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Design and modal analysis of wellhead suction module for ocean drilling
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Abstract: The wellhead suction module is one of the key equipment of riserless mud recovery drilling (RMR) system,
and the status when working on the seabed has a certain impact on the drilling work. In this paper, an open wellhead
suction module is designed, a three-dimensional model is established, morison equation is used to calculate the internal
wave current load, the P-y curve method is used to simulate the spring equivalent of the soil conditions, and the
wellhead suction module is analyzed statically and modally. The research shows that the displacement of wellhead
equipment is greatly reduced compared with that of the normal deep-water drilling, and the stress and strain of suction
module and its connecting parts are smaller when using RMR drilling technology. The intrinsic frequency of wellhead
suction module is obtained from the modal analysis of wellhead suction module, which provides referencial value for the
size optimization of wellhead suction module and the application of the RMR technology, and provides technical

support for drilling to deep ocean.
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Fig.1 Structure diagram of the RMR system
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Fig.2 Comparison of pressure gradient between

RMR and conventional riser drilling
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Table 1 Condition parameters of wellhead suction module
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Fig.3 Structure diagram of wellhead suction module
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Fig.4 3D modeling of wellhead suction module
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Fig.5 Diagram of force condition on wellhead

suction module
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Table 2 Hydrodynamic parameters
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Table 5 Soil basic data

ARCEE/ BTy

5 dEiE WE/m ‘
(kNem™) % /kPa
0 13 2
1 ikt 0.5 13.5 4
16.68 13.9 23
36.6 15.1 40
2 BEEORS 4 60.8 15.2 71
80.5 16.6 98
3 MAEASPEL 100.5 17.5 116

2.3 JF WA PR AR S5 K ) 2 R A b

R 8 U 3t 3 R b X I R AR B 2 A 1
AR 1, mT A5 I O ASE R T 2 B B 7
N WA B R KR T e A A D A A TR R
GEA R, HAH 29 7 MPa, i1 T 41k Q235 JE AR 35
k235 MPa, 0% I E 0 A H 3 2 o B SR, 24
RBCPT IR E 33, H 1M AR B AR 2 R G 8
N WA B R RN AR R A A DS A A TR
GEA R HAE 20k 2.8 X 10° mm, Z B /N, I 100
ARG R R TAE . IE R AR 2 18
B9 s, 3 10 A e 8 e KA B &k A A i T,
fH290 0.17 mm , X EE /N, I 0 IR %S B e 2 IE
wWTAE

S, Mises
(F43: 75%)
+6 9365+00

Max: +6.936e+00

+2.500e-01
+2.250e-01
+2.000e-01

+5.000e-02
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Fig.7 Stress nephogram of wellhead suction unit
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Fig.8 Strain nephogram of wellhead suction unit

U, Magnitude
+1.661e-01
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Fig.9 Displacement nephogram of wellhead suction unit
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Fig.10 Stress nephogram at the connection part
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E, Max. Principal
(°F49: 75%)
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Fig.11 Strain nephogram at the connection part
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Table 6 Effective mass t

(S X i Y Jr i Zoy i 23 X e ¥ 23 Y Hh e k% L3 Z ek
1 6.490X 107" 1.693x107° 5.459 10" 2.408 10" 4.466 < 10" 1.664x 10
2 1.146 X107 2.392X107 1.598 X 10" 8.728 X 10" 3.400X10™ 1.078 X107
3 6.952>X107° 6.016 X107 5.452 3.696 10" 9.350x 107" 4.69110™
4 2.929X107° 1.837x107° 2.740 2.026 10" 3.830x10™ 1.397x 10"
5 1.280< 10" 1.347X10°* 9.271X10° 7.103%10* 1.349 <107 8.710x 107
6 7.400X 107 6.597X10° 1.621 1.255X10" 1.724 10" 6.832X 10"
7 1.985X 107 3.014 X107 1.068 8.510X 10’ 1.528 3.848 X 10
8 1.497X107° 9.022X 107 1.410x 107 1.144 X107 1.741 X107 6.18210°

9 9.201x10™ 7.552>X10™ 7.480< 107 6.068 < 10 3.463 10" 5.245
10 2.933X107 6.987 10" 1.498x 107 7.953 X 10" 2.080x10™ 1.229x 10
11 1.616xX10™ 4.951}10™ 5.500< 10 4.519X10° 2.045X10° 9.124 < 10°
12 5.485Xx 107 1.360x 10 4.330<10™ 3.604 <10 5.435%10° 4.258X10°
13 4.523 3.405X 107 6.636 <10 5.499 % 10° 4.882x10° 3.824 < 10°
14 8.667x 10" 1.139X10* 3.620x 10" 3.035% 10’ 7.969X10° 9.516X10*
15 5.518X10* 3.247X10* 3.050x 10" 2.579 10 5.114 < 10 9.604 < 10*
16 9.376 1.678x 10" 1.617X 107 1.273X10° 9.930 < 10° 2.339<10°
17 5.270X107 8.269 <107 1.480x 107" 1.249 X 10° 7.479X 10" 1.808 < 10*
18 7.157X107 6.209 <107 1.010x 10" 8.387x10° 5.552X 10" 2.890 10"
19 3.248X10™ 5.313 3.343x107 5.916 X 10" 3.566 10" 1.274X10°
20 5.560x 107" 1.598x 107 5.453X107 4.700X10° 5.651<10° 3.681 < 10°
Bt 2.727X10' 7.526 <10 8.410x 10! 2.117x 10" 4.632x107 3.178 <10’
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U, Magnitude
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Fig.12 1-order mode diagram
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Fig.13 2-order mode diagram
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Fig.14 3-order mode diagram
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(1) 11 W A B 52 2] 9 S I8 3 g s 35 KR N g
R AR T R S A AR SR B AL Sy BN
7 MPa fil 2.8 X 10" mm, fix K F7 {8 F I 28 {H #5 A

x7 FBEEBUH
Table 7 Eigenvalues output

B BREHEE EAAWE/He |- X B ZARSHE

1 0.28048 0.0842 1 0
2 12.559 0.56402 1 0
3 104.69 1.6284 1 0
4 415.57 3.2445 1 0
5 868.10 4.6893 1 0
6 1151.4 5.4005 1 0
7 2561.2 8.0545 1 0
8  4855.6 11.090 1 0
9  4888.6 11.128 1 0
10 5934.1 12.260 1 0
11 8372.8 14.563 1 0
12 13295 18.351 1 0
13 14795 19.359 1 0
14 20149 22.591 1 0
15 29577 27.371 1 0
16 35924 30.166 1 0
17 41822 32.548 1 0
18 42292 32.730 1 0
19 44068 33.410 1 0
20 52742 36.551 1 0

K, X T AR EIE B TAE R AR /N . A
P e 7 B I S 9% R T B e K 7 B8 AE B TR L Ok
0.17 mm , M X} T4 R 2 B =90 m K B, % 7 B 4
IO AR IR H TAER AR K, FF 1A B %
B WA W R f B AR 4y B S 43310 Pa Al
2.1X 107 mm , 9 & #BAR /I, 7 45350 07 % 2 1) &g .

(2) 559 J§C W 78 70 W30 6 AH B2 305 1 45ROl 1~3 By
FEZS 43 BT 10 4%, 4393l 4 0.084,0.56 1 1.63 Hz,
S BRI BT A N AR 1~ 3 B A A R —
ANIRRARBE AT, 1] o AR O 0 AR B () A R B R
<t DT AR - R AR B ) [ 00 3% fif i1 A A3 %
55 SR 10 14 P IR A 22 A, BRIV Tk Aot
PR K

(3) A% SCAIF 72 1) G B 7K A e 2K PA) A8 26 44 O v
FH O AL B 0.17 mm, 1M AH 56 STk v 2 A 1E R
TRAE IE 0 I 1w 8% 42 5/ 9 mm, H AT AR 3
e T3 B AR E P L JO R KA VR S P UG BR A
AL F I8 OK BT B A B .
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Table 8 Participation factors
[ X3 hk Y 43 Z5rhE 2% X Bl ie % L8 Y e B¢ Z e
1 8.056 X107 —1.301x10™ —7.388 1.552X10° 6.683 —1.290x 107
2 3.385X107 —4.891x10™ 3.998 —2.954X10° —5.830x10™ 1.040x10™
3 —2.637x10* 7.756 10" 2.335 —1.923X10° —9.670x10" —2.170X10™
4 1.711x10°* —1.356 10" 1.655 —1.423X10° 6.190x 10" 3.738
5 3.078 1.161x10™ —3.045X 107 2.665>X10° —3.673X10° 9.333x10°
6 8.602x 107 2.568 X107 1.273 —1.120X 10° —4.152 261410
7 —4.455X107° —5.490x 107 1.034 —9.225X 10" 1.236 —1.962x10"
8 —3.870X 107 —9.498x10™ —3.756 X107 3.382X%10° —4.172X10° —7.863X10°
9 4.478 X107 2.748 X107 8.650X10™ —7.790X10" —1.861x10° 2.290
10 —5.416X10™ —8.359 3.870< 107 —8.918x10° 4.560x107" —1.108X10"
11 —1.271X10* 2.225X107* 7.410<10" —6.722X 10" 1.430x10" —9.552X 10"
12 7.406 X 10" —1.166X10°" 6.580x 10" —6.003X 10" —7.372Xx 10" 6.526 X 10
13 —2.127 5.835X 107 2.576 X107 —2.345X10° 2.210X10° —1.956 X 10*
14 2.944 107 1.067 X107 6.020<10™ —5.509 %< 10" —2.823X 10" 3.085X10°
15 —2.349X 107 —1.802X 107 5.530x 107 —5.079x 10" 2.262X10" —3.099 X 10
16 —3.062 —1.296 X107 —4.022Xx107 3.568 X 10° 3.151%10° —4.836x 10"
17 7.260<107 —9.093Xx 107 —3.850X 107" 3.534 <10 —8.648 1.345X 107
18 8.460X 107 —2.49Xx107" —3.170x 10" 2.896 10" —7.451 1.700x 10
19 1.802x 107" —2.305 5.782X 10" —7.692X10° —1.888x 10 3.569X10°
20 7.460<10" 3.998 <10 —7.384X107° 6.856 X 10° —7.517X10° 1.919x10*
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