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Abstract: Using the approach of theoretical model establishment, experimental verification and simulation analysis, the me-
chanical performance change rule and failure situation of the hydraulic hose of civil aircraft when containing wear
defects are analyzed in this paper. The damage status of the hose that needs to be key monitored and the wear defect
depth recommend for replacement are obtained. Based on the flow—solid coupling method, a finite element simula-
tion analysis of composite pipeline was conducted in ANSYS WORKBENCH to explore the influence of wear defect
depth and axial length on mechanical performance under different fluid pressures, the prediction function relation-
ship of the maximum total deformation and maximum equivalent strain of pipelines under different pressures are
given, and a composite strength model of damaged pipelines is established. According to the established model, the
pipeline does not fail before the inner wall is completely damaged, and when the wear depth and wall thickness ra-
tio is 0.4, its mechanical performance decrease significantly, when it needs to be key monitored or replaced.
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Fig.1 Simplified diagram of the composite pipeline cross—section
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Fig.2 Simplified diagram of cross section with inner pipeline and

reinforced layer
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Fig.3 Simplified diagram of cross section with enhancement

layer and outer adhesive layer
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Tab.1 Material parameters of PTFE inner pipeline
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Fig.6 The first two vibration modes in the dry mode of the pipeline
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Tab.2 Error between simulated and experimental values
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Tab.3 Hydraulic hose condition of civil aircraft under different

wear defects
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Fig.9 Maximum total deformation change curve of the pipeline

(10.5 MPa)
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Fig.10 Change of the maximum total deformation difference of
the pipeline (10.5 MPa)
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Fig.11 Change curve of maximum equivalent strain of

the pipeline (10.5 MPa)
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Fig.14 Change of the maximum total deformation difference of the
pipeline (21.0 MPa)
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Tab.4 Maximum total deformation ratio for different fluid pressures
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Tab.5 Maximum equivalent strain ratio for different fluid pressures

el TREREREAR REE H{E

Fom BAEWWELW  AHE WIE M

50 1.860 233 165 2 0.930 116 582 0.96
1.862 568 177 (.931 284 089
1.935 730 054 0.967 865 027
2.004 505 765 1.002 252 883

30 1.888 204 225 2 0.944 102 113 0.95
1.889 148 058 (0.944 574 029
1.889 105 579 0.944 552 790
1.935 748 548 (.967 874 274

10 1.888 327 593 2 (0.944 163 796 0.96
1.888 251 052 (.944 125 526
1.888 285 047 (0.944 142 524

1.996 679 579 0.998 339 790

B TS
W= £20.956 667w,

1

:T:t]:[j E] W]\WZ %%?ﬁmj%kd\o
FIE, 2 ERE S B AR S0 Py SR
SEAE , BT AT ZE A 1 o0 Py B RIS 7R

W, <W,,P<P,  (21)

4 PBEARERE R T K i R T

RIBIESLN 3 BEGEREGRERIEER,
Za B AR H, BRI K Y 30 mm £ R
BRI E -G EE N T TG it — b E 558 E
Ayt FEHAR ST AR ) A 21.0 MPa B OB B 258
41 BREAEEITHE

FT 3 BWERE B b = 0,40 T H Mohr—
Coulomb #EN", h=(6)F15 HARZ I Z 2 A E
4 20.99 MPa, ;1 ZC(8) AT 15 AN E A2 2B Y B 24
20.98 MPa, [H I 7 3R 15 20 5 JEE A2 B 27 R ik R 28 7 4
812.39 MPa.

= (17) AT 15 B R R E SR 3125 0.1,
0.2.0.3.0.4 I ¥y 7 (A Rk [ P BE 1 0 4 B8 4 1 R

44.05.40.75.37.21.33.75 MPa,

Pk, =19 AT RISRAS 4 FOR IR B R 5 5 Bt
B I T R AR B A iR AR PR (B 5

P, =812.39 + 44.05 = 856.44

P = 812.39 + 40.75 = 853.14

P = 812.39 + 37.21 = 849.60

P, =812.39 +33.75 = 846.14

HATESL R 3 B ERE A REAFIEY
HEERMENERNE, BRESRE TR, AL
feihzenE 17 Bros.

858

856

854

8521

EE R EMPa

850

848

846

o1 o0z 03 o4
BERE SRR

EH17 EREcRETAmst

Fig.17 Change carve of pipeline composite strength

42 EHEMEEEEE

HERAES S EROESRERE R
BTG BRSNS LA BB KRR, B E
BB R AR E R RS E RN TR Z R K
RN TR T HOAR, AR A R DL 2R AR R

AR SCERTE R, X5 TR O R e ) R
A 30 mm I, BE TR R ) KRS B RE K HE
N 0.065 6, TEA R Bk fE T S S BE IR LI 0 T Y e
R AR 6 B

Fo6 EHAZERASHNHEEAEEITEEL
Tab.6. Comparison between the pipeline stress and the calculated

composite strength

BEAEES JiL73MPBa
BRI A&  ESEE EE
1 25055 856.44 605.80
.2 250.73 853.14 602.41
.3 25(.89 849,60 508.71
04 252.59 846.14 503.55

1 6 AIH, St g S BB R
HERBKER 0.065 6 BAERRERN, HE
B RSB S DT REGRE, B AR
Ao HEATA, SRR E SRR E R K E ST



— 74—

FERER R SR

202542 R

BB HAEAN T 0,065 6 H YR BERMEZUN , i 7o
FEASNZ R ERA R LR Wb, HERTE
EERELILN 040, s Fm h5E8RE
AR ER D SEAICE 3 WH e 1t
B A REIR AL I R, R tE , R E IR B B R LL G
#) 0.3 DL_ERTE T,

5 H5iE

AR A S HEARRY SRS 8 DA B Ah E A
FIZTEE o T & N8 SR BRI R M BRALR R
WEEBEIRS TR EA, 1B L T4,

(DASCEE R — 5B IE N ASME B31G #ii e
33 BEERSEE S ERNE SIRERIEA JE
HEENFHEST. BB Y HENE S RERER
I E SER B EENT 0065 6 B EERD:
2Nt AR R R

(2)FH B — SR Bent, BN B B A Y
ERE MR B —E RS R R R — e B, B Y
FIEFERFEREL Y R R O RS RIRE SR
Eh 0.4 B, BRE fthRE & A B EAL, FER[ BB
[R]85 TR A A T R A 5 A0l A 17 5

GBS EEGRETREERIFES TSR,
AT E R et SR BRI E SRR
EhAR AT 0.3 DL LA BT B S B R R RE A
SRERRE ., BER =S 24 BE TR, #il
T

B3R
[1] DAIHL, WANG L, QIAN (), et al. Vibration analysis of three—dimen—
sional pipes conveying fluid with consideration of steady combined force

by transfer matrix method[J]. Applied Mathematics and Computation,

2012, 219(5): 2453-2464.

[2] GAOPX,YUT,ZHANG Y L, et al. Vibration analysis and conirol te—
chnologies of hydraulic pipeline system in aireraft: a review[]]. Chinese
Journal of Aeronautics, 2021, 34(4): §3-114.

[3] LIUJ, ZENG L L, GUO X @, et al. Multi—field coupling nonlinear vi—
bration characteristics of hydraulic lifting pipe in deep—ocean mining|J].
Applied Ocean Research, 2022, 120: 103074.

[4] RUBINOW S I, KELLER J B. Wave propagation in a viscoelastic tube
containing a viscous fluid[J]. Journal of Fluid Mechanics, 1978, 88(1):
181.

[5] MEHMOODZ, HAMEED A, JAVED A, et al. Analysis of premature fai—
lure of aircraft hydranlic pipes[]]. Engineering Failure Analysis, 2020,
100: 104356.

[6] ZHANG H, TIAN Z G. Failure analysis of corroded high—strength pipe—
line subject to hydrogen damage based on FEM and GA-BP neural net—
work[]]. International Journal of Hydrogen Energy, 2022, 47(7): 4741 -
4758.

[7] P, #I0RE, TIISSELING A S. #r W B S IR st s e
[J). 7k ah F 250 SR, 2000, 15(3): 366-379.

(8] wIZEE. WLBEASE P AT AR AT WU B S TS (D).
FERE: FILKE, 2019.

O M F A FEE BEREERE R EA R RS
HEDFFE. MAAE s SHH], 2005(3): 5-8.

101 & 5. 20T BHZIEHLER HHER EACE R & IR B 3ED). 2
M- 2T R, 2021

(1] SR, TR A EETE R G R B R R
hEAEFRENER SRR EERE. ZM, B2 ReE 0%
LT B ETE . 2007: 182-189.

[12] Fezall, X575, Jif FRsR B ) B M. Jb5: SR o At 1995,

[13] MBI, K A5, SREN, F ETHREEEMASRER MR
B PELE — ). B 73R, 2014, 35(1): 63-70.

[14] ®H¥E, Sekal, 2, . RS RN — R A Bt
SR AL e A S T R AR AR T). AL THE 2538, 1999, 35(6): 61-65.

[15] ASME. Manual for determining the remaining strength of corroded pipe—
lines: B31G-2009[8]. New Youk: ASME, 2009.

[16] EEERHEE AT &R & FUE AT E A GIB283T—
97[5]. b5 EIFRHEEAR Tal #E A 2, 1997.

(FrhE 208, 208 )



