208 5533 e % 4 B Vol. 20, No.3
1998-05 ACTA OCEANOLOGICA SINICA May, 1998

HEFE#RHFE T TLP 5K 5REY
i) AR £ T ) fez

T AR % B
(PEBHER W RAT, L5 100080)

W OB SHTRAKA BB R T, TETHR. BR. KR
FERRREEFHER. RAMTENELRLKAMELM, HKIBAR
BRERALSE RGO R, SR MBEENR S BT SR T R #H
BdtRatt: RERRTFRAENERS, RRTONKIRES KA EAT HR M
RAGIEG %, FHHT — 8 TLP L4, 4l 7TEMBABN KA B LR R 4
XY, BE HHBENHELER. SRRV, FEESERAR Y HHWAE
EAR. RARI MW, BREAKIROEF R REEW.

XA KIRTE REWN SEHM

1 5§

ERBOMARMHAR, CHLEKNBRTE (TLP) M4k M. TLP fXERER
IRAREREBK ARG BT, ATHR. SRR EBMTFEREK IR TFHRERN
MR RRBREAZT, BILRERFIRMESRK AR TRERTH I EESEER.

RERSIFAEEZBER, REEEOHTRRED, BOHEFSIEEEEMFEL
R, WRETEENTATE, BWNART ENRFHEBYRARTHEE; Iwan" 248
HEF MM IRFASE TG RBARSEE; EIER L, Lyons fl Patel 1@ i
R B TE B R R RN, HERFNSRSRUKRFSBRTF, AWML
RS ARTE R T FHITE 30 3R H97K 7 BE R B R RIS (g i B (U L E k)
EETVFEEGNKABRMENA LR, BRI T -BEEXNER, FEEXEEITRE
REYEM, WPHEGHEARBIFITR. 6T P& EH5EH R I SOE X 3K 15 R
MIRSIESHMBEINER, EERENMRRGEBREES K, BEME, EREEAE
AERBERERA, BREXNE ARSI RAMEEY.

A F1996-01-104F], B TF1996-06-034H.
F—EEEA. THE, B, 328, BHER, 8L, NERIALHA.



120 BEER 20%

AU Iwan"™ et B i IR FAR D ARG, B8R S50 5K RS S8 m, itk
THREEME, SHT RS IEER R, FARSTKREREL R PR RBIRS, &
HITRTEGXIENIBE. THE. BHSHTNE. AXFE2WHAE T HERE, HRAFRW
BRMEEE, EITRASHRERMT, BT HER.

2 WEER
K HBE S MR ER, AR, FRTEEM Y SR ANE R 3HBER. () E

Bk AR HEBERRE, WAHKAEREATNL. @) 3%
HHFRECN L RAFIED (EY) WHE. 3) BEK

=il ARESLRIR T BERHE R R T AR 4 5569, (0 FE#
= WM EEES. ) BN W A5 FAHRE
§ 4hF F— B4

. RAMLHANE. 5. FRGEHTRME LR %
2 BRI R BRI = BT E R IE W WA BHIE T 1638
s PORBUCSEATA R 857 FESE L/,
b R s Ak

A 2.1 HEFRG
ARG £ ERBRT, KARRTBATLR Y
mIYp 2 (T, + Teostt) 22 + EI 23 = F (2,0, (D

R, m HEAMKEERWIRE; o WEHWREEEREG TONFKS: 0 WESHE; T H
KA E NWEEE; I RRWE; F, yEEMKEL y FHORESERS. BRRE
K (0, 1) =yU, ) =0, diy/de?|..ou=0. y ¥ EIHIFHAES F7 B BERR FF A0 AR FELIE H7
AR, ERY ‘

F(z,t) = %pD[Vc(z) 4 Vulz,) FCeosQt — [(%C,pﬂDz)j} + C%psgn(&) ], (@

AP, o HREEE; DREWER; V.(2) HREE; V.(z, 1) HEAKEEE, RE\EKHE
BRI H

V.(z,t) = T;wﬂe’("cos(K:c “+ w,t), 2 =2z— (U+d); 3)
CHFHRY 0 HRIIE s £, d BRI BTG, Tos H. K Fl o 5505,

W BBOMBGRESE; C O HMINERRYG Co HRIREE R
¥R @ 1 ) RAR 1, ZEEHEMHEMEE S

*
m ¥+ %%V— (T0+Tcosoz)§%+E1 g—;%
- %pDCl UcosQt+U..[ cos (1w, )t +cos (Q—w,)t] +%V§,[ cos (2 2a, )t

2
~+cos (22— 2w, )¢t ]} —[ (@)&«I— (C%))Sgn(j)yz] ) @

A, U2 =vi4V2/2; U,.=V.V,, V.=nHe* /T.. & (4) %8, FikxtikHBHEAAE



S ERMS: ETARGREGT TLP 5K bR AY R Mk L kv 121

2, Qtwfl 0120, EANHE, SPRHMBAER 6. AHULSHMLBHER, €=
PDY (2) ) AIRB B R, BUH sinGrz/D), RAR @) ki, 78
Y 4 2fwY+ «?(1 + ecosft)Y
= F.cosfdt + F,[cos( + w,)t + cos(2 — w,)t]

+ F.[cos(2 + 2w,)t + cos(2 — 2w,)t] — R, (5)
A,
VLY’ =
wz_(l)(T0+El 12) _ +C,,p7rD2 ; =
M » m = m 4 ’ = 2 iy
M= %ml, €= T > 2', = '02;’]\5‘ ’.Ufsh\ jﬂ{dz,
T, + EI % o
!
_ DG f jnz 2 PRC P g, Tz
F., = 5 0Ucwsm d:, F,: i o 4V‘,,51 ] dz,
1
. ” N .
R = 1’_3—2"-/,:—) Jl 1 %sgn (Ysin %)sin3 #dz,

0

AH, RPEKVEREHE S, HFFRBTBRYIERE, W R EEERHREHER, 3R
FRAFEI R O] BHE. SEEIBUIFAE Foos MBFMHELR, 4

Y=Y, + €Y, + &Y, + - (6
RAR 5), BeWIEMFHRE.
Y, + 2twY, + «?Y, = F.cos{t, ¢P)
Y, + 2twY, + «*Y, = «?Y cosbt. (8)
£ (D () WRERN |
Y,= Ajcos{¥ 4+ Bysinlt, (9a)
Y, = [AP’cos (2 + Ot + BPsin(2 + Ht] + [APcos(2 — Ot
+ B{®sin(2 — O¢], (9b)
A,
A — (0 — ()HF, B — 2bwdF,
(L (wz _ 02)2 + 4(2(”202’ [ I (wz _ 02)2 + 4szwznz’
AD — (w0 — O, BW — 25wV F,
T (? — 0{1)2)2 + 4szwz_()](1)2’ o (@ — _Qix)z)z + 4S2w2.(2](”z’
A - @ — OPHF, B — 28w F,
! (? — 0{2)2)2 + 4S2w2.()](2)2’ o (? — 0;2)2)2 + 4Szw2.()§2’2,
QY =0-0, OP=0+09, F, = 2a\/ 45+ B,

BB EFA, Y= RN R

N4 i = o,

i=0,1,2,°" (10)

Bf, REFAREIR, RHRY i =0rf Bl H TS BMBA MBSt iR, R UL FTEPI RS



122 WEER 206

BNIR Feucos (Q+w,)t il Focos (24 2w,)t BYIERZ K
2+ nw, + i = w, n=1,2, i =0,1,2,° an
B, 03K RBRE R G & SRR PTREMEN K T . 2 30H B EiTiR 3k J1 33K J7 R iR
YRBNER, TS BBORMER LW, B V., =xHe" /T, FFUR (10) RF3EHREM,
HAXH i=0, 1.
2.2 IR
EXUBRRRFHEECER, KRBT RESEHA T SESHMEROBENEE. £
Yy ORGMBIAK, ar(z,e)/a HBEHRSHMATHEE, RiER TS5 IRZHHE
bS]
x+ (@, — a2z + Px = oy, (12a)

my + ¢y — (T, + Tcosft) % + EI 7?22 =as( = 5, (12>

KX, ai~a ABH; Q=2xSU/D; m WHEHMER;  ESHERRFBHEEZM; (21—
MR EE, # Iwant!, B

1 WPER ,

0 B EL.
B SRR RN E F TSRS RAN o, Ml ¢ (2) =sin(nz/D, MHFR 12) KR
A5 fR AR

s(z) =

¥y = DY), 2@z = S e@X,0. (13)
1 j=1
AKX 2b), HAERBG TR, 8§
Y, + 28%0Y, + «?(1 + ecosft)Y; = a;j':* Xy a4

J

XA,

I3 ! ) 1
M; = [mgde, ;= [Cgdr, S = [swgde, & =S Mo,
0 0 0

C/ +aS;
T 24 1 v
3 .

7 4
EMiw, Tt = [Tdogde, Ti = [TugPpds,
0 [}

!
Ky — Ty T
K’ f (4 ¢p, R 2 . 0 -0 y — .
o = | ElgPYpd= w? IE € K —T;

A REHESHENTBERXSRES S —RRIRS FBAR, THHRNFELE. X+
M} /S; MATFERRE, HEBNXEMMPELIR, WiEEELT m, FRUXTF m.

H2. 1WA 4, XMEMER, YEE 0+i0=—w, BEITTEE= AR, BT HE, HEt
RETHIBRE LN EWEE R (CREUNFRSENEFTRERRBEEREHNRTL
—30, ZERIKAMHE, B

ﬁﬂ;ﬂ‘:ﬂﬁﬂtj fu = fj? fj = (wj :Zt io)"’ (153)
Ty, _0_ _SU
1 B S, = 'E'ﬂ =T (15b)



M ERME. ETFERERGT TLP 3K SRR R Mk L v Ry 123

R R ERRIBEE B ALRE V. SALER K. )R, HERY
B LA HmT
v omd
T,-D’ K, = P Dz, (16>
R, & WREERIEY: 0 HWKBE: D HHNWER. Griffin BIH P RIEEN RHER
RAESREIRIMAE B R RS, HATREA R KIRE SALEEMX. IwanPRRARXN

- r an

] _'_ 9. 6(%>1.5'
AF, ¥ HRAET. HEENFXBCRBRIGFEESEE. M FREREHES, R
BN V.=4. 0%, 7E6. 0~7. 24b 36 FN4ME, 7E10/5 440, RA2a. IwantI7EDL LA FTER

L, RRTANEMBRHRH TR R MR EL. SRS RIFE N

V.=

o~

Y, = LI, as)
HPEREFH
{
J m(z) ¢ (z)dz
I =35, a9
fﬁ(z);&?(z)dz
Q
BKEFH
N 1
b= T e qar ™ 20)
J = M.i.
lur - S; PWDZ ’ (21)
4

ffo

A2 BAERRMIR @OUIMEERMILRAEXTEE )

A, M) 587 EXRR (140). S; BUBERET, R8BI AL E X w8 I8 E 8%
ma, FAEMESERAMRENRERK. SEHRB N



124 WHER 208

'3
f CioD[1 — s(2)]|¢(2) |*dz
o — 2D % : (23)

J 3 ! 1
( E#_dz)l/Z( Eﬁdz)”z
o]

HTE (18) &, BE F,HABAY, WF 50 2B46H0, THR 20 M (22) HAR
. BLBSETAR Y, BB IR S (A 4b YRS , 3B B LA B 2b, Bl B 2a AR X R 48 0 1oL th R AR B 1IE .
Lyons #1 Patel VAR @R (18) ~ (23), IR T A EH K A BRBIRSIEGE, HH
PSR EHERAR S F ML —

HRAE R REES. 358 LU /N I R8T B % A 1 /4B A HR, SERUN B
HMAERE. EEAFAESHHAYELEESR, A XRUTHELE . (1) HEMN Q=
BB (L THRAERHBE , EAEBR KRS TR S, (2) B8N Q
o= FFEE UTHRI S BB, E4E BHHESERSELFHESNES
X, BREXEI—NS—8BYE: Q) BESE SN -2 —WHAE, ZAEEX, ¥
KT Q REHEXM MMM, 2 (0 Rk, —H3—HRBLRIBEN «/28%, K
., HHE S fiR €3 W

B A BB,
—Br ZWHBU

| AR
S IR A R ACSE IR IR, 75 P2 9 ) SR B T A B

AT R BAREA + TS B O B AR , R MR RS V. =4. 0
I, 6. 04 WM , FEIOLI K , B — B — MR S B A TP R — R
Strouhal B % F0- 2; B RENO. 4~2. 02 MR 5 208 %14 FI X M 400 5 S 0
wm.

3 SRS

#303% Conoco’s Huttonn 3k 1B F & R EH], HXRITHMS I TR REHTHEES
A 2 5 %ot v 7 R A

R APPEEERF Oliveira 5, HESHEHHERIS HEMHEIRECBHA
0. 61 HUEBHIME H1. 74rad/s, YEH HLERHF T 1. 32f12. 094rad/s FIHER. KA ¢ 5K
(5) PENK eBEHET, BT, ABK, HHETHEPMEM e~ =0.328. FERFIAM
BUH93s, BKMEA A N7, BKMBEMH Aw H42. 73m.

B4 03K 1 B8 b R A A4 DROE A0 BT iR 7E 1 /A E A A 28 L. Bl 4a 2 z=200m &bAYIR
RERATTREIRIBA RS ) 52, B P SR AR EG LM g s EE. FEeEad—%. 8
EGHIREEIRIBAE :~9s LB RPMIRT, XEHTEENZRE ~15s BN SH
MBI % T 5 IS A R . El4b & 2=200m 4bBY A IEE M B R, 5E4a M HLEPRER
BRREENESR S B BIBETRBED, A5 EBM1%~3%, MY RBET]
FiE20%. XWANTREL. HHEMR z=150/1250m M BIBEZEGEARHE, |

o N|m =



M EHRMS. EFSREAMET TLP 5k AR KIELEm N 125

TR «

e A LRI

4. 0<V, <10
WE— 2SR V.=V/f.D
So=(w, £ /2n

BEa

t=4

| R — 1 EERE

" =D = . s(z)=1¢€/2 —BB— WY
. 1 fo s()pi{zidz l\ a AR

oD Jl”: [Calz=)pDI 1 —s(2)] | @a(2) | *dz
®, =_3-1T T 7
l L jo mei(z)dz]"3[ fo meZ(z)dz]"?
—F,=[14+9. 6 (L))}
A |

t=¢{+F.®,

e
{(Y./D)m=F.I.'W

iﬁﬂ%ﬁ coe

(Yu/-D)pouible= (YH/D)I'IIIX ccoe

T—MEE

)

T—1AE

B3 irMAERE
7(z,t) =— EI % =— EI > (%5, (h)cos 5. (24)
n=1

) )

BEARE; 5AREEEHIEMEZEREL10%, AR IR EHRZESHZRRA, L
Plac—d, PR G 35 W 4k ) R A 725 0 B2 W S 7 B Ay 0 B W (L Y 6 T DA 280, TG % B 7 i (EL A

5 WF A RE RS



126 BEER 2048

#*1 TLP RIAREH

R (m/s) Ve=a+bz, a=0.01, 6=2.257X10"3

# H=10m, Lvw=175m, w,=0.593 8 rad/s

RR A.=T7°, An=42.74m, T=93s

FErEK d=50m

L 3] N
KE ! (m) 300
42 D (m) 1.117 6
BE¥ ; (m) 0. 038
WaKA To (kN) 13 415
¥hte= (T/Ty) 0. 328
B KRR m(t/m) 1.0
BirkMinEE m. (1/m) 1. 006
A E EI(kNm?) 3. 8544108
SEHHEBH ¢ 1.8X1073

FFME §(rad/s) 1.74

Fl5a fif s 4 ¢ = ORT BN 3K A

B 0 B A oA O° st I 45 B 25 Y 3R

T R RIKSIME B R TR BB
KARGE.  poot 55 PO IR 3h MR
Bz SATEHEZHA R
M, 2METHEERE B—H
BEMAREERENK. EsSb
T Lt ¢4 b lok-2 e fi-t
e BRI TR, B — AR
MrESEEL, B, 0. BAEE

AIIRESMR AN, B RlEo<e<<

W[ g=1.74 W[ —o=174
--4=0 “T6=0 19, 8.5<t<{15.5, 0<<r<<5@#yut
al Br B EsE BR A MAEEN
Z 10 Z 10} BAEFFLHRARE, WA
= "l M EBAH =04k, EEIIR
R VB B 0 T A R AR A 2%

5101520 25 5 015 2025 Mo RELBH =0,
¢ @ d 7.75, 1. 55, 23. 25D BT RO 5

m s ENT, &ROBEXT YR
4 {UBEHEIE(z=200m)(a) B Fjr}{EFE (z=200m)(b) 35 1 FE A A R A AL

¥ A EHE i (2=150m) (¢) 5 (z=250m) (d)
BB =150m(©) SRR (=25 AR RFR B H R

BRI EEREHEHN, FXBEEFITN TLP REMEASEARE, EHMEAR 6=
1.32, 1. 748(2. 094. 5RFBEHMLE R, 6=1. 3208 YR T FUHREKIRDY; 6=1.74



M ERME: EVERGFMFT TLP 5K AR RMIE LN 127

Lsp oA 12 18
LOF =3 WS —AfEE
0.8 s
N Som=-o) Qe
> 0.5 Vid AN ~ 0.6}
2 AN g 0.4
0.0 '
N 0.2
~0.5 . . i 0 :
100 200 300 S 10 15 20 25

0
a z(m) b t(s)

A5 ZHESHRBRIE c=0() HBSRIEATEILE D)

BEMET ENMBERS, EEERAD, R
FrE RS 0=2. 0940t ZWAR T ENWAEHIES. &
Ta—b HEWHUBSWHMSL RS, B FERSARE [z
L FEEE, BUSEWAREKNER, FRYEGHRXWRE o 15055
EWIRRARRG . 8 A SR S A HE S, 6—1. 743
NAgTE B/, 9=12. 094%F w5 B 4 B B e, s

4 ZEip N

EMALEREME, 2XRET Mt RFEEHTIE
KIS MR IR R MR R E I, By e TRANANSEN

%45 (kNm)
=
S

DD DD
[T
N o
OWw
OaN

to )

L ) J
100 200 300
b z(m)

B7 S0 H R AL £ 4 AT (a) I BY F15) 47 (b)

BB, (5K BRI T R A BB IR S — R BER, SR RS R E A
MW, METERBRSHRS, WRE T EERTEGLWE L EREWESHIRE. &Y
5K MR IR O RS W R R S, B SCRF AT R LB EZEL0 %6 LAY, {ELBTSTIBIE R B
. ERREE200ZUEL b B w008 5 5 AR S 8 K /N4 A7 R G R A
AT AT AR A AT e B AR P 5 (L B IR R M IR BV AT RE IR, HAE S &
REMMORR, EATROBAEE M, AT T R R34



128 WEZR 208

8530k

Sarpkaya T. Vortex-induced oscillations: a selective review. J. Appl. Mech., 1979, 146, 241~258
Blevins R. Flow induced vibration. Van Nostrand Reinhold Company, New York, 1990

Iwan W D. The vortex-induced oscillation of non-uniform structural system. J. Sound. Vibr. , 1981, 79(2): 291~301

oW N =

Lyons G J, Patel M H. A prediction technique for vortex-induced transverse response of marine risers and tethers. J.
Sound. Vibr., 1986, 111(3). 467~487
5 MK WRKSHEATERTFSKAIRMYRMIELERS. BEER, 1994, 16(3): 121~129

6 Griffin O M, Ramberg S E. Some recent studies of vortex shedding with application to marine tubulars and risers. Trans.
ASME., 1982, 104, 2~13

7 Parkinson G V, Feng C C, Ferguson N. Mechanics of vortex excited oscillation of bluff cylinders. Ia: Symposium on
Wind Effects on Building and Structures, lLoughborough, England. 1968, 27

8 de Oliveira J, Field S. Concrete hulls for tension leg platforms. In: Prozeediags of 20th Offshe:c Technology Conference,
OTC5636, Houston, 1988

Vortex-induced nonlincar vibrations of TLP tethers

under circumstances of platform oscillation

Wang Dongyao' and Ling Guocan'’

1. Institute of Mechanics, Academy of Sciences of China, Beijing 100080

Abstract—— A time domain analysis is presented for predicting vorex-shedding induced transverse vibration
of tension leg platform (TLP) tethers which are subject to wave, current and oscillatory displacements at their
upper end both in horizontal and vertical directions. Periodical variations of tether’s tension caused by heaving
oscillation of TLP play the role of a parametric exciter to vortex-induced vibration, and make it more compli-
cated. In this paper, the conditions of structure—flow resonant caused by vortex, accounting for the effects
of tension’s parametric excitation are discussed; a method for analysis of TLP tether’s dynamic responses to
vortex and heaving oscillation is put forth. The time history of displacements, bending moments and shear
forces of the tether are computed by the presented. It is shown clearly that the parametric excitation can raise
the amplitudes of vortex-induced transverse vibration, increase the components of high frequent responses.
The importance of tension variation for fatigue design of TLP tethers is illustrated.

Key words Tension leg platform (TLP), vortex-induced vibration, parametric excitation



