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Experiment on vibration characteristics of double-suction
centrifugal pump under multiple working conditions

CHEN Jianhua' LI Yibin® LIU Xin®
(1. National Research Center of Pumps Jiangsu University Zhenjiang Jiangsu 212013  China; 2. School of Energy and Power

Engineering Lanzhou University of Technology Lanzhou Gansu 730050 China)

Abstract: To investigate the vibration characteristics of a double-suction centrifugal pump under different
working conditions the shell vibration test and the shaft vibration test of the centrifugal pump unit under
different working conditions were carried out by LMS Test. Lab test system. The shell vibration the shaft
vibration and the axis trajectory of the pump were tested at 5 flow points and 5 rotating speeds. The
frequency spectrum of the shell vibration and shaft vibration changed with flow rate and rotating speed was
obtained by data processing. The experimental results show that the vibration intensity of shell vibration is
fluctuated with the increasing of flow rate and is increased with the increasing of rotational speed. The
size and variation trend of shell vibration are different at different measuring points and in different
directions. The peak displacement of axial vibration is nonlinearly increased with the increasings of flow
rate and rotation speed. The shell vibration spectra of different measuring points and directions are
different which indicates that there are much fluid-induced vibration. The trends of axial vibration with
flow rate and rotation speed are similar in the two mutually perpendicular directions. The changes of flow
rate and rotation speed have obvious influence on the axis trajectory.

Key words: double-suction centrifugal pump; vibration characteristics; off-design condition; variable
gal pump g

12020 -09 -07
: (51866009)

(1980—) ( cjhua@ ujs. edu. cn)
(1977—) ( liyibin58@ 163. com)



flow rate; variable rotation speed

.F. MENZLER °

Kriging

VOF( volume of fluid) k-

10-11

LMS Test. Lab

) .

LMS

SCADAS Mobile Frontend

ICP

1

1.1
0,=3300m’ «+h”'
H, =856 m n=5215r¢min"".
Z=5
LMS
Test. Lab 16
Test. Lab Software
2 .
204. 8 kHz N N
. 6 333B30
( 100 mV « g~
vy 2 CWY-DO-501
( 10 mV * pm ™' 1 mm
4.5 mm DC-5 kHz

2 90°

0.3 0.5 mm



b
=

AU/ (mmes )

250 — WALXFE — WA2, 2
— WALy — W2y
| — WAL A2z

J\_

10+
0.4 0:6 I}I.S ll.() 1'2
1.2 FiR
) 3 1.2 3
90°
2
3
1 h. 1650 m® « 4
h™'(0.5Q,) 5 min 1
: 2310 m* » h™! ( ) 1
(0.70,) \3300 m* « h™'(1.0Q,) .3 630 m’ + h™' 2 aye
(1.1Q,) 3960 m’ «h '(1.20,) ; , ! 5
5 215.4 500.3 500, 1 500 ¢ * min-"
2 500.1 500 r * min " : L
5215 r * min 5.0
2.8 1 2y
2 x 1500 r * min " 5215~
min ' 4.0 ; 1
21 2 x 1 500 r *
min ' 52151+ min""
3 4.6 2.3
207 — 3§, xH7 1 — A2, xR
- — WL,y — W2,y
Vo 15l — MALZE — W2, 20
: 1 2 x E
1.1Q, B
2 x g 5k
1 x ; 0 1 1 1 1 1
1 2 y 1000 200 3 000 4000 5000 6 000
’ B/ (r-min_l)
N4
0.70 4 1.2 3
. d
1 2 y.z
0.6Q,.0.80,

0.90, 1.2



2.2 6
; 1
5 1500 r * min "' 2500 r * min~'
2500 r * min "' 52151
min ™ ; 2
. 0.5Q0, 0.70, 1 2 1500 r * min~" 5215 r * min "'
v 0.70,
1 2 ;
3.6 4.0 1
2 65_
. 6o  — fiHl
' E ssp — frE2
T
0.7Q, i 50
% 45¢
& 40f
0.60Q,.0.80Q, 0.90, % 350
1 2 ;‘;
1000 2000 3000 4000 5000 6000
or %ﬁ/(r‘min_l)
g 60f
6
= S0r
g 40f
i; 30F
F 20}
10 s
0.4 0.6 0.8 1.0 1.2
it
5
2.3
FFT
XY~Z
7.8
10 20 Jh
£ é 6 ’ P H L1 glz A
= = 1 0 Oy = U o »W' ‘#‘MM 10,
§ &4 Aﬁw“¢%wkkﬁmmm hy & % 8 bt w#%hﬁﬂa%m~dg.wo7 o]
= 5 e i Sy
w7 & 2 WMMJMMWMWWJW %4 ‘&mwm‘ufwww e
07200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
% /Hz P/ Mz P/ Mz
(a) xJi 1) (b) yJ5 T (¢) zJ5 1)
7 Y2
’ULL‘LM-' 14 L Pk /12 _ 14
SN - %12 Y S Y p 12
w Mlhsonnn I £ i 1 o £
L T : =6 P A F =6
X 4 N =4
b =5 ottt /o5 2,
200 400 600 800 1000 T 0200 400 600 800 1000 0 200 400 600 800 1000
B /Hz % /Hz %/ Hz
(a) xJ7 1] (b) yJi T (c) zJ7 1

XYNZ



7 : XNYNZ

(86.9 Hz) .1 x 1/4
(434.5 Hz) 2 (869.0 Hz) 0.50Q,
L 2 (9.17 mm *s7") (0.43 mm *
sy 1/2 x
2 ( )iy
(5.50 mm *s™ ")y 2 1.1Q,

(6.84 mm*s"') 2 2

2 600 ~ 700 Hz
(3.76 mm *s7');z

V2
-1y . -
(10.24 mm * s ) ; (10.24 mm *s~") 4 2
XY~ Z 2
z Xy 3
400 ~ 600 Hz
8 ) XY 2 3 XY~Z 9.10

i . | | | |
N NUPR T o A N ~20 M bbb 5215
N I rivesisovvor oSS SR s rvunar o RN o oy

sk ly <0 i 16 -

d T £ S £ Enf
E\/ Jdo(h,f_ ~._.J,,_“ R 55 "\x 3 /W e A..ME,.M,..,., 3500 S \\E, 12 VWLM—‘ 3500 55
X 9 — N . o ® antcimmm b S
e v i oty i et
= ¥ =4 ¥ &R 4
1% I/ - 71500 & ES 'M - 1500 S % 4r WHSOO \\:"

0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000

Ji% /Hz W% /Hz % /Hz
(a) xJ5 17 (b) y77 1] (0)2J51
9 XYaZ

A ¢ 20
B B 212
5 5 w4
i i 1
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
B/ Hz B/ Hz B /Hz
(a) xF7 Il (b) Y771 (¢) 27 I
10 XYaZ
9 : XY~Z 1
(1500 r * min~") 4500 r * min~' 2
25003500 521571 min"' 2
3500 r * min "' (x.y ) 2500remin'(z )
3500 r*min~" 2 2 ; 2
(12.67 mm * s~") 4500 r * min~' ;
5215 r * min~" .
10 : XY Z 2.4
W1 2 12

; 11.12



14
El , 13
510 3y =10
23 oy g
E =S E ¢
B 4 Z 4
g2 £ 2
1 1 1 1 1 1 1 1
0 200 400 600 800 1000 0 200 400 600 800 1000
Hi# /Hz i /Hz
(a) B 1 (b) 2
11
. 12
£ 510
= = 8
o = 6
1z = 4
= =2
+= &
&
0
(a) 71
12
11 : 1.2 ;
2
2 2.5
; (0.5Q0, 0.70Q,) n=5215r* min"'
13
12 1.2 ;
1 ;
1
12
-0.62 -0.62 ~0.65
E —0.64 _ g -0.64 E -0.66
et = T S~
& —0.66 - & -0.66 & —0.67
£ 068 S 068 & 068
-0.70 -0.70F . “F % -0.69
F 072 E 072 = -0.70
Ty
R 074 R 074 R -0m
-0.76 i I i I i i i -0.76 1 I 1 I 1 I } -0.72 I ' 1 ' 1 ' )
=-0.64 -0.62 -0.60 -0.58 -0.56 -0.54 -0.52 -0.50 =0.64 —0.62 -0.60 —0.58 -0.56 —0.54 -0.52 -0.50 -0.61 —-0.60 -0.59 -0.58 -0.57 -0.56 —0.55 -0.54
X7 [ e £ #2/pm xJ7 [ iR B/ pm o ARG/ um
(a) 0.50, (b) 0.70, (c) 1.0Q,
-0.66 -0.66
§ -0.67 E: -0.67
B st i 0.8
& & 969
4 -0.69
= J = -070
=F -0.70 E -071
’]::‘:\ -0.71 = —0.72
-0.72 L 1 L " L | -0.73 " L " L " L )
~0.61 -0.60 0.59 —0.58 —0.57 0.56 —0.55 ~0.62 ~0.61 -0.60 —0.59 —0.58 —0.57 ~0.56 -0.55
x5 PRI /um X7 ) SR A S/ pm
(d) 1.10, (e) 1.20,
13

14



-0.620 P -0.620 54D
S-oas Wi 3 3 -0.650
#® _0.630 @ -0.630 @ O
& g
U -0.635 1% -0.640 1 ~0.660
#F 640 = &
= E - E .
N = 0.650 = 0.670
= = gE -
—0.650 \ . \ ) ~0.660 \ - \ y -0.680 \ \ \ \ |
-0.545 -0.535 -0.525 -0515  -0.505 -0.55 -0.54 -0.53 -052  -0.51 -0.57 -056 -0.55 -0.54 -053 -052
xJ7 R AL/ um xJ7 R AL RS /pum <77 PR AL RS /pm
(a) n=1 500 r-min" (b) n=2 500 r-min” (c) n=3 500 r-min"
-0.65 -0.64
E‘ -0.66 E
§ 3& —0.66
Zl 067 &
P X —0.68
& -0.68 =3
E E
i 06 iz 070
> 070 . . . . s . -0.712 oy,
-0.59 -0.58 -0.57 -0.56 —0.55 -0.54 -0.53 —0.61 -0.60-0.59 —0.58 -0.57 -0.56 —0.55-0.54
77 AR/ um x77 A BR AL /i
(d) n=4 500 r-min" () 7=5 125 r-min”
14
TAN L ZHUBS WANG Y C et al. Numerical study
on characteristics of unsteady flow in a centrifugal pump
volute at partial load condition J . Engineering Compu—
1) tations 2015 32(6) : 1549 — 1566.
J. 2011 30(2):77 - 84.
N JIANG AH ZHANG ZY ZHANG Y et al. Review
and outlook of studying on noise of centrifugal pumps
J . Journal of Vibration and Shock 2011 30(2):
2 77 —84. (in Chinese)
2)
J .
2020 38(5): 445 -450.
5 YANG JJ LIX]J PANZY et al. Effects of cavitating
A flow on induced pressure fluctuation near tongue in
1 2 double—~volute centrifugal pump J . Journal of Drainage
N and Trrigation Machinery Engineering 2020 38 ( 5):
3) 445 - 450. (in Chinese)
2 MENZLER F HAUBOLD A D HWANG N H. Dyna-
mic characterization of a new accelerated heart valve
tester J . Asaio Journal 1997 43(5):372 -377.
] 2020 38
( References) (2) 1139 - 144.
YINJN YUANS Q LUO Y et al. Analysis of vibration
1 signal characteristics of centrifugal pump impeller under
I. 2021 39(1) :8 -15. different wear degrees J . Journal of Drainage and Irri—

LANG T LIU YT CHEN K Q et al. Review of research
on hydrodynamic noise of centrifugal pump J . Journal
of Drainage and Irrigation Machinery Engineering 2021
39( 1) :8 —15. ( in Chinese)

gation Machinery Engineering 2020 38(2) : 139 — 144.
(in Chinese)

( 553 )



YAO H. Tourism supply side analysis based on grey hensive weights of microblog J . Journal of Chongging

prediction model: a case study on the micro index of University of Posts and Telecommunications( Natural Sci—
tourism strategy in sina microblog J . Tourism Forum ence Edition) 2019 31(4) :468 —475. (in Chinese)
2016 9(4) :79 -83. (in Chinese) 17 . p2pP
12 HOCHREITER S SCHMIDHUBER J. Long short-term I ( )
memory J . Neural Computation 1997 9(8): 1735 - 2016 37(3):296 -301.
1780. LUY LIHK SUN G Z. Distributed microblog crawler
13 . BP1STM system based on P2P ] . Journal of Jiangsu University
J. ( ) 2020 57(1):27 - ( Natural Science Edition) 2016 37(3):296 - 301.
31. (in Chinese)
SUNCH HUB ZOUY X. A BP-LLSTM trend forecast 18 . J .
model for stock index J . Journal of Sichuan University 2011(7) : 63 —64.
( Natural Science Edition) 2020 57(1):27 —31. (in DAI'Y C. Pareto’s principle and the choice of the focus
Chinese) of public opinion crisis management J . Youth Journa-
14 ABADIM BARHAM P CHEN J et al. TensorFlow: list 2011(7) :63 —64. (in Chinese)
a system for large-scale machine learning C // Pro- 19 . Attention Bi-L.STM
ceedings of the 12th USENIX Symposium on Operating J .
Systems Design and Implementation 2016: 265 - 283. ( ) 2020 32(4):655 -663.
15 PASZKE A GROSS S MASSA I et al. PyTorch: an ZENG X L MAJ ZHU Y P et al. Construction of
imperative style high-performance deep learning library protein decoy sequence database based on Attention Bi-
C // Advances in Neural Information Processing Sys— LSTM model J . Journal of Chongqing University of
tems 2019: 8024 -8035. Posts and Telecommunications ( Natural Science Edi-
16 . tion) 2020 32(4):655 -663. (in Chinese)
J. (
) 2019 31(4):468 —475. ( )

CHENG K F DENG X J ZHOU K et al. Hot topic

detection model based on multi-dimensions and compre—

P3IPIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIID

( 532 )
7 . I 2012 12 (6):
J. 2019 37 199 -202.
(11):929 —935. CHEN CS MAJ LIURF etal. Experimental study
WANG X H LI'Y LIU HL et al. Influence of geome— on centrifugal pump vibration in different operation con-
trical parameters of vibration damping raft on vibration ditions J . Journal of Noise and Vibration Control
characteristics of marine centrifugal pump J . Journal 2012 12(6) : 199 —202. ( in Chinese)
of Drainage and Irrigation Machinery Engineering 10 . M .
2019 37(11):929 -935. ( in Chinese) 2007.
8 FALL Ibra. 11
J . ] . ( ) 2021 42(3):
( ) 2020 41( 5) : 516 —522. 346 —353.
YANG B PAN Z Y FALL L. Analyses of gasdiquid two— LI'T LIAO G M. Energy consumption analysis of energy
phase flow and pressure fluctuation during start-up of dissipation structure with fail-safe layers J . Journal of
municipal waterlogging self-priming pump J . Journal Jiangsu University ( Natural Science Edition) 2021
of Jiangsu University ( Natural Science Edition) 2020 42( 3) :346 —353. (in Chinese)

41(5) :516 =522. ( in Chinese)



