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Abstract The conceptual design is the early stage of
aircraft design process where results are needed fast,
both analytically and visually so that the design can be
analyzed and eventually improved in the initial phases.
Although there is mno necessity for a CAD model from
the very beginning of the design process, it can be an
added advantage to have the model to get the impres-
sion and appearance. For this purpose, knowledge-based
aircraft conceptual design applications Tango (Matlab)
and RAPID (CATIA) are being developed at Linkdping
University. Based on a parametric data definition in
XML, this approach allows for a full 3D CAD integra-
tion.

The one-database approach, also explored by many
research organizations, enables the flexible and efficient
integration of the different multidisciplinary processes
during the whole conceptual design phase. This paper
describes the knowledge-based design automated method-
ology of RAPID, data processing between RAPID and
Tango and its application in the courses “Aircraft con-
ceptual design” and “Aircraft project course” at Linkop-
ing University. A multifaceted user interface is devel-
oped to assist the whole design process.
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Abbreviations

AR Aspect Ratio

CAD Computer Aided Design

CADLab Conceptual Aircraft Design Laboratory

CATIA Computer Aided Three-Dimensional
Interactive Application

DOM Document Object Model

EKL Engineering Knowledge Language

FAR Federal Acquisition Regulation

KBS Knowledge Based System

KBE Knowledge Based Engineering

KP Knowledge Pattern

PC Power Copy

RAPID Robust Aircraft Parametric Interactive Design

SFC Specific Fuel Consumption

TR Taper Ratio

UDF User Defined Feature

VB Visual Basic

VBA Visual Basic for Applications

XML Extensible Markup Language

XLST Extensible Stylesheet Language

List of Symbols

AR Aspect ratio

Cs Fuselage cross-section
ci " cross-section

Cu Upper curve

o Lower curve
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C. Combine curve

fi(Z) Piecewise polynomial functions
fu Fuselage function

Hy Height of fuselage

k Kink Position

Ly Length of fuselage

np Number of parameters

P; Points on a spline

D1,2,..7 Control points of cross-section
S Reference wing area

Sp Splines

w Wing function

Wy Wing partitions

w; ith wing partition

Wy Width of fuselage

r Dihedral

0 Incidence /Twist

A Taper ratio

A Sweep

Opy g6 Angle measured w.r.t horizontal

or vertical

1 Introduction

Conceptual design tools have a constant need for re-
finement and improvement. One much-needed enhance-
ment is the ability to communicate between analytical
design tools and the 3D environment. Data communi-
cation between conceptual design programs has always
been a major obstacle which now has one of a possi-
ble solution through this work, presently being done at
Linkoping University. A seamless connection appeals to
the designer, but it has to work both ways. There are
a handful of existing software tools in the industry, at
universities and research centers. Some have connec-
tions to CAD software, but the connection is usually
not seamless and rarely they work bi-directional [1].
Existing aircraft conceptual design tools are:

— Aircraft design software package (“Raymer’s Design
System”) RDS-Student [2]

— Vehicle Sketch Pad (VSP) [3]

— Conceptual Design Tool (CDT) [4]

— J2 Universal Tool Kit [5]

— Aircraft Design Software (ADS) [0]

— Piano [7]

— Rapid Aerospace Geometry Engine (RAGE) []

— Computerized Environment for Aircraft Synthesis
and Integrated Optimization Methods (CEASIOM)

]
— Preliminary Aircraft Design Lab (PADLab) [10]

2 CADLab: A data-centric Conceptual Aircraft
Design Framework

In order to allow for a seamless CAD integration, a
data-centric conceptual aircraft design framework named
CADLab (Conceptual Aircraft Design Laboratory) has
been developed. The intentional naming ambiguity with
the usual abbreviation of "CAD” for Computer Aided
Design highlights one of the unique topics that char-
acterize this framework besides the extended usage of
KBE and system architecture design. A CAD tool is the
natural means for geometry modelling and therewith
the user can continue to work within the preferred CAD
environment. Furthermore, the direct usage of CAD al-
lows for a direct geometry propagation from the con-
ceptual design to the preliminary design by adding new
elements to the existing geometry.
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Fig. 1 CADLab Framework [11]

At a glance, the framework consists of three mod-
ules: A sizing/CAD module, an estimation, analysis and
assessment module and a simulation & system architec-
ture module, shown in Fig. 1. All the modules communi-
cate and interact with a central XML database. One of
the development target of this framework was to enable
parallel functionality. The highly KBE based CAD and
aircraft sizing module serves for a fast setup of the ini-
tial design, usually based on a conceptual sizing. Main
part of this module is RAPID (see Fig. 3), a geometry
oriented design tool implemented in CATIA® [12].

After instantiating geometry and the related pri-
mary structure, the design analysis is conducted in the
analysis module regarding aerodynamic, weight and struc-



A Knowledge-Based Integrated Aircraft Conceptual Design Framework 3

ture, trim and flight envelope as well as propulsion
and system performance. This analysis functionality is
mainly based on semi-empirical (statistical) data and
the Vortex Lattice aerodynamic analysis, conducted in
Tornado [13]. Within this module the requirement mis-
sion(s) are calculated based on the available data and
the results are presented to the user. It can take consid-
eration to additional data, usually the structural weight
and the supersonic wave drag [14] from RAPID and
system performance and weight properties of the simu-
lation & system architecture module.

The third module, simulation & system architec-
ture is used for more detailed investigations. This ad-
dress problematics like system architecture design, sys-
tem integration and the analysis of system interaction;
these capabilities are used e.g., to investigate different
control/actuator architectures or to investigate positive
and negative system interferences. This is especially
necessary for tightly coupled systems like the nowa-
days highly electrical driven on-board systems of civil
passenger aircrafts. Stability and control design - in-
evitably included in the flight control system of un-
stable configurations — is also a topic addressed in this
module, supporting the user with (faster than real time)
simulations which allow the designer to investigate and
understand the system characteristics and capabilities.
These features had been enabled by the extended usage
of KBE processes during the simulation model instan-
tiation.

2.1 Knowledge Based Engineering Design

Knowledge Based Engineering (KBE) is a technology
of reusing information initiated by Concentra Corpo-
ration [15] and is in existence for a couple of decades.
More and more people have seen the need [16] and also
developed an application in aircraft design based on
KBE [17]. The main application of KBE (automation)
are repetitive, rule-based or statistical data based pro-
cesses which can be either a manual, semi-automatic
or automatic processes [11] [18] [19]. Nowadays, most
CAD software are embedded with this technology as
packages like e.g., Knowledgeware in CATIA. In con-
ceptual aircraft design, this applies to the initial con-
cept generation comprising layout selection, sizing, ge-
ometry instantiation including basic aircraft structure
and onboard systems design.

KBE automation within the CAD environment is
implemented by Knowledge Pattern (KP) and Visual
Basic for Application (VBA). A KP based instantiation
consist of a User Defined Feature (UDF'), catalog and
script. The UDF captures the knowledge of the object
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Fig. 2 Different aircraft configurations of geometry model in
RAPID

to be instantiated during automation process. The cat-
alog stores the location of the UDF and the KP script
— written in Engineering Knowledge Language (EKL)
helps to automate the process.

To instantiate using VBA, the knowledge is stored
in a Power Copy (PC) and Visual Basic scripts are
used. The significant differences and advantages of the
two implementation methods mentioned above are ex-
plained in detail in [20]. A wide variety of aircraft con-
figurations is modelled by this KBE design process is
shown in Fig. 2. In the next Section, RAPID and its
KBS geometry definitions are explained in detail.

3 Robust Aircraft Parametric Interactive
Design - RAPID

RAPID (Fig. 3) is a geometry oriented design tool de-
veloped as a part of CADLab. A design from a blank
sheet of paper is obtained by bottom-up design ap-
proach (see Fig. 5(b)) or an existing aircraft model is
loaded from the XML data library (see Fig. 4) or the
aircraft is updated directly from sizing (see Fig. 5(a)).
The user begins to modify the fuselage curves according
to design requirements and later adapt the wing accord-
ingly. The empennage is automatically sized depending
on the given fuselage and wing geometry parameters.

3.1 Geometry Model

After the initial setup of the global geometry /dimensions
of the aircraft, a more detailed geometry can be devel-
oped. The user chooses the number of frustums needed



4 Raghu Chaitanya Munjulury, Ingo Staack, Patrick Berry, Petter Krus

Bex XML Database Dynamic Model for the instantiation of frustums. The fuselage as de-
( e : — = scribed by Eq. 1 is a function of splines, fuselage length,
L o — s fuselage width, fuselage height and number of frustums.

7 Every spline contains ‘n’ number of points as described
by Eq. 2, the least number of points that a spline can
contain is limited to two points. A frustum is formed
by two cross-sections joined by a surface. Bézier curves
are used at the cross-section for each frustum; they are
parametric and can be modified to get the desired result
(Fig. 6).

A

W. - — 3 — " ' J/
Fairings Devises Cabin and Pilot
Layout
RAPID

—> Link inside CATIA —> Link outside CATIA

Fig. 3 RAPID Tool

for the fuselage and the number of partitions needed
for wing, empennage and canard depending on the re-
quirement. In the following Sections, the KBS geometry

s . . . Sicle Curve
definitions are explained in detail. P %

Upper Curve center Curve -
A _\L

~Bottom Curve

Fig. 5 (a) Fuselage curves in BeX (Top) [21]; (b) Fuselage
curves in RAPID (Bottom)

Establishing global fuselage geometry:

fu:f(SPaLf7Wf’HfaCS) (1)

n
Fig. 4 Example of Civil transport aircraft geometry loaded 7) — ()P 9
from database | SP( ) nz_;) fi(z) J (2)

j=1[2n); Py =0;P; =Ly
Ny —1<ng, <ng+1
Ly
A =
x n—1
n €N

8.1.1 Fuselage Geometry Definition

The Fuselage wire-frame is composed of four supporting
splines; namely upper curve, bottom curve, side curve
and center curve (Fig. 5 (b)). The splines are created in A quarter of the fuselage cross-section segment is
a desired manner which are further taken as reference  represented by third-order Bézier curve. The angle is



A Knowledge-Based Integrated Aircraft Conceptual Design Framework

measured with respect to the horizontal line for “up-
per line” and “lower line” and angle is measured with
respect to the vertical line for “side upper line” and
“side lower line”. Point 1, 4 and 7 shown in Fig. 6 are
the intersection points with the fuselage spline curves
while points 2, 3, 5 and 6 represent the control points of
the Bézier curve; these points are positioned along the
respective lines as a fraction. The fuselage cross-section
is represented by Eq. 3 as a function of the points and
respective angles with respect to horizontal and vertical
lines (Fig. 6).

- Upper Line

Vertical Line

' side Upper Line

o~
.

. Side Lower Line

/ Lower Line

Horizontal Line

R s
T ™

Fig. 6 Description of RAPID fuselage Cross-section [1]

Establishing fuselage cross-section:

Cl:= f(p,a) (3)
li=1,1,..n
neN

[pilvpfppé] = f(CIMC’la Cca C;)
[p5, 3, P5, pg] € [0, 1]

i i i i ™
[ pg @ pg, g, 0] € [0, 5}
8.1.2 Wing Geometry Definition

The wing wire-frame is generated by taking reference
area, aspect ratio, taper ratio, and sweep as references,
as represented by Eq. 4. The user has an option to

choose the sweep angle either from leading edge or at
25% root chord to obtain trapezoidal wing area (shown
in dotted line in Fig. 7). There are also other refer-
ence area methods to choose from such as Double delta,
Gross Method and Wimpress Method. RAPID uses the
trapezoid area as a reference, after instantiating the
required number of partitions, the chord at each air-
foil can be modified to obtain different wing shapes as
shown in Fig. 7.

Fig. 7 Different wing shapes modified after instantiation of
partitions

Blended Wing Fence Raked
S
Upswept Drooped Hoerner
Spiroid Wing Grid

Fig. 8 Different types of Winglets [22]
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Establishing wing geometry:

w = f(S,AR,)\i,/\i,kj,wp) (4)
|i=1,2,..n
j=01,2.n—1
n €N

Each partition is made up of two airfoils joined by
a surface. The airfoils are generated using third-order
Bézier curves, Eq. 5 describes each partition and Eq. 6
presents the Bézier equation for each airfoil of the parti-
tion. The same partition template is used for horizontal
tail, vertical tail and canard. Since the airfoil is para-
metrically defined, it can be used to obtain "N” num-
ber of airfoil shapes [23]. Different types of winglets and
wing tip devices can be chosen (Fig. 8). The wing wire-
frame is first instantiated and later the number of wing
partitions are instantiated. The projected areas of each
partition are summed up to give the final area of wing
and winglets.

Establishing wing partition:

w}i} = f(B(t)7F) b, 6) (5)
|i=1,2,..n
neN

B(t) = (1—t)*Py+3(1—t)*tP +3(1—t)t* P, +t*Ps (6)

te[0,1]
s 7T:|

[, ¢, 07 [_57 2

3.1.3 Engine Design

Two types of engines (Fig. 9), turbofan and turbojet
can be designed in RAPID. Thrust, Specific fuel con-
sumption (SFC), Weight, Length, Diameter and By-
pass ratio are the key parameters that size the engine.
Turbofan engine is designed to suit commercial aircraft
engine dimensions with a bypass ratio ranging from 3
to 20; turbojet engine is designed to suit the dimen-
sions of military and business jet engines without after
burner and a bypass ratio ranging from 0.1 to 15.

Nacelle geometry design depends on the type of en-
gine and various parameters that can be changed to
obtain the desired contour. Mixed-flow and separate-jet
are two kinds of nacelles available; straight and smooth
pylon types can be chosen consequently. The pylon is
designed in contest with nacelle, start and end values
are changed accordingly. Air inlet and duct for military
application is currently a work in progress.

Fig. 9 Turbofan (left) and turbojet engine (right) [1]

3.2 Interior Design

Comfort is the privilege that a passenger craves for
while traveling. Aircraft interiors is a major part of the
aircraft design process: Cabin space has to be utilized
in an intelligent fashion using most of the space, while
maintaining the comfort factors for passenger and a ac-
commodating maximum number of passengers accord-
ing to the requirement.

3.2.1 Cockpit Design

Fig. 10 Cockpit and Windshield model [20][24]

The cockpit design consists of windshield design,
cockpit layout and ergonomic study. Flat panels and
blended windshield can be generated. The windshield
uses visibility pattern as the wire-frame and a differ-
ent number of panels can be instantiated as shown in
Fig. 10.

3.2.2 Cabin Layout

Seating layout, doors, windows, galley, lavatory and
containers can be configured on the basis of cabin inte-
rior layout. FAR 25 rules have been applied to all the
entities listed above. The overall length of the cabin
needed is computed and the user will know the cabin
length available at all times. Depending on the number
of passengers, number and type of galleys, number of
trolleys in each galley and number of food trays in each
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trolley needed are computed. The whole weight of the
cabin is computed after instantiation.

Business Seats - 15

Economy Seats - 80

#3353 335553355933353
Rl 2029 qmqqq:nqqq:t:uzmqq—D

Business Seats - 12

Economy Seats - 64

Fig. 11 Cabin Layout Interface and Cabin Interior

4 Design Space

Information is congregated in the product from the con-
ceptual design to detail design. Table 2 shows the num-
ber of parameters used to create the model in Fig. 12
and Fig. 13. These aircrafts present singular design points
in the design space obtained from the initial require-
ments. To investigate the robustness and flexibility of
the geometry design space, three tests were conducted
on the kinked wing of a civil aircraft shown in Fig. 12.

Table 1 Number of parameters for aircraft’s in Fig. 12 and
Fig. 13

Nuribar of Total Total
Number of | number of | number of
CAD parameters
” for parameters | Parametrs | Parameters
arts " for Surfaces| for Civil |for Military
Wireframe i :
Aircraft aircraft
Fuselage 93 108 201 201
Wing 19 71 90 20
Horizontal Tail 18 46 64 64
Vertical Tail 18 46 64 64
Canard 18 46 " 64
Engine Civil 11 34 45 -
Engine Military 11 50 = 66
Total number of parameters 464 549

modeFRONTIER® [25] was used to compute dif-
ferent designs. The design of experiments was created

using Latin Hypercube sampling to obtain uniformly
distributed values for each input parameter as shown
in Table 2. Robustness and flexibility of the designs are
computed [26] as shown in Table 3. The design space
value in Table 3 is affected by the number and range of
the design parameters involved in the process; it would
become very large once all the parameters in Table 1
are used to compute the design space.

Table 2 Wing test case setup

Wing | Wing Test 2 Wing Tast 3
Design Parameter |Reference| /i ini Maximum [Mini i
AR 9.71 1.7 1 0.7147 18.71 0.7147 1871
TROuterWing 0.14 .09 19 0.04 0.24 0.04 0.24
TRInnarWing 052 | 013 | o093 | oo03 1.03 0.03 1.03
6407 5907 5907 5407 7407
kingPasitlon{mn){ (02812} | 1 il I DALY | DT
wingArea (m2} 116.32 56.32 166.32 16.32 216.32 16.32 216.32
sweeplnnerWing
{deg) 21.43 -43.57 56.43 -43.57 86.43
sweepOuterWing
{deg) 21.43 -43.57 86.43 -43.57 B6.43

”Wing Test 1” has a lesser design space compared to
the rest of the test cases in Table 2. All ”Wing Test 1”
designs have been successful even though the kinkPosi-
tion parameter is defined directly as a length. In ” Wing
Test 2”7 about 25% of the designs have failed because
the kink position is placed outside the wing for min-
imum values of aspect ratio (AR) and wingArea. Ro-
bustness in ”Wing Test 2”7 is therefore affected by the
poor parametrization of the kink position. To improve
robustness, the kink position parametrization was given
as a ratio of the span of the wing in the “Wing Test 3”
with an identical design space as that of ”Wing Test
2”. It can be seen from Table 3 for ”Wing Test 3”7 that
flexibility and robustness of the model increased sig-
nificantly: only 31 of 2000 designs failed in this case.
It has been observed that the failure of these designs
occurred for values of ”sweepInnerWing” and ”sweepln-
nerWing”, at angles close to 85 degrees and above, thus
close to the boundary of the design space. The robust-
ness of the model increases considerably by having the
kink position parameterized as a ratio of the span.

Table 3 Robustness and flexibility for results of wing design
space tests

Number of | Numberof | Design
Designs |Parameters| Space |Robustness| Flexibility
| WingTestl | 1000 | 7 1359 | 1 13.59
Wing Test 2 2000 7 19.33 0.751 14.52
Wing Test 3 2000 7 19.33 0.985 19.04

The normalized sensitivity matrix of the kinked wing
is shown in Table 4, wingArea and AR are the two pa-
rameters that mainly affect the system characteristics



8 Raghu Chaitanya Munjulury, Ingo Staack, Patrick Berry, Petter Krus

of the wing. It is observed that, by effective parametriza-
tion, a high degree of Robustness and Flexibility is ob-
tained.

Table 4 Normalized Sensitivity Matrix of the wing

Design Parameters

_System Charactersics TROuterWing | TRInnerWing Ic_InkPnslﬂon. winghArea

middleChord 0.61
rootChord 061
tipChord 0.50
wingSpan 0.50

4.1 Data translation RAPID/Tango implementation

This section presents the application examples of the
framework, showing the data build up and its transla-
tion between RAPID and Tango and vice versa. Two
examples have been tested to investigate the data flow
processed in the correct approach. A number of parame-
ters are accessible for the user in order to obtain various
configurations. This might lead to a geometry that is
over-defined.

4.1.1 Civil Aircraft

Fig. 12 Civil Aircraft in Tango (top) and in RAPID (bot-
tom)

In this application the double delta reference method
is used for a civil transport aircraft design as shown in
Fig. 12. The cross-sections of the fuselage range from
a circle to an ellipse. The data were successfully ex-
changed in both directions.

4.1.2 Military Aircraft

A more complex model (fighter aircraft) was selected
to examine the framework as shown in Fig. 13. It is
to notice that the data structure of both examples is
similar, with only modified parameters and the addition
of a lifting surface (canard) in the fighter example.

Fig. 13 Military Aircraft in Tango (top) and in RAPID (bot-
tom)

5 Data Management

The flow of data between each discipline in a multidis-
ciplinary design environment (Fig. 14) is coupled and
saved in XML format [27] [28]. The database definition
(including several component libraries like functional
assemblies) is parametrically defined in such a manner
that a data refinement over time alongside the project
is possible.

XML Schema XML Schema
Hopsan "atiab” "eATIA
fDymaola Configurator
e VB Seript
_ Tango

Tornado

Fig. 14 XML data flow between applications RAPID and
Tango with the help of XSLT.

XML is made up of markup tags and data to repre-
sent the information. An XML forms a tree structure;
this makes it easy to retrieve data and find relation-
ship between different information. Transformation of
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XML documents is performed using XSL Transforma-
tions (XLST). XSLT uses XPath language to navigate
in XML documents. It can serve for complex transla-
tions such as element and attribute editing (add, re-
move, replace), rearrangement, sorting, perform tests
and make decisions [29].

Fig. 15 Data communication with different subsets of geom-
etry.

The functional approach is different in RAPID and
Tango as the fundamental design approach varies in
CAD and technical computing/programming language.
Data is translated between the programs using the data
translator. In Fig. 15 dataset A’ of the initial geome-
try representation is available in both programs. Later,
dataset ‘B’ is added in Tango and is updated in RAPID,
e.g., a canard is added to the existing configuration. It
is to note that dataset 'C’ created in RAPID is split into
two subsets in Tango; for example:- wing and the engine
housing are in the same geometrical product in RAPID
but this is split up into a geometrical and functional
subset in Tango. This results in different local prod-
uct/XML tree structures in the RAPID resp. Tango
tool as shown in Fig. 16. Detail design or design add-
ons to the geometry are not updated in Tango.

5.1 RAPID XML Export/Import

Excel Visual Basic for Applications (VBA) is used to
configure the CATIA parameters or geometrical sets
and extract information from RAPID and generate into
an XML. Configuring the parameters through Excel
will reduce the effort of updating the code whenever
a new parameter/geometrical set is need to be added
to the XML. Strings from CATIA and Excel are parsed
and matching entities are added to the XML tree.

For efficient XML editing, Microsoft XMLDOM ob-
ject is used in the VBA section to translate the param-
eter/geometric sets into XML. The DOM (Document
Object Model) object creates the XML file and takes
care of the structure and formatting. This dataset tree

related access method also supports XML modification
without any hassles or cumbersome coding.

To import the values to RAPID, the XML file is
loaded into a DOM. This DOM is recursively parsed
for the required information and tags, needed by the
RAPID geometry model.

inpTanTiAredteaaney

Fig. 16 Data Structure adapted towards the tools needs
(Right side: Tango XML, Left Side: RAPID XML)

5.2 Tango XML

Tango makes usage of the underlying Java DOM appli-
cation classes in Matlab that serves for the XML data
handling. This data is handled object oriented within
geometrical or functional classes, so that every class
includes the class-related XML parsing functionalities.
This method allows for greater flexibility and fast re-
placement or appending of new classes.

The basic classes are product—geometry related (e.g.,
wing and underlying wing partition class) whereas the
higher level classes are product-functional related (e.g.,
fuel system, primary flight control system). This class
reference transition within the dataset makes it neces-
sary to work with part pointers in order to link the func-
tional classes with its related geometrical entities and
properties in the geometry related classes; Examples are
the control surfaces (geo. def.) that are part of the pri-
mary flight control system (sys. def.) and the wing fuel
tanks (geo. def.) that are part of the fuel/propulsion
system (sys. def.). By these links, the strict hierarchal
XML (tree) data structure becomes extended by cross-
branch couplings, specified by the part pointers.

6 Academic Implementation

To test RAPID and get user feedback, the framework
has been applied as a "real world test” within under-
graduate student courses and aeronautical master courses
at Link6ping University. Two examples of this applica-
tion are presented.
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6.1 The Mid-Jet aircraft Project

The Mid-Jet project (Fig. 17) was to build an aerobatic,
aesthetic, striking and overwhelming single seat sports
jet. To test and demonstrate the flight performance and
characteristics a scaled model had to be built, too. As
a first part of the project, a study of existing single seat
sports jets was conducted and different concepts were
proposed. These ideas were studied from each student
team and finally the best concept was chosen for further
studies.

This concept was then developed in RAPID up to
the conceptual design stage for the full-scale version of
the Mid-Jet. From this, a subscale version intended for
prototype realization was developed up to the detailed
design stage by adding different features to the RAPID
model successively. With this model, a demonstrator on
a scale of 1:2.8 was built and successfully flight tested.
It is to note that the period between the first design
studies until the maiden flight of the demonstrator had
only been ca. six months. Particular attention was paid
to detect the usability of the conceptual/preliminary
design model within the detailed design stage.

l ) Bulilding

|

Concept Evaluation,

Improvement and Desicion Full Scale Detail Design

Flight Test

Fig. 17 Mid-Jet aircraft project process

6.2 Very Light Jets (VLJs)

The VLJs project was to design a two-seater and a four-
seater aircraft. Both the aircrafts were to be designed
around the DGEN-380 engine. The aircrafts should be
flown by normal, average skilled pilots e.g., flying club
members. Cruise flight altitude is below 20000 ft with

i

.77:‘ = > 2.~ k » ino )

Fig. 18 Artistic view of students Very Light Jets; Single
engine 2-seater (Left), Twin engine 4-seater (Right).

unpressurized cabins. Main design solutions were pre-
sented including seating arrangement, structural lay-
out, entrance door placements and design, engine place-
ment, fuel tank integration, baggage and landing gear
design. Weight and general performance of the aircraft
were evaluated along with center of gravity range, sta-
bility and trimmability. The artistic view of the aircraft
designed in RAPID by the students is shown in Fig. 18.

7 Conclusion

This paper shows that it is possible to communicate
between the analytical tool (Tango) and the 3D en-
vironment (RAPID). The knowledge-based automated
design of RAPID is presented along with its applica-
tions. As a result, different types of aircraft configu-
rations can be obtained with less effort. As RAPID is
based on relational design, any changes made to the
geometric model will update the entire design. The de-
signer can achieve different cross-sections for fuselage
and airfoils for lifting surfaces. An initial size of the
engine is obtained from the engine design; nacelle and
pylon can be shaped accordingly. The geometry model
is carefully defined to carry over to the preliminary de-
sign, while obtaining a robust, wide design space as
shown in Sect. 4. Details such as cockpit model, wind-
shield, fairings, winglets and cabin interior layout can
be observed at early stages of design. An XML database
is used to save the design data and also communicate
with the other framework tools.

8 Future Work

Future work includes weight estimation, drag calcula-
tions, structural design and optimization framework.
Improvements in the existing structural model and aero-
dynamic model are needed to enable automatic mesh
update in the optimization framework. Systems inte-
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gration in CAD model is needed to estimate the volume
available for best fit of the components.
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