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Structural Optimization of a Joined-Wing Using Equivalent Static Loads

Byung-Soo Kang, Hyun-Ah Lee, Yong-Il Kim and Gyung-Jin Park
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Abstract

The joined-wing is a new concept of the airplane wing. The fore-wing and the aft-wing are joined
together in a joined-wing. The range and loiter are longer than those of a conventional wing. The joined-
wing can lead to increased aerodynamic performance and reduction of the structural weight. In this research,
dynamic response optimization of a joined-wing is carried out by using equivalent static loads. Equivalent
static loads are made to generate the same displacement field as the one from dynamic loads at each time step
of dynamic analysis. The gust loads are considered as critical loading conditions and they dynamically act
on the structure of the aircraft. It is difficult to identify the exact gust load profile. Therefore, the dynamic
loads are assumed to be (1-cosine) function. Static response optimization is performed for the two cases.
One uses the same design variable definition as dynamic response optimization. The other uses the
thicknesses of all elements as design variables. The results are compared.
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Fig. 1 Joined-wing configuration
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Table 1 Load data of the joined-wing

Load No. Load Type Mission Leg
1 2.5g PullUp Ingress
2 2.5g PullUp Ingress
3 2.5g PuliUp Loiter
4 . 2.5g PullUp Loiter
5 2.5g PullUp Egress
6 2.5g PullUp Egress
7 2.5g PullUp Egress
8 Gust(Maneuver) - Descent
9 Gust(Cruise) Descent

10 Taxi(1.75g impact) Take-Off
11 _ Impact(3.0g landing) Landing
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Table 2 Aerodynamic data for the joined-wing

Gust maximum velocity 18.2m/s
Flight velocity 167m/s -
Geometric mean chord of wing 2.5m
Distance penetrated into gust 62.5m
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Fig. 5 Vibration of the wing tip deflection
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Fig. 6 Boundary conditions of the joined-wing
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Table 3 Results of the objective and constraint
functions for CASE i(kg, %)

Iteration Optimum Constraint
No. Value Violation
0 4199.7 142.1(216.009)
1 4855.8 68.4
2 4778.9 105.5
23 4755.2 0.5
24 4755.1 0.3(190.307)

Objective(kg)

0 3 6 9 12 15 18 21 24
Iteraion No.

Fig. 9 The history of the objective function of CASE 1

Table 4 Results of the objective and constraint
functions for CASE 2(kg, %)

Iteration Optimum Constraint
No. Value Violation
0 4468.60 173.829(344.213)
1 9391.202 25.055
2 10759.24 0.600
3 10901.66 0.204
4 10901.66 0.204(49.561)
12000
11000
% 10000
S 9000
£ 8000
-2, 7000
8 6000
5000
4000
0 1 2 3 4
Iteration No.

Fig. 10 The history of the objective function of CASE 2

64bit Processor, 2.01GHz, 1.0GB RAM ©]t},

CASE 32 CASE 29} #o] AA¥TZHE A}
23 7dg o] &3} 3FAA A3 3153
4ol A HAG HARNMSEE A G5t FHLHS
ALAEZ T3P EF}5UE 5T
W3t FrASToR A& 7FE5T
ol FlF L AT o= HLIG S
= 3703 HFE EELE AYE Urx o4
59 3o L5 U I=E sy} A4
e A (DHF 2o dNEd9y dA 498



27485 S o4 AN F2HHAA 591

Table 5 Results of the objective and constraint
functions for CASE 3(kg, %)

Iteration Optimum Constraint
No. Value Violation
0 4468.60 344.213
i 16527.18 -16.427
2 9329.58 40.759
3 14172.92 66.899
4 10610.69 23.755
5 13579.97 18.89
6 10852.17 14.993
7 11782.34 6.196
8 12112.68 8.368
9 12918.26 1.26
10 12725.54 0.681
18000
16000
@ 14000
S 12000
£ 10000
S 8000
6000
4000

0 1 2 3 4 5 6 7 8 9 10

Iteration No.
Fig. 11 The history of the objective function of CASE 3
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Fig. 12 Results of the design variables of CASE 1
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Fig. 13 Results of the design variables at the skin of the
aft-wing
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0.001016 | 0.005682 | 0.002494

Initial CASE2 | CASE3
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Fig. 14 Results of the design variables at the spar of the
aft-wing
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“Tnitial | CASE2 | CASE3
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Fig. 15 Results of the design variables at the skin of the
fore-wing
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Fig. 16 Results of the design variables at the spar of the
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