45 3| T B & M Vol .45 Special
2004 % 10 A SHIPBUILDING OF CHINA Oct., 2004

E4E:1000-4882 (2004 ) 03-0226-7

ol R 359 Fa Xt
ol 77 BB iR i HR 3h Mim R /%) 2 a3 4

R 2
(P EHERHFALH TRHEE)
w =B

AXPURRKFEA Y Ea, ERHE Lyong WE LR AR, AR TEKABRAEKYRACURKF S
FAKARFHRSIHRERH, TEHERRA, KIBRAKIRE, EENESHUARBLO TR LR
o, AMER T EHERBIIRSI W ; K07 0BT HERR, AR RT AT R AR A 8 851
FEBRFE, BRREHHEERZSHBESHEHEE,

x # & RERN HAWN

1 BimirFER EHYG

MTBELEMEAR, ek, BEIZE AR, KB TRZSRMIRSTERE,
HAPBA YRR Disilvid” | Hartlen” BB IREIRSIHT R BOF SIRFER, URZERKE
BAsEES ", 0 Iwan®™ . Griffin ', Sarpkaya X1 XEHEBFHEERE S, HEURADREGEST
FELRMBIE, FEELONTERERALESER. BRMEARAIFENR Ivan BEZBH P, B
ZHEBHEMAREMLA G, FERSEEECEHFTMAIRIEEE. Lyong 348 Griff KL R
B TARMEEE (LE 1), BN Gnff WERERE, HOMEEET Guass 275, FLIXBEREH
Fil Gauss 3B IE . TERIE Gauss BIERREET, BR T Griff LR, BITEERET Feng'”, Brika"
HISEB S R A K Foulhoux[mﬁgﬂ‘ﬁ#% BUX S5 R EEHITE IS, EERECh:

A —2(,\:—xc)2 /w’

W7/ 2
ARFHREN: yp=0014, A=2.040, x,.=6.172, w=1.723, HMHEESELEMNTELER
FRZEXTHRE 1. £ 1FHA, A Gauss BEHIRERTLMEEE

L. O

Il

Yy=Yo+

£ 1 FWAHEIESKEMTESRAIRET

RE Griff Feng Brika Foulhoux

Gauss d125 1029 1001 0898

Linear 1539 2396 2183 1977




45 & MH BRAER TE: K DRBIBHD 39K S B IR MR 5D W R 69 B M43 R 227

™ Griff
* Foulhoux

Amplitude A/Agax

& 71 s g 10
Reduced Velocity v = D

| | 1 -
40 50 60 7-0 80 90 100 4
Reduced velocity

M1 Z{EBIE B2 GaussfEIE

103 B B WA L 43 BT B R B R 35 TR R RAS, BT AR B — AT 32 147

A ENRRRFERELR AR ERERSHNOEBNT .

D HESRNEERENES, FEEEERHBARRR W,

2) RBERMHOEREDIM, HEESWNKET L FAESNYURTEE. SRR R A
FMTGEE ERN, EEALRER, BUSHES.

3) HEEHNASRRIESERER,

l l
HHFER v, = [m(0E2 (x)ds / [s(g2 (0ax o MTFHISMREEN HIBSK B TR SI4L
0 0

FHIRE, Wy, WRROECKERR. 0T RERBERE LSRR, v HE 2B
IFHURMEER, BSE F RN R R G AR R .

FERESL, = jm(x)g’-“:(x)dx / [mE ydx . st FRmzty, L= [&3 (x)ax / [£2 (x)dx
0 0 0 0

X FREHMORIEER, 1, =1.0; STRERN—MES, [ =1305; EXEA,
I, =1.155, (AR FIEHSLEM | SESESBRERSHRAEI.

4) BHBMMTBEEB L, #4¢5 = +F o

! 3 ! !
8, = 2D [Cp (1) pDD)[L~ s()JE, (x)| dx / (3l [m(0)&y ()dx] [ [m(x)E2 (x)dx]' 2)
0 0 0

5) WBEWRABARE: F, = 1/[1+9.6(u"¢*)" ]
6) REWRKERM, MERHET 4, IR, TSR H 55 95K m i e .
Y,(X)ax = DF,I77&, (%)

7) BRRAEE TSR, XENIRERITEE (LE2),
8) *ﬁ%ﬁ"’ﬁ’“ﬁ‘]f‘ﬁo
9) MEB—BEE, EELEI~ 7, MBS MIEERR MR,




228 G H & M FARIE L

2 BHIMEGRNT
2.1 SRR BRI

BX Hutton -5 AR . %2 HEFEWNEESE, B 3 AEETEREE, B4 Riditik
J37F 5k S BRAK BE 75 18] B9 AR 25 B B8R T BRI AN 45 B AS R R .

51 )

*x 2 Hutton L8 )TESE 2=0.4 /s t To =13415 kN
L a=0.4 m/s N L
2. FE1EK (m) 50 !
3. HABRSEK T
KE (m) 300 1T
M2 (m) 1.1176 * ? | Locking-on region
B¥B (m) 038 44
W 328 B
BARERER (T/m) 1.000 o e
B3 4 FE B 05 2 (T/m) 1.006 R - R
LRI (KN m) 3.854 x 10° l'ro i
Bl 3 kBRI AR
{ o 13415k
1 T T ' -
N sum
06}
04t
02} , T
|
02} . /
04 ' R

0 50 100 150 200 250 300

Bl 4a  FERASHITIL Bl 4b 5k BR A B ARA  BAR X I8,

BABLITT R T K I BRI A 3w SV E RN . 3K AU T3k B ZS AR R, M T4 ot
W BUR R A AL (LI S5 )o £ BABEAS AR BT LA B A2k i 7 £ W BB P BB 3 A7 B2 Ak b 28 TL IR 6.,
e el R DL MR B S R 5K T B R (IS B N A BIME. R SR, B R iR B B/ MEDE R A R

B model
e mode?
B mode3 143
B moded 1.3
none 12 ] —— modet
‘;’{r‘ . o 2
i node line 3 @u :;" dr— Mode3
3 > o8
T . total
T oo
‘.g_ 07 -
E :: ] -{""" - //H
04 : >’ ' |
03 & ‘\h‘\
02 -
01 .< \\.
node line 3 00 p—r—p—r—f———r——————r——————————}

ODE 008 01 01415 018 047 0.19 021 To 006 008 01 0113 015 017 0619 021 -
» ﬁ_ M
Tension (x 10 N) Tension (x 10°N)

B S RRFKIT B U 8RS Bl6 mRRETK (R



45 ¥ M7

Hiﬁﬁ FZ: KAMBF A0 N TK 7 BR IR e 5o R W4 b 229
:
22 RBHHINN T
BT BRI A BRIV ORI, KRt TR, 48 | ||
miE 7. B 11 B, B 7 b S (W=0) SR E B0 S el ( P =
EW=L). B 11 PRI BEMNRE(W = L) ERHm S (HEW=0),
@”mWﬁﬁmﬁﬂl¢%ﬁ%M£ﬁf¢%ﬁmmﬁ%momsom(no o s

BB =
8-10,

“BrR . AR

12-14,

1.0 _
g 1 v
M* [ ]
,-‘: » maoue
04 4 A ' & - ) deamps0 00
. ; « A damp=0.02
- » * B damp=0.05
;? B E demp=0.10
- 2 | | smats Sl pnten abenay s
0o 0.2 04 LY LY 1.0
det (WYL
12 .
e ¥
10 A ": |
o2 4 . 5 chrrp-um
3 . o T modei
o ‘ % Jmode2
> ¢ _ o
04 /f
"2 //
]
e 4 « *
e .| I e St e e T
0.4 a2 LY 0% Y 10
chet (VAN |
8 4 - - l"""'"" i -
45 4 W‘MH# T
4D 4 //‘
» D e -y
= 23]
3 .’?ﬂ".—_
- 30 ,/
[ J
gﬂ-
4! 284 dempn0 008
15 ] —a—AF1{ model
—a— AF2 mode2
10 4 e~ AFY  mode)
.7
09 - — -
on [T s o8 10

124
et
n'.- ;' e . a———— ————
» r,"’ -~ [ dﬂm-u.f)? |
> D& ok —a— 5 made!
Ny Y ~+—H mode?
b4 3 4 N mode)
02 4
o
04 0% 0.8 1.0
et (W 1.
9 (I BELJE T £ B B 25 0 {1 A i o
.0 - .
454 . + '
40
35, /’-,--' ot ==l — —
8w T
g 23
i b1 '
damp=002 |
& 134 . a— AB2 modet
10 8- ABImode2.
4 ACmoded
65 - '
ad v T v v T v 1] ¥ T
00 02 04 0 08 10

del (WAL

10 REFEE T & MBI BY M

mas

vy

YA Y o

shear force ({iog)

mode :
=l W Sarp=0 008 ,
—o— O damp=0 02 |
|+ Qdamp=61

T v 7
na th

n!j P T T
0% 4
B8 .
e e
04 4 7 ]. Samp=010 |
- -~ R modet:
£3 - & Fmode2?!
J 4 Pmade3|
02 - 2 T T
£
4
0.1 4 _,I’
no 4 - ’ . -
O A — e e e
80 82 04 06 08 16
et (WAL
58 - e b
ket "
o
45 - IR Y ’ PO
e & e .___r_,,...--'-i--ﬂ— —&
. -
40 . #",,4
35 - e R S S -
30+ //’}F'Ff.
’J'
. S
25 - e -
f i
" / danthO‘io
) ) | —a— AF4 mode? |
18 J / | g AFS modezl
' E - AFE mode3 |
10 / l
e J
05 -
00 T LA | T T )
a4 02 04 113 08 10
det (WAL



230

FARIEX

YJY..

shear force (109)

10 4

on 4

0% 4

04 4

2

og -

124
19 +
s
o
04
02

00 4

35 5

50 -

54

40 -

A8

and

25 -

M -

184

10 4

05

.

P T L e

(]

0 08 10

YJY,
¢

M

YIY

t o
z
_'___ ""’/T"//,_-"//
'!*/2
L
w2
% -
2 »” A x
lTO

& 11

10 A
084

0% o

L} v L ¥ T o

i L v L 1

T
0.8 0z 04 06 08 1.0

12

12 +

1.0 o

0.8

0.6

DA

0.0 4

det (W)/ 1

B2 B B (B P L

58 -
5.0 - L Mmoo e mogn [P 3
45 - e -’A‘ il et e
40 - - //
354 . /.'__.‘_-——"’_'
@3.0- /-
o 25 4
g 20 * damp=0.02
] —a~N mode1
2‘5' —o-~01 mode?
10 4 b~ 02 model
05
i
' J d 1 v 1 v L ¥ | Sa—
00 02 04 0.6 LY 10
det (W L

A 14 AFEESBMEAMBTR 5

YI'! Yl-

Y Ve

shear force (10g)

184
— ,._...:_-/
04 g 4
* -
_/ P
1 /.’,r "
rl’f ) . —
o 4 'p" model
/ K —8— G demp=0 008
S —#-—E demp=( 02
02 // - mcm-o&
004 eessds "
L) T ¥ bl L] i 1 1 L)
0.0 n2 04 0s 04 10
et (AW L

5 4
remulhy ool i i s -4
4 + et
1 pa—— |
34 //..——‘.'"
24
dempa0. 10
" —8—03 madet
) ——04 mode?
e ~~ 05 mode3
A
¥ T T T r Y . —
00 02 04 o8 08 -
det (Wy/ L



45 % T BRI TE. I RBIG TR 5K 0 R IR MR Sh e R AR B 231

&R

vt

1) MIBERMN LT, BERGEEREA, SHmEEEERR R, B

FEERZRMAA MR HHERE, ﬁA%ﬁhﬁﬁkWMﬁﬁﬁ#ﬁﬁﬁﬁﬁﬁﬁﬂﬁ%%%ﬁi

XF R

B IR AN M%E%&%éééﬁiﬂ%mm Prid i 282 BRI Ry, B 8, 9. 12, 13

%

SZHFRERKS; R, MTRSVAERRBCKRAT, MRMEANNRIT, REEE

ZEH LI B LU E IR
2) MBHEZARIT R SR (B 8. 12) XF, HEBRKMIMEKZE MR, MR —Hm S5

AR/, R BIE RN T Ehma R A R R B MEURERE . BHARARERNEME T
HFE THIARER,

BY R

3) SR, MTFEEES, WARRER AL TRSEESS I ARKBE N TR &R K
AF, RERIBYRE ST B Zk B RREBORE, WAL TS ARG B T Xt ML R R R N T (B

10, 14 ),

R, WEABNE, FEAPEIRSHIIN AR TFRIEES, BIBN KA TS5

A EFEEX— .

3

5T AT Tk S RRIR IR S DL BT . TR R, KITBRAGIK IR, FR BRSNS

&4

AR TIR TRV, Ed¥BGHE Lyong WHZRAREE, W TKABKKATIUAR

WA KA, WIS T EHMERBIRSIGRL; FiHa AR+ E R, R8st
ARIBHRSNBEERBRARE, BEIEBE NSRS AN NES .

$

£ X W

G. Dusilvio, Self-controlled vibration of a cylinder in a fluid stream, Proc. Am. Soc. Civ. Engrs. J. Engng. Mech. Div. 95,
Proc Paper 6498 April 1969.

R.T. Hartlen, I.G. Currie, Lift-Oscillator Model of Votex~Induced Vibration, Journal of the Engineering Mechanics
Division of ASCE, Vol.96, EM5, 1970, pp577—-591.

W.D. Iwan, R.D. Blevins, A Model for the Vortex—Excited Oscillation of Structures, ASME Journal of Applied Mechanics,
Vol. 27, 1973, pp225-233.

R. Landl, Theoretical Model for Vortex—Excited Oscillations, Proceedings of the International Symposium on Vibration
Problems in Industry, Keswick, England, 1973.

O.M. Griffin, R.A. Skop, S.E. Ramberg, The Resonant Vortex Excited Vibrations of Structures and Cable Systems,
Proceedings of Offshore Technology Conference, Houston, Texas, 1975, OTC 2319.

T. Sarpkaya, In-Line and Transverse Forces on Cylinders in Oscillatory Flow at High Reynolds Numbers, Journal of Ship
Research, Vol.21, 1977, pp200-216.

W.D. lwan, The Vortex—induced Oscillation of Non—uniform Structure Analysis, Journal of Sound and Vibration, 1981,



232 AN R - B 2R X

Vol.79, No.2, pp291-301.

8  G.J. Lyong, M.H. Patel, A Prediction Technique for Vortex Induced Transverse Response of Marine Risers and Tethers,
Journal of Sound and Vibration, 1986, Vol.11, No.3, pp467-487.

9  FAME,REM.EFERGFMET TLP 5K SIBRRYRBEEL L , B rEEIR , 1998 ££58 20 #58 5, pp119-128,
10 T. Sarpkaya, Vortex—induced Oscillations, Journal of Applied Mechanics, June 1979, Vol.46, pp241~-258.

11 D.Brika, A. Laneville, Vortex—induced Vibrations of a long flexible circular cylinder, J. Fluid Mech. Vol.250, pp481-504.
12 L.Foulhoux, V. Saubestre, An Engineering Approach to Characterize the Look~in Phonomenon Generated by a current on

a Flexible Column, International Journal of Offshore and Polar Engineering, Vol.4, No.3, September 1994, pp231-233.

The Effect of Tension and Current Distribution on

Vortex—induced Vibration of Tendon

Chen Wei-min  Wang Yi

(Div. of Eng. Sciences, Institute of Mechanics, Chinese Academy of Sciences,)

Abstract

The vortex-induced vibration of the tendons, risers and pipelines directly affects the fatigue life of
offshore structures. By developing the wake oscillator model, the effect of tension and current distribution
on vortex-induced vibration of TLP’s tendon is analyzed in this paper. It is implied that with the change of

tension and current distribution, the domain of lock-on of modes changes differently, so the final response
is a synthesis of total modes.

Key words: Vortex—induced vibration; dynamic response
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