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Vibration Analysis of Pressure Pipelines in the Model with Added Water Mass

XU Currdong', CHANG Zhow mei',ZHANG Shuo®, ZH AT Dong hui'
(1. North China Institute of Water Conservancy and H ydroelectric Power, Zhengzhou 450011, China;
2. Luoyang Water Conservancy Survey and Design Co., Ltd, Luoyang 471000, China)
Abstract: For the safety problems of vibration in the pressure pipeline of high lift pumping station, the approach of added w ater
mass was proposed. A numerical model of pressure pipeline of pumping station was developed based on the fluid solid interac
tion, and the modal parameters under different working conditions were identified based on the No. 1 pressure pipeline of 2*
pumping station in the first stage of Jingtai irrigated area. The displacement deformation of pressure pipeline and its vibration
characteristics were analyzed. The results showed that (1) the vibration deformation stimulated by the pressure pipeline occurs
at the inlet and outlet pipes of 4 machine;(2) the vibration amplitude of higlr order vibration mode is larger than that of low
order vibration mode, and with the increasing of order, vibration deformation can also occur in the outlet pipe which is not easily
to be vibrated; and (3) the inlet pipe of 8% machine does not affect the overall pipeline vibration. T he results of finite element
numerical simulation analysis were similar to those obtained from i situ measurements. Consequently, the model with added
water mass is simple and provides reliable results, and it has advantages in the fluid solid coupling simulation of pressure pipe
lines.
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Fig. 1 Plane placement of pressure pipelines in the 2* pump station
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Fig.2 Schematic diagram of size of 1* pressure pipeline
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Fig.3 3D model of 1# pressure pipeline
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Fig. 4 The mesh discretization of 1# pressure pipeline
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Fig.5 The first 6 order vibration mode under working condition I
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Table 1 The displacement of the first 6 order vibration mode under working condition I
B X LAY Z AL A Y Y LR A ﬁ:ﬁjq
M SN I /M SN I/ i SN e
1B - 6.121 13. 106 - 8.354 11.678 - 3.518 9.390 13.990
2 By - 5.889 12. 035 - 11. 639 13.073 - 8.762 14.780 15.324
3 B - 3.730 6. 489 - 12.407 13. 537 - 13.081 13. 052 16. 441
4 B - 5.607 12. 111 — 12.455 14. 085 - 9.814 16.971 17. 151
5B - 12.853 12. 474 - 9.738 17.713 - 2.527 5.142 21.836
6 B - 11.481 8.735 -9.121 13.117 - 6.780 5. 206 16. 126
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Fig. 6 The displacement of the first 2 order vibration mode under working condition I

HRAE 8 SHENIT IS TAEG, JE )88 18 AR B IR A2 B
O, P A T AR A, (AR AN K .

M7 HIRT 6 MBS KRR Al LU ), TR ) T R A
GyWCR NAREN AL TEAE T 4 SHLE KE T KELL . G
A I 20 B LA I RS 1 I B e 3 i B K, i LB & B I
P B, AN S R 1 K O W AR YR AR T . B SR
F, KBRS H 5 AL, M RS BRI AL 2 4 5
Bt 7K R K, 7 S s (R B AE 8 5 AL TR L
1B, 8 SHEKE IR BTEHA K, 7T W 8 S HLHEKE T
Jo 5 A AR T IR B R AN K

(2 MBI XHI)EERA ANSYS A IG5 0 ik
BELAS, BT RIERTBR, §7 6 Mk BLALEE = ARSI, T —
KRS AT T K 2.

M2 ATLUE Y, & BB 25 25 75 ) PR30 A B e JEE 5 E
2 220~ 18.262 mm X [A]; It KA BASTE 2 5 i 4 22. 373
mmo X [ KMNBEEIEN 1 NEZ, (28 13. 079 mm; Y i)
BRI N 5 A, AL 18. 262 mm; Z [0 & K AL

e 142+ I % & K

B 4 A, A 17, 146 mm.

M 2 IG5 BT n] LA H N AR .

a. W PRI A, 4 5 HLE K B R K B 25 2 B, 1o AL
4 SHLHEKE PR 5 ZE KT KA 0 T s B B 1 3R 30,
I PARI VIR AL 4 S HLEE K K, (H 52 KR 3R
JEBKT 4 SHLEKE

b. Toie m B BRI RS MHRE) BT, 8 S HLHE KE 1R
KPR AK .

e KN EEMIRF) 59 HAL, B s B Wi 7 2R IR D
AL 4 SHL K BRI KB k. o 4 5 HLEK
ERKNMBAEI 17. 146 mm( 4 By Z 17) , K & KA B
JE 18.262 mm( 5 B Y 1) o
3.3 ML RiE

BEX sl — W s 15 R ) 1, R DASP
V10 {#HEAT T B3 AR, 43 S0 T T3 — R T30 — 9 o
THLR 3R SRR, I I A2 I A i 1 7 5 3R 3 1) Bt
155, Wi BEASTREURPRBYATZ AP BT, S0 BT 45 R F



A AR M AR B A B J7 % 3 9 R 20 AT

7 6
Fig.7 The first 6 order vibration mode under working condition 11
2
Table 2 The displacement of the first 6 order vibration mode under working condition 11

i X [ A Y [ ALEOR %S %jf
/ME SC NI /ME ICONI:! I/ ME ICONI:! E32
1 B - 6.082 13.079 - 8.148 11.752 -3.312 9.307 14.012
2 - 5.981 12. 138 - 11.722 12. 869 - 8.457 14. 679 15.200
3 W - 3.472 6. 064 - 12.157 13. 635 - 13.065 12. 966 16. 487
4 - 5.487 11.792 - 12.733 14. 271 - 10.111 17. 146 17.317
5 1 - 12.979 13.033 -9.792 18.262 -2.20 4.539 22.373
6 I - 10.698 8.438 - 9.369 12. 132 - 6.371 5.342 14. 899
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Table 3 Comparison of measured and calculated values

of first 6 order vibration mode under both working conditions

g DASP T ANSYS  DASP TB ™  ANSYS
B ossi ERA  LO—  ssI ERA L=

1 14122 14137  14.946 14.503 14.515 14.879
2 16.225 16.347 16.848 16.656 16.498 16.829
3 17.247  17.697  18.409 18.222 18.129 18.389
4 19.08  19.733  20.245 19.903 19.891  20.236
5 21.028 21.856 21.674 21.505 21.247 21.617
6 22.639 22.026 22.511 23.764 23.825 22.328
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