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Structural optimization of V-shaped TBS titanium alloy
metal bellow based on CAE technology

QIU Xiao-xing, WANG Ying-hao, TANG Bin, CHENG Liang, KOU Hong-chao, LI Jin-shan

(State Key Laboratory of Solidification Processing, Northwestern Polytechnical University, Xi’an 710072, China)

Abstract: Deformation process and stress distribution of TBS5 titanium alloy bellow under evenly-distributed axial load
was discussed via linear elasticity finite element method. The influences of structural parameters (inner diameter,
thickness, V-shaped angle, wave number, wave height) on the stiffness and the stress distribution of the V-shaped bellow
were summarized. The results show that the increase of thickness and V-shaped angle can homogenize the stress
distribution while wave height has the opposite impact. The stiffness of the metal bellow rises when V-shaped angle and
thickness go up and decreases as wave number increases. A group of optimized parameters are obtained according to the
results under the condition that the wave number is 10 and the inner diameter is 80 mm. The stiffness of the optimized
structure is 1 127.22 N/mm. The stress at the outer surface of the peak is 220.37 MPa while 278.54 MPa at the inner
surface of the trough when an evenly-distributed axial pressure (1 MPa) is loaded.
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Fig. 1 Structural parameters of V-shaped metal bellow
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Fig. 2 Influence of V-shaped angle on stress distribution of metal bellow: (a) 10°; (b) 20°; (c) 30°; (d) 40°
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Fig. 3 Influence of thickness on stress distribution of V-shaped metal bellow: (a) 1.0 mm; (b) 1.5 mm; (¢) 2.0 mm; (d) 3.0 mm

AW

A

p |
w
A
N
P |
w
| N
b |

B4 Pt VIREGUE N oA 5

Fig. 4 Influence of wave height on stress distribution of V-shaped metal bellow: (a) 10 mm; (b) 15 mm; (¢) 20 mm; (d) 30 mm
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Fig. 5 Influence of inner diameter on stress distribution of metal bellow: (a) 30 mm; (b) 50 mm; (c) 80 mm; (d) 100 mm
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Fig. 6 Influence of wave number on stress distribution of metal bellow: (a) 5; (b) 8; (¢) 11; (d) 14
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Fig. 7 Influence of structural parameters on stiffness of V-shaped metal bellow: (a) V-shaped angle; (b) Thickness; (c) Wave height;

(d) Inner diameter with wave height unchanged; (¢) Wave number
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