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Resonance phenomena occurs at large vertical pump which is operating to cool down the hot steam using sea water in the

power plant, To avoid the resonance, the natural frequency needs to be isolated about 20% from motor operating speed. Yet,

excessive vibration occurs especially at low tide, At first, natural frequency of the whole pump system and each part is

calculated using ANSYS, As it is revealed in the previous journal papers that only circular pipe part is related to resonance, the

FSI technique is applied for free vibration analysis, The natural frequency is reduced to 60% (compared to that) of the frequency

measured in air as it is similar to other published results, And the frequency obtained by finite element analysis is almost same

to that obtained from modal test, Based on the accurate finite element model and analysis, design change is tried to avoid the

resonance by changing the thickness of pipe and base supporting plate, In stead of doing optimization process, design

sensitivity is computed and used to find such designs to avoid resonance,

Keywords : Fluid—structure interaction(FSI, SR HA), Modal analysis(2E 5H41), Resonance of vertical pump(4=XIE

Resonance avoiding design(ZXIS|T| A4A))
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Table 1 Natural frequency of cylinder with fluid

interaction

Reference lT\t,\?;ZSe fre\:q\/,etr/;il;% Method
Amabili, 1995 Inside 43% Analytic
Han, 1996 Inside 85% Analytic
Gonzgzlges’ Inside 42% Analytic
Sigrist, 2006 Inside 60% Analytic
Thinh, 2015 Outside 51% Analytic
Bae, 2001 In/outside 54% FEA
Bae, 2006 In/outside 60% FEA
Kwon, 2014 In/outside 72~75% FEA
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Fig. 1 Vertical pump system at power plant
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Table 2 Pump properties

Parts 'E/ltgi)s Remark(mm) e::eirr:jteent
Sole plate 0.44 t: 40 SOLID185
Pipe 1.03 t:8,D: 516 SOLID185
Pipe flange 0.24 t: 30 SOLID185
Shaft 0.68 D: 110 BEAM188
Rib/bearing 0.28 tx:3, %% SOLID185
Impeller 0.08 MASS21
Sea water ng/?;r?s Density FLUID30

t thickness, t*: Bearing cover thickness, D: diameter
*x*. Connector between pipe and shaft
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Zoio| IMERAD Lol A7t els B Fig. 4(a)et e d
< Fig. 4(b)el Znld|, HIFol| chet H4als 1RAlsTe
H|E (b/a)ol 63% M=O|c.

) Pipe only

b

b) Pipe with inside sea water
Fig. 4 All pipe f|n|te element model

Table 3 All Pipe and pipe with water (Hz)

. (b)Pipe with
Mode (i)rl]?pe inside sea b/a(%)
Y water
1 7.7 4.9 63.6%
3 46.7 29.8 63.8%
5 123.4 79.6 64.5%
RF slig=e| Heks mleksP| 2fsh ME3) (Fig. 5(a), Low

Sea Level: LSL, mo|ze| &= £0| 5147 mm) LEA|Q| (Fig.
5(b), High Sea Level: HSL, &= =0| 7089 mm) & 17%
=T (a)LSL (0)HSL7} Table 40l I=Hl, ¥ IRRlST
2l Table 4(0)e 7EIES=of Hlah a/O2 b/O7t 50~58%E
Holct 2F sli2 2l510f Table 3 Zzlol H|SI0d 10% HE
AAERICt ASEAR mlo|=Zo| ZElo|n Fxef RA7 ek
&2 oft IREIST giol HE HIZst] 25 A= giet

SE5/ct

(a) (b)

Fig. 5 All pipe with sea water in and out side

Table 4 FSI Frequency of all pipe (Hz)

Mode (Oo)r:i;’e L(g)L a/0% F(E)L b/0%
1 77 | 39 | 506% | 3.9 |50.6%
3 467 | 256 | 54.8% | 24.4 | 56.4%
5 123.4 | 72.4 | 58.6% | 65.7 | 57.4%

LSL: Low Sea Level, HSL: High Sea Level

M| = A|AHC| ZFsHAM0| o= M RIFHE 2
o|ZofM 7SV |2 EFE, (BTg fish) IRRlsTe
ME Alof| 18.3 HzO|o{ LEA[L] XlSF= 17.8 HzZ HA|=IRL
Ch. MHAIAEOIN sole plate2 274K X[X|El mo|==z =
LA 2HEoE 12=(QiCt Fig. 6= sole plate@] WHEI= 22of|
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sl CHElel 7=t Eet & Aol FE57h HIXSICh TS 2E ()7t HZ ZE 3|84 H9 thet Yx(sto] 70|
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s Aol F4 EnE 27| flsto] mo|= Lol FHI7 U oI5t XS5t HI U= Fuke PoHol Ho| xSk AE
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= 8|1 b/as 72%E 0|1 2Act (HIFAl 50 DRES
7t 28% HSISICh).

\ \ r |

‘-.“}//

) Low sea level

(b) High sea level

(c) Solid and fluid finite elements

gy

Fig. 6 Pipe and sole plate
Table 5 Frequency of pipe with supporting sole plate
(Hz)
. N . . . 3 nd .
Mode (a)Pipe (b)Pipe inside bla % | | (d) IPlp(Ies '2 bending @de shape
only sea water Fig. 7 Pipe with inside and outside sea water
1 3.8 2.7 71.0%
3 310 22 6 72 9% Table 6 Pipe full FSI frequency (Hz)
9 O)Pi b
S 89.7 67.0 74.6% vode | QPP @ og |2 0%
only LSL HSL
OIX| Fig. 72} Zo| mjo[=e| okn} uRZof sj4} s A 1 38 | 20 | 52.6% | 1.9 |52.3%

H4r=s HM =3 %%(Fig. 7(a)), ”E'%(Fig. 7(b)Ale] 2zl 3 31.0 18.7 | 60.3% | 17.5 | 56.4%

5 89.7 57.7 | 64.3% | 54.2 | 60.4%

17.5 Hz2 0|E°F A % & = Ut Hlﬁ'.'-? ISl (O)l
HI3H a/O2t b/O7} 52~64%Z, 2|F =2 2I510{ LiFol| sl LSL: Low Sea Level, HSL: High Sea Level
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Table 7 Comparison of FEA and modal test
frequency (Hz)
(a)FEA (b)Modal test b/a%
LSL 18.7 18.3 97.8%
HSL 17.5 17.8 101.7%

HEI51H, Table 501M FH7F i mo|Z MEfoliM= =&
Fakr7E 31 Hz 0l22, LFoll 77t s ZRolle 22.6 HZ2
HIZS7] B)oll BIsIo 27% Hasio] 72.9%7+ =AUCt. =S
Moz mo|= ufFet ofFoll FA|(GH)7E 2F s e
(Table 8), LSL1t HSLOlM 18.7 Hz2t 17.5 Hz2 56~60%7+ =
of =2ls &Pt 20(1 ACk mjo[Z Lot ofF MA|7t
3| FAllls HIEAIQ] 55%7t of&kEICt

Table 8 Frequency comparison (Hz)

. (a)Sea (b)Sea water
(Oo)rlj’lme water a/0% inside & bi/0%
Y Inside outside
(b1)LSL:18.7 | 60.3%
31.0 22.6 72.9%
(b2)HSL:17.5 | 56.4%
HETF YAl FHe=0[et mo|= Zo| HIg,
LSL(5.1m)/Pipe Length(7.6m)=67.9%,
HSL(7.1m)/Pipe Length(7.6m)=93.5%.
e =|=
4, 3T 3|nf HA oF
S27g gusp| flsiMe HIZ += HAS sliof k=, &
Moz AMES HAE 4 s 0| of Mk Aolct
A 4

2006)0ME HEARET SSMiMel 242, 4R s1E
-

U 20| M2A IRFSTE WEc Holo| AMIA=Uct
Jang et al. (2013)2 24 Oy AlHZo| Xl RQITE
= 2ol AEAZT slM oz ZETL s ARe| 2t BE
ABIEE HZI510{ 2.5 HzE O|HAI7 SZZLLE AIZSIRCE
Kim et al. (2011)2] £&| A=HE F=7|MolM= AHZof 25
DFRASSE 18.7 Hz7t 2HFIE 19.8 Hzoll ZESIERZ, 24|
2 oM delg S5t ZM=EZ I[FISFE 16~17 Hz=2 O
A7 STGES ZAAZCE 2Rl 2EE Fokske 4Rk
(Yoo et al., 2014) QUct SZIS|TE Llsl SHEEH| 2l E2t
X Mx| S0l ARBE|= whHS0lch
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Table 9 Design cases

Pipe t SP t )
NO Freqg. (Hz) Ci/0%
(mm) (mm)

Origin 8 40 18.7(0) -

Case 1 8 30 18.2(C1) 97.3%

Case 2 8 20 17.7(C2) 95.0%

Case 3 10 40 20.3(C3) 108.7%

Case 4 6 40 16.7(C4) 89.6%

Case 5 6 20 15.8(C5h) 84.8%
SP: Sole plate

ZIMSAAE loll A, MAWHS Hetxzd s2 XN
st #Mst REIS F8lis|of oix|gt £|XMS| Bl S CHAls0d
FOIE MAES| IS 72 0|8sl0f Zichks| =[xs) A1)
£ 752 = Aot TIAE A2 (16)1 Z22n] 0|8 285101 #
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EE & 0 DT g2 MESIH Al (17)2 ARSI, %
FHA Alo| DRTISSE g2 oIEE 5= Uct o MEsiMs 1
2{510 AAHHE HEP| lcleix| 2= Aol ECt
f@) =(fla+Az)—(f(z))/Az (16)

(1) Sole platee| TIZT gt (TO|= S 8 mm %)
30-20 mm T2k (18.22-17.77)/(30-20)

= 0.048 Hz/mm

40-30 mm T2k (18.70-18.22)/(40-30)

= 0.045 Hz/mm

(2)mlo|= IZtE ZHsole plate FH: 40 mm 1)
10-8 mm 2k (20.33-18.70)/(10-8)

= 0.81 Hz/mm

8-6mm Tk (18.70-16.76)/(8-6)

= 0.97 Hz/mm

Sole plate 2IZtE Zt (0.045~0.0048 Hz/mm)2 2H 1R
S0f| o|xl= HETo} Tlo|= (0.81~0.97 Hz/mm)ECt of<
ACt 10 mm 54 HAS 51 RES7+0.45

b 2ol mo|=eo] A 5 1 mm HHZol|

0.8 Hz Ol HAEICE o 2, mjo|=o| FHE 8 mm
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oM 12 mmzZ & Ao IRXIST oS g2 Al(17)ol 25
22 Hz7t =ick

flay)=flap)+ flz) X Az (17)
AN IRESE = 7|F TsF + UEE x
=18.7 Hz + 0.81 Hz/mm x (12-8) mm = 22 Hz.
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