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Abstract

As computer power is increased, refined finite element models are employed for structural analysis.
However, it is difficult and expensive to use refined models in the design stage. The refined models
especially cause problems in the preliminary design where the design is frequently changed. Therefore,
simplified models are needed. The simplification process is regarded as an empirical technique. Simplified
and equivalent finite element model of a structure has been studied and used in the preliminary design. A
general approach to establish the simplified and equivalent model is presented. The generated simple model

has satisfactory correlation with the corresponding refined finite element model.
the Goal Programming algorithm is used to make the simple model.
design change and the changed design is recovered onto the original design.

verified with three examples.
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Table 1 Results of the simplification for the plate
Tareet Structure Plate structure Beam structure Error(%)
arge (refined model) (simplified model) °
Response
Mass (kg) 4.10E+00 4.15E+00 1.
Tip displacement (mm) 5.26E-03 5.31E-03 0.9
Table 2 Design results of the simplified structure
Structure " . . .
Response Initial design Optimum design
Mass (kg) 4.15E+00 3.44E+00
Displacement (mm) 5.31E-03 3.99E-03
Table 3 Design results of the original plate structure
Structure Initial plate Target from Plate configuration Optimum design
Response configuration simplified design after recovery with plate
Mass(kg) 4.10E+00 3.44E+00 3.46E+00 3.10E+00
Tip displacement(mm) 5.26E-03 3.99E-03 4.00E-03 3.99E-03
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Fig. 5 Refined finite element model of the swept wing
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Fig. 6 Simplified finite element model of the swept
wing
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Table 4 Responses of the refined and simplified models for the swept wing

Structure Refined swept wing model Ini'tial Yalues of the Simplit?ed r.nodel. after the
Response simplified model simplification
Natural frequency (Hz) 2.19 5.709 2.19
Tip displacement (mm) 0.0257 0.148 0.0279
Table 5 Results of the component level simplification for parts of the outside rear view mirror
Part Response Refined model Simplified structure Error(%)
Glass Mass(kg) 7.33E-02 7.35E-02 0.3%
Natural frequency(Hz) 311.2 312.0 0.2%
Frame Mass(kg) 1.082E-01 1.08E-01 0.1%
Natural frequency(Hz) 1322 132.1 0.7%
Shaft Mass(kg) 0.99E-01 0.99E-01 0.1%
Natural frequency(Hz) 958.7 949.8 0.2%
Actuator Mass(kg) 1.56E-01 1.57E-01 0.9%
Natural frequency(Hz) 294.2 295.1 0.3%
Housing Mass(kg) 1.67E-01 . 1.68E-01 0.3%
Natural frequency(Hz) 147.4 147.9 0.3%
Base Plate Mass(kg) 3.83E-01 3.84E-01 0.3%
Natural frequency(Hz) 322.1 323.1 0.3%
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Table 6 Results of system level simplification for the outside rear view mirror

CDEN

7421

Structure Target After correlation Error(%)
Response
Glass 56.18 58.02 3.
Displacement(mm) Actuator 12.32 12.29 03
P Frame 33.55 31.68 55
Shaft 3.79 392 3.
Natural frequency(Hz) 25.73 27.99 9.
Table 7 Results of the optimum design for the simplified outside rear view mirror
Case Initial desi Optimum desi Change (%)
Response & P gn ge (o
Mass (kg) 1.66 1.53 7.
Tip displacement (mm) 5.80E+01 5.23E+01 -9.8
Natural Frequency (Hz) 2.79E+01 3.03E+01 8.
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Table 8 Results of the recovery for parts

Part Response Opnmurlr\ldc;t("iznlmphﬁed Results of the recovery
Glass Mass (kg) 2.13E-01 1.88E-01
Natural frequency (Hz) 4.68E+02 4.68E+02
Housing Mass (kg) 3.16E-01 1.58E-01
Natural frequency (Hz) 2.10E+02 2.10E+02
Base plate Mass (kg) 6.19E-01 2.70E-01
Natural frequency (Hz) 2.54E+02 2.54E+02

Table 9 Results of system level recovery for the outside rear view mirror

Case Initial response of the | Optimum response of the The refined model after the
Response refined model simplified model recovery
Mass (kg) 1.66 1.53 0.95
Displacement (mm) 5.80E+01 5.23E+01 4.50E+01
Natural frequency (Hz) 2.79E+01 3.03E+01 3.02E+01

Table 10 Comparison of designs with the recovery and optimization

Case Responses from the recovery Optimization with the refined model
Response
Mass (kg) 0.95 0.58
Displacement (mm) 4.50E+01 2.06E+01
Natural Frequency (Hz) 3.02E+01 4 43E+01
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