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Implemention of the System-Level Multidisciplinary Design
Optimization Using the Process Integration and Design Optimization
Framework
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Abstract The design of large complex mechanical systems, such as automobile, aircraft, and ship, is a
kind of Multidisciplinary Design Optimization (MDO) because it requires both experience and expertise
in many areas. With the rapid development of technology and the demand to improve human
convenience, the complexity of these systems is increasing further. The design of such a complex system
requires an integrated system design, i.e., MDO, which can fuse not only domain-specific knowledge but
also knowledge, experience, and perspectives in various fields. In the past, the MDO relied heavily on
the designer's intuition and experience, making it less efficient in terms of accuracy and time efficiency.
Process integration and the design optimization framework mainly support MDO owing to the evolution
of IT technology. This paper examined the procedure and methods to implement an efficient MDO with
reasonable effort and time using RCE, an open-source PIDO framework. As a benchmarking example,
the authors applied the proposed MDO methodology to a bulk carrier's conceptual design synthesis
model. The validity of this proposed MDO methodology was determined by visual analysis of the Pareto

optimal solutions.
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Fig. 1. Relationship between MDA, MDO, and PIDO
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Table 1. Key features of PIDO S/W: () is relative rank

ModelCenter PIAnO RCE
Interface Simpler(1) Simple(2) Simple(3)
Applicability | Universal(1) Universal(2) Universal(3)
Optimizer 25(1) 2(3) 8(2)
Analysis Basy(1) Basy(2) Difficult(3)
Budget High(3) High(2) Open-free(1)
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Fig. 2. Interface and data exchange through SESIS[7]
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Fig. 3. Different views of RCE GUI[7]
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Fig. 4. Proposed procedure of MDO implementation
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Table 2. Characteristics of proposed procedure
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Table 3. Major parameters of the bulk-carrier SSM

OBJECTIVES (3)

Minimize transportation cost CT (£)
Minimize light-ship weight W1 (ton)
Maximize annual cost CA (ton/year)
DESIGN VARIABLES (6)
Length (overall) L (m)
Beam B (m)
Depth D (m)
Draft T (m)
Speed Vk (knots)
Block coefficient CB ()
CONSTRAINTS (9)

Length by Breadth L/B =6 (-)
Length by Depth L/D <15 (5
Length by Draft L/T <19 (-

Deadweight (DWT) 3,000 < DWT < 500,000
Draft and DWT T < 0.45 DWTO0.31
Draft and Depth T < 07D + 0.7
Block coefficient 0.63 < CB £ 0.75

Speed 14 < Vk < 18
Froude Number Fn < 0.32
Stability GMT = KB + BMT - KG = 0.07 B
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Fig. 5. Mindmap to simplify the typical bulk-carrier SSM
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Table 4. DAKOTA optimization algorithms in RCE[12]

Types of variable
Category Sub- Algorithm Genera
category Continuous | Discrete 1
Grlj:;eegt_ Local | Quasi-Newton X
COBYLA X
Local HOPSPACK X
Derivative Surrogate-based X
-free Coliny EA X X
Global SOGA X X X
MOGA X X
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(b) Set MOGA algorithm parameters

Fig. 10. Set the MOGA optimizer for the given problem
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Fig. 11. Convergency properties and design data table
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Table 5. Summary of the best design alternatives(3)

DESIGN 92 869 793
Length(L), m 150.5 180.2 180.2
Breadth(B), m 32.2 32.0 315
Depth(D), m 13.9 16.3 15.5

Draft(T), m 10.2 115 11.6
Speed(Vk), knots 16.7 17.0 18.0
Block coeff.(CB) 0.72 0.71 0.74
Light(\;l};fptgfight 6761 8,776 10297

aceight 34,574 39,886 44,803

A careo. 533963 | 589853 | 645802
TYPES Handysize Handymax

HIAL2 SEFFOWD o +E==d A4
92+ Handysizeg(1~3.57+E, L: 130~150m), 8692+
7932 Handymax3(3.5~5.08%, L: 150~200m)°]l
ettt 3EAA S5k A" A4 A F 2ol
o} ER(DE AA =49 9ol HlFo] & of 44

A At A £2DS & 5 AeHI4),
4. 28

QEAA PIDO ZEJ9=R1 RCEE ©|88 MDO
Td ZEAAE AWHET AubEA oA A Q18-
= H3A fgEA SSME MDO F+dof Z3lst of7]E)]
A2 WSt & Z2A|AE B3 process integration)
SH T4 AL T EH(MOGA)S 283t 471225}
(design optimization)E A3t AF2AS &
Z3l= T E & 5f|(Pareto optimal solutions) 3771
2 4 E FAE A 3770 5 5830 sidste

3709l 2= AAHH best design alternatives)& AU

Table 6. Pros and cons of MDO implementation
using RCE

Provide user-friendly GUI environment to
structure MDO problem

- easy input/output setting

- simple connecting between modules

Provide useful optimization algorithms
Generate limitless multiple solutions in
relatively short period of time (e.g., few days)
Open publicly and update annually

Pros

No kind manuals and samples
Less analysis modules compared to
commercial S/W

Cons
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