flange force diagram

TR MU R AF, Oy B 2 5 R A ol T AR /)
— Ak 22 52 U
3.1 SmEEZ5RFEMERELE

R BT ) 22 B 2 KA BRI 5 B E
Pefh AR S AR S Z R AR
WHUT 5 S8, 430 bk 22 5 R U T BR 2 i 2
PR RE 1 (R ) ¥ 22 SRR T RR 2k Y £ il
JBE L (W) EARP LA p SR A O A ] A2
A Ah FRELR A b O b ] A2 A KB AR, TR AR S
X5 ASHIN T 5 AJUAE R 2Ok AlR LU H 4
AR, HoR B IE i E 7 s BAR U e R Al
ApsinB + AR - Al,cosB = Ax
Apsina + AR - Al,cosa =0

ApcosB + Ah + Al;sinB =0 (21)
Apcosa — Ah + Al,sinae = 0
Ap(m-—a—-B)+Al, +Al,=0
A Ax —_— /713'
/@ R
L 7 R, N
0 [/ |A_h \\
'\\ Tar I
\ [2/ 4
12
K7 SAEYIHEE AR
Fig.7  Airbag section profile deformation diagram
F(21) /] LUHHE MR R
[ sinB 1 - cosB 0 0 ([ ] [Ax]
sina 1 0 —cosaa O AR 0
cosB 0 sinB 0 1 ||AL=]0
coso 0 0 sina - 1||AL 0
m-a-8 0 1 1 0 JlAn| LO ]
(22)

T AR B R A 5 b A )
ke Z B FR , AR IR X (22) kA5 Bk 5k
DI TARRA 2 b4 B2 AR A B AL (3B M) ARy

AL = - cosa + cosB + (m — a — B) sina N
"2 4+ 2cos(a +B) - (m-a-B)sin(a +B)
(23)




5543 B 11

FHRITA . RIFDE B AR FRIR AR 5 W EE R 39

[FIER, AT LISKRAS bk 22 5 S AU i B 2 ) 4 i 1<
JEASAE R AL (/M) FY(E N
cosa — cosB + (7 — a — B) sina

- 2+ 2cos(a +B) - (m—a -B) sin(a +B)

Al (- Ax)

(24)
BB B I g 19 0 0 ) B A 5 o 2 2 4 fh
T ARV i I AN AR TR 75 2200 B
(1) [BRIAF: 78 - foh i AR A
[ 58 3 3 A 5 5 o ks 22 ) o TR AR Y B w3 AR
AR ) L I A2 AR e s BRI AR 4 =X (23) X
(24) T LASKAG 8 4 78 434 fih v ARAE A 1) 2 B84 FH T
A i ASY Sy
AS™ = (Al, - AL,) D (25)
(2) 1B PR 42 fh o ARV b
T 15 B 38 43 2 4 B HC— 422 fnh 10 AR 22 4k £ 0T
(BGRM) A5 an & 8 Frow , I v ig 42 Jir Bl T AR
ISR R i AR AR A

P8 IRIBRAR S T AR AL B O

Fig.8 Ring contact area change amount micro-element

ot ™ 2531 43 9 A Alysing Fil ds, Hidp ds =
(R, + psinB) d¢, MY THIAL
d(AS™) = Al sind (R, + psinB) dp  (26)
X (26) TERBIF B AT RS 45 212 B B R 4y
e i e AR Al 1 (BGORAND) y
AS™ = 2Al, (R, + psinB) (27)
(] 2R DA 1) 2 (5] 2AS 08 0 f v AR AR A o (G
/M) Sy
ASS = 2AL, (R, + psinB) (28)
M E 2 (27) A (28) AT DA 31 <05 B PR 5 4342
s A ARVAS Ak 1Ry
ASST = 2(Al, - AL) (R, + psinB) (29)
3.2 BmiE=#. . NmRORRE
(1) 5 o)k 22 4 o S g B I s
2 b wEACA 1] (5L AL I, AR S ]k 22 AR
SXZ BRI ). IR PE (25) (=X (29) AT LIAS
B AR 32 BB ] A AS I, S 1) 3% =2 5 J R 42 fink
TR AR A U
AS; = (Al, - ALy) (2R, + 2psinB + D)  (30)
T )3 22 2 B R ) 52 T
F = P(Al, = AL) (2R, + 2psinB + D) sinB(31)
Kb PN AARE T, MR (23) HA(24) K

(31) AT LAAS 31 S o] 32 22 S A A0 R 1] W22 A
. 2P(2R,, + 2psinB + D) (7 — o — B) sinasinB
b2+ 2cos(a +B) — (m —a — B) sin(a +B)
(32)

(2) Rk = 9k m) 1 KW B
2 b A A Im) 57 R I AL B R R 1]
BN R T, AR IR 2 (29) AT LLAS 2K B
TR BESZ BN S RS ), T )7k =2 5 B A2 o T FR Y
AS' =2(Al, - AL) (R,, + psinB) (33)
S L A2 BN TR
FY =2P(Al, - AL) (R, +psinB) sinB  (34)
S L AR AR A DA T I BE R
oo 4P(R, + psinB) (m — a — B) sinasinfB
" 2+ 2cos(a +B) - (7 — o = B) sin(a + B)
(35)

4 & @R ERmE RS

4.1 #E HN@NE
552 R 3 W E LA SRR RN o b WA
AT T RGN o BT, LR G AR B iy 45 R, 2
(20) 30(31) .3 (32) .3 (34) . 2(35) , BE5 KA
TESBER A DA 2 fir S W2 ik =~
F*=F +F
F'=F +F
K=K +K
K=K +K
4.2 & NENEZMEESH
HRPE(36) AT LA Y, K BITE S RERE 9\ ) W
TR YRS BEAM B S B R MBS L=
S RNRURE I FER R ITOOE, Hh R AL
FEE W TR IR MRS ) Rt e A T e 1Y, A
IR SRS HAE A3, 10 S R A DU A i R 2R T
Wig,
(1) AR RIS 5 R
X TRARMRLSEL, 5 AR R R LA Hek i A5
SO BRI ] W BE A5 0  EA BHAY S0 R A S B
TP AL ) SRR L S0 B T 5 A5 3 TR
Y1) DO 5 A0 s TR S 4 LA A 2 (] g DG R T
K19 fitw , B B2 th T s BN T WIS, T 2
TS 43 it T e A A ) M E
MEL9 Ha] DIE . FEHA S AR RIS LT, S
PR A NI SR AR SRR LR HE
— Y B A, T 2 I g S 50T W 1 5 T S KT AR
JBE B L S

(36)



40

5,

RIFE Stiffness / (kN / mm)

IO NG JEPREE 2 S ITP SN
Fig.9 Relationship between transverse stiffness and

capsule material parameters

(2) T LRGBS

MR MBS H TR L HES % B A
ERONI LIS, Hohas & nyHE9 B E2Eh e
LRl BEYe e AR SCEEXT 3K = AN J7 T 3 AT s 2k i 8
SR SRR R R, RSS2
TSRS YR S LRSS S B R R WE
10 fli7m o

MEL 10 Ha] LU H A8 HAD S AR R IS T,
AEERE 1) I R B A A 4 R I R 2 RN )2 B
HERG K AR R LR AR IR B 45w AR A BB

(3) 122 F 1 1 152 )

11 s 1A A 1 2 1 22 e ) £ 22 ]
M FR , NIRRT DL Y 7 HA 2 AR TR B 16 00
BEVE: =2 3 ) R B3 O, ACRERE N 1) D RS B T R, HL
) f L 450 1 NI B T 4G RGO, TERE AN
Tkl RS, BT 22 T — A
NS 300, PRI AT DATARE 25 =% 5t ] £ 0 SRE R DA
JE B SZ I AH X AN

(4) FEN ST 520

12 s TR Hhm B 5N SRR 1 2
[5G 72, AT TR m] LU MY - 7 Al 2% 2 () A9 17 2
TSR NI SN R R AR, HEER
J B4 v T 328 T 3G R, A b T A S 8, RUR X R
R A 1) D ) 5 e RE DN

XFRPERIRAS , — A T R IR A

F” = PS, (37)

A, PO R A, S, AR TR A AR, HL
S, RHEMABEA RN S H, HREEEALR,S,
R e, M A ) By SRR G, Rt
FRAE I 12 LA S = (37) o] 0, 5% 2 [ 33 fay X LA 0
[w] W5 Y 52 R /N

LB 9~ B 12 ATUE L AEG BRI, AT 4
(S S B N R 58 S U SRR R iR 254 L 9N ) 1 2
() B 2R 3xX 5 3CHR [ 12 ] RS AT e 15

JE# 2021 4F
35+
£ ™~ ---- %[ Longitudinal
E 30 — &8 Transverse
)
g
£
h=|
b
=
=
10 T T T T !
1 1.2 1.4 1.6 1.8 2
LR IAIFE Cord spacing / mm
(a) LR MIEE S R NI E
(a) Cord spacing and transverse stiffness
60+
=) -+-#\[A Longitudinal L
8 501 —e—#[f Transverse g
£ a0 o
g
7
24
=
0 T )
2 4 6 8
7 £% 2 Number of cord layers
(b) R EH SRR
(b) Number of cord layers and transverse stiffness
40+ )
g e
£
~ 304
Z
< p
2201/
& /
k=
;;z( 10+ ---- 4\ Longitudinal
= — M Transverse
0 T T T )
20 30 40 50 60 70
LS Cord winding angle / (°)
(c) FILRYELE f IR IR AE

(¢) Cord winding angle and transverse stiffness

10 B W EE 5 o RSS2 B ] Y 56 2R
Fig.10 Relationship between transverse longitudinal stiffness

and cord winding parameters

45 4
=
£ 40
> ---- 4\ Longitudinal
< 351 — &[] Transverse
P
8
£
3
iy
=
15

0 20 40 60
%2 B M4 Flange guide angle / (°)
REGA 1) W 59 22 e 1) A Z TED ) R R

Relationship between transverse longitudinal

A 11
Fig.11

stiffness and flange guiding angle

], 2% N AR A T, (05 I8 AT 2 A I A R
A X — R B — 2
4.3 #H YENEEREEE

ARICAEXF BEARARE 2 1o W JBE 2 A7 23 B iR FH 9 &2
BIR B R TNV R X — AT R 1Y, o4
JERT R4 B S b B T AR A S ) 32 AR



5543 B 11

FHRITA . RIFDE B AR FRIR AR 5 W EE R 41

%)
o
|

S0
193
L

---- 4L Longitudinal
—##[A] Transverse

RIFE Stitfness / (kN / mm)
=3
[

[

\ \ :
1 2 3 4
K JE Air pressure / MPa

12 R R 2 R A S R
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Fig.14  Aramid fiber deforms with lateral displacement of the airbag
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Fig.15 Aramid fiber deforms with lateral displacement of the airbag
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Tab.2 Model parameter

¥ Hlit P i
= Numerica = Numerical
Parameter Parameter
value value
AEBAKE R o
Length of cylindrical part/mm Cord elastic modulus/MPa
WICEBIRE T o
Effective radius rating/mm Rubber elastic modulus/MPa '
Bk M e o
Ripple radius/mm Cord diameter/mm ’
[ 0 I L
Upper cover radius/mm Cord spacing/mm ’
ke u IR 0
Capsule wall thickness/mm Rubber Poisson’ s ratio '
palyi =l =IENES . "
PR RN
Skeleton layer single layer 1 Cord winding angle/(°) 60
thickness/mm ord windm angie
BRI \ W )
Number of skeleton layers Rated air pressure/MPa ’
2 E pE
P':J \M‘H/XEEE (féglﬁl"]ﬁ
Inner and outer rubber 3.5 Fl ide angle/ (°) 25
layer thickness/mm ange guide angle

X3 (36) MATRCAEH ST, 58] T K BB R WA
S N B 5 R R 2 AR L R 2k, T 16
B, AP LU H L SBEAE HrTo EA dete
R, L1 EE W0 52K T R A LB, 575 0
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Fig.16 Transverse and longitudinal load characteristic curves
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Tab.3 Transverse and longitudinal stiffness-pressure data

= EMEER s guaings

Air pressure/ T};zzzltl/cal Test results/  Relative

MPa (kN/mm) (kN/mm) error/ %
K I 2.0 17.13 16. 71 2.51
Transverse 2.5 17.32 16. 85 2.79
stiffness 3.0 17.50 17.18 1.86
2 R 2.0 28.31 27.68 2.28
Longitudinal 2.5 28.43 27.82 2.19
stiffness 3.0 28.55 28.03 1.85

7 it

RS AL 3R (B 8 3R i iR s 7R A 1)
(RS T BERAN T [ k  AR A B [l 52 g R T —
o 19 1E 4 2 P e o A1 2 g B2 5 5K
RV AR SCBE TAH TRERERL, JT R T A A 1 A
R, RGP B MK G AR AT IR 4E .

1) KPR IR I A 2 1) P 8 2 5 A 4
) BRI SR LR MBES R L 22 T A N
R AN A IR E B S EGE RN R S
R A S RO0H W BE 2 I 5K T 3k 22 3 1) ) R4 9 <0
(LSESWAL: B} UGk G

2) /MRS S AE TR R B U B iR A 7E L 9
l] b B LR AERE R LRI AT LA 2 2 {H

3) KBRS R A1) K JEE T AR 35 1 225031
BEATBETE, LAZRAT BLAEL A 2 1) P 8 L, kR LA X
T EE A — A LB

'SR (SIS EFESNGYZ ek TS il e
AT, LA BT A 45 K 248 Y 1% 486 el I 4 195 17
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