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Abstract
An aircraft fuel system may be defined as a system which enables 
the fuel to be loaded, stored, managed and delivered to the 
propulsion system (engine) of an aircraft. In a modern, multi-
engine passenger or cargo aircraft, the fuel system is likely to 
consist of multiple fuel tanks which may be located in the wing 
or the fuselage (or both). Each tank is equipped with internal 
fuel pumps and has the associated valves and plumbing to feed 
the engines. The tanks are made of materials that will not react 
chemically with any aviation fuel. Aluminum alloy is most widely 
used. Synthetic rubber or nylon bladder type fuel cells are also in 
use. And the fuel pressure is acted on the tank walls by the rotation 
of aircraft and the influence of aerodynamic force and centrifugal 
force applying on aircraft has been totally considered. Hence 
the aircraft fuel tank will be analyzed for the pressure loads in 
pitch yaw row motions. The dynamic characteristics analysis of 
aircraft fuel tank is mainly involved in the calculation about natural 
frequency and resonances. Because, influence of aerodynamic 
force and centrifugal force applying on aircraft, so the results 
in vibration of fuel tank is mainly effected. The objective is to 
calculate the natural frequency and mode shape of aircraft fuel 
tank is modulating those frequencies and avoiding resonance. 
Hence the aircraft fuel tank will be analyzed for vibrations on 
random loads. The paper deals with the design and structural 
analysis of aircraft fuel tank by using finite element analysis. 
Aircraft fuel tank is modeled in UNIGRAPHICS and imported into 
ANSYS software to perform static, model and spectrum analysis 
to analyze strength and dynamic characteristics of aircraft fuel 
tank and optimize if required.
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I. Introduction
The Aircraft, the most fascinating and complex of man-made 
systems, epitomizes engineering at its finest. The airframe must be 
strong, rigid, durable, yet as light in weight as safety will allow. It 
must also fit within the streamlined shape defined by aerodynamics 
and the mission the airplane was built to serve.

Fig. 1: Parts of Light Aircraft

To understand the structures of today’s aircraft, it is helpful to 
look back over the evolution of the airframe since the beginning 
of the twentieth century. The Wright brothers succeeded in the 
culmination of four years of their own systematic and persistent 
study, research, test, and development, and were due in no small part 
to their synergistic inventiveness, common sense, and mechanical 
skill. They based the design of their series of gliders leading up to 
the 1903 Flyer. On December 17, 1903, a manned, self propelled, 
heavier-than-air vehicle lifted off the earth’s surface, traveled 120 
feet through the air in controlled flight, and landed intact at a point 
no lower in elevation than where it started. Orville Wright was the 
32-year-old pilot on that brief but historic journey. Taking turns, 
the Wright brothers, whose trade was manufacturing bicycles 
in Dayton, Ohio, made three more, successively longer flights 
that day on the Sand Dunes near Kitty Hawk, North Carolina. 
Wilbur flew the final one, which lasted 59 seconds and covered 
a distance of 852 feet. The modern aviation era sprang from the 
events of that day. 
 
The airframe is the term used to describe the complete structure 
of an airplane, including the fuel tanks and lines, but without 
instruments and engine installed. It is therefore includes the 
fuselage, wings, tail assembly, landing gear and engine are 
attached. The essential components of an aircraft are:

The Fuselage or body• 
The wings or lifting surfaces.• 
The tail section or empennage.• 
The propulsion system, i.e., engine(s) with or without • 
propeller(s)
Undercarriage or landing gear• 

Claiming that the DA42 Twin Star is “one of the most innovative and 
intriguing airplanes in light aircraft history,” Aviation Consumer 
magazine, in their August 2006 issue, named the Twin Star as 
Airplane of the Year.
The magazine had been alarmed at a report that 100LL fuel had 
surpassed and lamented that GA’s response, with Diamond being 
one of few exceptions, has been a “head-in-the-sand blind hope 
that fuel prices will somehow decline again”. The DA42 Twin 
Star’s twin Centurion diesel engines burn only 12.5 Gph of JET-A 
fuel total at 172 kt cruise.
“It has decent cruise speed, a comfortable cabin and exceptional 
economy. If the future of GA lies in more efficient airplanes 
and power plants, Diamond is leading the way, “the article 
concluded.
IFR equipped with the Garmin G1000 and a long list of included 
features, the DA42 Twin Star is priced at $478,638. Options 
include known icing, built-in oxygen, and more

II. Material Properties
Generally commercially produced tanks are made of 5052H32 
Aluminum sheet with 1 to 3 mm thick.  If tank is subjected to 
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higher loads 2024 T3 grade Aluminum alloy sheet may be used. 
Otherwise, use one of the commonly available weld able aluminum 
alloys like 1100, 3003, 5052 or 6061 series of Aluminum sheet. 

The material used for making the tank is Aluminum Alloy 2024 
– T3.
Physical Properties Density = 2700 Kg/mm2

Mechanical Properties
 Tensile Strength, Ultimate =   485 Mpa
 Tensile Strength, Yield =   345 Mpa
 Modulus of Elasticity =   72.4 Gpa
 Poisson’s Ratio  =   0.33
 Elongation   =   18 %
 Fatigue Strength  =   140 Mpa
 Shear Modulus  =   28   Gpa
 Shear Strength  =   280 Mpa

III. Tank Design Considerations
A single large tank is less expensive to make and is more efficient 
than a couple of smaller tanks. The reason is obvious. 
Just as much work is required to build one small tank as it takes 
to build a larger one. Besides, you would have to make and install 
a filler neck and cap, vent line, sump and finger screen in each 
tank.

Fig. 2: Geometry of Fuel Tank

A multiple fuel tank installation always increases complexity and 
introduces fuel management problems. Try to avoid designing an 
odd shaped tank as that will only complicate its fabrication and 
perhaps its installation. Simplicity is the goal. Make your tank of 
as a few separate pieces of metal as possible. This will reduce the 
number of welded seams and simplify assembly.

A. Baffles
The primary function of baffles is to minimize the sloshing surge 
of fuel in the tank during maneuvers. 
A secondary function is to strengthen the tank by increasing 
rigidity in the relatively thin metal. 

Sloshing in the fuel tank typically occurs during acceleration and 
deceleration of the aircraft. Sloshing behavior plays an important 
role in the stability and Control of an aircraft. The fuel has a 
significant contribution to the aircraft’s total mass. Since the center 
of gravity of a structure changes due to fuel depletion and flow 
pattern during aircraft maneuvers, the design and arrangement of 
baffles inside the fuel tanks become a design challenge to ensure 
aircraft stability.

Fig. 3: Baffles

IV. Methodology
Create 3D model of the base line model of the Mounting plate 1. 
using UNIGRAPHICS NX and save as parasolid.
Import parasolid into Ansys to perform the structural 2. 
analysis.
Perform static analysis for Pitch, Roll and Yaw conditions. 3. 
Perform Modal analysis to find natural frequencies on the 4. 
base line model of the Mounting Structure
Perform Power Spectral density analysis (PSD) on the base 5. 
line model to find the effect of all the frequencies present 
below the operating frequency range of mounting structure 
in X, Y and Z direction.
Descretization of structure involves dividing the continuum 6. 
system into discrete elements. This is done by dividing the 
body structure into an equivalent system of smaller bodies or 
elements. Descretization of a body structure involves deciding 
number and size of the elements used for modeling.
Defining material properties of the structural material like 7. 
Young’s modulus, Poisson’s ratio and density.
Applying constraints, Applying loads as per FAR – 8. 
23.Now the model is ready for static analysis. The model is 
transformed into its equivalent Finite Element Model. The 
nodal displacements and stresses are determined.
The fuel tank was also analyzed for dynamic conditions. the 9. 
modal and spectrum analysis were carried out to understand 
the dynamic response of the fuel tank.

V. Design of Aircraft Fuel Tank
The Fuel tank with all geometric details is shown in Fig. 2 and 
Fig. 4. The fuel tank is partly cylindrical and partly rectangular in 
cross-section. The top half portion of the fuel tank is of rectangular 
and bottom half part is of cylindrical in configuration. 
Baffles are provided with cut-outs at three corrugated regions. 
The side walls (LH and RH side) are provided with vertical and 
horizontal stiffeners.

Fig. 4: Shows 3D Shell Model of Aircraft Fuel Tank



IJRMET Vol. 7, IssuE 2, May - ocT 2017

w w w . i j r m e t . c o m InternatIonal Journal of research In MechanIcal engIneerIng & technology 123

 Issn : 2249-5762 (online)  |  Issn : 2249-5770 (Print)

The fuel tank components made out of Aluminum alloy (2024-
T3), with the thickness of 1 mm. Whereas channel type stiffeners, 
Gussets and Flange having 2mm, 2 mm and 4 mm respectively. 
Flange is provided at a distance of 100 mm from the top wall of 
the tank.The whole tank is mounted on the hat rack provided on 
three sides in the fuselage, similar flange is provided on the tank 
along three sides to attach using anchor bolts. The geometric 
model as shown in fig. 4.

VI. Finite Element Model

A. Assumptions and Restrictions 
Zero area elements are not allowed. This occurs most often 
whenever the elements are not numbered properly. Zero thickness 
elements or elements tapering down to a zero thickness at any 
corner are not allowed. The applied transverse thermal gradient is 
assumed to vary linearly through the thickness. Shear deflections 
are included in this element. The out-of-plane (normal) stress for 
this element varies linearly through the thickness. The transverse 
shear stresses (SYZ and SXZ) are assumed to be constant through 
the thickness. The transverse shear strains are assumed to be small 
in a large strain analysis. This element may produce inaccurate 
stresses under thermal loads for doubly curved or warped 
domains. 

B. Boundary Conditions
The fuel tank is mounted on the hat rack provided on three sides 
in the fuselage, similar flange is provided on the tank along three 
sides to attach using anchor bolts at 15 points. At bolted joints all 
translations (u = v = w = 0) are arrested. The boundary conditions 
are shown in fig. 5.

Fig. 5: Shows Boundary Conditions

C. Loads
The Tank is designed for a capacity of 100 liters (73 kg) of fuel. 
As per FAR-23 under emergency landing conditions the ultimate 
inertia factors considered in the design of fuel tank walls are listed 
in the Table 1 below

Table 1: Ultimate Inertia Factors as per FAR - 23
Inertia Direction Inertia Factor Critical Component
Forward 18.0g Forward wall
Sideward 4.5g Side wall
Upward 3.0g Top wall
Downward 3.8g Bottom curved floor

Further, as per FAR-23, Fuel tank should be pressure tested at 
3.5 psi (24 KPa) or that the pressure developed during maximum 
ultimate acceleration with full tank, whichever is greater. Because, 
the supporting structure must be designed for the critical loads 

occurring in the flight or landing strength conditions combined 
with the fuel pressure loads resulting from the corresponding 
accelerations. For this purpose all the fuel tank walls are subjected 
to a uniform pressure load of 3.5 psi (24 KPa). The schematic 
diagram of fuel tank with inertia factors in the respective inertia 
directions is shown below.

Fig. 6: Shows Fuel Tank With Inertia Factors (View From Left 
Hand Side)

D. Equivalent Pressure Calculation 
A brief procedure for the computation of equivalent pressure load 
on forward, sideward, top and bottom curved floor is indicated 
as follows. In steady cruise flight all parts of the airplane and its 
contents are subjected to gravitational loading of 1g. The load 
factor applied to an airplane refers to the number of times the 
applied loading exceeds the 1g weight

Load case 1:
Forward gravitational load 
Fuel weight  =  73 kg   
Load factor  =  18.0 g  
∴ Total fuel load  =  73 * 18.0  =  1314 kg.
Size of forward wall   
= 800 * 400 + ( π  * 200 * 800) / 2 
= 571.327 * 103   mm2

Equivalent pressure loading on the Forward wall 
= 1314 / (571.327 * 103)           
 = 2.2999 * 10-3   kg/mm2

Load case 2:
Sideward gravitational load
Load factor         = 4.5 g.
∴ Total fuel load   = 73 * 4.5  =  328.5 kg.
Size of Sideward wall  =  400 * 200 + π (200)2 / 2 
= 142.83 * 103 mm2

Equivalent pressure loading 
= 328.5 / (142.83 * 103) 

Load case 3:
Upward gravitational load:
Load factor = 3.0g
Total fuel load = 73 * 3.0 =  219 kg
Size of top panel = 800 * 400= 320 * 103   mm2
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Equivalent pressure = 219 / (320 * 103)
  = 6.843 * 10-4   kg/mm2

Load case 4:
Downward gravitational load
Load factor  = 3.8 g
Total fuel load  = 73 * 3.8 = 277.4 kg
Size of bottom curved floor = π * 200 * 800
   = 502.65 * 103   mm2

Equivalent pressure  = 277.4 / (502.65 * 103)
   = 5.518 * 10-4  kg/mm2

Different fuel load cases considered for tank analysis as given 
in table below

Table 2 : Different Fuel Load Cases for Tank Analysis
Load 
case

g-Load 
factor

Total load 
(kg)

Pressure 
(kg/mm2)

Critical 
Component Remarks

1 18.0 1314 0.0022999 Forward wall Forward. g
2 4.5 328.5 0.0022999 Left side wall Sideward. g

3 4.5 328.5 0.0022999 Right side 
wall Sideward. g

4 3.0 219.0 0.000684 Top wall Upward. g
5 3.8 277.4 0.0005518 Bottom wall Downward. g

6 3.5Psi 
(24 KPa) - 0.00246 Entire tank Static test 

Pressure

E. Static Analysis 
The basic assumption in this analysis of tank is “the openings for 
the fuel inlet and outlet and for other accessories are neglected”. 
The static stress analysis of fuel tank is carried out by subjecting 
all components of the fuel tank for specified fuel load cases. 
Components such as forward wall, aft wall, floor, sidewalls and 
top panel are critical for respective load cases. The pressure acting 
on each component under each load case is considered in the 
analysis.

F. Element Type Used:
Shell 63, Number of Nodes: 4.1. 
Number of DOF: 6 (Ux, Uy, Uz, Rotx,    Roty, Rotz2. 
SHELL63 has both bending and membrane capabilities. Both 3. 
in-plane and normal loads are permitted. The element has six 
degrees of freedom at each node: translations in the nodal 
x, y, and z directions and rotations about the nodal x, y, and 
z-axes. 

Stress stiffening and large deflection capabilities are included. A 
consistent tangent stiffness matrix option is available for use in 
large deflection (finite rotation) analyses

Fig. 7: Shows the Boundary Conditions of Aircraft Fuel Tank Assembly

Fig. 8: Shows the Max. Deflection of Aircraft Fuel Tank 
Assembly

Fig. 9: Shows the Von Mises Stress of Aircraft Fuel Tank 
Assembly
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Fig. 10: Shows the Max. Deflection of Aircraft Fuel Tank 
Assembly

Fig. 11: Shows the Von Mises Stress of Aircraft Fuel Tank 
Assembly

Fig. 12: Shows the Max. Deflection of Aircraft Fuel Tank 
Assembly

Fig. 13: The Von Mises Stress of Aircraft Fuel Tank Assembly

Fig. 14: Shows the Max. Deflection of Aircraft Fuel Tank 
Assembly

Fig. 15: Shows The Von Mises Stress of Aircraft Fuel Tank 
Assembly



IJRMET Vol. 7, IssuE 2, May - ocT 2017  Issn : 2249-5762 (online)  |  Issn : 2249-5770 (Print)

w w w . i j r m e t . c o m 126   InternatIonal Journal of research In MechanIcal engIneerIng & technology

Fig. 16: Shows the Von Mises Stress of Aircraft Fuel Tank 
Assembly

Fig. 17: Shows the Max. Deflection of Aircraft Fuel Tank` 
Assembly

Fig. 18: Shows the Von Mises Stress of Aircraft Fuel Tank 
Assembly

Table 3: Shows Max. Displacements and Von Mises Stress in the      
Tank for Different

Load case No. Max. Displacement Von mises stress
1 0.62 123.7
2 6.5 172.8
3 6.5 173
4 1.07 69.2
5 0.17 57.8
6 15 264.5

From the above table we can observe that the maximum 
displacement occurs in load case 6(11mm). So, from the table 
we can say that among all the load cases load case 6 is the critical 
one.
From the above table we can observe that the maximum stress 
occurs in load case 6.and it is lower than the yield strength (345N/
mm2).

Hence the aircraft fuel tank model is with standing the pressure 
loads in all cases.
Max. induced stress, σmax.    = 264.5 N/mm2

 Yield strength, σy     = 345 N/mm2 
 Ultimate strength, σu    = 485 N/mm2

Factor of safety at Design Limit Load
= σy /σmax.= 345/264.5= 1.3

loading conditions. Finite element analysis was carried in 
following steps:
Modal Analysis in the range of 0-250Hz.
PSD analysis in X, Y and Z directions.
RSA analysis in X, Y and Z directions.

VII. Modal Analysis
Modal analysis was carried out to determine the natural frequencies 
and mode shapes of a structure in the frequency range of 0 - 250 
Hz. Eigen values and their mass participations in all the three 
directions in the range 0 - 250 Hz.Total mass of the plate with 
modules is 11.19 Kgs.

Fig. 19: Shows Mode shape 1@115.09Hz for Air Craft Fuel 
Tank:

Fig. 20: Shows Mode shape 11 @ 235.89 Hz for Air Craft Fuel 
Tank
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However PSD analysis has been carried out to check the 
structure behavior for random vibrations in the frequency range 
of 0-2000Hz

VIII. PSD Analysis on Air Craft Fuel Tank

A. PSD Analysis in X-DIR
PSD analysis is carried out on Aircraft fuel tank model with base 
excitation in X direction from 0-2000Hz. Boundary Conditions, 
Functional vibration levels – PSD:

Fig. 21: Shows the Boundary Condition's Applied For PSD in

Table 4: Spectral Values Vs Frequency For PSD  Analysis
Random g2/Hz Db/Oct
50 0.00332 6
450 0.02 0
1500 0.02 -6
2000 0.00323  

IX. Results
Total Deflection: The maximum 1 sigma deflection observed is 
0.082 mm of the AIRCRAFT FUEL TANK. The maximum 3 
sigma deflection is 0.246mm This implies that only 0.3% of the 
time AIRCRAFT FUEL TANK deflection reaches 0.246m

1. Von Mises Stress
The maximum 1 sigma Stress observed is 21.3N/mm• 2 of the 
Aircraft fuel tank. 
The maximum 3 sigma Stress observed is 63.9 N/mm• 2. 
This implies that only 0.3% of the time the Aircraft fuel tank • 
stress reaches 63.9 N/mm2.

Fig. 22: Shows the PSD Response of Right Side Plate in Linear 
and Log Scale For PSD in X-Dir

Fig. 23: Shows the Total Deflection of the Aircraft Fuel Tank for 
PSD in X-dir

Fig. 24: Shows the Von Mises stress of Aircraft Fuel Tank for 
PSD in Y-dir

Fig. 25: Shows the Total Deflection of the Aircraft Fuel Tank for 
PSD in Y-dir

Fig. 26: Shows the Von Mises Stress of Aircraft Fuel Tank For 
PSD in Z-Dir
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Fig. 27: Shows the Total Deflection of the Aircraft Fuel Tank For 
PSD in Z-Dir

Fig. 28: Shows The PSD Response of Top Plate in Linear and 
Log Scale For PSD In X-Dir

Fig. 29: Shows the PSD Response of RIGHT SIDE PLATE in 
Linear and Log Scale For PSD In X-

Fig. 30: Shows the Boundary Condition Applied For RSA in 
X,Y,Z- Directions

X. RSA Analysis for Aircraft Fuel Tank

A. RSA Analysis Along X-direction
RSA analysis is carried out on Aircraft fuel tank model in X 
direction from 0-250Hz boundary Conditions

Here the max. Deflection is 0.13mm and max. Stress is 5.9N/1. 
mm2 observed on Aircraft fuel tank. 
RSA analysis is carried out on Aircraft fuel tank model in Y 2. 
direction from 0-250Hz. 
Here the max. Deflection is 1.02mm and max. Stress is 3. 
13.158N/mm2 observed on Aircraft fuel tank 
RSA analysis is carried out on Aircraft fuel tank model in Z 4. 
direction from 0-250Hz boundary Conditions.
Here the max. Deflection is 0.84mm and max. Stress is 44.7N/5. 
mm2 observed on Aircraft fuel tank

Fig. 31: Shows the Max. Stress of Aircraft Fuel Tank

Fig. 32: Shows the Max. Stress of Aircraft Fuel Tank

Fig. 33: Shows the Max. Stress of Aircraft Fuel Tank
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XI. Conclusion
Static Analysis is carried over the aircraft fuel tank. The Fuel tank 
is analyzed for different inertia load cases in addition to a static 
test pressure of 3.5 psi (24 KPa). A global Finite Element Analysis 
(FEA) is carried out to arrive at the stresses and deformations in 
critical components. Static analysis was carried out on the original 
model for 6 load cases, the maximum stresses observed is 427.8 
N/mm2 for load case 6 .the Yield strength of the material (345 
Mpa). Hence according to the Maximum Yield Stress Theory, the 
Von Mises stress is more than the yield strength of the material. 
Hence the design of fuel tank is not safe for the above operating 
loads.

Modified model of fuel tank was proposed and finite element 
analysis was carried out for all the 6 load cases to observe stress and 
deflections. From the analysis results the max. stress is observed is 
264.5 N/mm2 for the load case 6. Hence according to the Maximum 
Yield Stress Theory, the Von Mises stress is less than the yield 
strength of the material. Hence the modified design of fuel tank 
is safe for the above operating loads.

The modified fuel tank was also analyzed for dynamic conditions. 
the modal and spectrum analysis were carried out to understand 
the dynamic response of the fuel tank. From the spectrum analysis 
results in X, Y and Z directions ,the max. stress observed is 
105.42N/mm2 in Z direction.

XII. AIM and Scope of Study
The aim is to analyze fuel tank for different inertia load cases as 
per FAR - 23 in addition to a test pressure of 3.5 psi (24 KPa), to 
validate whether the design is safe or not. 
A Finite element analysis is carried out to check Stresses and 
Displacements in the critical components. Also check whether 
the structure is safe and adequate Margin of safety in strength 
for the given loads.
The objective is to calculate the natural frequency and mode 
shape of aircraft fuel tank is modulating those frequencies and 
avoiding resonance. Hence the aircraft fuel tank will be analyzed 
for vibrations on random loads
“Aircraft Fuel Tank Analysis Under Federal Aviation Regulations 
Part 23” The fuel tank is analyzed for different inertia load cases 
in addition to a test pressure of 3.5 psi (24 KPa). The tank is 
designed for a capacity of 100 liters (73 kg) of fuel. The fuel tank 
is partly cylindrical and partly rectangular in cross section. The 
top half portion of the fuel tank is of rectangular and bottom half 
part is of cylindrical in configuration. Baffles are provided with 
cut-outs at three corrugated regions. The side walls (LH and RH 
side) are provided with vertical and horizontal stiffeners. Fuel tank 
components are made out of 2024-T3 Aluminum alloy sheet with 
1mm thickness, Whereas Stiffeners, Gussets and Flange are having 
different thickness. The whole tank is mounted on the hatrack 
provided on three sides in the fuselage, similar flange is provided 
on the tank along 3 sides to attach using anchor bolts. 
The ultimate inertia factors used for design of fuel tank depends 
on All Up Weight (AUW) of the Aircraft. If AUW < 750 kg, then 
we should consider ultimate inertia factors as per JAR – VLA 
(Joint Airworthiness Regulations – Very Light Aircraft). If 750 
< AUW < 19500 kg, then we should consider ultimate inertia 
factors as per FAR – 23
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