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Abstract; In this paper, a method was proposed and validated through numerical analysis and exper-
iments to evaluate the global vibration state of a pipeline by establishing fine finite element model of the
pipeline structure with practical excitation loads and constraint conditions. The major contents of this pa-
per include three parts. Firstly, a finite element model for efficient forward analysis of the random vibra-
tion of typical engine pipeline system was developed, and a rule to select the number and the position of

the vibration measuring points was proposed. Secondly, a multistep strategy was proposed to reconstruct
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the load and constraint parameters, respectively. And an inversion scheme and corresponding numerical
code were developed based on the conjugate gradient optimization method. Furthermore, a reliable finite
element model was established based on the designed geometry of the pipeline and the reconstructed load
and constraint parameters to give proper prediction of vibration at any point of the pipeline. Thirdly, an
experimental system was established with a cantilever straight pipe and a typical pipe structure of a real
engine, to measure the vibration and dynamic strain signals under excitation of sinusoidal and random
load. Based on the measured information, the load and constraint conditions were reconstructed and the
fine finite element model using reconstructed information was established, which was proved capable to e-
valuate the global vibration state of the whole pipe structure. As conclusion, the method of this paper can
give good prediction of the vibration state at any position of pipeline from both the simulated and measured
vibration signals at limited measuring points, and predict the location and value of the maximum stress
point for the structural integrity evaluation of the pipeline from the heavy rocket engines.

Keywords : global evaluation; pipeline vibration; limited measuring points; fine finite element mod-
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Fig.1 A typical 3D pipeline vibration system
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Fig. 5 Flowchant for inversion of load and constraint of

pipeline structure from measured signals
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Tab.1 Reconstruction results of constraint stiffness

s sS4 FAH (TCMES )/ - FEue I EAIE (P 5 %R ) / - T2 B 5,
(kN m-rad™') (kN-m-rad™') MASIRYE/% (kN - m - rad ") P ABIRZE %

10 9.96 0.39 3.47 10. 1 0.98 7.57
B 100 100 0. 00 0. 00 9.23 7.68 0. 54
100 1 000 0. 00 0. 00 606. 0 39. 39 0.37
10 10 0. 00 0. 00 10.0 0.19 0. 14
oy 100 100 0. 00 0. 00 98.3 1.67 0. 08
1 000 1 000 0. 00 0. 00 79.3 20.72 0.12

R2 EIERINBETEMER

Tab.2 Reconstruction results of harmonic load

KR SERN HAME (L . HEG I 53 EiH - A 0
M7 ) /N N AF R 2L % (EWEF) /N AR R %
50 50 0. 00 0.00 50. 41 (10 %75 ) 0. 83 0.82
B 100 100 0. 00 0. 00 98. 48 (10 %M 75 ) 1.52 1.52
500 500 0. 00 0. 00 497.90 (10 %M ) 0.42 0.42
50 50 0. 00 0.00 49. 95 (5 %Mk ) 0.09 0.10
A 100 100 0. 00 0. 00 98. 62(5 %) 1.38 1.38
500 500 0. 00 0. 00 499, 54(5 %75 ) 0.09 0. 09
F3 HEHRSIBTEHRER
Tab.3 Reconstruction results of random load
o ®fir PSD/ EME(TEMESE )/ R/ il HAH (M) / RE/ il sy
(N* - Hz™") (N* - Hz™") % RiASIRIE/ % (N* - Hz™") % R AR IR 2/ %
400 400 0.00 0.00 391. 08 ( 10 %M ) 2.23 2.23
HE 1 600 1 600 0. 00 0. 00 1 583.90( 10 %M 75 ) 1. 00 1.00
40 000 40 000 0. 00 0.00 40 903.00( 10 %) 2.26 2.26
125 125 0. 00 0.00 119. 88(5 %75 4.09 4.10
Fix =g 500 500 0. 00 0. 00 479. 54(5 %75 ) 4.09 4.09
3125 3125 0. 00 0.00 2997, 11(5 %75 ) 4.09 4.09

3 ETXRESHAEMERIE

3.1 EREFHESIRUE

LTS AR 5 Y R A [ AR 9 A A2 SN
JEE AL 5 R RO, T T A RN R S bl
() 2548 B R IR 2 A1 BE AL AR B S 58, 1) T 552 36 0 e
JITAS (L T A8 4R B 175 5 XoF 24 TR sy ) 88 % 288 A R
ANIEAT T AL o A R Sh LR AU S [8] A i AY £4 E8 HERIHRGETEE
RAHNECR S A& 8 K 9 s o Fig. 8 Vibration testing system for straight pipe
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B9 ZETERHNRFEREE
Fig. 9 Vibration testing system for 3D elbow pipe
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1o BRI AL IRERAE 5 th 38 23 B 25 1 AR 11 2R 42
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SEES X A BN 10 Hz 20 Hz AN [ i
(L 137 18 70 2 ar RS 397 43 A 150 PSD BEAIL g 84, -
AT T YRS, Bfar K/ NN 4 fios . Hodr BEL
3% 3N 1) 8 far /N X L BEATL 3 28 A 114 241 5 AR AL AT PSD
{B, %2325 Uitin 7 80 Hz.60. 93 N (i faj it ik
Jil AT T 4R 0 R 2 A E A

x4 HERDKEHREGEND

Tab.4 Load reconstruction of straight pipe vibration test

3y ANz A/ He RHIESHL SEBRAAT KN ERAEP DN RIE/ %
0 W/ N 114. 40 111. 88 2.21
P—— 181. 40 181. 67 0.15
0 WEE/ N 73. 47 77.74 5.81
143.74 155.28 8.03
010 Y5 H/N 31. 56 32.75 3.79
BiHL PSD/(N* - Hz™") 99. 60 107. 29 7.72
020 HJTAR/N 31.28 31.36 0.25
PSD/(N* - Hz™") 48.92 49. 16 0.50

3.2 ETXBRESHHFMLAREN

SR BAR S HE AT ARORE EE ML, B
6, X 8 BT O iz LA R A [ i ) 751 I JEE
PEAT TEAY R TI0AR TASAL RS EE AL A A
U425 i M E D 274 kN - m/rad , 254 [ S 19 25
NI 7. 67 kN« m/rad, fEICEERS |, 2T 6 4
00 5340 IO 4R 80 5 T I 28 A 1) L AR Bt BIL 33
Jih# A i) PSD ELHEAT T EE Y, 459 2 A9 E A 4 2R 15 5
PRz (9 LR SR 22003 4 s, T LAFR Y AR SC
B 7 % FIRR I B B 8 3 380 i P o R T S 4R
S5 W M A R A AL, £ 4.8 S
AR TEEEWIERIE 2%, FEEE IR T

1o B Ay B A 235 2R U 22 AR X LA TV IR 3 T K
— 28 (HWAE TR SRVFIRZEVE

®5 TEEERIBTES
Tab.5 Load reconstruction of elbow pipe

harmonic vibration test

WA/ e SR IRE/N B AT IR (/N
80 60. 93 52.25

R/ %
14.24

3.3 ETARGESHEREBEEMIRTR
FIH 3.2 5 B TSR S5 5 S A 152 A0 244

HARSHEAE T Frs & Sl R 2 1] 48 B ik 51

AT T &R BRI . R A BRTEsE, 7E 58
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Fig. 10 The global displacement and stress of the
elbow pipe structure under reconstructed

load and constraints
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