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Stringer Shape Optimization of Aircraft Panel Assembly Structure
Hyoung Rae Kim' and Chanwoo Park”

ABSTRACT

Optimization of the aircraft panel assembly constructed by skin and stringers is investigated. For the design of panel
assembly of the aircraft structure, it is necessary to determine the best shape of the stringer which accomplishes lowest
weight under the condition of no instability. A panel assembly can fail in a variety of instability modes under
compression. Overall modes of flexure or torsion can occur and these can interact in a combined flexural/torsion mode.
Flexure and torsion can occur symmetrically or anti-symmetrically. Local instabilities can also occur. The local
instabilities considered in this paper are buckling of the free and attached flanges, the stiffener web and the inter-rivet
buckling. A program is developed to find out critical load for each instability mode at the specific stringer shape. Based
on the developed program, optimization is performed to find optimum stringer shape. The developed instability analysis
program is not adequate for sensitivity analysis, therefore RSM (Response Surface Method) is utilized instead to model
weight and instability constraints. Since the problem has many local minimum, Genetic algorithm is utilized to find
global optimum.

Key Words : Genetic algorithm(f-4 2} & 31 8] &), Instability analysis(E <34 314), Panel assembly design(3} 8
29 A7, Response surface method(RF-&H 7)4), Stringer optimization(2E ¥+ 2 3})
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Fig. 1 The instability analysis program structure
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M . number of inequality constraints.

4. =Xz
2 dAFdAME HEFREd Fd EUdAA

M Zzadqd vy 71y 293 §AA €3
gEg olLdtd HEXHA ] A FEEF



A3 - 43y BSHLTHIA ABH A6k

It 4
e sy
o

A

a
AE Ze HAH 1 99 2E
1z o

4.1 HEdFT=ES M 2 XA

¥ B ¢EEFol A& HEZYHAY
W AL Fig. 2 9 #on, Hde AL2024, &
YAE AL6061 AAE ALY, Hd9 XNFe
o] 880.0 mm, & 17721 mm, ¥7 4.0mm °|t},

oMo

P appiied

Fig. 2 Shape of panel assembly

42 = X5 2dg

2 AFdAE g 2YAE FAsE 4, 2
FEAANYG nAZZTRAY S HHFse Ao
o BAMSTE Fig 3 3 #Zo] ¥, AHEAAY
IHEAR Y YAE AAIE F 6 V) ¥WEY 2
71oltt. Fig. 394 d& 2™ A Z(rivet diameter)&
Aguiate, pE ¥ A (rivet offset) Z P FA
£o027g ol FANAAY AYE gu@g. &
At e gAY dHAS Figsis A
o, F£2AL Z4F FRE EUHo] wAFA
REF AT, oln FEZAL Table 1 7 2
o] z} Bty BEof Ulg dulA$r wEA] 1 8
o e F&£2AS 249 J3e 74£z2AS
gt & 12709 F42AE F459.

1 98 2E"fA HHg A4 sy 38z
2 33< Design Expert & ARl AA WMo o
o F 543 o] AEAS HAsln, HETFRE B
A N Z2aRg ol 8te] Zze APH
E< Ao, Design Expert o

A AARSE Y IJAFSFE FEJIYG. A
2 2 3 AYSFE o)l gl FFEHoz FARNGT
A&5S ALEele FH3E P8R, AR ¢
agE MHA 2L Table2 8 #r},

| X(2)

——

i
X
->-g

1
|
|
|
|
:
|
|
t
!
t
i
1
1
1

<
d X(6)
t ‘_'.i L )
4 __I l ! + L S l
____________ oy g g s faqpvupmpengge o
' PP
X(3)

Fig. 3 Design Variables

Table 1 Constraints for the optimization problem

G(1) Stringer free flange RF > 1
G(2) Stringer web RF > 1
G(3) Stringer attached flange RF > 1
G(4) Inter-rivet RF > 1
G(5) Sym. torsion RF > 1
G(6) Anti-sym. torsion RF > 1
G(7) Sym. flexure RF > 1
G(8) Anti-sym. flexure RF > 1
G(9) Flexure-torsion RF > 1
G(10) Wrinkling RF > 1
G(11) X3)>2p+d
G(12) X(2) > X(4)

Table 2 Genetic algorithm parameters

Number of generations 400
Population size 40
No. of child per pair of parents 1
Mutation probability 0.02
Crossover probability 0.5
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Table 3 Adjusted upper and lower bound for RSM

Design variable I(,glvr\:;r U(ﬁfrir)
X(1) 20 80
X(2) 13 28
X(3) 40 60
X(4) 1.3 2.3
X(5) 2 3
X(6) 2 5

Panel assembly area (mm 2}

g
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Fig. 5 Optimized objective function for various applied
loads
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Fig. 6 Optimized design variables for various applied loads
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Table 4 Optimization results

Load Objec_tive Design variable (mm)
(x10°N) ﬂmctl?n

(mm?) | X(1) | X2) [ X@B) | X(4) | X(5) |X(6)
15 982.99 5375 ] 19.15 | 4894 | 180 } 273 | 2.66
16 1001.22 | 56.06 | 21.31 | 4891 | 1.88 | 2.54 [2.82
17 1023.12 | 58.41 | 21.91 | 50.01 { 1.99 | 2.51 |2.97
18 104328 | 60.73 [ 23.31 | 50.02 | 2.07 2.51 |3.12
19 1063.41 | 65.29 | 20.58 { 50.00 | 2.22 | 248 [3.30
20 108293 | 67.88 | 21.70 | 4891 { 229 | 252 [3.35
21 110623 | 68.74 | 2543 | 50.06 | 2.29 | 2.54 |3.65

Table S Reserve factors at optimized state
Load Applied compressive end load (x10* N)
RF

IS 16171811920 | 21

Free flange 1.19{120]1.20|1.20|120{1.19]| 1.19

Web 1.14 {114 [ 114 | 1.14 | 1.12 | 1.10 | 1.10

Attached flange | 2.3212.2512.18 | 2.13 | 2.07 | 2.03 | 2.03

Inter rivet 1.88 1182176171 |1.66|1.62]1.62

Sym. torsion | 1.59 | 1.52 [ 1.45{1.40 1130|126 | 1.26

Anti-sym. torsion| 1.58 } 1.51 { 1.45 ] 1.38 | 1.29 | 1.25 | 1.25

Sym. flexure | 1.03 | 1.03 | 1.03|1.03]1.02 102|102

Anti-sym. flexure| 1.61 { 1.56 | 1.51 | 1.47 | 1.42 /| 1.39 | 1.39

Flexure-torsion | 1.03 | 1.04 | 1.03 [ 1.03 | 1.02 | 1.02 | 1.02

Wrinkling 1.01 {1.02|1.02|1.01|1.01]1.01{1.01
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Fig. 7 Optimized shape of stringer cross section
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