International Journal for Innovative

€ngineering and Management Research

A Peer Revieved Open Access International Journal
wWWwWw.ijiemr.org

COPY RIGHT

2017 IJIEMR. Personal use of this material is permitted. Permission from IJIEMR must

be obtained for all other uses, in any current or future media, including
reprinting/republishing this material for advertising or promotional purposes, creating new
collective works, for resale or redistribution to servers or lists, or reuse of any copyrighted
component of this work in other works. No Reprint should be done to this paper, all copy
right is authenticated to Paper Authors

IJIEMR Transactions, online available on 20 May 2017. Link :

http://www.ijiemr.org/downloads.php?vol=Volume-6&issue=ISSUE-3

Title: Design And Analysis Of Ultra Light Wing Structure By Using Advanced Composite
Material.

Volume 06, Issue 03, Pages: 173 — 184,
Paper Authors

Bellapu RamaKrishna; K.V.G Praveen.

Pydah College of engineering, Kakinada, India.

USE THIS BARCODE TO ACCESS YOUR ONLINE PAPER

To Secure Your Paper As Per UGC Guidelines We Are Providing A Electronic Bar
Code

Vol 06 Issue 03 May 2017 ISSN 2456 - 5083



International Journal for Innovative

€ngineering and Management Research
A Peer Revieved Open Access International Journal

www.ijiemr.org

DESIGN AND ANALYSIS OF ULTRA LIGHT WING STRUCTURE BY
USING ADVANCED COMPOSITE MATERIAL

Bellapu RamaKrishna'; K.V.G Praveen’
PG Scholar, Pydah College of engineering, Kakinada, India
’Asst professor, Pydah College of engineering, Kakinada, India
E-Mail: ramakrishnabellapu77 @ gmail.com, kvgpraveen107 @ gmail.com

Abstract

An aircraft is a machine that is able to fly by gaining support from the air. It counters
the force of gravity by using either static lift or by using the dynamic lift of an airfoil, or in a
few cases the downward thrust from jet engines. A wingis a type of fin that produces lift,
while moving through air or some other fluid. As such, wings have streamlined cross-
sections that are  subject to aerodynamic forces and act as anairfoils. A
wing's aerodynamic efficiency is expressed as its lift-to-drag ratio. In this project wing
structure of the ultra light aircraft was developed by using cad tool (CATIA) and analyzed
with CAE TOOL.

Our aim of the project is to reduce the stresses on the wing structure to increase its
strength to weight ratio. To do this here two wing structures were developed (NACA 0012
&0016) analyzing with existing material (al-7075) and Kevlar composite materials. From the
results we can say which wing structure and which combination of material would be better

for ultra light aircraft model.

Key Words: CAE Tool, CATIA, Ultra Light, Kevlar composition.

1. INTRODUCTION
1.1 INTRODUCTION

Ultra light aviation (called micro light aviation in some countries) is the flying of
lightweight, 1 or 2 seat fixed-wing aircraft. Some countries differentiate between weight-shift
control and conventional 3-axis control aircraft with ailerons, elevator and rudder, calling the

former "micro light" and the latter "ultra light".

Kevlaris the registered trademark for a para-aramid synthetic fiber, related to

other aramids such as Nomex and Technora. Developed by Stephanie Kwolek at DuPont in
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1965, this high-strength material was first commercially used in the early 1970s as a
replacement for steel in racing tires. Typically it is spun into ropes or fabric sheets that can be
used as such or as an ingredient in composite material components. Currently, Kevlar has
many applications, ranging from bicycle tires and racing sails to body armor, because of its
high tensile strength-to-weight ratio; by this measure it is 5 times stronger than steel. It is also
used to make modern drumheads that withstand high impact. When used as a woven material,
it is suitable for mooring lines and other underwater applications. A similar fiber
called Twaron with roughly the same chemical structure was developed by Akzo in the 1970s;

commercial production started in 1986, and Twaron is now manufactured by Teijin

Kevlar Properties

1. Para-aramid fibers such as Kevlar® and Twaron®, which are slightly different, have
outstanding strength-to-weight properties, and have high tenacity which makes it
difficult to cut or fray.

2. High Rigidity Young's modulus (stiffness): 130-179 GPa compared to carbon Fiber

300 GPa and glass 81 GPa, low elongation to Break (does not stretch much).

Resistant to organic solvents, but sensitive to Chlorine, Some Acids and Bases.

Good resistance to abrasion and cutting

Tensile Strength is Slightly less than E glass fiber

No melting point. Resistant to thermal degradation. Low flammability

Good fabric integrity at elevated temperatures

Nonconductive under regular conditions, but can absorb water and salt water.

e A

Sensitive to degradation from ultraviolet radiation
10. Sensitive to shock load. Can fail unexpectedly if subject to shock.

11. Relatively low compression strength compared to Carbon fiber.

2. LITURATURE REVIEW

T.V. Baughn and P.F. Packman [1] in 1986, conducted a finite element analysis to determine
the structural integrity of a high-wing cable-supported ultralight aircraft. A simple,
symmetrical, half-structure macro-model was analyzed and subjected to level flight loading

and two-wheel-landing loading conditions. Flexural and bending stiffness for the supported
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and unsupported wing were also determined. A preliminary damage tolerance analysis was
conducted in which selected cable elements and wing compression struts were removed, the
redistributed loads calculated, and possible aircraft flight configurations examined. The model
can generate all cable loads, displacement of each structural node (for each loading condition),

generate displacement plots, and locate potential highly stressed regions.

Baughn, T. and Johnson, D. [2] in the same year of 1986, proposed a design change from
high-wing cable-supported to strut supported aircraft. One of the most common designs is the
high wing cable supported ultralight. Because of its simple shape and method of construction
owners like to modify the structure and aerodynamic surfaces to attempt to improve the
performance of the aircraft. One of the more common modification requests is for the
conversion from a cable supported to a strut supported aircraft. The objective of the
modification is to reduce the drag and improve the performance of the ultralight. The purpose
of their study is to determine the structural performance of the cable supported aircraft and
compare it to the structural performance of a strut supported version of the same aircraft and
to provide an estimate of the change in drag associated with the conversion from cable

supported to strut supported.

Girish S. Kulkarni [3] in 1987, with the help of all the design guidelines provided by Baughn,
T along with considering critical condition in un-accelerated flight, done a Finite element
method based structural design to analyze the behaviour of an airplane under Aerodynamic

loading

3. DESCRIPTION

3.1 CAD DESIGN TOOL (CATIA)

CATIA is a suite of programs that are used in the design, analysis, and manufacturing of a
virtually unlimited range of product. CATIA is a parametric, feature-based solid modelling
system, “Feature based” means that you can create part and assembly by defining feature like
pad, rib, slots, holes, rounds, and so on, instead of specifying low-level geometry like lines, arcs,
and circle& features are specifying by setting values and attributes of element such as reference
planes or surfaces direction of creation, pattern parameters, shape, dimensions and
others.“Parametric” means that the physical shape of the part or assembly is driven by the
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values assigned to the attributes (primarily dimensions) of its features. Parametric may define or
modify a feature’s dimensions or other attributes at any time.

DESIGN OF WING RIB

To create the airfoil shape NACA0016 here we are using DESIGN FOIL software which is useful to create
that shape

.
Fig 3.1.1 DESIGN FOIL
(& NACA 4-Digit Airfoil Generator
NACA 4 Digit Airfoil Parameters NACA 4-Digit History/HELP
0 é, Max Camber HEIGHT As Percentage of Chord
= Airfoil Plot Parameters
0 j Max Camber LOCATION &s Percentage of Chord Banerats 7 Hektors Viewr

16 g Max AIRFOIL Thickness As Percentage OFf Chord NACA 0016

SSRRRRERENBRRREE oy

Fig 3.1.2 NACA 0016 SHAPE

5

* Fig 3.1.3 NACA 0016 key points
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Fig 3.1.4 wing rib

Here we are going to create 15 no of wing ribs with the span distance of 4500mm by using

pattern. To insert stringers we also made holes by using pocket option

S Ok | O Cancel | _Preview

Fig 3.1.6: Making holes for wing ribs
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Fig 3.1.7: Inserting stringers in wing ribs

3.2 ANSYS ANALYTICAL SYSTEM

For all engineers and students coming to finite element analysis or to ANSYS software for the first
time, this powerful hands-on guide develops a detailed and confident understanding of using
ANSYS’s powerful engineering analysis tools. The best way to learn complex systems is by means of
hands-on experience.

NACA 0012 wing structure:

Fig 3.2.1: deformation of al-7075 Fig 3.2.2: stress of al-7075

Fig 3.2.3: safety factor of al-7075
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From the above results here we got maximum stress value is 354.14Mpa and safety factor
value is 1.4203 and generally we cannot eliminate complete stresses on the body but we can
reduce it by changing design and material properties values. Here we took al-7075 material
for both ribs and stringers. To decrease the stress and increase the strength to weight ratio
here we changing materials, i.e we took another two materials those are CFRP and KEVLAR

materials

KEVLAR:

BXEAS ‘

HEE

Fig 3.2.5: stress of Kevlar

Fig 3.2.6: safety factor of Kevlar

NACA 0016 wing structure:

o

150005

Fig 3.2.7: deformation of NACA 0016 Fig 3.2.8: Stress of NACA 0016
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Fig 3.2.9: Safety factor of NACA 0016

From the above results here we got maximum stress value is 417.03Mpa and safety factor
value is 1.2061 and generally we cannot eliminate complete stresses on the body but we can
reduce it by changing design and material properties values. Here we took al-7075 material
for both ribs and stringers. To decrease the stress and increase the strength to weight ratio
here we changing materials, i.e we took another two materials those are CFRP and KEVLAR

materials

Kevlar

%

Fig 3.2.11: Stress of Kevlar

Fig 3.2.12: Safety factor of Kevlar

4. RESULT

Here we consider al-7075 material as existing material for both structures and applied 14Mpa
pressure on ribs and calculated results like deformation, stress, safety factor values. In this case
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NACA 0016 has huge stress (417.03Mpa) compared with NACA 0012 (354.14Mpa) structure. The
results are illustrated in the following tables.

Table 4.1: Results of various materials

Deformation(mm) [Stress(Mpa) |Safety factor
Al -7075|6 5 0O 1 914 1 7 0 3|1 2 0 6 1
Cfrp (stringers) &al-7075 (ribs) | 8 6 7 9 714 3 4 2 711 1 5 8 3
Cfrp (ribs) &al-7075 (stringers) | 8 5 7 1 6|4 3 9 0 711 0O 7 9 6
Kevlar (stringers)&al-7075 (ribs) | 6 O 4 4 714 0 9 7 711 2 2 7 5
Kevlar (ribs) &al-7075 (stringers) | 6 1 2 1 6|4 2 5 1 511 5 2 8 9
Table 4.2: Results of various materials

Deformation(mm) [Stress(Mpa) |Safety factor
Al -707 5|5 4 9 4 413 5 4 . 1 4|1 4 2 0 3
Cfrp (stringers) &al-7075 (ribs) | 7 1 5 4 9|13 6 2 6 3|1 3 8 7 1
Cfrp (ribs) &al-7075 (stringers) | 7 3 6 6 3|3 6 7 5 211 2 8 9 7
Kevlar (stringers)&al-7075 (ribs) | 5 1 4 3 6|3 4 17 8 5|1 4 4 6
Kevlar (ribs) &al-7075 (stringers) | 5 1 3 0 3|3 6 0]1 8 0 5 5
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Fig 4.1: Deformation of materials NACA 0012 and NACA 0016
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Fig 4.2: Stress of materials NACA 0012 and NACA 0016
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Fig 4.3: Safety factor of materials NACA 0012 and NACA 0016

From the above results here we got maximum stress value is 354.14Mpa and safety factor
value is 1.4203 and generally we cannot eliminate complete stresses on the body but we can
reduce it by changing design and material properties values.

S. CONCLUSION

In this project ultra light aircraft wing structure was developed by using CAD TOOL
(CATIA) and analyzed with CAE TOOL (ANSYS WORK BENCH) , in this project we took
different wing structuresthose are NACA 0012 and NACA 0016 and calculated their
maximum strength values. Here we consider al-7075 material as existing material for both
structures and applied 14Mpa pressure on ribs and calculated results like deformation, stress,
safety factor values. In this case NACA 0016 has huge stress (417.03Mpa) compared with
NACA 0012 (354.14Mpa) structure. It means by using NACA 0012 wing structure we can

reduce 63Mpa amount of stress it means the strength will increases.

To get more efficient wing structure here we using composite materials also those are
CFRP and KEVLAR. In this process first we apply CFRP to stringers and ribs (al-7075) then
next CFRP (ribs) &al-7075 (stringers), and we repeat same process for Kevlar &al-7075
materials for both structures. From the results NACA 0012 wing structure has high strength to

weight ratio in all these conditions, finally we can conclude that NACA 0012 wing structure
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with ribs (Kevlar) stringers (al-7075) materials will increase the strength of the wing structure

compare to existing material.
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