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Figure 1 Installation equipment of suspension air

conditioning unit
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Figure 3 Three-dimensional finite element model
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Table 1 Material model and performance parameters'
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Table 2 Suspension spring damper parameters
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Figure 4 Frequent earthquake response spectrum

of magnitude 8 in a certain area
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Table 3 Stress assessment criteria of the line components
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Table 4 Partial calculation results of X-direction modal
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Figure 5 Stress contour of support and hanger in OBE condition( MPa)
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Table 5 Stress assessment of support and hanger
N F1 25 5] #11/MPa OBE/MPa  (#tJ1+0BE)/MPa F IBRMHIE/MPa  TEESLE R BT/ %
EVA AN 15. 86 6.15 17.01 141.0 i 2 87.9
BN J7 f, 19. 41 7.42 20.78 94.0 i e 77.9
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E6 OBEIRTXREMUBAE(mm)
Figure 6 Displacement contour of support and hanger in OBE condition ( mm)
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Table 6 Displacement assessment of support and hanger
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Spectrum Analysis and Seismic Evaluation of Support and
Hanger of Suspension Air Conditioning Unit

WANG Hehui', LIU Yuxin', TANG Yi*, ZHU Jinlin®, PAN Jian®

(1. School of Mechanical and Power Engineering, East China University of Science and Technology, Shanghai 200237, China;
2. Shanghai Installation Engineering Group Co., Ltd. , Shanghai 200080, China)

Abstract; Based on the response spectrum analysis method, ANSYS finite element software and its APDL program-
ming, the three-dimensional finite element model that could fully reflect the structural characteristics was estab-
lished by using the spatial beam element, 3D longitudinal spring damping element and solid element. And the seis-
mic calculation of support and hanger of an air conditioning unit in suspension installation mode was carried out.
Considering the static load and OBE seismic load, the static analysis was carried out firstly, and then the modal a-
nalysis and multi-point response spectrum analysis of OBE seismic load were carried out. Finally, according to the
calculation results of static analysis and spectrum analysis by the square root of sum square method ( SRSS method )
of the modal combination, based on ASME AG-1 codes, the strength and stiffness of support and hanger were sub-
jected to seismic evaluation. The results showed that with the combination of static load and OBE seismic load, the
tensile stress, shear stress, bending stress and tensile-bending combination of the support and hanger were less than
the stress limit, and had a wide margin of safety. Most of the displacement of the support and hanger come from the
rigid displacement of the whole system caused by the shrinkage of spring dampers, and the rest came from the rela-
tive displacement of the channel steel bottom frame, both of which could meet the requirements and have a large
safety margin. Expansion bolts at the root of the support and hanger were mainly affected by the tension, and their
strength could meet the requirements and the safety margin was large. The evaluation showed that the support and
hanger of the suspended air conditioning unit had sufficient seismic strength and stiffness.

Keywords: suspension air conditioning unit; support and hanger; spectrum analysis; ASME AG-1 codes;

safety assessment
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Research on Longitudinal High Load-bearing Quasi-zero Stiffness

Isolator for Propulsion Shafting

REN Zhiying'®, QIU Tao"?, LIU Niuniu'*, BAI Hongbai'*>, YAO Jiecheng'*, LIANG Yi'?

(1. School of Mechanical Engineering and Automation, Fuzhou University, Fuzhou 350116, China; 2. Institute of Metal Rubber, Vi-
bration and Noise, Fuzhou University, Fuzhou 350116, China )

Abstract: Aiming at the problem of longitudinal low-frequency vibration isolation of ship propulsion shafting, a
high-load quasi-zero stiffness isolator was designed based on disc spring with negative stiffness characteristics and
positive-stiffness coil spring in parallel. The dynamic equation of the shafting-quasi-zero stiffness vibration isolation
system was established. Through the harmonic balance method, the steady-state response of the system was solved,
and the validity of the solution was verified by numerical calculation. For the problem of system response stability,
firstly, the influence of nonlinear stiffness of quasi-zero stiffness isolator and external excitation force amplitude on
response stability were studied ,and combined with the longitudinal static deformation of the shafting, the nonlinear
stiffness was determined. Then the specific structural and mechanical parameters of the disc spring and the coil
spring were obtained through static analysis. Finally, the influence of damping ratio of quasi-zero stiffness isolator
and external excitation force amplitude on the response stability of the system were analyzed, the damping ratio was
determined. The results showed that when the nonlinear stiffness and damping ratio were taken as 1x10'"> N/m® and
0. 05, respectively, the main resonance of the system no longer jumps, and the solution of the steady-state response
of the system was stable within 200 Hz. In the meantime, even with a load of 10 000 N, the quasi-zero stiffness
isolator could still effectively isolate the vibration in the range of 10 Hz to 200 Hz.

Keywords: propulsion shafting; low frequency vibration isolation; disc spring; quasi-zero stiffness; stability



