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A Study on the Vibration Analysis of Impeller and Shaft in
Cryogenic Submerged Pump
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ABSTRACT

In this research, reverse engineering was applied to the product manufactured by “Vanzetti” from Italy to
develop a localized cryogenic submerged pump used in small-scale LNG liquefaction plants. The results of
modal analysis of the impeller and shaft confirmed that the resonance frequency of the impeller and shaft
played an important role in the rotor. Modal analysis of the rotor confirmed that the forcing frequency had
no influence on the resonance phenomenon.
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Fig. 1 Applications for small scale LNG filling system
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Fig. 2 Configurations of cryogenic submerged pump

Table 1 Specification of cryogenic submerged pump

Division Specification

1 x:;(s u;glowable suction 25bar

2 Number of stage 2

3 Frequency 104Hz

4 Flow rate 200L/min
5 Differential head 266m

6 Differential pressure 11bar

7 Absorbed power 8.7kW

8 Pump speed 6,000rpm
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Fig. 3 FEM model for modal analysis

Table 2 Properties of material

Item list AL alloy | SUS304
Density[kg/m3] 2,770 7,750

Young's modulus[MPa] 71,000 193,000
Poisson’s ratio 0.33 0.31
Yield strength[MPa] 280 207
Tensile strength[MPa] 310 586
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Fig. 3 Results of modal analysis
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Table 3 Results of dynamics analysis on impeller and main shaft [unit : Hz]
Mode | (WL 1 1000pm | 2000pm | 3000pm | 4000rpm | 5000rpm | 6000pm | 7000rpm
1 BW 212.17 211.67 210.85 209.72 208.35 206.82 205.2
2 FW 227.1 227.64 228.55 229.79 2313 233.01 234.84
3 FwW 773.79 773.79 773.79 773.79 773.79 773.79 773.79
4 FwW 885.86 885.89 885.94 886.01 886.09 886.2 886.32
] FY BUUSE =3do 9ael 9 3ol WA
T SR 94e nasas drk
. VoW B AToabe oA de 2 Fo 445
T o M3} gor], % 7o YAes} ALES] Aol
—&— 1st mode _ _
§ 500 o 2nd mode AE Fdoln, A HA <A SN T
- —=3rd mode
% — —X—— 4th mode dHy L Fo IAA AFHHLS s A+
o 375
w s e AR HE AA| wojgo] A
o0 A e AMl Fig. 5% 2ol wlols 24 % 3
125'M' H99e HdASY F1 Fig 63 o] ZA3stn
0‘IDO[J 20‘00 30‘00 4600 50‘00 6600 7000 XI- —8]“‘5 %]o_j'% }‘\jZ(S] —8]-(%;‘]:]— _
Rotational velocity[rpm] B2 ﬁ:l‘Loﬂ /"] Cx’:%‘j’i ‘;‘l “—7"1‘-0/] ﬂ@iﬂ ﬂ%%ﬂ@,
e F 4% A TRAEFE Yehd £ Q)
Fig. 7 Campbel graph of impeller and shaft EE2 AAEY e FPsFon, Az
] o Table 33 @S AAWE A& 5 AP =F
3=y meg 3k, olw) & W3K(whirl direction) Fig. 73 7o] MM =9} Fig 83} o] 7zt me=

S FW(forward)2 “&3Ic) w3 3" o)
2 FoUt ZAse A T FE"
3t oS BW(backward)E T H3IT) w3
AT A 7HFo e A(FHE Ao

= AAM“Ratio=1"L IxHW&EZe] 7IHFu4 A
olth)= A YebH, 7zl <

A
7R AAFeE e A4d

O

N

A =Y T AH TE= I =Y AH
7y 7pRE Fukg An e Je 2AAE 3R
FHoz I T & Atk

H o] ING ¥Z RElE HI 7,000 rppmZt
2 3A &Y, REVF A o L= HA

F5 A3t 98 1,000 rpm (FASE HA
7,000 rpm 744 R=W Fu4E B4 ol E

z = &
el M BEe| 7RIS 93 HA=
7

[e]
o LHAEF e g A

Iat

td
o
N
N
)
)
ol
ol
rr
<)

i
N
E=)
S
S
3
=i
off |o
il

M= AFEHE F3bo] BAsHA d=w ©
[e)

o)
il
il
2
il
>
_(EL
s
=)

¥Q M oo AN Forr

2 2
z
)
[>
)
ol
do
o
k1
rO
ol
2
o
fl o
it
)
i

& A
s
v

oAl o] 1HA REoME &
JNEFE Fag oy o
27} BAEY ) 24WA BE
7} Vel el Fu dYd=
zervt dAEke el g

25 2EZE 7= 7R

=

al

L
fo o
¥
ol
SEE
o o\

=
o M

U

=

59
B

o = X rlr Lo (g do rlo & 12
9#
rr

4o 2 (m o

o

A
£
ol
on
)
re

— 60 —



W, oA, AR, oA - AFIAVIE S A, Al6d, AM2E

A: Modal
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Fig. 8 Results of mode shape
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