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Mechanics analysis and process research on hydroforming of ultra-thin
stainless steel bellows
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Abstract . Ultra-thin stainless steel bellows exhibit exceptional elasticity, however, their inherent low thickness-to-diameter ratio and fillet
radius lead to a higher susceptibility to defects such as fractures and buckling, thereby impeding their advancement and widespread adop-
tion within the automotive industry. A mechanical model for thin-walled bellows under the combined action of free bulging, internal pres-
sure and axial force was established through theoretical analysis. And the upper and lower limits of intermal pressure, and the relationship
between internal pressure and height of bulging wave under different stress and strain states were found. Experimental and numerical simu-
lation were synergistically employed to investigate the influence of initial expansion internal pressure, shaping internal pressure and loading
paths on the forming quality of thin-walled bellows. The bellows obtained by the optimal process parameters, with an average outer diame-
ter of @70.7 mm, exhibits an error margin below 2% , validating the accuracy of both the theoretical analysis and numerical simulations,
this validation serves as a valuable reference for the fabrication of critical automotive components.
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Fig. 1  Geometric model of tube blank in free bulging stage

(a) Corrugated outline

(b) Force at wave crest

(¢) Force on element body at midpoint of wave crest



57 Mr—47 5 . ARSI S RERIE 120 5 T 2058 181
KR L5 A )
LO _ B i Lo
5 = R - sin > (1) - )
y = I 7 b/ T = ol ), £ ~
WAL SZ T3 DL SL I 1, R AL 52 BRI i SRR

73, ARG IE Y i i ]

-1
c=—/(o,=0) +(0.-0) +(0,-0)" =R,

7

(2)
X o HARZEMSERN T, MPa; o, HERIKIE
X ] AT YR I 1 ), MPay R, AAPEHEY
JERSRE, MPa,
JERE LI/ T 1 AR R T, 2B
71, Blo,=0, fRASL (2) 15.
(o0, -0,)" +o, +0, =2R], (3)
MA J g ikt doy=do =0, o,=0., LA
X (3) 4.
g,=0. =R, (4)
FRAYEE 1c P15 -1 7 Fe .

dé de
Pdxdy = 20 t,dxsin > + 20 ,t,dysin 5 (5)

Kb, PRHABKERBNET,
Horp ) R PARIE B SRR A BN, IS dv=R,d6,
dy=Rds, M T H KB GBI 0 B A A,
. Cds A8
—MAE 10° ~ 15° 2 1], A sin — =, sin —=~—,
BHEX (4) AR (5), BRIKFEE RN,
R,d6dd  Rd#dS

) o

IR NE S P 5 R0E BB BT R ¢
E/{1

Mﬁ%%=%&«

1

[T (7)
2R 2R,

Kl (1) A (7) BEINET PSR
8 KARUWT
1)

sin —
2

1

P=2tR, S
L, 2R,

(8)

1.2 @A
1.2.1 JEIRHE

TEN 7 5t i 25 SR RVE B 2500 T, iR
VTR OB A 4 T A B B i) LA A 28 G 1] 2 fi
R o F Rl A Ty, AR T A R 0
P, RJENRBY BN T

Py

P2 wIR e IR B B e L e 2

Fig. 2 Geometric model of tube blank in initial yield stage
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Fig. 3 Geometric model of tube blank in forming stage
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Fig. 4  Yield limit curves in initial yield stage
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Fig. 13 Distributions of equivalent stress (a) and formed wall thickness (b) at shaping internal pressure of 8 MPa for scheme 1
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Fig. 15 Distributions of equivalent stress (a) and formed wall thickness (b) at shaping internal pressure of 8 MPa for scheme 2
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