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ABSTRACT 

 

ARTICLE INFO 

In this paper a typical tapered wing is modeled in Finite Element Analysis package 

MSC PATRAN with clear distinction  between  various  parts  such as ribs, spars, 

skin. The effect of change in stiffness of various parts of wing in static and dynamic 

analysis is studied and the sensitive part is identified. In the beginning, the results of 

FEM tool (NASTRAN) will be validated against simple problems that have  an 

analytical  solution  such as bar,  beam,  plates  with different   boundary   conditions   

and   this   will   give   the confidence in the results that are obtained through the 

software. In this paper we have designed a tapered torsion box of the wing using 

PATRAN. Then its static and dynamic analysis of the wing members is analyzed using 

NASTRAN solver. We have varied the thickness of the wing members and the 

sensitive factor is analyzed. 

  

Key words: Wing torsion box, Sensitivity, FEM, MSC PATRAN, NASTRAN etc. 
 

Article History 

Received :19
th

 December 

2015 

Received in revised form : 

 20
th

 December 2015 

Accepted : 21
st
 December, 

2015 

Published online :  

23
rd

 December 2015 

I. INTRODUCTION 

A.   Wing torsion box description 
 

Wing torsion box is the crucial part of the aircraft. Also it  

serves  as  the  part  for  fuel  storage  and  acts  as  a 

connection  point  for  pylons,  engines and landing gears. 

The wings of an aircraft are surfaces which are designed to 

produce lift when moved rapidly through the air. The 

particular  design  for  any  given  aircraft  depends  on  a 

number of factors, such as size, weight, use of the aircraft, 

desired rate of climb. The cross section or the airfoil shape 

of the wing is chosen differently for different aircrafts and 

also the internal structure of the wing. Wing has spars, 

stringers, ribs, skins for taking different type of load that 

comes on to the aircraft due to the air load acting on the 

aircraft during flight. The skin is part of wing structure and 

carries part of wing stresses. Spars are the principal 

structural members of the wing. They run parallel to the 

lateral axis, or towards the tip of wing. The ribs give the 

wing its cambered shape and transmit load from skin and 

stringers to the spars. They usually extend from wing 

leading edge to rear spar or to trailing edge of wing. 
 

B.   Analysis procedure 
 

The Analysis procedure is non-iterative and offers linear 

Finite Element (FE) analysis using elements used in the 

FEM. The FE capability employed for the problem 

discussed in this paper was a linear static stress- 

displacement 

solution. The sensitivity procedure calculates the sensitive 

regions of an FE model with reference to the target of the 

sensitivity study. The sensitivity is calculated based on the 

nodes only – there is no influence from the mesh generated 

in the FEM.   The first step of the optimization process 

requires the creation of the Finite Element Model. The 

FEM was constructed using the geometry parameters of a 

typical aircraft. Representative aircraft loads and boundary 

conditions were applied to a stringer-skin model 

constructed in MSC PATRAN .The FE model was 

constructed in 2-D using shell elements for the stringer 

webs and skin, while the interfaces between the stringer  

and skin  were modeled as common nodes. The material 

properties applied were that of aircraft grade aluminum, 

together with appropriate constraints to model real-life 

conditions for the air-craft. The wing analyzed has been 

created with the PATRAN program. This program allows 

the user to create a finite element model, as well as define 
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loads, boundary conditions, and material properties. Pre 

Processing  is the first step  that has to be followed 

while designing the wing using the above mentioned 

software. It involves building of a FEM model, applying 

loads and boundary condition and finally making it ready 

for the solutions. The second step is to transfer the 

preprocessed model into NASTRAN, which is used as a 

SOLVER. The next step is the Post process in which the 

results are viewed (i.e.) Static and dynamic (vibration) 

analysis.  The result  was  analyzed  for  linear  static  load 

using MSC Nastran as the solver. The resulting stress 

distribution  for the corresponding wing-tip configuration 

have been depicted   and are the von Misses stress tensor 

results at the element centroids. 

Subsequently, for the same resultant wing model material 

is kept constant and the thickness of rib, spar and skin are 

varied. In the Static analysis, the effect of tip deflection 

due to increase or decrease of the thickness will enable the 

sensitive part to be identified. In the Dynamic analysis, the 

result obtained so far is being compared with the original 

values. With this comparison the sensitive part of the wing 

is will be analyzed. 

II. ANALYSIS OF A WING 

 

A.    Wing box design considerations: 

 

The wing torsion box is taken for this analysis is Wing has 

25 ribs and 2 spars. 

Wing box description: The wing box FEM has 5142 DOF 

(degrees of freedom) and comprises the finite elements 

shown in table 1.  

Table 1: Wing box description 

  

Wing box element type Numbers  

GRID 727 

CONROD 96 

CQUAD 900 

CORD 2R 1 

 

B.   Description of the wing geometry 

The wing analyzed has been created with the PATRAN 

program. This program allows the user to create a finite 

element   model,   as   well   as   define   loads,   boundary 

conditions, and material properties. The structure contains 

40 sections, the first section would be the closer to the 

fuselage and the last one would be at the wing tip. In the 

picture below each section contains at least the rib and the 

upper and downer surface. Each section had different parts, 

ribs, upper  surface,  down  surface,  and four  spars, three 

connecting the fuselage and one very little, in total there 

are seven parts, but this doesn’t mean that each section has 

the seven parts. 

 

III. WORKING PROCEDURE 

 

A.   Pre Processing 

 

Pre Processing is the first step that has to be followed 

while designing the wings using the above mentioned 

software. It undergoes, 

 i)      Building the model, 

Fig 1 shows the model build in CATIA and is imported. 

the model is  meshed separately and assembled together in 

PATRAN. 

 

  ii)      Constraints and boundary conditions 

 

Control  Surface  Bracket,  which  has  been  meshed  with 

solid elements, includes an outer layer of membrane-only 

shell   elements.   The  nodes  associated   with  the  solid 

elements   do  not   have   rotational   stiffness   hence   the 

rotational DOF associated with the shell elements must be 

constrained to avoid singularities in the model. The 

constraints have been generated using the AUTOSPC and 

SPCGEN parameter in NASTRAN. The FE model is 

constrained  at  the  inboard  fuselage  connection  in  all 

6DOFs.  The outboard boundary is unconstrained.  Fig  2  

shows the  tapered wing is fixed in the root where it runs 

along the Y axis. When the root is fixed the whole wing 

torsion box acts like a cantilever beam. Further the load 

has to be applied in the wing for analysis. 

 

iii)         Making it ready for solutions 

 

The pressure load is applied over the wing is shown in Fig 

3. The total  pressure applied is 100N/m
2  .    

The total 

pressure acting on both the top and bottom surface is added 

and the total load is applied over the top surface . 

 

B.       Solver 

 

Now the wing torsion box model is built, the 

boundary condition is set, the load is applied. The next step 

is  to  transfer  the  preprocessed  model  to  NASTRAN 

software for analysis. 

 

     Material data creation: The material data is created. 

For   the   material   that   has   been   chose   that   is 

aluminium the properties are entered in the input 

options. The elastic modulus, poisson’s ratio, shear 

modulus is entered. 

 Property  creation  –  2d  shell  for  ribs:  Similarly 

property   creation   is   done   for   ribs   and   other 

members. The properties of member materials are 

entered. The property creation is followed by the 

input  I  NASTRAN.  The  related  file  has  to  be 

created. 

 Solution   selection   and   NASTRAN   input   file 

creation: The solution is obtained by NASTRAN. 

After all the preprocessing steps are completed the 

solution  type  is  chosen.  When  we  choose  the 

solution  type  the  NASTRAN  tool  bar  will  open. 

There the solution type is selected as linear static 

type and then click OK for futher process. 

 

C.   Post Processing. 

 

After the preprocessing steps that is modeling the 

torsion box of the wing, fixing the boundary condition the 

next step is to solve the model. Import the model 

NASTRAN   software   which   acts   as   a   solver.   The 

NASTRAN solves  the problem  and the further  analysis 

results will appear. We have analyzed  both static and the 

dynamic analysis (vibration analysis). With these analysis 
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the frequency of the vibration and the maximum 

displacement is analyzed. 

 

i) Static analysis 

In static analysis wing tip displacement and wing stress 

analysis is done. Form the Fig 4a and 4b the maximum 

wing tip displacement obtained is 40.5 m. normally the 

displacements  will  be maximum at the tip regions  in  a 

cantilever  beam. The maximum stress value obtained 

is6.07 M Pa at the root. 

                    

ii)     Vibrational analysis 

Vibration   analysis   has   done   to   obtain   the frequency 

variations at various modes. The first six modes are 

represented as rigid body modes. They normally have 

independent numerical values. Here we considered the 

modes 7,8,9,10. These modes are normally represented as 

actual or elastic frequency modes. 

 

1
st   

elastic mode :  The 1
st   

elastic  mode is obtained  

from mode 7 (Fig 5a). It is called as 2 node symmetric 

mode. The nodes are represented in white fringe. It is 

called so because when the pressure is applied it vibrates 

symmetrically   with   respect   to   the   two   nodes.   The 

maximum frequency obtained during the vibration is 12.9 

Hz. 

2
nd

elastic mode   : The 2
nd 

elastic mode is represented as 

3 node wing bending anti symmetric mode (Fig 5b). There 

presents three nodes and the node locating area contain 

the minimum values of the vibration. It vibrates anti 

symmetrically based on the 3 nodes. This vibration occurs 

due to the bending load.  Bending loads will be taken by 

the spars and some loads will be taken by the ribs. The 

maxi mu m freq uency  ob ta ined  a t  t h e  8 th
   

mode is  

34.19 Hz 

3
rd  

elastic mode: The 3
rd 

mode is called as 2 node wing 

fore and aft symmetric mode (Fig 5c). This is so called 

because as it has two nodes and it vibrate fore and aft 

d i r e c t i o n  s y m m e t r i c a l l y .  It  is  the  9
th    

mode.  

This vibration occurs due to the load over spars i.e. spar 

flange and spar web. Due to the pressure loads over the 

flanges and the web the wing vibrates along fore and aft 

direction based on the 2 nodes. The minimum value is 

again mentioned by white fringe and the maximum value is 

mentioned in red fringe. 

4
th  

elastic mode : The 4
th  

elastic mode is used to call as 

torsion mode. It is the 10
th  

mode of frequency (Fig 5d). 

The torsional mode is obtained due to the load acting on 

the skin. Skin takes the torsional load as it is the main part 

to maintain the aerodynamic smooth surface of the wing. 

The wing twists with respect to the 10 mode of the wing. 

The minimum twist value is represented in white fringe 

and the maximum value is fringed in red. The maximum 

frequency of the 10
th 

mode due to the torsion is 49.286Hz. 

 

 

 

 

 

 

IV. ANALYSI OF WING SENSITIVITY 

 

The main  aim of this paper    is to identify the 

sensitivity factor of the wing. This is achieve by the values 

which   are   obtained   by  increased   and  the   decreased 

thickness values of the wing parts such as spar flange, spar 

web, top and the bottom skin and the ribs. It is  discussed 

about the above mentioned factors for the same wing with 

the material as constant. 

 

A.   Wing tip deflections of spar flange. 

 

Spar  flange thickness increased  to 0.002m  (Fig 6a). It 

shows the maximum wing tip deflection due to the 

increased thickness .The maximum deflection due to the 

increased thickness is observed as 3.16-2m 

 

Spar flange thickness decreased to 0.0005m (Fig 6b) The 

figure shows the maximum deflection due to the decreased 

thickness . When the thickness is reduced the wing under 

goes torsional vibration. The maximum value due to the 

decreased thickness is observed as 34.895Hz. 

 

The  Table  2     has  mentioned  the  increased  and 

decreased  values  and  the  corresponding  deflections  and 

their percentage. Increase or decrease in area of spar flange 

has 10-20% effect of the tip deflection due to 100% area 

variation. Hence this is sensitive factor for the wing tip 

deflection.  

 

Table 2: Variation in spar flange deflection 

 

 

B.   Wing tip deflections of bottom skin 

 

The bottom skin thickness is increased to 0.001 m(Fig 7a). 

the maximum deflection in the wing tip is 4.58-002 m is 

obtained in static analysis 

The skin thickness is reduced to 0.003 m. (Fig 7b) the 

maximum deflection in the wing tip is obtained as 3.23-

002 m in static analysis. 

The table 3 contains the increased and the decreased 

thickness values and their corresponding deflection values 

and their percentage. Increase or decrease in thickness of 

wing bottom thickness has 12-20% effect of the tip 

deflection due to 100% thickness variation. Hence this is 

sensitive factor for the wing tip deflection 

Table 3 : variation of bottom skin thickness & its 

deflection 

 

Thickness value 

Bottomsk

in 

thickness 

(m) 

Wing tip 

Deflection (m) 

 

% 

change in deflection 
Original value 0.0015 4.0404E-02  

Increased value 0.0

01 

4.5669E-02  -13.0318 

Decreased value 0.0

03 

3.2215E-02 20.2672 

 

 

C.   Wing tip deflections of top skin 

 

Thickness value 

 

Spar flange area 

(m
2

) 

Wing tip 

Deflection 

(m) 

 

% 

change in deflection Original value 0.001 4.0404E-02  

Increased value 0.002 3.1526E-02 21.9733 

Decreased value    0.0005 4.7074E-02    -16.5100 
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The thickness has been increased to 0.001 m (Fig 8a). 

When the thickness is increased the maximum deflection 

at the tip of the wing will  be 4.57-002 m.  The 

minimum deflection value is 1.09-003 m. Their increased 

percentage has been calculated as 13.13%. When it comes 

in the terms of frequency, the frequency has been 

increased to 14.34 Hz. The increased in percentage is 

calculated as 11.2%. 

 

The thickness has been  decreased to 0.003 m (Fig 8b). 

When the thickness is decreased the maximum 

deflection at the tip of the wing will be 3.21-002 m. The 

minimum deflection value is 3.14-003 m. Their percentage 

has been calculated as 20.40%. When it comes in the 

terms of frequency, the frequency it is 32.41 

Hz. The percentage is calculated as 5.23%. 

 

The Table 4 shows the increased and the decreased 

thickness of the top skin. Their wing tip deflections and 

their   percentage   difference.   Increase   or   decrease   in 

thickness of wing top thickness has 10-20% effect of the 

tip deflection due to 100% thickness variation. Hence this 

is sensitive factor for the wing tip deflection. 

 Table4: Variation of top skin thickness & its deflection 

 

 

Thickness value 

Topskin 

thickness 

(m) 

Wing tip 

Deflection 

(m) 

 

% 

change in deflection Original value 0.0015 4.0404E-02  

Increased value 0.001 4.5709E-02 -13.1316 

Decreased value 0.003 3.2159E-02 20.4046 

 

D.    Wing deflections of spar web 

 

As the thickness increased in the supportive member of the 

wing that is spar webs, due to the bending load acting on it, 

the  variation  of  the  thickness  of  0.005  m  show  some 

changes (Fig 9 a). The maximum deflection of the wing 

will be 3.74-002 m. Webs normally deflect in fore & aft 

motion, their minimum deflection will be 2.76-003 m. the 

change in deflection percentage will be7.2%. Comparing 

their frequencies it is increased to 42.80 Hz and its 

percentage is 7. 

As the thickness decreased   by 0.001 m (Fig 9 b) ,   The 

maximum deflection of the wing will be 4.20-002 m. Their 

minimum  deflection  will  be 2.88-003 m. the change in 

deflection percentage will be5.2%. comparing their 

frequencies it is increased to 35.3 Hz and its percentage is 

9. 

The  table  5  has  displayed  the  thickness  variation 

values for a spar web their corresponding wing 

deflections and their change in deflection percentage. 

Increase or decrease in thickness of spar web thickness 

has only 5-7% effect of the tip deflection due to 100% 

thickness variation. Hence  this  is  not  a  sensitive  

factor  for  the  wing  tip deflection 

 

 

 

 

 

 

Table 5:variation of spar web thickness & its deflection 

Thickness value Spar web 

thickness 

(m) 

Wing tip 

Deflection 

(m) 

% 

change in deflection 
Original value 0.0025 4.0404E-02  

Increased value 0.005 3.7458E-02 7.2895 

Decreased value 0.001 4.2516E-02 -5.2273 

E.       Wing deflections by ribs 

 

The  member  of  the  wing  which  maintains  the  

aerofoil shape takes the shear load when the thickness 

changes The thickness has been increased to 3-04 m. the 

maximum deflection obtained is 4.03-002 m. the 

percentage is increased to 0.1%.(Fig 10 a) 

The thickness has been decreased to 7.5-05 m. the 

maximum   deflection    obtained   is   4.05-002   m. the 

percentage is increased to 0.05 %.(Fig 10b) 

The Table 6 shows the variation of rib thickness and its 

wing deflection and also its percentage variation. Increase 

or decrease in thickness of ribs does not have much 

effect of the tip deflection. There is only 0.1%change in the 

deflection. Hence this is not a sensitive factor for the wing 

tip deflection 

Table 6: Variation of rib thickness & its deflection 

 

 

V. RESULTS & DISCUSSION 

 

The  frequencies  mentioned  in  vibrational  analysis 

represents the maximum values that a wing can bear for the 

given material properties and the specifications. If the 

frequency exceeds the shown  values then  the wing will 

undergo failure. 

 

In the figures over, (Fig7-11) we can appreciate the 

difference of the thickness along the wing. The wing is 

thicker as it is closer to the fuselage and thin as it is farther. 

That is because close to the fuselage the forces and the 

moments are bigger, as the wing transfers the forces 

produced on it to the fuselage. The thickness has a bad 

influence on the weight, as more thick more weight, as 

more weight more consumption and consumption means 

money. But without weight the resistance is null. So 

optimize the thickness, in order to reduce the weight of the 

plane. 

 

                                            

 

 

 

 

 

 

 

 

 

 

 

 

Thickness value 

 

Ribs 

thickness 

(m) 

Wing tip 

Deflectio

n (m) 

 

% 

change in 

deflection Original value 1.5000E-04 4.0404E-

02 

 

Increased value 3.0000E-04 4.0360E-

02 
0.1081 

Decreased value 7.5000E-05 4.0427E-

02 
-0.0575 
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      Table 7 Frequency comparision of reduced thickness 

 

 

 

 

 

 

 

 

 

 

 

                                      

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 8: Frequency comparision of increased thickness 

 

For  all  the  dynamic  results  obtained  so  far  is  been 

compared with the original values. With this comparison the 

sensitive part of the wing is analyzed. This frequency 

comparison   is   splitted   separately   for   increased   and 

decreased thickness for the easy comparison of analysis in 

table 7 and 8. 

Reduction of frequencies more than 5% is shown in green 

here. Rigid Body mode frequencies are zero frequencies 

and the difference here is purely numerical. Stiffness 

(thickness or area) is reduced in all components and the 

behavior is studied. 

Form the results obtained it is observed from static analysis 

sensitive parameters to wing tip deflection are wing skin 

thickness and spar flange area. Since the spar flanges takes 

the bending load, it is logical to see that the flange is more 

sensitive to tip deflection. Also the skin resists the torsion 

load (twist), it is reasonable that it is sensitive as it is a 

tapered wing. 

And from Dynamic analysis ribs thickness does not affect 

any of the modes. Skin thickness affects torsion mode and 

wing bending modes. Spar flange area affects all the modes 

considerably and is very sensitive. Spar web thickness 

affects fore & aft mode and torsion modes 
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Mode 

 

 

 

Modeshape description 

F
r
e
q
u
e
n
c
y
, 
H
z 

 

 

Original 

Model 

 

 

Skin thickness 
reduced 

Skin 

thickness 
reduced 

% 

 

Ribs 
thicknes
s 
reduced 

Ribs 

thicknes
s 
reduced 

% 

 

Spar flange 
area flange 
reduced 

Spar flange 

area 
flange 
reduced 

% 

 

Spar web 
thickness 
reduced 

 

Spar web 
thickness 
reduced % 

1 Rigid Body Mode 2.81E-05 5.56E-05  2.44E-05  2.39E-05  2.37E-05  

2 Rigid Body Mode 1.79E-05 2.90E-05  1.16E-05  1.22E-05  1.58E-05  

3 Rigid Body Mode 7.38E-06 1.48E-05  1.16E-05  7.26E-06  6.83E-06  

4 Rigid Body Mode 1.95E-05 2.22E-05  2.26E-05  6.92E-06  5.39E-06  

5 Rigid Body Mode 3.19E-05 5.30E-05  3.58E-05  1.81E-05  1.65E-05  

6 Rigid Body Mode 4.34E-05 7.46E-05  5.03E-05  3.16E-05  3.35E-05  

 

7 
2Node Wing bending 

Symmetric 

 

12.89 
 

12.20 
 

5.42% 
 

12.89 
 

0.012% 
 

10.53 
 

18.30% 
 

12.53 
 

2.81% 

 

8 
3N wing bending 

Antisymmetric 

 

34.20 
 

32.41 
 

5.23% 
 

34.19 
 

0.039% 
 

27.85 
 

18.55% 
 

32.64 
 

4.55% 

 

9 
2Node wing fore and 

aft Symmetric 

 

38.76 
 

37.86 
 

2.33% 
 

38.76 
 

0.011% 
 

32.99 
 

14.90% 
 

35.30 
 

8.93% 

 

10 
Wing torsion mode 

Antisymmetric 

 

49.29 
 

44.84 
 

9.01% 
 

48.55 
 

1.494% 
 

34.89 
 

29.20% 
 

44.94 
 

8.83% 


