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Abstract— Attachment joints are generally high load 

transfer regions in the airframe structure. Because of the 

connection between two members through fasteners, there 

will be stress concentration in these components. High 

tensile stress locations are invariably the crack initiation 

locations due to fatigue. Failure of the attachment joints 

could lead to the catastrophic failure of the airframe 

structure. The current project includes the stress analysis of 

an attachment structural member, which connects HT with 

vertical tail (VT). In a T-tail configuration the HT will be 

sitting at the tip of VT. Bending moment and shear load 

created because of the aerodynamic load distribution on HT 

will be transferred to VT through attachments at the root. 

Loads representative of a small size transport aircraft will be 

considered in this study. Finite element analysis of the 

attachment member will be carried out to identify the 

location of maximum stress and the stress distribution in the 

bracket region. Refinement of the analytical model will be 

carried out to accurately predict the magnitude of high 

tensile stress. Fatigue damage calculation will be carried out 

using Miner’s linear damage theory. S-N curve for 

aluminum alloy material obtained from the literature will be 

used in fatigue damage calculation.                       
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I. INTRODUCTION 

Airplanes are transportation vehicles which are designed to 

move people and cargo from one place to another. The 

shape and size of the aircraft depends on its mission. The 

assembly of horizontal tail and vertical tail is known as 

empennage which controls the motions of aircraft called 

pitch and yaw. Main spar and auxiliary spar are connected 

on either sides of the attachment bracket.  

The loads are transferred to attachment bracket 

through these spars. Horizontal tail box contains these 

assembled parts of attachment bracket and spars in its front 

and rare portions. In general front spar carry the more load 

than the rare spar. Due to the aerodynamic lift stress will be 

developed in the attachment bracket that connects horizontal 

and vertical stabilizers. AL7075-T6 alloy is used in this 

analysis. The maximum stress value obtained from the 

results will be compared with tensile yield strength of this 

material.  

The phenomenon of weakening of the material due 

to the repeatedly applied alternative loads is called as 

fatigue. It may results in sudden failure of the machine 

components. Miners rule is used here to find out the total 

damage accumulation. Miner’s rule states that if there are k 

different stress levels, number of accumulated cycles at i’th 

stress, Si is ni and the average number of cycle to failure at 

the i’th stress, Si is Ni then the damage fraction C is give by  

                         (1.1) 

According to this rule the failure of the structure 

will not occur when the damage fraction C is less than 1. 

II. OBJECTIVE 

The main objective of this work is 

1) To study Stress analysis of horizontal tail joint of a 

transport aircraft. 

2) To study Fatigue life estimation by considering 

load spectrum. 

III. METHODOLOGY 

A. Geometric Modeling: 

It is the first stage in finite element analysis. The actual 

design of the attachment bracket and the spars are Modeled 

in the solid modeling software CATIA V19. The figures 

representing 3D model of attachment bracket, the main and 

auxiliary spars and their assembly are shown below. 

 
Fig. 1: 3d model of attachment bracket 

 
Fig. 2: 3d model of main spar 

 
Fig. 3: 3d model of auxiliary spar 

http://www.grc.nasa.gov/WWW/k-12/airplane/bmotion.html
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Fig. 4: 3d model of attachment bracket, main and auxiliary 

spar assembly 

B. Preparation of Finite Element Model and Mesh 

Generation: 

The process of generating a polygonal or polyhedral mesh 

which approximates a geometric domain is known as mesh 

generation. It may also called as grid generation. Triangular, 

quadrilateral, tetrahedral are the common geometric shapes 

of the elements in the finite element model. In this work 

MSC PATRAN is used for preprocessing and post 

processing, MSC NASTRAN is used as a solver. 

In this analysis the 3-D model in the IGES format 

is imported into the PATRAN from the CATIA. Then at 

beginning stage different groups are created for different 

parts of the attachment bracket and spar and the specific 

names are given to them. 

With the help of extract option the curves forming 

the geometry of the model are extracted and then they are 

meshed separately. Care should be taken at the stress 

concentration regions such as curves, holes etc. The size of 

the elements in those locations is very small compared to the 

regions away from them. Quadrilateral elements are used 

during meshing because they will show more displacement 

values than the triangular elements. However in some 

locations triangular elements are also used for the reason of 

achieving connectivity between the elements. 

C. Verification of the Finite Element Model: 

Verification is necessary to correct the finite element model 

and to check for the problems such as duplicate elements, 

unconnected nodes and duplicate boundaries. Aspect ratio, 

warp angle, taper, and skew angle are verified to check the 

quality of mesh. Figure 5 shows the summary of verification 

of elements. 

 
Fig. 5: Quad verification summary 

D. Material Specifications and Material Properties: 

Soon after the completion of mesh generation and its 

verification next step is to select the material for the model. 

In this current work AL 7075 T6 alloy is used.  

The values of elastic modulus (71.7Gpa) and 

poison’s ratio (0.3) of AL 7075 T6 alloy will be entered by 

selecting I/P properties option in materials menu. Table 1 

shows some of the mechanical properties of AL 7075 T6 

alloy. 

Density 2.81g/cm
3
 

Poison’s ratio 0.3 

Modulus of elasticity 71.7 Gpa 

Tensile yield strength 503 Mpa 

Ultimate tensile strength 572 Mpa 

Fatigue strength 159 Mpa 

Shear strength 331 Mpa 

Shear modulus 26.9 Gpa 

Melting point 635
0 
C 

Table 1: Properties of AL7075 T6 alloy 

E. Loads and Boundary Conditions: 

Loads and boundary condition which has to be applied into 

the model will be determined by the sections made on it. The 

locations of holes in the lug part of attachment bracket are 

fixed. The tail plane consists of horizontal tail box on either 

side. These boxes carry the attachment bracket and spar on 

front and rare portion  

Let mass of each horizontal tail box = 113.6kg 

Length of each horizontal tail box = 141 inch 

                                                        = 3581.4mm  

In 3G condition where G is the load factor mass of 

the horizontal tail box = 113.6 × 3  

                              = 341.01kg 

Therefore mass of the horizontal tail box in 3G 

condition ≈ 341kg 

The loads acting on the tail plane can be calculated 

with the help of the Figure 6 

 
Fig. 6: Span wise load distribution 

F. Load Distribution on Left Side Tail Plane: 

Referring to the Figure as shown above where the distance 

of specific locations of horizontal tail from centre line of the 

fuselage is drawn along x axis and the product of normal 

force co efficient CN and the local chord C is plot along y 

axis to calculate the load distribution on tail plane. The 

normal force co efficient will be proportional to the pressure 

difference across the tail plane. For every 10 % distance of 
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the tail plane from centre line of fuselage the value of CNC 

are noted down and the loads acting at those locations are 

calculated. As an instance in left portion at ten percent 

distance of tail plane the product of CNC is 0.9. Similarly 

this value is noted at 20%, 30%, 40%...so on. The left side 

load distribution is represented in Figure 7 and in Table 2. 

Let summation of the values of CNC = P = 

(0.9+1.3+1.5+1.47+1.45+1.42+1.36+0.98+0.4) =10.78 

Load acting at the distance of 14.1 inch of tail plane from 

centre line of fuselage = 0.9 × 341 

                                     10.78                                              

Similarly loads at specific distances are tabulated using the 

equation  

Load acting at a particular location = X × m      (3.1) 

                                                            P 

Where X = value of CNC at specific location 

P = summation of CNC    

m = mass in 3G condition   

Let bending moment  = Mb = 

[(28.4×358.18)+(41.1×716.96)+(47.4×1075.44)+(46.5×1433.9

8)+(45.8×1792.4)+(44.9×2150.88)+(43.02×2509.36)+(31×286

7.84)+(12.6×3226.32)] = 573902.81 kgf-mm 

The tail box consists of front and rare spars which in 

turn include main spar and auxiliary spar individually. Here 

55% bending moment will be taken for front spar.  

Hence, bending moment in front spar = 573902.81 × 0.55 

 = 315646.54 kgf-mm 

We know that Mb = p × d     (3.2) 

Where Mb = bending moment   

              p = load 

d =distance from tip to root of the tail 

315646.54 = p × 3581.4 

p= 88.13kg ≈ 88 kgf 

Therefore the total load acting at the tip of left side spar = 88 

kgf 

Fig. 7: Load distribution on the left side tail plane 

X Load in kgf 

0.9 28.4 

1.3 41.1 

1.5 47.4 

1.47 46.5 

1.45 45.8 

1.42 44.9 

1.36 43.02 

0.98 31 

0.4 12.6 

Table 2: Load distribution on the left side tail plane 

G. Loads Distribution on Right Side Tail Plane: 

Let summation of the values of CNC = Q = 

(0.9+1.1+1.25+1.35+1.4+1.25+1.2+0.95+0.4) = 9.8  

Load acting at a particular location = Y × m    (3.3) 

                                                                     Q 

Where Y = value of CNC at specific location 

Q = summation of CNC   m = mass in 3G condition 

The right side load distribution is shown in Figure 8 and in 

Table 3. 

Let bending moment  = Mb = 

[(33.3×358.48)+(38.2×716.96)+(43.4×1075.44)+(46.9×1433

.98)+(48.7×1792.4)+(43.4×2150.88)+(41.7×2509.36)+(33.0

5×2867.81)+(13.9×3226.32)] =578152.81kgf-mm 

As in the previous case bending moment for front spar 

=578152.81×0.55                                                                           

= 317983.6 kgf-mm 

We know that Mb = p × d                                           (3.4) 

              317983.6 = p × 3581.4 

Therefore p = 88.7kgf Hence the total load acting 

at the tip of right side spar = 88.7 kgf. 

Fig. 8: Load distribution on the right side tail plane 
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Y Load in kgf 

0.9 33.3 

1.1 38.2 

1.25 43.4 

1.35 46.9 

1.4 48.7 

1.25 43.4 

1.2 41.7 

0.95 33.05 

0.4 13.9 

Table 3: Load distribution on the right side tail plane 

Figure 9 represents the loads acting at the tip of 

main spar in both sides of the tail plane.  

 
Fig. 9: Loads acting at the tip of Main spar 

IV. RESULTS AND DISCUSSIONS 

Now in NASTRAN the PATRAN file (bdf file) 

corresponding to model used in this analysis will be opened 

and then run option is selected thereby it takes few amount 

of solving time and gives the value of stresses. The 

important point to be noted here is that at the initial stage the 

structure was modeled in terms of inches and imported into 

PATRAN. The loads are applied in terms of kgf. Since the 

model dimensions are in inch and the load applied is in kgf 

the results will be in the form of kgf and inch. Therefore the 

maximum stress found at the location of lug-hole is equal to 

7.37×103kgf/inch2, which will be equal to 11.4kgf/mm2 or 

112Mpa. But here the rivet holes are not considered during 

meshing. Therefore local analysis must be carried out to find 

maximum stress. For this purpose rivet forces are identified 

with the help of free body option in the results menu. Figure 

10 & 11 represents the maximum stress obtained after 

analysis. 

 
Fig. 10: Maximum stress location at the lug hole 

 
Fig. 11: Maximum stress location at the lug hole 

 
Fig. 12: Rivet forces 

As shown in the Figure 12 represents the rivet forces and as 

shown in Figure 13 the maximum rivet force is found to be 

118.18kgf. 

 
Fig. 13: Maximum rivet force 

Radius of the rivet = 0.09842 inch = 2.4999mm 

Diameter of rivet = 4.999mm ≈ 5mm 

Thickness of spar at the location of maximum rivet force = 

0.171 inch = 4.34mm 

Length of the plate = diameter of rivet × 8 

Length of the plate =5×8 = 40mm 

For a rectangular plate width should be more than the length 

and hence, 

Width of the plate = 50mm 

Thickness of the plate = thickness of spar at the location of 

maximum rivet force =4.34mm 

 The elemental stresses above 25 mm of the rivet = 

2.6737kgf/mm
2
 Therefore load acting at the top of the plate 

= p = σ × A      (4.1) 

Where σ = stress, A= area of plate 

P = 2.6737× (40×4.34) = 464.47kgf 

We have total load option in loads and boundary 

conditions menu which can distribute the load to all 

elements. By using it here loads are applied at the top. Also 

at the location of hole maximum rivet force is applied. 

Figure 14 1nd 15 shows the maximum nodal stress and 

maximum elemental stress. 

 
Fig. 14: Maximum nodal stress 
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Fig. 15: Maximum elemental stress 

In this case the maximum nodal stress and 

elemental stresses are found to be 15.9 Kgf/mm
2
 or 

155.9Mpa and 12.2 kgf/mm
2 

or 119.6Mpa respectively. We 

know that the tensile yield strength of AL 7075T6 alloy is 

51.27kgf/mm
2 

or 503Mpa. Hence maximum stress found in 

local analysis is less than the yield strength hence failure 

will not occur. 

A. Iterative Analysis by Variable Thickness: 

In this iteration the thickness of the entire model will be 

reduced. Proper attention should be given here so that the 

thickness of the parts in the model should not fall below 

2mm. Therefore thickness of the entire parts in the model is 

reduced by 30%. The same loads and boundary conditions 

are applied after decreasing the thickness. The finite element 

model is again processed in NASTRAN. As shown in 

Figure 16 here the maximum stress will be 

10.4×10
3
kgf/inch

2 
which equals to 16.1kgf/mm

2 
or 

158.1Mpa at the same location as in previous case. 

 
Fig. 16: Maximum stress at the location of lug hole 

Now in the local analysis the rivet forces are found to be 

122.89kgf. The thickness of spar at the location rivet with 

maximum force is 0.119inch or 3.02mm. As the value of 

diameter of rivet doesn’t changes the length and width of the 

plate remains same. Figure 17 indicates the maximum rivet 

force acting on the structure. 

 
Fig. 17: Maximum rivet force 

As shown in the Figure 18 and Figure 19 the value 

of stresses obtained during local analysis after reducing 30% 

of thickness are mentioned below 

Maximum nodal stress =27.6 kgf/mm
2 
or 270.7Mpa 

Maximum elemental stress = 21.4 kgf/mm
2 
or 209.93Mpa 

w.k.t.  Tensile yield strength of AL 7075T6 alloy = 

51.27kg/mm
2
 or 503Mpa 

σmax < σyeild 

 

Fig. 18: Maximum nodal stress 

 
Fig. 19: Maximum elemental stress 

B. Verification of Results by Strength of Materials (SOM) 

Approach: 

Consider the section AB at the distance of 1790.7mm from 

the tip of the spar, the total load acting at the tip of spar is 

88.703 kgf as shown in Figure 20  

 
Fig. 20: Verification of results by considering section AB in the 

Spar 

The elemental stress obtained at this position in 

PATRAN is 1.58×10
3
 kgf/inch

2
 which is equal to 

2.44kgf/mm
2
 or 24Mpa as shown in Figure 21.  

 
Fig. 21: Elemental stress at section AB 

Theoretically we can calculate the value of stress with 

the help of the formula 
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C. Fatigue Damage Calculation: 

The phenomenon of weakening of the material due to the 

repeatedly applied alternative loads is called as Fatigue. It 

may results in sudden fracture of the machine or machine 

component in the elastic form. 

Alternating stress = σalt = σmax – σmin                             (4.6) 

                                  2      

Stress ratio= R =    σmin                           (4.7) 

σmax 

By considering the correlation factors, surface 

roughness = 0.8 and reliability in design = 0.897  

Alternating stress = σa    =      σalt                        (4.8) 

                                           0.8×0.897  

Table 4 shows the alternating stress and stress ratio 

values for different ranges of g condition. 

Table 4 shows the alternating stress and stress ratio 

values for different ranges of g condition. 

Rang

e of g 

Numbe

r of 

applied 

cycles 

(ni) 

σmin 

N/mm
2 

σmax 

N/mm
2 

Stres

s 

ratio 

(R) 

Alternating 

stress              

(σa ) 

N/mm
2 ksi 

0.5 to 

0.75 
40000 34.98 52.48 0.66 12.19 1.76 

075 to 

1 
55000 52.48 69.97 075 12.17 1.76 

1 to 

1.25 
38000 69.97 87.47 0.79 12.19 1.76 

1.25 

to 1.5 
25000 87.47 104.96 0.83 12.17 1.76 

0 to 

1.75 
500 0 122.45 0 85.31 

12.3

7 

0 to 2 300 0 139.95 0 97.5 
14.1

3 

-0.5 to 

1.5 
1000 -34.98 104.96 -0.33 97.5 

14.1

3 

Table 4: Alternating stress and stress ratio values for different 

ranges of g conditions 

The S-N curve for aluminum 7075 T6 alloy is 

shown in Figure 22. This curve is utilized for finding total 

damage accumulation. 

 
Fig. 22: S-N diagram of AL7075-T6 alloy 

Consider 0.5g to 0.75g condition where stress ratio 

is 0.66 and the corresponding alternative stress is 1.76ksi. 

From the above figure for these values of   σa and R the 

corresponding number of cycles to failure (Ni) will be 

infinity. Similarly it can be observed from the curve that all 

the load conditions have infinite number of cycles to failure. 

w.k.t. Damage accumulated D = ni                  (4.9) 

                                                          Ni 

For different range of g the value of D can be 

summarized as illustrated in the Table 5. 

Range 

of g 

Number 

of applied 

cycles (ni) 

Stress 

ratio 

(R) 

σa 

ksi 

Number of 

cycles to 

failure(Ni) 

D 

0.5 to 

0.75 
40000 0.66 1.76 ∞ 0 

075 to 

1 
55000 075 1.76 ∞ 0 

1 to 

1.25 
38000 0.79 1.76 ∞ 0 

1.25 to 

1.5 
25000 0.83 1.76 ∞ 0 

0 to 

1.75 
500 0 12.37 ∞ 0 
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0 to 2 300 0 14.13 ∞ 0 

-0.5 to 

1.5 
1000 -0.33 14.13 ∞ 0 

Table 5: Fatigue cycle for different range of g using S-N 

curve 

Total damage accumulated = ∑ D = C  

= D1+D2+D3+D4+D5+D6+D7 = 0 

We know that the structure is safe if the value of C 

does not equal or exceeds 1.  In this work the value of C is 

zero hence the crack will not initiate in the model. 

V. CONCLUDING REMARKS 

1) Horizontal tail, vertical tail and its connecting member 

attachment bracket are critical components in the 

aircraft structure. These components were analyzed to 

evaluate their static and fatigue load carrying capacity. 

2) Higher tensile stress location identified from analysis 

was 112Mpa and the maximum stress obtained in the 

local analysis was
 
119.6Mpa which was less than the 

tensile yield strength of AL 7075T6 alloy 503Mpa. 

3) 30% of the thickness has been reduced to save the 

material, again the structure was analysed to compare 

maximum stress and tensile yield strength of the 

material. 

4) Even after 30% reduction of thickness of the entire 

model the maximum stress σmax obtained in local 

analysis was 209.93Mpa. The tensile yield strength of 

AL 7075T6 alloy will be 503Mpa. Therefore σmax was 

less than σyield.  

5) Miners rule was used for estimating the fatigue damage 

accumulation in the structure. 

6) In fatigue damage calculations the total damage 

accumulated was zero and hence the crack will not 

initiate in the structure. With the help of these results 

we can conclude that the structure is safe.  
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