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Rotor Dynamic Characteristics of Water Lubricated Bearing for Pumps

Jiang Xiaoping Shi Weidong Li Wei Ye Xiaoyan Hu Jingning Tian Haiping
(Research Center of Fluid Machinery Engineering and Technology, Jiangsu University, Zhenjiang 212013, China)

Abstract; Taking HP multistage pump as example, physical model and mathematical model of its
bearing-rotor system were established though appropriate simplified process. Four stiffness coefficients
and four damp coefficients which express its dynamic characteristic of the water membrane bearing were
deduced and calculated. Rigid support Campbell drawing by multi-load modal analysis on ANSYS
considering inertial effect was generated. The fore four natural frequency considering inertial effect and
critical speed on the load of 3 000 r/min were also obtained. Unbalance response curves of the shafting on
working speed and unworking speed were obtained by analysis. This water lubricated bearing-rotor system
was certified to be a steady rigid system by transient state characteristic analysis which driving force was
feed in a sudden and the rotational speed was considered. Though rather large vibration may appear in the

beginning of this period, oscillating amplitude will be reduced gradually and return to stabilization soon.
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Fig. 1  Physical model to bearing-rotor system

of multi-stage pump
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Fig.2  Solid model to

bearing-rotor system of

multi-stage pump
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Fig.3 Dynamic model to fluid membrane
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Fig.4 Dynamics factors of water lubricated bearing
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Tab.1 Fore-four-steps natural frequency

on rigid support Hz

9 /- min ~! WU W2B 3B B4l
0 174.57 352.51 712.07 1072.5

3 000 177. 60 355.38 723.17 1088.5

6 000 180. 65 358.29 734.34 1104.5
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Fig.7 Simplified model of multi-stage pump rotor
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Fig. 8 Unbalance response curves to shafting under

working speed
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Fig.9 Unbalance response curves to rotor system

included in system damping

M 8 H Al LU, 4 AN 10 St i T A [
IR oA Tl 2R ) AN S5 e A [ i e R A B
5 2 A 5 (9 R 81) o AN o A7 B AN (] Al
7R B2 BRI 1Y R PR S AR AN K TR BL R 3 9
AR M AL AR K, Tl Wl R B A S A U R
BEAR o TR E 78 BT g AT 2 g0t e
BER AR T G2.5 G-k B, ol R A G6. 3
PV BAERE . NI 9 thT LUE I ABLE JS & B
IR 0 U L S R0 D/ o

6x107* 6x107*
4x1074 4x1074
4 — 4
E 2x10 E 2x10
Iz 0 = 0
= i =
2 x1074 Ik _2x107
—4 X107 o 4 x4l
0 1 2 3 4 5 0 1 2 3 4
I 13) /s 154 /s
(2) (b)
& 11
Fig. 11

(a) 500 r/min  (b) 2500 r/min

3

1

P /m

5 BRESIAFEDN

i o Wk AR Bl g 28 o B AT RLB E K T T R -
¥ T R GUTE R EAT L DR A BT R A Y Bl
S (AR 1 U AR 2N VARG AN [ I = )
AR B] F AH 5GP el A5 158 4 g A RE JE AR HT EE 8
FHo WEATBRS S 1 E M T R St is s o
i N

Mu+(C+G)u+Ku=0(t)
A Q) —#ff ) &

AR S EOO G B T
5 TNl IR e 1 2R 8 4 B
SREEAT . R T
R GEARF MG P AR S

(3)

P
3000N

IEE 10 B R W 1A || ,
SR MRS NY (1]
SEHT 4 RN 11 BT |

10 B

o &1L g A B —
AN E BT 7R RN
il F1 80T 4 B B Sl R T R BLBCR RO AR i BE S
3k W5 2% 3 /N I T AR E 5 A LB IR Bl it 2 i
BT A IR BLG, T LB R AR A
1IN A A0 () — B[R] A AR T RO 22 5 1 R
PRl TRE G iR iE AR /D, UL B R 40 19 B E 1 L

HRIE

BEXT B AL K T K5 T R GRS T S
R R T 25 2y g 2 A M AU 0 R X o 58 4 [T, LA &g
EZ B, BT ANSYS B0 Ho Al R -5 1 &
58 PEAT LS I3 B (U I L o3 A A B 25 Bl g o oy i,
FEFW] 3 000 v/min Zf T, 5T RGEMHET 2 B il A
FEHE Ay 5o 11 154, 3 v/min fl 22 483. 4 v/min, & K
TR S B a B AR 5 AN P-4 R R B L A
V- i g i H 2 AR R AR T G2.5 )
SR RE L HL Ay T R G6. 3 ROF- RS B L H A B
R SN I 5 1 &R G800 BE SRR 40 A SR AR B
ARG 1 5 R e 7 Rt B T AR R Pk

Fig. 10 Driving forces
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