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A Study on Dynamic Analysis of Vertical Mixed—Flow Pump
for Nuclear Power Plants

Mot el Al 8y
Y. S. Seo, W. S. Lim and H. T. Chung
Key Words : Vertical Mixed Flow Pump(}#AH7 #3), Normal Mode Analysis(3l F2%5 3MA), Seismic

Qualification(W)x12%), Finite Element Modeling(f3t 84 Ed4%)

Abstract : This study introduces the seismic qualification of safety related equipments for nuclear power plants
to verify the possibility of resonance in regard to the operating speed and the structural integrity due to
external piping nozzle loads as well as seismic dynamic loads using El-Centro earthquake, which was occurred

in the 1940's previously. As a first step, it is necessary to investigate the natural frequency of the vertical

mixed flow pump in order to determine whether static or dynamic equipment comparing with seismic cut-off

frequency, 33hz. Also the normal mode analysis was carried out with the introduction of seismic restraint at

the middle of vertical pump to increase the natural frequency. In terms of design structural integrity, the

application of static analysis with normal, upset and faulted nozzle loads event was presented for the

comparison of material allowable stress. Also the dynamic analysis was performed to show the design

adequacy through the application to the case of El-Centro earthquake.

1M =

[

o)

AP AR AZE VATAE, A% 5 TAE,
g ZdE 2 ¥9 WAL, TS, APR
Ae4E, AASES, AW TP 848, Mot
£ 50 98 4893 gtk 39 APBTS Hlw
sjd 47 MRS A AAsE Pl YA 2
o] 2 ZEpE BE 4ud AAsE Fxol)
Bgo] DETAE o] AY F Utk Y A
spne sgng ge Aoy FreA Pz

18 A5 AiHor vol INEAG 2L
=854 A9 g9lo] € &
A& HEo Fx Ao & zﬂ + 1962

J KovatsE fald &A e BT 219 324
st g3 ES wide] AR 7] ®sel o
3 Wz u{FAFFY EAHES THsUL

Pottie 5< 948 2dx9 4¥ B¥74s u_—°ﬂ

A4d 1 20064 849 239, ALAFA 1 20061 109 2
R AYARD) : FAostn 7] A5
E-mail : htchung@gsnu.ackr Tel. : 055-751-6165

Mg, 444 © EAEBARAT) 7l&dT4

442 A9 ML T3 3 3
—7—5}315}2) FRelME o]z TV
TE Yoo] AF A¥os £ 2d
Az 7|z AAFY A Fd=E
ATE -r‘!ﬂ?ﬂ?ir/} FRAYL A o
/\«l AN LTS FFoE ALY §
Y 2 11]-4 'r7]' Il J3 FdFe 4
37) 8 ATE TR 5]—1-%5% I
?Jf‘éjm«l IZE gol digh WA= %2 e
%74]94 LFAFT W
dAER XWEMI o

“ﬁrﬁ.dfﬂ
o&‘.‘.mg_ﬂ

ox, du mlo rot
obo N e o oft o

-ELEL'
&i:l

T

—.~—LIJ-INF3

U
-

ks B dFeMe FRIAY FoplM 7HE

Zo] AgHT e A4 Y TEaud
Nastran®& Abgstel 29 BEd g f3tad

2a3e 2485 7179 ASe SAASS ¢

...71_



Frash) ol

3% e W%

9t g FTo BEwdl F434E £3Y B
$HE 9 Ao g T2 FUAs

sigol o BLe 2

B,

2. TEeb MAALY

2.1 TMEQARf X
Fig. 12 2 3j4 e dA4Y ¢ds dASH
4 93 AFREEY oy @ 9¥ F2E Yehlz
Ak 98 AAFEEE A o 2ol A FEL2
2 7449

(1) 98, A, FRE 8,
o=z :F"*ﬂ‘—‘- B TERE

(2) E23%, 25 AW T

(3) 9428, *il‘ﬂ Hols, #oy *JMEi 5,
45, 7EF, EW‘: 2 ALH, ALY
AAEFA 2 757

¥ g

<
=
£
=]

! Part Name | Material type
- 11 - Suction bell
. to mouth A351 Gr.CF3M
Lower Motor Brg. | | -
Wear ring | A351 Gr.CF3M
Bearing case|{A351 Gr.CF3M
Guide case |A35]1 Gr.CF3M
Shaft A479 Tp.XM-19

Column pipejSA240 Tp.316L

oo cotum B Shaft tube [A312 Tp.316L
Packing box | SA351 Gr.CF3M
i Muff c/pling| A479 Tp XM-19
‘ Split ring | A479 Tp.XM-19
Lower Column Bra. Journal b/g | Thordon(SXL)
Base plate | SA240 Tp.316L
*C‘/‘pgl‘igg A182 Tp.Féa
Uoser Gosing & Motor Stool | A516 Gr.70
Key A479 Tp316
Lower Gosing 8 0-ring Rubber
et Swud bolts |SA193 Gr.B8M
Stud nuts SA194 Gr.8M
Seismic | sA240 Tp316L

Fig. 1 Vertical mixed flow pump for ESW system
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Table 1 Design specification of ESWP

Service name essential service water pump

Quality class Q
Pump fluid sea water
Design pressure 689kPa
Design temperature | 32.2C
Capacity 7,950m’/hr
Total head at rated |[45m
NPSH required 1.9m
RPM (Frequency) 720 (12Hz)
Motor 1300hp, 60Hz
Specific gravity 1.0
Seismic category 1
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Table 2 Nozzle loads condition of ESWP

Normal |Resultant Force(Fr) 186kN
loads |Resultant Moment(Mr) | 338kN-m
Upset |Resultant Force(Fr) 205kN
loads | Resultant Moment(Mr) | 300kN-m
Faulted |Resultant Force(Fr) 300kN
loads |Resultant Moment(Mr) |659kN-m
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Table 3 Seismic load condition of ESWP

Elcentro absolute acceleration
(3% damping)

Vertical
(y-direction)

Elcentro absolute acceleration
(3% damping)

Horizontal
(x, z—direction)
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Fig. 3 Absolute acceleration of El-Centro earthquake
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Table 4 Effects of seismic supports on normal
mode shape

Natural
Frequency[Hz]

Without | With

Mode

Description of mode

support | support

Bending mode of lower column
1 in discharge direction 15,627 | 37.490
9 Bending mode of lower column in 15557 | 37.502

discharge perpendicular direction

3 Bending mode of shaft protection 38.196

49.579
column

4 Bending mode of shaft protection 38.210 | 49.673
column

5 Bending mode of shaft protection 61.766 | 54.382
column

6 Bending mode of shaft protection 61.830 | 60.283
column

Bending mode of motor stool 63.809 | 60.88

Twisting mode of motor stool 64.100 | 61.117
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(b) With support
Fig. 4 Comparison of 1st bending mode in

discharge direction
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Fig. 5 Stress analysis on nozzle loads and design
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