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W X APUK IR A — E L

TSR IE T BEAT 1K PG5 1 [ A A 5 R s P A AR o s e T Seik (21 ) BEAT T
B B RSEH [EA R T L, B H R 2R oK EA SR A S R 16% DL L, AR
A1 B A AR K E A A R R 41% o SCHR (22 ] R4 T 1 808 B2 58 4 2% 8 1 25 A0 TP SR 0 S e A /K v [
SRR, 2K EREF] 160 mm [ (B 58 W BGA 22 20 mm) , XBLI {4 [ 45 %6 HA o8 4 2% #5712
S 52.7%, TR T 47.3% ; XBL2 34K o [l G 455 HOA 25 AOh A SR 70% , TR 30%
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FEE Al A B A A R B T 2 AR SR s AP A R, T AR AR K Y [
FARR , AE VA BRIy T D B I A AR, AR R LA, W R A W, A [ AT AR
T K FRARMCR, TR WS IRBUR B m (Bl an R I Tim, K s sl K AR LEE s ot R
KR TR R PR A 2 5 3k 280 ~392 Hz), H—Br[E A WA N A 41 Hz, KB LR P98 b A 7T 36 45
WER&EIERES, BZARERS, HEAWEHRFET, @ik FELE, BRI & B & A 55
RO o, SRR RN TR B, v AR B A ER . FERME LT, MR SR LT 2
AR CH BT MR, KRR T IR AR IS T AR

SR RS M S B ZE S i 20, VIR A B B sRGE R R Shis s T RS IRS M k, RIT
SLPR R L LR AR L . BHJE B Z ) —— X oG &R, KW TR K o B RS0 52 S B B R
B Z L RORIKARBEE b Sk i LR i (8 e i A8 77 i o AR SCIRHEAT T IRk, H— 2 IR K
IKEEAUR AL 48 A IR 308, SRA GG LT T RAAEE . K A i g A a0 ik, n F %
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R, mTHLEMAATE, b B RRSI IR o KT TCHLE 04T (2R B EA A,
BR[21-22 92 Pril i 9 K B il AR SRR T2 0P B i IR SR BIE 13X — o (HA 2 iR,
RELEM B FROK R B 1 B B IRSIIR N KRR EAA R, =P Ba i A miRaiRoy =
AP EA PR, AR IR, T2 B E R BT R SEPr B d RS AR . AR B R, T
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BRAE AR /N TR R B, VWA LR kA . X UL, il i i BB JE R RO 48 AR R A T
HEAE o
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2.6 EREZEAMIE L TAY AW ERIR TR, WS TR — B R S
O, FEACHR 38 P 0 LA ) R 1A 3
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P IEL S R 6 ] — i o o7 B A il el 45 2R, g DL G A o o L — B, 4% B 2 ) — o 22
(W 1) GEMIRGE A EA—E e R E A, %A B R W R A — R, LB U A
2o HTAMIEE H RS S TLOR P8 B i RS eR A e, T ZEEEmRErE, LR ryxt
M8 2 BB X A LAY 1 B A RS RR T
FUUBER LB 2 B2 A R B A S T ) R S SR R

it Y 1 G 2 i i A 3 B i 4 B g 5 B
85— it He 615.5 885.6 950.3 1066.0 1388.2
85 K Hz 593.3 796.5 1001.6 1217.0 1606.4

THZH 1.037 1.112 0.949 0.876 0.864

25 SR P E AN AS [ L 8l 0 — B PR S £, SR 2 R . AR AR, 8TRE T IR
S POt T AT 2 (R R A, 1 AR 25, G 2 5L A W e S A R i T
SR ER, MR ERE 3 AP E WM R R, Bk, W0 Ut 2 S48
w0 0T RE 2 B AN E IR R, R T R ER AR EIE
2 PR =P PGS — B B d R SRR D 2

MU 8%t A
1S E 2 S E 15 2 50 E
W — W ik Hz 615.5 557.3 604.2 603.9
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0 469.0 5554 928.0 1176.7 1370.5 1678.7 1857.3  2060.8 2172.5 2388.0
LIEN

BT UL K o e B 2 S

(2) 7K {1 BRI LE S 1 A 1 Bk R O — B R A T R, WA
kA BTG — B AR SR £, B B H N 3 T

72 3 AT, K B AR — B ) E R SR S, 5 SR R — B ) R SR £, 2 S
SfufE0.758~0.872 Z[a], 4 N ILIEAYFI{E N 0.792,

J3 P ROK R — B R SR S, TS R

1t f 8"t H
1 S E 2 S 1 5 # 2 5 E
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% R Bk /Hz 469.1 456.5 458.5 455.6
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3.3 KBHRBFERKPHIRBELGE NH “RRIET WKL A K b L IR IE A L o, 3
R

(D) Bz b A B PR Sh A g 5 & AT A3, I T 00 A2 R /K A8 AL 2 Atk b s 0 B AR 3
WRZ W S I KT B ARSI w,, BI: w,=0.758, 0.792, 0.872;

(2) ¥ wARAR(13) SRR Z B2 EL, €=0.652, 0.611, 0.490;

(3) ¥ 34 &4 HMRAK (10) X (1), KX Z w, | a,, FEIE 4,

UL, Z KA HLEE e e K o LR 0 P sl e (i R4 WEE 3 A A RSN H R Y
HPREME R 117 £, HI R RE A AR, BLE L . AR IR L
ANBIRAR I LR R 3 iR B A L AR T 7 AR i A HHRSMEL v, 0758 0792 0872
PR B — PR SR 2 R Y, B K b R 1 it R BB H & 0652  0.611 0.490
TN R - SRS e w, 0387  0.503 0.722

BRI ZAb, ARICE N A F3R 3 5 SCHEk[21-22 ] 42 o I8 R W B @, 1.011 1.034 1.171
HER B S, BRI S A | B O [ A A0 2% 0 A 25 2 i
Fr TS0, BV LB AE RS 1 2 B ], HoK b Bl 4R Sh 505 L w, = 48.21/54.02=0.892, X )i Y
K BHJE L ¢€=0.452, AHR A K H AL SR IR A L o, = 1.24,

4 BERST oK IRIAR

O itk — AP B AE R SCHR A BE SR R, A TR B A 1R S BOK P LR I R SR, 2R AT T
B R OK P E IR
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4.1 REHFZERME KBRS WAE 8 o, XF—AHE
(B L TR O A R ) Sk A it o — i A R Y A R GE iR Bl
X2 — AR B AR o8 R BB R, HLTE R b =
44 mm, JEEF h=1.5 mm, AMK)E L, =188 mm, LK
JE L, =253 mm, 330 RS 7E A OB BN, PR o 15 B
A EAEZEM, WA BRI IR SR AL JAS . i i 2 7%
TR RN AL I, 3 L IR B /KL . 4RI
BITE RS SRR AT, o34 AR Sl i (B S &% B

SRR S E A &8 A 4 A Y BRI Bt hn 45 B
e, Bk vl S B IE S B3 AL S AL K B0 B0 R S O AR AF Y R as gl i sh Lo AR S L, R
WA TE 0~ 1400 r/min Z [R] 55,

1R AR RS AN 1000 Hz, SRAEMFE]Y 20 s, THE0A7 AL IR g D) i A PR Sh e e (. PR3 i (6275
RIS, BT wm; PRBDOLFAL I A AR RS, B R B RS, B pm,

B RARCA M, KRR E=1.965%10" ~1.986x 10" Pa, i ICAGH, 22 B B [E A
WA fy, =9.34 Haz, A7 0B BE10 [E A 0% £, = 16.91 Hz,
42 RWERRSW KB SR P AT, B UL A8 5 A AL 1, DAk 2 R IR A
(RIS PR BIAL) o I 30 B8 1 s R b9 L A0 B A% SRS 7E 23 S S OK rh i 41 3l i 1 45 2R 43 Sl an 181 9
&l 10 Firs o
421 EHZILMEHN

(1) 2R IR R L . 7EIE 9 A 10w, #8424 Ik Sl WRELBE T BE B3 A0 2 0 s, 3 il J2 T
Frit iR TO0, JQUEBASHE . B, UL R ™

B8 IR e
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1 1
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i A7 . 2 SN S92 £ = M3k 2
B9 4R 0 B 12 s 7 B W i 5 Bl 10 A I T 03 A5 A TR I 145

T R TE SR BRI TR PR B B AL AR R S R A o LB TRT PR, 4 NI AT, WLk S5,
IR AL R S b 2, M5 A, W3k 6, WIAME IS B W (E S R IR AR 8 & — 3k, Wi
SEH A B RN AR E . 16.77~16.86 Hz 1 9.14~9.79 Hz,

F5 AP IR IR B 07 8% 4 e Ve 1 T D0 R R {1

WA T LA f, /Hz 16.77 14.36 11.57 9.79

U {1 T 190 1 8 /jm 1472 356 455 275
26 A5 S SR G TR I AV R A% SRR 0GB T O A R A i

W T B f, /Hz 16.86 14.36 11.57 9.14 7.24

U {1 T 190 W 5 /jm 847 605 525 1201 415

B 62 16.77~16.86 Ha SRS , 1280 (085 G RR B PR 0 40 0 16.77 Ha, S5 40D BY R 31
S A% 16.91 He A3
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FORJZ 9.14~9.79 Hz BRI, HL 0 WAL FS 15 S8 Al 1Y drc o D EL IR0 9. 14 Haz, b5 70 ] 20 3%
TR A AR 9.34 Hz WEHRIT, WHTHZIE(E th A M E R IR 5 1R .
K5 ROLUFTIHE 3 MNRESAR, AREML R IR TR HLIG 25 B A R A K

F T AR RAL A K SR I OO | R (R B A R RO R 0 T BT R

W T LA R f,, /Hz 13.62 10.19 9.16 7.33

U T 0 gl L/ um 123 142 93 106

25 SR R TR f, /Hz 16.77 14.36 11.57 9.79
folf, 0.81 0.71 0.79 0.75

F 8 IR AL AL R K P PRV OO | R B A A S i R 7 0 L T 0 A R
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S/t 0.84 0.71 0.79 0.80 0.67
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CEANH R B RE, IR AL BRAT 4 A0 (E T 00 F L I8 07 B AL IR 5 AN I8 T 00 1 7K A il 36 45
o 7, KR8 FR, £ T L8 ILHNH 1 a5 rp IR 12l 45 X5 i 08 T 00 i 25 S rh SRR s
T TR 25 JEIR AR £, R Y f, Z B
4.2.2 33k T IUREIES M

(1) PR 8 1Y Lo 7 s S HR e A8 b i e 7 3k o K b i R 22 A= v iR Ao o A M 2 R
Rl b, o AL PR A (A 4 X (B b A, TR AL IR MG A L o, 64T B, 5 BT A X (B BN
maTH B, BlT o ZAHX TAREP G E A BOCRE ST, 5 RE Sl 4R 1) 558 /) 8 3 o
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Research on amplitude and frequency characteristics of resonance

of equipment operating in water

XU Hongquan, ZHOU Ye, LIAO Cuilin, CAO Dengfeng, ZOU Zhichao
( China Institute of Water Resources and Hydropower Research, Beijing 100038, China)

Abstract: In the operation of equipment submerged in water such as hydraulic machinery, faults such as equip-
ment damage caused by severe vibration are often encountered, which are mostly considered to be caused by reso-
nance. Dimensionless treatment is carried out for steady—state vibration solutions of the free vibration and forced vi-
bration equations of the simple harmonic vibration system with single degree of freed firstly. Then the resonance fre-
quency ratio and resonance amplitude ratio with different damping ratios are calculated and it is found that there is a
one—to—one corresponding monotonically varying relation between three ratios. A reverse estimation method is pro-
posed and that is to measure the free vibration frequency of equipment in water and air respectively, assume the
free vibration frequency in air is the natural frequency, and then determine the damping ratio and resonance ampli-
tude ratio in water. The research uses the hammering method to measure the free vibration frequency of the model
Francis turbine runner in water and air. It is found that the free vibration frequency in water is lower than that in air,
and the ratio of the first—order free vibration frequency in water to that in air is about 0.758 ~0.872. If this value is
assumed to be the free vibration frequency ratio in water, the corresponding damping ratio in water can be calculat-
ed to be 0.652~0.490, and the amplification ratio of the resonance amplitude is about 1.01~1.17. In this study,
the real resonance test of the cantilever beams fixed in the middle was also carried out in air and water. Obvious
resonance occurs near the calculated natural frequency of the cantilever beam during vibration test. During the vi-
bration test in water, it was also found that the resonance frequency was significantly lower than that in the air. The
ratio of resonance amplitude in the water obtained by the reverse method was less than 2, and the magnification of
resonance amplitude in the water to the initial vibration amplitude in the air was also very small. It further indicates
that the amplification of resonance to excitation amplitude is very limited.

Keywords: turbine runner; cantilever beam; resonance; free vibration; natural frequency; damping; vibration am-

plitude
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