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Buckling, Buckling analysis of the composite stiffened panel in the aircraft’s wing was performed. The
Aircraft’s wing, composite panel must meet the requirements of the structure and reduces the weight. For
Stiffened Panel, compare the types of stiffeners, the number of skin layers and stiffeners were assumed to be
Finite Element. constant at each stage. At first, buckling strength was determined using ABAQUS and it was

determined that the Hat-Type stiffener in single state and with the first layup, compared to
the T-Type stiffener, 31%, ]-Type 35% and the blade-Type, 41% withstand more buckling
load. It also with stand higher buckling load for multiple modes and the second type of layup
than the T-Type stiffener, 76%, J-Type, 79%, and blade-Type 70%. Next, important
parameters such as number, dimensions and different layups on the selected stiffeners were
investigated. It was found that the weight of the panel with 2 stiffeners, first layup and cross
section 1 is almost equal to the weight of the panel with 3 stiffeners and cross section 3, but
the buckling load of the plate with 3 stiffeners is 2.31 and the buckling load of the panel with
with 2 stiffeners is 0.89.

Extended Abstract

1. Introduction

ne of the most important applications of panels is their use in Aerospace structures, especially airplanes.

The airplane is made up of various components, and its wing structure, as an important component,

plays a significant role in the design. In this regard, composite materials have attracted the attention of
many designers due to their unique features in engineering structures and aviation industries, including good
mechanical properties such as tensile strength, high toughness, and resistance to various types of buckling. In this
research, for a better and simpler understanding, the panel is considered as a rectangular plate under shell edge
loading with various types of stiffness and to investigate the effect of important parameters (geometric and non-
geometric) in the buckling and strength analysis by use of finite element software (ABAQUS/CAE). The aim of
this research is to find the minimum critical load under different types of layup and different geometric sections,
taking into account the effect of the structure's weight. At the end, the results will be evaluated and compared in
order to achieve the best possible resalts.

2.Methodology

A rectangular plate with length and width a and b respectively is considered, which is on a simply support.
This plate is subjected to pressure loads of Nx and Ny on the edges. It can be written according to the energy
method:
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Figure 1 Rectangular composite plate under biaxial load
The total potential energy of a system is the sum of the strain energy U and the work done by the external force
W:
T,=U+Q @

To satisfy the boundary conditions, the following solution can be used for the displacement function:

m n
WZZZAmn sin?sin% 2

In this equation, m and n are the number of terms of the series. Amn is also a constant coefficient that is
calculated based on the principle of conservation of energy. According to this equation we have:

OWyn  OWpp,

By placing W and defining the ratio of the length to the width of the plane AR = a/b, we can write:
T2 Apn [D11m*+2(D12+2Dg6)m?n? (AR)?+D2,n* (AR)*]=-A a2 [Nxm? +Nyn? (AR)? @)

Assuming k=Ny/Nx and that the plate is subjected to a compressive force of Nx, the buckling load of a
composite plate will be obtained as follows. It depends on the number of half waves m in the direction of x and n
in the direction of y.

No—= T[Z [D11m4+2(D12+2D66)m2n2 (AR)2+D22n4(AR)4]
o= aZ(m?+kn2(AR)?)

®)

3. Discussion and Results
In this research, the analysis steps consist of three steps as follow:
* First step: Analysis of the composite panel with one stiffener and different cross-sections
« Second step: Analysis of the composite panel with multi stiffeners and different cross-sections
« Third step: Checking the effect of geometric and layup on the selected stiffener

The stiffened panel in this research is modeled flat. Since there is a large radius of curvature in this type of
structure, modeling the panel as flat, does not affect the buckling behavior of the structure much. In order to
analysis the panel, simply support conditions are considered. Also, the applied load is the type of shell edge loading
that is applied at the edge of the panel.

Next, buckling analysis was performed for single and multi stiffener with a kind of layup. The results were
obtained in the table as follows. As can be seen, the Hat-shaped stiffener can bear more buckling load than the
other stiffeners.
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Figure 2 Boundary conditions of the stiffened panel
Table 1 Buckling load factors with single stiffener and different layups
Layup Hat Type T Type J Type Blade Type
Setl 0.229 0.158 0.149 0.135
Set2 0.268 0.18 0.165 0.14
Set 3 0.243 0.166 0.153 0.138
Set 4 0.196 0.0424 0.126 0.118
Table 2 Buckling load factors with multi stiffeners and different layups
Layup Hat Type T Type J Type Blade Type
Setl 8.45 1.95 1.61 2.47
Set2 7.71 1.78 161 2.29
Set3 3.47 0.8 0.64 1
Set4 9.17 2.5 2.008 3.34

Therefore, it was observed that in both single and multi stiffened panels, the Hat-shaped stiffener, has the
highest buckling load factor. In the following, the influence of the number, geometric dimensions and layup on it
will be investigated. Three different types of geometries have been considered to investigate the effect of the
geometric cross section of the Hat-shaped stiffeners on the critical load.

The number of 2 to 4 stiffeners was considered to analysis the composite stiffened panel. So that a total of
36 analyzes were performed to obtain the critical load. In this analysis, the influence of the layup, the number of
stiffeners and the cross-section on the critical load has been investigated.

4. Conclusions

In this research, the stiffened composite panel was evaluated. To make a comparison between the types of
stiffeners, the number of skin and stiffeners layups and the cross-section were considered constant in each step. At
first, in order to determine the best type of stiffener, buckling analysis was performed in of single and multi
stiffeners in Abaqus software, and it was found that in both modes, Hat-shaped stiffeners bear the highest critical
load and, as a result, have the highest stability compared to other stiffeners. Next, important geometric and non-
geometric properties, including the effect of the layup and the number of stiffeners, were investigated in an airplane
wing panel. The number, dimensions and layups of different tiles on the selected stiffeners were checked. In this
research, it was concluded that the hat-shaped stiffener in a single state and with the first type of layup can
withstand 31% more buckling load than the T-shaped, J-shaped 35% and blade-shaped stiffener. Also, this type of
stiffener can bear more buckling load than T-shaped stiffener, 76%, J-shaped 79%, and blade-shaped 70% for
multi mode and second type layup. At the end, a weight comparison was made between different situations. In
some cases, the number of stiffeners can be decided by considering the weights. For example, the weight of the
structure with two stiffeners and the first layup and the cross-section of 1 is almost equal to the weight of the
structure with three stiffeners and the third layup and the cross-section of 3, but the critical buckling load of the
structure with three stiffeners is equal to 2.31, while the load The criticality of the structure with two stiffeners and
the first layup is equal to 0.89.
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Geometrical parameters for hat stiffener (left) and J-type stiffener (right)
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. Geometrical parameters for blade stiffener (left) and T-type stiffener (right)
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Geometrical Parameters Stiffener Types
Hat Type J Type T Type Blade Type
Stiffener Height (mm) 40 36.5 35 50
Stiffener Botton Width (mm) 30 75 75 83
Stiffener Top Width (mm) 40 175 38 -
Hat Angle (°) 15 - - -
Cross-sectional Area (mm?) 411.350 411.750 411.750 411.750
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Layup Stiffener Layup Skin Layup

Set1 [-45°/0°/902°/02°/45°/902°]s [45°/0°/90°/0°/90°/-45°]s
Set 2 [902°/45°/0°/-45°/90°/45°/90°/-45°]s [45°/0°/90°/-45°/02°]s
Set 3 [90°/-45°/45°/90°/-45°/903°/45°]s [90°/0°/-45°/0°/45°/90°]s
Set 4 [02°/90°/45°/90°/-45°/90°/45°/-45°]s [02°/45°/90°/-45°/90°]s
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Buckling Load Factors

Layup Hat Type T Type J Type Blade Type
Set 1 0.229 0.158 0.149 0.135
Set 2 0.268 0.18 0.165 0.14
Set 3 0.243 0.166 0.153 0.138
Set 4 0.196 0.0424 0.126 0.118
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Step-1
Step: Step-1 1: EigenValue = 0.1358
Mode 1: Eigenva ry Var: U, Maanitude
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Layup Stiffener Layup Skin Layup

Set 1 [-45°/0°/90°/-452°/45°/02°/902°/45°/0°/45°/-45°/45°] s [452°/02°/-45°/90°/02°/90%/- 45°/90°]s
Set2 [90°/-45,°/45°/0°/903°/0%/90°/-45°/45,°/-45%/45°] s [90°/0°/-45°/90°/0°/- 45,°/452°/0°/45°]s
Set3 [-45°/452°/90°/45°/-45°/90°/45°/-45°/45°/0°/- 455°/45°]s [-452°/45°/90°/455°/-453°/45,°]s
Set 4 [45°/90°/45°/0°/-452°/0°/902°/0°/90°%/- 45°/90°/45°/90°]s [90°/-45°/0°/- 45°/03°/90°/0°/45,°]s
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Buckling Load Factors

Layup Hat Type T Type J Type Blade Type
Setl 8.45 1.95 1.61 2.47
Set2 7.71 1.78 1.61 2.29
Set 3 3.47 0.8 0.64 1

Set 4 9.17 2.5 2.008 3.34
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Hat Type
Geometrical Parameters Specimen 1 Specimen 2 Specimen 3
Stiffener Height (mm) 40 35 30
Stiffener Bottom Width (mm) 30 25 20
Stiffener Top Width (mm) 40 35 30
Hat Angle (°) 15 20 25
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Layup Stiffener Layup Skin Layup

Setl [-45°/0°/902°/02°/45°/902°]s [45°/0°/90°/0°/90°/-45°]s
Set 2 [902°/45°/-45°/90°/45°/90°/-45°]s [45°/0°/90°/-45°/02°]s
Set 3 [90°/-45°/45°/90°/-45°/903°/45°]s [90°/0°/-45°/0°/45°/90°]s
Set4 [02°/90°/45°/90°/-45°/90°/45°/-45°]s [02°/45°/90°/-45°/90°]s
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Step: Step-1
Mode 1: EigenValue = 0.89190
Primary Var: U, Magnitude
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Step: Step-1
Mode 1: EigenValue = 0.81654
Primary Var: U, Magnitude
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2 Stiffeners-First Layup-Hat 2 Stiffeners-First Layup-Hat 2 Stiffeners-First Layup-Hat

Model 1 2 3
Buckling Load Factor 0.89 0.81 0.73
Model 2 Stiffeners-Second Layup- 2 Stiffeners-Second Layup- 2 Stiffeners-Second Layup-
Hat 1 Hat 2 Hat 3
Buckling Load Factor 0.99 0.82 0.84
Model 2 Stiffeners-Third Layup- 2 Stiffeners-Third Layup- 2 Stiffeners-Third Layup-
Hat 1 Hat 2 Hat 3
Buckling Load Factor 0.89 0.82 0.74
Model 2 Stiffeners-Fourth Layup- 2 Stiffeners-Fourth Layup- 2 Stiffeners-Fourth Layup-
Hat 1 Hat 2 Hat 3
Buckling Load Factor 0.73 0.67 0.61
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3 Stiffeners-First Layup-Hat 3 Stiffeners-First Layup-Hat 3 Stiffeners-First Layup-Hat

Model 1 2 3
Buckling Load Factor 2.67 2.65 2.31
Model 3 Stiffeners-Second Layup- 3 Stiffeners-Second Layup- 3 Stiffeners-Second Layup-
Hat 1 Hat 2 Hat 3
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Buckling Load Factor 2.69 2.69 2.55
Model 3 Stiffeners-Third Layup- 3 Stiffeners-Third Layup- 3 Stiffeners-Third Layup-

Hat 1 Hat 2 Hat 3

Buckling Load Factor 2.56 2.5 2.29
Model 3 Stiffeners-Fourth Layup- 3 Stiffeners-Fourth Layup- 3 Stiffeners-Fourth Layup-

Hat 1 Hat 2 Hat 3

Buckling Load Factor 2.23 2.12 1.89
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2 Stiffeners-First Layup-Hat 2 Stiffeners-First Layup-Hat 2 Stiffeners-First Layup-Hat
Model 1 2 3
Weight (kg) 2.52 2.35 2.18
3 Stiffeners-First Layup-Hat 3 Stiffeners-First Layup-Hat 3 Stiffeners-First Layup-Hat
Model 1 5 3
Weight (kg) 3.17 2.92 2.67
4 Stiffeners-First Layup-Hat 4 Stiffeners-First Layup-Hat 4 Stiffeners-First Layup-Hat
Model 1 2 3
Weight (kg) 3.83 3.5 3.16
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Stiffener: [-45°/0°%/90%-45,°/45°/0,°/90,0/45°/0°/45°/-45°/45°]5
Skin: [45,2/0°/-45°/90°/0,°/90%- 45°/90°]s
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Buckling Load Factors

Blade type T type J type Hat type
Sy gl 3.1725 3.166 3.2877 9.5963
(V)] g o b 34 2.941 2.984 8.768
CH VPSRV -6.7 7.7 10.2 94
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