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Numerical analysis and safety evaluation of the underground powerhouse of
the Xianju pumped storage Project
CAO Xi', LIU Qiming', ZHAN Hao',MA Zhenyue?, ZHU He?
(1 Zhejiang Xianju Pumped storage Limitation Comp any, Xianju 317300, China;
2. Dalian University of Technology, Dalian 116024, China)

Abstract: The vibration problem of powerhouse is the key in designing pumped storage power plant. This paper took Xianju
Pumped storage Project, one of the largest projects in China, as a case study. We conducted resonance check and vibration re
sponse evaluation of the underground powerhouse, and proposed the vibratiorr control standard values for Xianju project. T he a
nalysis showed that attention should be paid to the vertical amplitude of machine pier in structure design as it is slightly larger
than the control value. The resonance check showed that the overall structure of the powerhouse and its main components meet
the code requirements, so the possibility of underground pow erhouse resonance is small. T he maximum vibration displacement,
velocity, and acceleration all meet the requirements of the proposed vibratiorr control standard. T he vibration root mean square
acceleration of the column structure is slightly large, but the frequency weight ed acceleration amplitude is small, so it meets the
proposed vibratiomr control standard. In view of the situation where the vibration response of some local members such as the
olumn is slightly large, we discussed the effectiveness of taking local reinforcement measures to reduce the intensity of vibra
tion. T his paper can provide a reference for the antt vibration optimization design of similar powerhouses.
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Fig. 1 Three dimensional finite elem ent model of 2# power

unit of Xianju underground p owerhouse
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Tab.1 M aterial parameters for calculation

" wE FOMRE R EEDT R
PR /(kg* m3) AL /GPa /(MN* m3)
B 2500 0.167 28 -
A 2 600 0.3 10 6 000
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TKERN | 5 2R A K B FEATL AT B AU A2
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(T R IR 91 [ T S AN 1 2 1), 0 20 2 AR 8 L
T T AL, R B BB AT 15 gk 4T
RANTFFT . ARSCAKIE K 3G 5 v e B4R
5 IR BT B R T 20% ()2 K kA7 3L 3R
%, 3% 2 FIH Tl JE R YRR A,
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Tab.2 The frequency of unit vibration sources
PRIFE ErRe) PRSI R TREN A/ He
1 IEHHH 6.25
MU IR I 2 IR E I 9.25
3 2 5 12.5
AL AR R 4 AR Z) 50, 100
5 K B ARSI 1.25~ 2.08
FEIKAE TR 5~ 1.5
K IR V5
e - YRal 56.25,112.5
8 TR S 125

1.3 AR EHTH IR

WL IR 3 3 B R M4 R G & H 57
FREE KL BT D3 (% IR Zh 8, AL ENL L
o RV [ A 5 T AS A 35 i 7 IR K 65 o £
BN K JE F1. SRFD Ansys SHARZAS Bl 100 B2 7 vk
APV T, T LA R A T2 3 h L
ZHL IBAT I TS A AR 3 TR 4 NV AR, A AR
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Tab.3 Dynamicloading am plitude values of the base plate
kN
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ZERe TH (eS| Ic Tl e 12 111) )| Hh i) 1] G |
- HIE A7 A 197 531 682 228 1 1224 123 7 6
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= 15 7] 3 2 013 2 386 569 95 0 629 218 135 5
ry TE THe 20 W AH R 1 370 1 734 581 0 16 57 132 91 5

i R DI AR 2 B R T ATV

T HUUE THERN( 8 MERIAR)  FHLASERN 12
FERHAR) AN AL SR Al 8 AR AR) L, 1T A Bt
i 20 o Ol 1M F A 6 25 Hz 15,
L = = VYR AR 1A AN [ ] BA% Fe 6 25 Hz i
S, ) ey 38 [ H A % 50 Hiz 15
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Fig.2 The mainload diagram of generator foundation

1.4 rahizHlink

A S N AN IR TGS K Bl I WL L Al
DA NAA i JE 45 AR BI04 b o, INLAA ireR &, 45
AR IR B RE Ll 1 s B L 1B AT IR B

MV R, I BT SRR AT 246, 4 Hix
Al ZKCHRL 8 ) s iR Sh 4% b R L BT 3R 4
et I3 e IR R )42 1) v g R R K e 3
J s et BETE HE E .

4

Tab.4 The proposed standard vibration control

values of Xianju Hydropower Plant

TR mm P (mnre Y IR (mes?)

AR RS - - -
B KE BE KPS BRSO OKF
M ST 2 1 0.2 10 1.0
o RN 0.2 10 1.0
N AR R VPANY / 3.2 6.4 0.64 0.64
KA & 0.1 0.15
LI 10 1.0
HHA 015 0.2

2
2.1 ARMGHERREIE
AR BT BT B A 45 M B T 20 BAY [
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Fig.3 The vibration mode of the powerhouse structure
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Tab.5 The natural frequency of powerhouse structure
Hz

M¥ 1 2 3 4 5 6 7 8 9 10

AR 12.4922. 00 23. 03 24. 22 25. 74 28. 39 29. 49 30.20 30.47 31.36

Mg 11 12 13 14 15 16 17 18 19 20

FE 32.9133. 60 33. 87 35. 31 36. 33 36. 59 37. 07 38.15 38.52 39.31
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Tab.6 T he vibration response am plitude of pow erhouse

structure under unit vibration loads

MU IR PR T

/ mm /(mm* §1)

Sk niE

L /(m* s2)

BWUE 4 0. 18(%0H)  1.92( %) 0.20( HLEK)
R R 0.20( %) 4.05(7KF)  0.22(HLEY
% [ 4] 0.10( KF)  8.80(/KF)  0.44(3LFE)
ETHAWAREM  0.07(KF)  6.32(KF)  0.31(3H)
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Tab.7 The vibration response amplitude of powerhouse

structur e under turbine pressure pulsation
ST HUBIRIE/ Mm G/ (mme 1) S5 IIBE Y (mes ")
TH— 14.29 4.37

1. 03( 3LEE)

TH— 16. 51 3.04 0. 99( 3.4E)

SEfR b, K E RE Ll LR S 45 8 7 200
AHH A, 2 BRI RSE HAH 2248 25 S7 AR R R Wy
MHEAELOm~ L 2m A4, JZHMTE 3~ 4m 1)
JEHE, FoAT JUM BIRATR IITE 30~ 80 Hz [N, 45
PN BEAME L R B AN K, 2 52 R AR LR AT e
2N, 5 55 A SO 454 0 TR RAE A =& oo 1
(), H B A Ik B 555 A AR KN

3

WL B3, AR ) s B AR 2R3N
SAZEDR, (B A7 BN 2 ff EA ) SR ShBOK 1)
LG, WS R PRSI S B R P Hoieg 2
IR AR, JR R as ) RS S MR EL WA 4

b, BB X T SR ) e EAEAN A R AT
PRI, BRI 1 A i 0 [ e 0 ST TR 72 T R
G S AAKE TN RS 2 S AT AN KB T ) I s
3.1 EIR A F ARG SR ORI A

b T ST, SEAEAE LA AR R B
(Y 5 1) Wi AR 8K, D LB R X I A £ ST A
BEAT TN, 15 Wt - A5 e ) = AN SL AL TEJ48 Jin s
PRI S5, B JR45 7] AE AR . I R A
PROCAT LA 4.

4

Fig. 4 The finite element model of the solid wall reinforcement scheme

TN J& A T2 STAT: A5 SR B4 98 3 22 DL AR
a1 Y 5 1)) Jesh 8 3, InEAL B AL AT R SR T
A TN 0 SEAT: ) B IR AR AR AR A XL
JINIE A JE BS7ATE B IR AR AT R, SEAERTHT 6 B B R4
FIRARE T 6 3% . DR, R E A0 RS2 A B4R
VEBA B R, AN IR SR R 2598 .

TN JE A FaAL = M AR AR BT — e A2 Ak, — B
IR T 3 87% . R, |5 45 44 (1 35 hn
[ AN BE A7 2B e R AR AT 1) 2 Al 0 P e, A0 &5
He)JR3 I PRl R AT I 2422

BT TUR B BB SUR FERK B il
(R 2h i 2, i ] iy Je i 7R FRA £ Bl B 81 T 3 8
Ho ATELE Y, N K S HLZ B DA ST AT ] —
25 R B RS N FE 3 — 8 I B AR AL
FO6 BN (AL, Eehn b 0 far BEAT AR, 1
BESE AR AN TR HRiE FEARAR 22 s AN AR A SRzl i
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Tab.8 Fluctuating pressure response after the structure

was modified (adding a solid wall)

oy 3107 AR 377 AR s

fL#/ Wm 4 2

GER R /(mm=* s) /(m* s7)
InERT MBS mERT mEE mE mEE

KEHLZE

e 11.18  2.06 0.71 0.24 0.60 0.07
AL 16.38  6.52 0.94 0.63 1.03  0.11
3 9.16  7.53 0.48 0.88 0.51  0.53
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FEEAN INTE R e B W A 14 K, E LR BT BRI K
H— B, SERS R AR N AR AL
3.2 3R ZAER & 6 R R RN

R TS AE R 4R B0 S SAH X 85 B i, A 45 1 48 2
(77 SEARTF B A6 S AT R i i il 14T HIE A
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BHCTAN T mx T mB R L 2mx L 2m. JIHE
BT JE AL SRR AR B A B R AR AL, |/T 6 B H
AR N T Q54%, 116%, 5 01%),
7 54%, 4. 05% ,3 23% . KL, X 3R 2 A% 450 %
A B

A AT INOR SEA: W T S5 A B2 B 0 ik
ARBNME L, HR A e KIRIE S T38 9 e 454
(AT % M 3 RGO BT 14K, (E R 25U b, s
T Bm BRI PR B B A D0 R e S B
AN ABRCR IEAN B2, 0 2o T S AR AR 3 n
FE, B ARG AR W fE 48 b 1 SR, (F BRI B
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Tab.9 Fluctuating pressure response after the structure

was modified (enlarging column section size)

1B /i i’aﬂ&ﬁf‘; i’ﬂﬁ*&?ﬂ%&"
shF B /(mm * s /(m* s?)
IR S mE A mEE mER mEE
KEEHLE
beig 11.18 12.50 0.71 0.76 0.60 0.11
A 16.38  16.40  0.94  0.63 1.03  1.00
bk 9.16 9.18 0.48  0.31 0.51  0.49
4
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