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Finite Element Modeling and Fatigue Life Analysis of Aircraft Fuel Pipeline Clamp
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Abstract: In recent years a certain type of aircraft fuel system independently designed by our country has
repeatedly experienced failures of clamp fatigue fracture. This article simplifies the clamp model based on
a certain type of aircraft fuel system pipe clamp combined with actual working conditions. And the influ—
ence of different mesh types and different mesh densities on the accuracy of the clamp and the solution
speed are studied. Based on the comparison of various clamp models the optimization of clamp finite ele—
ment modeling was realized and the optimal finite element model was obtained. Finally for a certain
faulty fuel pipeline the APDL language is used to compile the command stream to predict the fatigue life
of the established optimal clamp model. And specific steps are given. The fatigue life is more consistent
with the test results and the error is 5. 6% . Results verify the correctness and efficiency of the proposed
method.

Key words: aircraft fuel pipeline; clamp; finite element modeling; meshing; fatigue life

:2021 -04 15 :2021 -07 - 06
(J2019 — IV - 004 —0071) ; (51675263)
(1995 -)



51

= =
MR
R @l
K

N
Kize

12-14

82«

BAW/ b &

15

112 650

145

61 955

475
33 118

25 380

465
12 942

ANSYS

/s

.1

1.2.3

13 866

APDL

12 942

74 081

0.35 mm’
71 740

1
1.2
1.2.1

.2.2

1.
1




2021 7 : e 83 .

2.2 o 1#~4#
2.2.1 a5 ~ab,
. 3
2.2.2 319
2 o
° 40
22
& 17 &5 %
Z 12 MK A &%
o ! AR
2 KEXKE B
2 B 6 T 008 e rapieni
4
2.2.3
3.1.3
. f, =50 Hz f, =450 Hz; X
4 .
0 X Y .
4
. 5
/g2 /Hz /min
. 0.02 10
0. 04 30
4 0.08 30
0.1 30
/s 282 362 680 1 240 0.125 30
0.156 30
0.195 30
3 0. 244 30
0.305 30
3.1 0.381 30
3.1.1 0.477 12




e84 . 51
3.1.4 6
2750.25 h  3# 5 Step 1:
Step 2: ANSYS
Step 1
5 34 i
Step 3: Step 2
3.2
3.2.1 o
Step 4: Miner
Step 3
APDL .
R e
i lann] [FEra|il [rase] #een yeml
e Y ik o ma kL R b SRl I T I Bl A I
& T ¥R ®B HOR | g | IR | HER S
= e i e v
| % ﬁﬁfi A | A Fd s _,, Hﬁg ﬁ%f i %
R ABEA Yo EiA A2 W |7
6
3.2.2 3.2.3 Miner
o Miner
16 - 18
1) Miner ¥
k
A o / n..
B Y =1 1
2) ~ o ! i=1 NU ( )
3) 3 2): k; J Sny J
3 3 N X i S;
Yo Y, 7 NU J l Sij
X S-N ' B, J
4) X Y o X<Y 2); o
X=Y 5) . 3.3
5) Y Y N
Miner

2 905 h.



2021 7 e85
5 .
. J . 2019 45(3):77 -81.
6 2
J. 2019 39(2):76 -
4 81 86.
7
J. 2014 44(1):64 -67 72.
8  Elfelsoufi Z Azrar L. Mathematical Modeling of the Dynamic
. Stability of Fluid Conveying Pipe Based on Integral Equation
Formulations ] . International Journal of Pressure Vessels &
Piping 2016 146:135 —150.
1) 9  Ding H Ji ] Chen L Q. Nonlinear Vibration Isolation for Flu—
id— conveying Pipes using Quasi— zero Stiffness Characteris—
tics J . Mechanical Systems and Signal Processing 2019
121: 675 - 688.
° 10 Arndt D Kanschat G. A Differentiable Mapping of Mesh
2) Cells Based on Finite Elements on Quadrilateral and Hexa—
; hedral Meshes ] . Computational Methods in Applied
Mathematics 2020 21(1):1 -11.
. 11 () J .CAD/CAM
3) 2010(4) : 99 —103.
12 Johansson A Larson M G Logg A. Multimesh Finite Ele—
2905 h ments with Flexible Mesh Sizes ] . Computer Methods in
Applied Mechanics and Engineering 2020 372:113420.
34 2750.25h 13 Xiao Z Wei B Ge D. A Hybrid Mesh DGTD Algorithm
5.6% Based on Virtual Element for Tetrahedron and Hexahedron
° J . IEEE Transactions on Antennas and Propagation
. 2020 69(4) :2242 -2248.
14 ANSYS
2 800 h o N J. 2019 40(2) :57 -
60.
15
J. 2012( 8) : 63 -65.

’ 16  Gadolina I Zayne T I R. Advantages of the Rain—flow Meth—
od at the Post—processing Stage in Comparison with the Spec—
tral Approach J . IOP Conference Series Materials Science

1 Gao P X Yu T Zhang Y L et al. Vibration Analysis and and Engineering 2019 481: 012005.
Control Technologies of Hydraulic Pipeline System in Air— 17 .
craft: A Review—science Direct ] . Chinese Journal of Aero— I 2020 48(7): 11 - 15.
nautics 2020 34(4) : 1 -34. 18 BiJ H Chen H L Ren H P. Analysis on Fatigue Life of Con—
2 ’ tact Wire Based on Rain—flow Counting Method J . Journal
I 2020 12(6) 175 - 180. of the China Railway Society 2012 34(6) : 34 —39.
3 b 19 M .
2016. 2002.
4 . 1Cr18Ni9Ti J.

2021(8) : 160 - 162.



