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Abstract; In the present study, the analysis method of critical pressure of reinforced s-shaped bel-
lows was carried out based on the theoretical and numerical simulation analysis. Firstly, the axial stiffness
of reinforced s-shaped bellows was obtained based on the finite element method. The bending stiffness of
bellows was obtained according to the minimal axial stiffness. Then, boundary influence coefficient of bel-
lows was analyzed based on axial control equation of thin walled cylinder under the inner pressure. At
last, the analysis method of critical load of reinforced S-shaped bellows was put forward based on Euler
equation and EJMA , which takes plasticity, inner pressure and boundary condition into account and actu-
ally reflects the bellows condition. It can be well used in the buckling analysis of reinforced S-shaped bellows.
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Fig.1 Reinforced S-shaped bellows
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Tab.1 Material properties of the reinforced S-shaped bellows
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S-shaped bellows
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Fig.3 Rotation of the cylindrical shell
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Fig.4 Finite element model and boundary condition
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Fig.5 Axial compression-tension curves of the

reinforced S-shaped bellows
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P 5 AR A T, 399 S IR U8 1 1
B AR R AL, 2 AL SR A I 5 sy 5 o3 B oy,
PREE RS T M 32 by 7 T W 8 ) e /MBS A2 o 45
A FRICII AT A W M i S FE S SO B 1) 1)
59 12 152 N/mm fRA(2) RAFHE2E M 0 10°T
DU S B U SUEAE AR F 124 70 MPa, 2% 42
FHON 2. 00 PBCE R W EE B 255 5 18 T #
BHRIBTE L FRAR LA LN s RS R AN X R
SSENE b2 RS AR = N T I AU R AL ]
FR W S 1 3 M O IR B S8 B 5 T A5 Y
BRI R 2K, PRI SR FH A SCHR Y 5 3k T R G i
S B W SUE SRR E PR o it AR R AR 2 4 R A
W BRAR K



Ny

48 & 4 1)

AR, A5 R S RSV N RARE PRI Ik 71

4 gip

ESCE IR S JE RS, 4 I A HE AR I
S 3 M7k, L AR AT R S5

1) G545 3458 S T2 S0 LA 1 e 4 W JE 5
AR SO R AL AL 25 il W2, 37 -5 T 4 2 i 1
FATR 1G58 S JE R S8 B B ARMERAE AR AR I S
J 353 v v e /N T JRE e 45 4 25 b PR

2) F T AT AE T v R (B A e i e A 4 o
Jr AR AN 2 AR SO SR LA G AR T
S T SO #1310 SR ) 2R B e U5 3% 5

3) A5 EATRL AV PN A SR e AR
FRSENE ST ISR S JE RS A TR AR E MY 2 A
Tk R A S P SO SR B T o

S 30k

[1] HUO S H,YAN W Z,XU X J,et al. Bending characteristics of
the reinforced S-shaped bellows under internal pressure[ ] ].
International Journal of Pressure Vessels and Piping,2021,
192.104412.

[2] United States Atomic Energy Commission. Atomic interna-
tional[ R]. NAA-SR-4524,1964.

[3] HARINGX ] A. Instability of bellows subjected to internal
pressure[ J]. Philips Research Report,1952,7:112-118.

[4] ZHU W P, HUANG Q, GUO P. General solution for C-
shaped bellows overall-bending problems [ C ]//SHAN-
MUGAM N E, LIEW Y J R, THEVENDRAN V. Thin-
walled structures-research and development. Oxford: Elsevier
Science Ltd,1998.

[5] ZHU W P,GUO P. Application of non-homogeneous solu-
tion for equations of slender ring shells to overall-bending
problem of Q-shaped bellows[ J]. Journal of Shanghai Uni-
versity (English Edition),1999,3(2) :121-126.

(6] AR, 50, BBy, U B ipl 00 e A s il 1] A8 1) — it

e[ J1. N A % ,2000,21 (4) :331-341.

(7] KTV Be8CE e N EAE T AR R 5 e 00 3t
BT, 12 55 2002 ,24(5) 13235,

[8] BREE. P arE By Pt e Yot [ D], m at: m ot Tl R
#,2001.

(9] WiMe, 2= Ak B0 B, 5. PRER BT B B 808 AR BRIt
KeFmgeFR[T]. MUAEREE ,2001,30(5) ;24-27.

[10] #h £, iz By, N AMEZT T TEANsR U JEi £
EOHRFRATFE [ C /584 42 K T 22 R 25 i
AL T E U TR A% 25,2003,

(1] SR, 2578 Bk, 45 BT IRT A i I 8UE o
JER DSBS LT ). BORHT & 50, 2018,33(6)
101-105.

[12] sRiEM. Pt T & B I SRR 2 s [ D].
T B < 3 B AR S BHIFE i, 2004.

[13] BRgd i, Shukily, S5 8%, 5. S TR IR HE 4 Jm I 80 A E
Frailm SR PR D WFFE [T ], A b e T 4, 2021,
50(4) .8-12.

[14] 5K M. #RE ik 808 AL 2548 T J8 m F2 e M wt
FE[D]. P4% V5L Tl K2 ,2007.

(15 ]y &, B H AR, 4. 22 U B Ja s il m W B2
Kol F 28 A 09 A KR IT 20 4 [J ). HL BB, 2004,
26(1) :49-53.

[16] WHi, Bk, 2R Bk, 55, S TR IR HE 4 JB I sriE & ith
MIBES T T ]. Al T4 ,2021,50(5) :22-26.

(17] Z27 B B - BBRETE. WSUEIIMEH 2R 2 Y
PO ERS A PERE BT [ ) ] LK 5 W ,2021,49 (14)
137-141.

(18] @2 AT, 32, 45, SR S T IR S48 235 A0 i Je 5 8
IR KEFHEDE ,2019,45(1) :19-24.

XU X J, REN W, YUAN Z, et al. Compression strength
analysis of the reinforced S-shaped bellows[ J]. Journal of
Rocket Propulsion,2019,45(1) :19-24.

[19] KBV, 508, 507 MR B 52 7E 777 1 R 4
M E AT R B R s i — e [T, o =
#.,1999,20(9) :889-895.



