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Abstract: Civil transport aircraft, a highly complex flying
structure is used for carrying passengers from one place to
another. Generally transport aircraft undergoes nominal
maneuvering flights. During the flight when the maximum lift
is generated, the wings of the aircraft will undergo highest
bending moment. The bending moment will be maximum at
the root of the wing which causes highest stress at this
location. Wings are attached to the fuselage structure through
wing-fuselage attachment brackets. The bending moment and
shear loads from the wing are transferred to the fuselage
through these attachment brackets. In this study, bending load
transfer joint is considered for the analysis. Firstly it needs to
ensure the static load carrying capability of the wing-fuselage
attachment bracket. Stress analysis has been be carried out for
the given geometry of the wing-fuselage attachment bracket
by varying its materials.
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1. INTRODUCTION

The primary structural elements in airframe structure that
are widely used in connecting different components of the
airframe viz., are aircraft engine-pylon support fittings, wing
fuselage attachment and landing gear links. These are some
of the typical applications where attachment lugs of various
configurations can be found. Failure of lug may lead to a
catastrophic failure of the whole structure. Finite element
analysis studies help the designer to safeguard the structure
from catastrophic failure. Attachment lugs can be the most
fracture critical component in an aircraft structure, with a
very severe consequence of structural lug failure
(disastrous). It is so severe that quite a few times the
fuselage and wings of an aircraft gets separated.

Therefore, it is important to establish design criteria and
analysis methods to ensure that the damage tolerance of
aircraft attachmentlugs are the primary structural elements
in airframe structure widely used in connecting different
components. E.g., aircraft engine-pylon support fittings, wing
fuselage attachment and landing gear links where
attachment lugs of various configurations can be found. The
occurring catastrophic failure may lead to separation of lug
joint bracket of the aircraft structure. Therefore, Finite
element analysis (static) and experimental (numerical) data

helps the designer to determine life of the structure before
catastrophic failure.

Stress analysis was carried out on the given geometry of the
wing-fuselage attachment bracket of a transport airframe
structure. Finite element method is used for the stress
analysis [1]. Aircraft failing due to a static overload during its
entire service life is a rarity [2]. The combination of high
level of acceleration and complicated maneuvers will
introduce high magnitude of loads on the wings [3]. The
bending moment will be maximum at the root of the wing
which causes highest stress at that location [4]. Wings are
attached to the fuselage structure using wing-fuselage
attachment brackets. The bending moment and shear loads
from the wing are transferred to the fuselage through these
attachment joints [5]. In this work the bending load on the
transfer joint is considered for the analysis. First we need to
consider the static load carrying capability of the wing-
fuselage attachment bracket. For continued airworthiness of
an aircraft during its entire economic service life; fatigue and
damage tolerance design, analysis, testing and service
experience correlation play a pivotal role.

Considering a transport aircraft with mid wing
configuration, different loads acting on the aircraft and its
transfer from wing to fuselage is found. So different loads
acting on the rivets due to the shear force and bending
moment caused by the pressure load on the wing also have
been calculated. All the three materials viz., steel, aluminium,
titanium and their alloys are considered for the analysis.

1.1 Geometric Configuration

The following geometric configuration has been used for
analysis;
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Fig-1 Top view of wing fuselage lug joint bracket
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Fig-2 Front view of wing fuselage lug Joint bracket

1.2 Material and Mechanical Properties

The metals used in the aircraft wing fuselage attachment
manufacturing industry include Aluminium alloy, Titanium
alloy and Carbon Fibre Reinforced Polymer. Aluminium
alloys are characterised by having lower density values
compared to steel alloys (around one third), with good
corrosion resistance properties. Titanium is also used in the
design of aircraft structures as it is lightweight, strong and
corrosion resistant metal.

In addition to metals, composite materials are also used
within the aircraft industry due to their strength, relatively
low weight and corrosion resistance. They can be made of
fibrous materials embedded within a resin matrix. In
general, fibres oriented in a specific direction are laminated
with fibres characterised by a different orientation in order
to obtain the required strength and stiffness. In the present
study the material used are Aluminium 2024T351, Titanium
Alloy and Carbon Fibre Reinforced Polymer (CFRP).

The mechanical properties are as shown in Table-1.

Table -1: Mechanical properties of the materials

Material Young’s Poiss | Density | Yield
modulus | on’s | kg/mm?3 | Strength
N/mm? ratio N/mm?

Aluminum

alloy- 70000 0.3 2800 378

2024T351

Titanium | 150000 | 0.21 | 4420 910

Alloy

Carbon

Fibre 1500 028 | 1500 200

Reinforced '

Polymer

2. MODELLING AND ANALYSIS OF LUG JOINT BRACKET

The 3D modelling and meshing of lug joint bracket has been
carried out using ANSYS software according to geometric
configuration.

Hex Dominant Meshing Method, where a free hex dominant
mesh is created. This option is recommended for bodies that
cannot be swept.

Geometry
10-05-2016 15:47

Fig-3 Isometric view of the lug joint bracket

Fig-4 Hex Dominant Meshing

The mesh contains a combination of tet and pyramid cells
with majority of cell being of hex type. Hex dominant meshing
reduced element count.

A mesh well suited for a specific analysis can be generated
with a single mouse click for all parts in a model. Full controls
over the options used to generate the mesh are available for
the expert user who wants to fine-tune it. The power of
parallel processing is automatically used to reduce the time
you have to wait for mesh generation. Number of elements is
76285 and nodes is 42520.
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2.1 Boundary condition

Loading on the wing fuselage lug attachment bracket of the
aircraft wing, bending moment by the spars in the wing
structure resulted in the maximum bending moment
occurring at the root of the spar where wing and fuselage
components are attached to each other. The load calculation
for the wing fuselage lug attachment bracket has been carried
out by applying tension load 233085.6N on wing fuselage
attachment fitting.

The loads and boundary conditions along with the finite
element model are shown in the figure 5.

A: Static Structural
Farce

Time: 1.5
25-05-201905:39

[ Force: 2.3300 +005 N
Components: 0,3.3309 +005,0. N

0.00 350.00 700.00 {rmm)
]

175.00 523.00

Fig-5 Applying tension load 233085.6N on wing
fuselage attachment fitting on the surface of the I
section

Aload 233085.6N is applied at one end of the I section spar
beam. This load will essentially create the required bending
moment at the root section.

A: Static Structural
Ficed Support
Time: 1.5
25-05-2019 05:42

[ Fixed Support

Fig-6 Fixed support on wing fuselage attachment fitting

Fixed support on wing fuselage attachment fitting and the top
and bottom lug holes of the wing fuselage lug attachment

bracket are constrained with all six degrees of freedom at the
semi-circular circumferential region.

3. RESULTS AND OBSERVATION

The results obtained after the static analysis has been
discussed here.

3.1 Titanium Alloy

The stress values at the root section of the lug hole and the
displacement contours occurring are shown in the Figure 7.
A maximum stress of 209N /mm?2 is observed at the midpoint
of the root section.

A: Static Structural
Equivalent Stress
Type: Equivalent tvon-Mises
Unit: MP3

Tirne: 1
05-05-2015 15:36

209.24 Max
185,99

162.74

13948

116,25

92.997

69,743

46,501

23.232
0.0041753 Min

Fig-7 Maximum equivalent stress is 209.24MPa for the
applied load and max stress observed in mid region of I
section
A: Static Structural
Masirurm Principal Stress

Type: Maamum Principal Sy
Unit: MPa

Tirne: 1
05-05-201815:37

194.53 Max
169.67
14481
119.95
95,009
70225
25365
20505
43557
-29.216 Min

Fig-8, Maximum principal stress is 194.56MPa for the
applied load and maximum stress observed in middle
region of I section
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B: Static Structural

Maximumn Principal Stress
Type: Mximum Principal Stress
Unit: MPa

Tiene: 1

A: Static Structural
Minimure Principal Stress
Type: Minimurn Principal St

Unit: MPa 18-06-2019 21:42
Time: 1 100.81 Max
03-05-201815:39 a7.5m
22,513 Max mar
5,378 61,148
-33.271 opaid
-61.183 ::;;
e azers
e wrwzvan
-200:52
-228.51 Min
Fig-11 Maximum principal stress is 100.81MPa for the
Fig-8 Minimum principal stress is 22.513MPa for the applied load condition and maximum stress observed

applied load in middle region of I section

Az Static Structural
Total Deformation
Type: Total Deformation
Unit: mm

Time: 1
05-05-201815:39

B: Static Structural

Minirmur Principal Stress
Type: Minimurm Principal Stress
Unit; MPa

Time: 1

18-06-2019 2143

1.8161 Max 18.784 Max
5.5816
Lo “heaes
-20.823
1.2107 34,026
1.0089 -A7.228
a8ne 60471
060537 73633
040358 06,835
0279 -100.04 Min
0 Min
Fig-12 Minimum principal stress is 18.784MPa for the
Fig-9 Maximum total deformation 1.816 mm and applied load and maximum stress observed in mid of
maximum stress observed in edge region of I section. the I section
3.2 Aluminum Alloy B Statle Structural
Type: Total Deformation
Unit: rmm
oS S ooz
E}:‘T"\iz:wa\ent fwon-Mises) Stress 2.6588 Max
Time: 1 23634
18-06-2019 21:40 2.0679
17725
92.34 Max 14771
82.081 11817
1821 028626
e
’ 0.28542
0w v

20,525
10.266
0.0070835 Min

Fig-13, Total deformation is 2.6588mm for the applied
Fig-10 Maximum equivalent stress is 92.34MPa for the load condition and maximum stress observe in edge of
applied load condition and maximum stress observed the I section
in middle region of I section
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3.3 Carbon Fibre Reinforced Polymer (CFRP)

B: Static Structural

Equivalent Stress

Type: Equivalent (von-Mises) Stress
Unit: MPa

Tirme: 1

18-06-2010 22112

54.183 Max
48163

42143

36123

30102

24.084

18.064

12.044

6.024
0.0041564 Min

Fig-13 Maximum equivalent stress is 54.183 MPa for
the applied load and stress values at the lug hole and
the displacement contours

B: Static Structural

MWazimum Principal Stress
Type: Maximum Principal Stress
Unit: MPa

Time: 1

18-06-201922:10

59.155 Max
51.397
43,639

35.88

28122
20364
12,606
48476
-29107
-10.669 Min

Fig-14 Maximum principal stress is 59.155MPa for the
applied load and a maximum stress of 59.183 is
observed at the midpoint of the I section.

B: Static Structural

Minirmum Principal Stress
Type: Minirmum Principal Stress
Unit: MPa

Time: 1

18-06-2019 22:09

11022 Max
32751

-4 4717
12,219
19,965
272
-35.459
-43.206
-S0.953
-58.7 Min

Fig-15 Minimum principal stress is 11.022MPa for the
applied load condition and maximum stress observer
in middle of the I section region
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B: Static Structural
Total Deformation
Type: Total Deformation
Unit: ram

Time: 1

18-06-2M9 22:02

1.5601 Max
1.3868
12134
1.0401
0.86673
0.63338
0.52004
0.34669
0.17335

0 Min

0.00

350.00 F00.000
1

Fig-16 Maximum displacement of 1.56mm at the free
end of the cantilever structure observed from the
displacement contour

Table -2: Comparison between materials like
Aluminum alloy, Titanium alloy and CFRP materials
and comparison between weights of the different

materials
Materials Equiv | Max Mini Total | Weigh
alent | princi | princi | defor |t
stress | pal pal matio | (Kg)
(MPa) | stress | stress | n
(MPa) | (MPa) | (mm)
Aluminum | 5 3, | 10081 | 1878 | 1.81 | 356
alloy
Titanium | 90924 | 19453 | 2215 | 261 | 41.12
alloy
Carbon
Fibre 5418 |59.15 |11.02 | 150 | 28.12
Reinforced
Polymer

4. CONCLUSIONS

Damage tolerance design philosophy is generally used in the
aircraft structural design to reduce the weight of the
structure. Stress analysis of the wing fuselage lug attachment
bracket had been carried out and maximum tensile stress is
identified at one of the lug-holes. FEM approach was
followed for the stress analysis of the wing fuselage lug
attachment bracket. Maximum equivalent stress for the
aluminum alloy, titanium alloy and Carbon Fibre Reinforced
Polymer are safe because the maximum stress is less than
the yield stress. Carbon Fibre Reinforced Polymer wing-
fuselage attachment material weight is very less compare
with aluminum and titanium alloys. Several iterations were
carried out to obtain a mesh independent value for the
maximum stress.
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