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ABSTRACT: This paper reports a simulation-based design method for the optimized arrangement design of buoyancy modules in a marine riser
system. A buoyancy module is used for the safe operation and structural stability of the riser. Engineers design buoyancy modules based on
experience and experimental data. However, they are difficult to design because of the difficulty of conducting real sea experiments and quantifying
the data. Therefore, a simulation-based design method is needed to tackle this problem. In this study, we developed a simulation-based design
algorithm using a multi-body dynamic simulation and genetic algorithm to perform optimization arrangement design of a buoyancy module. The
design results are discussed in this paper.
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Fig. 1 Conceptual diagram of deep-seabed integrated mining system (Oh et al., 2015)
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Fig. 2 S-shape of marine riser (Halil, 2012)
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Table 1 Properties of flexible riser

Component Parameters Unit Value
Inner diameter [mm] 203.2
Outer diameter [mm] 250.0
Length [m] 10.0
Hose
Mass [ke] 305.0
Young’s module [Mpa] 400.0
Quantity [ea] 10
Flange Mass [kg] 37.5
Characteristic Bending radius [m] 18
Fig. 4 Commercial buoyancy module
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Fig. 5 Algorithm using parameter iteration method
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Fig. 6 Developed algorithm for simulation-based design

Table 2 Design formular for problem 1
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Parameter Definition Value
Object function Minimization of no. buoyancy modules
Constraint 1 R1 18 m ~ 20 m
Constraint 2 R2 18 m ~ 20 m
Constraint 3 No. buoyancy modules 1~15
Constraint 4 abs(R1-R2) 0~10

Design variable

Buoyancy at all positions

0 or 1 (on and off)

Table 3 Design formular for problem 2

Parameter Definition Value
Object function Minimization of strain energy
Constraint 1 R1 18 m ~ 20 m
Constraint 2 R2 18 m ~ 20 m
Constraint 3 No. buoyancy modules Result in problem 1

Design variable

Buoyancy at all positions

0 or 1 (on and off)
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Fig. 7 Definition of curved radius R1 and R2
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Table 4 Properties of genetic algorithm

Parameter Value
Seed 200
No. population 50
Initialization type Simple_random
Fitness type Merit_function
Mutation type Replace_uniform

Elitist
Multi_point_real

Replacement type
Crossover type

Table 5 Properties of mutation and crossover rates

Case Mutation rate Crossover rate
1 0.1 0.9
2 0.5 0.9
3 0.9 0.9
4 0.1 0.5
5 0.5 0.5
6 0.9 0.5
7 0.1 0.1
8 0.5 0.1
9 0.9 0.1

shtt & Aol A= Seedoll thek 232 £4317] 91sf 20742
I ge H8sto] A3 FPsATh

3.2 Problem 1 & Z3n} & &
Hol g} Wl go mE A FEA o] HAH x| A=
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Fslon, 11 F HAFE 72 Case 3(H0)& 09, wHlE
09)9} Case 5(°]& 05, 2ul& 059014 A 23 T 22%<]
gEE =SHAY =3 87 FEAe 24X A3} Case 2, 6,

Table 6 Results by mutation and crossover rates

Mutation ~ Crossover No. Object
Case . .
rate rate iteration value
1 0.1 0.9 390 9
2 0.5 09 648 8
3 09 09 817 7
4 0.1 05 313 10
5 0.5 05 541
6 09 05 730
7 0.1 0.1 204 13
8 0.5 0.1 391 10
9 0.9 0.1 540 8
14
12
g 10
T
ko] === Crossover rate = 0.1
o 6
ey ——Crossover rate = 0.5
O 4
—— Crossover rate = 0.9
2
0
0 0.2 0.4 0.6 0.8 1
Mutation rate

Fig. 8 Optimized result of no. buoyancy module at flexible riser
by mutation and crossover rates
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Fig. 9 Arrangement positions when optimized result is 7

: (a) mutation rate is 0.9, crossover rate is 0.9, (b) mutation

rate is 0.5, crossover rate is 0.5
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Table 8 Results for minimization of strain energy

Mutation Crossover Object Constraint Constraint Constrain
rate rate  value 1 2 t3

3 0.9 09 009 971 O 962 O 7 O
5 0.5 0.5 013 971 O 958 O 7 O

Case
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Table 9 Comparison of strain energy in case 3 & 5

Case Constraint 1 Constraint 2 Constraint 3 Constraint 4
3 102 O 953 O 7 O 062 O
5 107 O 110 O 7 O 02 O

Case Problem 1 Problem 2
3 0.62 0.09 Betterment
5 0.22 0.13 Betterment
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@ (b)

Fig. 11 Arrangement positions for minimization of strain energy

: (a) mutation rate is 0.9, crossover rate is 0.9, (b) mutation
rate is 0.5, crossover rate is 0.5
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