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Influence Analysis of Aircraft Pipeline Sealing Performance
under Vibration Environment

CUN Wenyuan' WANG Boya' QIAN Jin®> ZHANG Jieyi® LI Lisen' CHEN Guo’

(1. Chengdu Aircraft Industrial ( Group) Company Ltd. Chengdu Sichuan 610092 China; 2. College of Civil Aviation
Nanjing University of Aeronautics and Astronautics Nanjing Jiangsu 210016 China; 3. College of General
Aviation and Flight Nanjing University of Aeronautics and Astronautics Liyang Jiangsu 213300 China)

Abstract: To solve the problem of sealing performance in aircraft pipeline under actual working conditions a multi—
body contact finite element model of aircraft pipeline connection was established based on the structural characteristics of
the expanded hydraulic pipeline connector and considering the multiple contact relationships of the connector contact pairs.
Three main sealing criteria were proposed to ensure the basic sealing performance of the expanded pipeline connector in—
cluding the sealing closed loop effective sealing area and effective sealing pressure ratio. Using finite element simulation
software ANSYS/Workbench the variation process of pipeline sealing performance under vibration working conditions and
the influence of vibration load location and amplitude on pipeline sealing performance were analyzed.The results show that
the outer nut of the pipeline connector will gradually become loose under vibration conditions leading to the degradation of
pipeline sealing performance.As the vibration period increases the loosening angle of the outer nut increases. When the am—
plitude of vibration load is the same the closer the vibration load location is to the threaded connection pair the faster the

sealing performance of the pipeline connection decreases.When the vibration load location is the same the larger the amplitude of
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vibration load the faster the degradation rate of the pipeline sealing performance.To reduce the impact of vibration on pipe—
line sealing performance the pipeline connector should be kept away from vibration excitation sources as far as possible
and the amplitude of vibration load should be reduced.In practical engineering applications the deterioration process of

pipeline connection sealing performance is generally mitigated by blowing fuses.

Keywords: piping connections; sealing criteria; sealing performance; vibration environment; hydraulic pipeline
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Table 1  Dimensional standards for pipe connections of the

Ist dimensional series d;,=10 mm

o ¢ ANSYS
2 HB 4-4—2002
5 HB 4-52—2002
HB 4-44—2002
ANSYS i HB 4-45—2002

1 1 dy=10 mm
Fig. 1 3D model of each part of the pipe connection of the 1st size
series d, =10 mm: (a) flared catheter; (b) flat nozzle;

() straight pipe joint; (d) outer nut
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Fig. 2 Schematic of the assembly of the pipe connection of
the 1st size series d, =10 mm °
2
Table 2 Mechanical property parameters of each part material of flare type pipe connection
pl(kg m™) E/GPa o./MPa o,/MPa
5A02 2 680 70 0.32 98 205.3
45 7 810 200.1 0.269 355 696.6
2A12 2 800 71 0.3 314 610
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Fig. 3 Complete 3D model: (a) CAD model; (b) finite

element model
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Fig.4 Simulation of normal working condition of piping connections
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Tabel 3 Tightening torque requirements for flared pipe
connector of the 1st size series d, =10 mm when 3 1
any one of the conduits connectors and outer (a)
nuts is an aluminum product
To/(Nem) To/(New)  Fo /N Fo/kN
20.60 35.30 5.523 9.464
(b)
Bolt Preten—
sion ;
- Bolt
Pretension
Lock N 12
5 o
(c)
5 °
Fig. 5 Vibration loading
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Fig. 6  Microscopic processes in metal—to—metal sealing: 7 °

() initial contact stage; (b) plastic deformation

stage; (c) full contact phase
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Fig. 7 Flow of seal surface contact parameters extraction

Fig. 9 Change curves of axial preload force and three seal contact

3 parameters during 12 vibration cycles
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Fig. 8 Three—dimensional finite element model of piping

connections with thread lift angle

100 mm

1 mm. 10 12

Fig. 10 Variation curve of angular displacement of jacket nut in

12 vibration cycles
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Fig. 12 Variation curves of loosening angle of jacket nut under
018 20.60 N * m different vibration load action point and amplitude
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Fig. 11 Variation curves of axial preload force at different

vibration load points and amplitudes
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