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Durability Calculation Method Contrastive Analysis of

Aerospace Pipeline Compensator
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Abstract: The suitable selection of calculation method can provide the calculation basis for displacement fatigue
life and durability vibration life of pipeline compensator. The finite element analysis and engineering calculation
methods are used respectively to calculate the displacement fatigue life and durability vibration life of pipeline
compensator at axial direction, pulling direction and radial wobble direction, and conducted with comparison and
verification analysis by experiment. The results show that, the calculation precision of finite element analysis

method is superior to that of engineering calculation method, the finite element analysis method can give the def-

inite vibration stress distribution, and predict the durability vibration life.
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Table 1 Design requirements of pipeline compensator
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Fig. 1 Axial compression 14 mm stress nephogram

I F1/MPa
613.42 Max

613.42 Max

B2 Bl 8 mm Ny =
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Fig. 3 Radial wobble 8 mm stress nephogram
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Table 2 Modal frequency of pipeline compensator

(187 H 4 55 %/ Hz E
1 58. 752 T 1] — B
2 142. 65 T 1] — B
3 273.19 T 7] B
4 392,17 T 5] B

nCode DesignlLife & H #3572 (Dirlik 774
T WML AR 3l 1Y 75 a4 38 32 R 28 fer ) i 2%
£ (PSD) FlN; 7 43 A %5 B oR VB, 3 LA T 0 ) 796 36

KB T A5 9% 95 75 A . Dirlik J7 i J& i i i3 H
SRR W BRI LB 15 B 5
P55 A W B 2 58 PG i 2O R B Tz B
FEN SIS SR S EL

EHEAMERR I ATAE TAER J7 0.7 MPa 116 i
T RS TN 3R A AR A AT B R AT AN Rl
M 1g W I 43 BT o e =l ) 1) i) 102 107 7 45
FwE 7~ 9 R,

J‘\‘ﬂ%\gp& Soiriee 1832
4 ax
3.6498 S
3.1936 H 3103
2.7373 Hznm
2.2811
1.8249
1.3687
0.91248
0.45626
4.6047¢-5 Min

B 7 X s 1g e R R g 4 A
Fig. 7 X direction ACC harmonic response

stress distribution at 1g

. 71/MPa
6.4285 Max | Letwes
5.7142 W17-86 1835
5.0000
4.2857
3.5714
2.8571
2.1428
1.4286
0.71429
1.2599¢-5 Min

B8 Y [l 1g W R R gy A
Fig. 8 Y direction ACC harmonic response

stress distribution at 1g

J¥J3/MPa s
64083 Max SRR
5.696.

4.9842 6406
42722 o
3.5602 amn
e

. 21381
e

71 071204
1.5357e-5 Min %"

B9 Z i g 0 R R g 4y A
Fig.9 Z direction ACC harmonic response

stress distribution at 1g

iz [l nCode DesignLife % AN B 1g 193w
N AT AE R B 6 IR B B % % BE (PSD) pR DL
PR S-N R 26, 31545 8RB B 3R R R



% 6 ]

TR A A I P TSR O R X L A3 885

ArEtEmE 10~/ 12 s,

Life/h

NoDaaaC i
Beyond Cuto
o 1. 783c+027
3.179e+024
5.669e+021
-1.011e+019

180264016
BE3013¢+013
57306010
o 110226008
| 822¢+005
324861002

B 10 X f i A3 2l 5 i B TR
Fig. 10 X direction Durable vibration fatigue life

Life/h

-No Data
] Beyond Cutoff
—] 1.629¢+027
2.655¢+024
4.327e+021
-7.050e+018
— 1.149e+016
1.872¢+013
3.051e+010
-4.97le+007
] 8.100e+004
1.320e+002

I 757 75 i SR AL

v{x/ y

11 Y [ it A 4% 30 7 i i 18]
Fig. 11 Y direction Durable vibration fatigue life

[ | T
Be I 55 A R A
=1.6V18e+027 AT
26186024
bt
.853e+
B2 109¢+016

1.794e+013

Bl 12 Z i 3% 2l 25 i )
Fig. 12 Z direction durable vibration fatigue life
M 10~ 8] 12 AT DL HY 2 45 % b 2 45 1 Jali 1)
(X 1) TRt AR B # i R 324. 8 h Ja IR L #5 K 59
R TG S B — P A W AN Z 5 AR ) (Y [0 R Zfa)) i
APRBhFF AR 132 h i 123 h )5 83K, B K i 55 05
P4 A iy 3 s [ R AR O SDZ

4 RIEIEIE

4.1 (K5 H it iE
A o 6 6 A e 1) S o £ P A L

FE T AR A BR oG v iR B il A 3
PR 7= S HEAT N B 9 97 F5 am i g L il A in AR
K 7= IR & 260 CL = SN EEINE 0. 7 MPa, #
T2 i 8 — i 1 2 A B G e 2k AT ) — S H
WAET RS 14 mm . FiH 8 mm W% ) A7
56— E WU » TR 2 S 8 mm A A TE
X5, Fam il i il 13~ &l 14 Fior,

P55 5 i SR AL

13 Halr 430 B8 9 57 745 i i 06 (22 6 Jin AT DD
Fig. 13 Axial displacement fatigue life test

(before heating strip installation)

95 i R BB AL

B 14 AR 1 RS 9 55 A i ik 0 G IR SR D

Fig. 14 Radial displacement fatigue life test

(after heating strip installation)

I 002 S Hl w5 13 500 WA . 48 ) i
72 500 Wk 5 J5 Wk e 2K &L 005 5 il ) i g
19 000K it i 25 24 ;008 = il 1] 155 16 650 YK it
KA, M 13~F 14 AT LLE HY i 24 ik 88 5B 47
B RS A T i I SO AR — A b A B AR
P TR 7 A BR T 5 45 R i X L R 3k



886 Wiz TR

%10 &

3N

3 EEKAMES I SR 45 AT R
Table 3 Comparison between calculation and test
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