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Fig.1 Schematic diagram of CSABH
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Fig. 2 Schematic diagram of CSABH curved surface
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Tab.1 Geometric parameters
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3 4
m 2
R/mm 63.5
7/mm 37.5
n 1
0/(%) 0
ho/mm 0.5
h,/mm 4.5
k 4
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Tab.2 Material parameters
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ERABE CSEM 2005 10 135 2025

BE /s X107
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(a) CSABH and CSEM finite element models (b) Excitation signal
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Fig.3 Finite element model of wave propagation and the

applied excitation signal
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Fig.4 CSEM displacement wavefields at several moments
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Fig.5 CSABH displacement wavefields at several moments
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Fig. 6 Comparison of displacement amplitudes on two paths
Aand B
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Fig. 7 CSABH with pipeline synthesis system
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Fig.8 CSABH and CSEM structures
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Fig.9 Comparison of structural vibration response diagrams
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Fig. 10 Comparison of loss factors
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Fig. 12 Driving point vibration velocity response comparison of pipe installation with CSABH or CABH
g gp y resp p p1p
0.10 0.10 N
v CSABH o . = HIE+CABH .
0.08F * CABH ® . % . 0.08F ° mi‘é‘ L . .
2 v R - v @HE+CSABH o
M 0.06F . , cve’ . 9 0.06F o . v e N ¥
E vvv'.' "v e OV'. ®* & E vvv'-' MG | li- - - .l i
ﬁ 0.04 -*"'.".JQ:OV.:O vIve Wy ‘v :.vow. e LA .vp % 0.04 _*":'“.‘lv;-v' :';, 9 :!' ‘; i'.!' ". *_ 3
0.02 v 0.02
14 o oy v
Yo o . [y . v
0 500 100015002000250030003500400045005000
R / Hz M | Hz

(a) CSABH5CABHZ ##iR T b

2 CSABHMEERNIRZIMNEI N EHE
®R
2.1 BEERFDREHTHRBREERR
I 2 BB 1 W A B8 AR R SO T — 4 4 g
(95— B T AT 2 3 45K T % 2 AR

W R BT IR A ) 2 BRI R A5 1
ANEAAEE . CSABH S 5 70l i 4 5 1B

(b) REHIKEFREL
(a) Comparison of CSABH and CABH structural loss factors (b) Comparison of system loss factors

13 45 KX L

Fig. 13 Comparison of loss factors
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(a) Schematic diagram of the synthetic structure under fixed
constraint boundary condition at one end
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(b) Schematic diagram of the synthetic structure under fixed
constraint boundary condition at both ends
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Fig. 14  Schematic diagram of the synthesized structure under
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Vibration suppression of pipeline structure based on
circular spiral acoustic black hole

ZHUANG Qiu-yang', JI Hong-li', ZOU Yu-qi', HUANG Wei*, QIU Jin-hao'
(1.State Key Laboratory of Mechanics and Control for Aerospace Structures, Nanjing University of Aeronautics and Astronautics,
Nanjing 210016, China; 2.School of Mechanical Engineering, Nanjing University of Science and Technology,
Nanjing 210094, China)

Abstract: The traditional additional acoustic black hole (ABH) structure is mainly designed for vibration suppression of plate struc-
tures, but it is difficult to be applied to pipe structures that are widely available in engineering. In order to solve the vibration sup-
‘Circular Spiral ABH Damper (CSABH)’

pression problem of pipe structures, a new additional ABH device, is proposed to be

applied to pipe structures. By designing the ABH area in the form of a spiral, the modal density of the damper is increased, and a
better coupling with the main structure is achieved. The results show that the CSABH has good wave aggregation characteristics
and can achieve a vibration suppression of 20~5000 Hz for the pipe. Besides, when the pipe constraints and temperature conditions
are changed, the CSABH with the same parameters can still play a good wide frequency damping effect, showing the robustness of
the damping. The wide frequency, high efficiency and high robustness of CSABH in the vibration control of pipeline structures are

verified experimentally.
Key words: vibration suppression;acoustic black hole;pipeline structure ; wide frequency ;robustness
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