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ABSTRACT

Water injection pump produced the 1st oil well through the high pressure after the Deep water oil 

well drilling. After finish the work it is hard to produce only using itself pressure due to low 

pressure. Therefore it can be increased recovery factor through the injection seawater of high 

pressure. Is the key equipment used in the marine plant and it is developing at many industries. In 

this paper, Analyze changes in the natural frequency due to the stiffness of the bearing. Analyze the 

critical speed of the natural frequency due to the change of operation speed. And evaluate the 

Stability. And then analyze the displacement and clearance through the unbalance response this way 

has contributed to the reliability of the developing product. Through a mathematical analysis
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Fig. 1 Shape of Shaft

Table 1 Materials of each part

Part Mass
[Kg]

Density
[Kg/m3]

Modulus 
of 

elasticity
[GPa]

Poisson's 
ratio

Coupling 22.5 7840 205 0.29

Impeller 14.6

7700 200 0.3
Shaft 212.5

Seal 
Sleeve 5

Balance 
Sleeve 29.7

Fig. 2

. 2

, 3D

Ansys Workbench(2) , 2D

.

Fig. 2 Critical Speed Map

108 N/m

Table 2 .

1

.

.

Table 2 Bearing stiffness data of 2d and 3d
unit : Hz

stiffness
[N/m] 1st 2nd 3rd 4th 5th

2D 106 11.86 18.08 88.45 227.5 409.3

3D 106 11.87 19.68 87.3 230.8 427.8

2D 107 33.02 55.1 102.2 229.3 410.9

3D 107 32.78 56.1 101.8 232.7 428.3

2D 108 51.44 152.7 186 269.2 419.7

3D 108 50.33 159.8 186.8 275.3 434.2

2D 109 54.34 206.4 301.9 488.8 568.7

3D 109 52.95 211.2 345.9 504.9 649

2D 1010 54.63 208.2 331.6 532.1 709.

3D 1010 53.23 212.6 380 587.4 831.2

2D 1011 54.66 208.3 334.3 536.7 723.3

3D 1011 53.26 212.7 382.5 595.1 849.2
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Fig. 3 Campbell diagram
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Q-Factor Table 3 ,
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Table 3 Q-Factor of critical speed

rpm 1st
[Hz]

Q
Factor rpm 4th

[Hz]
Q

Factor

3000 52.06817 11.1
5000 631.6233 3.86

6000 641.721 4.14

Fig. 4 Root locus map

Fig. 4
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ISO1940(4)

, G2.5 Fig. 5

Rotor Coupling 1390.4mm·g

, Static Unbalance Couple 

Unbalance

(a) Static Unbalance

(b) Couple Unbalance

Fig. 5 shape applying the unbalanced mass
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(a) Bode plot

(b) Whirling mode

Fig.6 Static Unbalance

(a) Bode plot

(b) Whirling mode

Fig.7 Coupling Unbalance

Table 4 Unbalance response

Part 3000 rpm 6000 rpm

Impeller (Static) 0.1233 mm 0.0098 mm

Impeller (Couple) 0.0236 mm 0.0019 mm

Fig.6,7 Whirling mode 

Bode plot Campbell 

diagram 3000rpm 1

, Table 4

Guide vane Impeller 1mm 

Part

2x Out of 

phase 

.

Fig. 8 1

, 7x

,

7x 

.

      1st 450.7 Hz        2nd 647.39 Hz

      3rd 737.36 Hz        4th 1021Hz

Fig. 8 Mode shape of casing
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Critical speed map

108 N/m

.

Campbell diagram 1x

3000rpm 6000rpm

1

. 7x 4

10%

560Hz~840Hz API684 Q-Factor

, 3000rpm Q-Factor 11.1

5000rpm 6000rpm Q-Factor

3.86 4.14 3.55
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Static Unbalance out of phase

Couple Unbalace 
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