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Abstract

In this paper, a method of damping an elastic beam with diagonally placed inertial boundaries
loaded on both sides of the beam is proposed. The dynamics of the elastic beam with oblique inertia
boundaries will be analysed under harmonic excitation. The controlling equations for the dynamics
of the elastic beam are first established. The Galerkin method is used to discretize the continuous
partial differential equations, and the nonlinear steady-state dynamic response of the beam is ob-
tained by combining the harmonic balance method with the pseudo arc-length algorithm, and nu-
merically verified by the Runge-Kutta method. The damping performance of the inclined placed
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inertia boundary for elastic beam vibration is demonstrated based on the maximum magnitude
damping percentage. The results show that the inclined inertia boundary has a good vibration
damping effect while ensuring the load carrying capacity. In addition, the effects of the variation of
the parameters of the inclined inertia boundary on the vibration damping performance and the
nonlinear characteristics of the system response are discussed. With the increase of inertia, the am-
plitude-frequency characteristic curve of the system is transformed from the right side bending to
the left side bending, so that the hard characteristic of the elastic beam is transformed to the soft
characteristic.
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Figure 1. Physical modelling of axially loaded beam structures with elastic supports
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Table 1. Physical and geometrical parameters of the beams
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Figure 2. First-fourth order mode shapes of elastic beams
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Figure 3. Free decay vibration time histories at different Galerkin truncation orders: (a) left end point of the beam; (b) middle
point of the beam
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Figure 5. Comparison of the analytical solution of the harmonic balance method with the numerical solution
of the Runge-Kutta method for (a) the left end point of the beam; (b) the middle point of the beam
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Figure 6. Vibration damping effect U = 0.001 m for the inclined inertial capacity system: (a) left end point of
the beam; (b) middle point of the beam
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Figure 7. Vibration damping effect U = 0.002 m for the inclined inertial capacity system: (a) left end point of the
beam; (b) middle point of the beam
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Figure 8. Vibration damping effect U = 0.003 m for the inclined inertial capacity system: (a) left end point of the
beam; (b) middle point of the beam
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Figure 9. Effect of slant-mounted damping parameters on the amplitude-frequency response curves for (a) left end
point of the beam; (b) middle point of the beam
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Figure 10. Influence of the oblique-mounted inertial capacity system parameters on the amplitude-frequency response
curves for (a) left end point of the beam; (b) middle point of the beam
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Figure 11. Effect of the length parameter of the inclined inertia vessel on the amplitude-frequency response curves of (a) left
end point of the beam; (b) middle point of the beam
REFKES BRI M LRI (a) RAmS; (b) RPS

B 11 #E

DOI: 10.12677/0jav.2025.132003

34

i R


https://doi.org/10.12677/ojav.2025.132003

FRE, IR

P 11 s B R 7 A A AR AT 2R e B L FH 2 PR 2 o it R B e A B B Ao, 35—y
FIIRAVEE AT, 2k R R ARLE AR PR R A N ZR I, 105 SR SR 17 A7 B8 B T AR 2k R
PRI, PRI thiE 2 SR AR TR AR TE, HLIRIEAE th il 2 Setl RJE . 258 =F B3R, ik
Jedi RO R, A2 0.1 m B 0.2m I, FRGUIES N LN BRI, TR 4k S R B U KR
I, AN EE T B 2R GE IR K fih 2 JLF- A SE A B A 11

7. &t

ARSCHFIL T — PP ESRAE R LN R B AR I A AT AR A U . BT H BREERT R, R
TRHE AR R GRS A AR MBS IR AR . SR Galerkin 75 B UL S M2 JTHE, Kl
BV HRE 5 IR A ZE & 15 21 AR PR RS AS W B, JFR A Runge-Kutta J5 & #EAT BB KAIE . 181 %
R B 7 43 LA R B UG R IR L R . 6 T AR SR AR S 28, 1Rk 1 R} B UIRUA R
RHEAPLE . A AR VE RN 2 8- KB = E S AR B U A DR S D R 1 fE O B

(1) @ 5RERG ARSI R L, B R R I R B A R GE P IR b 5 Y
IR L BE -

(2) RIEABERG R RLE AP 52 AR B SR 08 1 52 028 oK T %o v B i e 11
S o

(3) FIEABIAEAR I BIEREE SR K, IR R /2 058830, R 1A AR MR RE AL RF I 5 A2
LRk, KRN, RN AR AR . BIE, X TULAE SR S AR ) A E R B AR A T
— AT

(4) Rt R E AR AR, 5 — B BRI EL A #2 3l , ih2 SPLH d AR L Pt de ik
Ptk e, )5 SARER A A R B AR PR RE AL RS, LIRS 2 SR = T JE AR 58 . 72/ MK,
X AT S S M A S

SE

[1] Goémez-Martinez, F., Alonso-Dura, A., De Luca, F. and Verderame, G.M. (2016) Seismic Performances and Behaviour
Factor of Wide-Beam and Deep-Beam RC Frames. Engineering Structures, 125, 107-123.
https://doi.org/10.1016/j.engstruct.2016.06.034

[2] Qiao, S., Ma, R., Jiao, J., Ma, X. and Liu, X. (2021) The Impact and Sensitivity Analysis of Beam and Stringer for
Stiffness Center of Composite Wing Structure. Revista Internacional de Métodos Numéricos para Calculos y Disefio en
Ingenieria, 37, 12-29. https://doi.org/10.23967/j.rimni.2021.09.009

[3] Takahashi, M. and Komurasaki, K. (2018) Discharge from a High-Intensity Millimeter Wave Beam and Its Application
to Propulsion. Advances in Physics: X, 3, Article ID: 1417744. https://doi.org/10.1080/23746149.2017.1417744

[4] Yang, B., Pei, Z. and Wu, W. (2022) Stress-Distribution Characteristics of Cruise Ship Based on Multiple-Beam Method.
Ocean Engineering, 266, Article ID: 112646. https://doi.org/10.1016/j.0ceaneng.2022.112646

[5] Wang, B., Derbeli, M., Barambones, O., Yousefpour, A., Jahanshahi, H., Bekiros, S., et al. (2022) Experimental Valida-
tion of Disturbance Observer-Based Adaptive Terminal Sliding Mode Control Subject to Control Input Limitations for
SISO and MIMO Systems. European Journal of Control, 63, 151-163.
https://doi.org/10.1016/j.ejcon.2021.09.010

[6] Cui, L., Xue, X., Kong, W., Ding, S., Gu, W. and Le, F. (2023) Design and Implementation of a Nonlinear Robust

Controller Based on the Disturbance Observer for the Active Spray Boom Suspension. International Journal of Agricul-
tural and Biological Engineering, 16, 153-161. https://doi.org/10.25165/].ijabe.20231601.7007

[7] Shen, Y., Jia, M., Yang, X,, Liu, Y. and Chen, L. (2023) Vibration Suppression Using a Mechatronic PDD-ISD-Com-
bined Vehicle Suspension System. International Journal of Mechanical Sciences, 250, Article ID: 108277.
https://doi.org/10.1016/j.ijmecsci.2023.108277

[8] Li,Y.,Jiang, J.Z.and Neild, S. (2017) Inerter-Based Configurations for Main-Landing-Gear Shimmy Suppression. Jour-
nal of Aircraft, 54, 684-693. https://doi.org/10.2514/1.C033964

DOI: 10.12677/0jav.2025.132003 35 RS


https://doi.org/10.12677/ojav.2025.132003
https://doi.org/10.1016/j.engstruct.2016.06.034
https://doi.org/10.23967/j.rimni.2021.09.009
https://doi.org/10.1080/23746149.2017.1417744
https://doi.org/10.1016/j.oceaneng.2022.112646
https://doi.org/10.1016/j.ejcon.2021.09.010
https://doi.org/10.25165/j.ijabe.20231601.7007
https://doi.org/10.1016/j.ijmecsci.2023.108277
https://doi.org/10.2514/1.C033964

FRE, IR

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

Luo, H., Fan, C., Li, Y., Liu, G. and Yu, C. (2023) Design and Experiment of Micro-Vibration Isolation System for
Optical Satellite. European Journal of Mechanics—A/Solids, 97, Article ID: 104833.
https://doi.org/10.1016/j.euromechsol.2022.104833

Zhang, R., Huang, J. and Zhang, Y. (2023) Analytical Optimal Design of Inerter System for Seismic Protection Using
Grounded Element. Archive of Applied Mechanics, 93, 3809-3826. https://doi.org/10.1007/s00419-023-02462-9

Gao, H., Wang, H., Li, J., Wang, Z., Liang, R., Xu, Z., et al. (2021) Optimum Design of Viscous Inerter Damper Tar-
geting Multi-Mode Vibration Mitigation of Stay Cables. Engineering Structures, 226, Article ID: 111375.
https://doi.org/10.1016/j.engstruct.2020.111375

Song, J., Bi, K., Xu, K., Han, Q. and Du, X. (2021) Seismic Responses of Adjacent Bridge Structures Coupled by Tuned
Inerter Damper. Engineering Structures, 243, Article ID: 112654. https://doi.org/10.1016/j.engstruct.2021.112654

Barredo, E., Mendoza Larios, J.G., Colin, J., Mayén, J., Flores-Hernandez, A.A. and Arias-Montiel, M. (2020) A Novel
High-Performance Passive Non-Traditional Inerter-Based Dynamic Vibration Absorber. Journal of Sound and Vibration,
485, Article ID: 115583. https://doi.org/10.1016/j.jsv.2020.115583

Zhang, L., Xue, S., Zhang, R., Hao, L., Pan, C. and Xie, L. (2022) A Novel Crank Inerter with Simple Realization:
Constitutive Model, Experimental Investigation and Effectiveness Assessment. Engineering Structures, 262, Article ID:
114308. https://doi.org/10.1016/j.engstruct.2022.114308

Shi, B., Dai, W. and Yang, J. (2022) Performance Analysis of a Nonlinear Inerter-Based Vibration Isolator with Inerter
Embedded in a Linkage Mechanism. Nonlinear Dynamics, 109, 419-442. https://doi.org/10.1007/s11071-022-07564-7

Yang, M., Zang, J., Luo, X., Zhang, X., Ding, H. and Chen, L. (2023) Steady-State Responses of a Suspension Vibration
Isolator with Diagonal Inerters. Journal of Vibration Engineering & Technologies, 12, 4373-4386.
https://doi.org/10.1007/s42417-023-01125-x

Zhang, Z., Ding, H., Zhang, Y. and Chen, L. (2021) Vibration Suppression of an Elastic Beam with Boundary Inerter-
Enhanced Nonlinear Energy Sinks. Acta Mechanica Sinica, 37, 387-401. https://doi.org/10.1007/s10409-021-01062-6

Sun, H. and Chen, J. (2024) Vibration Reduction of Graphene Reinforced Porous Nanocomposite Beams under Moving
Loads Using a Nonlinear Energy Sink. Engineering Structures, 321, Article ID: 118997.
https://doi.org/10.1016/j.engstruct.2024.118997

Yu, H., Zhang, M. and Hu, G. (2022) Effect of Inerter Locations on the Vibration Control Performance of Nonlinear
Energy Sink Inerter. Engineering Structures, 273, Article ID: 115121. https://doi.org/10.1016/j.engstruct.2022.115121

DOI: 10.12677/0jav.2025.132003 36 RS


https://doi.org/10.12677/ojav.2025.132003
https://doi.org/10.1016/j.euromechsol.2022.104833
https://doi.org/10.1007/s00419-023-02462-9
https://doi.org/10.1016/j.engstruct.2020.111375
https://doi.org/10.1016/j.engstruct.2021.112654
https://doi.org/10.1016/j.jsv.2020.115583
https://doi.org/10.1016/j.engstruct.2022.114308
https://doi.org/10.1007/s11071-022-07564-7
https://doi.org/10.1007/s42417-023-01125-x
https://doi.org/10.1007/s10409-021-01062-6
https://doi.org/10.1016/j.engstruct.2024.118997
https://doi.org/10.1016/j.engstruct.2022.115121

	弹性梁边界斜置式惯性减振器
	摘  要
	关键词
	Inclined Boundary Inertial Vibration Absorber for Elastic Beam
	Abstract
	Keywords
	1. 引言
	2. 理论模型
	3. 固有频率和模态函数
	4. 稳态幅频响应
	4.1. Galerkin截断方程及其收敛性判断
	4.2. 谐波平衡方法求解及其数值验证

	5. 减振效果分析
	6. 参数影响
	6.1. 斜置式阻尼的影响
	6.2. 斜置式惯容系统的影响
	6.3. 斜置式惯容器长度的影响

	7. 结论
	参考文献

