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Fig. 1 Schematic diagram of base points for determination of hot

spot stress
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Fig.2 Fatigue life evaluation curves for welded structures!'”
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Fig.3 Flow chart of the fatigue evaluation of ASME welded
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Fig. 4 Program block diagram of fatigue life evaluation by fracture mechanics method
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Table I Design parameters of the multilayer clamping high pressure vessel

Design Welded joint Fatigue loading/
. ) . . Worki
Main pressure Design pressure/  Working pressure/ temperature/C orking DN/ coofficient MPa
bearing material MPa MPa temperature/°C. mm
The lowest  The highest Layer  Others Startup  Normal
Q345R 50 45 —4 85 —4—80 500 0.95 1.00 0—45 30—45
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Fig. 5 FEA model of the multilayer clamping high pressure

vessel
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Fig. 6 Conventional multilayer clamping high pressure vessel

fatigue load stresses
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Table 3 Comparative analysis of fatigue cycles
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Weld Fatigue Analysis and Structural Improvement of Multilayer
Clamping High Pressure Vessels

XIAO Zhengyan', WANG Xuesheng', SU Zhibin>, WANG Yang', CHEN Qinzhu'
(1. School of Mechanical and Power Engineering, East China University of Science and Technology, Shanghai 200237,
China; 2. Shanghai Boiler Works Co. Ltd, Shanghai 200245, China)

Abstract: Previous studies on the multilayer clamping high pressure vessel primarily focused on exploring
whether it could meet the strength and usage requirements as a static device. However, with the continuous
development of production demands, the multilayer clamping high pressure vessel has gradually been employed in
high-pressure fatigue conditions, making its design under fatigue conditions increasingly important. To address this,
this study considered the frictional contact between non-welded areas of layers, employing finite element analysis
methods, and conducted an in-depth study on the stress conditions of the weld area under fatigue loads according to
various authoritative standards. Based on structural stress methods and fracture mechanics, the welding joint was
subjected to fatigue assessment. The results indicated the presence of stress concentration in the weld area at the end
section, significantly reducing the equipment's fatigue life, with a minimum life of 39648 cycles. Subsequently, this
study proposed a new structure, which could reduce the stress levels in the welding-intensive area at the end section
under internal pressure. In the new structure, the additional bending moment and part of the axial load in the
discontinuous region of the end will have to be borne by the integral forging. This has significantly increased the
equipment's fatigue life, with a minimum life of 4.10x10° cycles.

Key words: multilayer clamping high pressure vessels; fatigue analysis; EN13445; fatigue crack propagation; hot

spot stress

(WES . Z48)


https://doi.org/10.1016/j.ijhydene.2012.06.044
https://doi.org/10.3969/j.issn.0254-6094.2010.02.005
https://doi.org/10.1115/1.4004568
https://doi.org/10.1115/1.4004568
https://doi.org/10.3969/j.issn.1673-1328.2020.26.041
https://doi.org/10.3969/j.issn.1009-3281.2022.04.001
https://doi.org/10.3969/j.issn.1004-9614.2023.06.010
https://doi.org/10.3969/j.issn.1006-8805.2021.02.002
https://doi.org/10.3969/j.issn.1006-8805.2016.02.005
https://doi.org/10.3969/j.issn.1001-4837.2006.06.011
https://doi.org/10.3969/j.issn.1009-3281.2023.04.003
https://doi.org/10.3969/j.issn.1009-3281.2023.04.003

	1 疲劳评定方法
	1.1 EN13445焊接结构疲劳评定
	1.2 ASME焊接结构疲劳评定
	1.3 断裂力学评定方法

	2 多层包扎容器有限元分析
	3 常规结构疲劳分析
	3.1 ASME焊缝疲劳寿命评定
	3.2 EN13445焊缝疲劳寿命评定
	3.3 断裂力学评定
	3.4 疲劳寿命评定分析

	4 增强型多层包扎容器端部结构
	5 结　论
	参考文献

