E528 F3M
2026 4£ 9 H

X #&EEHEFRXFFR

Journal of Dalian Maritime University

Vol.52 No.3
Sep., 2026

SIARMES RN, IR 5T RIS, 25 IR AT T 2 )2 8 B ISV S NI BE AR [ )] RIE I 2741, 2026,52(3) :82-90.

NEHRTTSEERE

jﬂtifkémla,lh , md—i:%’{jila,lh , ]I/ij:\

B OUE FR W 1

)}ﬂﬁlz g{‘- 4k 3 /f\ﬂ x *la,lc #;J 9~$_T_la,lb

(LEDH TR a. ﬂ%ﬂﬁk%iﬁY¢fE9§1%f§EEiPdﬁjt1%IlEE%#iﬁ(EEE%%ﬂ“)EErﬁ”‘%iéiﬁﬁéi-

b. 2 (O BV ELA

WE.ARANERATEATHALE U RS BELE
RN A a2 250 mm £ 2 U B4 B HL08 h o
GEA G, TR N E G AR T R R R 5 S
G, AT R OB A IR A0 Fe R B WY B R AL A, IR AR
SRARBEENER T THHNEFRRAR, THNE
IRT4E4BREENRITRER S

SEHEIR W E AT WAUE ; B NE S EIMA AR it E AR

AR T B

FE4 S . U664.84 XERFREAL A

X EHS :1006-7736(2026) 03-0082-09

doi ; 10.16411/j.cnki.issn1006-7736.2026.03.008

Static stiffness characteristics of multi-layer
metal bellows under internal pressure load

la,1b

Wu Yigang , Su Jialong'"" | Chen Peng’,

Zhang Guohua® ,

#la,lc la,1b

Xu Shuangxi , Yang Shaoxuan

(la.Hubei Defense Science and Technology Key Laboratory

of Ship Explosion Damage and Protection;1b. Research
Center for Green and Intelligent Ships and Cruise Yachts on

Rivers and Seas ;1c. School of Naval Architecture ,

Ocean and Energy Power Engineering, Wuhan University

of Technology , Wuhan 430063, China; 2. China Ship
Development and Design Center, Wuhan 430064, China;

3.Luoyang Ship Material Research Institute , Luoyang 471023, China)

Abstract: To investigate the static stiffness characteristics of

marine multi-layer U-shaped metal bellows under internal
pressure load, a multi-layer U-shaped metal bellows with a di-
ameter of 250 mm was taken as the research object. Static

stiffness tests and numerical simulations under coupled inter-
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nal pressure were carried out to analyze the influence law of
internal pressure load on the static stiffness performance of
bellows. A prediction formula for static stiffness of this type of
bellows under internal pressure load was derived, which can
provide a theoretical reference for the design of multi-layer
metal bellows under internal pressure conditions.

Key words: internal pressure load; bellows; static stiffness;
expansion joint manufacturers association ( EJMA ) standard

calculation formula;finite element simulation
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Tab.1 Structural parameters of DN250 metal bellows

BEERE/mm  BEH WE/mm B
304.8 0.4 4 345 5

IRPE R REE B 1CrI8NIOTI B FG 4R S 45 4.,
AR R ISR L BRI TR RE i ]
TR AR I AR ST RSN 2 FoR

*2 DN250 ERRUEMRESH
Tab.2 Material parameters of DN250 metal bellows

FRPER R
E/MPa

193 000 0.31

W 4%/mm

I pl
(kg'm™)

1Cr18Ni9Ti 7750
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Fig.2 Axial static stiffness test equipment
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Fig.3 Experimental results of axial static stiffness

variation with compression displacement
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Fig.4 Schematic diagram of mesh quality
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Fig.5 Boundary conditions and load application
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Tab.3 Nonlinear analysis results of axial static stiffness

JE 45 #/mm #HeAr/N i a) I EE/(N-mm'")
1 156.20 156.20
2 307.39 153.70
3 453.82 151.27
4 595.78 148.95
5 733.54 146.71
6 867.35 144.56
7 997.49 142.50
8 1124.20 140.53
9 1247.70 138.63
10 1368.30 136.83

FEE 145.99
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Tab.4 Relative error comparison of axial static

stiffness obtained by test, simulation and

empirical formula

W/ (N-mm™)
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Fig.6 Relationship between axial static stiffness
obtained by test, simulation and empirical
formula and displacement
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Fig.7 Force-displacement hysteresis curves and
their fitting curves under internal pressure load of

0.5 MPa at different compression displacements
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Fig.9 Schematic diagram of internal pressure

load application
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Fig.10 Simulation results of axial static stiffness
of metal bellows under different internal

pressure conditions
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Tab.5 Experimental and simulation results of

axial static stiffness and relative error

il I {E/ EIHEE RRES I EE
MPa (N-mm™) (N-mm™) AHXS IR ZE %
0 148.00 146.24 1.20
0.1 213.26 211.99 0.60
0.2 279.89 276.11 1.37
0.3 338.65 336.99 0.49
0.4 399.25 394.63 1.17
0.5 451.78 448.56 0.72
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Tab.6 Relative error between simulation values and
prediction formula calculation values of axial static
stiffness for multi-layer U-shaped metal bellows with

wall thickness of 0.3 mm and 0.5 mm

*8 HH456%EUKEBEIUEMEERNE
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Tab.8 Relative error between simulation values and
prediction formula calculation values of axial static
stiffness for multi-layer U-shaped metal bellows

with 4 and 6 wavenumbers

BEJE/ ivals igfE/  PRAN{E/ AHXS
mm MPa (N-mm™) (N-mm™) RZE%

0 70.51 60.90 15.77

0.1 135.20 122.42 10.44

0.2 197.29 183.94 7.26

03 0.3 256.76 245.46 4.60

0.4 313.63 306.98 2.16

0.5 367.89 368.50 0.17

0 256.30 281.33 8.90

0.1 322.90 342.85 5.82

0.2 386.48 404.37 4.42

03 0.3 447.04 465.89 4.05

0.4 504.57 527.41 433

0.5 559.08 588.93 5.07

R T T
a (N'-mm™) (N'-mm™) REE%

0 187.96 188.78 0.44

0.1 256.75 250.30 2.58

0.2 321.14 311.82 2.99

N 0.3 381.11 373.34 2.08
0.4 436.68 434.86 0.42

0.5 487.84 496.38 1.72

0 124.50 125.85 1.08

0.1 194.29 187.37 3.69

0.2 259.68 248.89 433

6 0.3 320.66 310.42 3.30
0.4 377.22 371.94 1.42

0.5 429.38 433.46 0.94

x7 3E55EBUKERRIEMEIFHRIE
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Tab.7 Relative error between simulation values and
prediction formula calculation values of axial static

stiffness for 3-layer and 5-layer U-shaped metal bellows

25 K71/ isfE,  BERANE/ ‘mﬁ
MPa (N'-mm™) (N'-mm) RZEI%
0 110.25 113.27 2.67
0.1 179.04 174.79 2.43
0.2 243.43 236.31 3.01
3 0.3 303.41 297.83 1.87
0.4 358.97 359.35 0.11
0.5 410.13 420.87 2.55
0 204.10 188.78 8.11
0.1 272.89 250.30 9.02
0.2 337.28 311.82 8.16
> 0.3 397.25 373.34 6.40
0.4 452.82 434.86 413
0.5 503.98 49638 153
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BF, 07 BAE 5 T 2 (B Y B KA X R 25 R
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BF, 07 AR 5 104 2 X E Y B KA X 1R 25 R
4.33% /MUK 0.42%, &2, TR A5 105
HAEMVIAER R, RHZAXHTZE U RS
e 0l Sl e e B R LA R R

6 %
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Wi , 7R SCHK 3 EJMA AR iEXT DN250 4 ) I 804 1)
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B BAUARLS & 0 PRI SUE e R 0~
0.5 MPa X [a] Py (1) NI EE A 5 A BR TG /0 Ar , 288
FLASEI N R 458

(1) Joi DN250 4 J@ % 808 2 15 7o %
Lty o 0 ) 359 i 0 7 1 185 T ELR
o s B 4 67 1% 34 R T i /), 22 R Jed 1)
LRMERHIE

(2) DN250 4 J& i S0 P9 38 78 R B, FL )
A1) Bt PR 58 7 %) 448 KT 3 A, X 3 B P9 R R
WA AUBER < N

(3)DN250 %)@ B 808 TN s #iam ik (i 5
D5 EAE A e RAHXT R 228 1.36% , 76 9 R ff T
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