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Abstract: Recent survey concludes that fatigue failure results in many fatal accidents to the aircrafts. So in order to
reduce fatigue failure, static stress and fatigue analysis have been done for vertical stabilizer of a typical trainer aircraft
at +4g factor condition. Design modeling of component is done using CATIA V5 software. Static stress analysis has
been done using Patran and Nastran software. Aluminium 7075 T6 material which has high fatigue strength has been
used in vertical stabilizer. From the static stress analysis, maximum principal stress value has been found out which is
less than the yield strength of Al 7075 T6. The maximum principal stress value has been used in fatigue calculation and
the obtained analytical result shows the safe number of factored fatigue life hours for the component. The result
predicted in this work concludes the efficient number of factored fatigue life hours for the vertical stabilizer which
would reduce the service cost of the component and ensures structural safety to the component.
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1. INTRODUCTION

Horizontal tail and vertical tail along with wing are referred to as lifting surfaces. This name differentiates tails
and wing from control surfaces namely aileron, elevator, and rudder.[1] Due to this mane, several design parameters
associated with tails and wing; such as airfoil, plan form area, and angle of attack; are similar. Thus, several tails
parameters are discussed in brief. The major difference between wing design and tail design originates from the
primary function of tail that is different from wing. Primary function of the wing to generate maximum amount of lift,
while tail are supposed to use a fraction of its ability to generate lift.[2] If at any instance of a flight mission, tail nears
its maximum angle of attack (i.e. tail stall angle); it indicates that there was a mistake in the tail design process. In some
references, tail is referred to as empennage. Tail often in a conventional aircraft has two components of horizontal tail
and vertical tail and carries two primary functions: Trim (longitudinal, lateral and directional) and Stability
(longitudinal and directional)

Since two conventional control surfaces (i.e. elevator and rudder) are indeed parts of the tails to implement control, it is
proper to add the following item as the third function of tails: Control (longitudinal and directional)

1. FATIGUE FAILURE

Fatigue is the progressive and localized structural damage that occurs when a material is subjected to cyclic
loading. [2]Fatigue occurs when a material is subjected to repeat loading and unloading. If the loads are above a certain
threshold, microscopic cracks will begin to form at the surface. Eventually a crack will reach a critical size, and the
structure will suddenly fracture. The shape of the structure will significantly affect the fatigue life; square holes or
sharp corners will lead to elevated local stresses where fatigue cracks can initiate. Round holes and smooth transitions
or fillets are therefore important to increase the fatigue strength of the structure. Metal fatigue is caused by repeated
cycling of the load. It is a progressive localized damage due to fluctuating stresses and strains on the material.[4]
Metal fatigue cracks initiate and propagate in regions where the strain is most severe.
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Figure 1 Structural component of tail

11, DESIGN METHODOLOGY
a) VERTICAL TAIL

Length of the Tail - 2740 mm

Sweep angle - 35 degree

Root chord -1135 mm

Tip chord -681 mm
b) RIBS

Cross section - NACA 0012 aerofoil
Root thickness - 60mm
Intermediate & Tip thickness — 40 mm

¢) SPAR
Length — 2740 mm
Cross section — I section
FLANGE Length —80 mm
Thickness— 15 mm
WEB Thickness — 10 mm
d) STRINGERS  Cross Section - C section
e) FLANGE length  -10 mm
Thickness -3.5mm
f) WEB Length -20 mm
Thickness -5 mm
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Fig 2 Catia v5 model of vertical stabilizer

V. ANALYSIS
Stress analysis is an engineering discipline that determines the stress in materials and structures subjected to
static or dynamic forces or loads. A stress analysis is required for the study and design of structures, e.g., tunnels, dams,
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mechanical parts, aircraft component and structural frames among others, under prescribed or expected loads. Stress
analysis may be applied as a design step to structures that do not yet exist.

STEPS INVOLVED ANALYSIS USING NASTRAN PATRAN

1) CAD Import
2) Meshing of geometry
3) Applying material properties
4) Loads and boundary conditions
5) Load cases to analyze various sets of boundary conditions
6) Analysis submission
Analysis of results
L_X
Figure 3. Imported vertical tail geometry
COMPOSITION
Component Wi. Ultimate Tensile 572 Mpa
Al 87.1 Tensile Yield 503 Mpa
Cr 0.18 Modulus of 71.7 Gpa
Cu 1.2- Poisson’s Ratio 0.33
Fe Max Shear Modulus 26.9 Gpa
Mg 2.1- Shear Strength 331 Mpa
Mn Max Density 2.81glcc
Other, each Max Fatigue Strength 159 Mpa
Other, total Max Fracture 29 MPa-m¥2
Si Max Melting Point 477 -635°C
Ti Max Annealing 413 °C

Table 1. Composition and Mechanical properties of aluminium 7075-T6
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Figure 4. Applied loads and boundary condition

V. RESULTS

From the linear static stress analysis, from the Nastran &Patran software, the von mises stress and the
maximum principal stress for the vertical tail are obtained. Von mises stress and the maximum principal stress both
acting at the bottom end of the leading edge spar.

Von mises stress: 441 Mpa

Maximum principal stress: 483 Mpa
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Figure 6 Von mises stress for vertical tail for skin and ribs
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Figure 7 Von mises stress for vertical tail for spars and stringers

VI. FATIGUE

Fatigue is defined as the progressive deterioration of the strength of a material or structural component during
service such that failure can occur at much lower stress levels than the ultimate stress level. Fatigue is a dynamic
phenomenon which initiates small (micro) cracks in the material or component and causes them to grow into large
(macro) cracks; these, if not detected, can result in catastrophic failure.
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Graph 1. Exceedence vs. normal acceleration, Velocity vs. Load factor (V-N) and S-N curves

Exceeda
Avg Avg Mean Mean Occuranc No of
Gmax G MmN nc<'e_I rPer G Gun G Alt G Stress Alt Stress e(n) Cycles(N) Damage
4.25 0.43 12.50 - - - - - - - - -
3.75 0.55 19.00 4.00 0.49 2.25 1.76 26.21 20.49 6.50 4.00E+06 1.63E-06
3.25 0.62 24.00 3.50 0.59 2.04 1.46 23.85 17.02 5.00 9.00E+06 5.56E-07
2.75 0.70 31.00 3.00 0.66 1.83 1.17 2137 13.66 7.00 RUN OUT -
2.25 0.70 40.00 2.50 0.70 1.60 0.90 18.68 10.51 9.00 RUN OUT -
1.75 0.70 52.00 2.00 0.70 1.35 0.65 15.76 7.59 12.0 RUN OUT -
Table 2. Calculation of total damage
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MEAN G & ALT G
Mean G = Avg Gmax+Avg GMIN
- 4.0+20.49 - 295
AltG = Avg Gmax—Avg GMIN

_ 4.0-0.49

———=1.76
2
MEAN STRESS & ALT STRESS
Mean stress = Mean G * Max. Principal stress

=2.15*483
=1038.45*0.1450377/6
=26.21 Ksi
Alt stress = Alt G * Max. Principal stress
=1.6*483
= 772.8*0.1450377/6
=20.49 Ksi
FACTORED FATIGUE LIFE
Total Damage Y. D =2.18E°
. . _ 1
Unfactored fatigue life = o
_ 1
T 2.18E-6
=458715.59Hrs
Factored fatigue life S —
scatter factor

_ 458715.59

5
= 91743 Flight Hours

VII.CONCLUSION

The life hours have been calculated for vertical stabilizer from the fatigue analysis (stress- life method) and found
to be 91743 Flight hours which is greater than the required life hours of range 60,000-80,000.Our result shows the
efficient number of life hours. Within the life hours, the components do not need any service and maintenance and thus
reduces the service and maintenance cost. This result shows the cost-effective factor for the component by using
Aluminum 7075 T-6 material. From the Fatigue analysis it ensures the structural safety for the component within the
calculated life hours

VIILLFUTURE ENHANCEMENTS

The design of vertical tail has to be optimized for weight reduction. The local stress analysis has to be carried
out for the structural members. The buckling analysis has to be done for the vertical tail to ensure that the skin buckles
or not at the maximum load.
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