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Abstract: Traditional dampers often have low bearing capacity or poor deformation ability. To ad-
dress these issues, this paper proposes a novel axial compression-tension, U-shaped, and thick-

walled metal bellows damper. The performance of the damper can be changed by adjusting differ-
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ent parameters of the bellows. For example, increasing the wall thickness and inner diameter of
the bellows can improve the bearing capacity and initial stiffness of the damper, and increasing
the number of convolutions of the bellows can increase its ultimate deformation and ductility. The
mechanical characteristics of energy-dissipation elements of the damper were analyzed under mon-
otonic and cyclic loads using the finite element method. The influence of six independent variables
on the mechanical properties of energy-dissipation elements was studied, including inner diame-
ter, wall thickness, average convolution radius., straight edge length of U-shaped convolution,
material yield strength, and convolution number. A method for calculating the ultimate displace-
ment of the damper was developed, and a fitting formula for the ratio of post-yield stiffness to
pre-yield stiffness was put forward. In addition, the stress mechanism of the novel damper was
revealed, and the restoring force model of the damper was established. A simplified calculation
method was developed for U-shaped bellows. The method was later corrected to consider the end
convolution effect and then compared to the standard method. The results show that the correc-
tion method has higher accuracy than the standard method. The novel damper has a large deform-
ation capacity, excellent ductility, and a full hysteresis loop, clearly showing its outstanding
energy-dissipation capability. As the wall thickness increases, the stiffness, yield load, post-yield
stiffness, and ultimate load of metal bellows increase significantly. As the number of convolutions
increases, the ultimate deformation, ductility, and accumulated energy dissipation of metal bel-
lows increase significantly, while its post-yield stiffness under tension decreases. It is suggested
that the average aspect ratio of convolution should not exceed 3.8, and the maximum design dis-
placement should be less than 0.8 times of ultimate displacement when designing the damper.

Keywords: thick-walled metal bellows; seismic performance; metal damper; finite element

analysis; ABAQUS
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Fig.2 Basic dimension of metal bellows
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Table 1 Design parameters of specimen
ERGE W1E Dy BEJE ¢ WBCTPH) AR U B8 0 oA R T Al ik s
i 5 /mm /mm Fm/mm KJE [/mm fy/MPa BH
MB1 80 8 15 5 407 4
MB2 100 8 15 5 407 4
MB3 120 8 15 5 407 4
MB4 140 8 15 5 407 4
MB5 100 6 15 5 407 4
MB6 100 10 15 5 407 4
MB7 100 12 15 5 407 4
MBS 100 8 20 5 407 4
MB9 100 8 25 5 407 4
MB10 100 8 30 5 407 4
MB11 100 8 15 10 407 4
MB12 100 8 15 15 407 4
MB13 100 8 15 20 407 4
MB14 100 8 15 5 48 4
MB15 100 8 15 5 110 4
MB16 100 8 15 5 429 4
MB17 100 8 15 5 407 1
MB18 100 8 15 5 407 2
MB19 100 8 15 5 407 3
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Table 2 Constitutive parameters of four steel grades

WS olo/MPa  Q-./MPa w C1/MPa 71 C,/MPa 72 C;/MPa 73 C,/MPa 74
LYP100C22] 48 198 5.0 32123 850 630 89 128 20 482 0.5
LYP160r23] 110 118 4.5 18 667 1133 1267 233 2 730 127 50 9

Q235024 407 21 1.2 6013 173 5024 120 3026 32 990 35

Q345024 429 21 1.2 7993 175 6773 116 2 854 34 1450 29
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Table 3 Analysis results of parameters

o R /RN ) iR 8 K TR R mm o
[ ) faray
g";g WE AR A gﬁi BN WX AR A ff;:i WA ORE AR A ff;fﬁi i ;ﬁg Z;
/mm  J§ oS . % 2/% It bES . /% 2/% JC bES . % 2/% "

o % i P

MB1 131.1 77.6 39.4 68.9 49.2 11.2  292.0 63.8 242.9 78.2 16.8 3.7 1.6 3.6 56.3 4.0 34.8 2.3
MB2 130.9 83.1 47.7 80.8 42.6 2.8 323.3 75.2 273.7 76.7 15.3 3.9 1.6 3.4 59.6 12.3 33.7 2.2
MB3 131.1 90.7 56.9 92.6 37.3 —2.1 350.6 88.5 304.5 74.8 13.2 3.9 1.6 3.3 60.1 15.7 33.7 2.1
MB4 131.0 96.8 66.1 104.3 31.7 —7.8 381.7 101.8 335.1 73.3 12.2 3.9 1.5 3.2 60.5 19.0 33.1 2
MB5 140.5 42.3 23.6 33.7 44.3 20.4 191.5 53.4 152.2 72.1 20.5 4.5 2.3 4.5 49.6 0.6 32 3
MB6 121.1 146.2 87.7 159.7 40.0 —9.2 495.3 106.1 432.4 78.6 12.7 3.4 1.2 2.8 64.4 18.7 35.1 1.6
MB7 110.9 235.2 145.2 279.4 38.3 18.8 706.3 141.7 629.6 79.9 10.9 3.0 1.0 2.2 67.5 25.4 35.3 1.3
MB8 188.2 58.6 28.3 39.7 51.7 32.3 318.8 82.0 236.7 74.3 25.8 5.4 2.9 5.9 46.4 —9.6 35.8 3.2
MB9 243.2 48.8 21.0 22.8 57.1 53.4 341.0 86.1 213.3 74.8 37.5 7.0 4.1 9.3 41.3—33.5 37.1 3.8
MBI10 290.0 43.4 17.5 27.8 59.6 35.9 361.7 85.5 197.0 76.4 45.5 8.2 4.9 7.1 40.5 13.4 41.1 4.4
MBI11 125.7 58.1 33.3 59.1 42.6 —1.9 288.3 65.0 252.9 77.4 12.3 4.7 2.0 4.3 58.5 7.6 24.1 1.9
MB12 120.0 46.1 24.1 45.0 47.7 2.4 254.1 57.0 236.7 77.6 6.8 5.5 2.4 5.3 57.0 4.3 21.7 1.7
MB13 115.5 35.5 17.9 35.2 49.5 0.8 231.7 50.4 223.8 78.2 3.4 6.5 2.8 6.3 56.7 2.8 17.8 1.7
MB14 127.8 83.1 47.7 80.8 42.6 2.8 58.0 8.9 32.2 84.7 44.4 0.7 0.2 0.4 73.4 43.6 133 2.3
MB15 128.7 83.1 47.7 80.8 42.6 2.8 96.3 20.3 73.9 78.9 23.2 1.2 0.4 0.9 64.5 23.2 109 2.2
MB16 130.9 83.1 47.7 80.8 42.6 2.8 348.8 79.3 288.4 77.3 17.3 4.2 1.7 3.6 60.4 15.4 30.8 2.2
MB17 31.1 349.3 190.9 339.2 45.4 2.9 375.2 75.2 287.3 80.0 23.4 1.1 0.4 0.8 64.2 24.7 29 2.3
MB18 66.6 170.2 95.4 161.6 43.9 5.1 336.1 75.2 273.7 77.6 18.6 2.0 0.8 1.7 60.6 14.5 33.5 2.2
MB19 99.2 112.0 63.6 120.4 43.2 —7.5 326.9 75.2 305.9 77.0 6.4 2.9 1.2 2.5 59.2 13.8 33.7 2.2
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