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Research and Application of Flap Guide Rail Design Based on
Two-step Optimization Method

Li Qian
(The Tenth Department, Aircraft Strength Research Institute of China, Xi’an 710065, China)

Abstract: The structure weight is of an important influence on the performances of the aircraft. In order to re-
duce the weight of the wing, distribute materials reasonably and improve utilization rate of materials, two-step
optimization method is proposed for flap structure optimization design. Taking the structure of flap guide rail as
research object, the complex optimization design problem is analyzed by top-layer and low-layer optimization de-
sign as two basic events. The top-layer is topology optimization that determines the web stiffener forms and
low-layer is size optimization that determines the thickness distribution of the flap guide rail. Through this two-
step optimization, the best structure form base on minimize structure weight is determined. Results show that
the method presented is feasible and correct, and is of a significant value in accelerating the engineer realization
of the structure optimization.
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Fig. 1 Integration optimization process
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Fig. 2 CAD model of flap guide rail
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Fig. 3 Finite element model of flap guide rail
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Tabel 1 Thickness distributing

B K BEE/mm Bt K, BEE/mm
X1 6. 00 X i 5 3.75
X 18 2 11.00 X i 6 27.50
X% 3 3.00 X7 12.00
X3 4 7.00 X 18 8 5. 00
EXDARN
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F=253X10°

F=251X10°
F=253X10°
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Fig.4 Load format of flap guide rail
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Fig.5 Displacement contour of initial model
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Fig. 6 Stress contour of initial model
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Fig. 7 Comparison of structure form before and after topology optimization
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Fig. 9 Displacement contour of topology model
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Fig. 10 Stress contour of topology model

£2 WIMULETE BIRARXT B
Table 2 Comparison of performance parameters

before and after topology optimization

E I A HALE  BAESH/%

Fi/kg 9.373 8. 980 4. 20
K B F1/MPa 514.6 214.2 58. 40
BAf#/mm 9.08 9. 04 0. 44
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Tabel 3 The range of design variables

B’itRE EEAAEE/nn| &iIFTXKE EEAAHE/ mm
X% 1 4,00~7. 00 X% 5 1. 00~4, 00
X 3% 2 8.00~12. 00 X% 6 22, 00~29. 00
X% 3 1. 98~4.,00 X% 7 9. 00~13. 00
X 3% 4 4,00~8, 00 X% 8 2. 00~6., 00
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Fig. 11 Displacement contour of size optimization model
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Fig. 12 Stress contour of size optimization model
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Tabel 4 Optimization results of design variables

B RS AAENEE/mm| BIFRE M)EHEE/ mm
X8 1 7.00 X8 5 1.45
X5 2 12.00 XI5 6 22.00
X5 3 4,00 X5 7 9.69
X5 4 8. 00 X5 8 6. 00
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Tabel 5 Comparison of optimization

results of flap guide rail

wINIR  BEAE

e i WE  wRIMULE FRIE /%

BB /kg 9.373 8. 980 8. 440 9.95
B H/MPa  514.60 214,20 170. 20 66. 96
BAAI B/ mm 9.08 9. 04 7.53 17.00
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