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A Study on the New Method for Structural Analysis and Design by
MDOMultidisciplinary Design Optimization) Methodology:
Application to Structural Design of Flap Drive System

Kwon, Y.-J.* and Bang, H.-C.**

ABSTRACT

MDO (Multidisciplinary Design Optimization) methodology is an emerging new technology to solve a
complicate structural analysis and design problem with a large number of design variables and constrai-
nts. In this paper MDO methodology is adopied through the use of computer aided systems such as Geo-
metric Solid Modeller. Mesh Generator, CAD system and CAE system. And this paper introduces MDO
methodology as a new method for structural analysis and design through the application to the structural
destgn of flap drive system. In a MDO methodology application to the structural design of flap drive
system, kinetodynamic analysis is done using a simple aerodynamic analysis model for the air flow over
the flap surface instead of difficult aecrodynamic analysis, Simultaneously the structural static analysis is
done to obtain the optimum structural condition. And the structural buckling analysis for push pull rod
is also done to confirm the optimum structural condition (optimum cross section shape of push pull rod).

Key words : Ftap Drive System, MDO(Multidisciplinary Design Optimization} Methodology, Structural
Mechanics, Aerodynamics, Kinetodynamics, Optimum Static Structure, Statics, Buckling
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Fig. 5. Solid model of flap Drive System.
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Table 1. Pressure - Qptimum flap location and maximum reaction force history

Optimum Position

Time(sec) 9, (¢ Maximum Reaction force(N)
Pressure(Pa) ()

Joint A Joint B Joint A Joint B Joint A Joint B

100 Trim screw 1.96 1.98 16.96797 16.98570 36.28833 38.28833
Bell crank 1.9%8 1.98 1698311 16.98311 38.81033 38.86720

200 Trim screw 1.92 1.95 1691162 16.94327 38,75577 41.33644
Bell crank 1.95 1.95 16.95346 16.95346 41.46962 4152649

300 Trim screw 1.87 1.91 16.8G231 16.89321 41.23793 44.05412
Beil crank 1.9 1.91 16.89092 16.89092 44.14127 4419816

400 Trim screw 1.83 1.87 16.68400 16.80231 4313493 46.73280
Bell crank 1.87 1.87 16.80220 16.80220 46.82432 46.88124

500 Trim screw 1.78 1.84 16.49794 16.71613 46.24616 49 42206
Bell crank .84 1.84 1671836 16.71856 4951817 49.57511
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Table 2. FE. model data for {lap drive system

Trim Screw Tvpe

Bell Crank Type

Parameters Data Data Units
Circle  Rectangular  Sguare Circle Rectanguiar  Square

No of Nodes 16676 17694 16470 15714 16732 15508 None
No of Elements 12192 13182 11994 11504 12494 11306 None
_ 71705810 7.1705E10 N/m®
Materal 033 033 None
Properties ,
2740 2740 Kg/m”

Fig. 9. Pressure applied on the flap surface.
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Table 3. Computed buckling load of push pull rod E. model data for Flap Drive System unit: Newton
Section Shpac Circle Rectangular Square
Buckling Mode Numerical Theoretical Numerical Theoretical Nurmerica) Theoretical
1st 1130.3281 1106.9447 5889714 S580.7400 1345.7499 1309.3244
Buckling 2nd 1130.3281 1106.9447 1760.7132 1739.4152 1345.1629 1309.3244
Load 3rd 10045.3136 9962.5023 5262.1887 5226.7466 11916.9425 11783.9203

4nd 100453136 9962.5023

14405.3736 15654.7367 11916.4923 11783.9203
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