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Abstract:

A cockpit or flight deck is the area, usually near the front
of an aircraft, from which a pilot controls the aircraft.
Most modern cockpits are enclosed, except on some small
aircraft.The cockpit of an aircraft contains flight instru-
ments on an instrument panel, and the controls that enable
the pilot to fly the aircraft. In most airliners, a door sepa-
rates the cockpit from the aircraft cabin. The cockpit ex-
poses to air under high pressure while the aircraft is flying.
The pressure depends upon aircraft velocity. In this thesis
we are going to design the aircraft cockpit and perform-
ing static analysis. Being the aircraft components tend to
vibrations we are going to perform the model analysis to
determine the natural frequency and deformation in reso-
nance.The design will do in 3d parametric software catia
v5 and analysis will do in FEA based software ANSY'S
14.5.

1.INTRODUCTION:

A cockpit or flight deck is the area, usually near the front
of an aircraft, from which a pilot controls the aircraft. Most
modern cockpits are enclosed, except on some small air-
craft.The cockpit of an aircraft contains flight instruments
on an instrument panel, and the controls that enable the
pilot to fly the aircraft. In most airliners, a door separates
the cockpit from the aircraft cabin. After the September
11, 2001 attacks, all major airlines fortified their cock-
pits against access by hijackers.In a span of only a few
years, the cockpits of new light aircraft have undergone
a transition from conventional analog flight instruments
to digital based electronic displays commonly referred to
as “glass cockpits.” These new displays integrate aircraft
control, autopilot, communication, navigation, and air-
craft system monitoring functions, applying technology
previously available only in transport category aircraft.
The enhanced function and information capabilities of
glass cockpits represent a significant change and potential
improvement in the way general aviation pilots monitor
information needed to control their aircraft.
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The National Transportation Safety Board (NTSB) initi-
ated this study to determine if the transition to glass cock-
pits in light aircraft has improved the safety record of
those aircraft. Three different approaches were used in this
study. First, a retrospective statistical analysis of manufac-
turer records, aircraft investigation information, and ac-
tivity survey data was conducted to compare the accident
experience of recently manufactured light single-engine
airplanes equipped and not equipped with glass cockpit
displays. Second, an evaluation of glass cockpit training
requirements and resources was conducted to character-
ize the training and to identify areas for potential safety
improvement. Finally, accident cases were reviewed to
identify emerging safety issues associated with the intro-
duction of glass cockpit displays into this class of aircraft.
The statistical analysis found that for 2002 -- 2008, light
single engine aircraft equipped with glass cockpit displays
experienced lower total accident rates but higher fatal ac-
cident rates than the same type of aircraft equipped with
conventional analog instrumentation.

Accidents involving glass cockpit aircraft were more
likely to be associated with personal/business flights, lon-
ger flights, instrument flight plans, and single pilot op-
erations, while accidents involving conventional analog
cockpit aircraft were more likely to be associated with
instructional flights, shorter flights, and two pilot opera-
tions. Accident pilots flying glass cockpit equipped air-
craft were found to have higher levels of pilot certification
and more total flight experience than those flying conven-
tional aircraft. The evaluation of light aircraft glass cock-
pit training requirements found that the Federal Aviation
Administration (FAA) has been updating training hand-
books and test standards to incorporate generic informa-
tion about electronic flight instrument displays. However,
current airman knowledge written tests (such as private
pilot, instrument rating, commercial pilot, and flight in-
structor certificates) do not assess pilots’ knowledge of
the functionality of glass cockpit displays. In addition, the
FAA has no specific training requirements for pilots oper-
ating glass cockpit equipped light aircraft.
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The lack of equipment specific training requirements from
the FAA results in a wide range of initial and recurrent
training experiences among pilots of glass cockpit air-
craft. With the exception of training provided by airframe
manufacturers with the purchase of a new aircraft, pilots
must currently seek out and obtain equipment specific
glass cockpit training on their own. The review of acci-
dents involving light aircraft equipped with glass cockpits
found that pilots’ experiences and training in conventional
cockpits do not prepare them to safely operate the com-
plex and varied glass cockpit systems being installed in
light aircraft today. Further, the lack of information pro-
vided to pilots about glass cockpit systems may lead them
to misunderstand or misinterpret system failures. As a re-
sult, there is a need for new training procedures and tools
to ensure that pilots are adequately prepared to safely
operate aircraft equipped with glass cockpit avionics.The
results of this study suggest that the introduction of glass
cockpits has not resulted in a measurable improvement in
safety when compared to similar aircraft with convention-
al instruments. The analyses conducted during the study
identified safety issues in two areas:

1.The need for pilots to have sufficient equipment spe-
cific knowledge and proficiency to safely operate aircraft
equipped with glass cockpit avionics.

2.The need to capture maintenance and operational infor-
mation in order to assess the reliability of glass cockpit
avionics in light aircratft.

2. LITERATURE SURVEY:

The first airplane with an enclosed cabin appeared in 1912
on the Avro Type F; however, during the early 1920s there
were many passenger aircraft in which the crew remained
open to the air while the passengers sat in a cabin. Military
biplanes and the first single-engined fighters and attack
aircraft also had open cockpits, some as late as the Second
World War when enclosed cockpits became the norm.The
largest impediment to having closed cabins was the ma-
terial the windows were to be made of. Prior to Perspex
becoming available in 1933, windows were either safety
glass, which was heavy, or cellulose nitrate (i.e.: guncot-
ton), which yellowed quickly and was extremely flamma-
ble. In the mid-1920s many aircraft manufacturers began
using enclosed cockpits for the first time. Early airplanes
with closed cockpits include the 1924 Fokker F.VII, the
1926 German Junkers W 34 transport, the 1926
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Ford Trimotor, the 1927 Lockheed Vega, the Spirit of
St. Louis and the passenger aircraft manufactured by the
Douglas and Boeing companies during the mid-1930s.
Open-cockpit airplanes were almost extinct by the mid-
1950s, with the exception of training planes, crop-dusters
and homebuilt aircraft designs. Cockpit windows may be
equipped with a sun shield. Most cockpits have windows
that can be opened when the aircraft is on the ground.
Nearly all glass windows in large aircraft have an anti-
reflective coating, and an internal heating element to melt
ice. Smaller aircraft may be equipped with a transparent
aircraft canopy.In most cockpits the pilot’s control column
or joystick is located centrally (center), although in some
military fast jets the side-stick is located on the right hand
side. In some commercial airliners (i.e.: Airbus—which
features the glass cockpit concept) both pilots use a side-
stick located on the outboard side, so Captain’s side-stick
on the left and First-officer’s seat on the right.

Except for some helicopters, the right seat in the cockpit
of an aircraft is the seat used by the co-pilot. The captain
or pilot in command sits in the left seat, so that he can op-
erate the throttles and other pedestal instruments with his
right hand. The tradition has been maintained to this day,
with the co-pilot on the right hand side. The layout of the
cockpit, especially in the military fast jet, has undergone
standardization, both within and between aircraft differ-
ent manufacturers and even different nations. One of the
most important developments was the “Basic Six” pat-
tern, later the “Basic T”, developed from 1937 onwards
by the Royal Air Force, designed to optimize pilot instru-
ment scanning.

Ergonomics and Human Factors concerns are important
in the design of modern cockpits. The layout and func-
tion of cockpit displays controls are designed to increase
pilot situation awareness without causing information
overload. In the past, many cockpits, especially in fighter
aircraft, limited the size of the pilots that could fit into
them. Now, cockpits are being designed to accommodate
from the 1st percentile female physical size and the 99th
percentile male size. In the design of the cockpit in a mili-
tary fast jet, the traditional “knobs and dials” associated
with the cockpit are mainly absent. Instrument panels are
now almost wholly replaced by electronic displays, which
are themselves often re-configurable to save space. While
some hard-wired dedicated switches must still be used for
reasons of integrity and safety, many traditional controls
are replaced by multi-function re-configurable controls or
so-called “soft keys”.
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Controls are incorporated onto the stick and throttle to
enable the pilot to maintain a head-up and eyes-out posi-
tion — the so-called Hands On Throttle And Stick or HO-
TAS concept,. These controls may be then further aug-
mented by new control media such as head pointing with
a Helmet Mounted Sighting System or Direct voice input
(DVI). New advances in auditory displays even allow for
Direct Voice Output of aircraft status information and for
the spatial localization of warning sounds for improved
monitoring of aircraft systems.The layout of control pan-
els in modern airliners has become largely unified across
the industry. The majority of the systems-related controls
(such as electrical, fuel, hydraulics and pressurization) for
example, are usually located in the ceiling on an overhead
panel. Radios aregenerally placed on a panel between the
pilot’s seats known as the pedestal. Automatic flight con-
trols such as the autopilot are usually placed just below the
windscreen and above the main instrument panel on the
glare shield. A central concept in the design of the cockpit
is the Design Eye Position or “DEP”, from which point
all displays should be visible. Most modern cockpits will
also include some kind of integrated warning system.In a
2013 comparative study of a number of novel methods for
cockpit-user interaction, touchscreen produced the largest
number of “best scores”.

3INTRODUCTIONS TO SOFTWARE
3.1 Introduction to CAD:

Throughout the history of our industrial society, many in-
ventions have been patented and whole new technologies
have evolved. Perhaps the single development that has
impacted manufacturing more quickly and significantly
than any previous technology is the digital computer.
Computers are being used increasingly for both design
and detailing of engineering componentsin the drawing
office. Computer-aided design(CAD) is defined as the ap-
plication of computers and graphics software to aid or en-
hance the product design from conceptualization to docu-
mentation. CAD is most commonly associated with the
use of an interactive computer graphics system, referred
to as a CAD system. Computer-aided design systems are
powerful tools and in the mechanical design and geomet-
ric modeling of products and components.There are sev-
eral good reasons for using a CAD system to support the
engineering design function:

1.To increase the productivity
2.To improve the quality of the design
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3.To uniform design standards

4.To create a manufacturing data base

5.To eliminate inaccuracies caused by hand-copying of
drawings and inconsistency between

6.Drawings

3.2 Introduction to Pro/engineer:

Pro/engineer is the industry’s standard 3D mechanical de-
sign suit. It is the world’s leading CAD/CAM /CAE soft-
ware, gives a broad range of integrated solutions to cover
all aspects of product design and manufacturing. Much of
its success can be attributed to its technology which spurs
its customer’s to more quickly and consistently innovate
a new robust, parametric, feature based model, because
the Pro/E technology is unmatched in this field, in all pro-
cesses, in all countries, in all kind of companies along the
supply chains. Pro/Engineer is also the perfect solution
for the manufacturing enterprise, with associative appli-
cations, robust responsiveness and web connectivity that
make it the ideal flexible engineering solution to accelerate
innovations. Pro/Engineer provides easy to use solution
tailored to the needs of small, medium sized enterprises
as well as large industrial corporations in all industries,
consumer goods, fabrications and assembly, electrical and
electronics goods, automotive, aerospace etc.

Advantages of Pro/Engineer:

1.It is much faster and more accurate. Once a design is
completed. 2D and 3D views are readily obtainable.
2.The ability to incorporate changes in the design process
is possible.

3.1t provides a very accurate representation of model
specifying all other dimensions hidden geometry etc.

4.1t provides a greater flexibility for change. For example
if we like to change the dimensions of our model, all the
related dimensions in design assembly, manufacturing
etc. will automatically change.

5.1t provides clear 3D models, which are easy to visualize
and understand.

Pro/E provides easy assembly of the individual parts or

models created it also decreases the time required for the
assembly to a large extent.

Design in Pro/engineer
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4. ANALYSIS OF A PRODUCT
4.1 Introduction to FEM:

The Basic concept in FEA is that the body or structure
may be divided into smaller elements of finite dimensions
called “Finite Elements”. The original body or the struc-
ture is then considered as an assemblage of these elements
connected at a finite number of joints called “Nodes” or
“Nodal Points”. Simple functions are chosen to approxi-
mate the displacements over each finite element. Such as-
sumed functions are called “shape functions”. This will
represent the displacement with in the element in terms
of the displacement at the nodes of the element.The Fi-
nite Element Method is a mathematical tool for solving
ordinary and partial differential equations. Because it is
a numerical tool, it has the ability to solve the complex
problems that can be represented in differential equations
form. The applications of FEM are limitless as regards the
solution of practical design problems.

Due to high cost of computing power of years gone by,
FEA has a history of being used to solve complex and cost
critical problems. Classical methods alone usually can-
not provide adequate information to determine the safe
working limits of a major civil engineering construction
or an automobile or an aircraft. In the recent years, FEA
has been universally used to solve structural engineering
problems. The departments, which are heavily relied on
this technology, are the automotive and aerospace indus-
try. Due to the need to meet the extreme demands for
faster, stronger, efficient and lightweight automobiles and
aircraft, manufacturers have to rely on this technique to
stay competitive. FEA has been used routinely in high
volume production and manufacturing industries for
many years, as to get a product design wrong would be
detrimental.
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For example, if a large manufacturer had to recall one
model alone due to a hand brake design fault, they would
end up having to replace up to few millions of hand
brakes. This will cause a heavier loss to the company. The
finite element method is a very important tool for those
involved in engineering design; it is now used routinely
to solve problems in the following areas.

1.Structural analysis
2.Thermal analysis
3.Vibrations and Dynamics
4.Buckling analysis
5.Acoustics

6.Fluid flow simulations
7.Crash simulations
8.Mold flow simulations

Nowadays, even the most simple of products rely on the
finite element method for design evaluation. This is be-
cause contemporary design problems usually can not be
solved as accurately & cheaply using any other method
that is currently available. Physical testing was the norm
in the years gone by, but now it is simply too expensive
and time consuming also.

4.2 Introduction to ANSYS:

The ANSYS program is self contained general pur-
pose finite element program developed and maintained
by Swason Analysis Systems Inc. The program contain
many routines, all inter related, and all for main purpose
of achieving a solution to anan engineering problem by
finite element method.

ANSYS finite element analysis software enables engi-
neers to perform the following tasks:

1.Build computer models or transfer CAD models of
structures, products, components, or systems.

2.Apply operating loads or other design performance con-
ditions

3.Study physical responses ,such as stress levels, temper-
ature distributions, or electromagnetic fields

4.0Optimize a design early in the development process to
reduce production costs.

5.Do prototype testing in environments where it other-
wise would be undesirable or impossible
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The ANSYS program has a compressive graphical user
interface (GUI) that gives users easy, interactive access
to program functions, commands, documentation, and
reference material. An intuitive menu system helps users
navigate through the ANSYS Program. Users can input
data using a mouse, a keyboard, or a combination of both.
A graphical user interface is available throughout the pro-
gram, to guide new users through the learning process and
provide more experienced users with multiple windows,
pull-down menus, dialog boxes, tool bar and online docu-
mentation.

4.3 Structural analysis:

Static analysis calculates the effects of steady load-
ing conditions on a structure, while ignoring inertia and
damping effects, such as those caused by time-varying
loads. A static analysis, however, includes steady inertia
loads (such as gravity and rotational velocity), and time-
varying loads that can be approximated as static equiva-
lent loads (such as the static equivalent wind and seismic
loads commonly defined in many building codes).

4.3.1 Loads in a structural analysis:

Static analysis is used to determine the displacements,
stresses, strains, and forces in structures or components
caused by loads that do not induce significant inertia and
damping effects. Steady loading and response conditions
are assumed; that is, the loads and the structure’s response
are assumed to vary slowly with respect to time. The kinds
of loading that can be applied in a static analysis include:

1.Externally applied forces and pressures

2.Steady-state inertial forces (such as gravity or rotational
velocity)

3.Imposed (non-zero) displacements

4. Temperatures (for thermal strain)

5.Fluences (for nuclear swelling)

4.4 Modal analysis:

Any physical system can vibrate. The frequencies at
which vibration naturally occurs, and the modal shapes
which the vibrating system assumes are properties of the
system, and can be determined analytically using Modal
Analysis.Modal analysis is the procedure of determining
a structure’s dynamic characteristics; namely, resonant
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frequencies, damping values, and the associated pattern
of structural deformation called mode shapes. It also can
be a starting point for another, more detailed, dynamic
analysis, such as a transient dynamic analysis, a harmonic
response analysis, or a spectrum analysis. Modal analysis
in the ANSY'S family of products is a linear analysis. Any
nonlinearities, such as plasticity and contact (gap) ele-
ments, are ignored even if they are defined. Modal analy-
sis can be done through several mode extraction methods:
subspace, Block Lanczos, Power Dynamics, Reduced,
Unsymmetric and Damped. The damped method allows
you to include damping in the structure.

STATIC AND MODEL ANALYSIS OF AIR-
CRAFT COCKPIT USING MATERIAL
ALUMINUM STATIC

Imported model

oL
T -

Meshed Model

— ANSYS
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Displacement RESULTS TABLE
spa ANSYS 5.1 Static analysis
= Displacement Stress
min max

Aluminum 0.646 | 263.5
alloy 3.59065 55 84
Plasic fascia 0.650 | 266.6

1.47239 89 5

5.2 Modal analysis results

MODE 1 MODE 2 MODE 3
Freq | Def Freq | Def Freq | Def
Alumin
um 3.941 | 2.690 | 3.941 | 2.690 | 4.686 | 2.967
alloy 04 5 72 69 26 08

Plasic 0.510 | 4.176 | 9.512 | 4.176 | 11.30 | 4.563
[ T e T T fasc'ia 77 18 26 42 78 86

Modal analysis
Mode 1 MODE 4 MODE 5

FREQ DEF FREQ DEF

4.68645 2.967954 | 4.79655 1.58159

11.308 4.56402 11.5839 | 2.43679

5.3 Comparison graphs

displacement
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e VL & L FLAGK Fabim
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Min stress 6.CONCLUSION:
s MINIMUM STRESS Here in our project we have designed a aircraft cockpit,
ass this is one of the major component for a air craft. As the
045 aircraft moves in different layers of the earth, the temper-
o ature and the stress also varies. A cockpit or flight deck is
b the area, usually near the front of an aircraft, from which

—4—L1IHINEA STRES

a pilot controls the aircraft. The cockpit exposes to air un-
der high pressure while the aircraft is flying. The pres-

usas sure depends upon aircraft velocity. In this thesis we have
S e B designed the aircraft cockpit and performed static analy-

sis. Being the aircraft components tend to vibrations we

Maximum stress have even performed the model analysis to determine the

natural frequency and deformation in resonance. We have
done the analysis with the materials Aluminum and Plasic
2003 | \ : Fascia. As per the results obtained, here the displacement

MAXIMUM STRESS

B is max for the Aluminum and even the stress factor is very
a2 \ less for the aluminum material, so here we can conclude
e e the best material can be concluded as Aluminum.
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