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Geometrical modelling of UAV
using parametric CAx systems

A. Lukaszewicz
Bialystok Technical University, Poland

canard). Then geometrical properties of basis lehic
components (shape of wing, tail, fuselage) are rieest.
ABSTRACT After that the mass-balance is estimated, diversdyses
Selected problems of CAx systems usage in design and Using CAE tools are carried out as well as optitiizaand
preparation of UAV are presented in this paper. The issues integration of structural body with the other paoisthe

which have the influence on the applying of these systems in  aircraft (i.e. navigation, propulsion systems, pags etc.)
practice are described. Some of the helpful rules of part and gre performed.

assembly modelling in parametric CAD system aswell asreverse

engineering approach for UAV components are outlined. 2.2  CAx applications in UAV

There are many areas of CAx application in

multidisciplinaryUAV design process:
Computer aided engineering CAx techniques (CAD, CAM  «  conceptual phase 3D model;

1 INTRODUCTION

CAE etc.) are becoming more and more significanth'm . mass properties mode”ing (e_g_; selection of
process of design, production and introduction oheav materials and technologies, CG, moments of inertia)
product onto market. They reduce considerably the « modular design;

time-period of introduction of a product’s releasgsion for * KBE (Knowledge Based Engineering) design;

sale. This leads directly to lower costs of a newdpct design * CFD/FEM Structural, Thermal, Modal analyses;
and testing its prototypes with the help of virtBBlmodels as e mission-based optimisation;

well as quicker introduction of the final versioheoproduct. e real prototypes making using Rapid Prototyping
Development of modern CNC techniques as well azfev (RP);

Engineering and Rapid Prototyping techniques reguir « flow visualization, wind tunnel testing using RP
application of CAx tools. objects;

One of the main aims of modern CAx educationsdsieg » experimental structural validation (CAD model
the possibilities and methodologies of parametriddetiing using to fast machining of real component on CNC
concept. Nowadays, the feature based 3D modeltiné machine or for example mould preparation for
standard of mechanical design. Today study of Gfsesns composite elements performing);
and CAx engineering applications is an integralt par * assembly integration studies (both virtual as e r
product design, manufacturing and development foua — RP or CNC making)
branches of industry [1], [2], also in the UAV fiel * Reverse Engineering techniques using for various

UAV component (3D scanning, point cloud objects
2 ADVANTAGESOF CAX IN UAV BRANCH processing);
» fast cooperation by presentation UAV conception in
21 Why CAx? any phase of project using standard and specgl (e.

Nowadays advantages of CAx systems usages are Adobe 3D PDF, eDrawing, 3DVIA Composer) file
unquestionable. In aviation branch are using bagh revel f'O:r_mat, tlhe Internet publication, Virtual Realigte.
CAD/CAM/CAE integrated systems (e.g. CATIA) as wadl (Figure 1). .

Generally, the above applications of CAx systenfiswal
CAx systems based on more popular and much chea;g.er : i .

. ime and costs saving while implementing of the néawv
middle level CAD software. roduct

Present CAx systems called ,middle level” (for exden P ‘

SolidWorks, SolidEdge, TFlex, Alibre Design, Brigds@) 2.3  Conceptual and multidisciplinary design

are based on the main parametric solid-surface g#9mM  The aircraft geometrical configuration can be clehg
modeller and work in 3 environments: ,Part’, ,ASS##i  during the design process. We should find the besgion
and ,Drawing” [3]. from the permissible set of solutions. In many saseUAV

Definition of the mission assumptions and requimme design a Conceptua| approach is used [4]
before beginning of design process is the most itBp®  The design space is large and multidimensionatetaee
issue. Next, in many ways, we can det'ermln'e typesaale of multiple and often highly multimodal objectives and
airframe (e.g.: classical system, flying wing, deftlane, constraints, these depending not only on the desigables,

but often on each other as well. MultidisciplindDgsign

Email address: aluka@pb.edu.pl Optimization studies can be conducted at diffetemels of

SEPTEMBER 14-17, 2009, DELFT, THE NETHERLANDS 63


https://www.imavs.org/pdf/imav.2009.10

.org/

/[/[www.1mavs

http

EMAV2009-10
https://lwww.imavs.org/pdf/imav.2009.10

detail, depending on the chosen trade-off betwbersize of
the design space and the fidelity of the analysis[f].
In many cases special multidisciplinary optimisatio

engine was developed to design the vehicle, talking 3.3

account altitude, range, efficiency, payload, pision,
aerodynamic characteristics, etc. [7] —[12].

EUROPEAN MICRO AIR VEHICLE CONFERENCE AND FLIGHT COMPETITION 2009

work out by CAx specialists the general rules of
design process in engineering education allowing
rapid development of CAx techniques for.

Development trends of CAD systems
Development of CAD systems, in principal measuse, i

directed on following issues [3]:

=35 .. @Qalileo Avionica FALCO

Figure 1: Cutaway view of UAV “FALCO” produced
by the Galileo Avionica company (ltaly) [13]

3 CAX FOR PRACTICE

3.1 Implementation of 3D parametric CAD systems

Because a 3D model provides much more detail, dessg
and engineers can communicate product informatioth a
visualize complex parts and assemblies more cle&ityce
3D model data can be transferred to analysis alidati@an
tools and used for CAM as well, it increases theueacy of
results and saves time by eliminating the needetoreate
data. Many 3D modeling programs offer featuresitiatease
productivity by automating aspects of the desigrcpss, for

example, by enabling the reuse of existing designshe 34

quick creation of part families [14].

For companies that adopt 3D, these capabilitiasskate
into valuable benefits. The main goal is to redtiee time
needed to get new products to market. Other obpsxti
include meeting consumer demand for new products,
improving product performance, enhancing producligu
and addressing increasingly complex customer resjubs
many cases, companies are driven to 3D just to kpepith
the competition.

3.2 Progression of requirements in CAx branch

Modern engineering education should be directed for
quickly varied needs and requirements of indusarypong
other things in mechanical engineering. This cameladized
by many ways, i.e. as follows [15]:

e collaboration with industry in aspects of their
expectations and skills of new, modern generations
of engineers;

« recognition of requirements in particular brancbies
industry from graduate of engineering fields;

e development in education institutions of new
technology of product design and manufacturing;

e probing at the start and the end of CAx student’s
education process and their understanding and skill
of design terminology, meaning, methodology;

SEPTEMBER 14-17, 2009, DELFT, THE NETHERLANDS

advanced surface modelling tools (surface styling,
tools for surface continuity analysis, free-form
surfaces modelling);

functional modelling (consideration of functional
aspects of CAD model by designer — not for
determine of features sequence in design-history
tree, e.g. SolidWorks Intelligent Feature Technglog
(SWIFT) introduced in SolidWorks 2007 and
systematically evolving);
design based on
Engineering);
development of expert tools e.g. for detecting and
solving problems in sketches, dimensions and
features on the part level or mates on the assembly
level;

development of specialised tools for converting
existing 2D drawings to 3D models (2D to 3D);
possibility of publication and presentation of
product as a virtual 3D model (e.g. Adobe 3D PDF
format, eDrawing, virtual reality VR, Internet 3D
presentation formats, advanced rendering and
animation);

trends to consolidation tools for scanning and
processing ,point clouds” with popular CAD
systems (e.g. add-in tool ,ScanTo3D” from
SolidWorks 2007 and its collaboration with
commercial ,NextEngine” scanner).

KBE (Knowledge-Based

Professional trainings

Trainings of designers and engineers using CAxstool
should be a continuous process. The following nesasbould
be take into consideration in industrial practité][

nowadays, new software versions bring absolutely
innovative modelling techniques and tools,
therefore, among other reasons, it takes too much
time for an intermediate user to master all the
novelties;

employers now realise that professional training
courses organised by authorised units for designer
help them use their potential more fully;

employers costs of designers participation in trgin
courses, workshops and conferences will very
quickly pay dozens of times;

at present, lack of progress in CAx techniques mean
passive retardation and unavoidable decrease in a
company’s competitive ability;

software distributors offer trainings in primarydan
advanced scope and specialised tools (e.g. what new
in new version, 2D drawings, tools for mould, sheet
metal, weldments, surface modelling, piping and
electrical system, API, CAM, CAE, PDM, dedicated
training for the particular company, ect.);

possibility of individual training based on matésia
available in particular CAD system www portals.
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4  GENERAL RULESOF PARTSAND ASSEMBLIES
MODELLING IN PARAMETRIC CAD SYSTEMS
Practical using of geometrical design methods shdel
directed to increase the knowledge of advanced gadit
assembly modelling [17].

EUROPEAN MICRO AIR VEHICLE CONFERENCE AND FLIGHT COMPETITION 2009

are functional subgroups of a bigger assembly. A
subassembly can be put into the main assemblyrigglaor
flexible one. The addition of a component to a addg
creates a link between the assembly and the compdafivden
the program opens the assembly, it finds the coeptsfile

A geometrical model is the main common featurdéo show itin the assembly [23].

characteristic of engineering computer tools irestipe of
the CAx system being used. Therefore, it is fundaaieto
identify correctly and effectively the geometrifeditures of a
virtual 3D model. The method of geometry modelim@AD
systems functioning on the basis of the structfideéining a
3D model features, which is also called HistoryBhEAD,
is essential. It is mainly connected with a CAD igeer
getting to know the philosophy of defining ,intgiint” and
Lelastic” models [18]. One should consider desigitglines,
which give the information about the sequence efiatures

used and dependence between them. Current resiarch

cognitive science leads to the conclusion that 3Mds

The subject of assemblies modelling in CAD systésns
very wide and is not going to be considered initl@iahe
present work.

The main principles of assembly modelling having
influence on effective and robust virtual model:

» advisable division of devise on structure with many
levels of sub-assemblies resulting mainly from
functionality particular subsets;

» adequate choice of first component in space of
pre-defined planes in assembly environment (e.g.:
frame, mount, casing, etc.);

» skillful use of component patterns (e.g.: patterns
based on a feature);

modelling CAD knowledge should be reconceptualited
include three types of knowledge: declarative comuna
knowledge, specific procedural command knowledgd an

using standards available from a libraries;
imposing a mates resulted from mobility character

strategic knowledge [19].
The following attributes combine to give an effitieand

robust part model with the proper design inteni:[20

e correct part orientation in 3D space;

e optimum model origin;

« correct sketch plane selection for base feature

sketch;

e correct base feature;

e appropriate use of symmetry planes;

e simple sketch geometry;

* correct sketch relations;

e fully defined sketch geometry;

« correct feature sequence;

e proper parent-child feature relations;

e correct feature defining;

e correct feature duplication;

e correct part design intent.

Generally, in the case of part modelling, the @rtwoidefine

a body, which is a solid body in most cases, infithe stage
of geometrical modelling determining. However, there
many methods of generating the ultimate CAD modiake
majority of contemporary parametric CAD systemsehav
possibility of multibody modelling. All performansesarried
out on separated objects in part file can be caltadtibody
techniques” [21].

Modelling of assemblies in parametric CAD systeman
important stage in the process of virtual desightasting any
devices consisting of at least two functionally axepe
elements called assembly components. Assembliedemiée
with in practically every field of engineering. Ithe
mechanical branch, the naming of assembly can aag/
mostly depends on their application, size or mbj22].

Generally, a assembly model is a collection ofpaaved
in one file. Modern parametric systems of surfaceokd
modelling offer a separate area for defining assiesand
special tools and techniques of assembly desigmpBaents
of assemblies can be separate parts or other aisgnvhich
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(taking away the degrees of freedom)

* non-defining useless mates (e.g.: in connecting
elements)

» using of assembly configuration;

* appropriate use of mobility sub-assemblies in main
assembly in flexible or rigid mode;

» proper work with “large assemblies” (there are ¢hre
suppression states for assembly components: in full
resolved, lightweight, suppressed).

5 REVERSE ENGINEERING APPROACH FOR UAV
COMPONENTS

5.1  Principal information

There are many components of various geometricdonm
UAV structure. The shapes are often described ég-form
surfaces, for example: blades of propeller or iebelements
of fuselage and aerofoil, fairings of engine ordiaiy gear,
wing tip and others. The use of reverse engineering
technigues for conversion of an existing physidakeot to
virtual model makes easier the procedures of dgsigoess
and in this way accelerate the construction anbdntglogies
preparation process [24]. In some cases comporients
“large” aviation can be used for collection georioar
information and its processing according to UAS
requirement, e.g. in developing process of new aheri
vehicles.

The virtual reconstruction of real object from ‘cars
contact or non-contact measurement methods isyahzed
problem, not completely solved and problematic asec of
incomplete, noisy and sparse data. The goal isyalteafind a
way to create a computer model of an object whiest fits
the reality [25].

Reverse engineering (RE) approach allows also aetiaty
of geometric changes which take place in operatiogess in
comparison with geometric characteristics of thigctdbeing
tested before its introduction to the running. Areat trend in
reverse engineering is the use of feature-basectisa@mhd
methodology [26]. In the case of measurement ofathyith
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3D complex form it is required the object to beitiligd, i.e.

the object's surface to be scanned. For this aim th
non-contact

coordinates measurement techniques or
measurement methods (e.g. 3D laser scanning) és use

In this case the geometric data of the object htained as
a collection of coordinates of measured points (yos
unorganized) called usually as ,point cloud”. Aftee virtual
CAD model creation of real element, it could belgsed and
modified as common editable 3D the surface or solidlel.
Reverse engineering procedures allows fast comngpabif
shape and improvement of functionality, ergonomic a
esthetical qualities of the element. It is widelged in
numerous applications, such as tools, moulds aesispolls
manufacturing or reconstruction, medical diagnasiselse
3D work of art reproduction were it is necessargdbtiect the
data of a indefinite surfaces representation. GelyeRE has
wide range of applications in various branches.oAte used
reverse engineering techniques to reconstructepresand
collect information for the future or make it aadile for the
public access (e.g. by internet network) of widage of
technical, anatomic or artistic existing things.

Measured data could be used for the generationA® C
model of analysed real object. Using such virtuatet it is
possible, for instance, to evaluate the geometranges of
various objects being operated or to generate Gi¢e with

the aim of manufacturing analogous product or fast

performing real things using Rapid Prototyping egst.

5.2  Practical application

For example the reverse modelling process was tesed

mapping and reconstruction the geometric charatiesiof
element with free-form surfaces such as propelfePPG
(powered paraglide) drive [27]. The basic appraackverse
modelling process in middle range standard paraonaD

modeller such as SolidWorks system was performée: T

Figure 4: View of surface body equivalent to topface of propeller

digitizing process was performed on the coordinate

measuring machine (CMM) (Figure 2). Using surfackds
modelling tools the virtual solid models of progeliwere
created. They are based on 3D curves preparing fraint
cloud (Figure 3) as a sectional profiles separdt#lyop and
down of propeller (Figure 4).

Figure 2: PPG propeller on CMM table

SEPTEMBER 14-17, 2009, DELFT, THE NETHERLANDS

In next step CAM code for scaled-down solid modalpper
and lower half mould (Figure 5) for laminating teology,
based on 3D feature-based model, was preparedlyFiNC
machining on 3-axis miller were realized.

Figure 5: Solid bodies of: propeller, the core #melcavity of mould

Other examples of Reverse Engineering applicatierew
described in author’s previous papers [28], [29].

EUROPEAN MICRO AIR VEHICLE CONFERENCE AND FLIGHT COMPETITION 2009

66


https://www.imavs.org/pdf/imav.2009.10

.org/

[/fWww.1mavs

http

EMAV2009-10 EUROPEAN MICRO AIR VEHICLE CONFERENCE AND FLIGHT COMPETITION 2009
https://lwww.imavs.org/pdf/imav.2009.10

6 CONCLUSION Multi-Payload and Operation®roc. IMechE Part G: J. Aerospace
. . . . Engineering Vol. 221, 199-216, 2007.
The design process using CAx tools is a basic &mhro [13] http://www.flightglobal.com/AIRSPACE/photos/fitaryaviation194

aimed to obtain better UAV product. Advanced 6-2006cutaways/images/28367/galileo-avionica-faito (Retrieved:

_ ; ; May 6, 2009).
part assembly geo,memcal mOde”mg methods, pelrallth [14] CAD Manager's Guide to 3D, Dassault Systémesid®/orks
proper aerodynamic, structure, modal and otheryaaslloop Corporation (Retrieved: May 2, 2009 from
should give robust and efficient base for manuféogof real http://www.solidworks.com/sw/2904_ENU_HTML.htm

UAV prototype. Modern and fast manufacturing tedbgies [15] tukaszewicz A.: Selected aspects of parame@iBD systems

b d . f l " f education, In: XVI Ukrainian-Polish Conference on CAD in
can be used to receive components for reality sitiauls, for Machinery Design. Implementation and Educationalol®ems

example wind tunnel or mechanical tests. CADMD’2008; Lviv, Ukraina, 2008, 42-44.
Designers should strive for integration works inmogon [16] tukaszewicz A.: Improvement of skills and gfiehtions in

. . SolidWorks system, InVI CNS Solutions Conferenc®arszawa,
environment. Nowadays flexible CAx systems, based o Poland, 2007, (CD). (in Polish).

popular parametric CAD modeler, permit to carry@unany [17] tukaszewicz A.: CAx education as an insepagiirt of integrated
tasks in design process (e.g. use of CFD and stalctnodal product development, liDesign methods for industrial practi¢ed.

B f R. Rochatyiski), University of Zielona Géra Publ., 2008, 31393
FEA at the earliest stages of design). For examplean use [18] Welyczko A:CATIA V5 — Examples of effective application of CAD

SolidWorks Simulation (to SW 2008 version called as = system in mechanical desighielion Publishing, Gliwice, Poland,
Cosmos) package tools for wide scope virtual sitrara. 2005, (in Polish).
Issues connected with the application of CAX tomtsl [19] Chester I.: Teaching for CAD expertis@ternational Journal of

. . . . Technology and Design Educatjoviol. 17, 2007, 23-35.
modern techniques Reverse Engineering and Raﬁ%} tukaszewicz A.: Selected problems of CAD edigra directed for

Prototyping lead to a quicker introduction of agwot onto industrial practice Scientific Gerald of Lviv Polytechnic National
the market. University, Lviv, Ukraina, (submitted for publication).
[21] tukaszewicz A.: Modelling of solid part usingultibody techniques in
parametric CAD systemsSolid State Phenomen&/ols. 147-149,

ACKNOWLEDGMENT 2009, 924-929.
R i . 2] Whitney D.E:Mechanical Assemblie©xford Press, New York 2004.
This paper was performed _Wlthm . researCh_ proje(gfi] tukaszewicz A.: On mechanical systems modellin parametric
No. O RO0 0059 06 funded by Polish Ministry ofeduie and CAD systems, InNew Generation Engineer@d. Z. Kiernicki, L.
Higher Education. Gardyski), Liber Duo Publ., Lublin, Poland, 2008, 115012in
Polish).
[24] Varady T., Martin R.R. Cox J.: Reverse engiimeg of geometric
REFERENCES models — an introductio§omputer-Aided Desigivol. 29, 1997, 255
[1] Dankwort C., Weidlich R., Guenther B., BlaurodkE.: Engineers’ - 268.
CAx education—it’s not only CADComputer-Aided Desigivol. 36,  [25] Benko P., Kos G., Varady T., Andor L. MartiiRRConstrained fitting
1439-1450, 2004. in reverse engineering;omputer Aided Geometric Desigviol. 19,
[2] Yea X., Penga W., Chena Z., Cai Y.: Today’sdstuts, tomorrow’s 2002, 173 — 205.
engineers: an industrial perspective on CAD edooati [26] Ke Y., Fan S., Zhu W., Li A, Liu F., Shi X eBture-based reverse
Computer-Aided Desigivol. 36, 1451-1460, 2004. modeling strategiesComputer-Aided Desigrivol. 38, 2006, 485 —
[3] tukaszewicz A.: Role and development of conterapy CAD system, 506.
In: V Conference ,Energy in Science and EngineerinBialystok  [27] tukaszewicz A.: Method for propeller reconstion using reverse
Technical University Publ., Bialystok, Poland, 20085-98, (in engineering,Scientific proceedings of Riga Technical University
Polish). Series 6 ,Transport and Engineering. Transport.aiian transport”,
[4] Raymer, D.P.:Aircraft Design: a Conceptual ApproachAlAA N27. - Riga, RTU, 149 — 155, 2008.
Education Series, American Institute of Aeronauting Astronautics, [28] tukaszewicz A., Miatluk K.: The practical apgtion of reverse
Washington DC, 3rd ed., 1999. engineering for object with free-form surfacédachine Dynamics
[5] Sobester, A. and Keane, A.J.. Supervised Learmipproach to Problems Vol. 31, No 3, 51-57, 2007.
Computer-Aided Design Geometry RepAifAA Journa) Vol. 44, No.  [29] tukaszewicz A., Miatluk K.: Reverse Enginegfihpproach for
2, 2006, pp. 282-289. Object with Free-Form Surfaces Using Standard $erfolid
[6] Sobester, A. and Keane, A.J.: Multidisciplinddgsign Optimization Parametric CAD SystemSolid State Phenomena/ols. 147-149,

of UAV Airframes, 47th AIAA/ASME/ASCE/AHS/ASC Structures, ~ 706-711, 2009.
Structural Dynamics, and Materials Conferené¢AA 2006-1612,
2006.

[71 LaRocca, G., Krakers, L., and van Tooren, M..JDevelopment of an
ICAD Generative Model for Blended Wing Body Aircréiesign,9th
AIAA/ISSMO  Symposium on Multidisciplinary ~ Analysand
Optimisation Atlanta, 2002.

[8] Osterheld, C., Heinze, W., and Horst, P., mglary Design of a
Blended Wing Body Configuration using the DesigrolTBrADO,
CEAS Conference on Multidisciplinary Aircraft Desigand
Optimisation Koln, 2001.

[9] Liu, H., Wang, G. L., Lu, X. L., and Wu, Z., @iminary Investigation
of Integrated Multidisciplinary Optimization in Airaft Conceptual
Design, 10th AIAA/ISSMO Multidisciplinary Analysis and
Optimization Conferencélbany, 2004.

[10] Antoine, N., Kroo, I., Willcox, K., and BarteG., A Framework for
Aircraft Conceptual Design and Environmental Perfance Studies,
10th AIAA/ISSMO Multidisciplinary Analysis and Opization
ConferencegAlbany, 2004.

[11] Perez, R.E., Liu, H. H. T.,, and Behdinan, Kyaluation of
Multidisciplinary Optimization Approaches for Aimit Conceptual
Design, 10th AIAA/ISSMO Multidisciplinary Analysis and
Optimization Conferencélbany, 2004.

[12] G. Romeo, G. Frulla and E. Cestino. DesignaoHigh-Altitude
Long-Endurance Solar-Powered Unmanned Air Vehicler f

SEPTEMBER 14-17, 2009, DELFT, THE NETHERLANDS 67


https://www.imavs.org/pdf/imav.2009.10

