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Analysis of Dynamics Characteristics of Water Injection Pump
through the 2D Finite Element
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ABSTRACT

After drilling operations at the offshore plant, crude oil is producted under high pressure. After
that time, oil recovery is reduced, because the pressure of the pipe inside is low during the secon-
dary produce. At that time injection sea water at the pipe inside through water injection pump that
the device increase to recovery. A variety of mathematical analysis during the detailed design analy-
sis was not made through the dynamics characteristic at the domestic company. 2D model has reli-
ability of analysis results for the uncomplicated model. Also element and the node the number of
significantly less than in the 3D model. So, the temporal part is very effective. In addition, depend-
ing on the quality of mesh 3D is a real model and FEM model occurs error. So, user needs a lot
of skill. In this paper, a 2D finite element analysis was performed through the dynamics analysis

and the study model was validated.
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Fig. 1 Study model

Table 1 Materials properties

Modulus of . ,
Part 1\[/{(as]s ][?(er;;lltsy elasticity Porlztsi(:)ns
g g [GPa]
Coupling 22.5 7840 205 0.29
Impeller 14.6
Shaft 212.5
7700 200 0.3
Seal sleeve 5
Balance sleeve| 29.7

Atk Fig. 19] (b)) HBZ9 A 4 ok g5
3gtol F Zol& 2,265 mmeo|il T

ojt, LHEEE 6000 rpm T &
37} 2709 A &ElH, 3709 A
Ha 7H94 Hlojgl o7 JAjo] o] :
ANEAFE Table 13 2y AZYe ~Hog
28] ARATE A&alon 1 9 BEe 77
HEgs 2edes 2" Andaes AR
o oukEld S4E HEEe Hxe EAA A
ol o] el

ol gle: ok 9 st 7k slewl )
o= Wlolat Jael Alele] e 1 mmelth. wet
A SARE ARwR opet Wal 7 ¥ 7XY

Al st sfofsich
3. Hod =&
wojd FAAMNC] oM sia mdS

ke

Transactions of the KSNVE, 24(4) : 462~469, 2014 | 463



Jong-Myeong Lee ey al.; Analysis of Dynamics Characteristics of Water Injection Pump through the 2D Finite Element

Table 3 Bearing stiffness data

Speed Left side bearing stiffness and damping
I (rpm) Kxx Kyy Cxx Cyy
| (N/m) (N/m) (N.s/m) (N.s/m)
A 1,000 | 4.24E+07 | 6.80E+07 | 2.99E+05 | 4.46E+05
o 2,000 | 4.98E+07 | 6.80E+07 | 2.03E+05 | 2.59E+05
3,000 | 6.03E+07 | 7.50E+07 | 1.72E+05 | 2.03E+05
(a) 1st mode shape (b) 2nd mode shape
4,000 | 7.06E+07 | 8.32E+07 | 1.54E+05 | 1.74E+05
i 5,000 | 7.97E+07 | 9.10E+07 | 1.41E+05 | 1.55E+05
6,000 | 8.76E+07 | 9.80E+07 | 1.30E+05 | 1.41E+05
7,000 | 9.43E+07 | 1.04E+08 | 1.20E+05 | 1.29E+05
8,000 | 1.02E+08 | 1.11E+08 | 1.15E+05 | 1.22E+05
9,000 | 1.10E+08 | 1.19E+08 | 1.10E+05 | 1.16E+05
(¢) 3rd mode shape (d) 4th mode shape 10,000 | 1.18E+08 | 1.26E+08 | 1.06E+05 | 1.11E+05
Fig. 2 Comparison the 2D mode and 3D mode
Speed Right side bearing stiffness and damping
. . (rpm) Kxx Kyy Cxx Cyy
Table 2 Comparison the 2D & 3D eigenvalue (N/m) (N/m) i) ko)
Mode 3D 2D Error 1,000 | 3.85E+07 | 6.03E+07 | 2.79E+05 | 4.07E+05
Ist 64.158 Hz 62.071 Hz 3.25% 2,000 | 471E+07 | 6.25E+07 | 1.95E+05 | 2.43E+05
2nd 157.59 Hz 152.14 Hz 3.46 % 3,000 | 5.82E+07 | 7.06E+07 | 1.68E+05 | 1.94E+05
3rd 219.76 Hz 214.16 Hz 2.55% 4,000 | 6.89E+07 | 7.94E+07 | 1.52E+05 | 1.68E+05
4th 305.26 Hz 282.68 Hz 7.4% 5,000 | 7.82E+07 | 8.76E+07 | 1.39E+05 | 1.51E+05
6,000 | 8.63E+07 | 9.49E+07 | 1.28E+05 | 1.38E+05
%6‘]—01 3D E‘H@l Eil%{]ﬂ Ansys WorkbenchG) 7,000 9.31E+07 1.01E+08 1.19E+05 1.27E+05
¢} 2D A T EZ WS EZ rotors AFE-3}o] H 8,000 | 1.01E+08 | 1.09E+08 | 1.14E+05 | 1.20E+05
ol8 744 10°N/mE 1§35 Fig. 29} o] &4 9,000 | 1.09E+08 | 1.16E+08 | 1.10E+05 | 1.14E+05
o 2FEa
= T8t 10,000 | 1.17E+08 | 1.24E+08 | 1.06E+05 | 1.10E+05
S|A A= Table 29} Zom WA 7 A X
2aste] QAgo] 10%o o|E& sjAgte] Al
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1,597 N7 $-5 ubg] 1301 NeZ Akkd wojy A F= s ] et
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Fig. 5 Campbell diagram

Table 4 API 684 separation margin standard

Q-Factor(QF) Separation margin
QF<2.5 Separation margin do not required
2.5<QF=3.55 | Requires the separation of at least 5%
Driving below the critical speed
minimum(%) =
{126 - 6/(AF - 3) } - 100
3.55<QF
Driving more than the critical speed
maximum(%) =
100 - {84 + 6/(AF - 3) }
Table 5 Q-factor
Excitation Ist 2nd 3rd 4th Sth

1X (rpm) 3799

IX (QF) | 10.6

2X (pm) | 1936 | 7498

2X (QF) | 986 | 822

Vane 7X 2067 | 3959 | 6214 | 9115
(rpm)
Vane 7X
119 | 362 | 374 | 453
(QF)
Vane 14X 1822 | 2888 | 4325
(rpm)
Vane 14X
301 | 317 | 355
(QF)

Hal7] vl e ﬂh” l A= ASR AMR
ok webA API 684 117 2l
ol 4838 Aow A}E%ﬂr.

Q-factori= API684 T12S F3lA &s 3s13le
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Fig. 7 Static unbalance
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