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!
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calculate the integral constants

!

calculate the effective stiffness matrix g, and

apply the boundary conditions
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v

—>| calculate the effective load at time t+At

v

find the displacement at time t+At
t=t+At *

calculate the acceleration and velocity
at time t+ A t

A

[ time-history response ]

2 Newmark F5r Bk e
Fig. 2 Algorithm flow chart of Newmark-f§ method

N T AT 7 IR AR TR, R B A T SCARAF OSSR R, AR R BTy 1) R Al BT
) BT E LR, KN Psinwot AR ET . IRGEHUMIRENER &, 72 BIREAGTHO T, b rifin



6 A SR AR 7S U 202x 4F 00 H

RER I LA -

__2pI® 1 1 . w/wy . ]
y@®) 1= EI11.'4Z 7 Sin=— [1_(‘)2/“}% sinwt — =57 sinwyt 11

L
2 n=1"

Kbt RoR AL Py o BIRR BB EAIR 1, E, 10 RnE R R N . MR AR A
BRI BVERE s 0, ROREE n TSI, n RS K. BESIREE A EA5

%;gg (12)
e p, A 7333 E AU S A e AT T AR
SRR (AT R ) S 420 RS AR (0 24, A2 0219 m, BEJE 0.0127 m, K 10 m,
MR BEPERS Rl 206 GPa, % FE Ay 7850 kg/m’ . SR B2 A BN ER AT A 9 1000 N, A 0.257 so 47 BISK
FASCITVE SRR R EAT SR AR o TH B4 2 A f OB Im) 2 8% 5 K0S BB L an 18] 3 o ARl rpm]
LA H AR SCA BR TG SR Al 45 SR 55 AT SR A 45 R TR — B0, AE R AE AL & Y BV 22 RE AR W) & L0
YA SCTT 13 A B B R AR

Finite element method
---------- Analytical method

Displacement y(mm)

0.5 1 15 2
Time(s)

B3 AL S MR TIROR AR 45 RN b

Fig.3 Comparison between finite element method and analytical method

2 EfEBIRES R RS &M

2.1 EEEEE
RN RAEAENKIR1000 m, B (B E) BKE0m, 1 EAG & T /K1 B 500mi%

FEALE, biEH B s NI FEBUN 1030 kNem/deg. 0 T IAME . BEJE ., HE . MEMHESEL L
Jopla i Bl E R, OISR K.



5 3x A5 00 EFME, 55 WIS i YOS R T AR D 7

x1 WETESH
Table 1 Main parameters of rigid pipe

) ] Line weight /kgem’ Weight of connector /kg
Outer diameter /mm Wall thickness/mm
In air Underwater In air Underwater
219 12.7 65.56 56.9 233 202.2
xR2 O RLEGEESH
Table 2 Main parameters of lifting pump and buffer
] ) Weight /kg
Components Outer diameter /m Height /m -
In air Underwater
Lifting pump 0.75 6.4 7500 6509
Buffer 4 6 25000 22700
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Fig. 5 Time history of internal wave velocity in upper layer
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Table 3 Ocean current velocity profile

Depth below sea level /m Velocity /mes™
0 0.77
-2 0.75
-167 0.54
-331 0.53
-496 0.31
-1000 0.29
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Fig. 14 Offset at moon pool position under different deployment depths. (Casel: Direction angle between the upper
layer of the internal wave and the ocean current=0°; Case2: Direction angle between the upper layer of the internal

wave and the ocean current=180°)
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Mechanical analysis of buffer retrieve/deployment
operations considering internal solitary waves

Wang Rongyao'?*, Chen Guoming?, Liu Wei’, Zheng Hao*

(1. School of Mechanical and Electrical Engineering, Hunan City University, Yiyang China;
2. Centre for Offshore Engineering and Safety Technology, China University of Petroleum, Qingdao, China;
3. Changsha Institute of Mining Research Co. Ltd., Changsha, China;
4. Changsha Research Institute of mining and metallurgy Co. Ltd., Changsha, China)

Abstract: Marine internal waves have brought great challenges to the safety of deep-sea mining buffer
retrieve/deployment operations. Based on the finite element method, a finite element model of the buffer
retrieve/deployment operations under the combined action of internal waves and currents is established, and
the Newmark method is used to solve the model. The transient response and factors such as string shape,

tension, equivalent stress, upper rotation and offset at the moon pool position in the retrieve/deployment
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process of the buffer are analyzed. The results show that among the factors, the equivalent stress, upper
rotation and offset at the moon pool position are greatly affected by internal waves while the top tension is
less affected by internal waves; the maximum equivalent stress of hard pipe occurs near the suspension point;
the upper rotation and offset at the moon pool position are the limiting factors affecting operation safety; the
condition that the direction of internal wave upper current is the same as that of ocean current is the
dangerous condition for the buffer retrieve/deployment operations, and the stage that the buffer stayed in the
water depth range of 0~300 m is the dangerous stage.

Key words: Deep-sea mining; buffer; internal solitary wave; finite element analysis
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