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Abstract— Joints are obvious critical locations in the 

aircraft structure because of the stress concentration. Joints 

are very common in every structural component of aircraft. 

Vertical tail (VT) is one of the major components of the 

airframe. Rudder attached to the VT is the control surface, 

which is used for controlling yawing motion of the aircraft. 

Side load on the VT causes it to bend on either side with 

respect to fuselage axis. Deflection of rudder introduces side 

load on the VT. This project includes the study of the effect 

of cyclic loads for crack initiation at the critical location of 

the VT. Stress analysis is the approach followed to identify 

the critical location. Finite element method will be used for 

stress analysis of the component. Loads representative of a 

small transport aircraft will be considered in this study. VT 

bending will cause tension and compressive stress field in 

the skin on either sides of VT. Joint details will be simulated 

through a local refined analysis to capture the gradient stress 

field near the concentration zone. Structure undergoes 

fatigue due to fluctuating side loads on VT. Fatigue damage 

is estimated using linear damage theory. S-N data curve of 

the aluminium alloy material used for the VT skin will be 

considered for stress based damage calculation. 

Keywords: Transport aircraft, Vertical tail, Side load, FEM, 
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I.  INTRODUCTION 

Aircraft stability is a very important requirement in an 

aircraft. Vertical tail is a major component used to achieve 

stability and control in an aircraft.  Rudder is one of the 

aircraft’s control surface, attached to the rear end of the 

vertical tail. The rudder moment controls the yawing motion 

of an aircraft. When the rudder is operated, side load acts on 

the vertical tail. This side load is a cyclic load and it leads to 

fatigue. The side load acting on the vertical tail, introduces 

the skin to compression and tension stress. Due to this 

repeated tension and the compression stress acting on the 

skin of vertical tail, crack starts initiating at the critical 

region. By determining the crack initiation life or fatigue life 

of a component the service life or durability of the 

component can be estimated. For the components used in 

the aircraft it is very important to critically evaluate the 

service life, so that the parts can be scrapped at its end of 

life and any major accidents or damage can be avoided. 

II. OBJECTIVE 

To find the number of cycles at which crack initiation starts 

at the critical location of the vertical tail due the side load 

caused by rudder moment.  

III. SCOPE OF WORK 

A. Apply stress analysis approach on vertical tail. 

 Finding out the critical location or highly stressed 

zone in the vertical tail. 

 Finding out the magnitude of maximum stress at 

the critical location considering loaded hole and by 

performing local stress analysis. 

B. Damage estimation of the structure. 

 Finding out the crack initiation life by applying 

fatigue life calculations considering previous 

loading conditions due to rudder moment 

 Damage calculation.  

IV. GEOMETRICAL CONFIGURATION 

Vertical tail, of the problem considered is an assembly of 

spars, ribs, stringers, shear clips and skin connected together 

by rivets as shown in Fig. 1. Spar and ribs used in this VT 

has C-section, spars has thickness of 4mm and ribs has 

thickness of 3mm. Stringers used in this VT has L-section 

and has thickness of 3mm. Skins used in this VT has a 

thickness of 2mm. ⌀5mm rivets are used to join all the parts 

in this vertical tail. 

 
Fig.1: Vertical tail assembly 

V. MATERIAL USED 

The material used in the whole vertical tail is Aluminium 

2024-T3. This material poses high fracture toughness as 

well as slow crack growth. Also this aluminium alloy has 

high fatigue life.Code T3 indicates the type of heat 

treatment performed.Aluminium 2024-T3 hasUltimate 

Tensile Strength ―бu‖ = 44.9 kg/mm
2
, Yield Strength ―бy‖ 

=32.4 kg/mm
2
, Young’s Modulus ― ‖ = 7000 kg/mm

2
, 

Poison's Ratio ―μ‖ = 0.3. 
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VI.  LOAD ACTING DUE TO RUDDER MOMENT 

The Cessna 206 Stationair aircraft considered in this project 

has a seating capacity of 6 persons and it has maximum 

takeoff and landing weight of 1,632 kg. According to many 

experiments made in past the aeronautical engineers came to 

know that, the maximum weight that acts on the vertical tail 

due to rudder moment will be twice the maximum takeoff 

and landing weight of the aircraft considered.The load 

which acts on the vertical tail due to rudder displacement or 

moment will be the side load, this load acts as a cyclic load 

on the vertical tail skin. Due to the side load cyclic in nature 

the vertical tail subjected to compression and tension.  

Maximum take-off and landing weight of T206 = 

1,632 kg.Therefore maximum load expected on the vertical 

tail of the aircraft = 2*1632 kg = 3264 kg. 

VII. LOAD DISTRIBUTION 

 
Fig.2:Graph – Load distribution on vertical tail 

The graph in the Fig. 2. Shows how the total load 

acting on the vertical tail is distributed along its span length. 

This graph is used to calculate the load distribution on T206 

VT. The VT considered in this problem is divided into five 

sections as shown in the Fig. 3. And the loads are applied at 

these sections. 

 
Fig.3: Load distribution on vertical tail 

 

 

Load at section-1: (0.75/7.5)*3264   = 335.342 kg  

Load at section-2: (1.3/7.5)*3264     = 581.260 kg  

Load at section-3: (1.7/7.5)*3264     = 760.109 kg  

Load at section-4: (1.9/7.5)*3264     = 849.534 kg  

Load at section-5: (1.65/7.5)*3264   = 737.753 kg 

VIII. BOUNDARY CONDITION 

Bottom end of the vertical tail is fixed to the rear end of the 

fuselage with lugs. That means one end of the vertical tail 

will be fixed and other end of the vertical tail will be free. 

So the vertical tail acts as a cantilever beam. In this analysis 

the bottom end of the vertical tail is fixed by arresting all 

degrees of freedom at the bottom end and the load is 

distributed throughout the length of the vertical tail as 

shown in Fig. 4. 

 
Fig.4:Boundary condition &Load distribution 

IX. MAXIMUM STRESS REGION 

 
Fig.5:Boundary condition &Load distribution 

Fig. 5. Shows how the stress is distributed over the vertical 

tail due to the applied load.At many places stress will be 

uniform and some places the stress will be very high when 

compared to other regions. The region where the stress is 

high when compared to other regions in the part are 

considered as the critical stress locations or critical regions. 

The red ellipse in the above figure indicates the critical 

location in the vertical tail. There are many red spots at the 

rivet locations connecting the middle rib and the skin, so 

these rivet locations are the critical locations in the vertical 

tail.  

As we know that the cracks will always initiate at 

the critical stress locations, so for further analysis this 

critical region should be considered. 

The stress acting just below the critical location is б 

= 1.84622 kg/mm
2
. 

Once the maximum stress location is found from 

the global analysis. A local model is built considering some 

portion of area around the critical stress region. The loads 

and boundary conditions are applied on the local model built 

in order to carry out the local analysis at the critical location 

considered. The load to be applied on the local model is 
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calculated from the stress acting below the critical region in 

the global model. Also in the local model actual loaded 

holes are considered for the local analysis. 

X. LOCAL MODEL 

Local model will be created in order to carry out the local 

stress analysis. In this local model the exact holes of ⌀5mm 

are considered. 

 
Fig.6:Local Model 

Fig. 6. shows the local model created for the local analysis. 

This local model in the figure consist of two skins and one 

rib flange. Connected together by zigzag rivets. The skins 

considered are rectangular plates of size 280*200*2 mm and 

the rib flange considered is rectangular plate of size 

280*100*3 mm.  

 
Fig.7:RBE3 Connection 

In this local model the holes considered are loaded 

using the RBE3 multipoint constraint – One dependent and 

multiple independent nodes. The two dependent nodes are 

connected using the 1-D beam elements as shown in Fig. 7. 

This RBE3 and 1-D beam elements are used to represent the 

rivet connection in the model. For rivets RBE3 connections 

are preferredbecause it will not affect the local stiffness and 

it will predict more realistic results.  

XI. LOADS AND BOUNDARY CONDITION ON LOCAL MODEL 

The loads and boundary conditions should be applied in 

such a way that, the resulting stress distribution in the local 

model should be an approximate replica of the stress 

distribution in the global model near the critical region. 

Stress acting just below the critical region in the global 

model isб= 1.84622 kg/mm
2
 

Therefore the load “P” to be applied on the local 

model is 

P = б * Area of the local model on which the load needs to 

be applied 

P = б * (width of the skin * Thickness of the skin) 

=1033.8832 Kg 

So, load of 1033.8832 kg should be applied on the 

local model in order to get the stress distribution 

approximately same as global model stress distribution.  

 
Fig.8: Loads & Boundary Conditions on Local Model 

Fig.8. Shows the loads and boundary conditions 

applied on the local model. One end or edge of the skin is 

arrested for all degrees of freedom and the other end edge of 

the adjacent skin is subjected to the total load of 

1033.8832kg as shown in the figure. Also the displacement 

in the z-direction is constrained in order avoid any out of 

plane displacements from the z-plane. 

XII. MAXIMUM STRESS IN THE LOCAL MODEL  

 
Fig.9: Maximum Stress Location in the Local Model 

 
Fig.10:Magnitude of Stress at Maximum Stress Location 

The maximum stress acting at the critical location 

in the local model is ―бmax‖ = 10.925 kg/mm
2
 

So this magnitude of maximum stress is taken as 

reference in order to calculate the number of cycles the 

vertical tail can withstand without any crack initiation. This 

maximum stress will give the crack initiation life for the 

worst condition. 

XIII. LOAD SPECTRUM ON CESSNA 206 VT 

The load spectrum considered to use in this analysis are 

found from the experiments carried out on the prototype 

model of the Cessna 206 aircraft. Also the actual flying 

conditions are considered in developing the approximate 

load spectrum for the Cessna 206 aircraft. 

Range of Loads No of Cycles 

0.5g - 0.75g 12000 

0.75g – 1g 9000 

1g – 1.25g 8000 

1.25g – 1.5g 6000 

0 – 1.75g 15 
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0 – 2g 1 

Table 1: LOAD SPECTRUM ON CESSNA 206 VT 

Where ―g= Lift / Weight‖ 

Based on load spectrum and the maximum stress in the local 

model, the stress ranges acting on the vertical tail are 

calculated by linear distribution. 

TABLE II RANGE OF STRESSACTING ON CESSNA 

206 VT 

Range of Stress in kg/mm2 No of Cycles 

2.7310 - 4.0968 12000 

4.0968 – 5.4625 9000 

5.4625 – 6.8281 8000 

6.8281 – 8.1937 6000 

0 – 9.5590 15 

0 – 10.925 1 

XIV. FATIGUE LIFE AND DAMAGE CALCULATION 

From basics of fatigue we know that 

Mean stress ―бmean‖   = (бmax+ бmin)/2 (1.1) 

Stress amplitude ―бamp‖   = (бmax - бmin)/2 (1.2) 

Stress ratio ―R‖   = бmin/ бmax  (1.3) 

By using the ―(1.1), (1.2), (1.3)‖ the mean stress, stress 

amplitude and stress ranges are calculated.  

Sl.No бmean Kg/mm
2
 бamp Kg/mm

2
 R 

1 3.4139 0.6829 0.667 

2 4.7796 0.6829 0.75 

3 6.1453 0.6829 0.8 

4 7.5109 0.6829 0.833 

5 4.7795 4.7795 0 

6 5.4625 5.4625 0 

Table 3: Mean Stress, Stress Amplitude, Range Of Stress 

To convert units from Kg/mm
2
 to Ksi  

1KSI = 0.7 Kg/mm
2
 

Also by applying fatigue correction factors 

Stress concentration factor = 1, Design reliability = 0.897, 

Loading type = 1, Surface roughness = 0.8. 

Therefore correction factor ―C.F‖ = [1*0.897*1*0.8] = 

0.7176 

Sl.No бmean Ksi бamp Ksi R 

1 6.7962 1.3595 0.667 

2 9.515 1.3595 0.75 

3 12.2338 1.3595 0.8 

4 14.9523 1.3595 0.833 

5 9.5147 9.5147 0 

6 10.8744 10.8744 0 

Table 4: Mean Stress, Stress Amplitude, Range Of Stress 

(C.F Is Applied) 

XV. CONSTANT LIFE DIAGRAM 

 
Fig.11: Graph – Constant Life Diagram for Un-Notched 

Fatigue Behaviour of 2024-T3 Aluminium Alloy. 
The graph has Maximum stress on the y-axis and 

Minimum stress on the x-axis, also the graph includes 

alternating stress, fatigue life and mean stress. If any the two 

stress values are known out of the four stress in the graph, 

the fatigue life of the aluminum 2024-T3 alloy can be found. 

By using the above graph and the values in the TABLE IV, 

the fatigue life and the damage on the vertical tail will be 

calculated. 

Let, 

Nf = Fatigue life of the vertical tail  

Ni = Number of cycles the vertical tail will be operated in a 

particular stress range 

XVI. RESULT 

By comparing the graph in the Fig. 11. And the values in the 

TABLE IV, it can be noticed that the life of the vertical tail 

due to the applied stress ranges is greater than 10
7
 cycles. In 

fatigue calculation if the life of the component is greater 

than 10
7
cycles, then it will be considered as infinite life. 

Therefore in TABLE V the fatigue life is infinite for all 

stress ranges and the damage is zero for all stress ranges. 

TABLE V:FATIGUE LIFE ―Nf‖ AND DAMAGE 

Sl.No 
бmean 

Ksi 

бamp 

Ksi 
R Ni Nf 

Damage 

= Ni/Nf 

1 6.7962 1.3595 0.667 12000 ∞ 0 

2 9.515 1.3595 0.75 9000 ∞ 0 

3 12.2338 1.3595 0.8 8000 ∞ 0 

4 14.9523 1.3595 0.833 6000 ∞ 0 

5 9.5147 9.5147 0 15 ∞ 0 

6 10.8744 10.8744 0 1 ∞ 0 

XVII. CONCLUSION 

By looking at the results in TABLE V. The conclusion is 

that, the structure is safe under the side load created by the 

moment of the rudder, attached to the vertical tail. There is 

no damage at all in the vertical tail.  
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