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Influence of current velocity and flow angle on the motion
response and towing tension of semi—submersible
drilling platforms under towing conditions

ZHANG Tao, BAI Xu, LI Ming—xin
(School of Naval Architecture and Ocean Engineering, Jiangsu University of Science and Technology,

Zhenjiang 212003, China)

Abstract: In order to accurately evaluate the influence of irregular current load on the safety of semi—sub-
mersible platform towing operation, based on the coupled time—domain analysis theory and potential flow the-
ory, this paper presents an analysis of the influence of different current velocities and flow angles on the dy-
namic response and towing tension of semi—submersible platform towing under the same wave environment
and towing speed through the semi-submersible platform—towing—tug coupling dynamic model. The results
show that under certain wind and wave conditions, the current velocity and flow direction angle have little in-
fluence on the heave and pitch of the platform, but have great influence on the roll and towing tension. With
the increase of flow velocity and flow direction angle, the platform heave gradually increases, with the plat-
form roll and pitch angles under different flow velocities and flow angles fluctuating within + 3.5°. The maxi-
mum towing tension is obtained when the flow angle is 90°. Therefore, the angle of 90° between the heading
and the flow direction should be avoided during the towing process, and it is not suitable for towing when the

flow rate reaches 1 m/s.
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Fig.1 Tug configuration and coupling analysis model of platform in wet towing operation
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Tab.1 Main parameters of semi—submersible platform

SR 1A B B4 1A Bl
B /m 91.5 77K /m 15.0
SFE R /m 59.0 JpigEvLs 65363

S FEFE/m 21.0 HL»/m 35.03

S A UL ] /m 70.5 PR R—xx/m 38.69
K /m 495 PR R-yy/m 4142
718 9 /m 21.0 P4 R—z2/m 4255
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Tab.2 Main parameters of towing cable

Hididis K /m E4%2/m BHE/(kg-m™) EWTEK 71/MN
RS 650 0.082 23.3 4.63
FHiLE 603.8 0.104 37.4 6.36

FHi 45 52 0.092 29.3 5.84
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Fig.3 Comparison of platform free decay motions
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Fig.4 Time history curves and eigenvalues of heave, roll and pitch of semi—submersible platform

under different flow angles at water surface velocity of 0.2 m/s
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Fig.5 Time history curves and eigenvalues of heave, roll and pitch of semi—submersible platform under

different flow angles at water surface velocity of 0.5 m/s

WL 6 s, U & 33542 B Bl I ) AR 38 RIS K, DA 0°—180° 1 375 i K AB I 1 43 514 4.84%
8.67% .2.72% .3.26% , 3 17 i KA AR AL ML B AR AT 0.2 m/s 5 0.5 m/s B BB &, 78 180° (T ) Hif B
A5 5 0 1) 710 B R 2 Sl Y R MR A R, A B R (BT /ML 5 T 0.5 m/s 0.2 m/s B)—300, 4378 38 ) 1k
90° i} HUAS: , 43 51 My 3.45°F11-3.36° , MHAL 17 0.5 m/s 4 IF ik 3| 269% . 373% ; i 1] £ XH AR 42 3 () 52 )

BN, TR AE+3.5° 2 [B])% 8, AHES IR 3 0.5 m/s 0.2 m/s ZE AL/

1.5 3
2.0
1.0 L,
L5 %
0.5 i
S o\
E 0.0 = NS
£ o ; 0.5 1 N
2 T 7\
#H 0.5 5 R0, 0-HIEA ?%132 =
~1.0 e ® s gsg
1.5 e 0 é§§§
-1.51 &
2.0 . . . -3 ?\
1000 1050 1100 1150 1200 2.0 : : : :
15} 8] /s ISUN: /M “PEIME bk 2
(a) TEy% NEFEFGAFET Iy i 28 (b) FEHFHEE
- .
" A " >
SN N opr 3 NN oo
NE B 135° B 135°
o\ -
s TP s
= §E:‘ S 0- = ?Q&
14 N NG
N 1 N
. : . . -3 . . . .
RAE fe/ME SEYME PRz wmAE  mAME CPRIE FREE

(o) MR FAIE(E

(d) PFEFFHL(E

Bl 6 KA 1.0 m/s AN RDA ) AR 051 6 3875 R RN I3 27 B AR IR (.

Fig.6 Time history curves and eigenvalues of heave, roll and pitch of semi—submersible platform

under different flow angles at water surface velocity of 1.0 m/s



216 WLAR 12 F29 B 2

SR, B & 4-6 AT

(1) JLE A0 5 03518 S 2 AN, K 3 0.2 m/s 0.5 m/s 1.0 m/s B, R b — 200
R, T35 B KA R 53971 R 2.49% .5.20% , Fe/IMBELFE IR A 2.59% .3.23% 5 53 H Mt 1a] F A8 Ak 0t e 7 12 3l 5%
Wi 358 /N, T35 S BRI i /M YT A T 1) A1 385 I8, S 1) BB Bsp 28 o 3355 f R AR/ IME Y 76 R 1
T 1.0 m/s RG] A 180 T HUAR: , 5393 2 1.52 m F1-1.86 m,

(2) JHEXT T 6 B2 352 3K, 2K T i 4 0.2 m/s 0.5 m/s 1.0 m/s I, AHAS - —200
TR R A KA I W 3 591 h 72.80% . 168.52% , fi /ML W 4 133.35% . 273.48% ; 75 A1k 1] £ % K 4% i
Bl S WA AR R, A8 i KA i /M XA E 3 1) £ Q0B IRUAS , 32 ™ - 10 o 4 e KA e /M X A 3%
TR 1.0 m/s FIUR ] 47 90°TRF I T BUAS:, 43 3114 3.45° . —3.36°, 1 2 o) i At axF A5 0 140 465 W) W (0 £ 15 7%
<5OER

(3) PHXT T B IFRZ Shs2 /N, K T E 0.2 m/s 0.5 m/s 1.0 m/s B, AHAS - —200
B, AR IR KAEIG R 53 310 0.22% . 15.32% , e /MEIE R 4 0.10% . 4.51% 5 53 50 ik 1) £ X AT 32 3110 5%
M-t 358 /0N, DN S AR e/ IME R AE D S 33/ B AE 3 A0 A, T JE o) i AT 0 R W 1 45 4 0 A0 4 A7
<SRy R .
3.2 TR AR MM

FEHEUVE Y R v, FHE 28 7R 52 3 H X S i £ 222 51 g, Pt #4815k ) B e B
M 104 J XS 15 B4 RN BN RE 1, 1 TT R o 5 B e M AN 2e 4k, T LAHHHT R GE 5K 1 400 A

FHLE R
TN T 7, O 22 087 B 4 40 K ) 2 A, S K TR 4 0.2 m/s \0.5 m/s 1.0 m/s i, 46
WiLiE 0.2 m/s
4.0 — Wik 0.5 m/s 3.0q
354 ik 1.0 m/s 2s] N .
z
Z 307 Em
3 R
as N L
§§ 2.5 ;é 15
2 20_’V‘WW¢WWW\/\«WWWM E)
o Lo
W“WWWMV‘MWM
1.5 05
1.0 T T T T T ) 0.0 N % e
1000 1500 2000 ;?ﬁg/ 3000 3500 4000 e -
MOH S
(a) FEHLLE5K 705 Dy 2k & (b) Wik 0.2 m/s T FHiLE ik SR kA
B o
9y 4.5+ 45°
’ N 404 90°
z, 257 gs’i‘: = 351
= N = 5
S N £ 3.0 ]
2 151 N 2 2 50]
glm %@ ?' gu- 3
#H LTINS N a :
N Lol BN
I N: B OON: 3
0.5 gv N ]
N B 031 3
0.0 N 4 IR N 0.0 Nl
S oN:} /ME A bRt 22 . I ON: ] I/ME FHME bR
(¢) Pk 0.5 m/s F FEHIBE K S RFIE(E (d) JitH 1.0 m/s F FHiLE 5K I FEE(H

B 7 AR 00T 81 6 J2 3t 805K T8 D il 26 B ARk (5
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platform under different working conditions
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